VERMONT YANKEE
NUCLEAR POWER CORPORATION

Ferry Road, Brattieboro, VT 05301-7002

AEPLY T

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
heference: License No. DPR-28 (Docket No. 50-271).

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

Dear Sir:

In accerdance with the criteria of the Code of Federal Regulations,
Title 10, Section 20.302(a) (10CFR20.302(a)), enclosed please find
the subject application fer the disposal of very low level radiocactive
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 wuste

in the manner proposed, rather than at a 10CFR Part 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
radioactivity levels. Disposal as radiocactive 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 |
Robert W. Capstick, Jr.
Licensing Engineer

MSS/emd
Enclesures

cc: USNRC - Region 1
USNRC -~ Resident Inspector, VINPS



6677R

ATTACHMENT 1

VERMONT YANKEE NUCLEAR POWER PLANT

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



ATTACHMENT 1
VERMONT YANKEE NUCLEAR POWER PLANT
Application feor Approval to Routimely Dispose of
Septic Waste With Minimal Levels of Radioactivity

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

_ e T B = e

roposes to dispose of this waste by spreading it on designated areas within
he plant's site boundary fence. Thie application addresses specific

information recuested in 10CFR20.302(a).

WASTE STREAM DESCRIPI

application consists of residual solide and
on system at Vermont
sewage systems ar f the septic tank and disposal field type.
ity of the plant's sanitary waste are

system and (2) the south sewage disposal system.

'he main septic system (design flow capacity 4,950 gallons/day)

wastewater 1lift station, septic tank, and dual alternating

the north side of the plant. This system services
complex of buildings central to the plant and processes approximately
of wastewater per day. The septic tank, shown in Figure (1),

contain 9,250 gallons of septage.

sewage disposal system is a newly-installed (January 1989)
essurized mound system, which is used in lieu of the construction office
ilding (COB) holding tank that had previously serviced the lavatory

acilities on the south end of the plant. The new system is composed of a
tic tank (5,700 gallon capacity, see Figure 2), pumping station, and
ssurized mound disposal field. When dosing the field, a force main

pressurizes the disposal field's piping system with the septic tank efflient,

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




he 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 waete from the plant's lavatories, showers, kitchens, and
janitorial facilities outside the Radiological Control Area (RCA). No
radioactivity is intentionally discharged to either of the septic systems.
However, plant investigations into the source of low leveis of contamination
found in septic waste have identified that very small quantities of
radioactive materials, which are bhelow detection limits for radioactivity
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 mow poured through a filter bag

ispended solids and di before the water is released into a

gink.

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

of plant-related radionuclides:

Activity Concentration
(

+1 Sigma (pCi/kg Wet)




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 Isotopic Distributions

1sotope In-Plant Smears Main Tank Sludge

Mn-54 3.6%
Co-60 g1.5
Zn-6°~

L [.—1_‘«&.

Cs-137

Additional analyses of the main tank septage showed that the liguid
portion of the collected sample did not contain any plant-related activation
ission producte, and that essentially all of the activity in the waste was
ociated with th oli ludg action. The average density of the

llected sludge was 0 be approximately equal to that of water, with a

Both the liquid and solid fractions of the main tank septic waste were

also analyzed for strontium with no detectable activity found. The liguid
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.

identification of the plant-related radioactivity in septage
holding tank was being pumped on the everage of twice per week,
with p 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-gite for disposal on the average of

twice per year.




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 congervatism 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:

W, = 16,950 [gall x 3,785.4 [cc/gall x 102 [kg/ce)
x 0.30 [solide 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 DISPOSAL METHOD

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
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,
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new replacement COB septic tank, or from any other on-gite 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 twc disposal sites designated for
land application for septage from Vermont Yankee, and applied at a fixed rate
based on either limitations imposed by cthe state of Vermont for heavy metals

or organic content of the waste, or on the radioactivity content such that

projected maximum individual doses will not exceed established dose objectives.

Septic Waste Disppoeal Procedure

Gamma isotopic analysis of septic waste shall be made prior to each
y 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 colwm of sludge and waste water which
allows for analysie of the solid's distribution and content from top to bottonm
of each tank. The w ht percent of solid content cf the collected waste will
determined applied to the gamma isotupic analysis in order to estimate

ontent of each tank to bc p'wmped and spread on

These gamma isotopic analysees of the representative samples will be
performed at the environmental Technical Specification lower limit of
detection (LLD) requirements for liquids (see Technical Specification Table

order to document the estimation of radiological impact from septage

The radionuclide concentrations and total radicactivity 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
evaluating tne exposure to a maximally exposed individual and inadvertent

the accumulation of twenty years of periodic semiannual




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 appropriste exposure pathways as described in
Section 4.5 will be evaluated prior to each additional application, or a

separate plot within the designated disposel 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 Radiocactive Effluent Release Report which is filed after
January 1. All exposures will be assessed utilizing the metuodology described

4

in Attachment 2.

The established dose criteria requires that all applications of septage
the approved designated disposal areas shall be limited to ensure the
a maximally-exposed individual be maintained less than 1 mrem/year to
whole body and any organ, and the dose to the inadvertent intruder be
»r8 than 5 mrem/year The total activity based on the measured
distribution for any single disposal plot is not expected to

following:

Maximum Accumulated
Radiocactivity Allowed
Per Acre

lim g
!{; lp(;}

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

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




The concentration of radionuclides in any tank of septic waste to be
disposed of will also be limited to a combined Maximum Permissible
Concentration of Water (MPC) (as listed in 10CFR, Part 20, Appendix B,

Table 11, Column 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.

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

80il Jayer within 300 feet from any drinking water well supply.
3 ‘ 3

Septage shall not be surface spread closer than 300 feet from the

14 'Wals

nearest dwelling or public building (or within 100 feet f injected

into the top 6-inch surface layer).

Septage shall not be surface spread closer than 50 feet (or within
25 feet 1f injected into the top 6-inch surface layer) from any

roads or site boundary adjacent to land areas.

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

ace 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 radiocactive materials released by septic waste spreading,
state of Vermont health code requiremente 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




disposal operation. This will vary with the chemical composition of the

septage, the percent solids, and the radioactive concentrations.

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 iu

Attachment

r using land which has been used for the disposal of septic
e notified of any applicable restrictions placed on the site due

spreading or injection of waste.

EVALUATION OF ENVIRONMENTAL IMPACT

widracterigtlics

Topography

roposed disposal sites consist of two fields loceted on the
nt 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 & chain link fence.




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
gingle 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 ie
compatible with this use. The spreading of septage at these locations wil?l

have no effect on the topography of the area.

1-9
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Site Ceology

Profiles of site exploratory borings are shown in the FSAR in Figuree

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

the site for septic waste disposal.

Area Characteristics

Meteorology

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

ibuted in each month of the year.

otential impacts on septic wvaste disposal include occasional harsh
ce storms, severe thunderstorms, heavy rains due to hurricanes, the
possibi y of a tornado, and annual snowfall of from 30 to 118 inches per

year. 1 addition, frozen ground can occur for up to 4 months of the year.

Septage spreading will be managed by written procedure such that

v

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 1€ inal Safety Analysis Report.

Hydrology

Hydrology of the and local area is tied closely to flow in the
Connecticut River. River flow is controlled by a series of
~-control dams inciuding the Vernon Dam which is about

downstream of the sgite.




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 Vernon

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 (mel); and, thus, well below the elevation nf the proposed site which
ranges from about 250 to 265 feet (msl). The 100-year flood level is based on

information presented in Refer.aces (1) and (2).

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

no adverse impact on area hydrology.

Further information about site hydrology is in Section 2.4 of the I'SAR.

Water Usage

Surface Water

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 ie

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 ghow 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 a result
of septage disposal due to the required separation distances between surface

waters and the disposal plots.




GCroundwater

lased on a review of groundwater measurements in various site borings
presented in the FSAR and References 3 and 5, an upper estimate of groundwater
levele at the plant is about 240 feet. Considering the proximity of the
Connecticut River and Vernon Pond, with a mean water surface elevation of
22C feet, this estimate for the groundwater level appears to be reasonable.

Papas

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
] be allowed if the groundwater level in the vicinity of the disposal plot

found to be less than 3 feet.

