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VERMONT Y ANKEE
NUCLEAR POWER CORPORATION

Ferry Road, Brattleboro, VT 05301-7002

AfPLY 1O
ENGINEERING OFFICE
580 MAIN STREET
June 28, 1989 BOLTON, MA 01740
BVY 89-59 (508) 779-6711

United States Nuclear Regulatory Commission
Washington, DC 20555

Attention: Document Control Desk
Reference: License No. DPR-28 (Docket No. 50-271),.

Subject: Request to Routinely Dispose of Slightly Contaminated Septic
Waste in Accordance with 10CFR 20.302(a)

Dear Sir:

In accordance with the criteria of the Code of Federal Regulations,
Title 10, Section 20.302(a) (10CFR20.302(a)}, enclosed please find
the subject application for the disposal of very low level radioactive
waste materials. Vermont Yankee Nuclear Power Corporation (Vermont
Yankee) hereby requests NRC approval of the proposed procedures for
the disposal of slightly contaminated septic waste generated at the
Vermont Yankee Nuclear Power Plant in Vernon, Vermont.

This application specifically requests approval to dispose of septic
tank waste, contaminated at minimal levels, which have been or might

be generated through the end of station operations at the Vermont Yankee
Nuclear Power Plant. The proposed method of disposal is for the on-site
land spreading in designated areas in compliance with State of Vermont
health code requirements for septic waste. Disposal of this waste

in the manner proposed, rather than at a 10CFRPart 61 licensed facility
would save Vermont Yankee not only substantial cost, but also valuable
disposal site space which would then be available for wastes of higher
radiocactivity levels. Disposal as radioactive waste would require
treatment of the biological aspects of the septage and solidification

to a stable waste form, thereby increasing the volume substantially.

A radiological assessment and proposed operational controls, based
upon the continued on-site disposal of septic waste as presently contained
in the plant's septic tanks, are detailed in Attachments 1 and 2.
Based upon this analysis, Vermont Yankee requests approval to dispose
of septic tank waste on-site by land spreading in such a manner that
the radioactivity concentration limit in any batch of septage to be
spread does not exceed one-tenth of the MPC values listed in 10CFR20,
Appendix B, Table II; and the combined radiological impact for all
disposal operations shall be limited to a total body or organ dose

of a maximally exposed member of the public of less than one mrem/year
(less than 5 mrem/year to an inadvertent intruder).
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United States Nuclear Regulatory Commission
June 28, 1989
Page 2

Due to our expected need to utilize the proposed methodology of land
application of septic waste on-site during the spring of 1990, we request
your review and approval of this proposed disposal method by the end

of the first quarter of 1990.

We trust that the information contained in the submittal is sufficient;
however, should you have any questions or require further information
concerning this matter, please contact this office

Very truly yours,

VERMONT YANKEE NUCLEAR POWER CORPORATION

2l

Robert W. Capstick, Jr.
Licensing Engineer
MSS/emd
Enclosures

cc: USNRC - Region I
USNRC - Resident Inspector, VTNPS
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ATTACHMENT 1

VERMONT YANKEE NUCLEAR POWER PLANT

APPLICATION FOR APPROVAL TO ROUTINELY DISPOSE OF
SEPTIC WASTE WITH MINIMAL LEVELS OF RADIOACTIVITY

6677R
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ATTACHMENT 1
VERMONT YANKEE NUCLEAR POWER PLANT

tion : \'d
t t ith Minimal v f i vit

1.0 INTRODUCTION

Vermont Yankee Nuclear Power Corporation (Vermont Yankee) requests
approval, pursuant to 10CFR20.302(a), of a method proposed herein for the
routine ‘disposal of slightly contaminated septic tank waste. Vermont Yankee
proposes to dispose of this waste by spreading it on designated areas within
the plant's site boundary fence. This application addresses specific

information requested in 10CFR20.302(a).

2.0 WASTE STREAM DESCRIPTION

_The waste involved in this application consists of residual solids and
vwater associated with the sewage collection system at Vermont Yankee. The
plant's sewage systems are of the septic tank and disposal field type. The
two systems servicing the majority of the plant's sanitary waste are

identified as (1) main septic system and (2) the south sewage disposal system.

The main septic system (design flow capacity 4,950 gallons/day)
consists of a wastewater lift station, septic tank, and dual alternating
disposal fields located on the north side of the plant. This system services
the main complex of buildings central to the plant and processes approximately
3,500 gallons of wastewater per day. The septic tank, shown in Figure (1),
will typically contain 9,250 gallons of septage.

The south sewage disposal system is a newly-installed (January 1989)
pressurized mound system, which is used in lieu of the construction office
building (COB) holding tank that had previously serviced the lavatory
facilitjes on the south end of the plant. The new system is composed of a
septic tank (5,700 gallon capacity, see Figure 2), pumping station, and
pressurized mound disposal field. When dosing the field, a force main
pressurizes the disposal field's piping system with the septic tank effluent,

which distributes throughout the field. The south sewage disposal system has

1-1
66771



Richard Emch - bvy 89 59.tf _Page7

the design flow capacity to process 4,607 gallons of wastewater per day. The
system is typically loaded at approximately 2,500 gallons per day during
normal plant operations. Figure (3) indicates diagramatically the flow of

both potable and wastewater throughout Vermont Yankee.

Both the main septic system and the south sewage disposal system's
septic tanks collect waste from the plant's lavatories, showers, kitchens, and
janitorial facilities outside the Radiological Control Area (RCA). No
radiocactivity is intentionally discharged to either of the septic systems.
However, plant investigations into the source of low levels of contamination
found in septic waste have identified that very small quantities of
radiocactive materials, which are below detection limits for radiocactivity
releases from the RCA, are carried out of the control area on individuals and
accumulate in the septic waste collection tanks by way of floor wash water,
showers, and hand washing. As a means of minimizing the transport of
radioactive materials into the septic collection tanks, the primary source of
the radioactivity (i.e., floor wash water) is now poured through a filter bag
to remove suspended solids and dirt before the water is released into a

janitorial sink.

The majority of the radioactivity found in waste sludge has been
associated with the main septic tank. Grab samples of sludge from the bottom
of the COB and main septic tank were analyzed by gamma spectroscopy with the

following results of plant-related radionuclides:

Activity Concentration

Isotope +1 Sigma (pCi/kg Wet)
COB Sludge Cs~-137 10.3 ¢+ 1.8
o (June 8, 1988) Co-60 45.4 ¢ 3.1
Main Tank Sludge Mn-54 39.3 + 4.3
(June 8, 1988) Co-60 853.0 + 12.0
Zn-65 52.7 + 8.2
Cs-134 13.0 + 2.2
Cs-137 120.7 + 5.2
1-2
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The principle radionuclide is Cobalt-60, which accounts for 79% of the
plant related activity in the septage samples. In comparison to in-plant
smear samples taken for 10CFR61 waste characterizations, the septage sample
from the main tank correlates very close with the distribution of

radionuclides identified in-plant as shown below:

Relative Ieotopic Distributions
Isotope =Plant Main Tapk Sludge
Mn-54 3.6% 3.6%
Co~60 81.5 79.1
Zn-65 3.8 4.9
Cs-134 0.4 1.2
Cs~137 10.3 11.2

Additional analyses of the main tank septage showed that the liquid
portion of the collected sample did not contain any plant-related activation
or fission products, and that essentially all of the activity in the waste was
associated with the solid sludge fraction. The average density of the
collected sludge was found to be approximately equal to that of water, with a

wet to dry ratio of 25.4 to 1.

Both the liquid and solid fractions of the main tank septic waste were
also analyzed for strontium with no detectable activity found. The liquid
portion of the waste sample was also analyzed for tritium with no activity
above the minimum detectable levels found. Appendix A to Attachment 2
contains the laboratory analysis reports of the samples taken from the COB and

main septic tanks. '

Prior to identification of the plant-related radiocactivity in septage
waste, the COB holding tank was being pumped on the average of twice per week,
with the sludge and waste liquid transported off-site primarily to the
Brattleboro, Vermont, sewage treatment facility. Waste from the main septic
tank was being pumped and transported off-site for disposal on the average of

twice per year.

1-3
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With the replacement of the COB holding tank by the new south sewage
disposal system, and the requested implementation of on-site land disposal of
accumulated septic waste, the frequency of :collection tank pump-outs with land
application of the waste is expected to be once per year. With the past
pump-out frequency of the main tank being every six months, the accumulation
of sludge at the bottom of the tank was well below its design capacity.

During the 1988 sample collections, it was estimated that the sludge thickness
was less than 1 foot of its 6-foot depth. However, for conservatism in the
radiological evaluations, it is assumed that the sludge layer in the main
septic tank and south disposal tank occupies 30% of their combined design
volume, and that the frequency of pump-outs is semiannual as opposed to the
expected annual cycle. Also, as noted above from laboratory analyses of the
sludge layer taken from the bottom of the main tank, the average density of
the tank contents is approximately equal to that of water, with a wet-to-dry
ratio of 25.4 to 1. Hence, the weight of solids (wsol) being disposed of is

estimated, for purposes of this bounding dose assessment, to be approximately:

wsoi = 14,950 [gal] x 3,785.4 [cc/gall x 10_3 {kg/cc]
x 0.30 [solids fraction] x (1/25.4) [dry/wet ratio]
~ 700 [kg)] per pump-out of both tanks

or, 1,400 kg of dry solids per year.

3.0 DISPQSAL METHQD

Approval of this application will allow Vermont Yankee to dispose of
septage by utilization of a technique of land spreading or surface‘injection
in a manner consistent with all applicable state of Vermont health regulations
regarding disposal of septic waste. Details of the chemical and biological
controls necessary to satisfy state health code requirements are provided -in
Reference 5. .

The septage will be spread or surface injected on land areas owned by

e Vermont Yankee and situated within the plant's site boundary. Transportation
of the septage waste to the disposal areas will involve pumping from one of

_the septic waste collection tanks (i.e., main septic tank, COB holding tank,

1-4
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new replacement COB septic tank, or from any other on-site septic waste
collection point) into an enclosed truck-mounted tank. The enclosed tank
truck is used to‘prevent spillage while in transit to the disposal areas. The
septage will be transported to one of the two disposal sites designated for
land application for septage from Vermont Yankee, and applied at a fixed rate
based on either limitations imposed by the state of Vermont for heavy metals
or organic content of the waste, or on the radioactivity content such that

projected maximun individual doses will not exceed established dose objectives.

3.1 Septic Waste Disposal Procedure

Gamma isotopic analysis of septic waste shall be made prior to each
disposal by obtaining a representative sample from each tank prior to
pump-out. At least two septic waste samples will be collected from each tank
to be pumped by taking a volumetric column of sludge and waste water which
allows for analysis of the solid's distribution and content from top to bottom
of each tank. The weight percent of solid content of the collected waste will
be determined and applied to the gamma isotopic analysis in order to estimate
the total radioactivity content of each tank to be pumped and spread on

designated disposal fields.

These gamma isotopic analyses of the representative samples will be
performed at the environmental Technical Specification lower limit of
detection (LLD) requirements for liquids (see Technical Specification Table
4.9.3) in order to document the estimation of radiological impact from septage
disposal. .

The radionuclide concentrations and total radiocactivity identified in
the septage will be compared to the concentration and total curie limits
established herein prior to disposal. The methodology and limits associated
with determining compliance with the disposal dose and activity criteria are
described in Attachment 2, If the concentration and total activity limits are
met, compliance with the dose assessment criteria will have been demonstrated
since the radiological analysis (Section 4.5 and Attachment 2) was based on
évaluating the exposure to a maximally exposed individual and inadvertent

intruder after the accumulation of twenty years of periodic semiannual

1-5
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spreading of the septic waste on a single (2 acre) plot within one of the
designated disposal areas. If the activity limit per disposal area is
projected to be exceeded, the appropriate exposure pathways as described in
Section 4.5 will be evaluated prior to each additional application, or a

separate plot within the designated disposal area will be utilized.

Annually, for years in which disposal occurs, the potential dose impact
from disposal operations conducted during the year, including the impact from
previous years, will be performed and results reported in the plant's
Semiannual Radioactive Effluent Release Report which is filed after
January 1. All exposures will be assessed utilizing the methodology described

in Attachment 2.

The established dose criteria requires that all applications of septage
within the approved designated disposal areas shall be limited to ensure the
dose to a maximally-exposed individual be maintained less than 1 mrem/year to
the whole body and any organ, and the dose to the inadvertent intruder be
maintained less than 5 mrem/year. The total activity based on the measured
radionuclide distribution for any single disposal plot is not expected to

exceed the following:

Maximum Accumulated
Radioactivity Allowed

Per Acre
Isotope ) Qilim [pucil
Mn-54 1.4
Co-60 120.0
Zn-65 1.4
Cs-134 0.7
Cs-137 46.5

If any of the above radionuclides are projected to exceed the indicated
activity values, then dose calculations will be performed prior to spreading,
in accordance with the methods detailed in Section 4.2.2 of Attachment 2, to

make the determination that the dose limit criteria will not be exceeded.

1-6
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The concentration of radionuclides in any tank of septic waste to be
disposed of will also be limited to & combined Haximum Permissible
Concentration of Water (MPC) (as listed in LOCFR, Part 20, Appendix B,
Table II, Colum 2) ratio of less than or equal to 0.1.

For radiological control, each application of septage will be applied
on the designated land area by approved plant procedure which adheres to the

following assumptions which were used in developing the dose impact:

[} During surface spreading or injection, the septage, and any
precipitation falling onto or flowing onto the disposal field,

shall not overflow the perimeter of the designated area.

o Septage shall not be surface spread or injected into the top 6-inch

s0il layer within 300 feet from any drinking water well supply.

) Septage shall not be surface spread closer than 300 feet from the
nearest dwelling or public building (or within 100 feet if injected

into the top 6~inch surface layer).

3 Septage shall not be surface spread closer than 50 feet (or within
25 feet if injected into the top 6-inch surface layer) from any

roads or site boundary adjacent to land areas.

[5} Septage shall not be surface spread within 100 feet (ot within
50 feet if injected into the top 6-inch surface layer) of any

surface water (rivers, streams, drainage ditches).

[*] Low areas of the approved fields, subject to seasonally high

groundwater levels, are excluded from the septage application.

In addition to the radiological controls to limit the total
accumulation of radicactive materials released by septic waste spreading,
state of Vermont health code requirements will be followed to ensure the
protection of the public and environment from chemical and biological

hazards. The application rate and acreage will be determined prior to each

1-7
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disposal operation. This will vary with the chemical composition of the

septage, the percent solids, and the radicactive concentrations.

3.2 Administrative Procedures

Complete records of each disposal will be maintained. These records
will include the concentration of radionuclides in the septage, the total
volume of septic waste disposed, the total activity in each batch as well as
total accumulated on the disposal plot at time of spreading, the plot’on which

the septage was applied, and the results of any dose calculations required.

The annual disposal of septage on each of the approved plot areas will
be limited to within the established dose, activity, and concentration
criteria noted above, in addition to limitations dictated by chemical and
biological conditions. Dose guidelines, and concentration and activity
limits, will be maintained within the appropriate values as detailed in

Attachment 2.

Any farmer using land which has been used for the disposal of septic
waste will be notified of any applicable restrictions placed on the site due

to the land spreading or injection of waste.

4.0 EVALUATION QF ENVIRONMENTAL IMPACT
4.1 Site Characteristics

4.1.1 $Site Topography

The proposed disposal sites consist of two fields located on the
Vermont Yankee Nuclear Power Plant site, which is located on the west bank of
the Connecticut River in southwestern Vermont at latitude 42 degrees, 47
minutes north and longitude 72 degrees 31 minutes west. Both fields are on

plant property within the site boundary and surrounded by a chain link fence.

1-8
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Site A contains an approximate eight-acre parcel of usable land
centered approximately 2,200 feet northwest of the Reactor Building. Site B
contains about two acres and is centered approximately 1,700 feet south of the
Reactor Building. The usable acreage of both the north and south disposal
fields is restricted to those areas which have no slopes greater than
five percent to limit surface runoff. A radiological assessment based on the

- 1988 measured radioactivity concentrations in sludge has determined that a
single two-acre plot would be sufficient for the routine disposal of septage
for twenty years without exceeding the dose criteria to maximum exposed
individual or inadvertent intruder. As a result, the eight-acre field to the
northwest could be divided into four disposal plots, with the two-acre site at
the south end of the plant site, providing a fifth plot. A portion of the
United States Geological Survey topographic map (Brattleboro quadrangle),
showing the plant site, is presented in the Final Safety Analysis Report
(FSAR) as Figure 2,5-1. A plan map showing the plant site and the disposal

sites is given on Figure 4.

The sites are located along a glacial terrace on the west side of the
Connecticut River. This terrace extends about 3,000 feet west rising gently
and then more abruptly to a higher terrace and then to dissected uplands.
Distance to the east from the disposal sites to the river is at least 100 feet
if septage is disposed of by surface spreading within the designated areas, or

50 feet if septage is injected directly into the soil.

Relief of the proposed disposal sites is low, with elevation ranging
between 250 feet and 265 feet (msl). Mean water surface elevation of the

adjacent river is about 220 feet.

The topographic character of the site and surrounding area is
compatible with this use. The spreading of septage at these locations will

have no effect on the topography of the area.

1-9
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4.1.2 Site Geology
Profiles of gite exploratory borings are shown in the FSAR in Figures
2.5-8 through 2.5-11. Current site characteristics as determined from a

recent detailed site investigation can be found in Reference 5.

Composition of surfacial materials is compatible with the proposed use

of the site for septic waste disposal.

4.2 Area Characteristics

4.2.1 Meteorology

The site area experiences a continental-type climate with some
modification due to the marine climate which prevails at the Atlantic seacoast
to the east. Annual precipitation averages 43 inches and is fairly evenly

digtributed in each month of the year.

Potential impacts on septic waste disposal include occasional harsh
weather: ice storms, severe thunderstorms, heavy rains due to hurricanes, the
possibility of a tornado, and annual snowfall of from 30 to 118 inches per

year. In addition, frozen ground can occur for up to 4 months of the year.

Septage spreading will be managed by written procedure such that
material which is spread or a mix of that material with precipitation will not

overflow the perimeter of the disposal site.

Additional information on meteorology of the site can be found in

Section 2.3 of the Final Safety Analysis Report.

4.2,2 Hydrology

Hydrology of the site and local area is tied closely to flow in the
adjacent Connecticut River. River flow is controlled by a series of
hydroelectric and flood-control dams including the Vernon Dam which is about
3,500 feet downstream of the site,

$677R
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All local streams drain to the Connecticut River and the site is in the
direct path of natural groundwater flow from the local watershed easterly
toward the river. Site groundwater level is influenced by both precipitation
and changes in the level of ponding of the Connecticut River behind the Vermon

Dam due to natural flow or dam operation.

Flood flows on the Connecticut are controlled by numerous dams
including five upstream of the site. Elevation of the 100-year flood is about
228 ft (msl); and, thus, well below the elevation of the proposed site which
ranges from about 250 to 265 feet (msl). The 100-year flood level is based on

information presented in References (1) and (2).

Septage disposal by means of land spreading on the proposed site will

have no adverse impact on area hydrology.

Further information about site hydrology is in Section 2.4 of the FSAR.

4.3 HWater Usage
4.3.1 Surface HWater

The adjacent Connecticut River is used for hydroelectric power, for
cooling water for the Vermont Yankee plant, as well as for a variety of
recreational purposes such as fishing and boating. The Connecticut River is

not used as a potable water supply within 50 miles downstream of the plant.

Locally, water from natural springs are used for domestic and farm
purposes. FSAR Table 2.4.5 and Figure 2.4-2 show springs used within a l-mile
radius of the site. FSAR Table 2.4.4 and Figure 2.4-1 show water supplies

with surface water sources which are within a ten-mile radius of the site.
There will be no impact on surface water usage or quality as & result

of septage disposal due to the required separation distances between surface

waters and the disposal plots.

6677R
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4.3.2 Groundwater

Based on a review of groundwater measurements in various site borings
presented in the FSAR and References 3 and 5, an upper estimate of groundwater
levels at the plant is about 240 feet. Considering the proximity of the
Connecticut River and Vernon Pond, with a mean water surface elevation of
220 feet, this estimate for the groundwater level appears to be reasonable.
Given the topography of the proposed disposal sites, it is highly unlikely
that the groundwater level will be within 3 feet of the disposal area surface
elevation. Prior to each application of septic waste to a disposal plot, the
groundwater level in nearby test wells will be determined and no application
will be allowed if the groundwater level in the vicinity of the disposal plot
is found to be less than 3 feet.

Groundwater provides potable water for public wells as shown in FSAR
Table 2.4.5 and Figure 2.4-1, Groundwater flow in the vicinity of the
proposed disposal sites is towards the Connecticut River. There are no
drinking-water wells located between the site and the river. Therefore, it is
highly unlikely that any drinking water wells could be affected by septage
disposal. FSAR Figure 2.4-2 and Table 2.4-5 present information on private
wells near the plant.

. The Vermont Yankee on-site wells provide water for plant use. This

supply is routinely monitored for radioactive contamination.

To quantify the impact of septage disposal 'on the Connecticut River, a
conservative groundwater/radionuclide travel time analysis was performed. For
an assumed average travel distance of 200 feet from the disposal site to the
river, a groundwater travel time of 408 days was estimated from Darcy's Law.
This estimate is based on a permeability for the glacial till of 10 gpd/ftz,

a hydraulic gradient of 0.11 ft/ft, and a soil porosity of 0.3. This analysis
conservatively assumed that the septage placed on the ground was immediately
available to the groundwater. In practice, a minimum of 3 feet separation
between groundwater and the surface will be required at time of application of

the septic waste.

1-12
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Due to ionic adsorption of the radionuclides on solid particles in the
groundwater flow regime, most radionuclides travel at only a small fraction of
the groundwater velocity. For the radionuclides present in the sludge,
retardation coefficients were developed from NUREG/CR~3130 (Reference 4).
Retardation coefficients for Co-60, Cs-137, and Cs-134 were directly obtained
from NUREG/CR-3130. The coefficients for Zn-65 aﬁd Mn-54 were conservatively
estimated using NUREG/CR~3130 as a guide. The radionuclides, their
half-lives, retardation coefficients, and their travel time to the river are

summarized in Table 1.

IABLE 1
Radi lide T L Ti
Retardation Travel Time
Radionuglide Half Life Coefficient _to River

Co-60 5.3 years 860 961 years
Cs-137 30.2 years 173 193 years
Cs-134 2.1 years 173 193 years
Zn-65 244 days 3 1,224 days
Mn-54 312 days 3 1,224 days

The radiological impact on the river for the radionuclides reaching the
river under this conservative analysis is discussed in Attachment 2. Water
usage of the Connecticut River downstream from the disposal area is limited to
drinking water for dairy cows, irrigation of vegetable crops, and irrigation

of cow and cattle fodder.

Based on the assessments noted above, it is concluded that groundwater
sources will not be adversely impacted as a result of septage disposal on the

proposed site.

4.4 Lland Use

Both the eight-acre and two-acre sites proposed for the disposal areas
are currently part of the Vermont Yankee Nuclear Power Plant Site inside the

plant's site boundary which is enclosed by a chain link fence. It is

1-13
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undeveloped except for transmission line structures which traverse a portion
of the northern disposal area. Development potential is under the control of
Vermont Yankee. At present, the eight-acre site on the north end of the plant
property is used by a local farmer for the growing of feed hay for use with
his dairy herd. No curtailment of this activity as a result of the low levels

of radioactivity in septage will be necessary.

Utilization of the proposed sites for septic waste disposal will result
in no impact on adjacent land or properties because of the separation of the
disposal plots from off-site properties, the general movement of groundwater
toward the river and away from adjacent land areas, and the very low levels of
radiocactive materials contained in the waste. Administrative controls on
spreading and the monitoring of disposal area conditions will provide added

assurance that this proposed practice will not impact adjacent properties.

4.5 Radiological lImpact

In addition to state of Vermont limits imposed on septage spreading,
based on nutrient and heavy metal content, the amount of septage applied on
each of the proposed disposal plots will also be procedurally controlled to
insure doses are maintained within the stated limits. These limits are based
on NRC Nuclear Reactor Regulation (NRR) staff proposed guidance (described in
AIF/NESP-037, August 1986). The proposed dose criteria require that the
maximally exposed member of the general public receive a dose less than 1
mrem/year to the whole body or any organ due to the disposal material, and

'

less than 5 mrem/year to an inadvertent intruder.

To assess the doses received by the maximally-exposed individual and
the inadvertent intruder, six potential pathways have been identified. These
include:

(a) Standing on contaminated ground,

(b) Inhalation of resuspended radiocactivity,

6677R
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(c)

(d)

(£)

(g)

Ingestion of leafy vegetsbles,

Ingestion of stored vegetables,

Ingestion of meat, and

Ingestion of milk.

The liquid pathway was also evaluated and determined to be

insignificant. Both the maximum individual and inadvertent intruder are

assumed to be exposed to these pathways with difference between the two

related to the occupancy time. The basic assumptions used in the radiological

analyses include:

(a)

(b)

(c)

6677R

Exposure to the ground contamination and to resuspended
radioactivity is for a period of 104 hours per year during Vermont
Yankee active control of the disposal sites, and continuous
thereafter. The 104-hour interval being representative of a

farmer's time on a plot of land (4 hours per week for 6 months).

The septic tanks are emptied every 6 months. (Expected practice

is to pump septic tanks once per year.)

The tank radioactivity remains constant at the currently
determined level. To account for the uncertainty associated with
the counting statistics, the measured activity concentrations
listed in Section 2 were increased by 3 sigmas. That is, the
activity concentrations employed in dose assessment and the total
radioactivity content per pump-out (at 700 kg of solids per batch)

are as follows:
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(d)

(e)

(f)

(g)

{

Upper-Bound Activity Upper—Bound Activity
Lsotope Concentration [pCi/kg dryl Content [Ci/tankful)
Mn-54 1,348 9.436E-07
Co-60 23,060 1.614E-05
Zn~-65 1,620 1.134E-06
Cs-134 322 2,254E-07
Cs-137 4,100 2.870E~06

The radiation source corresponds to the accumulation of
radicactive material on a single plot (two-acre) within the
proposed disposal sites over a period of 20 years (40 applications
at 6-month intervals). (In actuality, the proposed sites will
accommodate more than one disposal plot, and, in practice, more
than one plot will most probably be used with an application

frequency of once per year.)

For the analysis of the radiological impact during Vermont Yankee
active control of the disposal sites, all dispersed radioactive
material remains on the surface and forms a source of unshielded
radiation. (In practice, the septic waste will be either surface
spread or directly injected within the top 6 inches of the
disposal plot, in which case, the radioactive material will be
mixed with the soil. This, in effect, would reduce the ground
plane source of exposure by a factor of about four due to

self-shielding.)

No radioactive material is dispersed directly on crops for human
or animal consumption, crop contamination being only through root

uptake.

The deposition on crops of resuspended radicactivity is

insignifiéantly small.
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(h)

Pathway data and usage factors-used in the analysis are the same

- as those used in the plant's ODCM assessment of the off-site

(1)

(32

From

radiological impact from routine releases,with the exception that
the fraction of stored vegetables grown on the disposal plots was
conservatively increased from 0.76 to 1.0 (at present no vegetable
crops for direct human consumption are grown on any of the

proposed disposal plots).

It is conservatively assumed that Vermont Yankee relinquishes
control of the disposal sites after the fortieth pump-out (i.e.,

the above source term applies also for the inadvertent intruder).

For the analysis of the impact after Vermont Yankee control of the
sites is relinquished, the radioactive material is plowed under
and forms a uniform mix with the top six inches of éoil; but,
nonetheless, undergoes resuspension at the same rate as surface

contamination.

radiological impact assessments associated with the disposal of

septage on different plot sizes (Attachment 2), it was determined that a

single two-acre plot within the disposal sites would accommodate the

1 mrem/year

prescribed dose to the critical organ of the maximally exposed

individual for a period of up to 20 years, as well as the 5 mrem/year

‘prescribed dose to the inadvertent intruder after control is assumed to be

relinquished. The calculated potential radiation exposures following the

spreading of 40 combined (main septic system and south disposal system)

tankfuls (at six-month intervals) on a single two-acre plot are as follows:

Control of Disposal Sites Radiation Fxposure Individual/Qrgan

Controlled by VYNPS 0.1 mrem/yr Child/Whole Body

(Maximum Exposed Individual) 0.2 mrem/yr Maximum Child/Liver

Uncontrolled 1.3 mrem/yr Adult/Whole Body

(Inadvertent Intruder) 3.9 mrem/yr Maximum Teenager/Lung
1-17
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The individual pathway contributions to the total dose at the end of
the 20-year accumulation of waste deposited on a single two-acre plot are as

listed below:

Pathway-Dependent Critical Qrgan Doges
Maximally Exposed Inadvertent Intruder
Individual/Organ Critical Individual/Organ
(Child/Liver) (Teenager/Lung)
Rathway —_(mrem/year) —  (mrem/year)
Ground Irradiation 0.0576 1.16
Inhalation 0.00122 2,74
Stored Vegetables 0.0913 ~0.00601
Leafy Vegetable 0.00467 0.00040
Milk Ingestion 0.0421 0.00229
Meat Ingestion 0.00249 0,00012
TOTAL 0.1994 ) 3,909

In addition, an isotopic breakdown of the critical organ dose results

listed above is shown in the following table:

‘Isotopic Breakdown of Maximum Radiation Exposures
Radioactivity Exposure
Description lsotope IuCi/2 Acres]

During Vermont Yankee Mn-54 2.831 0.000436
control of the Co~60 235.3 0.0559
disposal sites. Zn-65 2.801 0.0230
Maximally Exposed Cs-134 1.457 0.00231
Individual/Organ: Cs-137 92.59 0,118
Child/Liver '

TOTAL 0.199
After Vermont Yankee Mn-54 2.831 0.0144
control of sites is Co—-60 235.3 3,76
relinquished. Zn-65 2.801 0.00983
Inadvertent Intruder Cs-134 1.457 0.000505
Critical Individual/ Cs-137 92.59 00,1247
Organ: Teenager/Lung

TOTAL 3.91

1-18
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0f interest are also derived dose conversion factors which provide a
means of ensuring septage disposal operations within the prescribed
radiological guidelines. The critical-organ (worst-case) all-pathway values

per acre are as follows:

- W i -

During Vermont Yankee Control of Digpogal Sites

Exposure

Isotope Individual/Oxgan =
Mn-54 Adult/GE-LLI 3.74E-4
""" Co-60 Teenager/Lung 7.14E~4
Zn-65 Child/Liver 1.64E-2
i Cs-134 Child/Liver 3.1BE-~3
Cs-137 Child/Bone 2.66E-3

The calculational methodology and details of the radiological
assessment and proposed operational controls on total activity and

concentration of waste to be disposed are presented in Attachment 2.

