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United States Nuclear Regulatory Commission
Washington, DC 29555

ATTN: Document Control Desk

References: (1) License No. DPR-28 (Docket No. 50-271)

(2) Letter from R. W. Capstick, Vermont Yankee, to USNRC, "Request 1o
Routinely Di of Slightly Contaminated waste in Accordance with
10CFR20.302(a)", BVY 89-59, June 18, 1989.

(3) Letter from M. B. Fairtile, USNRC, to L.A.Tremblay, Vermont Yankee,
"Approval Under 10 CFR 20.302(a) of Procedures for Disposal of Slightly
Contaminated Septic Waste On Site at Vermont Yankee (TAC No. 73776)",
dated August 30, 1989,

uest to Amend Previous Approval Granted Under 10 CFR 20.302(a) for Disposal

Subject: R
of Contaminated Septic Waste

In accordance with the criteria of the Code of Federal Regulations, Title 10, Section 20.2002
(previously cited 10CFR20.302(a)), enclosed please find the subject application to amend the
previously granted approval (Reference 3) to dispose of slightly contamirated septic waste on site
at Vermont Yankee by expanding the allowable waste stream to include slightly contaminated
Cooling Tower silt ial.

This application specifically requests approval to dispose of Cooling Tower sili deposits,
contaminated at minimal levels, which have been or might be generated through the end of station
operations at the Vermeat Yankee Nuclear Power Plant. The proposed silt disposal method is the
same as the septic waste disposal method requested in Reference 2 and approved in Reference 3.
The dismnl method utilizes on site land spreading in the sanie designated areas used for septic
waste. Disposal of this waste in the manner proposed, rather than holding it for future disposal at
a 10CFR Pan 61 licensed facility when access to one becomes available, will save substantial costs
and valuable disposal site space for waste of higher radioactivity levels.

A radiological assessment and proposed operational controls based on continued on site disposal of
accumulated river silt removed from the basins of the plant's mechanical draft cooling towers is
contained in Enclosure A. The assessment demonstrates that the dose impact expected from the
disposal of silt removed from the cooling towers during normal maintenance will not exceed the
dmepmutheadyhnpondfazﬁl;cnwnwdisposd. The combined radiological impact for all on
site disposal operations shall be limited to a total body or organ dose of a maximally exposed
oflhepublicoflessduncncmn‘\lyearduﬁngtmpcriodofactichamomYankee
control of the site, or less than five mrem/year to an inadvertent intruder after termination of active
te control. Enclosure B contains a copy of the original assessment and disposal procedures for
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VERMONT YANKEE NUCLEAR POWER CORPORATION

septic waste (References 2 and 3) for your use and reference in evaluating the proposed
amendraent.

Upon receipt of your approval, Enclosure A will be incorporated into the Vermont Yankee ODCM.

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.

Sincerely,
VERMONT YANKEE NUCLEAR POWER CORPORATION

r 4
7’ {; '_./1(¢{ 0 (',/:/'\{/_'4 < %(
7c / / /

“James J. Duffy
Licensing Engineer

Enclosures A & B

¢ USNRC Region I Administrator (Letter and Enclo: are A)
USNRC Resident Inspector - VYNPS (Letter and Enclosure A)
USNRC Project Manager - VYNPS (Letter and Enclosure A)



ENCLOSURE A

VERMONT YANKEE NUCLEAR POWER PLANT

ASSESSMENT OF ROUTINE DISPOSAL OF COOLING TOWER SILT IN
AREAS ON SITE PREVIOUSLY DESIGNATED FOR SEPTIC WASTE DISPOSAL
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VERMONT YANKEE NUCLEAR POWER PLANT

Assessment of Routine Disposal of Cooling Tower Silt In
Areas On Site Previously Designated for Septic Waste Disposal

1.0 INTRODUCTION:

Vermont Yankee Nuclear Power Corporation (Vermont Yankee) requested from the
NRC in 1989 permission to routinely dispose of slightly contaminated septic
waste in designated on site areas in accordance with 10CFR20.302(a). The
NRC responded to this request on August 30, 1989 by granting approval of the
proposed procedures for on site disposal of septic waste concluding that the
commitments as documented in our request were acceptable, provided that our
request and analysis be permanently incorporate’ into the plant’s Offsite
Dose Calculation Manual (ODCM). Revision 9 to the ODCM (Appendix B) incor-
porated the assessment and approval of the methods utilized for on site dis-
pose of slightly contaminated sewage sludge.