Groundwater pr table water for public wells as shown in FSAR
4.5 and Figu -1 Croundwater flow in the vicinity of the
ites is towards the Connecticut River. There are no
»d between the site and the river. Therefore, it ie
inking water wells could be affected by septage

&

and Table 2.4-5 present information on private

Vermont Yankee on-site wells provide water for plant use. Thais
routinely monitore. r radiocactive contamination.
of septage disposal on the Connecticut River, a
conservative groundwater/radionuclide travel time analysis was performed. For
an assumed average trave! distance of 200 feet from the disposal site to the
oundwater travel time of 408 days was estimated from Darcy's law.
This es ate is based on a permeability for the glacial till of 10 gp'ﬁft:,
a hydraul gradient of 0.11 ft/ft, and a soil porosity of 0.: This analysis
conservatively assumed that the septage placed on the ground was immediately
available to the groundwater. In practice, & minimum of 3 feet separation
§

between groundwater and the surface will be required at time of application of

the septic waste.




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 Ce-134 were directly obtained
from NUREG/CR-3130. The coefficients for Zn-65 and 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.

TABLE 1

Radionuclide Travel Times

Retardation Travel Time
Radionuclide Half Coefficient to River
961 year

193 year

193 years

1,224 days

1,224 days

The radiologi.al impact on the river for the radionuclides reaching the
river under thig¢ cruservative 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

fodder.

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

proposed site.
Land Use
eight-acre and two-acre sites proposed for the disposal areas

f the Vermont Yankee Nuclear Power Plant Site inside the

ch is enclosed by a chain link fence. It is




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-sgite properties, the general movement of groundwater
toward the river and away from adjacent land areas, and the very low levels of
radioactive waterials 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 Impact

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 plote will also be procedurally controlled to
insure doses are maintained within the stated limits. There limits are based
on NRC Nuclear Reactor Regulation (NRR) staff proposed guidaace (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 muterial, 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 identifled. These
include:

(a) Standing on contaminated ground,

(b) Inhalation of resuspended radioactivity,

1-14
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Ingestion leafy vegetables,

Ingeetion stored vegetables,

Ingestion of meat, and

(g) Ingestion of milk.

The liquid pathway wae 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) 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 monthes. (Expected practice

is to pump septic tanks once per year.)

The tank radioactivity remains cons mnt 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 solide per batch)

are as follows:




Upper~Bound Activity Upper-Bound Activity

Isotope Concentration [pCi/kg dryl Content [Ci/tankful)
Mn-54 1,348 9.4 36E-C7
Co~60 23,060 1.614E-05
Zn-65 1,620 1.134E~06
322 2.254E-07
4,100 2.870E~-06

The radiation source corresponds to the accumulation of

radiocactive material on a single plot (two-acre) within the

proposed disposal sites ove - a period of 20 years (40 applications

at 6-month intervals). (In actuality, the proposed sites will
accommodate more than one disposal plet, 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 radiocactive
material remains on the surface and forms 2 source of unshielded

(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 radiocactive 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 jis dispersed directly on crops for human
or animal consumption, rrop contamination being only through root

uptake.

The deposition on crops of resuspended radiocactivity 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
cropse 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 algo for the inadvertent intruder).

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

contamination.

From 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-monih intervals) on a single two-acre plot are as follows:

Control of Disposal Sites Radiation Exposure Individual /Organ

Controlled by VYNPS 0 mrem/y: Child/Whole Body
(Maximum Exposed Individual) ).2 mrem/yr Maximum Child/Liver

Uncontrolled 1.3 meem/yr Adult/Whole Body
(Inadvertent Incruder) 3.9 mrem/yr Maximum Teenager/Lung




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
below:

listed

Pathway-Dependent Critical Organ Doges

Inadvertent Intruder
Critical Individual/Organ

Maximally Exposed
Individual/Organ

Pathway

(Child/Liver)
(mrem/year)

Ground Irradiation
Inhalation

Stored Vegetables
Leafy Vegetable
Milk Ingestion
Meat Ingestion

TOTAI

In addition, an

listed above is shown in the

Isotopic

Description
During Vermont Yankee
contrcl of the
disposal sites.
Maximally Exposed
Individual /Organ:
Child/Liver

After Vermont Yankee
control of sites is
relinquished.
Inadvertent Intruder
Critical Individual/
Organ: Teenager/Lung

following

0.0576
0.00122
0.0913
0.00467
0.0421
Q (] OU:’ [.:—J

0.1994

isotopic breakdown of

isot pe

Mn- .L‘LA
Co~-60
Zn-65
Cs-134
Ce-137

TOTAI

Mn-54
Co~-6(
Zn-6°¢
Ce~134

Ce-137

TOTAL

table:

the critical

Radioactivity
[uCi/2 Acres]

2.831
235.3

2.801

1.457

92.59

2.831
3

.801
457
92.59

(Teenager/Lung)
—Anran/year)

1.16
2.74
0.00601
0.00040
0.00229
0.00012

3.909

organ dose results

Breakdown of Maximum Radiation ExXposures

Exposure
[mrem/yr]

0.000436
0.0559
0.0230
0231
0.118
0.199
0.0144
3.76
0.00983

0.000505
0.1247

3.91




0f interest are also derived dose conversion factors which provide a

meane of ensuring septage disposal operations within the prescribed

radiological guidelines. The critical-organ (worst-case) all-pathway values

per acre are as follows:

All-Pathway Critical-Organ Dose Conversiou . .tore
During Vermont Yankee Control of Disposal Sites

Exposure
lsotope Individual/Organ =
Mn-54 Adult/GE-LLI 3.74E-4
Co-60 Teenager/Lung 7.14E~4
Zn-65 Child/Liver 1.64E-2
Ce-134 Child/Liver 3.18E-3
Cs~-137 Child/Bone 2.66E-3

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

concentration of vaste 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.

1-19
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ATTACHMENT 2

VERMONT YANKEE NUCLEAR POWER PLANT

Radiological Assessment of
On-Site Disposal of Septic Waste
and
Proposed Procedural Controls to Ensure
Compliance With Radiological Limits

INTRODUCTION

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

1

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
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

6680FK




classifie. #+ a radiation worker) from the probable pathways of

exposure to the disposed material should be less than ] mrem/yr.

Doses to the total body and any body organ of an inadvertent
intruder, from the probable pathways of exposure, should be lese

than 5 mrem/vr.

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 va 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 thir 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 (Referenc: (6),
Page 4-1). This guideline is approximately equivaleat to the MPC limits
specified in 10CFR20, Appendix B, Table 11, Column 2, for the release of
radioactive material to unrectricted areas, and to also pe approximately 50
times higher than the activities measured in the Vermont Yankee septic waste

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 w~r i With respect to the
measured septage radioackivity, spectrcscopic 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 cr fission products,

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

¢tivity Concentration

Isotope 1 Sigma [pCi/kg dryl

Mn 54 1,126 74
Co-60 22,400 + 220
Zn~-65 1,200 + 140
Cas~-134 166 + 52
Cs-137 3,824 92




2.0 SOURCE 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 siudge at the bottom is
well below the design capacity of the tank. During the 1988 sample
collections, it was estimated that the sludge thicknese 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 snuth systems tank. Also, from laboratory analysees 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
weiglit of solids (wsol) being disposed of is estimated for purposes of

bourding dose analyses to be approximately:

wel . 14,950 gal x 3,785.4 cc/gal x 1073 kg/cc
x 0.30 solids fra-tion 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 producte were found in the liquid pertion 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 z1 Sigma (pCi/kg Dry)

74

220

Mn-547 1126 #
Co~60 22400 +
Zn-65 1200 + 140
Ce~134 166 4+ 52
Ce-137 382L + 92
To account for the uncertainty &ssociated 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 radiocactivity content per combined tankful of botl south and main septic

tanks) (at approximately 700 kg of solids per batch, from Section 2.1 of this

calculetion) are as follows:

Upper-Bound Activity Upper-Bound Activity
Igotope Concentration (pCi/kg dry) Content (Ci/Batch)
Mn -5 1,348 ) . 436E-07
Co-60 23,060 +614E~05
Zn~65 1,620 1. 134E-06
Cs-134 322 2 . 2541 7

Cs-137 4,100 ) .B70E-06

2.3 Limiting Concentration 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 eqguivalent to the
MPC limits specified in 10CFR20, Appendix B, Table 11, Column 2, for the

release of radioactive material to unrestricted areas.

For the major radionuclides identiiied in the Vermont Yankee septic

waste, the individual MPC limits are a2s follows:




Maximum Permissible Concentrations in Water

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
Ce- 134 9.0E-6 4.0E-5
Cs~137 2.0E~5 4.0E-5

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

above indivigual limits, the following condition must also be met:

L (C,/MPC,) )
((1/"1? i £1.4

where: (j is the measured concentration fnr Isotope i, and the summation ie

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 radioactivity 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:

pper-Bound Activity Upper~Bound Activity
Isotope ontent (Ci/tankful) Concentration (uCi/ml) MPC Ratio
Mn-54 9.44E-07 2.67E-08 .6 7E-04
Co-60 1.61E-05 S7E-07 .52E-02
Zn--65 1.13E-06 3.21E-08 .60E-04
Cs~-134 2.25E-07 6.38E-09 . 59E-04
Ce-137 2.87E~-0Q€ 8.13E-08 2.03E-03

TOTAL 2.13E-05 6.03E-07 1.78E-02




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 timec
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.