5.0 RADIATION PROTECTION
The disposal operation will follow the applicable Vermont Yankee

procedures to maintain doses as low as reasonably achievable and within the

specified dose and release concentration criteria.

6677R
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ATTACBMENT 2

VERMONT YANKEE NUCLEAR POWER PLANT

-Site Di ti
and
Proposed Procedural Controls to Ensure
Q 1-' ],. ] E l' ] [ ] ]i i

1.0 INTRODUCTION

This calculation is in support of Vermont Yankee's application to the
Nuclear Regulatory Commission for the on-site disposal of slightly radicactive
septic waste in accordance with the p;ovisions of 10CFR20.302 for
very-low-level waste disposal. Specifically, the main purposes of the

calculation were as follows:

(a) Determination of an optimal plot size for septage disposal (based
on measured 1988 radioactivity concentrations in septic waste)
which would accommodate both the radiological guidelines and the
needed flexibilities for a smooth operation of the disposal

- program.

(b) Preparation of procedural controls to ensure compliance with the

radiological guidelines.

Guidance for obtaining regulatory approval to dispose of very-low-level
waste is presented in AIF/NESP-037 (Reference 6). According to this
e reference, the NRR staff personnel have proposed a number of draft dose
guidelines regarding the impact of low-level waste disposal on the public
health and safety for use in the preparation of 10CFR20.302(a) requests. Of

these, .the following two are pertinent to the present calculation:

(a) Doses to the total body and any body organ of a maximally exposed

individual (a member of the general public or a worker who is not
2-1
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classified as a radiation worker) from the probable pathways of
exposure to the disposed material should be less than )] _mrem/yr.

(b) Doses to the total body and any body organ of an inadvertent

intruder, from the probable pathways of exposure, should be less

than 5 mrem/yr.

In either case, consideration should be given to all possible exposure
pathways, while allowing for land-usage restrictions which may be in effect.
It is on these guidelines that the optimum disposal plot size was selected and

the procedural controls prepared.

In addition to the dose guidelines listed above, the procedural
controls recommended in this calculation also include MPC checks on the
septage to be disposed. As stated in the above AIF report, the total activity
concentration in the waste is expected to be below 50 pCi/gram (Reference (6),
Page 4~1). This guideline is approximately equivalent to the MPC limits
specified in 10CFR20, Appendix B, Table II, Colwm 2, for the release_of
radioactive material to unrestricted areas, and to also be approximately 50
times higher than the activities measured in the Vermont Yankee septic waste
in 1988. A lower MPC ratio appears to be more appropriate for better
control. As a result, and in addition to the prescribed dose limits, a
combined MPC ratio of less than or equal to 0.1 was also included in the
procedures to regulate the disposal of septic waste. With respect to the
measured septage radioactivity, spectroscopic analyses of samples taken in
1988 from the Vermont Yankee main septic tank showed that the liquid portion
of the collected samples did not contain any activation or fission products,

and that the following plant-related radionuclides were found in the solids:

Activity Concentration

lsotope X
Mn 54 1,126 + 74
Co-60 22,400 £+ 220
Zn-65 1,200 + 140
Cs-134 166 & 52
Cs-137 3,824 ¢+ 92

2-2
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2.0 SQURCE TERM AND OTHER BASIC DATA
2.1 §Septic Tank Specifics

The effective capacity of the main septic tank, when filled to its
maximum depth of 6 feet, is approximately 9,250 gallons. The south sewage
disposal system is newly installed (January 1989) and replaces the
construction office building (COB) holding tank that had previously serviced
the lavatory facilities on the south end of the plant. This new.system
contains a 5,700 gallon septic tank. The total design capacity of both main

system and new south system septic tanks is approximately 14,950 gallons.

Prior to 1988, the main tank was usually emptied every 6 months. Due
to this high pump-out frequency, the accumulation of sludge at the bottom is
well below the design capacity of the tank. During the 1988 sample
collections, it was estimated that the sludge thickness was less than 1 foot.
For conservatism in this radiological evaluation, it was assumed that the
sludge occupies 30% of the design liquid volume of both the main septic tank
and new south systems tank. Also, from laboratory analyses of the septic
waste, the average density of the tank contents is approximately equal to that
of water, and the wet to dry ratio of the sludge is 25.4 to 1. Hence, the
weight of solids (wsol) being disposed of is estimated for purposes of
bounding dose analyses to be approximately:

WSl - 14,950 gal x 3,785.4 cc/gal x 107> kg/cc

x 0.30 solids fraction x (1/25.4) dry/wet ratio

% 700 kg

2.2 Measured and Adjusted Septic Waste Radioactivities

Gamma spectroscopic analyses of septage samples from Vermont Yankee
were carried out at the Yankee Environmental Laboratory in Westborough,
Massachusetts (see Appendix A). For the main septic tank, no activation or
fission products were found in the liquid portion of the collected samples.
In the dry solids, on the other hand, the following man-made radionuclides

were found to be statistically positive at the 99.9 percent confidence level:

2-3
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Activity Concentration

Isotope

Mn-547 1126 + 74
Co-60 22400 + 220
Zn-65 1200 + 140
Cs-134 166 + 52
Cs-137 3824 + 92

To account for the uncertainty associated with the counting statistics,
the measured activity concentrations listed above were increased by 3 sigmas.
That is, the activity concentrations employed in this calculation, and the
total radioactivity content per combined tankful of both south and main septic
tanks) (at approximately 700 kg of solids per batch, from Section 2.1 of this

calculation) are as follows:

- Upper-Bound Activity ) Upper—-Bound Activity
lsotope Concentration (pCi/kg dry) Content (Ci/Batch)

) Mn-54 1,348 ’ 9.436E-07

h Co-60 23,060 1.614E-05
Zn-65 1,620 1.134E-06
Cs-134 322 2.254E-07
Cs-137 4,100 2.B70E-06

2.3 Limiting Concentratign_Guidelines

The AIF Report (AIF/NESP-037) provided draft guidance on total activity
concentration in waste stating that it is expected to be below 50 pCi/gram.
As shown below, this guideline appears to be approximately equivalent to the
MPC limits specified in 10CFR20, Appendix B, Table I1I, Columm 2, for the

release of radioactive material to unrestricted areas.

s For the major'radionuclides identified in the Vermont Yankee septic

waste, the individual MPC limits are as follows:

6680R
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Maximum Permissible Concentrations in Water

Soluble Insoluble

Isotope CuCi/ml)  _wCi/ml)
Mn-54 1.0E-4 1.0E-4
Co-60 5.0E-5 3.0E-5
Zn-65 1.0E-4 2.0E-4
Cs-134 9.0E-6 4,0E-5
Cs-137 2.0E-5 4.0E-5

For a mix of radionuclides, 10CFR20 specifies that, in addition to the

above individual limits, the following condition must also be met:
T (Ci/MPCi) 1.0

where: Ci is the measured concentration for Isotope i, and the summation is

over all radionuclides in the mix.

As indicated in Section 2.2, the 1988 spectroscopic analyses of Vermont
Yankee septage samples showed that there was no radiocactivity in the septic
water samples. That is, the limits which are currently applicable are those
listed above for insoluble compounds. Using the activity data from
Section 2.2, along with the main septic tank volume of 9,250 gallons, the

current upper-bound activities and MPC ratios are approximately:

Upper-Bound Activity Upper-Bound Activity
Isotope Content (Ci/tankful) Concentration (uCi/ml) MEC Ratio
Mn-54 9.44E-07 2.67E-08 2.67E-04
Co-60 1.61E-05 4.57E-07 1.52E-02
Zn-65 1.13E-06 . 3.21E-08 1.60E-04
Cs-134 2.25E~07 6.38E-09 1,.59E-04
Cs-137 2.87E-06 ' 8.13E-08 2,03E-03
TOTAL 2.13E-05 6.03E-07 1.78E-02
2-5
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It is seen that the overall MPC ratio is approximately 1.8 % of the
regulatory limit, and that the total concentration is 1.2 % of the 50 pCi/g
guideline. Thus, the sludge activity concentration can be at least 50 times
higher without exceeding either limit. Obviously, if the MPC ratio of 1 or
the 50 pCi/g guideline are not revised, the on-site disposal of septic waste
will be regulated solely by the prescribed radiation exposure limits., For
better control, therefore, it is hereby proposed that, in addition to the
prescribed dose limits, a combined MPC ratio of less than or equal to 0.1 be
also included in the procedures to regulate the disposal of septage. Refer to

Section 4 for more details.

2.4 Disposal Sites

e There are two sites on Vermont Yankee site property which are currently

designated for on-site septic waste disposal, as follows:

(a) Site A, a 8-acre site approximately 2,200 feet northwest of the

Reactor Building.

(b) Site B, a 2-acre site approximately 1,700 feet south of the

Reactor Building.

wr Both sites are within the plant's site boundary and surrounded by a chain link

fence, and under direct control of Vermont Yankee for all access.
2.5 i ti t _Di lot Aft 20 Year

It is clear that, due to the longevity of the two primary isotopes
jdentified in the sludge (Co-60 and Cs-137), the amount of radiocactivity at
the disposal plot will be increasing with each disposal application. However,
since the content of radioactivity in septic waste is very low, and since it
is neither practical nor necessary to carry out a new dose analysis prior to
each disposal, the approach employed in this calculation was to assess the
potential radiological impact at approximately the end of plant life. That

is, the radiation source was assumed to correspond to the accumulation of

2-6
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radioactive material on a given plot within the proposed disposal sites over a

period of 20 years (40 applications at an assumed 6-month interval).

Analytically, if Qo is the amount of radioactivity per batch for a

given isotope, then the total accumulated radiocactivity Qe at the disposal

plot after

e
where: E
by
and
at

40 applications is given by:

Qo (1 +E «+ E2 + E3 + EQ + ... +E

o, (1 -E%)a-B

exp(-A\At)

is the decay constant for the selected isotope (1l/year)

39

)

time interval between applications = 0.5 year

For the isotopes of interest, the results are as follows:

Isotope

Mn-54
Co-60
Zn-65
Ce-134
Cs-137

2.6 Land-Spreading. Resuspension and Occupancy Factors

Q
Half Life (1/yr) lﬂilzﬂizhl
312.2 4 0.8109 9.436E~7
5.272 y 0.1315 1.614E~5
243.8 d 1.038 1.134E-6
2.065 y 0.3357 2.254E~7
30.17 y 0.02297 2.870E~6

Q.19

e 0

3.000
14.58
2.470
6.464
32.26

(2.1)
(2.2)

(2.3)

Q

e
(Ci2
2.8B31E-06
2.353E-04
2.801E-06
1.457E~06
9.259E-05

As pointed out above, even though the proposed sites can accommodate

more than one disposal plot, only a single disposal plot will be assumed in

assessing the potential radiological impact.

6680R
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of N acres, then the surface area deposition Se (Ci/mz) following 40

disposal applications will be equal to:
Se = Qe (Ci)/(N (acres) x 4046.9 (mz/acre)) (2.4)
The denominator of this equation is equivalent to the (D/Q) deposition
factor normally employed in the impact assessment of deposited radionuclides.

That 1is:

1/(N (acres) x 4046.9 (m2/acre))

(p/Q)
= 2.471E-04/N (m™2) » (2.5)

Following the application of septage on the disposal plot, some of the
radioactivity may become airborne as a result of resuspension effects. The
model used to estimate the radionuclide concentration in air above the
disposal plot was taken from WASH-1400, Appendix VI (Reference 7). According
to that model, the relationship between the airbornme concentration Ae

(Ci/m3) and the surface deposition is:
A, =S, (Ci/m®) x K (1/m) (2.6)

where: K is the resuspension factor and is equal to 1.0E-05 (1/m) for

semi-arid/grassland terrains (from Reference 1).

In actual practice, septage waste will be either surface spread at a
controlled rate per acre, or directly injected into the top 6 inch surface
'so0il layer, at a precalculated rate, in order to control the limiting factor.

The assumptions made for analytical purposes are as follows:

(a) For the analysis of the radiological impact during Vermont Yankee
active control of the disposal sites, no injection will be assumed
to take place; all dispersed radioactive material will be assumed
to remain on the surface and to form a source of unshielded

radiation.

2-8
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(b) For the analysis of the impact after Vermont Yankee control of the
sites is assumed to be relinquished, the radioactive material will
be assumed to be plowed under and to form a uﬁiform mix with the
top 6 inches of soil (to account for the shielding provided by the
soil), but, nonetheless, to undergo resuspension at the same rate

as surface contamination.

Analysis of preliminary results, based on the measured radioactivity
concentration found in sludge during 1988, showed that a 2-acre disposal plot
would meet the radiation criteria given in Section 2.3. This is the plot

size, therefore, used in the final analyses.

As for the occupancy factors for direct exposure to the ground
deposition and for immersion in the resuspended radioactivity, 104 hours were
used for the radiological impact analysis during active Vermont Yankee control
of the disposal sites, and continuous exposure was assumed thereafter. The
104-hour interval is expected to be an upper bound of a farmer's time spent on
a plot of land, which is assumed to be 4 hours per week for 6 months while he

plows, plants, and harvests his crop.

2.7 Site-Specific Pathway Data and Usage Factors

The following exposure pathways were addressed in this calculation for
both the maximally exposed individual (i.e., during Vermont Yankee control of
the disposal sites) and for the inadvertent intruder (i.e., after control is

assumed to be relingquished):

(a) Standing on contaminated ground.
(b) Inhalation of resuspended radioactivity.
(c) Ingestion of leafy vegetables.
(d) Ingestion of stored vegetables.
e (f) Ingestion of meat.
(g) Ingestion of milk.
(h) Liquid pathways.

2-9
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Radiation exposures were computed for all pathways, with one
exception. As shown in Section 2.8 below, the radiological impact from the
liquid pathway was determined to be insignificant without the need of a
detailed analysis. It should be noted that current agricultural activities
permitted on the designated disposal sites are limited to the growing of feed
crops (hay) for dairy animals. As such, the ingestion of leafy and stored
vegetables are not existing exposure pathways, but have been included to
demonstrate that these could also be accommodated within the proposed dose

criteria for septic waste disposal.

Pathway data and usage factors as applicable to the area in the
vicinity of the Vermont Yankee Nuclear Power Station are shown in the tables
which follow. These are the same factors as used in the plant's ODCM
assessment of thé off-gite radiological impact due to routine releases from

the plant, with the following excepti&ns:

(a) The so0il exposure time for spreading of the radioactivity content
of the septage to cover each period of measured deposition was
changed from a standard 15 years (given in Regulatory Guide 1.109)

to 1 year.

(b) The fraction of stored vegetables grown on the contaminated land

e was conservatively increased from 0.76 to 1.0.

(c) The crop exposure time was changed from 2160 hours to 0 hours to
reflect the condition that no radioactive material will be
dispersed directly on crops for human or animal consumption, the
deposition on crops of resuspended radioactivity being
insignificantly small; that is, crop contamination is only through

root uptake.

6680R
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USAGE FACTORS
Vegetables Leafy Veg. Milk Meat Inhqﬁation
Individual Axg/yr) Skglyr) Q/yr) Skglyr) —(m7fyx)
Adult 520 64 310 110 8,000
Teen 630 42 400 65 8,000
Child 520 26 330 41 3,700
Infant — — 330 — 1,400
VEGETABLE RATHWAY
Stored Vegetables Leafy Vegetables
Agricultural productivity (kg/m?) 2,0 2.00
Soil surface density (kg/m?) 240.0 240.0
Transport time to user (hours), 0.0 0.0
Soil exposure time (hours) 8,766.0 8,766.0
Crop exposure time to plume (hours) .0 .0
Holdup after harvest (hours) 1,440.0 24.0
Fraction of stored vegetables grown in garden 1.0
Fraction of ‘leafy vegetables grown in garden 1.0
-MIL THWAY

E
Agricultural productivity (kg/m2) .7 2.0
Soil surface density (kg/m2) 240.0 260.0
Transport time to user (hours) 48.0 48.0
Soil exposure time (hours) 8,766.0 8,766.0
Crop exposure time to plume (hours) .0 .0
Holdup after harvest (hours) .0 2,160.0
Animals daily feed (kg/day) 50.0 50.0
Fraction of year on pasture .5
Fraction pasture when on pasture 1.0

MEAT PATHWAY
Pasture Feed Stored Feed
Agricultural productivity (kg/m2) .7 2.0
Soil surface density (kg/m?2) 240.0 240.0
Transport time to user (hours) 480.0 480.0
Soil exposure time (hours) 8,766.0 8,766.0
Crop exposure time to plume (hours) .0 .0
e Holdup after harvest (hours) .0 2,160.0

Animals daily feed (kg/day) 50.0 50.0
Fraction of year on pasture .5
Fraction pasture when on pasture 1.0

2-11
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2.8 Liquid Pathways

There are three potential routes through which septic waste

radioactivity may enter into the liquid pathway, as follows:
(a) Ssurface water runoff.
(b) Ground water pathway.
(¢) Accidental releases into the Connecticut River.

Since there are no potable water wells between the disposal site and
the river, it is evident that the only way for septic waste radioactivity to

enter the liquid pathway is via the Connecticut River.

Even though surface water runoff may be a credible pathway into the
river, the fraction of disposed radioactivity which may thus be transported to

the river is very small for the following reasons:
(1) The selected disposal sites are set back from the river.

(2) Procedural controls will ensure that during surface spreading of
all the septage and any precipitation falling onto or flowing onto
the disposal plot will not overflow the perimeter of the disposal
site.

(3) The disposal plots have slopes of 5% or less in order to limit

surface runoff.

With respect to septage radionuclides reaching the Connecticut River
via the ground-water pathway, the critical parameter is the total transport
time from the field to the river. Should this transport time (which is
element dependent) be large in comparison to the half-life of the radionuclide
of interest, then decay in transit will remove the said radionuclide from the
pathway. For the case on hand, the conservative travel times to go an average
200 feet to the river, and the fractions of land-spread radioactivity which

are expected to reach the river are as follows:

2-12
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Decay Travel Time Fraction of
Constant to River (years) Initial Activity
Isotope Half Life Lllyr) (Ground Water Path) _Entering River
Mn-54 312.2 d 0.8109 3.35 6.61E-02
Co-60 5.272 y 0.1315 961. 0.0
Zn-65 243.8 d 1.038 3.35 3.09E-02
Cs-134 2,065 y 0.3357 193. 0.0
Cs-137 30.17 y 0.02297 193. 1.19E-02

Thus, only small fractions of Mn-54, Zn-65, and Cs-137 may make it to
the river via the ground-water pathway; and, since the initial activities of
these isotopes are relatively insignificant, it is clear that the ground-water

pathway is not a credible one.

We proceed, then, with the analysis of an accidental release of the
entire contents of a septic waste spreading truck directly into the
Connecticut River. Following such an accident, the released radioactive
material is expected to first mix with part of the water in Vernon Pond and to
then gradually flow downstream of the Vernon Dam. The'storage volume in
Vernon Pond, excluding the volume below the crest, is approximately 6.0E+9
gallons (2.3E+13 cc). Since no use is made of the river between the plant and
the Vernon dam, the only potential exposure pathway is downstream of the dam;
and from Reference (2), the river flow through the dam is typically 10,000

cfs, and no less than 1,200 cfs during the dry season.

As a conservative condition, assume that the septic wastelmixes with
just one thousandth of the Vernon pond storage volume, i.e., with 2,3E+10 cc.
This amount of water will pass through the dam in about 11 minutea if the
river flow.is 1,200 cfs, and in about 1.3 minutes if the flow is 10,000 cfs.
Using the upper-bound activities given in Section 2.3, the expected

concentrations in the pond, and the corresponding MPCs are as follows:

Upper-Bound Activity Expected Concentration
Isotope Content (Ci/Batch) __in Pond (uCi/ml) MEC Ratio
Mn-54 9.4LE-07 4.10E-11 - 4.10E-07
Co-60 1.61E-05 7.02E-10 2.34E-05
Zn—-65 1,13E-06 , 4,93E-11 2.47E-07
Ce-134 2.25E-07 9.80E-12 2,45E-07
Cs-137 2,87E-06 1.25E-10 3.13E-06
TOTAL 2.13E-05 9.27E-10 2.74E-05
2-13
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It is seen that the concentrations are negligibly small to pose any

radiological concern.

In summary, as demonstrated above, the liquid pathway is not credible.

6680R
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3.0 RADIOLQOGICAL ASSESSMENT

The radiological impact associated with the on-site diapdsal of
radicactive septage at Vermont Yankee was carried out using the dose
assessment models in Regulatory Guide 1.109, and is consistent with the
methodology employed by the Vermont Yankee ODCM. However, since the computer
code used (ATMODOS; Reference (3)) is primarily for use with atmospheric
releases, it was necessary to manipulate the input to obtain the desired
results for direct deposition of radiocactivity on soil due to land spreading
of septic waste. In particular, special consideration was given to the

following:

(a) The computation of an effective shielding factor to account for
the effect provided by the soil after the waste is plowed under,

or if it is directly injected into the top 6 inch surface layer.

(b) The definition of an annual activity release rate, which following
a year's time of continuous release, would yield the ground
deposition expected to prevail after 40 combined tank pump-outs,

as calculated in Section 2.5.

(c) The definition of an effective atmospheric dispersion factor to

repfesent the resuspended radioactivity.
(d) The proper representation of partial occupancy factors.
These are discussed in Sections 3.1 and 3.2 which follow.

The results of the radiological impact assessment are presented in

Sections 3.3 and 3.4.

3.1 Dose Reduction as a Result of Plowing the Radicactive Material into the
S0il

As pointed out in Section 2.6 of this calculation, the impact analysis

after control of the disposal sites is relinquished, was based on the

2~15
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assumption that the radioactive material will be plowed to form a uniform mix
with the top 6 inches of so0il. To account for the gamma attenuation provided
by the soil, it was necessary to carry out an appropriate shielding
calculation. This was accomplished through use of the ALLEGRA and DIDOS-V
computer codes (References 4 and 5). The ALLEGRA code was used to define the
gamma spectrum (in MeV/eec) associated with the selected radionuclide mix.
This spectrum was then entered into DIDOS-V to compute the radiation levels

from the two following source/receptor geometries:

(a) A circular disk source with a radius of 150 m (represented by a
cylindrical volume with a height equal to 0.001 m), the receptor

location being along the disk axis, 1 m from the disk.

(b) A cylindrical volume source with a radius of 150 m and a height of
0.15 m, with the receptor located along the axis, 1 m above the

source.

In the latter case, the source density was set equal to 1.6 g/cci this
is equivalent to the Reg. Guide 1.109 value of 240 kg/m2 for the effective
surface density of soil within a 15 cm plow layer. The source radii were
assumed to be large so as to approximate semi-infinite conditions, thus,
permitting a direct comparison of the DIDOS-V and ATMODOS results for fhe
unplowed land. The source intensity (in HeV/sec—m3, as fequired for input
into DIDOS-V) was computed by distributing the radioactive material over a
2-acre surface, and within 0.001 m for the disk source and 0.15 m for the

second case.

Copies of the ALLEGRA and DIDOS-V outputs appear in Appendix B, which

should be referred to for more details. The DIDOS-V results are as follows:

Dose to air from the disk source = 1.085E-06 rad/hr
Dose to air from cylinder source = 2.629E-07 rad/hr
Overall soil shielding factor = 2.629E-07/1.085E-06 = 0.243

2-16
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At this point, it is of interest to compare the DIDOS-V and ATMODOS
exposure results from standing on contaminated ground. From the ATMODOS
output in Appendix B (Section B.3.6), where the source term was the same as
used in DIDOS-V, the skin dose due to exposure to contaminated ground for
104 hours is given as 6.78E-02 mrem. This is equivalent to a dose rate of
6.52E-4 mrem/hr, or (6.52E-4/1.11) = 5.87E~4 mrad/hr to air, 1.11 being the
average ratio of tissue-to-air energy absorption coefficients (from Regulatory
Guide 1.109). It is seen that ATMODOS underestimates the dose by a factor of
2, approximately; the reason for this is the slightly outdated set of dose
conversion factors in the guide, as can be verified by inspecting the data in

WASH-1400, for instance.

3.2 Data Manipulation for Use with ATMODOS

3.2.1 Radioactivity Release Rate

There are two parameters in the input to ATMODOS which affect the
buildup of radioactivity at an off-site location, namely, the activity release
rate and the accumulation period. To simulate this process, and to also
account for the effect of the 40 applications described earlier, the
accumulation period was set equal to 1 year, and the release rate was selected
to be such that, at the end of one year, the total accumulated radioactivity
at the disposal plot would be equal to the Qe values given in Section 2.5.
That is, if we define by Qr the activity release rate (Ci/yr) which is
required as input to ATMODOS, then the relationship between this parameter and

Qe is as follows:

o
1l

Q. (1 - E)/ (3.1)

m
1l

exp(-A\At) (3.2)
X = is the decay constant for the selected isotope (1/year) and

At

time interval between applications = 1 yr.
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Using the information given for Qe in Section 2.5, the desired values for

Qr are as follows:

Q, Q. Ratio of
Isotope (ci) (Ci/yr)* ' {Q_x 1 vear)/Q,
Mn 54 2.831E-06 4.132E-06 1.460
Co 60 2.353E-04 2.511E-04 1.067
Zn 65 2.801E-06 4.502E-06 1.607
Cs 134 1.457E~06 1.715E-06 1.177
Cs 137 9.259E~05 9.366E-05 1.012

*For input to ATMODOS only.

3.2.2 Atmospherjc Digpersion

What is of interest at thig point is to provide a means of calculating
the air immersion dose due to resuspension using the ATMODOS code (under the
assumption that the resuspended material is due to an atmospheric release).

To accomplish this, we proceed as follows. By definition, in the analysis of
releases of gaseous effluents to the atmosphere, the airborne concentration at

a receptor of interest is given by:

A, = Q (Ci/yr) x (X/Q) (sec/m’)/3.1536E+7 (sec/yr) (3.3)

Where: (X/Q) is the atmospheric dispersion factor.

Combining Equations (2.4), (2.6) and (3.3), it is seen that, for
long-lived radionuclides (where the total accumulated radioactivity at the end
of one year is numerically equal to the annual release rate,

i.e. Qe = Qr x 1 year), the airborne concentration at the disposal plot
due to resuspension effects can be accommodated by the following atmospheric

digpersion factor:

(X/Q) = K (1/m) 3.1536E+7 (sec/yr)/(N (acres) x 4046.9 (mZ/acre))
= 7,792.6 (K/N) (sec/m) (3.4)
2-18
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With K = 1.0E-5 (1/m), and N = 2 acres, the last equation reduces to:

(X/Q) = 3.896E-02 (sec/m>).

]

At this point it is important to note that this method of analysis is
slightly conservative since the receptor is assumed to be immersed in a cloud
of undecayed radioactivity. From the (Qr/Qe) ratios given in the last
table in Section 3.2.1, it is seen that inhalation exposures will be

overestimated by the following factors:

Inhalation Exposure

Isotope OQverestimation Factor
Mn-54 1.460
Co-60 1.067
Zn-65 1.607
Cs-134 1.177
Cs-137 1.012

3.2.3 Qccupancy Factors

As indicated in Section 2.6, the occupancy factor for exposure to
ground deposition and for immersion in the resuspended radioactivity was set
equal to 104 hours during control of the disposal sites, and was assumed to be
continuous thereafter. Since occupancy factors cannot be entered directly
into the ATMODOS code, the partial occupancy situation was accommodated as

follows:

(1) The exposure to resuspended radioactivity was handled by
multiplying the effective (X/Q), as given by Equation (3.4), by
(104/8760), 8,760 being the number of hours in one year; this
leads to a X/Q value of 4.626E-4 sec/ma.

(2) The exposure to radiocactivity deposited on the ground was handled
by setting the shielding correction factor equal to the occupancy
factor (i.e., equal to 104/8760 = 0.012).

It should be noted that the (X/Q) adjustment described above is
appropriate in this case since radioactive material will not be dispersed on
crops for human or animal consumption. The only pathway through which crop

contamination can take place is through root uptake.

2-19
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3.3 land-Spreading Exposure Pathways
Three sets of ATMODOS computer runs were carried out, for the following:

(a) Assessment of the radiological impact during Vermont Yankee

control of the disposal sites.

(b) Assessment of the radiological impact after control of the sites

is assumed to be relinquished.

(c) Development of dose conversion factors providing a correlation
between pathway exposures per soil activity for each isotope of

interest.