In addition to the previously identified solids content of septic waste as a
source of environmental low level radioactive contaminated material, cooling
tower silt deposits resulting from the settling of solids from river water
passing through the mechanical draft cooling tower system have been identi-
fied to also contain low levels of plant specific radionuclides. Periodic
removal of the silt from the cooling tower basins is a necessary maintenance
practice to insure operability of the cooling system. However, due to the
presence of by-product materials in the silt, proper disposal requirements
must be applied to insure that the potential radiological impact is within
acceptable limits.

This assessment of silt disposal x«pands the original septic waste disposal
assessment to include earthen type materials (cooling tower siit deposits)
while maintaining the original radiological assessment modeling and dose
limit criteria that have been approved for septic waste spreading on site.
This assessment demonstrates that cooling tower silt can be disposed of in
the same manner, and under the same dose limit criteria as previously ap-
proved for septic waste in Appendix B to the Vermont Yankee ODCM. Implemen-
tation of the following commitments as an amendment to the original 10 CFR




Part 20.302(a) approval for septic waste shall be incorporated into the
Vermont Yankee ODCM upon approval by the NRC.

2.0 WASTE STREAM DESCRIPTION:

The waste involved in this assessment is residual solids (silt) collected in
the basins of the plant's mechanical draft cooling tower system. ~ - silt
consists of organic and inorganic sediments and earthen type materials that
have settled from the cooling water flow taken from the Connecticut River as
it passes through the towers. As a result of de-sludging of the tower
basins in 1993, an estimated 14,000 cubic feet of silt was accumulated on
site. Clean-out operations will also occur periodically to ensure continued
system operability. Sample analysis performed to the plant’'s environmental
lower limits of detection requirements, as contained in Technical Specifica-
tion Table 4.9.3., has identified Cobalt-60 and Cesium-137 in low concentra-
tions as being present in silt collected in 1993.

The cooling towers are located at the southern end of the plant facility
complex, but are not directly connected to any system in the plant that
contains radioactivity. The postulated mechanism of how plant-related
rationuclides have been introduced into the cooling system silt assumes that
past routine effluents discharged from nearby plant gaseous release points
were entrained in the large mechanically induced air flow that is pulled
through the tow.rs as a lLieat exchange medium. The cooling water flow pro-
vides a scrubbing action as it is breaks up into fine water droplets due to
the splash pans of the towers. This scrubbing action washes any airborne
particulates out of the air. Over long periods of operation, any radioac-
tivity removed from the air flow could buildup to measurable levels in silr
that settles out in the basins at the bottom of the towers.

Table 1 lists the analyses of twenty-one samples collected from the silt
pile removed from the cooling tower basins. Radioactivity measurements,
averaged over all the samples, indicate that the silt material can be char-
acterized as containing approximately 50 pCi/kg (dry wt.) of Cobalt-60, and
198 pCi/kg (dry wt.) Cesium-137. Eight of the samples indicated no positive
Cobalt-60 above a minimum detectable level achieved for the analysis.



Table 1

Cooling Tower Silt Radioactivity
(1993 samples™)

Sample # Co-60 Cs-137
(pCi/kg dry) (pCi/kg dry)
612759 53 144
G12758 ” 172
G12757 <14 201
G12756 <17 245
G12755 73 206
G12754 <16 165
G12753 <27 240
G12752 79 181
G12751 <29 180
G12750 35 107
G12749 59 171
G12748 <19 205
G12747 <38 209
G12746 <7 218
G12745 50 241
G12744 40 220
G12743 68 264
G12742 45 195
G12724 71 115
G12723 104 264
G13940 126 218
Average: 50 198
Max . 126 264
Min. <7 107
Standard deviation: 30 42

* Average wet to dry sample weight ratio equal to 1.6. Dry weight silt
density equal to 1.3 gm/cc.