Disposal Sites

There are two sites on Vermont Yankee gsite property which are currently

designated for on-gite septic w, le disposal, as follows:

& 8-acre site approximately 2,200 feet northwest of

Building.

approximately 1,700 feet south of

Both sites are within the t's site boundary and surrounded by a chain link

1

control of Vermont Yankee for all access.

fence, and under direct

Radicactivity at Disposal Plot After 20 Years

It is clear that, due to the longevity of the two primary isotopes
identified in the sludge (Co-60 and Cs-137), the amount of radioactivity 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 thie 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




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 ie the amount of radioactivity per batch for a

given isotope, then the total accumulated radioactivity Qe at

plot after 40 applications is given by:

2
Qe = Qo (1 +E+E +E

where: E

and

AA

3

=q, (1- 2%)0 - B)

L]

exp(-AAt)

is the decay corstant for the selected isotope (1/year)

- E“ & aden ¥

39

time interval between applications = 0.5 year

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

Isotope

Mn-54
Co=-60
n-65
Ce-134
Cs-137

2.6 Lland-Spreading. Resuspension and Occupancy Factors

Half Life

312.2 4
5.272 y
243.8 d
2.065 y
30.17 y

(1/yx)

0.8109
0.1315
1.038
0.3357
0.02297

Q

0

(Ci/batch)

9.436E~7
1.614E~5
1.134E-6
2.254E~7
2.870E-6

QeLQo

3.000
14.58
2.470
6.464
32.26

the disposal

(2.1)
(2.2)

(2.3)

Qe
(i)

2.831E-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 impac*.

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

disposal applications will be equal to:
SRR (Ci)/(N (acres) x 4046.9 (m2/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 is:
(D/Q) = 1/(N (acres) x 4046.9 (mzlacre))
= 2.471E-O4/N (m™%) (2.5) ‘

Following the application of septage on the disposal plot, some of the
radicactivity 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 airborne concentration Ae

(Ci/ma) 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/gracsland 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
soil 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 ascumed
to take place; all dispersed radicactive material will be assumed
to remain on the surface and to form a source of unshielded

radiation.

6680R
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(h) For the analysis of the impact after Vermont Yankee control of the
gites is assumed to be relinquished, the radioactive material will
be assumed to be plowed under and to form a uniform mix with the
top 6 inches of so0il (to account for the shielding provided by the

so0il), but, nonetheless, to undergo resuspension at the same rate

as surface contamination.

Analysis of preliminary results, bassed on the measured radiocactivity
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

i ize, 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 pathwaye 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 relinquished):

(a) Standing on contaminated ground.

(b) Inhalation of resuspended radiocactivity.
(¢) Ingestion of leafy vegetables.

(d) Ingestion of stored vegetables.

(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

jetailed analysis. It should be noted that current agricultural activities

permitted on the designated disj . sites are limited to the growing of feed

crops (hay) for dairy animale. 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
of the Vermont Yankee Nuclear Power Station are shown in the tables

follow. These are the same factors as used in the plant's ODCM
assessment of the off-gite radiological impact due to routine releases from

the plant, with the following exceptions:

(a) The s0il exposure time for spreading of the radioactivity content
of the septage to cove each period of measured deposition was
chunged from a standard 15 years (given in Regulatory Guide 1.109)

to 1 year.

raction of stored vegetables grown on the contaminated land

onservatively increased from 0.7¢ b 1.0,

The crop exposure time was changed from 2160 hours to 0 hours tc

1

reflect the condition that no radioactive material will be

£

dispersed directly on crope for human or animal consumption, the
deposition on crops of resuspended radioactivity being
insignificantly small; that is, crop contamination is onl, througb

root uptake.




USAGE FACTORS

Vegetables Leafy Veg. Milk Meat Inhq}ation
Individual Akglyr) Akglyr) (/yr) (kglyx) R w3
Adult 520 64 310 110 8,000
Teen 630 42 4n0 65 8,000
Child 520 26 330 47 3,700
Infant e - 330 ——— 1,400
VEGETABLE PATHWAY
Stored Vegetables Leafy Vegetables
Agricultural productivity (kg/mz) 2.0 2.00
Soil surface density (kg/m?) 240.0 240.0
Transport time to user (hourse), 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 1.9
COW-MILK PATHWAY

Pasture Feed Stored Feed
Agricultural productivity (kg/m‘) .7 2.0
Soil surface densgity (kg/m ) 240.0 240.0
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
Aninals daily feed (kg/day) 50.0 50.0
Fraction of year on pasture .3
Fraction pasture when on pasture 1.0

MEAT PATHWAY

Pasture Feed Stored Feed
Agricultural productivity gkg/mz) o7 2.0
Soil surface density (kg/m¢) 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
Holdup after harvest (hours) .0 2,160.0
Animals daily feed (kg/day) 50.0 50.0
Fraction of year on pasture %]
Fraction pasture when on pasture 1.0

6680R
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2.8 Liquid Pathways

There are three potential routes through which septic waste

radioa:civity may enter into the liquid pathway, as follows:

(a) Surface water runoff.

(b) Ground water pathway.

(c) 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 radiocactivity 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 frum the field to the river. Should this transport time (which is
element dependent) be large in comparisou 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 radiocactivity 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
lsotope Half Life 1/yx) (Ground Water Path) Entering River

Mn-54 312,43 0.8109 3.35 6.61E-02

Co~-60 272 0.1315 961. 0.0

Zn-65 243, 1.038 3.35 3.09E-02

Ce~134 2.065 y 0.3357 193. 0.0

Ce-137 30.17 y 0.02297 193. 1.19E-02
Thus, only small fracticic of Mn-54, Zn-65, and Cs-137 may make .t to

the river via the ground-water pathway; and, since the initial activities of

these isotopes are relatively ingignificant, it is clear that the ground-water

pathway is not a credible ome.

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 radiocactive
material is expected to first mix with part of the water in Vernon Pond «... 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). Ffince 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 waste mixes 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 minutes if the
river flow is 1,200 cfe, 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) MPC Ratio

Mn-54 9.44E-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-Q6 1.22E=10 3.13E-00

TOTAI 2,13E-05 9.27E-10 2.74E-05
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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.
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RADIOLOGICAL ASSESSMENT

The radiological

impact associated with the on-site disposal of
radioactive septage at Vermont Yankee was carried out using t.ue 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 radioactivity on soil due to land spreading
of septic waste. In particular, special consideration was given to the

following:

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.

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,

lculated in Section 2.5.

aF a

The definition of an effective atmospheric dispersion factor

represent the resuspended radioactivity.

(d) The proper representation of partial occupancy factors.

These are discussed in Sections 3.1 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 Resgult of Plowing the Radiocactive Material into the
Soil

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




assumption that the radioactive material will be plowed to form a uniform mix
with the top 6 inches of soil. 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 f the ALLEGRA and DIDOS-V
computer codes (References 4 and 5). The ALLEGFA code was used to define the
gamma spectrum (in MeV/sec) cssociated 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 velume 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 50 m and a height of
0.15 m, with the receptor located along the axis, 1 m above the

gource.

In the latter case, the source density was set equal to 1.6 g/cc; 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 the
unplowed land. The source intensity (in MeV/sec-m3. as required for input
into DIDOS-V) was computed by distributing the radioactive material over a
2-acre surfa~e, and wi*hin 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

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

Dose to air from the disk source = 1.085E-06 raad’hr
Dose to air from cylinder source = 2,629E-07 rad/ir
Overall soil shielding factor = 2.629E-07/1.085E~06 = 0,243



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 E.3.6), where the source term wae the game 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 1.10%). It is seen that ATMODOS underestimates the dose by a factor of
2, approximately; the reason for this is the glightly ovtdated set of dose
convergion factore in the guide, as can be verified by inspecting the data in

WASH-1400, for instance.
Data Manipulation for Use with ATMODOS
Radioactivity Release Rate

There are two parameters in the input to ATMODOS which affect the
buildup of radiocactivity at an off-site location, namely, the activity release
rate and the accumulation period. To simulate this process, and to alsc
account f the effect of the 40 applications described earlier, the
accumulation period was set equal to I year, and the release rate was selected

ch that, at the end of one year, the total accumulated radioactivity

isposal pl would be equal to the Q( values given in Section 2.5.

activity release rate (Ci/yr) which is
ar input to ATMODOS, then the relationship between this parameter and

1
10

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

time interval between applications = 1 yr.