The results for each case are presented in the subsections which
follow. Briefly, note that they correspond to a disposal plot size of
2 acres, which was determined to be the appropriate size to meet both the
radiation exposure criteria listed in Section 2.3, and the desired
flexibilities listed in Section 2.4. The whole body and critical-organ
radiation exposures (after 40 pump-outs on the same plot at a concentration

level equivalent to the measured 1988 concentrations in septic waste) are as

follows:

Control of Disposal Sites Radiation Exposure Individual/Organ
Controlled by VYNPS 0.1 mrem/yr Child/Whole Body
(Maximum Exposed Individual) 0.2 mrem/yr Maximum Child/Liver
Uncontrolled 1.3 mrem/yr Adult/Whole Body
(Inadvertent Intruder) 3.9 mrem/yr Maximum Teenager/Lung

The individual pathway contributions to the total dose are as follows:

6680R
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Pathway-Dependent Critical Organ Doses

Maximally Exposed Inadvertent Intruder
Individual/Organ Critical Individual/Organ
(Child/Liver) (Teenager/Lung)
Pathway @ __(mrem/year) = ____ (mrem/year)

Ground Irradiation 0.0576 1.16

Inhalation 0.00122 2,74

Stored Vegetables 0.0913 0.00601

Leafy Vegetable - 0.00467 0.00040

Milk Ingestion 0.0421 0.00229

Meat Ingestion 0,00249 0,00012

TOTAL 0.1994 3.909

In addition, an isotopic breakdown of the critical organ dose results

listed above is shown in the following table:

Radioactivity

Degcription Isotope (uCi/2 Acresg) (mrem/yr)
During Vermont Yankee Mn-54 2.831 0.000436
control of the Co-60 235.3 0.0559
disposal sites. Zn-65 2,801 0.0230
Maximally Exposed Cs-134 1.457 0.00231
Individual/Organ: Cs-137 92.59 0.118
Child/Liver ’

e TOTAL 0.199
After Vermont Yankee Mn-54 2.831 0.0144
control of sites is Co-60 235.3 3.76
relinquished. Zn-65 2.801 0.00983
Inadvertent Intruder Cs-134 1.457 0.000505
Critical Individual/ Cs-137 ) 92.59 0,1247

Organ: Teenager/Lung
: TOTAL 3.91
As for the dose conversion factors during active plant control of the
disposal sites, the critical-organ all-pathway values for a 2-acre disposal

plot are:

2-21
6680R



Richard Emch - bvy 89 59.tif

_Page 53

All-Pathw rgt-Case Dose Conversion Factors
During Vermont Yankee Control of Disposal Sites

- Exposure
Isotope Individual/Organ m r—pCi
Mn-54 Adult/GE-LLI 1.87E-4
Co-60 Teenager/Lung 3.57E-4
Zn-65 Child/Liver 8.21E-3
Cs~134 Child/Liver 1.59E-3
Cs-137 Child/Bone 1.33E-3

In all cases, the exposure pathways are direct shine from

shielded/unshielded ground deposition, inhalation of resuspended

radioactivity, and ingestion of contaminated food (stored vegetables, leafy

vegetables, milk and meaf); exposure to the ground deposition and to

resuspended radioactivity is for a period of 104 hours during control of the

disposal sites, and continuous thereafter. Refer to Appendix B for copies of

the ATMODOS outputs, and to the following list of assumptions employed in the

calculations.

analyses:

6680R

(a)

()

(c)

Briefly, the following basic assumptions were used in the calculational

The septic tanks are emptied every 6 months (expected future

practice is to pump tanks once per year).

The tank radioactivity remains constant (at the main septic tank

1988 determined level plus 3 sigma).

The radiation source corresponds to the accumulation of
radioactive material on a single plot within the proposed disposal
sites.over a period of 20 years (40 applications at 6 month
intervals). (In actuality, the proposed sites will accommodate
more than one disposal plot, and, in practice, more than one plot

will most probably be used.)
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(d)

(e)

(£

(g)

(h)

1)

For the analysis of the radiological impact during Vermont Yankee
control of the disposal sites, no plowing or direct injection of
septage takes place and all dispersed radiocactive material remains
on the surface and forms a source of unshielded radiation. (In
practice, the waste will be either surface spread or directly
injected into the top 6 inch layer of the disposed plot, in which
case the radioactive material will be mixed with the soil. This
in effect would reduce the ground plane source of exposure by a

factor of about four due to self-shielding.)

No radioactive material is dispersed directly on crops for human
or animal consumption, crop contamination being only through root

uptake.

The deposition on crops of resuspended radioactivity is

ingignificantly small.

Pathway data and usage factors used in the analysis are the same

as those used in the plant's ODCM assessment of the off-site

radiological impact from routine releases, with the exception that

the fraction of stored vegetables grown on the disposal plots was
conservatively increased from 0.76 to 1.0. (At present, no
vegetable crops for direct human consumption are grown on any of

the disposal sites.)

It is assumed that Vermont Yankee relinquishes control of the
disposal sites after the fortieth pump-out (i.e., the above source

term applies also for the inadvertent intruder).

For the analysis of the impact after Vermont Yankee control of the
sites is relinquished, the radioactive material is plowed under

and forms a uniform mix with the top 6 inches of soil, but,

nonetheless, undergoes resuspension at the same rate as surface

contamination,
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(k)

Exposure to the ground deposition and to resuspended radioactivity

is for a period of 104 hours during Vermont Yankee control of the

disposal sites, and continuous thereafter, the 104-hour interval

being representative of a farmer's time on a plot of land (4 hours

per week for 6 months).

3.3.1 lmpact During Vermont Yankee Control of the Disposal Sites

The tables which follow present summaries of the ATMODOS results for

the radiological impact during Vermont Yankee control of the disposal sites.

The first table presents the results for the entire mix of radionuclides, and

the second table shows the contributions by each isotope.

Mn 54
Co 60
Zn 65
Cs 134
Cs 137

2.831E-06
2.353E-04
2,801E-06
1.457E-06
9.259E-05

Dose Delivered to Each Orgap From all Radionuclides in the Mix
and From All Pathways Combined*
{Adult, Teenager, Child, and Infant)

(mrem/yr)

Bone

9.20E-02
1.13E-01
1.86E-01
1.14E-01

-0 3>

liver

1.13E-01
1.44E~01
1.99E-01
1,38E~-01

Kidney

7.92E-02
9.08E-02
1.10E-01
8.36E-02

Lung

8.46E-02
9.90E-02
9.73E-02
8.08E-02

GI1-LLI Thyroid Whole Body  Skip

9.66E-02 5.76E-~02
9.65E-02 5.76E-02
8.22E-02 5.76E-02
7.59E~02 5.76E-02

9.42E-02
9.41E-02
9.94E-02
7.19E-02

*Each pathway includes unshielded exposure to ground contamination for
104 hours, with all radiocactivity assumed to be on the surface of the ground;

exposure to resuspended radioactivity is also for a period of 104 hours.

6680R
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Isotope~-Specific Contributions to the Dose Delivered to Each Organ
From all Pathways Combined*
t
(mrem/yr)
Bone Liver Kidney Lung GI-LLI Thyroid Whole Body Skin

Source: Mn-54, 2.831E-06 Ci (2-acre plot)

13E-04 3.1BE-04 2.44E-04

3.66E-04

2.59E~04

13E-04 4.36E~-04 2,76E-04

A 2.
T 2.13E-04
c 2.
I 2.

13E-04

Source: Co-60, 2.353E~04 Ci (2-acre plot)

5.20E-02
5.20E-02
5.20E-02
5.,20E-02

-0

Source: Zn-65, 2.801E-06 Ci (2~acre plot)

3.43E-03
4,61E-03
8.72E-03
6.18E-03

- Q>

2.18E-04

5.37E-02
5.44E-02
5.55E-02
5.22E-02

1.06E-02
1.57E-02
2.30E-02
2.08E-02

2.14E-04

5.20E-02
5.20E-02
5.20E-02
5.20E-02

7.13E-03
1.01E-02
1.45E-02
1.02E-02

2.98E-04
3.34E-04
3.09E~04
2.74E-04

7.40E-02
8.41E-02
7.80E-02
6.86E-02

2.03E-04
2.28E-04
2.11E-04
1.88E-04

5.30E-04
5.25E~04
4.00E-04
2.15E-04

8.32E-02
8.30E-02
7.16E-02
5.26E-02

6.72E-03
6.72E-03
4.16E-03
1.76E-02

Source: Cs-134, 1.457E-06 Ci (2-acre plot)

5.89E-04
7.92E-04
1.50E~03
7.74E~04

-0 >

1.09E-03
1.56E-03
2.31E-03
1.25E-03

5.06E-04
6.50E~04
8.74E-04
4 .B9E-04

3.20E-04
3.89E-04
4.59E-04
3.35E-04

2.42E-04
2. 44E-04
2.38E-04
2.30E-04

Source: Cs-137, 9.259E-05 Ci (2-acre plot)

3.57E~-02
5.52E~02
1.23E-01
5.50E~02

-0 >

4.70E-02
7.18E-02
1.18E-01
6.35E-02

1.93E-02
2.78E-02
4.19E-02

2.07E-02

9.79E-03
1.39E-02
1.83E-02
1.14E-02

5.86E-03
6.00E-03
5.76E-03
5.24E-03

2,13E-04
2,13E-04
2.13E-04
2,13E-04

5.20E-02
5.20E-02
5,20E-02
5.20E-02

1,46E-~04
1.46E~04
1.46E-04
1.46E~04

2.27E-04
2,.27E~-04
2,27E-04
2.27E-04

5.06E-03
5.06E-03
5.06E-03
5.06E-03

2.33E-04
2.44E-04
2.73E-04
2,14E-04

5.56E-02
5.73E-02
6.24E-02
5.25E-02

4,87E-03
7.38E-03
1.44E-02
9.69E-03

9.31E-04
8. 44E-O4
6.67E-04
3.30E-04

3.25E-02
2.83E-02
2.1BE-02
9.20E-03

*Each pathway includes unshielded exposure to ground contamination for
104 hours, with all radioactivity assumed to be on the surface of the ground;

exposure to resuspended radioactivity is also for a period of 104 hours.

6680R

2-25

2.50E-04
2.50E-04
2.50E-04
2.50E-04

6.12E-02
6.12E-02
6.12E-02
6.12E-02

1.68E-04
1.68E-04
1.68E-04
1.68E-04

2.65E-04
2.65E-~04
2.65E-04
2,65E~04

5.90E-03
5.90E~03
5.90E-~03
5.90E-03
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3.3.2 Radiological Impact After Termination of Active Control of the
. Dispopal Sites
The table which follows presents a summary of the ATMODOS results for
the radiological impact after control of the disposal sites is assumed to be
relinquished after 20 years of septic waste disposal. Tables showing the
contributions by the various isotopes were not prepared as they were

determined to be of little significance.

Isotope Curles
25 Mn-54 2.831E-06
27 Co-60 2.353E-04
30 Zn-65 2,.B01E-06
55 Cs-134 1.457E-06
- 55 Ce~137 9.259E-05
e Dose Delivered to Each Organ From all Radi 1i in ix
and From all Pathways Combined*
T i nt
(mrem/yr)

Bone Liver Kidney Lung GI-LLI  Ihyroid Whole Body  Skin

O >

*Each pathway includes continuous exposure to ground contamination (uniformly
distributed within a 6-inch layer of soil)

6680R

1.25E400 1.29E+00 1,.21E+00 3.04E+00 1.29E+00 1.16E+00 1.25E+00 1.37E+00
1.30E+00 1.35E+00 1.23E+00 3.91E+00 1.28E+00 1.16E+00 1.24E+00 1.37E+00
1.40E+00 1.41E+00 1.25E+00 3.39E+00 1.22E+00 1.16E+00 1.23E+400 1.37E+00
1.28E400 1.32E+00 1.21E+00 2.58E+00 1.19E+00 1.16E+00 1.19E400 1,37E+00
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3.3.3 1Isotopic Dose Conversion Factors

The table which follows presents isotope-dependent dose conversion
factors for the various age groups and organs. They were computed using the
ATMODOS computer code along with all the assumptions employed in the
assessment of the radiological impact during Vermont Yankee control of the
disposal sites. The source terms were defined using the adjustment ratio
Q. x 1 yr)/Qe given in Section 3.2.1 to obtain an accumulated
radioactivity of 1 uCi for each isotope of interest at the end of one year.
These conversion factors form part of one of the procedural controls described
in Section 4 for ensuring that the disposed  contaminated septage does not lead

to radiation exposures in excess of the specified limits.

6680R
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(mrem/yr-uCi)

Bone  Liver  Kidney — Lkung  GI-LLI  Thyroid Whole Body  Skin

Source: Mn-54

A 7.54E-05 1.12E-04 B8.63E-05 1.05E-04 1.87E-04 7.54E-05 8.24E-05 8.84E-05
T 7.54E-05 1,29E-04 9,15E-05 1.18E-04 1.85E-04 7.54E-05 8.61E-05 8.84E-05
C 7.54E-05 1.54E-04 9.74E-05 1.09E-04 1.41E-04 7.54E-05 9.63E-05 8.84E-05
I 7.54E-05 7.71E-05 7.58E-05 9.68E-05 7.60E-05 7.54E-05 7.58E-05 8.84E-05
Source: Co-60
A 2.21E-04 2.28E-04 2,21E-04 3.14E-04 3.54E-04 2.21E~0Q4 2.36E-04 2.60E-04
T 2.21E-04 2,31E-04 2,21E-04 3.57E-04 3.53E-04 2.21E-04 2.43E-04 2.60E-04
e C 2.21E-04 2.36E-04 2,21E-04 3.32E-04 3.04E-04 2.21E-04 2.65E-04 2.60E-04
I 2,21E-04 ° 2.22E-04 2,21E-04 2.92E-04 2.24E-O04 2.21E-04 2.23E-04 2.60E-04

Source: Zn~65

.24E~05 2.40E-03 5.20E-05 1.74E-03  5.98E-05
.12E-05 2.40E-03 5.20E-05 2.64E-03  5.98E-05
.55E-05 1.48E-03 5.20E-05 5.12E-03 5.98E-05
.72E-05 6.29E-03 5,20E-05 3.46E-03 5.98E-05

1,22E-03 3.78E-03 2.55E-03
1.65E-03 5.59E-03 3.60E-03
3.11E-03 8.21E~03 5.19E-03
2.21E-03 7.44E-03 3,63E-03

OS>
o NN

Source: Cs-134

.19E-04 1.66E-04 1.56E-04 6.39E-04 1.82E-04
.67E-04 1,67E-04 1.56E-04 5.79E-04 1.82E-04
.15E-04 1.64E-04 1.56E-04 4.58E-04 1.82E-04
.30E~-04 1.58E-04 1.56E-04 2.26E-04 1.82E-04

4.04E~-O4 7.46E-04 3.47E-04
S5.44E-04 1.07E-03 4.46E-04
1.03E-03 1.59E-03 6.00E-04
5.31E-04 8.55E-04 3.36E-04

-0 >
W N

Source: Cs-137

A 3.86E-04 5.07E-04 2.09E-04 1.06E~O4 6.33E-05 5.46E-05 3.52E~04  6.37E-05
,,,,,,, T 5.97E-04 7.75E-O4 3,00E-04 1.50E~04 6.48E-05 5.46E-05 3.06E~O4  6.37E-05
c
I

1.33E-03 1.2BE-03 4.53E-04 1.98E-04 6.23E-05 5,46E-05 2.35E-04 6.37E-05
5.94E-04 6.86E-04 2.24E-04 1.23E-04 5.66E-05 5.46E-05 9.94E-05 6.37E-05

*Each pathway includes unshielded exposure to ground contamination for 104 hours,
vith all radioactivity assumed to be on the surface of the ground; exposure to
resuspended radioactivity is also for a period of 104 hours.

2-28
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Once an on~site septage disposal permit has been secured,

implementation of the disposal program must be accompanied with procedural
controls to ensure that the applicable radiological limits are not violated.

This section presents a list of proposed controls to this effect.
4.1 Total Radiocactivity Dispersed per Disposal Plot

As pointed out in Section 2.5, since the content of radioactivity in
septic waste is very low, and since it is neither practical nor necessary to
carry out a new analysis prior to each disposal, assessment of the
radiological impact was based on an assumed source corresponding to the
expected accumulation of radioactive material on a given 2-acre disposal plot
over a period of 20 years (40 applications at 6-month intervals). As such, it
will be necessary to keep accurate records of the time and location of septage
disposal and of the ensuing buildup and decay of radiocactivity om each

disposal plot. The basic equation to be employed is as follows:

tot new old
Qi = Qi + Qi exp (—)i at) (4.1)
Where: Q;°t = total accumulated radioactivity at the selected 2-acre

disposal plot after the current disposal (uCi).

Qi = radiocactivity added to the plot as a result of the current
disposal (uCi).

Q:ld = radioactivity accumulated at the selected disposal plot
prior to the current disposal (uCi), as determined at the
time of the previous disposal.

.Xi = radioactive decay constant (1l/year).
at = time lapse since the previous disposal on the same

disposal plot (years).

6680R
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Qzew can be calculated using the following equation:

Q?e" = 14,950 gallons x 3,785.4 cc/gallon x 1.0E-3 kg/cc

x Fs (solids fraction) x Czet (pCi/kg wet)
x 1.0E-6 (uCi/pCi)

= 0.0566 Fs C}°' (4.2)
Where: C:et is the measured or estimated radionuclide concentration in
the septic waste on a wet basis, and Fs is the fraction of solids in
the septage per tankful. Fs was conservatively set equal to 0.3 in
this calculation. 14,950 gallons equals the volume of both the main

septic tank and the south disposal system collection tank.
4.2 Qperational Limits

The disposal operating procedures to be established should address both
the activity concentration and the potential radiation exposure. Should the
activity concentration be in excess of the specified limit, then the sewage
mix would not be suitable for on-site disposal and would have to be processed
accordingly; this situation, however, is not likely to occur. On the other
hand, approaching the exposure guideline is a possibility; but this can be
easily accommodated by switching to a different plot within the disposal
sites. The subsections which follow present pertinent information recommended

for inclusion in the operating procedures.

4.2.1 Maximum Activity Concentrations

In line with the discussion presented in Section 2.3 of this
i calculation, the radionuclide concentrations in the septic waste must not

exceed the following limits:

(a) One tenth of the MPC values listed in 10 CFR 20, Appendix B,
Table 11, Column 2.

2-30
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(b) An overall MPC ratio of less than or equal to 0.1.

For the major radionuclides identified in the Vermont Yankee septic

waste, the individual MPC limits are as follows:

(10CFR20, Appendix B, Table II)

Soluble Insoluble
Isotope (uCi/ml) (uCi/ml)
Mn 54 1.0E-4 1.0E-4
Co 60 5.0E-5 3.0E-5
Zn 65 1.0E~4 2.0E-4
Cs 134 9.0E-6 4,0E-5
Cs 137 2.0E-5 4.0E-5

For a mix of radionuclides in the sewage mix, the condition to be

met is:
L (Ci/MPCi) %0.1

Where: Ci is the measured concentration for Isotope i, and the summation is

over all radionuclides in the mix.

From the 1988 spectroscopic analysis of septic waste samples, all
- radioactivity is expected to be in insoluble form, and no radioactivity is
expected in the liquid above the sludge. Should the situation change, use
should be made of both the soluble and insoluble MPCs listed above, as

appropriate.

4.2.2 Potential Radiation Exposures

As described in Section 2.3 of this calculation, the NRR draft
guidelines for radiation exposure from all probable pathways due to the
disposal of low-level waste are 1 mrem/yr to the total body and any body organ
of a maximally exposed individual, and 5 mrem/yr to an inadvertent intruder.
The maximally exposed individual is identified as a member of the general

public or a worker who is not classified as a radiation worker.

2-31
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Since the proposed septage disposal sites are within VYNPS property and
under VYNPS control, occupancy of the disposal sites by an inadvertent
intruder is only possible after plant decommissioning. That is, during the
on-site septic waste disposal program, only the specified exposure guideline

for the maximally exposed individual would be in effect.

To ensure proper operation of the on-gite disposal program, a set of
checkpointe was prepared as guidance. The action levels were based on the

following results from Section 3:

topi k £ t
. Radioactivity Exposure
Description 1sotope (uCi/2 Acres)

During Vermont Yankee Mn-~54 2.831 0.000436
control of the Co~-60 235.3 0.0559
disposal sites. Zn-65 2.801 0.0230
Maximally Exposed Cs-134 1.457 0.00231
Individual/Organ: Cs-137 92.59 0,118
Child/Liver

TOTAL 0.199
After Vermont Yankee Mn-54 2.831 0.0144
control of sites is Co-60 235.3 3.76
relinquished. Zn-65 2,801 0.00983
Inadvertent Intruder Cs-134 1.457 0.000505
Critical Individual/ Ce~137 92,59 0,1247
Organ: Teenager/Lung

TOTAL 3.91

It is seen that, whereas the exposure to the maximally exposed
individual is approximately 20% of the 1 mrem/year guideline, the inadvertent
intruder exposure is almost 80% of the 5 mrem/year limit. Thus, to ensure
that both guidelines are met at all times, it is intended that the gperational
guideline for the maximally-exposed individual be set at 0.2 mrem/year. This
is a conservative approach since the likelihood of intruder occupancy of the
sites coinciding with the end of the on-site disposal program is nilj;
substantial decay of the radioactive material is expected by the time the
sites are released to the general public. Of course, future reassessment of
this operational guideline is not precluded. However, an operational limit
close to the guideline is not recommended since it eliminates all
flexibilities.

2-32
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Based on the operational guideline of 0.2 mrem/yr to the maximally

exposed individual, two checkpoints were prepared which would ensure that the

radiation exposure limit will not be exceeded. They are as follows:

(a)

(®)

Action level 1 - Gross Radioactivity Limit

The up-to-date total radioactivity dispersed per disposal plot
(Qtot
i

If the condition:

) is calculated for each isotope using Equation (4.1).

tot lim

Q%

: lim . :
is met for each isotope, where Qi represents the limiting
values listed in the following table (from Section 3, rounded off
to 2 significant figures), then disposal of the septic waste will

not violate the exposure limit; otherwise, proceed to Action Level

2.
Maximum Accumulated
Radioactivity Allowed
PiimAcre
Isotope Q. (uCi)
Mn-54 1.4
Co-60 120.0
Zn-65 1.4
Cs-134 0.7
Cs-137 46.5
Action Level 2 - Radiation Exposure

If Action Level 1 fails, determine the potenpial radiation
exposure using the equationt
tot

Dose (mrem/yr) = L Qi DCFi

Where: QEOt is the up-to-date total radiocactivity dispersed

per disposal plot calculated for each isotope using
Equation (4.1), DCFi is the dose conversion factor for
isotope i, and the summation is over all the radionuclides

in the mix. The dose conversion factors are as follows:
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DCF;
Isotope Individual/Organ r =
Mn-~54 Adult/GI-LLI 3.74E-04
Co-60 Teenager/Lung 7.14E-04
Zn-65 Child/Liver 1.64E-02
Cs~134 Child/Liver 3.18E-03
Cs-137 Child/Bone 2.66E~03

The model overestimates the exposure by approximately 20% because the
above DCF's correspond to the most restrictive exposure to any individual and
any organ from all pathways, independently selected for each radionuclide.
The exposure pathways are direct shine from unshielded ground deposition,
inhalation of resuspended radioactivity, and ingestion of contaminated food
(stored vegetables, leafy vegetables, milk and meat); exposure to the ground
deposition and to resuspended radioactivity is for a period of
104 (hours/year).

If the calculated dose is in excess of 0.2 (mrem/yr), a different

disposal plot would have to be selected.
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APPENDIX A

LABORATORY ANALYSES OF
SEPTIC WASTE




Richard Emch - bvy 89 59.tif

Page 68

YANKEE ATOMIC ELECTRIC COMPANY

MAILED ENVIRONMENTAL LABORATORY

JUH Q0 e Initial Analysis Report
CusgﬂQﬁ yﬂgg;mont Yankee Nuclear Power Corp. Report Date: 06/09/88
At RIBRNMIETRELARNE KeEGAN Analysis Date: 6 /8 /88
MR, EDWARD CUMMING pate Received: 6 /8 /88
Reference Date: 6 /8 /88
MR, STEPHEN SKIBNIOWSKY
8ludge
Sample Amount: 1.01 Kg. lLab Gample No.: G72970
Sample Submigsion Code: VSL 02 2188
Elapsed Time : 0.65 daye other Analysis Requested: None
Comment: COB TANK BOTTOM
DECAY ACTIVITY
NUCLIDE CONC. +- 1 BIGMA MDC
' CORRECTION [ Pico Curie / Kilogram - wer }
Rp=-239 8.24E-01 (-15 4- 11 ) E © 35 E ©
Co=857 9.98E~-01 (S +- 94 ) E-2 310 E-2
Ce-144 9.98E~01 (-9 +- 73 ) E-1 240 E-1
Ca-141 9.86E~01 { 26 4~ 17 ) E-1 65 E-1
Mo-99 8.49E~01 (11 +- 20 ) EO 65 E ©
8e=75 9.96E~01 (-6 +- 15 ) E-1 49 E-1
Cx=-51 9,.,84E-01 (4L +- 93 ) E-1 310 E-1
I -131 9.45E~01 -(~15 4= 11 } E-1 37 E-1
De=7 9.92E~01 ( 102 +- 94 ) E-1 310 E-1
Ru-103 9.,89E-01 (~11 +- 12 ) E-1 38 E-1
1 -133 5.95E-01 (22 +- 17 ) E-1 58 E-1
Ba-140 9.65E-01 (=175 +- 68 ) E-1 230 E-1
Cs-134 9.99E-01 ( 16 4- 16 ) E-1 53 E-1
Ru=106 S.99E~01 (4 +- 13 EC 43 EO
*+ Ce-137 1.00E 00 ( 103 +- 18 ) E-1 54 E-1
Ag-110M 9.98E-01 : (=2 4~ 19 E-1 64 E-1
Zr-9S 9.93E-01 (~19 +- 24 ) E-2 79 E-1
Co-58 9.94E-01 (7 +- 13 E~1 42 E-1
Mn-54 9.99E~01 (-7 +- 14 E-1 50 E-1
%+ AcTh228 1,00E 00 ( 207 +- 68 E-1 230 E-1
Tel-132 8.70E~-01 ( 117 4+~ 99 E-1 330 EBE-1
Fe=~59 9.90E~-01 (=33 +~ 27 E-1 91 E-1
Zn-65 9.98E-01 ( 69 +~ 36 E-1 120 E-1
*+ Co-60 1.00E 00 ( 454 +~ 21 E-1 82 E-1
*+ X =40 1,00B 00 ( 87 4~ 23 Y EO 75 E O
Sh-124 9.92E~01 (~31 +- 31 E-1 100 E-1
Notes:

- hotivity greater than 3tstandard deviation
+ Peak is found

tlon of
eount ing
~ wneertointios
1o pustrlioning { seteerer),
ond senple salf-evasrption,

Vibcation eveve, 3 ) rercent, sep
2 1 peceent, sempls noa-hosagenriip,s 10 pareent,
T 10 pascent.