For the purpose of estimating the total activity in the silt pile, the less
than values in Table 1 are included as positives in the calculation of the
average radioactivity concentration.

Cobalt-60, due to its relatively short half life, is typically associated
vith plant operations when measured in the near environment. However,
Cesium-137 when measured in the environment may have a background component
that is not reiated to power plant operations. Past weapons testing fallout
has imposed a man made background level of Cesium-137 in New England soils
and sediments that can vary over several hundred pCi/kg. The plant’'s Envi-
ronmental Monitoring Program has shown that Connecticut River sediment in
the vicinity of Vermont Yankee averages about 123 pCi/kg (dry wt.) of Cesi-
um-137 (Table 2), with no plant related detectable level of Cobalt-60. The
value of 123 pCi/kg may represent an estimate of the background level of
Cesium-137 in sediment that would be subject to entrainment in cooling water
flow that enter: the plant. In comparing the measured levels of Cesium-137
on Table 1 with the past river sediment level, the average concentration in
the cooling tower silt is higher than that of the river sediment data, but
does fall within the ob.erved range of recorded sediment Cs-137. The river
sediment Cesium-137 concentration averages about 62% of the concentration
value detected in the tower silt. For purposes of this assessment of plant
related dose impact from the on site disposal of silt material, it is con-
servatively assumed that all detectable Cs-137 in cooling tower silt is
directly related to plant operations. No background component is subtracted
from the measured values for this case study since only a single sampling
location (down stream) is included in the Environmental Monitoring Program
which may not fully describe the true background levels in the region.

The total radioactivity for the current 14,000 cubic feet of silt collected
on site can be estimated by multiplying this volume by its "as is" density
of 2.1 gm/cec (i.e. 1.3 gm/cc dry weight density x 1.6 wet/dry weight ratio),
and then conservatively assume that the measured average dry weight radioac-
tivity concentrations for Cobalt and Cesium would be the same as in the
collected silt. Multiplying the average Cobalt-60 and Cesium-137 concen-
tration in silt by the mass of the collected material produces estimates
(Table 3) of total radioactivity that was removed from the cooling tower
basin in September, 1993,



Table 2

Cesium-137 in
Connecticut River Sediments¥

Date Cs-137
(pCi/kg dry)
05/24 /94 61
10/13/93 85
06/02/93 60
10/15/92 137
05/20/92 176
10724 /91 178
05/16/91 230
10/25/90 84
05/16/90 62
10/04 /89 <174
05/26/89 179
10/12/88 115
05/12/88 62
Average: 123
Max. 230
Min. 60
Standard deviation: 56

* Samples collected as part of the Vermont Yankee Radiological Environmen-
tal Monitoring Program (REMP) for river sediment sample location SE-11.




Table 3

Estimated Total Radioactive Material for 1993 Tower Clean-out

Volume of Mass Average Total Act. Decayed Act.
Siltc Concentration (as of (as of
11/93) 6/95)
(£t3) (kg) (pCi/kg) (uCi) (uCi)
Co-60 14,000 8.32E+5 50 42 34
~ 137 14,000 8.32E+5 198 165 159

In addition to 14,000 cubic feet of silt already accumulated, it is antici-
pated that periodic maintenance work in cleaning out the cooling tower
basins will generate approximately 4,000 cubic feet of new silt material
over each successive 18 month operating cycle. Assuming the same level of
plant-related radiocactivity concentration that was originally observed, the
additional amounts of radioactivity tbat will require on site disposal
following each refueling cycle can also be estimated. Table 4 lists an
estimate of the total radicactivity that might be present at each 18 month
clean-out cycle.