Using the intormation given for Qe in Section 2.5, the desired values for

Qt are as follows:

Qe Qr Ratio of
Isotope Ci) (Cilyxr)* mr_x_l.nnl&e
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 Atmospheric Dispersion

What is of interest at thie point is to provide a means of calcvlating
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:
Ae = Qr (Ci/yr) x (X/Q) (sec/m3)/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 radiocactivity at the end
of one year is numerically equal to the annual release rate,

i.8. Qe = Qr x 1 year), the airborne concentration at the disposal plot
due to resuspension effects can be accommodated by the following atmospheric

dispersion factor:
(X/Q) = K (1/m) 3.1536E+7 (sec/yr)/(N (acres) x 4046.9 (mzlacre))

= 7,792.6 (K/N) (sec/m3) (3.4)
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1.0E-5 (1/m), and N = 2 acres, the last equation reduces to:

B i3
(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 !0 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
lsotope Qverestimation Factor

Mn-~54 1.460
Co-60 1.067
Zn-65 1.607
Ce~134 1.177
Ce-137 1.012

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

ATMODOS code, the partial occupancy situation was accommodated as

sure (o0 resuspended radiopactivity was handled by
mult ing 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/m

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
crope 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 lLand-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

foliows:

Control of Disposal Sites

Controlled by VYNPS
(Maximum Exposed Individual)

Uncontrolled
(Inadvertent Intruder)

Radiation Exposure Individual/Organ
0.1 mrem/yr Child/Whole Body
0.2 mrem/yr Maximum Child/Liver

1.3 mrem/yr Adult/Whole Body
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) e imren/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:

lsotopic Breakdown of Maximum Radiation Exposures

Radioactivity
Description Isotope (uCi/2 Acres) (mrem/yr)

During Vermont Yankee Mn-54 2.831 0.000436
control of the Co-60 2393 0.0559
disposal sites. Zn-65 2.801 0.0230
Maximally Exposed Cs~134 1.457 0.00231
Individual/Organ: Ce-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

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:
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All-Pathway Worst-Case Dose Conversion Factors
During Vermont Yankee Control of Disposal Sites

Exposure
Isotope Individual/Ozgan (mrem/yr-pCi)
Mn-54 Adult/GE-LLI
Co~60 Teenager/Lung
Zn-65 Child/Liver
Cs-134 Child/Liver
Ce~137 Child/Bone 1.33E-3

In all cases, the exposure pathways are direct shine from
shizlded/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 radice-tivity 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.

Briefly, the following basic assumptions were used in the calculational

analyses:

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 d-termined 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 accommo‘ate
more than one disposal plot, and, in practice, more than one plot

will most probably be used.)
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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 radioactive 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 disposeda 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 radiocactivity is

insignificantly 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 radiovactive 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.




(k) Exposure to the ground deposition and to resuspended radivactivity
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.

Total Accumulated Radicactivity on 2-Acre Plot
After 40 Disposal Applications

lsotope Curies

Mn 54 2.831E-06
Co 60 2.353E~-04
Zn 65 2.801E-06
Cs 134 1.457E-06
Cs 137 9.259E-05

Dose Delivered to Each Organ From all Radionuclides in the Mix

and From All Pathways Combined*
(Adult, Teenager, Child, and Infant)
(mrem/yr)
Bone Liver Kidney Lung GI-LLlI Thyreid Whole Body Skin
A 9.20E-02 1.13E-01 7.92E-02 B8.46E-02 9.66E-02 5.76E-02 9,.42E-02 6.78E~-02
T 1.13E-01 1.44E-01 9.08E-02 9.90E-02 9.65E-02 5.76E-02 9.41E-02 6.78E-02
C 1.86E-01 1.99E-01 1.10E-01 9.73E-02 B8.22E-02 5.76E-02 9.94E-02 6.78E-02
I 1.14E-01 1.3BE-01 B8B.36E-02 8.08E-02 7.59E-02 5.76E-02 7.19E-02 6.78E-02

*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
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Isotope-Specific Contributions to the Dose Delivered to Each Organ

Bone
Source:

2.13E-04
2.13E-04
2.13E-04
2.13E-04

Co-60,

5. 20E-02
+20E-02
. 20E~02

. 20E~02

Mn-54,

Liver
2.831

3.1BE-04
3.66E-04
4.36E-04
2.18E-04

2.353

5.37E-02
5.44E-02
5.55E~-02

5.22E-02

From a 1 Pathwayeg Combined*

(Adult, Teenager, Child, and Infant)
(mrem/yr)

Kidney
E-06 Ci

2.44E-04
2.59E-04
2.76E-04
2.14E~04

E-04 Ci

5.20E~02
5. 20E~02
5. 20E~02

5.20E-02

Lung

(2-acre plot)

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

(2-acre plot

7 .40E-02
8.41E-02
7.80E-02
6.86E~02

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

3.43E-03
L61E-03
. 72E-03

). 18E-03

.89E-04
7.92E-04
.50E-03

& 71&[ -4

52E~02
. 23E~01
.50E-02

*Each pathway inrludes

1.06E-02
1.57E~02

30E-02
2.08E-0:

1.09E-03
1.56E~

2.31E-03
1.25E-03

3

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

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

5. 06E-04
. S50E-04
«J4LE-0Q4

4.B9E-04

2 LOLE-04
2.2BE-04
2.11E-04

.BBE-~04

acre plot)

3.20E~04
. BQ[T."\MQ
4. 59E~0k

J) L; o !, 14

re plot)

.79E-03
. 39E-02
.83E-02
1.14E-02

CI-LLI

5.30E-04
. 25E-04
.00E-04
.15E-04

3.32E-02
. 30E-02
.16E-02
J26E-02

.72E-03
. 72E-03
.16E-03
. 76E-02

2.42E-04
45 I‘ZOE -4
2.3BE-04
2 .30E-0/

5.86E-03

6.00E-03

5.76E~03
5.24E-03

Thyroid

NN

. 20E-02
.20E-02
« 20E-02
.20E-02

A6E-D4
JA46E~04
LA46E-04
JA6E-04

27E-04
2.27E-04
2.27E-04
2.27E-04

.06E-03
.06E-03
5.06E-03
). 06E-03

Whole Body

«33E-04
ALLE-04
. 73E-04
«14E-04

+56E-02
.73E-02
« 24E-02
«25E-02

4.8B7E-03
7.38E-03
JALE-02
.69E~03

. 31E-04
LALE-04
H7E-04
. 30E-04

. 25E-02
2.83E-02
2.18E-02

. 20E~03

unshielded exposure to ground contaminatioa for

Skin

+S0E-04
«50E-04
«50E-04
.S50E-04

.68E-04
.68E-~04
.68E-04
.68BE-04

65E-04
65E-04
.65E-04
2.65E-04

5.90E-03
.90E-03
.90E-03
.90E-03

104 hours, with all radioactivity assumed to be on the surface of the ground;

exposure to resuspended radioactivity is also for a period of

6680R
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3.3.2 Radiological Impact After Termination of Active Control of the
Disposal Sites

The table which follows presents a summary of the ATMODOS resulte for
the radiological inpact 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.