Approved by

-:E;_Eé.ltXfK;muﬁiﬁ

D.E.McCurdy.

r
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MA

JLEL) ¥anxee atoric ELECTRIC COMPANY
ENVIRONMENTAL LABORATORY

RHE LR Initial Analysis Report
YAEC .
CUstgnz;«vaE:wmnnBYankee Nuclear Power Corp. Report Date: 06/09/88
Attention: MS. ELAINE KEEGAN Analysis Date: 6 /8 /88
MR. EDWARD CUMMING Date Recelved: 6 /8 /88
MR. STEPHEN SKIBNIOWSKY Reference Date: 6 /8 /88
Sludge
Sample Amount: 1.02 Kg. Lab Sample No.:! G72971
6ample Submission Code: VSL 03 2388
Elapsed Time : 0.63 days Other Analyels Requested: None
Connment: COB TANK-LIQUID
DECAY ACTIVITY
NUCLIDE CONC. 4= 1 BIGMA MDC
CORRECTION ( Pico Curie / Kilogram.wer |
Np-219 8.29E~01 (6 +- 10 ) E O 34 E O
Co-57 9.98E-01 ( 65 +- 93 ) E-2 310 E-2
Ce~-144 9.98E~01 ( 20 +- 67 ) E-1 220 E-21
Ce-~141 9.87E-01 (0 +- 16 ) E-1 52 E-1
Mo~99 8.54E-01 (~25 +- 19 )Y E 0 63 E 0
Se-75 9.,96E-01 (4 +- 14 ) E-1 48 E-1
Cr-51 9,.84E~-01 (-8 +~ 86 ) E-1 290 E-1
I -131 9.47E-01 (8 += 11 ) E-1 38 E-1
Be-7 9.92E-01 {(14~-10) EO 35 E O
Ru~103 9,89E-01 ( 17 +- 12 ) E-1 41 E-1
I ~133 6.05E-01 (~1 +- 19 )} E-1 65 E-1
Ba-140 9.66E-01 ( 33 +- 72 ) E-1 240 E-1
Ce~134 9,99E-01 (-17 +- 14 ) E-1 48 E-1
Ru-~106 9.99E-01 (-1 4- 12 ) EO 40 E O
Ce-~137 1.00E 00 (-5 +- 13 ) E-1 44 E-1
Ag-110M 9.98E~-02 (-6 +- 16 ) E-1 54 E-1
2r~95 9.93E-01 ( 20 +- 22 ) E-1 7% E-1
Co-58 9.94E~-01 (1) +- 12 ) E~-1 3% -2
Mn~54 $.99E~01 (11 4+- 12 ) E-1 39 E-1
AoTh228 1.00E o0 (=21 +=- 66 ) E~-1 260 E-1
Tel-132 8.73E-01 ( 16 +- 91 ) E=-1 300 R-1"
Fe-59 9.90E-01 (8 +- 28 ) E-1 93 E-1
Zn-6S 9.98E-01" (72 += 34 ) E-1 110 E-1
Co~60 1.00E 00 (-6 +- 18 ) E-1 76 E-1
+ K ~40 1.00E 00 (55+-21)E0 76 E O
Sh-124 9.93)E~01 ( 6 +- 34 ) E-1 110 E-1
Notes:
+ Peak is founa
Appraved by
. — )
L e e e toetbre ey roiers (oot ias DT Lol

statistlest. tariesy

S0 pareanr.

the satidvation surve, & ) porcent
perceat, ssople nea-homsasneliy,s {0 percent,

o0 of the sesisl

le peslctonl
. and ssmpls sulfvebancptlan,

Tl o e e, D.E.HcCurdy.
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YANKEE ATOMIC ELECTRIC COMPANY

ruﬂ/\|[_EE[) ENVIRONMENTAL LABORATORY

Initial analysis Report

RIRE AR SRR ——e———————

Customeff&ﬁ§9;qo t Yankee Nuclear Power Corp. Report Date: 06/09/88
Attention:h¥MEN- ELAINE XEEGAN Analysis Date: 6 /8 /88
MR. EDWARD CUMMING Date Received: 6 /8 /88

MR. STEPHEN SKIBNIOWSKY Reference Date: & /8 /88

Sludge
Sanple Amount: 0.99 Kg. Lab Sample No.: G72972
Sample Submission Code: VSL 04 2388
Elapsed Time : 0.59 days Other Analysis Requented: None
Comment: MAIN TANK BOTTOM
DECAY ACTIVITY
NUCLIDE . CONC. +- 1 SIGMA MDC
CORRECTIOK [ Plco curie / Kilogram_ygr )
Np-239 8.40E-01 {24-21) EO 70 E O
Co-57 $.98E~01 (<10 +- 19 ) E-1 62 E~1)
Ca-144¢ 9.99E-01 ( 11 +- 14 ) E O 45 E 0
Ce-141 9.87E-01 (=12 +~- 32 ) E-1 110 E-1
Mo-99 8.63E-01 ( 20 4- 238 ) EO 120 E O
Se-75 9.97E~01 ( 34 +- 29 ) EBE-1 87 E-1
Cr-51 9.85E-01 (=25 +- 18 ) E O 61 E O
I -131 9,50E~01 {3 +- 23 ) E-1 78 E-1
Be-7 9.92E-01 (=20 +- 19 ) E O €5 E Q
Ru-103 9.90E-01 (=10 +- 24 ) E-1 81 E-1
I -133 6.26E-01 (-25 +- 37 ) E-1 120 E-1
Ba-140 9.68E-01 (=23 4= 11 ) E O 37 EO0
*+ Cs-13¢ 9.99E-01 { 130 +- 22 ) E-1 48 E-1
Ru-l06 9.99E-01 (-1 +- 28 ) E© 93 E ©
*+ C8-137 1.00E 00 ( 1207 +- $2 ) E-1 130 E-1
Ag-1104 . 9,98E~01 (-8 += 53 ) E-1 180 E-1
2r-95 9.94E-01 (=77 +- 59 ) E-1 200 E-1
. Co-58 9.94E~01 (=11 +- 34 ) E-1 110 E~2
*+ Mn-54 9.99E-01 { 393 +- 43 ) E-1 120 E-1
*+ AcTh228 .1.00E 00 (39 +-11) E0 32 EO0
Tel-132 8.81E-01 (=7 +- 29 ) EO 98 E O
Fe-59 9.91E-01 ( 68 4+~ 73 ) E-1 240 E~1
*+ Zn-65 9.98E-01 { 827 +— 82 ) E-1 230 E-1
4+ Co-60 1.00E 0O (853 4+~ 12 ) E O 14 EO
*4+ X -40 1.00E 00 ( 233 +- 35 ) E O 110 E O
8sb-124 9.93E~01 (=12 4= 35 ) E-21 120 E-1
Notes:
* Activity greater than I*standard deviation
+ Peak is found Approved by
C.
e Quated enersigns vAceTLElRLY Teres €0 et reprerent (s prepagecion of -:‘l_tgl};\__(:‘f
oLy peseintle or sesnscioted wite the cnéloncti (scwnting

otetioticed. en ol the edd(tonsl rrotems ervainelee D.B.McCurdy.
ere Ane calibratlon dutee, = 3 prreent, siwple pasirlonta) (sovree teetnt),
20 pere eorple mea-honspracicy,s 1D peccent, ané sewple self-abroretinn,

3 <
210 pereent,
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YANKEE ATOMIC ELECTRIC COMPANY
h!]/\"wtilj ENVIRONMENTAL LABORATORY

Initial Analysis Report

Customer :‘Vermont, Yankee Nuclear Power Corp. Report Date: 06/20/88
Attanbibn“n"‘“ﬁuﬁiﬂt KEEGAN Analysis Date: 6 /15/88
MR. EDWARD CUMMING Date Received: 6 /14/88
MR. STEPHEN SKIBHIOWSKY Reference Date: 6 /8 /88

‘Septic-~Solid

Sample Amount: 0.06 Kg. ' Lab Sample No.: G73075
Sample Submission Code: VSLs04 2388
Elapsed Time : ?7.57 days Other Analysis Requested: None
Station No.: 04 Main Tank Bottom
DECAY ACTIVITY
NUCLIDE CONC. +~- 1 SIGMA MDC
CORRECTIOHN { Pico Curie / leogram 1
Np-239 1.07E-01 { 55 +- 25 ) E 2 85 E 2
Co-57 9.81E-01 (-9 +- 30 ) EO 99 E 0
Ce~-144 9.82E-01 {3 +-22 ) E1 74 E 1
Ce-141 8.51E-01 ( 137 +- 60 ) E O 190 E 0
Mo-99 1.51E-01 (-60 +~- 29 ) E 2 97 E 2
S5e-~-75 8.57E-01 { 85 +- 51 ) E O 170 E ©
Cr-51 8.27E-01 ( 14 +- 36 ) E 1 120 E 1
I -131 5.21E-01 . (-6 +- 74 ) E O 250 E ©
Be-7 9.06E-01 (12 +- 38 ) E1 130 E 1
Ru-103 8.7SE-01 (=2 4= 46 ) E O 150 E O
xI -133 2.48E-03 ———— ————
Ba-140 6.64E-01 (-86 +- 40 ) E O 130 E 0O
*+ Cs-134 9.93E~-01 { 166 +- 52 ) E O 150 E 0
. Ru=-106 9.86E-01 (12 +- 49 ) E 1 160 E 1
*+ Cs-1137 1.00E 00 ( 3824 +- 92 ) E O 200 E ©
Ag-110M 9.79E-0] {76 +- %6 ) E O 320 E O
2r-95 9.22E-01 (-2 +- 11 ) E 1 36 E 1
Co-58 9.2%E-01 { 12 +- 60 ) E O 200 E O
*+ Mn-54 9.83E-01 ( 1126 +- 74 ) E © 200 E O
*+ AcTh228 1.00E 0O ( 76 +- 17 } E 1 49 E 1
TeI-132 1.99E-01 (-14 +- 22 ) E 2 75 E 2
Fe-59 8.90E-01 (7 +- 14 ) E 48 E 1
*+ Zn-65 9.79E-01 ( 120 +- 14 } E 1 40 E 1
*+ Co-60 9.97E-01 ( 2240 +- 22 ) E 1 2 E 1
*+ K -40 1.00E 00 ( 472 +- S3 ) E 1 160 E 1
Sb-124 9.17E-01 ., (69 +- 61 ) EO 200 E 0
Notes:

* Activity greater than 3+*standard deviation
+ Peak is found
x Decay correction less than .01

The qvoted ene-vigme terms include enly .....u-. scotincice and do mot reprecest D.E. HcCurdy
ati

teming, 8 7 precent,

ebeecytion, 3 10 puccs

catibrarion cveve,
Semsogencity, & 10 preceat, ond vomple o
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YANKEE ATOMIC ELECTRIC COMPANY

[ )
WMATLEL ENVIRONMENTAL LABORATORY
mana - Initial Analysis Report .
fpg;Axankee Huclear Power Corp. Report Date: 06/20/88
ELAINE KEEGAN Analysis Date: 6 /15/88
EDWARD CUMMING Date Received: 6 /14/88

Reference Date: 6 /8 /88
HR. STEPHEN SKIBNIOWSKY

Septic-Liquid Portion

Sample Amount: 1.00 Kg. Lab Sample No.: G73074
Sample Submission Code: VSL104 2388
Elapsed Time : 7.57 days Other Analysis Requested: None
Station No.: 04 Main Tank Bottom
DECAY ACTIVITY
NUCLIDE CONC. +- 1 SIGMA MDC
CORRECTION ( Pico Curie / Kilogram ]
Np~239 1.07E-01 ( 142 +- 88 ) E O 280 E 0
Co-57 9.81E-01 (-16 +- 99 ) E-2 330 E-2
) Ce-144 9.82E-01 ( 60 +- 73 ) E-1 240 E-1
o Ce-141 8.51E-01 ( 15 +- 19 ) E-1 €3 E-1
Mo-99 1.51E~-01 (-123 +- 94 ) E O 310 E 0
, Se-75 9.57E~01 (-6 +~ 15 ) E-1 50 E-1
Cr-51 B.27E-01 (3 +- 11 ) E O 36 E 0O
I -131 S.21E-01 . (-6 +- 20 ) E-1 67 E-1
Be-7 9.06E-01 ( 37 +~- 98 ) E~-1 330 E-)
Ru-103 8.75E-01 (-5 +- 13 ') E-1 44 E-1
xI =133 2.46E-03 ——— ——
Ba-140 G6.64E-01 (-23 +- 23 ) E-1 77 E-1
Cs-134 9.93E-01 (-9 +~ 15 ) E-1 49 E-1
Ru-106 9.8G6E-01 (1 +-12 ) E O 41 E ©
Cs~-137 1.00E 00 { 21 +- 14 ) E-1 47 E-1
‘‘‘‘‘‘ Ag-110M 9.79E-01 (-20 +- 18 ) E-1 59 E-1
2r-95 9.22E-01 ( 29 +- 23 ) E-1 75 E-1
Co-58 9.29E-01 ( 20 +~ 13 ) E-1 43 E-1
Mn-54 9.83E-01 (3 - 13 ) E-1 42 E-1
AcTh228 1.00E 00 ( 28 +- 61 ) E-1 240 E-1
~ Tel-132 1.99E-01 { 25 +~ 327 ) E O 120 E 0O
Fe-59 8.90E-01 (-1 +- 25 )} E-1 82 E-1
Zn-65 9.79E-01 { 32 +- 26 ) E-1 86 E-1
Co~-60 9.97E-01 (-13 +- 22 ) E-1 86 E-1
e + K -40 1.00E 00 (34 +- 21 ) E O 7S E O
Sb-124 9.16E-01 ( 68 +- 30 ) E-1 100 E-1

Notes:
+ Peak is found
x Decay correction less than .01

vt i
. ond sample pevicioning, * 3 peecanc,

D.E.McCurdy.



_Richard Emch

YANKEE ATOMIC ELECTRIC COMPANY

ﬁ,jfl‘i iy ENVIRONMENTAL LABORATORY ~ -
WY e A
Initial Analysis Report
R ettt
..Customer :vNeéPmont Yankee Nuclear Power Corp. Report Date: 07/11/88
AtteptiqninMST/ELAINE KEEGAN Date Received: 6 /14/88
MR. EDWARD CUMMING
Septic-Solid
LAB. No. DATE ACTIVITY.
SAMPLE CODE of VOLUME NUCLIDE CONC. +- 1 SIGMA MDC
________ REFERENCE ANALYSIS  Kg [ Pico Curie / XG - DRY
573075 6 /8 7 /7 0.022 Sxr-90 (-14 +- 37 JE © 40E 0
VSLs04 2388 Main Tank Bottom Sr-89 ( 52 +~ 46 YE O 62E O
Notes:

""" . _ L o ' Appyoved by

.0¢ quoted ane-sigms terws iaclude only counting stacistics and do not vepresent
the propagation of all possible errors sssocisted with the radiosctive decay

process., Estimates of the . additional systematic and random uncertsinties sve:
,,,,,, ©  calibration curve, ¢ § perceat, and sample positioning, + 1 percent. . ¢ S: i m

Pl D.E.McCurdy.
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""" YANKEE ATOMIC ELECTRIC COMPANY
; o E g . ENVIRONMENTAL LABORATORY - _
VIALLEL

P B

Initial Analysis Report

B it

Customer yyVermont Yankee Nuclear Power Corp. Report Date: 07/11/88

U AttephioRmAS AL EARINE KEEGAN Date Received: 6 /14/88
RVHORMEAL LA RD CUMNING

Septic-Liquid Portion

LAB. No. DATE ACTIVITY
SAMPLE CODE of VOLUME NUCLIDE CONC. +- 1 SIGMA MDC
REFERENCE ANALYSIS Kg [ Pico Curie / Kilogram }
§73074 6 /8 G /19 1.002 Sr-90 ( 113 +- 98 )E-2 200E-2
VSL104 2388 Main Tank Bottom Sr-89 (-10 +- 11 )E-1 22E~1
4
Notes:

Apprayed by .

ve quated one-sigms terms include only counting statiscice and do not represent

e propsgation of all possible ercors associsted with the vadioactive decay
wwocess. Estimaces of the additionsl sysrematic and random uncertasinties are:
calibration curve, ¢+ 5 percent, and sample positioning, * 2 percent.

0 . D.E.McCurdy.
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XY OF O s e Page 75.
A ,? it (__ y % YANKEE ATOMIC ELECTRIC COMPANY
WA s ENVIRONMENTAL LABORATORY ~-
R I Initial Analysis Report
YACT
_CusfeonegnseNermont. Yankee Nuclear Power Corp. Report Date: 07/11/88

Attention: MS. ELAINE KEEGAN Date Received: 6 /14/88
MR. EDWARD CUMMING .

Septic-Liquid Portion

LAB. No. DATE ACTIVITY
SAMPLE CODE of VOLUME NUCLIDE CONC. +~- 1 SIGMA  MDC
. REFERENCE ANALYSIS Kg { Pico Curie / Kilogram )
H73074 6 /8 6 /20 0.003 H-3 ( 26 +- 15 )E 1 49E 1
VSL104 2388 Main Tank Bottom
Notes:

The quoted one-sigma terms include only counting statistics and do not represent
the propagation of sll possible ercors associated with the radiosctive decay

© process. Esticates of the additional systemstic and random uncertaintics are:
cslibration curve, ¢ 5 percent, and sample positioning, ¢ 2 percent.




This section contains copies of the computer code outputs employed

in the calculation, as fbllows:

B.1 ALLEGRA - Gamma Ray Spectra

B.2 DIDOS-V - Dose Reduction as a Result of Plowing

B.3 ATMODOS - Radiological Impact During VY Control of the Disposal
Site

B.3.1 Impact due to Mn-54 in the Septage
B.3.2 Impact due to Co-60 in the Septage
B.3.3 Impact due to Zn-65 in the Septage
B.3.4 Impact due to Cs-134 in the Septage
B.3.5 Impact due to Cs-137 in the Septage
B.3.6 Impact due to All Nuclides in the Septage

B.4 ATMODOS - Radiological Impact After Termination of Vermont Yankee
Control of the Disposal Site (All Nuclides)

B.5 ATMODOS - Unplowed-Land Dose Conversion Factors for Radiological

Impact Assessment

B.5.1 Impact due to 1 uCi of Mn-54

B.5.2 Impact due to 1 uCi of Co-60

B.5.3 Impact due to 1 uCi of Zn-65
B B.5.4 Impact due to 1 uCi of Cs-134
) B.5.5 Impact due to 1 uCi of Cs~137

6680R
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ALLECKA (KADIDACTIVITY

O NI Ly

2 GAHMA SFECTRA - ORIGEN-2 DATA KASE - ENTECH EJNGIKEERING. INC, - nKOh Q)] 0&/72.88) 88-04,30., FAGE

TaFy a INFUT DAT& LISTING

1 < 3 4 5 L] b a
34T4TBI01I34T4TBIOITNASETATOIISATETHTOLITIASETEVOIITALETBC01IIS5AT47EY01034T67690

VY - DISFOSAL OF CONTAMINATED SEWAGE - FIELT ACTTIVITY AFTER 40 Tank FUBFINGS

1 1 1 1 1 6 -] <
2 1 1 ° °
1.0 1.0 0.0 0.0 1.0 0.0
MNSae 230540 2.831E-04
c060 270600 2.353E-04
IN6S 300630 Z.801E-08
csi34 233340 1.437E-08
cs137 251370 9.239€-03%
RA13I7M 561371 B.7%9€-05

1

1-d

- VUdIATIv

ey euwsn

EPEREGES

]

165 68 Ad - yow pieyory
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ALLEGRA (RAUIOACTIVITY 3 GAMMA SFECTRA - ORIGEN-Z NATA RASE - ENTECH ENGINEERING, IMC. - HDDI 0) 04.,02/88) BB/04-30. FAGE <

VY - DISFOSAL OF CONTANINATED SEWAGE - FIELD ACTIVITY AFTER 40 YANL FUMFINGS

USER-SFECIFIED FRINTOUY CONTROL FLAGS:

NUCLIDES IN LIPRARY ! KFRINT(1) = [
DECAY DATA IN LISRARY : KPRINT(D)Y 1 N
GANRA SFECTRA IN LIBRARY KFRINT(3) 1 i
CALCULATED aCTIVITIES KERINT(a) - :
ISOTOFE-SFECIFIC SPECTRA KPRINT(Z) « 1 '
TOTAL OARMA SFECTRA NFRINT(8)Y = 1 3 B
TAPE 31 CONTENTS KFRIWT(D)Y & r
TAPE 12 CONTENTS KFRINT(B) = 0 ,
INTERMEDIATE DECAY RESULTS @ KPRINTI9) = 2 :
PATA LIPRARY SELECTION OFTION .2
INFUT ACTIVITY UNIT CONTROL . PR
GaNnA SFECTRA CONTROL FLAG -
30URCE VOLUME (CURIC METERS) - 1.0000£400 :
SOURCE INTENSITY INPUT MULTIFLIER - 1.0000£+00 ;
MIN. ISOTOFIC ACTIVITY FOR INCLUSION IN THE OUTFUT TARLES «  .0000E+00 ool
TOTAL NUMBER OF NUCLIDES IN THE INFUT » B R
;

LIST OF INPUT NUCLIDES AND ACTIVITIES (CURIES):

250540 2.831E-06 270800 T.3T3E-D4 300450 C.POIE-0s 221340 1.437E-04 223370 9.739€-03 61371 8.73FE-05 ’

THERE IS C5137 aND/OR RAII7M IN THE INFUT, :
CHECX IF FOTH NUCLIDES AKE IN THE INFUT AND TXAT THE BAI3ITM ACTIVITY IS 0.948 TIHES THAT OF C3137.

g/ abeq

-
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ALLEGRA

NUCLIDE
HN D4
Co 40
IN 63
C3134
€S13?

RAL3I7H

TOTAL NUBRBER OF RADJONUCLIDES IN THE

(RABIOACTIVITY § GAlINA SFECTRA - ORIGEN-I DaT& RASE

DECAY CONSTANTS (1/KHR),

DECAY CONST
9.24194£-05
1.500%0€-05
1.18430€-04
3.83484€-03
2.43582£-06

1.629678401

VY ~ DISFOSAL OF CONTANINATEDR SEWAGE

RETA-GRAND
+.000E+00

1.000£400
Nl 60
L000E+00

1.000E40Q
RA134

S.400E-02
RA137

.000E+00

ERANCHING FRACTIONS AND DAUGHTER FROOUCTS

RETA-META FOSI-GRND
+0Q00E+00 1.000€+00
CR Z4
»000€400 ©+000E+D0
.000E£400 1.000E+00
Cu 4%
«00CE+00 »000E+00
F.460E-01 <000€400
rA13I7N
-000E+00 +000£400

nata LIBRARY » 1030

- ERTECH EHGINEERING. INT.

#0001 04/70/8

- FIELD ACTIVITY AFTER 40 TANL FUMFINGE

FDSI-HETA
000k ¢00
-Q00E+00
»000E¢00
:OOOEQOO
.000€¢00

-000E40D

~ TAFE 10 FRCFARATION PATE:S

JSOLER. TR

-000E+00

+000E400

«000E+00

+DO00E+00

+J00E+00

1.000€400
RAL13T

atfHa BN,

«000E+00O

«Q00E+00

.000E00

+QO00E+00

+000E400

.000E+00

e €8/06/30. FAGE

KETANTRK
.000€400
+000€+00
.000E+00
«000E400
.000E400

«D00E+00

88/04/27.

SFONT.FIS

.000£+00

»J00E+00

.S00E400

.00CE+0O0

»000€£400

+Q00E 400

3

1 |

J1'65 68 AAq - yowg pieyo
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ALLEGRA (RADIQACTIVITY ¢ GAMMA SFECTRA - OKIGEN-2 DATA BASE -~ HTECH EMGINEERINGs INC.

WUTLIRE <0100 MEV
B30 RMEV

HN 34 1.380E-01
7.820€-01

Co &9 «900E+00
7.390£-05

IN 43 3.140€-01
2.720€-05

CS134 3.970€~04
8,820€-01

£s13? +GO0E+00
+-000E400

BAII7?N 4,740€-03
+O0QE+00

nONL 01 04/72/8B8)

VY - DISFOSAL OF CONTAMINATEDR SEwaAGE - FIELD ACTIVITY AFTER 40 TANK FUMFINGS

FHOTON STECTRA

D250 MEY
1.250 pEV

«000€400
«00QE+0Q0
«000E+00
2.000€400

«000E400
4.530€~01
<G0CE+QO
$.830£-07

«G00E+00
+000E+00
«000E4DD
~000E+00

LO3TT NEV .
1.730 mEV 2

L 000€+00
+000g+400
«000E+00
-000E+00 1

. 000E+0¢
+000€400
4.580£-03
+000E+00C

+000E+00
.000£+00
4.230£-02
«QO0E+0D0

TOTAL NUNRER OF GAMMA SFECTRA IN THE DATA ([RRARY »

(PHOTONS/BIS AT LIVEN ENERDY)

»000E+O0
«Q00E+00
<000E+00
«040E-QT

< O00E+OD
-000E+00
+000E400
«000€400

«000E+00
- 000E400
0008 +00
+000E+00

433

. 000E+00
.Q00EI00
.Q00E400
3.280€-08

+D00E+00
-000E400
+000E+00
<000E+00

«000EDO
+000E¢00
+000E 0D
+000E+00

S1230 HEV
3.500 MEV

<00CE+QO
.00QE+00
«00QE+00
.000E+00

.000E+00
.000€400
-000€4+00
-00CE+00

»000E DD
£000E400
-000E+00
. 000€+00

- TAFE 10 FREFARATION LATE!

2350 nEv
5.000 mEV

.000g€¢00
.000€00
.000€400
.000€400

.0O0DE+00
.Q00E400
$.270€~04
JO00E+00

.00QEOD
.000£¢00
.000€ 400
.000€+00

B8/08/22.

3730 MEV
T.000 MEV

+Q00E+Q0-

»Qa0E+Qa
T.0)0€-03

-000E+00

J.750E-05
-000E+00
1.250€-04
«000E+O0

«Q00E0D
«000E+00
«O00E40D
~OQQE+00

BE/06,30. PAGE

3?50 nNEV
9.000 NEV

.000E+00
.QoQg+aq
.000C 400
.00DE+00

2.3%0£-02
+QOQE+00
1.270€£+400
-000E400

.D00E+DO
«000E+00
1.030E400
.000E400

e
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ALLEGRA (RANIDACTIVITY § GanMa SFECTRA - ORIGEN-D DATA RASE - ENTECH ENGINEEKING. INC. - MOD O1 0&,22/88) 8B/06/30. F4GE

UY - DISFOSAL OF CONTAHINATED SEWAGE - FIELD ACTIVITY AFTER 40 TANK FUMPINGS

MECAYED RADIQACTIVITY (CURIES) AS A FUNCTION OF LECAY TIME (HRS)

NUCLIDE .0000€400

MN 54 2.8310€-06
€0 &0 2.3530€-04
IN 43 2.82010€-06
CS134 1.4570€-06
€513 9.3%90E-03

fa1378 8.27290E-05

1165 68 AAq - yow3 preyory
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ALLEGRA (RADIQACTIVITY 5 GahMAa SFECTRA - DRIGEN-2 NATA RASE -~ EMTECH ENGINCERING: I4C. - MOD 0] 04&sI0/8E) B85/08/30. FAGE &

VY - DISPOSAL OF CONTAMINATEN SEWAGE -~ FIELN ACTIVITY aFTER 40 TaNK FUMFINGS
RADIQACTIVITY TOTALS (CURIES? AS & FUNCTION OF DECAY TINE (NRS)

NUCLIDNES WITH ACTIVITY > ,000€400 (USER-SFECIFIER LINIT) ALL NUCLIPES ENCOURTERED 1IN THE ANALYS]S

T(HRS) NOR, GASES HALOGERS OTHER ToTAL GIVEN #MIX NOF.'GASES HALOGENS OTHER TotaL GIVEH MIx

-000E+00 «0000E+00 .D0O0E400 4.I20STE-04  4.T3G7E-04  4.IT7TTE-D4 -0000E+00 .DO000E400 A.TITTE-04 4.TTLTE-04  A.TTTTE-O04

NUCLIDE MIX CONSISTS QF «0 Z NDBLE GASES. .0 T HALOGENS. AND 100.0 I OTHERS
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SLLCORA (RADIOACTIVITY 3 BAMMA SPECTRA - ORIGEN-2 DATa KASE - ENTECH ENGINEERINGe INC. - . MOD 01 08/22/88) BB/0&6.,/30. FAGE 7

VY - DISPOSAL OF CONTAMINATED SEUAGE - FIELD ACTIVITY AFTER 40 TANK PUMFINGS

£03-101d

o8vd -~
CONTHIANIONT HOALNT

L-1°8
*ONI

18-GROUF GAMMA ENERGY RELEASE RATES (MEV/SEC) AT T - .000E+00 HOURS - F
RUCLIDE ACTIVITY .0100 NEV .0250 MEV L0375 MEV L0375 MEV -0850 NEV -1250 HEV |
(CURIES) .25 mEV L3735 nEv .T75 HEV -830 nev 1.350 Mgy 1.720 HEV H
2.250 AEV 2.750 nEV 3.500 nMEV %.000 MEV 7.000 REV 9.000 HEV ToTAL
nN Sa 2.B31E-06 1.445E402 .000E+00 .0DOE+00 .000£400 .000E+00 .000E+00
+000€400 .000E+00 .000E+00 B.743L404 .000E+00 +00GE+00 ’
+000E+00 .00OE+00 .000E+00 .000E+00 .000£400 .000E+00 8.758E+04 i
‘ca o0 2.333E-04 .000E+0C <000E+00 .000E400 .000E+00 .000E400 .000E +00
.000E+00 2.T935€402 L 000E+00 S.469E402 2.177€07 .000E400 §
2.076€407 ?.633€-01 .000E400 .000E+00 L000E+00 .000£400 T.177E407 3
IN &3 2.801E-08 3.375E402 .00DE+00 +000E+00 .000E+00 .00DE+0D .000E +00 i
+000E+00 1.089€400 1.343€403 2.39s£400 5.B4BL+04 .000E+00 ¢
L000E+00 L000€400 L000E+00 .000£400 .0Q0E+00 .000£400 6.058E404 4
H
cs1la 1.457€-06 2.140€-01 .000E+00 1.330E401 <000E+00 .000E+00 .000E+00 H
2.753E400 2.327E£400 3.937€404 4.042£404 3.929E403 L00OE+00 HE
+000E+00 .000E+00 000E+00 .000E4+00 .000E4+00 .DO0E400 8.373€404 H
€5137 9,259E-0% <000E+00 -000E+00 .000E+00 .000E 400 .000E+00 .000€400 %
+000E+00 .000E400 .000E400 +000E+00 .000E +00 -000E+00 i
+000E+00 .000E +00 .D0O0E400 LDOOE+00 .000E400 .000€400 .000€+400 E
Bat37M 8.7%9€-03 1.536E402 <Q00E+00 7.912€403 <000E+00 .000E400 .000€400
+000E400 +O00E+00 1.919€406 .000E+00 .000E+00 +000E£400 !
+000E+00 .000E+00 L000E+00 .000E+00 .000€+00 <0D00E+00 1.927E406 |
|
H
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ALLEGR: (RADIOACTIVITY t Ganma SPECTKA - ORIGEN-2 DATA FASE - ENTECH ENGINEEKINGs INC, - HOD O1 0&,22/88) 88706730,

[

(HEV)

+0100
.02%0
-0323%

0573

.083%0
+12350
2250

32350

5750
.BS00
2500
1.7500

2.2%00
$.7500

3.5000
$.0000

T.0000
9.0000

1oTAaL

VY - (ISFOSAL OF CONTAHINGTEL SEWAGE - FIELD ACTIVITY AFTER 40 TANN FUMFINGS
GAHMA ENERGY RELEASE RATES (NEU/SEC) - ALL NUCLINES OTHER YHAN NORLE GASES AND HALOGENS - (0. 0, 100)
AS A FUNCTION OF DECAY TIIE (HOUKS) - OKIGEN-2 GAMHA ENERGY GROUFS
- 0000E400

4.2507E4+02
-0000£+00
7.9250E+03
»0000E+00

«0000E+00
«0000E400
2.,7534E¢00
2.33131£402

1.9803E406
«2B40E+0T
2.1828€407
+0000£400

2.0744E€402
7.8329E-01
. 0000E+00
«0000E+00

+000DE+00
+0000€£400

2.39248407

FAGE

8
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CONIHHAIANIONA HOFILNIA
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‘ONI

ALLECGRA (RARIOACTIVITY £ GAMMA SFECTRA - ORIGEN-Q NATA BASE

|4

(HEV)

.0100
02350
0373

0523

.0850
12350

L2250

<3750

.373%0

+8%00
1.2500
1.73%0
2.3%00
2.7%00
3.3%000
5.0000

740000
?.0000

TOTAL

vy

= DISFOSAL OF CONTAMINATED

GRAND TOTAL GAMMA ENERGY RELEASE KATES (KEV

+0000E+00

4.2587E402
+0000E+00
7.92508403
+.0000E400C

<0000E+00
«0000E+00
S+7534E400
2.33131E402

1.94601E406
«JBA0E40D
2.182BEH07
+0000E 400

2.0744E402
7.8529€-01
.0000E 00
«0000E+0D

«0000E+00
«C000E+0Q

2.3924E407

AS

A FUNCTION OF DECAY TIHE

- ENTECH ENGINEERINGs INC. -~

not o1’

06/32/88)

SEWAGE -~ FIELD ACTIVITY AFTER 40 TANN FUHFINGS

/SEC)

{HOUKS)

B88.06/30.