Table 4

Estimated Total Radioactive Material for Each 18 Month Maintenance Cycle

Volume of Mass Average Total Activity
Silt Concentration
(ft3) (kg) (pCi/kg) (uCi)
Co-60 4,000 2.38E+5 50 12
Cs-137 4,000 2.38E+5 198 47



3.0 DISPOSAL METHOD:

The method of silt disposal shall utilize a technique of land spreading in a
manner consistent with the current commitments for the on site disposal of
septic waste as approved by the NRC and implemented as Appendix B of the
Vermont Yankee ODCM (Reference 1). The same land areas designated and
approved for septic waste disposal shall be used for the placement of silt
removed from the cooling tower basins. Determination of the radiclogical
dose impact shall also be made based on the same models and pathway assump-
tions as indicated in Appendix B of the ODCM.

3.1 811t Disposal Procedure Requirements:

Gamma isotopic analysis of silt samples shall be made prior to each disposal
by obtaining representative composite samples in sufficient numbers to
characterize the material removed from the cooling tower basins. Each gamma
isotopic analysis shall be required to achieve the environmental lower
limits of detection as indicated for sediment on T ble 4.9.3 of the Vermont
Yankee Technical Specifications.

The estimation of total radioactivity to be disposed of shall be made based
on the average of all composite sample analyscs. The estimation of total
radioactivity and projected dose impact shall be made prior to placing the
collected silt on the designated disposal plots. The dose impact from each
disposal operation shall be included with all past septic waste and silt
spreading operations to ensure that the appropriate dose limits are not
exceeded on any waste disposal area for the combination of all past opera-
tions.

The established dose criteria requires that all applications of earthen type
materials within the approved designated disposal areas shall be limited to
ensure that dose to a maximally exposed individual (during the Vermont
Yankee control period) be maintained less than 1 mrem/year to the whole body
and any organ, and the dose to an inadvertent intruder following termination
of site control be maintained less than 5 mrem/year to the whole body and
any organ.



The limits on concentrations of radionuclides as addressed in Appendix B to
the ODCM for septic waste (i.e. each tank of septic sludge to be disposed
are limited to a combined MPC ratio of less than 0.1) were included to
ensure proper control was in-place to address the situation of small quanti-
ties of relatively high concentration material. This limitation does not
directly apply to silt deposits since the slit is handled as dewatered
sediments as opposed to liquid slurries of septic waste.

For dry earthen type material such as silt, a specific radionuclide concen-
tration limit shall be applied in place of the of the septic waste liquid
MPC ratio. No soil associated with a sample analysis that identifies a
plant related radionuclide in excess of the concentration limits of Table 5
will be permitted regardless of the total pathway dose assessment determined
for the quantity material under consideration. For the case where more than
one radionuclide is detected, the sum of the ratio rule will be applied.

The measured concentration of each radionuclide divided by its limiting
concentration value shall be added with the sum of all fractions equal to or
less than 1. This limiting condition will prevent small volumes of rela-
tively high specific radioactivity from being spread on the disposal plots,
and therefore reduce the potential for creating unexpected hot spots of

concentrated material.

Table 5 lists, by radionuclide, soil concentration values that would gener-
ate an annual external effective dose equivalent of 25 mrem/year if it were
assumed that an individual continuously stood on an infinite plane of soil
contaminated to a depth of 15 cm. The assumptions of an infinite plane and
continuous occupancy #re conservative for situations where the amount of
contaminated soil identified would not provide for a 15 cm soil depth over
an extended surface area, and where disposal site access is limited. Twen-
ty-five mrem/year was selected as a reference value based on the fact that
it was a suitable fraction of the NRC annual dose limit (100 mrem/year per
10 CFR Part 20.1301) applied to members of the public from all station
sources. The 25 mrem/year also equals the EPA dose limit from 40 CFR Part
190 which would apply to real members of the public offsite, and allow for
credit to be taken in accounting for actual usage patterns such as occupancy
time. The external dose factors provided on Table 5 were derived from Table
E-2 of NUREG/CR-5512 (Reference 3).
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Table 5