Total Accumulated Radicactivity on 2-Acre Plot
After 40 Disposal Applications

lsotope Curies

25 Mn-54 2.831E-06
27 Co-60 2.353E-04
30 Zn-65 2.801E-06
55 Cs-134 1.457E-06
55 Cs-137 9.259E-05

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

(mrem/yr)

Bone Liver Kidney Lung GI-LLI Thyroid Whole Body Skin

.25E+00 1.29E+00 1.21E400 3.04E+00 1.29E+00 1.16E+00 1.25E+00 1.37E+00
.30E+400 1.35E+00 1.23E+00 3.91E+00 1.2BE+00 1.16E+400 1.24E+00 1.37E+00
LLOE400 1.41E+00 1.25E+00 3.39E+00 1.22E+00 1.16E+00 1.23E+00 1.37E+00
.28E+00 1.32E+00 1.21E+00 2.58E+00 1.19E+00 1.16E+00 1.19E+00 1.37E+00

-0 >
el

*Each pathway includes continuous exposure to ground contamination (uniformly
distributed within a 6~inch layer of soil)
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3.3.3 lsotopic 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
dispoeal sites. The source terms were defined using the adjustment ratio
(Qr x 1 yr)/Qe given in Section 3.2.1 to obtain an accumulated
radiocactivity of 1 uCi for each isotope of inlerest at the end of one year.
These conversion factors form part of one of the procedural controle described
in Section 4 for ensuring that the disposed contaminated septage does not lead

to radiation exposures in excess of the specified limits.
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For all Pathways Combined*
(Adult, Teenager, Child. and Infant)
(mrem/yr-uCi)

Bone  Liver  Kidney  lung  GI-LLI Thyroid |Whole Body  Skin

Source: Mn~54

A 7.5E-05 1.12E~04 B8.63E-05 1.05E-04 1.87E-04 7.54E-05 8.24E~-05 8.B4E-05
T 7.54E-05 1.29E-04 9.15E-05 1.18BE-04 1.85E-04 7.54E-05 8.61E-05 B.BLE-05
C 7.54E<05 1.54E-04 9.74E-05 1.09E-04 1.41E-04 7.54E-05 9.63E~05 8.8B4E-05
1 7.54E-05 7.71E-05 7.5BE-05 9.6BE-05 7.60E-05 7.54E-05 7 .5BE-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-04 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
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
1 2.21E-04 2.22E-04 2.21E-04 2.92E-04 2.24E-04 2.21E-04 2.23E-04 2.60E-04
Source: Zn-65

A 1.22E-03 3.78E-03 2.55E-03 7.24E-05 2.40E-03 5.20E-05 1.74E-03 5.98E~05
T 1.65E-03 5.59E-03 3.60E-03 8.12E~05 2.40E-03 5.20E-05 2.64LE-03 5.98E-05
¢ 3.11E-03 #.21E-03 5.19E-03 7.55E-05 1.48E-03 5.20E-05 5.12E-03 5.98E-05
1 2.21E-03 7.44E-03 3.63E-03 6.72E-05 6.29E-03 5.20E-05 3.46E-0G3 5.98E-05
Source: Cs-134

A 4L.OLE-04 7.46E-04 3.47E-04 2.19E-04 1.66E-04 1.56E-04 6.39E~04 1.82E-04
T 5.44E-04 1.07E-03 4.46E-04 2.67E~04 1.67E~04 1.56E-04 5.79E~-04 1.82E-04
¢ 1.03E-03 1.59E-03 6.00E-04 3.15E-04 1.64LE-04 1.56E-04 4,58E-04 1.82E-04
1 5.31E-04 B.55E-04 3.36E-04 2.30E-04 1.5BE~04 1.56E-04 2.26E-04 1.82E-04
Source: Cs~137

A 3.86E-04 5.07E~04 2.09E-04 1.06E-D4 6.33E-05 5.46E-05 3.52E-04 6.37E-05
T 5.97E-04 7.75E-04 3.00E-04 1.50E-04 6.48E-05 5.46E-05 3.06E~-04 6.37E-05
C 1.33E-03 1.28E-03 &4.53E~04 1.98E~-04 6.23E-05 5.46E-05 2.35E-04 6.37E-05
1 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,
with all radioactivity assumed to be on the surface of the ground; exposure to
resuspended radioactivity is also for a period of 104 hours.
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RECOMMENDED PROCEDURAL CONTROLS TO ENSURE COMPLIANCE WITH RADIOLOCICAL
ALIMITS

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 limites are not violated.

This section presents a list of proposed controls to this effect.

Total Radioactivity 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 e ensuing buildup and decay of radinaciivity on each

disposal plot. The basic equation to be employed is ws lollows:

mlated radioactivity at the selected 2-acre

lot after the current disposal (uCi).

vity added to the lot as a result of the

radiocactivity accumulated at the selected disposal plot

prior to the current disposal (uCi), as determined at the

time of the previous disposal.

radioactive decay ccnstant (1/year).

time lapse since the previous disposal on the same

disposal plot (years).
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ew : : :
Q? can be calculated using the followinz equation:

~NEew
Q g

: = 14,950 gallons x 3,785.4 cc/gallon x 1.0E-3 kg/cc

t

Fe (solids fraction) x C:e (pCi/kg wet)

1.0B-6 (uCi/pCi)

. wel
0566 Fe Cjc

C:et is the measured or estimated radionuclide concentration in

the septic waste on a wet basis, and Feg is the fraction of solids in
the septage per tankful. Fs was conservatively set equal o 0.3 in
this calculation. 14,950 gallons equals the volume of both the main

septic tank and the south disposal system collection tank.
Qpcrational Limits

The disposal operating procedures to be establisbed 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 tor nn-eite disposal and wuuld have to be processed
accordingly; this situatiun, however, is not likely to occur. On the other
hand, approaching the exposure guideline is a possibility; but thie can be
easily accommodated by switcuing %o a different plot within the disposal

sites. The subsections whicn follow present pertinent information recommended

i
i
i
i
b
i
i
%
i
i
¥
i

for inclusion iu the operating procedures.

4.2.1 Maximum Activity Concentrations

In line with the discussion presented in Section 2.3 of thie
calculation, the radionuclide concentrations in the septic waste must not
exceed the following limite:

(a) One tenth of the MPC walues listed in 10 CFR 20, Appendix B,

Column 2.
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(b) An overall MPC ratio of less than or equal toe 0.1.

For the major radionuclides identified in the Vermont Yankee septic

waste, the individual MPC limits are as follows:

Maximum Permissible Concentrations in Water
(10CFR20, Appendix B, Table 1I)

Soluble Insoluble
Isotope (uCi/ml) (uCi/ml)

Mn 1.0E-4 . OE~
Co 5.0E-5 +OE-
Zn 6© 1.0E-4 LOE-
Cs 1: 9.0E~€ 4, 0E-5
Cs 13 2.0E-5 4.0E-5

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

% {C./8PC.) 20.1
i i

is the measured concentration for Isotope i, and the summation is

4

over all radionuclides in the mix.

From tne 1988 spectroscopic analysis of septic waste samples, all
radioactivity is expected to be in insoluble fo.m, 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.

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 identifiel as a member of the general

public or a wor .r who is not claesified as a radiation worker.
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Siace 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-gite peptic waste disposal program, only the specified exposure guideline

for the maximally exposed individual would be in effect.

To ensure proper operation of the on-site disposal program, a set of

checkpoints was prepared as guidance. The action levels were based on the

following resuits from Section 3:

Igotopic Breakdown of Maximum Radiation Exposures

Radioactivity Exposure
Description Isotope (uCi/2 Acres) {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 Ce~134 1.457 0.00231
Individual /Organ: Cs~137 92.59 0.118

. ' a4
Child/Liver

After Vermont Yankee $ . 831 0.0144

control of gites is 3 3.7¢

relinquished. 0.00983

inadvertent Intruder ' 0.000505

Critical Individual/ 0.1247

Organ: Teenager/lLung

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 BO% of the 5 mrem/year limit. Thus, to ensure
that both guidelines are met at all times, it ig 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 nil;
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.
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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)

(b)

Action Level 1 - Cross Radicactivity Limit

The up-to-date total radiocactivity dispersed per disposal plot

(Qti.ot

1f the condition:

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

Q%ot (Q:im

1

is met for each isotope, where Q}im 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
Radivactivity Allowed

Pf{mAcre
lsotope BRDUNIR, Poctoallt  + § EVENIWER
Mn-54 1.4
Co~-60 120.0
Zn-65 1.4
Ms~-134 0.7
Cs-137 46.5

Action level 2 - Radiation Exposure

If Action Level 1 faile, determine the potential radiation
exposure using the equation:
tot

Dose (mrem/yr) = L Qi DCFi

Where: Q§°t is the up-to~date total radioactivity dispersed

per disposal plot calculated for each isotope using
Equation (4.1), DCFi ie 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:




lsotope Individual/Organ (mrem/year-uCi/acre)

Mn-54 Adult/GI-LLI 3.74E-04
Co-60 Teenager/Lung 7. 14E-D4
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 patiways, 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).

1f the calculated dose is in excess of 0.2 (mrem/yr), - different

disposal plot would have to be selected.