- NOPLE GASES, MALOGENS AND OTHERS - (100.100.100)

ORIGEN-2 GANNMA ENERGY

GROUFS

FAGE

A

]

- Ydw3 pJeyory

165 68 Anq

i

G8 eﬁedA

[



£o3-101d

‘ONTHAINIONT HOILNF

-1'g @o8vd

or
*ONI

ALLEGRA (RADIDACTIVITY § Ganna SFECTRA - ORIGEN-Z DaTw KASE - ENTECH EWGIWEERING. INC. - HOD 01 06/22/88) 88706730, FAGE 10
vy - DISFOSAL OF CONTAMINATED SEUAGE - FIELD ACTIVITY AFTERK 40 TauK FUNFINGS
GaMM& ENERGY RELEASE RATES QEV/SED) - USER-SFECIFIER KIX - {(NOR. Hals OTHER) - « 0 .0:100.0)

as a FUNCTION OF BECAY TIME (HOUKS) -~ ORIGEN-I GAfiM& ENERGY GROUFS

£ (KEV) .0000E+00
.0100 6.2387E+02
.02%0 +0000€+00
0373 7.9250E403
.0573 +0000E+00
+000OE+O00

.0000€+00
2.7334E400
2.3311E402
1.9603E404

.2840€405

2.1828E407

1.7500 .0000€400
2.2500 2.0744€402
2.7500 T.8529E-01
3.5000 «0000E$00
$.0000 +0000€400
7.0000 .0000E+00
9.0000 .0000E+00

\

TOTAL 2.,3926€407

34084 EHD OF ANALYSIS #3438
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21105~V (CYLINDRICAL RADIATION SOURCE DOSIKETRY) - EWTECH ERGIWEERIUG, VAMKEE &TOH1C - (50D 01 - 1071264 ) B8/07/02. F&GE 1 \= ' f
- o
(- :
H
INFUT TATA LISTING - TAFC 4 Q E
v H
caRp ' : 3 3 z s - 3 L
sea. 10345478901 034587BF91C3454TBP01 345478901 TI4067690123456789010345676%01334567699 ~
i
1 VY - DISP, OF COWTAL. SEWAGE - ACTIV. FROM 30 FUNPOUTS/Z ACRES - UNPLOWED LaND
z 1 o é 1 by 1 0.0 T 0.122¢ .0 0.0 fw] .
3 1 s.0 120.0 0.001 . 5
4 1 °.0 130.0 3.003 4 P
s 1.001 -1.0 ud .
0 i
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QI00S-V (CYLINDRICAL

CARD
SER.

iy =

RAOIATION SOURCE DOSINETRY) - ENTECH EHGINETRING,SYAIKEE &YOHIC - (HOL 01 - 10/13.84 ) 86/07,07. FAGE <

INFUT BaTa LISTING - T4&FE 11

1 : 3 ] s s b 3
12342478901 234547890123454785017345478%01234567690173336789012345673901234567890

VY - DISFOSAL OF CONTAHINATER SEWAGE - FIELD EQUILIRKIUN ACTIVITY (HEV/SEC!
TINE (HRS) <0Q0E300

3.730E-02 3.730E-01 T.7J0E-03 B.ITOO0E-0) 1.J30E#00 2,230E00

T.FDCEH403 T.3ILIE4DD 1.F60E+06 3.D34E40T I.183E407 I.0T6E¢02
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LINOS-V (CYLINDRICAL RADIATION SOURCE POSINETRY) - ENTECK ENGINEERING/VANKEE aTONIC -~ (HOU

vy

RECEFTOR

tt

»

- DISF. OF CONTAM. SEWAGE ~ ACTIV. FROM 40 FUIFOUT3/? ACRES -

1 TINE (KRS) - -00

SOURCE UESCRIFTION

CONTAINER KATERTAL
NOWE

SHIELD SLARS HATERIAL
AIR

DOSE FOINT DESCRIFTION

ELEVATION RELATIVE 70

UFRIGHT CIRCULAR CYLINDER
RANIUS (KETERS) =
VOLUBE (CUR.L) o

DPENSITY(GC/CC) RaDIus (H

DPENSITY(G.CD) THICKMESS
1.293€-03

RECEFTOR DM AXIS

1.500E402
T.06FE+O)

bl

K

LOWER EKD OF SOURCE (IETERSY -

RESULTS

GAMMA  ENERGY  ADJ. IHTENS SOURCE ATT  COWTAINER HusT

GROUF (KEV) (NEV/S-563)  COEF (1/M)  RADIAL - AXIAL
1 .038 9.795E402 3.423€~02 .000 <000
K <373 2.881E¢01 1.284E-02 000 .000
3 373 2. 423E403 1.080€-02 .000 .000
N -850 1.587E404 8.887E-03 .000 .000
H 2.898E406 7.355E-03 .000 .000
é 2.564E 401 2.398E-03 000 <000

MAXTHUM FATH-LENGTH USED TN ANALYSIS (HFP) - 0.0

3£t T3 LS L CL

END OF FRORLEK

UNFLOUWED LaNl

HATERIAL

HEIGRT (METERS)
PENSITY (G/CTOH

MIHIHUN SOURCE INTENSITY FOR INREFEHNDENT ANALYSIS

SOURCE INTERSITY INFUT HULIIFLIER -
KAX ENERGY DIFF FOR JWLEFEWDENT ANALYS3IS (FERCENT)

REIGHT (1)

ANGLE (DEG)

1.001E+400

SHIELD GVERALL

nusy RUILDUF
000 1.737E400
300 1.330E+00
000 1.241E400
300 1.183E400
000 1,135€+00
.000 $1.052E400

£ £ %658 %58 5K

01

- 10/13.88

AlR
1.090£-03
1.293E-03
.000€400
1.236E-01
Z.000E+00

)

B3/07,02. FaGE

RaDd. THICKNESS (1)

DELTA

S-PIGENSIONAL ANALYSIS

INTORL VAL
W1TH BLDUF

J.443E-03
1.484£-01
2.408€-03
2.373€-03
2.342E-03
2.347E-03

ToTAL

ROSE 10 AlR

(R/HR)

1.009€-0%
1.2136-13
?.941E-08
4.352e-09
9.783€-07
8.032€-12

1.083E-04

]
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Y
(o]

=y
:
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DINOS~V (CYLINDRICAL RANIATION SQVUACE DOIINLETRY)

INFUT DATA LISTING -

1 -
12343478901334546787

VY - DISP. OF CONTAN. SEWAGE - ACTIV, FRONL

1 o é 1 N 1 6.0

3 1.4 130.0 13

3 1.4 130.0 W13
1.15 -1.0

- EWTECK ENGINEERING/YVANKEE ATOKIC - (10U 01 - 10/15.86

TAFE 4

1 & ; 8

< 3 4
012345478901 2345676901 23454676701 234247B901 5345873901 234547890

40 FUNFOUTS/C ACKES - FLOWED LaND

§.237E-0a 3.0 50.9

)

8E8/07/02.

FAGE

|
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DINDS-V (CYLINDRICAL RaRIATION SOURCE POSINETRY) - EHTECH EWGIHEERING/YANKEE ATOLIC ~ (KOL 03 - 10/13/86 ) BB/O7/02. FaGE

INFUT BATA LISTING - TaAFE 11

CARD by 2 3 4 s é T 8
SEQ. 153436708901 034C478B901 0345476503 03454739012345478901073458759012345478501234567°692

1 VY - NISFOSAL OF CONTALINATED SEMAGE - FIELT EOQUILIERIUNL ACTIVITY (KEV/SEC)
2 TIHE (HRS) .000E400

3 3.730€-02 3.,750E-01 S.TTOE-O0! B.T00E-03 1.T7T0E40C T.750E+OO

3 “

T.92TE403 J.331E40T 1.746CE406 1,T84E+00 I.1BTE40T T.076E40Q

o]

9|

w3 by
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DIROS-V (CVLINBRICAL RADIATION SQURCE DOSIGETAY)

vy

" RECEFTOR

»

"

-

- DISF. OF CONTA

1 TIKE (HRS)

EOQURCE DESCRIFTI

CONTAINER

SHIELD SLARS

NOSE FOINT DESCR

ELEVATION RELATIVE TO LOWER END OF SOURCE (KETERS) -

RESULTS
Ganna EHERGY
GROUF tHEV)
3 «038
< 37%
3 3735
4 .8%0
S 1.250
é 2.2%0

M. SEWAGE - ACTIV.

- .00

oN

MATER]IAL
NONE
MATERTAL
AIR

IFTION

ADJ. IHTENWS
(HEV/S-13)

4.,528E400
1.920€-01
1.814€403
1.058E402
1.798E404
1.710€~01

FROH 40 FUNFQUTS/Z ACKES -

UFRIGHY CIRCULAR CVLIWLER
KANTUS (HETERS)Y
VOLUNE (CUR.MH.)

DENSITY(G/CC)

DENSITYLG/LCC)

.J93E-03

IRFOT
M&X EWNERGY DIFF FOR JRDEFEHDENT ARALYSIS

1.500E402
1.040E404
RINIUK SOURCE IWYEWSITV
SO0URCE INTEH3ITY

FLOUEDR (aNh

naTERTAL

HEIGMT
BENSTT

K&DIUS (K) HE

THICKHESS (M)

RECEFTOR ON AXIS

SOURCE ATY
COEF (1/M)

1.1314€402
1.2BTE401
1.321E+401
3.102€+01
?.109€400
6.742E400

MAXTMUM FATH-LENOTH USEDN IN ANALYSIS (NFF)

L3R 2 B 2 T B BN W

CORTATMUER HUST

RaDIAL

«000
000
. 000
000
.000
000

(HETERS)
Y (G6-COy

FOK INDEFENDENT aRALYSIS
HULTIPLIER -

{FERCENT Y

IGHY (K

ANGLE (IEG)

~ EHTECH EHGINEERING/VANKEE ATONIT - (10D 01

- 10/13/86

CONCRETE

1.500€-01
1.400E+00

+Q00E+00
3.237E-04
3.000QE400

36707705, FAGE

RAD, THICKWESS (K}

PELTA

2-DINEHSIONGL ARALYSIS

1.130E+
SHIELD
- AxIAL MUY
<000 + 000
000 <000
000 .000
.000 .000
000 000
.000 .000
0.0

EHD OF FRORLEMW

[ O I A Y

00

QUERALL
FUILDUF

1.371E400
2.9BE4OO
2.374E400
2.014E400
1.812€400
1.278E400

s s

INTGRL VAL
WITH BLDUF

4.181€-03
T.377E-02
?7.860€-02
8.19BE-02
8.489£-02
9.613E-02

rovay

DOSE YO AIK
tR/HR)

1.761€-11
2.482E-12
2.182€-08
1.434€-09
2.398E-07
S.179€E-12

2.629E-07

]
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B.3 ATMODOS - Radiological Impact During VY Control of the

Disposal Site

)

Presented below is a partial listing of one of the ATMODOS Tape
inputs used in this portion of the calculation. It corresponds to the
output in Sec, B,3.6 below. With the exception of the nuclide data
library, a large portion of which was deleted due to space limitations,
the listing is complete.

The Tape 5 listings corresponding to the outputs in Sec. B.3.1}
through B.3.5 are similar, except that a single isotope was analyzed in
each case. Also, the tables with the detailed pathway/isotope/organ

exposures were excluded from the output.

1 1VYPI VY STANDARD PROGRAM INFORMATION FILE
VY - SEWAGE CONTAM - SOLIDS 1% BY WT - 2 ACRES - SHIELD F = 0.012 - 104 HR OCCUFP
1. .200 44.56FRESH .500YESNO NO 0..012 1.NO NO NO 0.1.00
--FOR--
—-=F0F~~
0 2VYGASRLGAS STK VY 87 1 1 0 87063023:
MN54 4.132E-6 25 MN 54
0060 2.511E-4 27 CO 60
ZN65 4.502E-6 30 ZN 65
CS134 1.715E-6 55 CS 134
CS137 9.366E-5 55 CS 137
~-BOR~~
~—EOF -
1 SQUERY PATHWAYS: SHORE(1,2,3),BND,ROAD,RES],RAD,MFAT,GOAT,COW

- SHORE1  YESYES

SHORE2  YESYES
SHORE3  YESYES
BOUND YESYES
ROAD YESYES

RES1 YESYESYESYES

RADIUS  YESYES

MEAT YESYESYESYES YESYESYES
GOAT YESYESYESYES YES  YESYES
OOW YESYESYESYESYES YESYES
-=EOR--

—~FOF -~

ENTECH ENGINEERING, INC.
P101-EC3 -~ Page B.3-1



Richard Emch - bvy 89 59 tif -

__Page 94|

1 6VYUFMAXVY MAXIMUM INDIVIDUAL USAGE FACTORS FOR STANDARD PFORBLEMS

520.00 64,00 310.00 110.00 21.00 .00 .00 12.00 .00 8000.00
630.00 42.00 400.00 65.00 16.00 .00 .00 67.00 .00 8000.00
520.00 26.00 330.00 41.00 6.90 .00 .00 14.00 .00 3700.00
.00 .00 330.00 .00 .00 .00 .00 .00 .00 1400.00
- BOR-~
-=-BE0OF--
1 7VYGSD VY MAX INDIVIDUAL GAS SITE DATA FILE FOR STANDARD PROBLEMS
2.00 2.00 .70 2.00 .70 2.00 .70 2.00
240.00 240.00 240.00 240.00 240,00 240.00 240.00 240.00
- .00 .00 48,00 48.00 48,00 48.00 480.00 480.00
8766.00 8766.00 B8766.00 8766.00 8766.00 8766.00 8766.00 8766.00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 g.0
1440.00 24.00 .00 2160.00 .00 2160.00 .00 2160.00
- .00 .00 50.00 50.00 6.00 6.00 50.00 50.00
.00 .00 .50 .00 .50 .00 .50 .00
.00 .00 1.00 .00 1.00 .00 1.00 .00
1.0 1.00 .00 .Q0 .00 .00 .00 .00
5.60 .00 .00 .00 .00 .00 .00 .00
—=EOR-~
—-EOF-~

ENTECH ENGINEERING,

P1O1-EC3

Page

INC.
B.3-2



Richard Emch -bvy 8959.4f ___Page 95,

1 BISTPNBLNUCLIDE LIBRARY FOR ALL DOSE PROGRAMS
89
1 3 1,78E-090.00E+000.00E+00 SOLUBLE
H 9.0E-01 9.0E-01 9.0E-01 9.0E-01 9.3E-01 9,3E-01 4.8E-00 1.CE-02 1.2E-02
1.05E-071.05E-071.05E~071.05E~-071.05E-071.05E-07
1.58E-071.58E-071.58E~071.58E~071.58E~071.58E-07
1.06E-071.06E-071.06E~071.06E-071.06E-071.06E-07
1.59E-071.59E-071.59€~071.59E-071.59E-071.59E-07
2.03E-072.03E-072.03E~072.03E~072.03E-072.03E-07
3.04E-073.04E-073.04E-073.04E-073.04E-073.04E-07
3.08E-073.08E-073.08E~073.08E-073.08E-073.08E~07
4.62E-074,62E-074 ,62E-074.62E-074.62E-074.62E-07
6 14 3.83E-12 . SOLUBLE
C 4.6E+03 9.1E+03 4.6E+03 1.8E+03 1.4E+03 1.8E+03 5.5E+00 1.2E-02 3.1E-02
2.84E-065.68BE-075.68E-075.68E-075.68E~075.68E-075.68E-07
2.27E~064.26E-074.26E-074,26E-074 . 26E-074.26E-074 . 26E~07
4.06E-068,12E-078,12E-078,12E~078.12E-078.12E-078.12E-07
3.25E-066.09E-076.09E-076.09E-076 . 09E-076 . 09E-076.09E-07
1.21E-052.42E-062.42E-062.42E-062.42F-062.42E-062.42E-06
9.70E-061,82E-061.82E-061,82E-061.82E-061.82E-061.82E-06
2.37E-055.06E-065,06E-065 .06E~065.06F~065.06E-065.06E-06
- 1.89E-053.79E-063.79E-063.79E~063.79E-063 . T9E-063 . T9E-06 -
11 24 1,28E-052.50E-08 2.90E-08 SOLUBLE

[eNoNeRNeoRoNo o)

ETC (FOR A TOTAL OF 89 NUCLIDES)

—-~FOR~-~

——FOF -~

1 3VYXQF VY X/QFILE - SPECIAL VALUES - SEWAGE OONTAM. PROBLEM - 2 ACRE PLOTS
FLD 0 OOW  MEAT 4.626E-04 4.626E-04 1,236E-04 4.626E-04
~—BOR-~

—-FOF--

- ENTECH ENGINEERING, INC.
P101-EC3 - Page B.3-3
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THE FOLLOWING 8 NUCLIDES WERE USED IN THNIS CALCULATION

REGULATORY BUIDRE 1,109, APFENDIX C
MODELS FOR CALCULATING DOSE VIA
ANPITIONAL FATHNAYS FROK RADIDIODINES

AND OTHER
10 TRE AT

RADIOMUCLINES DPISCHMARDED
MOSFHERE NOV,1977 LIRRARY

FROGR &K ATHONODS
YAAREE ATOHIC ELECTRIC CONFPANY
PEC, 19B35 REV. T

SECTOR FLD

DISTANCE - L] tHETERS)

/0 - 4.43E-04 (SEC/K-3)

Z/0 PEFLETED - 4.43E-04 (SEC/N-3)
NELTA - 1.24E-04 (1/h6-2)

VY - SEWAGE CONTAN - SOLIDS 1% PY WY - 2
ACRES - 3MIELD F - 0.012 - 104 MR DCCUF

4 FaTHNAYS COHUSTDERED

NUCLIDE RELEASE GROUND FLARE S
CURTES INHALATION 5
25 NN 54 3.13E-04 STORED VEGETARLES 5
LEAFY VEGETAFLES 3
cow HILK 3
GDAT nILK 0
REAT 3
VAKIARLE VEBETAKLES COW MILK GOAT KILK ME&T
STORED LEAFTY F&3TURE STORED FASTURE STORED FASTURE STORED
TV AGRICULTURAL FRODUCTIVITY (XG/B-3) z.00 z.00 .70 c.00 .70 2.00 .7 z.00
F SOIL SURFACE DENSITY (KG/H=2) t40.00 40.00 240.00 Tavu.00 s40.00 t40.00 240.00 240.00
T  TRANSPORT TINE TO USER (NRS) 48.00 4E.00 48.00 48.00 480.00 400.00
TP  SOIL EXFOSURE TINE {HRS) 8766.00 8T54.00 8764.00 B764.00 8768.00 B255.00 8764.00 B784.00
TE CROF EXFOSURE TIME TQ FLUMNE (HRS) .00 .00 .00 .00 .00 .00 .00 .00
TH HDLDUP AFTER HAKVEST (HKS) 1440.00 24.00 .00 2180.00 .00 T140.00 .00 140.00
QF  ANImALS DAILY FEED ¢Ka/pAYY %0.00 30.00 4.00 6.00 30.00 50.00
Fr  FRACTION OF YEAR ON PASTURE .50 .39 .30
FS FR&CTION FASTURE WHEN DN PASTURE 1.00 1.00 1.00
FG FRACTION OF STORED VEG GROWN I[N OARDEN 1.00
FL FRACTION OF LEAFY VEG GROUN IN OARDEN 1,00
FI  FRACTION ELENENTAL [GDINE -  .500
M ANSOLUTE WURIDITY & 3$.40 (GH/H-1)
FC FRACTIONACL EQUILIRRIUM RATIO FOR C-14 - 1.000
EELCC IS I PSP R LRt 7P R E St 2R LR EISTs LIRSS RN ERSSI NNt RssRsPLntranstctssy
USAGE FACTORS DOSE DELIVERED 70 EACK OKGaAn
FROM ALL FATHNAYS COKRIWER
ves LEAFY  NILK  HEAT  INHALATION
aGE VEQ . RONE LIVER KIDMEY LUNG GI-LLI  THYROID WHOLE KODY  SKIN
(XG/YR) (KGB/VR} (LI/ZYR) (KG/YR) (H=3/YR} (MREN

ABULT 270.00 464.00 310,00 110.00 6000.00
TEEN  430.00 42.00 400.00 43.00 8000.00
CHILD ©20.00 26.00 330.00 41.00 3700.00
INFANT .00 .06 330.00 .00 1400.00

T

3.13€-04 3.86E~04 DJ.0YE-04 J.34E-04 S.00E-04 Q2.13E-0A4  F.44E-04 2.50€-04
2.13€-04 4.34E-04 D2.74E-04 3:09E-04 4.00E-04 2.13£-04 2.7IE-D4 2.300-04

T
1
»
*

. 1
2.13€-04 3.1BE-04 2.44E-04 2J.9BE-04 5.30€-04 DJ.13E-04 2.33E-04 «L0E-04 »
T
T
2.13€-04 2.1BE-04 T.14E-04 J.74€-04 2.15E-04 2.13E-04 1.14€-04 DJ.I0E-Q4 2
.

H

R AR R AR NS

L NSRS Rt R R ST R CEAE IS E SRR T CRRE AP N A I RESRALIINSRNETERIILIRISS

‘g4
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REGULATORY GUIDE 1.10%¢ AFFENDIX C
MONELS FOR CALCULAYING DOSE via
ADUITIONAL FATHWAYS FROW RATIQIOLINES
AND OTHER RADIONUCLIDES DISCHARGED

TO THE ATHOSFKERE NOV. 1777 LIKRARY

THE FOLLOWING 1 WUCLIDES WERE USED IN THIS
WUCLIDE RELEASE
CURIES

I7 €D 40 S.T1E-04

. VARIAKLE
YV AGRICULTURAL PRODUCTIVITY (KG/H-D)
F SOIL SURFACE DENSITY (KG/H-2)
T TRANSPORT TIME TO USER 1RRS)
TR SOIL EXFOSURE TINE (MRS)
TE CROF EXPOBURE TIME 10 FLUME (HES)
TH  HOLDUF AFTER MARVEST (MK3)
QF  ANIMALS DAILY FEED (KG/DEYVY

FF FRACTION OF YEAR ON FASTURE

FS FRACTION PASTURE MNEN ON PASTURE

FO FR&ACTION OF STORED VEG OROWN IN GARDEN
FL FRACTION OF LEAFY VED OROMN IH GARDEN
FI FRACTION ELEMENTAL IODINE « «%00

H ARSOLUTE MHURIDITY « 35,50 (GM/K-3)

FC FRACTIONAL EQUILIBRIUM RATIO FOR C-14 -

USAGE FaCTORS

VEO LEAFY nILK KEAT THHALATION

AGE

TEEN 630.00 42,00 400.00 65.00 8000.00
CHILR 320.00 26.00 330.00 41.00 3700.00
INFant <00 .00 330.00 .00 1400.00

s

s

3

3

VES L}

¢{KB/YR} (KG/YR} {LI/YR) (KO/YR) (A-3/YR) 3
ADULT  570.00 64.00 310,00 110.00 2000.06 € 5.20£-02 T.J7E-Q2 S.U0E-02 7.40E-0 B8.3J€-02 T.J0E-Q2 S.TéE-02

4

3

s

2 3

x

TROGRAL 2THE00T
YAWWEE ATOGIC ELECTRIC COMFany
UGESy 1987 Kev, 7

SETTOR fLn

PISTANCE - 0 (BRETERS)

reat) - 4,83€-04 (SECAI-D

X0 DEFLETER - 4.43€-04

DELTA - 1.74g-04

VY - SEWAGE COWTAK - SOQLIDS 1T EV wr -~ 2

ACRES - SHIELD F - 0.012 - 104 MR pCCuF

CALCULATIOR & FATHUAYS COHUSINEREN
GROUND FLANE VES
IGRALATION VES
STOKED VEGETAFLES S
LEAFT VEGETARLES s
cov HILK vES
GAOAT NHILK NO
HEAT vES
VEGETARLES o8 1HILK pOAT KILK KEAT
3TOKED LEAFY FaSTUKE STOKED FAaSTURE S3TORED FASTURE STOKED
2.00 .00 -T0 2.00 W7o s.00 .70
T40.00 <40.00 240.00 <40.00 240.00 240,00 240.00
48.00 45.00 48.00 46.00 4B0.00 180.00
67688.00 6744.00 B8764.00 8766.00 £766.00 8744.00 8744.00 B8766,00
.00 .00 .00 «00 +00 .00 200 .00
14430,00 24,00 .00 21480.00 .00 11460.00 100 2140.00
50.00 %9.00 8.00 4,00 50.00 50.C00
30 . .20 .50
1.00 1,00 1.00
1.00 )
1.00
1.000
LTt RTINS IR TSN L E RO L Rt RN ICCESER AR LA FIRAREOEECIENRETNTY
DOSE [ELIVERED TO ENCH ORGAN s
FROl ALL FATHUAYS COLRINED 2
]
RONE LIVER KIDNEY LUKD ar-Lit THYROID WHOLE RODBY SKIK z
INREN) ]
4.12€-02 3
5-20E-02 S.44E-Q) S.J0E-07 B-41€E-02 B.30E-02 S.J0E-02 S.73E-00 &.10E-00 s
J.20E~02 S TLE-02 S.J0E-0Q 7.80E~02 7.16E-02 T.20€E-02 4.04E-0 A.12€-00 s
$.20€-02 5.TZE-02 S.TOE-0T 4.88E~0T 5.J8E-02 T.J0E-02 S,20E-02 4.10€E-02 %
:
.

ISR SIS IS RTINS TR T TN TLER S RN TELEEPALERUTESSROLEILSC

2'e'd
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REGULATORY GUIDE 1.109.

AFPENDIX €

HODELS FOR CALCULATING DOSE Vi
ADDITIONAL FATHUAYS FROM RADIDIODINES
AND OTHER RADIONUCLIDES DISCHARGED

T0 THE ATN

THE FOLLOWING

NUCLIDE
c
30 IN 83 4

OSFHERE

NOV«1972 LIRRARY

FROGRAM ATHODOS
YANKEE ATOMIC ELECTRIC COMFANY
DEC. 1983 REV. 7

1 NUCLIRES UERE USED IN THIS CALCULATION

RELEASE
URIES
S0E-04

VARTARLE VEGETARLES COV MILK
STORED LEAFY FASTURE STORED F.
YV AGRICULTURAL FRODUCTIVITY {KG/K=-2) 2.00 2.00 .70 2.00
F 801t SURFACE NENSITY (KQG/K=-2) 240.00 240.00 240.00 240,00
1 TRANSFORT TINE TO USER (HRS) 48.00 48,00
TR SOIL EXFOSURE TIHE {HRS) 8744.00 8744.00 8764.00 8746.00 8
TE CROP EXPOSURE TIKE TO FLUMNE (HRS) .00 .00 .00 .00
TH  HOLOUP AFTER HARVEST {HRS) 3440.00 Ja,00 00 2140.00
GF  ANIMALS DAILY FEED {KB/DAY) $0.00 50.00
FF  FRACTION OF YEAR ON PASTURE 1
FS FRACTION PASTURE WHEN ON FASTURE 1.00
FG FRACTION OF STORED VEG OROWUN IN QARDEN 1.00
FL FRACTION OF LEAFY VEG OROUN IN GARDEN 1.00

F1 FRACTION ELEMENTAL JODINE « +500
H ARSOLUTE HUNIDITY =« S.40

FC FRACTIONAL EQUILIBRIUK RATIO FOR C-14 = 1,000

VEG
AGE -
IXB/YR)
APULT 520.00
TEEN  $30.00
CHILD $20.00
INFaNT .00

USAGE FACTODRS

LEAFY

VEG
{KD/YR)
64,00
42,00
28.00
.00

ML

(LI/YR)
310,00
400.00
330.00
330.00

(Gn/n-3)

NEAT INHALATIDN

(XQ/YR) (M-3/YR)
110.00 8000.00
45.00 8000.00
43.00 3700.00
.00 1400.00

SECTOR
DISTANCE
xsQ

DELTA

FLD

-0 (METERS)
A.563€-04 (SEC/N-3)

-
X/0 DEFLETED o 4.43€-04 (SEC/n-3)
=

1.J4£-04 (1/K=-21

VY - SEWAGE CONTAM - SOLIDS 1T EY WT -

-

ACRES - SHIELD F - 0.012 - 104 HK OCTUF
¢ FATHUAYS CONSIDERED
GROUND FLANE YES
INHALATION YES
STORER VEGETARLES YES
LEAFY VEGETAPLES  YES
Co¥ MILK YES
GoaT MILK nO
REAT YES
GOAT AILK HEAT
ASTURE STORED ~ FASTURE STORED
.70 2.00 .70 2.00
240.00 240.00 240.00 246.00
48.00 48.00 480.00 480.00
766.00 8764.00 8766.00 87664.00
.00 .00 .00 .00
100 1160.00 .00 7140.00
8.00 s.00 %0.00 30.00
.30 .50
1.00

1.00

!llll‘lltlit‘l‘!llllll!llIittlt"‘l‘l"ll"'lt’l'll"'l(l(t(l'l'llltllt'llti'l!lll
NOSE NELIVERED T0 EACH DRGAN
FROM ALL FATHUAYS COMRINED

L

]

L]

* RONE LIVER KIDNEY LUNG
2 {HRE
% 3.43E-03 1.08E-02 7.13E-03 2.03E-04
t 4,41€-03 1.37E-02 1.01€-00 2.020E-04
3 B.77£-03 2.30E-02 3.4SE-02 2,33E-04
% 6.1BE~03 2,0BE-02 1.07E-02 1.8B€-04
s
*

FEE RN ARSI RS ISR RSN TR SN SRR ARSI LESEULSTRARNRETLRICTIRELEISCRICLILIRR

G1-LL1
3]
4.72€-03
4,72E-03
4.316€-03
1.76E-02

THYROID

1.46E-04
1.44E-04
31.48E-04
1.44E-04

YHOLE ROD

4.87€-03
?7.38€-03
1.44€-02
9.49€-03

Y SKIN

1.48€E-04
1.68€-04
1.68E-04
1.680-04

3
2
3
L4
 J
*
(3
v
®
v
L3

£€'eg°d
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REGULATORY GUIOE 1.109. AFFENDIX C
HOKELS FOR CALCULATING DOSE via
ADLITIONAL FATHWAYS FROM RADNIOIONINES
AND OTHER RANIONUCLIOES NISCHARGER
OSFHERE NOV, 1977 LIRRARY

TO ITME ATH

THE FOLLOWING

NUCLIDE
4
55 CS 134 3

FROGRAN a4THONOS
YANKEE ATONIC ELECTRIC COMFANY
DEC» 1985 REV. 7

1 NUCLIPES WERE USED IN THMIS CALCULATION

RELEASE
URITES
«72€-08

VARIARLE VEOBETARLES Cow MILK
STORED LEAFY FASTURE STORED

YV ASGRICULTURAL FRODUCTIVITY (XBs/n-1 2.00 2.00 .20 2.00

4 SOIL SURFACE DENSITY (XKG/N-2) 240.00 240,00 240.00 240.00

1 TRAMSFORY TIME TO USER (HRS) 48.00 48.00

Th SOIL EXFOSURE TINME CHRS) 8764,00 8768.00 B8744,00 B744.00

TE CROF EXFOBURE YIWNE TO FLUME (HRS) .00 .00 -00 .00

TH  HOLDUF AFTER HARVEST {HRS) 1440.00 24.00 =00 2140.00

OF  ANIMALS DAILY FEEDR (KG/DAY) 50.00 30.00

FF  FRACTION OF YEAR ON FASTURE 1

FS FRACTION PASTURE WHEN ON FASTURE 1.00

FG FRACTION OF BTORED VED OROWN IN OARDEN $.00

FL FRACTION OF LEAFY VEO GROWN IN BARREN 1.00

F1 FRACTION
L ARSOLUTE

FC  FRACTIONAL EQUILIRRIUM RATIO FOR C-14 = 1.000

VEG
aGE
(XB/YR}
ARULT  ©20.00
TEEN  530.00
CHILD $20.00
INFANT .00

ELEMENTAL JODINE » «500

HUNIDITY = 35,40

USADE FACTORS

LEAFY MiLK

VED
(KG/YR) (LIZYR)
44.00 310,00
42.00 400.00
26,00 330,00
«00 330.00

(On/n-33

MEAT INHALATION

(KG/YR) (M-3/YR)
110.00 8000.00
63.00 8000.00
41.00 3700.00

- 00 1400.00

SECTOR
DISTANCE

x/q

X/Q DEFLETED
RELTA

VY - SEWAGE CONTAM - SOLIDS 1X RY WY

ACRES - SHIEL

GOAT MILK
FASTURE STORED
.70 2.00
240,00 340.00
48.00 48.00
8766.00 8764.00
.00 «00
+00 2160.00
4.00 6-00
-1
1.00

fLD

- ] (METERSY
* 4,863€-04 (SEC/n-3)
- 4,83E-04 (SEC/M-3)

* 1.24€-04 <

nFfF o« 0,012 ~

17K

104 MK DCCUF

& FATHWAYS CONSIDERED

EROUND FL&NE

INHALATION

STORED VEGETARLES

LEAFY VEGETAKLES
TOW MILK
GOAT MILK
HEAT
nEAY
FASTURE STORED
.70 2.00
240.00 J40.00
480.900 4B80.90
8784.00 0746.00
<00 .00
.00 2140.00
30.00 %0.00
.50
1.00

YES
YES
YES
YES
YES

NO
YE3

PRV RN SRR R AR EE UK RS ST ESUARUS RN EEZREUNERTRLETREIRESERRESIQRIRTERASESEATIRESEEE

POSE DELIV
FROM ALL

RONE LIVER KIDNEY

1.30E-03 2.31€-03  8.74E-04 4.5
7.74E-04 1,2%E-03 4.89E-04 3.3

t

]

*

s

b .
% S.89E-04 1.09E-03 T.04E-04 .2
*

.

)

Ed

]

ERED TO £ACH DKGAN
FATHUAYS CONRINED

LuNg g1-LLl THYROID WHOLE RODY

(HREM)

0E-04 2.42E-04 +276-04 9.31E-04
7.92E-04 1.,58E-03 4.50E-04 3.,89E-04 I.44E-04 2,27E-04 B.44E-04
y 9E~04 2.30€-04 2,27E-04 4.47E-04
SE-04 2.30E-04 2.07E-04 3,10E-04

SKIN

2.45E-04
T.69E-04
2.45€-04

«
]
.
[
3
2.4%2E-04 2
]
]
[}
3
1 4

IR SRR R IR R RS S AN TR SR TS EA TSR E I T LS ERE SRS TAR AR CERRECSIITORCENY
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R CALCULATING NMOSE VIA

L FATHUAYS FROM RADIOJODINES
RAUIONUCLIDES BISCHARGER
MOSFHMERE NOV»1977 LIRRARY

FROGRA®M ATHODOS
YANKEE ATOMIC ELECTYRIC COHFANY
DEC: 1985 REV. 7

SECTOR
DISTANCE
x/Q

X/0 DEFL
PELTA

FLD

x

] (HE

TERS)

= A4,43E-04 {(SEC/H-3)
ETED « 4,43E-04 (SEC/M-T)

= 1.

J4E-04 ¢

1/8-2)

VY - SEVaGE COWTAH - SOLINS 1T BY WT - 2

ACRES - SHIELK F = 0.012 - 104 MR OCCUF
THE FOLLOWING 1 NUCLIDES WERE USED IN THIS CALCULATION & FATMUWAYS CONSIUERED
NUCLIDE RELEASE GROUND FLANE YES
CURIES INHALATION YES
55 CS 137 9.37¢-0% STYOKED VEGETARLES YES
LEAFY VEGETAKLES  YES
CON MILK YES
GOAT MILK ND
HEAT YES
VARJARLE VEGETARLES couw mILK GOAT MILK NEAT
STORED LEAFY FASTURE STORED FASTURE STORED FASTURE STORED
YV  AGRICULTURAL PRODUCTIVITY {KG/H-23 2.00 2.00 .70 2.00 .70 2.00 .70 z.00
#  SOIL SURFACE NENSITY (KB/M-2) 240.00 S40.00 240.00 240.00 240.00 240.00 240.00 240.00
T TRANSFORT TIME TO USER (HRS) 48.00 48.00 48.00 48.00 480.00 480.00
TR §0IL EXFOSURE TINE (HRS) 87864.00 87656.00 6766.00 8764.00 8746.00 B746.00 8766.00 8746.00
1€ CROP EXFOSURE TINE TO fLURE (KRS} .00 .00 .00 .00 <00 .00 .00 .00
TH  MOLDUP AFTER HARVEST (HRS) 1440.00 24,00 .00 2140.00 .00 2140.00 .00  2180.00
OF ANIHALS DAJLY FEED (1372 T35 50.00 50.00 6.00 6.00 50.00 50.00
FP  FRACTION OF YEAR ON FASTURE .50 .50 .50
FS FRACTION PASTURE WHEN OK FASTURE 1.00 1.00 1.00
G FRACTION OF STORED VES QROWN IN GARDEN 1,00
FL FRACTION OF LEAFY VEG GROWN IN GARDEN 1.00
FI FRACTION ELEMENTAL IONINE =  .500
H  ARSOLUTE HUMIDITY = $5.40 (ON/N-3)
FC  FRACTIONAL EQUILIRRIUN RATIO FOR C-14 = 1,000
2R N R SR I R S RS I RS PR N R R RN SR RSP IR IEL RIS RPN SR ENIIIRRINLATILINS
USAGE FACTORS DOSE NELIVERER TD EACH OROAN T
] FROM ALL FATHUAYS COMRINED ]
VED LEAFY  MILK  HEAT  INHALATION 3 . *
AGE . VEG . ] RONE LIVER KIDNNEY LUNG s1-117 THYROIN WHMOLE BODY  SKXIN %
(XKG/YR) (KB/YR) (LI/YR) (XG/YR) (M-3/YR) =% {MREM) [
AIULY 320.00 464,00 310.00 310,00 8000.00 & 3.57€-02 4.70€~02 1.93E-02 9.79€-03 T.84E-03 5.08E-03 3I.2TE~0T 5.90E-03 ¢
TEEN  530.00 42,00 400,00 45.00 8000.00 8 %.52E-02 7.18€-02 2.78E-02 1.39€-02 4.00£-03 3,06E-03 2.83E~02 3.%0£-03 ¢
CHILD £20.00 28.00 330.00 41.00 ° 3700.00  1.236-01 1.1BE-01 4.19E-02 1.83E-02 3.76E-03 S5,06€-03 2.18E-02 35.90€-03 ¢
INFANTY .00 .00 330.06 .00  1400.00 & 5,50E-02 4.3%€-02 2.07E-02 1.14€-00 3.24€-0) 3.06E-03 I0E-03 3.90E-03 ¢
E - . T
AEAER AT LI RN E N KRS A RS RN PR C R AN S S E PSS AT S E MRS TIRSREIEITAURLLSINARALLTNATESER

s'e'g
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REOULATORY BUIDE 1.106s APPENDIX
MORELS FOR CALTULATING ROSE V1A

<

ADDITIONAL PATHUAYS FROM RANIOIODINES

AND OTHER RADIONUCLIDNES RISCHARGE

70 THE ATKOSFMERE HOVs 3977 LIRRARY

o

FROGRAK 2THSDOS
YAHKEL ATONIC ELECTYRIC SOHFANY
NEC, 1985 KEV. 7

THE FOLLOWING 3. NUCLIDES WERE USED IN THIS CALCULATION

NUCLIDE RELEASE
CURIES

25 KN 54 4.13E-08

7 €O &0 2.51€-04

30 IN 8% 4.30£-06

35 €5 134 1.72€-068

S5 €S 137 9.378-03

VARIASLE VEGETARLES oM HILK
STORED LEAFY PASTURE STORED

YV  AGRICULTURAL PRODUCTIVITY (XO/H-2) 2.00 .70 2.00

P SOIL SURFACE DENSITY tKG/H~2) 240,00 240.00 240.00

T TRANSPORT TIME TO USER (KRS) 48.00 48.00

TR SOIL EXPOSURE TINME LHRS) 8764.00 87484.00 8766.00 B784.00

TE CROF EXFOSURE TIME TO PLUKE (HRS) .00 .00 .00 .00

TH HOLDUP AFTER HARVEST EHRSH 1440,00 24,00 .00 180.00

UF  ANIMALS DAILY FEED (XG/DAY) £0,90 £0.00

FF  FRACTION OF YEAR ON FASTURE .50

FS FRACTION FASTURE WMEN ON FASTURE 1.00

FG FRACTION OF STORED VED OROUN IN GARDEN 1.00

FL FRACTION OF LEAFY VUEG GROWUN IN GAKDEN 1.00

FI FRACTION ELEHENTAL IQDINE = .300
L] ARSOLUTE WUMIDITY = 3.40 (BMu/M-3)
£C FRACTIONAL EQUILIRRIUM RATIO FOR C-14 = 1.000

USAGE FACTORS

VEB LEAFY nILK HEAT INHALATION
ACE . vEoD
IXD/YR) (KG/YR) (LI/YR) (KB/YR} (H=3/YR)
ADULT $20.00 44.00 310.00 310.00 8000.00
TEEN 630,00 42,00 400.00 43.00 6000.00
CHILD 320,00 4.00 330.00 41,00 3700.00
INFANT 00 «00 330.00 .00 1400.00

SECTOR FLh

TISTANCE - ] SKRETERS?
RSQ ~ 4.43E-04 (RECSH-3)
/0 VEFLETEl! - A.83E-04 (TECAH-3)
JELTSA - 1JJ4E-04 k-

VY - SEWAGE CORTAK - 30LIDS 13T kY WY

ACRES -

THIELD F - 0.013 - 103 XK OrCuF

4 FATHMAYS CON3IDERED

SROUND PLANE

INHALATION

3TOREN VFGETARLES

LEAFY VEGETARLES
L

T Cou MIL
80aY HILK
- NEAT
GOAT MILK MEAT
FASTURE STYORED FASTURE STORED
.20 2.00 .70 .00
J40.00 J40.00 240.00 240.00
48.00 48,00 4060.00 480.00
87848.00 8744.00 8784.00 87466.00
.00 . .00 .00
.00 21480.00 .00 J1460.00
4.00 4.00 20.00 %0.00
.50 1
1.00 1.00

vES
TES
VES
YES
YES

NO
YES

L PR TR L T AR SRSt A C SIS RS SRR RS AR SRS SRR EBRERAANRACIRSSRELSEEN

KONE LIVER KIDHEY

1.13E-01
3.88E-01
1.34€-01

3.99E-01
1.38E-01

.

t

s

 d

z

* 9.20€-02 3.313E-04
]

* 3.310€-01
.

4

[

DOSE DELIVERED TO EACH ORGAN
FROM ALL FATKWAYS CONBINED

LUNG GI-LLl
(MREM)

7.928-02 9.48E-02 9.846£-02
4,44E-03 9.0BE-07 ¢9.90€-02 ¢9.83E-02
®.73£-02
8.34E-02 B.O0BE-02 7.39E-02

«22E-02

THYROID WHOLE PODY SKIN

S.76E-02 9,41E-02 4.78BE-00
5.76E-02 9,94E-02 4.7BE-02
. 5.76€-02 7.319€-02 4.7BE-OQ

]
L
T
s
L
S.74£-02 9.42E-07 4.78E-02
s
s
]
.
]

IR S S SIS CA St RS2 AT R IR AR S EEERETTEISATAEERRACLRASCATERESCSY

9°¢*4

943 UT SSpT{onN [V O3 onp 3oeduif
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"ONIT

D FLANE

PATHVAY

GROUN:
54 AN
40 co
45 In
132 s
137 cs

TOTAL FOR FATHUWAY

TION

INHALA
54 aM
40 CO
63 In

134 €8
132 ¢S
TOTAL

STORED VEGETARLES

S4
40
43
134
137

TOTAL

LEAFY
S4

40
13
134
137

107AL

FOR FATHUAY

LLJ
ce
N

cs
cs

FOR FATHWAY

VEGETABLES
™

co
™
cs
cs

FOR FATHWAY

RONE

«00E+00
+00E+00
2.14E-06
9.38€-06
4,57€E-04

6.49€-04

+00E+00
+00E+00
1.23€-03
2.30€-04
1.97€-02

2.12€-02

«00E+00
+0O0E+00
1.76E-04
2.9BE-03
2.43€-03

2.44E-03

LIVER

2.40E-0¢
4,24E-035
6,81E~08
2413€E-035
8.53E-04

9.26E-04

@.80E-03
1,24€-03
3,90€-03
S.44E-04
2.,69€-02

J.27€-02

1.23E-03
1.56E-04
S.4TE-04
7.310E-03
3.33E-03

4.14E-03

KInugy

S.96E-07

+00E400
4,558-06
7.22€-06
3.05E-04

3.18£-04

2.82E-03

»00€+00
2.81€-03
1.77€-04
?.15€-03

1.20€-02

3.47£-06

«00E+00
3.80E-04
2.30E-05
1.13€E-03

1.54E-03

ADULT

DOSES RECEIVED FRON

VARIQUS FATHWAYS
(MREM)

LUNG

B8.48£-035
2.20£-02
T.70£-05
2.43€-04

+«00E400
+00E+00
.00E+00
$.B7E-0G
3.04E-03

3.10€E-03

.00E400
.00€E+00
«00€+00
7.43E-04
3.76E-04

1.838-04

TRYROID

+00E+00
.00€+00
«QO0E400
. 00€400
+00E400

+00E+00

+00£400
«00€+400
+00E+00
.00E+00
<00L¢00

«00E¢+00

-00€400
.00£400
«Q0E¢DQ
<00E+400
+D0E+00

«00E+00

FLD SECTOR AT A DISTANCE OF

WROLE FOOY

2.313E-04
%.20€£-02
1.46€-04
2.27€-04
3.04€-03

S.78E-02

3.81€-07
S.43E-05
3.07€-06
1.63€-03
5.80E-04

4.64E-04

1.68E~02
2.74E~03
1.76€-03
4.47¢-04
1.74E-02

2.J4E-08
3.44E-04
2.56E-04
5.80€-0%
T.168€-03

2.84E-03

0 METERS

SKIN

0E-04
W-02
6BE-04
AZE-04
%.70£-03

DR Y]
-

6.7BE-0Q

1y |

165 68 AAq - yow] pleyd
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ADULT
DOSES RECEIVED FROM FLD SECTOR AT A DISTANCE OF 0 HETERS
VARIOUS FATHWAYS
(RREN)

PATKEAY BONE LIVER KINNEY LUNG GI-LLI THYROID VUMOLE BRODY SKIN
cov ALK

T4 nN +00€+00 6.788-07 2.02E-07 .00E+00 2.0BE-06 .00E400 .29€-07

é0 co +00E400 3.72£-0% L00E+00 <00E+00 6.56E-04 .00E+00 6.20€-0%

&5 IN 1.49€-03 4.74E-03 3.37E-03 LOOE+00 S.99€-03 L00E+00 2.14E-03

134 CS 8.3IE-0S 1.98E-04 4.40E-03 2.13€-05 3.46€-06 +00E400 1.42€-04

137 ¢S 7.05£-03 9.83€-03 3.27g-03 1.09€-03 1.67E-04 <00E+00 6.32€-03
TOTAL FOR PATHWAY 8.43E-03 1.48€-02 4.31E-03 1.11E-03 3.88£-03 .00E+00 8.70E-03
near

S4 MmN +00E+00 7.40€-07 2.20€-07 .00E400 2.27€-06 +00E+00 1.41€-07

60 CcO +0DE+00 1.70E-04 .00E+00 .COE+00 L20E-03 +00E+00 3.74€-04

45 2N 3.06E-04 1.23€-03 8.22€-04 +00E400 2.7%€~04 +Q0E+00 Z.%6E-04

135 €S 9.67€-06 2.30€-035 7.45€-06 2.47€-06 4.03£-07 <0DE400 1.88E-0S

137 €S 8.33£-04 1.14€-03 3.07€-04 1.29E-04 2.21£-03 .00E+00 7.a8E-04
TOTAL FOR PATHUAY 1.23E-03 2.58€-03 1.22€-03 1.31E-04 4.00E-03 .0DE400 1.70€E-03
TOTAL ALL PATHMS | 3.43g-02 %.30E-02 2.13€-02 2.89E~02 3.89€-02 .00E+00 9.42€-02 6.76E-02

TOTAL ALL PATHS

INCLUDING VHOLE

*0DY DOBE FROM 9.20E-02 1.13€-01 7.92€-02 8.446€-02 9.66€E-02 $.76€-02 9.42E-02
GROUND PLANE

- £23-10Id

2884
'ONITNFANIONT HOFILNT

£-9°¢'4d

*ONIT

EXFOSURE

0l 8bed

i




EJd-101d

‘ONTHIANIONT HOZINT

E¥:2-7 4

v-9°€'q

"ONI

PATHUAY

GROUND PLANE

T4 HN

40 O

65 1IN

134 (8

137 ¢S
TOTAL FOR FATHWAY
INHALATION

4 NN

40 CoO

45 In

134 €8

137 €3
TOTAL FOR PATHUAY

BTORED VEQETARLES

54
&0
[
134
137

" 10TAL

LE&FY
o4
40
8%

134
137

ToTAL

co
N
cs
cs

FOR PATHUAY

VEGETAPLES
L.L]
co
b4
cs
cs

FOR FATHwAY

TEEN
DOSES RECEIVED FROM
VARTIOUS FATHWAYS

(MREM)
RONE LIVER KIDNEY LUNG G1-LL1
.00E400 3.10E-06 7.71€~07 1.20E-04 4.0%E-08
LO0E+00 %.S7E-05 L00€400 3.21€~02 9.54E-04
2.55€-06 8.626-06 5.70€-06 8.19€-03 3.08€-064
1.26E-0% 2.84E-03 9.4e€-06 3.48E-06 2.43€-07
?.21E-04 1.14€-03 4.18E~04 1.68E-04 1.16€-03
9.34€-04 1.24€-03 4.33E-04 3.2%6-02 9.73E-04
.00E400 1.38€-04 4.11E-03 +00E400 2.82€-04
.00E400 1.97€-03 L0DE+00 L00E+00 2.57€-02
1.77€-03 6.13€-03 3.93E-03 +O0E+00 2.40£-03
3.74€-04 9.81E-04 2.80E-04 1.07€-04 1.10€-03
3.35€-02 A.48E-02 1.52€-02 %.90£-03 6.35E-04
3.57¢-02 5.17€-02 1.94€-02 6.01€-03 2.92¢-02
L00E400 1.0SE-0% 3.12€-08 L00E+00 2.15E-03
.00E+00 1.34€-04 L00E+00 L00€400 1.72€-03
1.396-04 4.B4E-04 3.10€-04 LO0E+00 2.03E-04
2.43E-03 §.20€-05 1.97€-03 7.52€-06 7.71E-07
2.746-03 2.99€-03 1.02€-03 3.9%€-04 4.2%€-05
2.41€-03 _ 3.48E£-03 1.35€-03 4.02€-04 2.02€-03

FLT SECYOR AT A DISTANCE OF

THYROID

«00E+00
~00E+00
«00E+00
«D0E¢00
«00E400

«00E+00

+O0E+00
«OO0E400
+00E 400
+00E400
+00E400

.00E+00

+O0E+00
+O0E400
.00E+00
<00E+00
+00E+00

-00E400

WHOLE RODY

2.13€-04
%.30€-02
1.46E£-04
2.27€-04
S.08€-03

$.76E-02

$.09E-07
7.31€£-03
4.12€-08
1.38£-0%
4,27€-04

$.19€-04

2,73€-03
4.45£-03
2.86E-03
4,09€-04

1.53€-02

2.33€-02

2.07E-06
3.03€-04
2.36€E-04
2.88E-05
§.04€-03

1.80E-03

0 METERS

SKIN

T
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<
TEEN
DOSES RECEIVED FROK FLD SECTOR AT & DISTANCE OF 0 HETERS
VARIQUS FATHUAYS :
(RREN) 4
FaTHUAY BONE LIVER KIDHEY LUNG GI-LLt THYROID UHOLE RODY SKIN
cou NILK
sS4 nN <00£400 1.13E-06 3.37€-07 L00E+00 2.3TE-08 <ODE+00 2,24€-07
40 o .00E+00 4.30£-03 .00E+00 .00E+00 .T0E-04 .00€+00 1.42€-04
85 In +29E-03 T.FIE-03 5.09E-03 L00E+00 3.36£-03 +00E400 3.71E-03
134 €S 1.44€-04 3.40E-04 3.0BE-04 4.10E-03 3E-08 .00E400 3.5BE-04
137 ¢$ 1.28E~02 1.70E-02 S.79E-03 2.2%€-03 .00E400 $.93E-03
TOTAL FOR FaTHWAY 1.352€-02 2.54€-02 t.10€-02 2.29€-03 4.43E-03 .00E400 9.93€-03
§
HEAT
4 NN +00£400 5. 6%€~07 1.48E-07 .00E+00 1.14€-06 .00E400 1.12€-07 :
80 €0 .00E300 1.32E-04 «0DE400 L0DE+00 1.72€-03 .00£400 2.98€-04 3
&% N 2.72€-04 9.44E-04 4.04E~04 LO00E400 4,00£-04 +00E400 4.40€-04 :
134 s 7.69€-04 1.81€-05 $.75E-04 2.20E~06 2.23£-07 .00£400 8.40E-04
137 ¢s 6.92€-04 9.206-04 3.136-04 1.22€-04 1.31€-05 «00E$00 L21E-04 X
H
T0TAL FOR FATHWAY 9.71€-04 2.01€-03 .23€-04 1.04E-04 2.14E-03 +00E+00 1.07E-03 i
i :
TOTAL ALL FATHS 5.52€-02 8.61E-02 3.31E-02 4.13€-02 3.88£-02 .00E400 9.41€-02 6.78E-02
TOTAL ALL PATHS
INCLUDING WHOLE
RODY NOSE FROM 1.13e-01 1.44€-01 9.08E-02 9.90E-02 9.6%E-02 S.T4E-03 9.41€-02
GROUND PLANE
EXFOSURE

H
H
H
i
f

(G0} obed

‘!




a8ed - £0a-101d
‘ONTHIINIONT HOALNZ

9-9°'¢c'4

*ONI

FAaTHUAY
GROUND PLANE
4 MmN
40 CO
&5 IN
134 CS
137 cs
TOTAL FOR FATHUAY

INHALATION
4 NN
40 €0
&3 N
134 8
13?7 €S
TOTAL FOR FATHUAY

STORER VEGETARLES

T4
40
[+
134
137

10TAL

LEAFY
o4
40
3

134
137

TOTAL

[0
co
b1
cs
cs

FOR PATHUAY

VEOGETARLES
ny

co
™
cs
ts

FOR FATHUWAY

RONE

<00E+00
«00E+0D
2.81E-04
1.44E-05
1.25E-03

1.24E-03

+0O0E00
«00E400
3.47€-03
8.43E-04
8.08£-02

8.52E-02

+00E$00
-00E400
2.0%E-04
4.56E-05
4,04E-03

4,31€-03

LIVER

2.40E-08
4.B4E-03
7.47€E-06
2.5IE~0T

1.33E-03

1.22€-03

2.08E-04
J.07E-03
9.24€-03
1.42€-03
7.74€-02

¢.13€-02

1.17€-05
$.57E-04
5.44E-04
7.4BE-07
3.88t-03

T4.47E-03

DOSES RECEJVED FROH
VARIOUS FATHWAYS

KIDNEY

4.0BE-07

+QOEO0
4,71E-04
B.33E-06
3.8HE-04

4.01E-04

S5.78E-03%
«00L400
5.82£-03
4.39E-04
- SJ€-02

3.13E-02

S OVE-04
-00E400
3.44E~04
2.32€-03
. 27€-03

1.64€~03

CHILD

(MREN)
LUKG

9.35E-03
2.80E-02

ZS7E-05
3.04E-04
1.43E-04

2.43E-02

-00E400
+QOE400
«00€+00
1.59€-04
?.07€-03

?.23€-03

-00E400
«00E400
«QOE+00
8.3JE-08
4.35€-04

4,84€-04

BI-LL

1.39E-04
3.T4E~04
1.08E-04
9.48£-08
4.97E-08

J.62€-04

1.73E~04
1.70E-02
1.42€-03
7.44E-08
4.84€-04

1.§3E-02

9.88E-048
8.4BE-04
9.60E-03
4.03E-07
2.43€-00

?.99€E~04

FLI SECYOR aT A DISTANCE OF

THYRDID

<Q0E+0Q
<O0E+00
<00E+00
-00E400
-00E+00

<O0E+00

<00E+00
«00E+00
<ODE+00
.00E400
.00E400

.00E400

+00E400
«00E+00
-Q0E+00
-00E+00
.00E200

+00E+CO

WHOLE RODY

2.13E-04
S.20E-02
1.46E-04
<.27€-04
%.08E-03

T.74E-02

5.74E-07
8.34E-03
4.44E-04
S.65E-08
1.74E-04

2.71€-04

3.49E-03
9.03E-03
$.73€-03
2.99E-04
1.14€£-02

2.44E-02

3.13€-08
A4.42E-04
3.40€E-04
1.%8€-0%
$.73E-04

1.39€-03

0 METERS

SKIN

$.90€-03

4.78€E-02
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‘ONI

FRTHUAY
covw MILK
54 MN
60 CoO
45 2N
134 CS
137 cs
TOTAL FOR PATHWAY

MEAT
S4
40
45

134
137

TOTAL

TOTAL

FOR PATHWAY

ALL FATHS

TOTAL ALL PATHS
INCLUDING WHOLE
RODY BOSE FROM
GROUND PLANE
EXPOSURE

PONE

«00E400
.00£400
4,49E-03
3.33€-04
3.08E-02

3.58€-02

-00€+00
+00£400
4,08£-04
1.36£-05
1.27€-03

1.70E-03

1.28£-01

1.88E-01

LIVER

1.49E-08
9.78E-07
1.29E-02
5.47E-04
2.935E-02

4.21€-02

8.48€-07
$.57€-04
1.09E-03
2,23E-03

«22€-03

2.49g-03

1.42€-01

1.99€-01

DDSES RECEIVED FROM
VARIOUS FATHUAYS

KIDNEY

A4.74E-07

~00€E400
7.54E-03
1.45%E-04
9.61€£-03

1.73g-02

1.81E-07

<00E400
4.94E-04
4.90E-06
3.97E-04

1.09€-03

1.10E-0)