2-34
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Custo S Alermont Yankee Nuclear Power Corp. Report Date: 06/09/88
AttWém‘“ &5IAELABNE KEEGAN d Analyeis Date: 6 /B /BB
MR. EDWARD CUMMING pate Received: € /8 /B8
Reference Date: & /& /&8
MR, STEPHEN SKIBNIOWEKY
8ludge
sample Amount: 1.01 Kg. Lab Sample No.: G72970
Sample Submiseion Code: VSL 02 2308
Elapsed Time : 0.65 days Other Analysis Reguested: None
Comment: COB TANK BOTTOM
DECAY ACTIVITY
NUCLIDE CONC. #+= 1 BIGMA MDC
CORRECTION { Pico Curie / Kilogram . WET )
Kp-236 B.24E-01 (=15 4= 11 ) EO 35 E 0O
Co=57 $.98BE~01 ( 5 - 94 ) E-2 310 E-2
Ce~144 9.98BE~01 (=9 - 73 ) E-1 240 F=1
Ce-141 9.86E-01 ‘{ 26 4~ 17 ) E~i 85 E~1
Mo=-99 8.49E~01 ( 11 4~ 20 ) E O 65 E ©
se-75 9.96E~01 (=6 +~ 15 ) E~1 49 E~1
cr=8i 9.84E-01 ( 41 «- 93 ) E-1 310 E-)
- L § 6 | 9.45E-01 (=18 #- 11 ) E-1 37 E-1
Be-7 9.92E~01 ( 102 +=- 94 ) E~1 310 B-)
Twu-103 9.89E-01 (=11 +- 12 ) E-1 38 E~1
I ~133 5.95E~01 { 22 #» 37 ) E-} 58 E-1
Ba-140 9.65E-01 (=175 +- 68 ) E-1 230 E-1
Ce=124 9.92E~01 { 16 «~- 16 ) E-i 53 k-1
Ru~106 9.99E-D1 ( 4 - 13 ) EO 43 E O
¢+ Ce-1237 1.00E 00 ( 103 +- 18 ) E-1 54 E-1
Ag~110M 9.98E-01 (=2 4= 19 ) E~1 6s E-)
2r-95 9.93E~01 (=19 4= 2¢ ) E-] 79 E-1
Co-58 9.94E-01 (7 - 13 ) E~1 42 E-1
Mn-54 9.99E~01 (=7 +- 14 ) E-1 $0 E-1
%4+ AcTh228 1.00E 00 ( 287 4+~ 68 ) E-1 230 E-1
Tel~132 8.70F~-01 ( 117 +- §9 ) E-1 330 E-1
Fe-59 9.90E~01 (=33 +- 27 ) E-1 91 E-1
Zn-65 9.98E~D1 ( 89 4~ 36 ) E-1 120 E-1
44 Co~60 1.00E 00 ( 454 4~ 31 ) E-1 82 E-1
&4 K =40 1.00E 00 ( 87 - 23 ) EO 7 E O
Sb-124 $.92E-01 (=31 ¢~ 31 ) E-1 100 E-1
Notes!
* Aotivity grester than 3+standerd daviation

Approved by

"D E b s

D.z.Mccurdy.]
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NUCLIDE

Ag~-110M
2r-95%
Co-58
Mn~54
AcTh228
Tel~132
Fe-59
Zn-65
Co=60

X =40
8b~-124

Notes:

Sample Amount: 1.02 Kg.

0.63 days

DECAY
CORRECTION

B.29E-01
9.9BC-01
9.98E~01
9.87E-01
8.54E~01
9.96E~-01
9.84E~01
9.47E~01
9.92E-01
9.89E-01
€.05E~-01
9.66E~01
9.99E~01
9.99E~01
1.00E 00
9.98E~01
9.93E~01
9.94E-C1
9.89E~01
1.00E 0O
8.73E-01
9.90E-01
9.98E-01
1.00E 00
1.00E 00
9.93E~01
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Initial Analysie Report

YANKEE ATOMIC ELECTRIC COMPANY
ENVIRONMENTAL LABORATORY

Analyeis Date:
Date Received:

Report

Reference

SIGMA
Curie / Kilogram-wer )
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Lab Sample No.'
gample Submission Code: VSL 03 2388
Other Analysis Requested:

Date: 06/09/88

6 /8 /B8
6 /8 /B8

Date: € /8 /88
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YANKEE ATOMIC ELECTRIC COMPANY
MAILED ENVIRONMENTAL LABORATORY

Initiel Analysis Report

:‘J‘.; OC 3 - -

cuetomery tiVermont Yankee Nuclear Power Corp. Report Date: 06/08/8E
httancadnst.MEN- TLAINE KEEGAN Analyeis Date: € /8 /B8
MR. EDWARD CUMMING pate Neceived: 6 /B /88

MR. STEPHEN §KIBNIOWSKY Reference Date: 6 /¢ /EE

Sludge
Sarple Amount: 0.99 Kg. Lab Sample No.: G72972
Sample Submiesic, Tode: VSL 04 2388
Elapsed Time : 0.59 days Other Analyeis Reguested: None
Comment FhiN TANK BOTTOM
DECAY ACTIVITY
NUCLIDE / CONC. +~ 1 BIGMA MDC
CORRECTION [ Pico Curie / Kilogram.wir )
Kp=239 8.40E-01 (2 +4-212 ) EO 70 E O
Co=57 9.98E-01 (=10 4=~ 19 ) E~1 62 E-1
Ce-144 9.99E-01 ( 31 - 14 ) EO 45 E O
Ce~-141 9.87E~-01 (=12 4~ 32 ) E-1 110 E-1
Mo=-99 8.63E~01 { 20 4~ 38 ) E ¢ 120E ¢
Se-75 9.97E~-01 { 34 4= 29 ) B~ 97 BE-1
Cr-51 9.85E-01 (=25 #~ 18 ) E © 61 £EO
I -131 9.50E~01 (3 =23 ) E-2 78 E-1
Be~7 9,.92E-01 (=20 =~ 19 ) E O 65 E O
Ru=103 9.90E-01 (=10 4+~ 24 ) E-1 81 E-1
I =133 6.26E-01 (=25 += 37 ) E-1 120 E-1
Ba=140 S.68E-01 (=23 +- 11 ) EO 37 E 0
*4+ Ce~134 9.99E~01 { 130 ¢+~ 22 ) E-) 48 E~1
Ru-106 9.99E~01 (-1 4+~ 28 ) E O $3 E O
*+ C8-137 1.00E 00 ( 1207 +~ 52 ) E-2 130 E-)
Ag~110M . 9.9BE-01 (=8 += 53 ) E-1 180 E-1
2r-9% 9.94E-01 (=77 4~ 59 ) E-1 200 -1
Co-58 9.94E~01 (=11 4+~ 34 ) E-1 110 E~1
*4+ Mn-54 9,99%E~01 ( 393 += 43 ) E-1 120 E~1
*+ AcTh228 1.00E 00 ( 39 - 21 ) E O 32 EO0
Tel~132 8.81E-~01 (=7 «=- 2% ) E O 98 E O
Fe-5% $.91E~-01 ( 68 4= 73 ) E-1 240 E-1
*4+ In-65 9.98E~01 ( 827 4+~ 82 ) E~1 220 E~1
*+ Co~860 1.00E 00 ( 653 4= 12 ) EO iI4 EO
*4+ K =40 1.00E 00 { 323 - 35 ) E O 110 E ©
gb~124 9.93E~01 (=12 4~ 38 ) E-1 120 E~1
Notes:
+  Activity grester than 3+standard deviation
+ Peak is found h; oroved by
ol
e Quited earsslgms vacertainey tome do q:c veprevent the rn::s:::‘:: E.E‘_}};\--_‘:-' .....
AL T “EATIL, A2 en hehebnet psvaibe oo vdeben snesraint e D.E.McCurdy.

sre the ealivration cutve, = 3 prreent, soeple pesitionlng (esurne to detentnr),
21 pareent, sample nenhemogenelty s 10 perannt. end sanple self-absorption,
310 pereont.