CHILD

{HREM)
LUNG

1QOE$00
«00E+00
.0QE+400
6.08E-03
3,44E-03

3.52E-03

.00E400
+00E+00
<QOE+00
2.48E-06
1.43E-04

1.4%€-04

3.97£-02

9.73E-02

GI1-LL1

1.42€-06

©S.42E-04

S.10E-03
2.93€-08
1.83E~04

1.83£-03

$.426-07
8.70€-04
1.91E-04

. 20E-07
7.84€-04

1.07€£-03

2.43E-02

FLD SECTOR AT & DNISTANCE OF

THYROID

+00E+00

«Q0E 400
.00E 400
-00E+00
-00E4Q0

«0DE+0C

<00E+00
<00E+00
«0OE400
.00E+00
+00E400

.00E+00

.00E+00

$.74E-02

WHOLE RODY

4.30€-07
2.89€-04
7.44E-03
1.13E-04
4.3%E-03

1.22€-02

1.72€-07
4.43E-04
8.74E-04
4,70E-08
1.80E-04

1.32€-03
9.94E-02

9.94€E-02

0 HETERS

SKIN

4.768£-02

- yowig preyary |
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INFANT ]
©0SES RECEIVED FROM FLD SECTOR AT & DISTANCE OF 0 METERS
VARTOUS FATHWAYS :
. {AREMY <
FaTHUAY RONE LIVER KIONEY LUNG Gl-Lit THYROID UHOLE RODY SKIN
GROUND PLANE
ELELL 2.13€-04 2.30£-04
&0 co %.20€402 6.12€-02
&3 IN 1.46€-04 1.48C-04
134 €S 2.27€-04 2.45€-04
137- ¢s $.06£-03 $.90€-03 .
TOTAL FOR FATHuaY %.748-02 4.78E-02 :
INKALATION :
sS4 MW +00E+00 1.94E-08 3,02E-07 8.08E-03 4.2BE-07 .00E+00 3.02€-07 A
80 cao «00E400 2.93E-03% .00E+00 1.64E-02 1.18€-04 L00E400 4.34€-0% . .-
83 IN 1.28€-06 4,13E-06 2.14E-06 4.27€-03 3.39€-06 L00E+00 2.05E-06 = HE
134 CS 2.94€-06 1.77€-0% 4.79€-06 2.00E-04 3.36£-08 L00E400 1.87€-08 [
137 ¢§ 7.54€-04 8.40E~04 2.37€-04 9.79€~03 1.83E-06 L00E400 4.25E-03 HE.
i 3!
TOTAL FOR FATHUAY 7.6SE-04 8.93E-04 2.44E-04 1.68E-02 1.23€-04 .00E400 1.10€-04 .
STORED VEGETARLES i
4 N +00€+00 +00E400 .00E+00 L00€400 L00E+00 .00€E400 «00E400 HE
40 o L00£400 100400 .00€400 L00E+00 .00E400 .00E400 L00E+00 -
45 N L00E400 L00€+400 L00E+00 .00€+00 L00E+00 +00E400 .00E+00
134 CS +00€400 L00E+400 +00E+00 L00E400 L00E400 .00€+00 .00E+00
137 ¢S .00£400 .00E400 L00E+00 L0DE400 LO0E400 L00E+00 L00E400
TOTAL FDR PATHUAY +00E400 LO0E400 L00E 400 .00E400 .00E400 .80E400 L00E+00 _
i
LEAFY VEGETABLES : :
sS4 MM 100E400 <00E400 L00E400 .00E400 L00E400 +00E400 .00E400 H
40 €O .00E£400 L00E400 L00E+00 L00E400 L00E400 L00E400 L00E+00 :
&3 I +00€400 LDOE400 L0OE+00 L00E400 .00E400 L00E400 L00E400 i
134 €S .00€400 L00E400 .00E400 .00E400 L00€400 L00E¢00 .00E4+00
137 €S +DOE400 +O00E+00Q J00E+0Q0 .00E 400 +00E40D .00€E400 .00E400 i
TOTAL FOR FATHUAY +00E+400 «00E400 J00E$00 «00E400 «00E400 «00E400 .00E+00 = :

H
H

T
Q

Q
M:
=i
>
oo
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FATHUAY

COW MILK
T4 nN
40 (o
a3 IN
134 ¢S
137 ¢S

TOTAL FOR FaTHUAY

NEAT
24 N
60 cQ
45 IN
$34 CS
137 ¢S

TO0TAL FOR FPATHuUAY

TOTAL ALL FATHMS

TOTAL ALL FATHS
INCLUDING UMOLE
RODY ROSE FRON
GROUND FLANE
EXFOSURE

NONE

«00E+00
-00E+400
4.03E-03
$.37€-04
4.97E-02

T.37€-02

«QOE*0O
«00E+00
«00E+00
+00E+00
«0CE$0C

«00E+00

3.65€-02

1.14E-01

INFANT
DOSES RECEIVEDR FROM
VARIOUS FATHUAYS

(MREN)
LIVER KIDNEY LUNG
3.14€-08 4.976-07 «00E+00
2.00€-04 +00E+00 .00E400
2.07g-02 1.00€-02 «Q0E+00
1.00€-03 2.58E-04 1.06E-04
5.76€-02 1.%54€-07 6.2%6-03
TL94E-02 2.57€E-02 4.34E-03
<00E+400 «00E+00 »00E+00
-00E+00 «00E+00 - 00E400
«00E+00 - 0Q0E+00 «00E+400
. 00E+00 «00E+00 +00E+00
+00E400 +00E+400 <QOE+00
<Q0E+00 <00E+00 «0O0E+00
B.03JE-02 2.60E-02 S.32E-02
1.38e~01 8.36E-02 8.,08E-02

GI-Lly

1.14E-04
4.75€-04
1.75E-02
2.72€-04
1.80€-04

1.81€-02

«00E+00
«00E+00
+00E+00
.00E+00
«QOE+00

+~DOE+OD

1.83€-02

7.3°€-02

FLDP SECTOR AT a RISTANCE OF

INYROID

-00E+00
«00E400
«00E$00
.Q0E+00
-00E+00

«00€£4+00

«00E+00
.00E+00
+00E+00
«QOE+00
.00E+00

.00E+00

«00E+D0

S.74E-02

WHOLE RODY

7.13E-07
4.72€-04
9.54€-01
1.01E-04
4.08€-03

1.42€-02

<ODE+OO
«00E+00
+«QOE+00
-00E+00
JOCE+O0

<00 400

7.19€-02

7.19€-02

0 METERS

SKIN

i
i
i
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B.4 ATMODOS - Radiological Impact After Termination of VY

Control of the Disposal Site (All Nuclides)

Presented below is a partial listing of the ATMODOS Tape 5 input
used in this portion of the calculation. It corresponds to the output.
which follows., With the exception of the nuclide data library, a large
portion of which was deleted due to space limitations, the listing is

complete.

1 1VYPT VY STANDARD PROGRAM INFORMATION FILE
VY - SEWAGE OONTAM - SOLIDS 1% BY WT - 2 ACRES - SHIELD F = 0.242 - OONT. OCCUP
1, .200 44.56FRESH .500YESNO NO 0..242 1.NO NO NO 0.1.00
——FOR-~
~eFOF -~
O 2VYGASRLGAS STK VY 87 1 1 0 87063023:
MN54  4.132E-6 25 MN 54
0060 2.511E-4 27 CO 60
ZN65 4.502E-6 30 ZN 65
CS134 1.715E-6 65 CS 134
CS137 9.366E-5 55 CS 137
~—FOR-~
——FOF -~
1 SQUERY PATHWAYS: SHORE(1,2,3),BND,ROAD,RES1,RAD,MEAT,GOAT,COW
SHOREl  YESYES ‘
SHOREZ  YESYES
SHORE3  YESYES
BOUND YESYES
it ROAD YESYES

RES1 YESYESYESYES

RADIUS  YESYES

MEAT YESYESYESYES YESYESYES

GOAT YESYESYESYES YES  YESYES

[00.) YESYESYESYESYES YESYES

__mR__

~-BOF -~ ’

1 6VYUFMAXVY MAXIMUM INDIVIDUAL USAGE FACTORS FOR STANDARD PFORBLEMS
520.00 64.00 310.00 110.00 21.00 .00 .00 12.00 .00 8000.00
630.00 42.00 400.00 65.00 16.00 .00 .00 67.00 .00 8000.00
6§20.00 26.00 330.00 41.00 6.90 .00 .00 14.00 .00 3700.00

.00 .00 330.00 .00 .00 .00 .00 .00 .00 1400.00
~—~FOR-~
—eFOF-~

ENTECH ENGINEERING, INC.
P101-EC3 =~ Page B.4-1
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1 7VYGSD VY MAX INDIVIDUAL GAS SITE DATA FILE FOR STANDARD

PROBLEMS
2.00 2.00 .70 2.00 .70 2.00 .70 2.00
240.00 240.00 240.00 240.00 240,00 240.00 240.00 240.00
.00 .00 48.00 48.00 48.00 48.00 480.00 480,00
8766.00 8766.00 8766.00 8766.00 8766.00 8766.00 8766.00 8766.00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1440.00 24.00 .00  2160.00 .00  2160.00 .00  2160.00
.00 .00 50.00 50.00 6.00 6.00 50.00 50.00
.00 .00 .50 .00 .50 .00 .50 .00
.00 .00 1.00 .00 1.00 .00 1.00 .00
1.0 1.00 .00 .00 .00 .00 .00 .00
5.60 .00 .00 .00 .00 .00 .00 .00
_..mR__
—~FOF-- )
1 BISTPNBLNUCLIDE LIBRARY FOR ALL DOSE PROGRAMS
89
1 3 1.78E-090.00E+000.00E+00 SOLUBLE
H 9.0E-01 9.0E-01 9.0E-01 9.0E~01 9.3E-01 9.3E-01 4.8E-00 1.0E-02 1.2E-02
0. 1.05E-071.05E~071.05E~071.05E-071.05E-071.05E-07
0. 1.58E-071.58E~-071.58E~071.58E-071.58E-071.58E-07
- 0. 1.06E-071.06E-071.06E~071.06E~071.06E-071.06E-07
0. 1.59E-071.59E-071.59E~071.69E~071,59E-071.59E-07
0. 2.03E-072.03E-072.03E-072.03E-072.03E-072.03E-07
. 0. 3.04E-073.04E~073.04E~073,04E-073.04E-073,04E-07
0. 3.08E-073.08E-073.08E-073.08E-073.08E-073.08E-07
. 0. - 4.62E-074.62E-074.62E~074.62E-074 .62E-074 . 62E-07
’ 6 14 3.83E-12 SOLUBLE
o~ C 4.6E+03 9.1E+03 4.6E+03 1.8E+03 1.4E+03 1.8E+03 5.5E+00 1.2E-02 3.1E-02
2.84E-065.68E-075.68E-075.68E-075.68E-075.68E-075 . 68E~-07
2.27E-064.26E~074.26E~074.26E-074 . 26E-074 . 26E-074 . 26E-07
4.,06E-068.12E-078.12E-078.12E~078,12E-078.,12E-078.12E-07
3.25E~066.09E-076.09E-076.09E-076 . 09E-076 . 09E-076 . 09E-07
1,21E-052.42E-062.42E-062.42E~062,42E-062. 42E-062 . 42E-06
9.70E-061.82E-061.82E~061 .82E-061.82E-061 .82E-061 . 82E-06
2.37E-055.06E-065 . 06E-065 . 06E-065 . 0GE-065 . 06E-065 . 0GE~06
1.89E~053.79E-063. T9E-063 . 79E-063 . 79E-063 . T9E-063 . T9E-06
11 24 1.28E-052.50E-08 2.90E-08 © SOLUBLE
ETC (FOR A TOTAL OF 89 NUCLIDES)
-~BOR~~
- —-~EOF~--
1 3VYXQF VY X/QFILE - SPECIAL VALUES - SEWAGE CONTAM. PROBLEM - 2 ACRE PLOTS
FLD 0 OOW  MEAT 3.896E-02 3.896E-02 1.236E~04 3.896E-02
. —FPOR-—~
—~EOF--

. ENTECH ENGINEERING, INC.
P101-EC3 - Page B.4-2
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REGULATORY GQUIDE 1.109, AFFENPIX C
HODELS FOR CALCULATING DOSE Via
ADDITIONAL FATHWAYS FROM RADIDIODINES
AND OTHER RADIONUCLIDES OISCHARGED
HOVe1977 L1RRARY

TO THE AT

MOSFHERE

FROGRANL ATIOLOS
YANLEE ATDHIC ELECTRIT COMFanNY
DEC, 19BT REV., 7

THE FOLLOWING 5 NUCLIDES WERE USED IN THIS CALCULATION

SECTOR
nlstance

=/0

Z/0 DEFLETED
RELTA

VY ~ SEUAGE COWTaM. - SOLIDNS 1T RY WT

FLR

LEETERS)

4
3.90E-02 (SE

C.H-3)

3.90E-02 (SEL/H-3)

1.74E-00 ¢

T ACKES =~ SHIELD F - 0,747 -

GDAT MILX
FASTURE STORED
.70 2.00
240.00 240,00
48.0¢ 48.00
B8744.00 87446.00
.00 .00
.00 2140.00
8.00 4.00
« 50
1.00

1/1u-21

CONT.

occur

4 FATHWAYS CONWSIDERED

GROUND FLANE

INHALATION
STORED VEG
LEAFY VEGE
COW MILK
GOAT MILK
MEAT

nEa
PASTURE
.70
240.00
480.00
6784.00
.00
.00
50.00
.30

1.00

ETARLES
TARLES

T
STORED
.00
240.00
480.00
6786.00
.00
2160.00
20.00

YES
YES
YES
YES
VES

NO
YES

AEREEE Rt SR S S RS L A A A S R P A KRR AR ET TR S PR AR EEEER RN CCEEREREAREE SR EXLEIET

NUCLIDE RELEASE
CURIES N
35 BN 54 4,13E-08
27 o0 &0 2.51E-04
30 IN 43 4.50€-04
5 CS 134 1.728-08
%5 ES 137 9.37€-03
VARTARLE VEGETAPLES £ON HILK
STORED - LEAFY FASTURE STORED
TV AGRICULTURAL FRODUCTIVITY (FE3/K-2) 2.00 2.00 .70 2.00
F SOIL SURFACE DENSITY (RG/K-23 240,00 240.00 S40.00 240.00
T TRANSFORT TINE TO USER (HRS) 48.00 4€.00
TR SOIL EXFOSURE TInE {HRS) 8766.00 E764.00 B7464.00 8764.00
TE CROP EXPOSURE TIME T0 FLUME {HRS) .00 .00 .00 .00
TH  HDLDUF AFTER HARVEST (HRS) 1440.00 24,00 .00 2360.00
QF  ANINALS DAILY FEED tKB/DAY)Y 50.00 S0.00
FF  FRACTION OF YEAR ON FASTURE s 50
FS FRACTION FASTURE WMEN ON FASTURE 1.00
FG FRACTION OF STORED VEG OROWN IN GARDEN 1.00
FL FRACTION OF LEAFY VEOQ OROUN IN GAKDEN 1.00
FI FRACTION ELEMENTAL IORINE 2300
H ARSOLUTE NHUNMIDITY &« 3.80 (GH/N-3)
FC FRACTIONAL EQUILIRRIUN RATIO FOR C-14 ~ 1.000
USAGE FACTORS DOSE TLELIV
L3 FROM alL
vEO LEAFY nix KEAT INNALATION T
AGE z BONE LIVER KInNEY
(KG/YR) (KG/YR} (LI/VR) (KG/YR) (H-3/YR} &
ADULT 520.00 44.00 310.00 110.00 8000.00 € 1.JTE400 1.37€400 +21E400 3.0
TEEN 430.00 42.00 400.00 63.00 8000.00 & 1.30€400 $.33E400 1.23E400 3.9
CHILD 3S20.00 26.00 330,00 41.00 3700.00 & 1.40£400 1.41E400 1,.I5E400 3.3
INFANT .00 <00 3J0.00 »00 1400.00 ® 1.028E+00 1.3JJE+00 1.T1E#00 2.3
z
x

ERED TO EACK ORDANW
FATHWAYS COHRINED

LUNG GI-tL! THYROID

{MKREK)

4E400 «29E400  1.14€400
1E400 «JBE400  1.14E400
PEF0Q0  1.J0E400 1.18E+00
BE400  1.19E+00 1.18E+0D

T
k]
kR
4
%

1.37€400 =
€
£
]
s
*

VHOLE RODY SKIN
1.25E400
2 24E£400 1.37€400
1.23JE+400 1.37E€+00
1.19€400 1.37E400

ELREES RN IESTEt LRI EEESESENEISRURRETOtSEStBCiREEREtURESTRTELSRCERROTRELIRIRLCL

)
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FATHUAY

GROUND FLANE

T4 MM
40 CO
45 2N
134 €S
137 €5
TOTAL FOR FATHUAY
INMALATION
T4 NN
40 CO
&3 2N
134 CS
137 Cs
TOTAL FOR FATHUWAY

STORED VEOETABLES

54
40
43
134
137

TOTAL

LEAFY
M

40
83
134
137

TOTAL

LL]
co
kL]
cs
cs

FOR FATHWAY

VEQETAPRLES
NN

co
N
cs
cs

FOR FATHWAY

RONE

«00E+00
«00E+00
1.80E-04
7.90E-04
$.53E-02

S.63E-02

«00E+00
+00E+00
1.23€E-03
2.30£-04
1.97€-02

2.12€-02

+00E+00
+00E400
1.78E-04
2.98E-00
2.43E-03

S.44E-03

oy

LIVER

2.02€-04
3.37E~03
S.TAE-O4A
1.80E-03
7.18E-02

7.80E-02

8.60E-03
1.24€E-01
3.90€-03
5.46E-04
2.49E-02

3.27€-02

1.23€-03
1.56E-04
S.47E-04
74.10E-03
3.33E-03

4.14E-03

KIDHEY

$.02€-03

»00E+00
3.83E-04
4.08E-04

Z.57E-02

2.6BE-02

2.62E-03

<00E+00
2.61E-03
1.776-04
?.15E-03

1.20E-02

3.47E-08

«O0E+00
3.80E-04
2430E-03
1.13€-03

1.74€-03

ADULT

DOSES RECEIVEDR FROM

VARTIOUS FATHUAYS
(MREN)

LUNG

T,14E-03
1.83E400
4,80E-03
2.07E-04
8.70E-03

1.B7E400

«OOE+00
.00E 400
.00E400
$.87€-03
3.04E-02

3.10£-03

-00E+00
.00E+00
.Q0E+00
?7.63E-08
3.76E-04

3,83E-04

01-LLg

3.93E-04
B.BIE-O2
2.92E-04
2.20£-03
9.72E-04

9.00E-02

2.70E-04
-31E-02
-AAE-03
+S8E-08
SIZE-04

W

2.48€-02

3.78E-03
2.93E-03
3.37€-04
1.24E-04
&.44€-03

3.3%€-03

FLD SECTOR AT a DISTAHCE OF

THYROID

+00E+00
«00E400
.00E400
.00E+00
.00E+00

.00E+00

«00E+00
.00E+00Q
«00E+00
+00E+00
+00E 400

.00E+00

.00E4+00
.00E400
.00E+00
.00E+00
»00E400

<Q0E+00

WHMOLE RORY

4,30£-03
1.05€400
T.94€-03
4,58€-03
1.02E-01

1.18E+00

+21E-05
4,29E-03
2.59€-04
1.34E-03
4.93E-02

T.5VE-0Q

1.68€-03
2.74€-03
1.76E-03
4.47€-04
1.76€-02

T.28E-02

2.36E-04
3. 44E-04
2.56E-04
$.BOE-0T
2.18€-03

S.84€-03

0 METERS

SKIN

$.07£-03
1.2JE400
3.38E£-03
5.34€-03
1.19€-01

1.37€400

- Yyow3 pJeyory |
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ADULT i
NOSES RECEIVED FROM FLD SECTOR AT A DISTAWCE OF 0 METERS §
VARIOUS FATHWAYS :
(HREM) M
FATHUAY RONE LIVER KIOHEY LUNG GI-tLL? THYROID UHDLE RODY SKIN |
i
. €O MILK T
4 MM L00E400  6.78E-07 2.02€-07 L00E+00 2.08E-04 L00E+00 J29€-07 P
60 CO L00E400 3.72€-02 .00E+00 L00E+00 4.9BE-04 L00E+0C 8.20£-0% -
&% N 1.49€-03 4.74€-03 3.17€-03 .00E+00 2.99E-03 .00E400 2.14E-03 -
134 €S 8.326-03 1.98€-04 6.40E-03 2.13€-03 3.46E+-08 LO0E400 1.62E-04 -
137 €S 7.05E-03 9.63€-03 3.27E-03 1.09E-03 1.537€-04 .00E4+00 6.326-03 :
- |
T0TAL FOR FATHWAY 8.63€-03 1.48E-02 4.51€-03 1.11€-03 3.66£-03 L00E+00 8.70€E-03 i
i
HEAT H
4 NN +00E+00 7.40€-07 2.20€-07 L00E+00 2.27€-08 L00E+00 1.41€-07 H
60 €O L00E+00 1.70E-04 .00E400 .00E400 3.20€-03 L00E400 3.76E-04
&S 2N 3.86E-04 1.23£-03 8.22€-04 L00E+00 ?.73€-04 LODE+00 5.56E-04 :
134 CS 9.87€-04 2.30E-03 7.45€-08 2.47€-08 4.03E-07 L00€400 1.0BE-05 ;
137 cs 8.33€-04 1.14E-03 . 3.87€-04 1.29E-04 2.21€-03 L00E400 7. 46E-04 ;
[
TOTAL FOR FATHWAY .23E-03 2.36E-03 ©1.22€-03 1.31€-04 4.00E-03 L00€400 1.70E-03 i
. P
. . =
TOTAL ALL FATHS 9.00€-02 1.32€-01 4.80E~02 1.8BE400 1.28E-01L L00E+00 1.75€400 1.37€400 ; !
h L
10TAL ALL PATHS f
INCLUDING WHOLE L
RONY DOSE FRONM 1.258400 1.29€400 1.21E400 3.04E400 1.29€400 1.16E400 1.23E400 P
n GROUND PLANE ;)
EXFOSURE i
3 -
o
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e -
(-] Lol
2] HE
S |
z 3 N
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FATHWAY

GROUND FLANE

54
40
45
. 134
137

TOTAL FOR FATHWAY

LL]
ce
N
cs
cs

INHALATION
4 NN
40 CO
&5 2IN
134 Cs
137 €$
TOTAL FOR FATHWAY

STORED VEGETARLES

54
80
43
134
137

T0TAL

LEAFY
T4
40
&5

134
137

TOTAL

LL]
<o
N
cs
cs

FOR FATHUAY

VEGETARLES
N

co
2N
cs
cs

FOR FATHWAY

RONE

200t Q0
<00E+00
S.14E-04
1.04E-03
7.73E-02

7.88€-02

«00E+00
+00E+00
1.77€-03
3.74E-04
3.33€E-02

3.37€-02

<00E+00
«00E400
1.39€E-04
2.43E-03
2,24E-03

2.41E-03

LIVER

2.61£-04
1.49£-03
7.43E-04
2.39€-03
§.B1E-02

1.06E-01

1.38E-04
1.97€E~03
é.13E-02
8.B1E-04
4.44E-02

3.37€-02

1.02€-03
1.34E-04
4,64E-04
4.20E-03
2.99€-01

3.48E-03

BOSES RECEIVED
VARIOUS FPATHWGYS

KIDHEY

4.49€-03

.00E+00
4.30E-04
T.PIE-04

3.32€-00

3.6%E-02

4.11E-03

f.00E400
3.*3Jg-03
2.80€-04
1.52£-02

1.94E-02

3.1JE~04

.Q0E400
3.10E-04
1.97€-00
1.02€-03

1.33€-03

TEEN

(HREN)
LUNG

1.01€~02
I.70E400
4.RFE-O03
3.10E-04
1,40€-07

T.T4E400

1O0E+00
«O0E+00
+DOE$DO
1.07€-04
S.50€-03

6.01E-03

+00E+00
-00E+00
+00E+00
7.52E-08
3.95E-04

4,0E£-04

FRO®

GI-LLI

3.35€-04
3.04€-02
2.0FE~04
2.07E-03
9.31E~04

8.20€E~02

6.33E+04

2.F2E~02

2.13E~03
1.7%E~03
2.05E~04
7.71E~07
4.25E-0%

2.02€-03

FLD 3ECTOR AT A& DISTAWCE OF

THYROIR

<00E+00
- 00£ 400
+00E+00
-00E400
«00E400

<00E+00

<00E400
.00E400
+0CE400
«00E+00
«00E400

«00E+00

<00E+00
<00€E400
. 00E+00
.00E+00
-00E400

-00E400

WHOLE ROUY

4.30€-03
1.0TE+00
I.94E-03
4.53E-03
3.0JE-01

1.14E+00

4.09E-03
6.1%£-03
3. ATE-04
1.18E£-03
I.40E-02

2.33e-02

2.07E-08
3.03E-04
2.06E-04
<.BBE-0D
1.04£-03

1.40€E-03

0 NHETERS

SNIN

3.02€-03
LJ3ED0
3.33E-03
Z.33E-03
S19€-01

1.37€200

eyl |
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EX-4-P
"ONTHIANIONT HOALNT

2=b'a
‘ONI

FaTHUAY
CO¥ MILK
Y4 HN
60 CO
43 IN
134 CS
137 ¢S
TOTAL FOR PATHWAY

MEAT
40
43

134
137

TotaL

TaTAL

LL]
co
iN
[:3
cs

FOR PATHWAY

ALL FATHS

TOTAL ALL PATHS
INCLUDING WHOLE
BODY DOSE FROM
GROQUND PLANE
EXPOSURE

RONE

«Q0£400
<00E400
2.29E-03
1.44E-04
1.28£-02

1.52€-02

<00E+00
«00E+00
2.72€-04
T.89E-06
4.92E-04

?.71E-04

1,33e-01

1.30€400

LIVER

1.13E-06
4.30E-05
7.93E-03
3.4CE-04
1.,70E~02

2.54E-02

S.65E~O07
1.37€-~04
9.44€-04
1.81€~03
9.20E-04

2.01E-03

1.91€-01

1.35E+00

TEEN

DOSES RECEIVED FROM
VARIQUS FATHUATS

KIDNEY

3.37E-07

.00E400
$.09E-03
1.08€-04
3.79E-03

$.10E-07

1.48E-07

-00€+00
O4E-C4
TE-06
13£-04

LI o

.23E-04

6.92€-02

1.23E+00

CHREM)
LUNG

«00E+00
+QOE+00
-00E+00
4.12€-03
T.23€-03

2.79e€-03

+00E+00
«00E400
«OOE+00
2.20£-06
1.27€-04

1.24€-04

3
~

AL 400

3.91€400

GI-LL1]

S.32€E-04
8.20E-04
3.38€E-01
4.73€-08
2.42€-04

4.43€£-03

1.16€-04
1.72€-03
4.00€E-04
2.2%E-07
1.31€-03

2.14E-03

1.20€E-01

1.28€400

THYRDID

<O0E400
.00E+00
<00E400
.00E400
+00E400

«00E+00

+00E400
-00E+00
+00E+00
+00E400
«00E400

«00E400

«00€+00

1.14E400

FLD SECTOR AT A DISTARCE OF

WMOLE RODY

2.24E-07
1.42€-04
3.71€-03
1.58€-04
5.93€-03

?.93€-03

1.317€-07
2.96€E-04
4.40€-04
8.40£-06
3.J1E-04

1.07€-03

1.24€400

1.24€400

0 HETERS

SKIN

1.37€400

M|
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CHILD
POSES RECEIVEDR FRON
VARIOU3 F&THWAYS

{MFEH)
FATHWAY RONE LIVER KIDNEY LuuG
GROUND PLANE
54 AN
40 €O
&5 IN
134 ¢3
137 ¢S
TOTAL FOR FATKUAY
INHALATION
S4 MN L00E+00 2.19€-04 %.12€-03 §.04£-03
40 €O L00E+00 4.07E-03 .00E+00 2.19€400
a5 2N 2.37E-04 6.30€-04 3.97€-04 2.53€-03
134 CS 1.38€-03 2.13E-03 7.00€-04 2.56E-04
137 ¢S 1.03€-01 §.54E-02 .27€-02 1.20E-02
TOTAL FOR FATHWAY 1.06€-01 1.03€-01 3.38£-02 2.22€400
STORED VEGETARLES
S4  MN +00E$00 2.08E-04 5.78E-03 L00E400
&0 €O +00E+00 3.07€-03 L00E+00 JOOE+00
83 N 3.47€-03 L24E-03 %.B2E-03 L00€400
134 €8 8.863E-04 1.42€-03 4.39€-04 1.58E-04
137 ¢S 6.08E-02 7.74E-02 2.50€-02 9.07€-03
TOTAL FOR PATHMAY 8.52€-02 9.13€-02 3.15E-02 9.23E-03
LEAFY VEOETARLES
4 NN +00E+00 1.17€-02 3.29€-08 L00E400
80 €O +00E400 1.57€-04 LCOE+00 LO0E+00
45 IN 2.05E-04 S.46E-04 3.44E-04 LO0E+00
134 €3 4.54€-03 7.48E-03 2.32€-035 8.32€-06
137 €8 4.08E-03 3.88¢-03 1.27€-03 4.3SE-04
TOTAL FOR PATHUAY 4.31€-03 4.47€-03 1,64€-03 4,64€-04

GI-LL?