¥ YANKEE ATOMIC ELECTRIC COMPANY
“ﬂ/\\i_til) ENVIRONMENTAL LABOPATORY

«nitial Analysis Report

- —— -

.
L

Customer :/chmon&.Yanlee Nuclear Power Corp. Repcrt Date: 06/20/88
Attantion:tMSINELATNE KEEGAN Analysis Date: 6 /15/88
MR. EDWARD CUMMING Date Received: o /14/88

MR. STEPHEN SK7BNIUWSKY Reference Date: v /& /B8

Septic-Solid

Sample Amount: 0.06 Kg. Lab Sample Ko.: G73075
Sample Submission Code: VSLs04 2388
Elapsed Time : 7.57 days Other Analysis Reguested: None
Station No.: 04 Main Tank Bottom
DECAY ACTIXVITY
NUCLIDE CONC. +- 1 SIGMA MDC
CORRECTION ( Pico Curie / Kilogra )
Np-239 1.07E~-01 { 55 - 285 ) B 2 85 E 2
Co~57 9.81E-01 (=9 +- 30 ) E O 99 E 0
Ce-144 9.82E~-01 (3 22 ) EA] "4 E 1
Ce-141 8.51E-01 ( 137 +- 60 ) E O 190 E ©
Mo-99 1.51E-01 (=60 +- 29 ) E 2 97 E 2
Se~75 9.57E-01 ( 85 +- 851 ) E O 170 E ©
Cr-51 8.27E-01 ( 14 «+- 36 ) E 1 120 E 2
1 -131 5.21E-01 (=6 = 74 ) E O 250 E 0
Be~7 9.06E-01 { 22 = 38 ) B 1 1% £ 3
Ru-103 8.75E-01 (=2 +- 46 ) E O 150 E 0
XX =333 2.49E-03 o o o -
Ba-140 6.64E-01 (-86 +- 40 ) E 0O 130 E ©
%4 Cs-134 9.93E-01 ( 166 +- 52 ) E 0O 150 E 0
Ru~10¢ $.86E-01 ( 12 +- 49 ) E 1 160 E 1
*+ Cs-137 1.00E 00 ( 3824 +- 92 ) E O 200 E ©
Ag-110M 9.79E-01 ( 76 +- 96 ) E 0O 320 E O
Zr-95 9.22E-01 (=2 #=- 11 ) E 1 36 E )
Co-58 9.29E-01 ( 12 - 60 ) E O 200 E ©
*4+ Mn-54 9.83E-01 { 1126 #~- 74 ) E © 200 E ©
*4+ AcTrh228 1.00E 00 { 76 «= 17 ) E 3 49 E 1
Tel-132 1.99E-01 (-14 - 22 ) E 2 7S E 2
Fe~59 8.90E~-01 { 7 «=- 24 ) E 1] 48 E 1
*+ 2Zn-65 9.79E-01 ( 120 +- 14 ) E 2 40 E 1
*+ Co-60 ¢ V7E-D) ( 2240 #~ 22 ) £ 1 23 12
*+ K =40 1.00E 00 ( 472 +- 53 ) E 1 160 E 1
Sb-124 9.17E-01 ( 69 +- 61 ) E O 200 E O
Notes .
* Activity greater than 3+standard deviation
4 Peak is found Approved by

X Decay correction less than .01

The quoted one-signe term include only counting statietice and do not Teprasest D-E-HCCU[’dY k

the propegetion of oll possible ervere evsocioted with the redivective decay

procesa. Entimetes of the sdditions
coalibration eurve, ¢ 3 pereent, somy
hemogensity, * 10 percent, and samp)

| systematic and rondos wncertai-tios are?
te positioning, * ¥ percant, cunp le mon -
¢ sall-absurption, * i0 percent.




YANKEE ATOMIC ELECTRIC COMPANY

: )
MIALLE L ENVIRONMENTAL LABORATORY
550 A8 - Initial Analysis Report
custo ggﬁghyéfhougpunnkcﬂ Nuclear Power Corp Report Date: 06/20/88
Attention: MS. ELAINE KEEGAN Analysis Date: 6 /15/88
MR. EDWARD CUMMING Date Received: 6 /14/88

Reference Date: 6 /8 /BB
MR. STEPHEN SKIBNIOWSKY

Septic-Liguid 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 [ pPico Curie / Kilograr ]
Np=239 1.07E-01 ( 142 +- 88 ) E O 290 E O
Co~-57 9.B81E-01 (-16 +~ 99 ) E~2 330 E-2
Ce-144 9.82E-01 ( 60 = 73 ) E=1 240 E-1
Ce-141 8.51E~-01 (35 =~ 319 ) B=) 63 E-1
Mo~-99 1.51E~0] (-123 +- 94 ) E O 310 E O
Se-75 9.57E-01 (=6 +- 15 ) E~1 $0 E~1
Cr=851 8.27E-0) ( 3. %> 20 ) %D 36 E O
i =131 $.21E~0] (-6 +- 20 ) E~-1 67 E-1
Be~7 9.06E-01 ( 37 +- 98 ) E-1 3320 E~-1
Ru-103 8.75E-01 (=5 +=- 13 ) E-1 44 E-1
xI =133 2.48E~03 et -
Ba-140 6.64E-01 (=23 +- 23 ) E-1 77 E-1
Cs=-134 9.93E-01 (=9 +-= 15 ) E~-1 49 E-1
Ru-106 9.86E-01 (1% 22 ) EO 4. E O
Cs~137 1.00E 00 ( 21 +- 14 ) E-2 « 1 E=~1
Ag-110M 9.7%E~-01 (~20 4~ 18 ) E~1 3 B~
2r-95 9.22E-01 ( 29 +- 23 ) E-1 3 B=1
Co-58 9.29E-01 ( 20 - 13 ) E-2 3 &=l
Mn-54 9.83E-D1 (3 +- 13 ) E=2 42 E-1
AcTh228 1.00E 00 ( 28 +~- 61 ) E-] 240 E~1
Tel-132 1.99E-01 (256 #+~- 37 ) E QO 120 E O
Fe-59 £.90E~01 (-1 +- 25 ) E-1 82 E-1
Zn-65 9.79E-01 { 31 4~ 26 ) E~-1 86 E~1
Co~60 9.97E-01 (=13 +- 22 ) E-1 86 E-1
4+ K =40 1.00E 00 ( 34 +- 21 ) EO 7S E O
Sb-124 9.16E-01 ( 68 += 30 ) E-1 100 E~-1
Notes:
+ Peak is found
x Decay correction less than 0l Approved by
e . > 5.
P gt e orm Lot el St A ST Sl T ML
process. Eotimates of the edditionsl systesstic and tondon wncettaiotion are: i 5 s et S St T
colibrotion curve, ¢ 3 percant, sné somple pesiticrieg, 2 1 percent, ¥ D.E.McCurdy.
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YANKEE ATOMIC ELECTRIC COMPANY

pj‘llii }-l ENVIRONMENTAL LABORATORY ~ -
-‘('f. B .- b j
Initial Analysis Report
£ 1 R S S e I e e v DS A R T a2
Customer :vNéeégmont Yankee Nuclear Power Corp. Report Date: 07/11/88
Atteptidon iMSyTAELBINE 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 / KG - DRY
§73075 6 /8B A 0.022 Sr~90 (=14 +- 37 )E O 40E O
VSLs04 2388 Main Tank Bottom Sy-é89% { 52 +~ 46 )E © 62E O

Notes:
Appgoved by

.ne quuted one-sigme terms include only counting statistics and do not represent
the propagation of all possible errors assoc juted with the radioactive decay

process. Estimates of the additional syetemat ic and rendowm urcertainties are:
calibration curve, + 5 percent, and sample poritioning, * 2 percent. (-b i W\

D.E.McCurdy.
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Y.»‘-.!I}ILI, ATOMIC ELECTRIC COMPANY
ENVIRORMENTAL LABORATORY . .

EW/“\L“.,-,A

Initial Analysis Report

P B B O s e
Customer iy gVermont Yankee Nuclear Power Corp. Report Date: 07/11/88
Att.gﬁ&&gnM}‘S, EHINE KEL_aN Date Received: 6 /14/88

l "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 )
S§73074 b /8 6 /19 1.002 Sr-90 { 113 %= 98 )E~2 200E-2
l VSL104 2388 Main Tank Bottom Sr-89 {~-10 += 11 )E-1 22E-1
.
lNotes:
Approyed by
.( quoted one n:u :uu anclude only counting statistics and do not represent i C
e (o ation of al ossible ervors associsted wi e radioactive dec o "
rocau“‘bhu(u of :he nd;umncl lyc::u::rdlnd‘:a::o- u:ce:(:mti:s ::c: <\D i W\.

calibration curve, * 5 percent, and sample positioning, * 2 percent.

4 D.E.McCurdy.
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Attention: M5. ELAINI
MR. EDWARI

7

LAB. No.
SAMPLE CODZE O { VC LM UCLIDE X = 1 SIGMA MDC
, P , ; Killogram

H73074
VSL104

Notes:

Appreved by

The quoted one-sigma terws ionclude only counting statistics and do not represent (‘
the propagetion of all possible ervors associsted vith the radioactive decay '—«\"‘“-‘. > ('/ Q
. . ” A
process. Esty tes of the additional temat ic and random uncertainties are \t \ o A
.l) P ‘ff ‘_Ml-

calibration curve, + 5 percent, and sample positioning, + 2 percent - - - -

D.E.McCurdy.,




Computer Code Qutputs

This section contains copies of the computer code outputs employed

in the calculation, as follows:

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.5.2 Impact due to 1 uCi of Zn-65

uCi of Ce-134
uCi of Cs-137

B.5.4 Impact due to

L = I I

B.5.5 Impact due to

B-1
6680R
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B.3 ATMODOS - Radiological Impact During VY Control of f{he
Disposel Site
Presented below is a partial listing of one of the ATMODOS Tape 5

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, & large porticn of which was deleted due to space limitations,
the listing is complete.

The Tape 5 listings corresponding to the outputs in Sec. B.3.]
through B.3.5 are similar, except that a single isotope was analyzed in
each case. Also, the tables with the detajled pathway/isotope/organ

exposures were excluded from the output.

1 1VYP] VY STANDARD PROGRAM INFORMATION FILE

VY - SEWAGE OONTAN - 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

e

T -

0 2VYGASRIGAS STK
MN54 4.132E-6 25 MN 54
0060 2.511E-4 27 0O 60
ZN6S 4.502E-6 30 ZN 65
CS134 1.715E-6 55 CS 134
CS137 9.366E-5 55 CS 137

v~

g -

VY 87 1 1 0 87063023:

1 5QUERY PATHWAYS: SHORE(1,2,3),BND,ROAD,RES1,RAD MFAT,GOAT,GOW

SHORE1  YESYES
SHOREZ  YESYES
SHORE3  YESYES
BOUND YESYES
ROAD YESYES
RES] YESYESYESYES
RADIUS  YESYES
MEAT YESYESYESYES

YECYESYES

GOAT YESYESYESYES YES YESYES

COw YESYESYESYESYES
eeBOR~~
e -

YESYES

ENTECH ENGINEERING, INC.

P101-EC3 - Page B.J3-1



1 EVYUFMAXVY MAXIMUM INDIVIDUAL USAGE FACTORS FOR STANDARD PFORBLEMS

520.00
630.00
520.00
.00
—=FOR~~
- =FOF =~
1 TVYGSD
2.00
240.00
.00
87066.00
0.0
1440.00
.00
.00
O
1.0
5.60
e FOR =~
-=FOF -~

64 .00
42.00
26.00

310.00 110.00
400.00 65.00
330.00 41.00
.00 330.00 .00

2.00
240.00
.00
8766.00
0.0
24.00
.00
.00
.00
1.00
.00

70
240.00
48 .00
8766 .00
0.0
.00
50.00
.50
1.00
.00
.00

21.00
16.00
6.90
.00

2.00
240.00
48.00
8766.00
0.0
2160.00
50.00
.00

.00

.00

.00

.00
.00
.00
.00

.70
240.00
48.00
8766.00
0.0
.00
6.00
«50
1.00
.00
.00

.00 12.00
.00 67.00
.00 14.00 .00
.00 .00 .00

2.00
240.00
48,00
8766.00
0.0
2160.00
6.00
.00

.00

.00

.00
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VY MAX INDIVIDUAL GAS SITE DATA FILE FOR STANDARD PROBLEMS

.70
240.00
480.00

8766.00

0.0

.00

50.00
.50
1.00
.00
.00

- Page

.00 8000.00
.00 8000.00

3700.00
1400.00

2.00
240.00
480.00

8766.00
0.0
2160.00
50.00
00

.00

00

.00
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1 BISTPNBLNUCLIDE LIBRARY FOR ALL DOSE PROGRAMS
89
i 3 1.78E-090.00E+000.00E+00 SOLUBLE

H 9.01-01 9.0E-01 9.0E-01 9.0E-01 9.3E-01 9.3E~01 4.8E-00 1.0E-02 1.2E-02
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
1.0G6E-071.06E-071.06E-071 .0)6E-071.06E-071.06E-07
1.59E-071.59E-071.59FE-071.59E-071.59E~071 . 59E-07
2.03E-072.03E-072.03E~072.03E-072.03E-072.03E-07
3.04E-073.04E-072.04E-073.04E~073.04E-073.04E-07
3.08E-073.08E~073.0BE-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 9.15403 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-075.68BE~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~-07€¢ . 09E~076 . 09E-076 .CIE~076 . 09E-07
1.21E-052.42E-062.42F-C62.42E-062.42F~(:62. 42E-0C2. 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. 06E~065 . 06E-065 . 06E-06
1.89E-053.79E~063. T9E-063. 70E-063.79E-063. T9E-063 . T9E-06

11 24 1.28Ek-052.50E-08 2.90E-08 SOLUBLE

o000 O

ETC (FOR A TOTAL OF 89 NUCLIDES)

_-mR..-

R 2 §)

1 3V¥X@F VY X/QFILE - SPECIAL VALUES - SEWAGE CONTAM. PROBLEM - 2 ACRE PLOTS
FLD 0 COW  MEAT 4.626E-04 4.626E-04 1.236E-04 4.626E-04
~=FOR~~

w=fOF -
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B.2 ATMOI Radiologics impact After Termination of V)
s mtrol (“ 1L1e ...‘"i’ £ o11te ‘:., N ;,'A*"*‘v
Presente bel oy part listing of the ATMOI Tape 5 i1
used iIin this porti« f{ the cal 1 It corresponds to the o
i ‘ which follows. With the exception of the nuclide data library, a
portion of which was delete jue 1 space limitations, the listin
complete
1 1VYPI] VY STANDARD PROGRAM INFORMATION FILI
VY - SEWAGE CONTAM SOLIDS 1% BY W 2 ACRES - SHIELD F = 0.242 - OONT. OCCLT
1. .200 44.56FRESH SO00YESNO NO 0..242 1.NO NO NO 0.1.0

ZVYGASRLGA I VY & B70f
MN54 4.132E-D ¢ M )
Q06 £ 'i' x ’ g
‘ \ »‘u‘, x' 3 2} [ N §
s 4 i‘j .. § 4
CS137 9.366E-5 55 CS 131
_.}:,,
—_
“;A‘Y"
1 SDQUERY PATIHWAYS: SHORE(1,2,3),BND,ROAD,RES1,RAD,MEAT,GOAT, COW

SHORE] YESYE
SHOREZ YESYEX

SHOI

ENTECH ENGINFERING, INC,

Pl l~f - Farge B.4~]




1.05E-071.05E-071.05E-071.
1.58E~071.58BE-071.5BE-071.
1.06E~071.06E-071.06E~-071
1.59E~071.59E-071.58E-071
2.03E~072.03E-072.03E-072.
3.04E~073.04E-073.045-073.
3.08E~073.08E-073.08E-073.
4.62E-074.62E-074.62E-074
6 14 3.83E-12

COOCOCOO

r

EIC (FOR A TOTAL CF 89 NUCLIDES)

-~EOR-~
—=FOF -~

FLD 0 OOW  MEAT
. —
-=BOF -~

1 TVYGSD VY MAX INDIVIDUAL GAS SITE DATA FILE FOR STANDARD

05E-071.05E~071.05E-07
58E-071.58E-071.58E-07

.06E-071.06E-071.06E~07
.59E-071.59E~071 . 58E-07

03E-072.03E-072.03E-07
04E-073.04E~073.04E-07
08E-073.08E-073.0BE-07

.62E-074.62E-074 .62E-07

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 48.00 480.00 480.0C
8766.00 8766.00 8766.00 8766.00 B766.00 B766.00 B8766.00 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 $0.00
.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
—ef0R=~
e fiOF ==
1 BI1STPNBLNUCLIDE LIBRARY FOR ALL DOSE PROGRAMS
89
1 3 1.78E-080.00E+000.00E+00 SOLUBLE

H 9.0E-01 9.0E-01 9.0E-01 9.0E-01 9.3E-0! 9.3E-01 4.8E-00 1.0E-02 1.2E-02

SOLUBLE

C 4.6E+03 9.1E+03 4.6E+03 1.8E+03 1.4E+03 1.8BE+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~064.26F~074 . 26E-074 . 26E~074 . 26E~074 . 26E~074 . 26E-07
4.06E-068.12E~078.12E~078. 1 2E-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~00
9.70E-061 ,82E~061.82E-061.82E-061.82E-061 .82E-061 . B2E-06
2.37E-055.06E-065 . 0GE-065 . 06E~065 . 0GE-065 . O6E~065 . 0GE~06
1.89E-053.79E-063. 79E~063. 79E-063 . T9E-063 . T9E-063 . T9E-06

11 24 1.28BE-052.50E-08 2.90E-08

SOLUBLE

1 3VYXQF VY X/QFILE - SPECIAL VALUES - SEWACE CONTAM. PROBLEM - 2 ACRE PLOTS
3.8B96E-02 3.BY6E-02 1.236E-04 3.B96E-0Z

ENTECH ENGINEERING, INC.
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