1.17E-04
2.9RE-OD
§.07€-03
8,15E-068
4.19E-04

3.035E-02

1.73E-04
1.70€-02
1.62€-03
T.44E-08
4.84€-04

1.93E-02

9.84E-06
B8.48E-04
9.80E-03
4,03g-07
2.43€-03

?.99E-04

FLD SECYOR AT A DNISTAHCE OF

THYROID

«00E+00
+00E+00
+«00E+00
«00€+00
«00E+00

.0QE#0QD

.00E+00
«O0E40D
.00€400
.00£400
«00E4+00

«00E+00

«00E400
«Q0E+00
.. 00E400
.00E400
«00E+00

+00E+00

WHOLE pODY

4.30£-03
1.03E+00
T.94E-03
4.3BE-03
1.07E-01

3.18E400

4.85£-03
7.02E-03
3.71E-04
4,T4E-04
1.49€-02

2.28E-02

S.49E-03
9.03€-03
3.723€-03
2.99E-04
1.14€-02

2.66E-02

J.43E-04
4.,42€-04
3.40E-04
}-%BE~0T
$.73E-04

1.39€-03

0 HMETERS

SKIN

5.05€-03
1.23E400
3.38E-03
2.34€-03
1.19€-01

1.37€+00
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£o0F-101d

ofed -
'"ONTHIANIONE HOJINHA

6-¢°4
‘ONI

FATHUAY
CoW MILK
4 NN
40 CoO
43 N
134 €S
137 Cs
TOTAL FOR PATHUAY

HEAT
T4
80
43

134
137

TOTAL

FOR FATHUAY

TOTAL ALL PATHS

TATAL ALL FATHS
INCLUDRING WHOLE
FODNY DOSE FROM
GROUND PLANE
EXFOSURE

RONE

«00€+00
«00E+00
4,49€-03
3.33E-04
3.08E~02

J.56E~02

J00E400
L00E400
4.0BE-04
1.36£-05
1.27€-03

1.70€-03

2.33€-014

1.40€+00

LIVER

1.89E-04
$.7BE-03
1.20£-02
5.47€-04
2.95E-02

4.21€-02

4.44E-07
1.57E-04
1.09€-03
2.23€-03

1.32€-03

S.49E-03

2.43E-01

1.41€400

DOSES RECEIVED FROM
VARIOUS FaTuWaYs

KIDNEY

4.74€-07

.D0E400
7.54E-03
1.89E-04
9.81E-03

1.73E-02

1.61E-07

+O0E+00
&4.BAE-04
6.,90E~06
3.97€-04

1.09E-03

8.54E~-02

1.23E400

CHILN

{MREN}
LUND

«00E+00
.00E400
«00E400
6.0BE~03
3.44E-03

3.52E-03

-0QE+¢00
«00E+00
«00€400
2.48E-06
1.43€-04

1.45E-04

2.23E400

3.39E400

GI1-1i1

1.420-06
T.42€-08
2.10£E-03
2.95€-08
1.83E-04

2.83£-03

JA2€-G7
B.70E-04
1.91€-04
1.20€-07
7.64E-04

1.07€-013

G.48E-02

1.22€400

FLD SECTOR &T A DISTAKCE OF

THYROID

-00€+00
. .DOE+OO
-00E+00
L00E400
«00E+00

-0DE4DO

«00€400
-O0E 400
-00E+60
«00E+400
.00E+00

<Q0E400

.00E400

1.14E400

WHMOLE RODY

4.30£-07
2.8PE-04
7.44E-03
1.13E-04
4,33€-03

1.278-00

1.72€~07
A.43E-04
4.76E-04
4.70E-06
1.80€-04

1.32€-03

1.23E400

1.23€+400

0

SKIN

1.37€400
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afed -
‘ONTHIINIONT HOFINI

or-¢°49
*ONT

FATHUAY
GROUND PLANE

4 MN

60 Co

&% IN

134 Cs

137 €3
TOTAL

INHALA
L]

80
63
134
137

TOTAL

STORED VEGETABLES

S4
&80
L]
134
137

TOTAL

LEAFY

54
80
43
134
137

TOTAL

FOR FATHWAY

TION

Lo
co
N
cs
cs

FOR PATHWAY

nN
co
IN
cs
cs

FOR PATHWAY

VEOETARLES
L

co
N
cs
cs

FOR FATHWAY

RONE

+00E+00
.00E+00
1,07E-04
8.39E-04
6.35€-02

6.44€-02

«00E+00
+00E+00
+00E+00
«QO0E+00
«00E+00

«00€400

«00E+00
+00E400
.00E400
«00E400
«00E+00

+00E+00

LIVER

»29€E-04
S.A9E-03
3.48E-04
§.49E-03
7.08E-02

7.52€-02

+00E+400
.00E+00
«OOE+400
+Q0E+00
+00E400

«00E+00

.00£400
+00E+00
.00E*00
«00E+00
«00E+00

+00E+00

KIDNEY

2.54E-03

+00E400

1.B1E~04
4.03E-04
1.99€-02

«00E+00
+00E+400
00E400
«00€+400
«00E+00

+00€E400

+00E+00
+00E+00
+00€400
«00E400
+00E400

+00E+00

INFANT
POSES RECEIVED FRON
VARI0US FATHUAYS
{HREN)

LUNG

5.30€E-03
1.40E400
3.40E-03
1.,869E-04
8.24E-03

1.47E400

+00E+00
.00€400
-00E+00
.00E+00
«00E+00

«00E+00

.00E+00
,00E400
.Q0E$00
.00E100
+O0E+00

+.00E+00

GI-LLY

3.860E-05
?.90£-03
2.86€-04
2.83€-06
1.54E-04

1.04€-02

+00E400
«00E+00
.00E+00
«00E+00
+00E+00

. 00E+00

«00E+00
«ODE®OQ
.00€200
+00E400
.00E400

+00E+00

THYROID

+00E4+00
<00E+00
.DOELOO
+00E¢00
+00E+00

«00E+00

.00E+00
.00E+00
.00E+00
.00E+00
-00E£400

-Q0E+00

«00E+00
«00E+00
«0DE4+00
.00E400
+00E+00

.00E+00

FLD SECTOR AT A RISTANCE OF

UMOLE RODY

4.30€-03
1.03E€400
2.94€-03
4,23E-03
1.0J€-01

1.18E400

Z.54E-03
3.45€-03
1.73E-04
1.58E-04
T.286€-03

.27€-03

. 00E+00
.00E+00
«00E+00
«00E+00
-00E+00

+00E+00

»00E+00
.00E+00
+00E400
.00E400
.00E+00

«00E+00

]
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R
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=
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En-
Il
~
-Q

FATHWA

couw ui
J4

314
4%
134
137

TOTAL

TOTAL

T0TAL

TOTAL
INCLUD
RODY O
GROUND
EXFOSUY

Y

83
LL]
coe
IN
cs
cs

FOR FATHWAY

LU}
co
N
[
cs

FOR FATHuAY

ALL FATHS

ALL PATHS
INO WMOLE
OSE FROM
FLANE

RE

RONE

»00E+00
«00E400
4.03€-03
S.37E-04
4.92€-02

$.57€-02

-00€+00
-00E+00
. 00E+00
«00EYOO
«QQ0E+00

.00E+00

1.20€-01

1.28£¢00

LIVER

3.14E-0¢&
2.00€-04
2.07€-02
1.00E-03
3.78E-02

7.94€-02

+00E+00
+00E+00
+0OE+00
+00E+00
00E+00

+00€400

1.35E-01

1,32€400

NOSES RECEIVED FRON
VARIOUS FATHUAYS

KIDREY

4.97€-07
.00E£400
1.00€-02
<.38E-04
1 .Z4E-02

S.370-02

-00E400
+00E+00
«00E+00
«00E+0C
.00E+00

<00E+00

1.J1E400

INFANT

(AREH}

1
&

6

3

LUNG

<OOE+00
«00E+00
+00€400
<06E-04
.I3E-03

+36€-03

«00E+00
.00E400
+00E+00
<00E+00
100E+00

«00E+0D

«AJE+00

BE+00

%)

GI-LL!

1.14F-08
4,7IE-04
1.756~02
2.7JE-08
1.30£-04

1.81€-02

+00E+00
<00E400
«00E+00
-00E+00
«Q0E+00

<00E+00

1.3YE400

FLD SECTOR AT A DISTANCE OF

THYROID

«00E+00
+00E¢00
+00E400
<00E+00
.0DE+0O

«00€4+00

«O00E+00
«00E400
+«00E400
-00E+00
.00E£¢00

<00E+00

.00E+00

1.16E400

WHOLE RODY

7.13€-07
4.72€-04
7.54€-03
1.01E-04
4.0BE-03

1.42€-02

«00€£400
-00E+00
.00E400
+00E400
<00E+00

«00E+00

1.19€400

1.19E400

¢ HETERS

SKIN

1.37E400
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B.5 ATMODOS ~ Unplowed-Land Dose Conversion Factors for

Radiological Impact Assessment

The Tape 5 inputs to ATMODOS for these cases are identical to the
one shown in Attachment B.3, the only exception being the isotopic
intensities in File 2. In the.current computer runs, each isotope was
assumed to have an annual release rate which would yield an accumulated
intensity of 1 pCi at the énd of one year (uniformly spread over 2

acres of unplowed land).

ENTECH ENGINEERING, INC.
P101-EC3 - Page B.5-1



£o03-101d

‘ONTHIANIONT HOIINA

afvd

I-1°¢°8

*ONI

REGULATORY GUIDE 1,109,

AFPENDIX ©

NORELS FDR CALCULAYING 0OSE VIA
ADNITIONAL PATHWAYS FRON RADIDIODINES
AND OTHER RARTONUCLIDES DISCHARGED
NOV:1977 LIRRARY

T0 THE ATH

THE FOLLOVING

NUCLIDE
<
25 BN 54 1

OSFHERE

FROGRAM aTHOUDS
YANKEE ATQHIC ELECTRIC COMFANY
DECs 19BS REV.

3 NUCLIDES WERE USED IN THIS CALCULATION

RELEASE
URIES
«A48E~08

co
PASTURE
.70
240.00
48.00
B87668.00
.00

.00
20.00
50

1.00

7

Vv MILK

STORED
2.00
240.00
48.00
8766.00
.00
2140.00
%0.00

SECTOR

DISTAKCE

p¥44

X/0 DEFLETED

DELTA

FLo

[} {HETERS)

4, 83E-04 (SEC/H-3)
4.83E-04 (SEC/N-3)
+Q4E-04

t3/n-2

YY - SEWAGE CONTAM - ASSUKED SRC - 2 aACR
£5 - SHIELD F

BOAT MILK
FASTURE STORED
20 2.00
240,00 240.00
48.00 48.00
8744.00 8766.00
+00 .00
+00 2140.00
8.00 4.00
«50
1.00

« 0.012 ~ 304 MK OCCUF.

& FATHUAYS CONSINERED

GROUND PLANE YES
INHALATION YES
3TORED VEGETARLES YES
LEAFY VECGETARLES YES

COW HILK
GOAT MILK
NEAT

NEA
FASTURE
.20
240,00
480.00
8744.00
.00
.00
$0.00
.50
1.00

T
STOKED
2.00
240.00
480.00
8746.00
.00
21460.00
70.00

YES
NO
YES

IRt R R R S AR PR R R AN S E RN RN NSRRI TR TSR RRLARNSRSRIELZISULS
POSE DELIVEREDN TO EACK ORGAN
FROM ALL FATHWAYS COWEINED

VARIARLE VEGETARLES
3TORED LEAFY
YV  AGRICULTURAL PRODUCTIVITY (KG/H-2) .00 2.00
P SOIL SURFACE DENSITY (KB/n=-2} 240.00 240.00
T TRANSPORT TIME TO USER (HRS)
T8 SOIL EXPUOSURE TIRE (HRS} 8744.00 8766.00
TE CROP EXPOSURE TINE TO PLURE (HRS) .00 .00
TH NHOLDUP AFTER MARVEST (HRS) 1440.00 24,00
OF ANIMALS DAILY FEED (KB/snaY)
FP FRACTION OF YEAR ON PASTURE
FS FRACTION FASTURE WHEN ON FASTURE
FO0 FRACYION OF STORED VEQ OROWN IN GARDEN 1.00
FL FRACTION OF LEAFY VEG OROWN IN GARIEN 3.00
F1 FRACTION ELEMENTAL IODINE = 500
H  ARSOLUTE HUNIDITY = $.40 (OM/A-3)
FC  FRACTIONAL EQUILIRRIUM RATIO FOR C-14 = 1,000
USAQE FACTORS *
T
.VED LERFY nLK HEAT INHALATION &
ADE VEO s RONE
(KB/YR) (KO/YR) (LI/YR) (KO/YR) (M-3/YR) ¢
ADULT 220.00 44.00 310.00 1106.00 9000.00 % 7.54E-05 1.
TEEM  630.00 42.00 400.00 65.00 8000.00 €& 7.54E-05 1.
CHMILD 3520.00 24.00 330.00 41.00 3700.00 ¥ 7.T4E-05 1.
INFANT .00 .00 330.00 .00  1400.00 ® 7.34€-03 7.
L 3
b4

LIVER K1

12£-04 8.4
I9E-04 9.1
Z4E-04 9.7
71E-03 7.3

DHEY LUND GI-LLl THYROID WHOLE POD
(BRENM)

3E-05 1.05E-04 1.B7E-04 7.354E-03 B8.J4E-03

ZE-03 1.18E€-04 §.8IE-04 7.54E-05 8.41€-05

4E-03 1.09E-04 J.4)1E-04 7.J4E-05 9.83E-03

BE-05 9.48E-05 7.60E-03 7.54E-03 7,38E-03

A SKIN

8.B4E-03
8.684L-03
8.84E~03

.
s

L

]

L]
8.84E-03% ¢
[}

(]

[}

s

z

LIt R RSN SRS AT R E St ER IR ST NIRRT EESETRUATIRTRRETEELATNSOSL

ion [ 03 ofip 306du] [°G*d

PG UW JO

|
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ageqd -
‘ONTHIINIONT HOFINA

[-¢2°5°4d

‘ONI

REGULATORY GUIDE 1,109+ AFFENDIX C
MONELS FOR CALCULATING DOSE VIA
ADRITIONAL FATHWAYS FROM RANIOIONINES
AND OTHER RADIONUCLIDES DISCHARGED
YD THE ATMOSFKERE NOV+1977 LIRRARY

FROGRAM ATHODOS
YANKEE ATOHIC ELECTRIC COuFANY
BEC, 1983 REV. 7
SECTOR FLD
DISTANCE = 0 INETERS)
Xx/0 = 4.83E-04 (SEC/N-3)
X/0 DEFLETED = 4,43E-04 (SEC/M-3)
DELTA » 1.04E-04 (3I/K-21

VY - SEUADE CONTAM - ASSUMED SOURCE - 2
ACRES - SHIELD F « 0.012 - 104 KR OCCUF

THE FOLLOWING 1 NUCLIDES MERE USED IK TMIS CALCULATIDN 6 PATHWAYS CONSIDERED
NUCLIDE RELEASE GROUND PLANE YES
CURIES INHALATION YES

27

co 40 1.07E-04

STORED VEGETARLES YES
LEAFY VEGETAKLES YES

COV HILK YES
GOAT MILX NO
KEQT YES
VARIARLE VEGETARLES COU MILK GOAT HILK MEAT
STORED LEAFY FASTURE STYORED FASTURE STORED FASTURE STORED
YV AGRICULTURAL FRODUCTIVITY {KO/n-2) 2.00 2.00 .70 2.00 .70 2.00 .70 2.00
.4 SOIL SURFACE DENSITY (XB/H-2) S40.00 240.00 240,00 J40.00 240.00 240.00 240.00 240.00
T TRANSPORT TIME TO USER {HRS) 48.00 AR.00 48.00 4g.00 480.00 480.00
1B SQIL EXPOBURE TINE {HRS) B248.00 8746.00 8764.00 8744.00 8785.00 B8744.00 8744.,00 8744.00
TE CROF EXPOSURE TIHE TO FLUME tHRS) .00 «00 »00 .00 .00 .00 .00 .00
TH HOLDUF AFTER MARVEST (KRS) 1440,.00 24,00 .00 2160.00 .00 2140.00 .00 21480.00
QF ANINALS DAILY FEED (KB/DAY) 30.00 50.00 4,00 4.00 50.00 %0.00
FP  FRACTION OF YEAR ON PASTURE : +30 » 50 .50
FS FRACTION FASTURE UMEN ON PASTURE 1.00 1.00 1.00
FG FRACTION OF STORED VEO QRONN IN GARDEN 1.00
FL FRACTION OF LEAFY VEG OROUN IN GARDEN 1.00
FI FRACTION ELEMENTAL IODINE » +500
L ARSOLUTE HUMIDITY « $.40 (QH/N-3) .
FC FRACTIONAL EQUILIRRIUM RATIO FOR C-14 + 1.000
SERLPTTILINSSESTELRELS SR REREEEARECREXLEESCESENIREINRNEESEERSERRARSLEERLARELELRLES
USAGE FACTORS L] DOSE DELIVERED T0 EACH ORGAN s
] FROM ALL PATKWAYS COMPINED z
veEs LEAFY NILK MEAT INHALATION 3 L4
AGE VED L] RONE LIVER KIDNEY LUNG g1-l11 THYROID WHOLE ROOY SKIN *
tKO/YR) (KB/YR) (LLI/YR) (KG/YR) (H-3/YR) & ¥ (HREN) b
ADULT  $20.00 64,00 310.00 110.00 8000,00 s 2,21E-04 2.2BE-04 2.21€-04 J,14E-04 3,.54E-04 D2,21E-04 T.38E-04 2.60E-04 s
TEEN $30.00 42,00 400.00 45.00 8000.00 s 2.,21€-04 2.31E-04 J.2ME-CA4 3JI.G7E-04 3.33E-04 2.01€E-04 2.43E-04 2.460E-04
CHILD  520.00 24.00 330.00 41,00 3700.00 8 2.,231€-04 2.36£-04 2.71E-04 3I.32€-04 3I.04E-04 2.21E-04 2.45E-04 2.40E-04 ¢
INFANT .00 <00 330.00 00 1400.00 % 2,01E-04 2,02€-04 2.21€-04 2.92E-04 2.24E-04 2.21E-04 Q.23E-04 2.40£-04 ¢
[
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FROGRAH ATHODOS
YANKEE ATONIC ELECTRIC COMFANY
NECs 1985 REV, 7

REGULATORY CSUIDE 1.109: AFFENDIX C

MOPRELS FOR CALCULATING DOSE VIA

ADDITIONAL FATHWAYS FROM RARJIOJONINES

AND OTHER RADIONUCLIDES DISCMARGED

TO THE ATHMOSFNERE NOV.1977 LIRRARY
THE FOLLOWING 1 NUCLIDES MERE USED IW THIS CALCULATIOH
NUCLIDE RELEASE

CURIES
30 IN 45 1,81€E-08
VARIARMLE VEGETARLES COW HTLK
STORED LEAFY FASTURE STORED

YV  AORICULTURAL PRODUCTIVITY (KG/KE~2) 2.00 2.00 .7 .00
F SOIL BURFACE DEWSRITY {KG/N~2) 240.00 240.00 T40.00 240,00
T TRANSFORT TIME TO USER (KRS? 48.00 48,00
TR SOIL EXFOSURE TINE (HRS) 87464.00 8764.00 87446.00 8744.00
TE CROP EXPOSURE TIME TO FLUME {HRS) 00 «00 <00 .00
TH HOLDUP AFTER HARVESTY (HRS) 31440.00 24.00 <00 2166.00
QF ANIMALS DAILY FEED (KB/DAY) s0.00 50.00
FP FRACTION OF YEAR ON FASTURE 250
FS FRACTION PASTURE WHEN ON PASTURE 1.00
FO FRACTION OF STORED VEG GROWN IN OARDEN 1.00
FL FRACTION OF LEAFY VEG GROWN IN DARDEN 1.00
F1 FRACTION ELEMENTAL IODINE = +500
L] ARSOLUTE MUNMIDITY w 35,60 (GH/M-3)
FC  FRACTIONAL EGUILIRRIUH RATID FOR C-14 « 1,000

AGE VED

TEEN 630.00 42.00 400,00 45,00 8000.00
CHILD 320.00 24.00 330.00 41,00 3700.00

]

3

2

T
ADULT 320,00 44.00 310.00 1110.00 B8000.00 s {.,2T7E-03

€

T

INFANT 00 «08 330.0¢ .00 1400.,00 ¢

T

z

SECTOR
NISTaWCE
ra

FLD
- o
4.83E-04

"

X/0 DEFLETED - 4.83E-04

DELTA

1.24E-04

KETERSY
(SEC/ K->
(SEC/N-3)

C1/7H~2)

VY - SEWAGE CONTAK - ASSUMED SOURCE - 2
ACRES - SHIELD F - 0.012

- 104 NR QOCCUF

4 FATHUAYS CONSIDERED

GROUND FLANE YES
INHALATION YES
STORED VEGETARLES YES
LEAFY VEGETARLES YES
COW HILK YES
GOAT KILK NO
HEAT YES
GOAT KILK NEAT
FASTURE STORED FASTURE STORED
o .00 o7 .00
240.00 240.00 240,00 240.00
48,00 48.00 480.00 480,00
8746.00 8746.00 8748.00 8766.00
00 00 .00 .00
00 2160.00 .00 <180.00
4.00 4.00 30,00 %0.00
+ 350 <30
1.00 1.00

'I"il!l'lll't‘llitllllt'tltllttllllltlllll.‘tl' SEREBERATTERSEES RSN IACASTARESER
POSE UELIVEREDR TO EALH DROAN
FROM ALL FATHWAYS COKRINED

USAOE FACTORS
VEO LEAFY MILK nEAT INHALATIDH
RONE
(KQ/YR) (KG/YR) (LI/YR) (KB/YR) (M-3/YR)
1.,65€-03

J.11E-03
2.21E-03

SLLTSTIEE SRR UREL R RS ISR U RRSRAEEEITRERETIILREERRERIRARREECERERNLTREOTISESTLTCL

LIVER

3. 7@€E-03
S.%9E-03
8.21€E-03
7.44€-03

KIONEY

LUNG BI~-LLY
(MREN)

2.55E-03 7.24(-03 2.40€-03
3.40E-03 B8.12E-05 QJ.40E-03
3.19E-03 7.535E-03  1.48E-03
J.43E-03 4.7JE-03 $.29E-03

THYROID WHOLE RORY SKIN

$.20E-05 1,74E-013 3,98€E-03
S.20E-05 2.84E-03 3.98E-03
5.20€E-05 5.12€-03 5.9BE-03
S.20€-05 3.44E-03 5.98E-03
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FROGRAK &THIOUOS
YARUKIT ATONIC ELECTRIC COnFRyY
DEC. 3¥BT REV. 7

REGULATORY RUIDC 1.10%. APFENNIX € SECYOR (24

MOUELS FOR CALCULAIING LOSE Vi1A PISTANLE - Q

ADDITIONSL FATHUAYS FROK KaDIQIODINES P . AL,53E-04

AND OTHER KARIONUCLIUGES DISCHARGED ) 70 PEFLETYFD - 4.5IE-04 (TECS

T0 THE &THOSFMERE WOV.1977 LIBRARY DELTA - 1.34€-04 (1/78=-2)

VY -+ ZFWAGF LONTAK - ASSUKEDR INUKCE - 2
ACRES « GHIELD F - 0.012 - j09 Kk OLCUF

THE FOLLOWIHG 1 NUCLINES UERE USED IN YHIS CALCULATION & FATHWAYS CUNSTIDERED

NUCLIPE RELEASE GROUND FLANE VES
CURIES . THHALATION VES
S €S 134 1.18E-06 STUKED VROETARLES  YES
LEAFY VEGLTALLLS YE3
cOM KILK VES
SOAT MILK NO
HEAT TES
VARIAPLE VEUETAREFLES TOW MILK GOAT HILK KEAT
STOKED LEAFY FASTURE STORED FASTURE STORED FASTURE STORED
7V AGRICULTURAL FRODUCTIVITY (KO H-2) z.00 2.00 .7 s.00 .7 2.00 .70 z.00
F SOIL SURFACE DEWSITY (KG/#-2) 240.00 240.00 z40.00 240,00 240.00 240,00 240.00 740,00
T TRAKSFORT TIHE TO USER (HES) 4g.00 1g.00 48.00 48.00 480. 00 480.00
TR SOIL EXPOSURE TIHE (HRS) 8764.00  T744.00 R7L6.00 3760.00 8746.00 €764.00 074L.00 2756.00
TE CROP EXFDSURE TIHE TO FLUME CHRS) .00 .00 .00 .00 .00 .00 .00 .90
TH HOLDUF AFTER HARVEST (NRS) 1440.00 24.00 .00  2140.00 .00  2160.00 £00  2180.00
OF ANINALS DAILY FEED (KG/DAY} 50.00 50.00 4.00 50.00 $0.00
P FRACTION OF YEAR ON FASTURE .3 .50
FS FRACTION FASTURE WHEN ON FASTURE 1.00 1.00 1.00
FG FRACTION OF STORED VEG OROWN IN BARDEN 1.00
FL FRACTION OF LEAFY VEG GROWN IN GARDEN 1.00

FI FRACTION ELEMENTAL IODINE « 500
H ARSOLUTE MUNIPITY = $.40 (BM/H-3)
FC FRACTIONAL EQUILIRRIUM RATIO FOR C-14 = 1.000

ERETS LRSS Sl S SIE N AR RSRT SIS LRSS EE SRS RESERISISSSSSENREEELSEISEETRLEEY
USABE FACTORS s 4 NOSE DELIVERED 7O EACH ORGAN *
3 FROM ALL FATHWAYS COMRINED ]
Ve LEAFY MILK MEAT INHALATION & *

AGE VED * BONE LIVER KIDNEY LUNG Gi-LLl THYROID WWOLE gODY SKIN *
(KG/YR} (KG/YR) (LI/YR)} (KB/YR) ({M~3/YTR) £ " (AREH) 2

ADULT 320.00 44,00 310.00 110,00 B8000.00 $ 4.04E-04 7.44E-04 JI.AT7E-04 2,19E-04 1.44E-04 3.58E-04 4.39€-04 1.82€-04 ¢
TEEN 630.00 42,00 400.00 45,00 8000,00 % S.44E-04 1.07E-03 4,48E-04 2.467€-04 1.47€-04 1.58f-04 3.79€-04 3.8J€-04 ¢
CHIL™ 520,00 26.00 330,00 41.00 3700.00 € 1,03£-03 1.59€-03 4.00£-04 3I,15C-04 1,84E-04 1.54E-04 4.TBE-G4 1.87€-04 ¢
INFANT +00 +00 330.00 <00 1400.00 & 5.31€-04 @.55E-04 3,.34€E-04 2.30E-04 |.CBE-04 1.54E-04 2.028E-04 1.BIE-04 9
T
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KIC CoMFany
REV. 7
SECTOR LR
DISTANCE - 3 (HETERS?
x/Q = 4.83E-04 (SEC/AH-3)
X/0 DEFLETED « 4.43E-04 (SEC/N-3)
DELTA a 1.04E-04 1/n-2)
VY - SEWAGE CONTAM - ASSUMEDR SOURCE - 2
ACRES - SHIELD F = 0.012 - 104 HR OCCUF
4 FATHUAYS CONSIDERED
GRCUND FLANE YES
INKALATION YES
STORED VEGETARLES YES
LEAFY VEGETARLES YES
oW MILK YES
GDAT AlLK ND
MEAT YES
€OV MILK aoat MILK HEAT
STURE STORED FASTURE STORED PASTURE STORED
.70 2.00 «70 2.00 70 2.00
46.00 240.00 240.00 240.00 240,00 240.00
48,00 4B.00 48.00 48.00 480.00 480.00
66,00 8766.00 8768.00 8765.00 8744.00 87646.00
00 .00 .00 «00 .00 .00
.00 2140.00 200 2160.00 <00 21s0.00
%0.00 %0.00 6.00 4.00 30.00 30,00
50 14 +30
1.00 1.00 1.00

EIEFEECRE AR R RS IS S SR EEEEETER LSRR ESSERTUSTRISEEERENISRURRLIRISLTRASRTAIRER
NOSE DELIVERED TO EACH ORGAN
FROM ALl FATHUAYS COMRINED

FROGRAK ATMQ
YANKEE ATOWIC ELECT
DEC, 1983
REGULATORY BUIDE 1.109, AFFENDIX C
MOPELS FOR CALCULATING POSE V1a
ADDITIONAL PATHUAYS FROW RADIOIODINES
AND OTHER RADIONUCLINES DISCHARGED
T0 THE ATHOSFMERE MOV, 1977 LIRRARY
THE FOLLOVING § NUCLIPES VERE USED IN THIS CALCULATION
NUCLIDE RELEASE
CURIES
%3 €S 137 1.01£-05 )
VARIARLE VEGETARLES
STORED . LEAFY  Fa
YU AGRICULTURAL PRODUCTIVITY (KO/N-2) 2.00 2.00
T SOIL SURFACE DENSITY (KG/n-2) 240.00 146,00 H
T TRANSFORT TIAE TO USER (NRS)
TR SOIL EXPOSURE TIME (HRS)  B744.00 B746.00 87
TE CROP EXPOSURE TINE TO PLUNE CHRS) .00 .00
TH  MOLDUF AFTER MARVESY (HRS)  1440.00 24,00
OF ANIMALS DAILY FEED (KO/DAYS
FP  FRACTION OF YEAR ON PASTURE
FS FRACTION PASTURE WWEN ON FASTURE
£O  FRACYION OF STORED VEQ OROUN IN GARDEN 1.00
FL FRACTION OF LEAFY VEG ORDMN IN GARDEN 1.00
F1  FRACTION ELEMENTAL IODINE »  .%00
M ARSOLUTE WUMIRITY = 3.40 <GH/M-3)
FC FRACTIDONAL EQUILIRRIUN RATIO FOR C-14 = 1.000
USAGE FACTORS
X .
veQ LEAFY  NILK  HEAT  IMMWALATION ®
age veD +  RONE LIVER
(KG/YRI (KO/YR) (LI/YR) (KG/YR) (M-3/YR) ¥
ADULT 520,00 64.00 330.00 110.00 8000.00 € 3.88£-04 S.07E-04
TEEN 630,00 42.00 400.00 63.00 9000.60 ¢ S.97€-04 7.75E-04
CHILD $20.00 26.00 330.00 41,00 3700.00 ¢ 1.33£-03 1.08€-03
INFART 00 .00 330.00 100 1400.00 ¢ 5.94E-04 4.84E-04
z
¥

KInNEY LUNG

{MREN)

2.09€-04 1.06E-04
3.00€-04 1.50€-04
4.53E-04 1.78E-04
2.24€-04 1.23E-04

GI-LLy THYROID WHOLE RODY SKIN

6.40E-05 G.46E-03 3.06€-04 6.37E-03
4.23€-05 5.48£-037 2Q.33E-04 4.37€-03

]
]
1
.
]
6.33E-03 5.44€-03 3I.JJE-04 4.37E-0S
T
1
5.88E-03 5.44€-05 TP.94E-03 4.370-05 ¢

1]
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