_Dry Soil Maximum Concentration Values

Radionuclide Soil Concentration
pCi/kg

_(equal to 25 mrem/yr)
Cr-51 1.51E+05
Mn- 54 5.50E+03
Fe-59 3.83E+03
Co-58 4.70E+03
c0-60 1.82E+03
Zn-65 7.85E+03
Zr-95 6.18E+03
Ag-110m 1.66E+03
S§b-124 2.51E+03
Cs-134 2.95E+03
Cs-137 8.13E+03
Ce-141 7.85E+04
Ce-144 8.75E+04

Assumptions include infinite planar distribution, uniform depth
distribution to 15 em, soil density at 1.625E406 gm/m3, external
direct dose pathway only with a 100% occupancy factor.
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3.2 Administrative Procedure Requirements.

Dry silt material shall be dispersed using typical agricultural dry bulk
surface spreading practices only in approved disposal areas on site.

Complete records of each disposal will be maintained. These records will
include the concentration of radionuclides detected in the silt, an estimate
of the total volume of silt disposed of, the total radioactivity in each
disposal operation as well as the total accumulated on each disposal plot at
the time of the spreading, the plot on which the silt was applied, and the
results of any dose calculations or maximum allowable accumulated activity
determinations required to demonstrate that the dose limits imposed on these
land spreading operations have not been exceeded. The determination of the
total radioactivity and dose calculations shall also include all past septic
waste and silt disposal operations that placed low level radioactive materi-

al on the designated disposal plots.

The periodic disposal of silt on each of the approved land spreading areas
will be limited to within the same established dose and radiocactivity crite-
ria that have been approved for septic waste disposal.

Concentration limits that are applied to the disposal of earthen type mate-
rials (dry soil) shall restrict the placement of small volumes of material
that have relatively high concentrations of radiocactivity such that direct
exposure could not exceed a small proportion (25%) of the annual dose limits
to members of the public that is contained in 10 CFR Part 20.1301.

Any farmer leasing land used for the disposal of silt deposits will be
notified of the applicable restrictions placed on the site due to the land
spreading of low level contaminated material. These restrictions are the
same as detailed for septic waste spreading as given in Reference 1.

12



4.0 EVALUATION OF ENVIRONMENTAL IMPACTS:
4.1 Site Characteristics

The designated disposal sites consist of two fields located on the Vermont
Yankee Nuclear Power Plant site. Both fields are on the plant property
within the site boundary security fence. Site A contains an approximate
ten-acre parcel of land centered approximately 2,000 feet northwest of the
Reactor Building. Site B consist of apprcximately two acres and is centered
approximately 1,500 feet south of the Reactor Building. These are the same
land parcels approved by the NRC for the land disposal of septic waste, and
are described in detail in Reference 1 along with the boundary restrictions
for the placement of contaminated material.

Radiological assessments of septic waste disposal have determined that a
single two-acre plot would be sufficient for the routine disposal of that
waste stream over a 20 year period without exceeding the dose criteria to a
maximum exposed individual or inadvertent intruder. As a result, the ten-
acre field to the northwest can be divided into five disposal plots, with
the two-acre site at the south end of the plant site providing a sixth plot.
It is therefore concluded that there is sufficient space within the already
approved disposal plots to accommodate additional material from the cooling
tower basins along with the septic waste without the likelihood of exceeding
the approved dose limit criteria.

Since the residual organic and inorganic solids associated with river sedi-
ment (silt) are similar to the sand and residual organic material remaining
after decomposition of septic waste that is removed form the plant’s septic
tanks, the conclusions of no significant environmental (non-radiological)
impact associated with the disposal of septic waste are not changed by the
addition of another earthen type material, namely silt,

4.2 Radiological Impact:

The amount of cooling tower silt, in combination with any septic waste
disposals, will be procedurally controllea to insure doses are maintained

within the prior approved limits (Reference 1). These limits are based on

13



past NRC proposed guidance (described in AIF/NESP-037, August 1986). The
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 disposed material, and less than 5 mrem/year to the whole body or
any organ of an inadvertent intruder.

To assess the doses received by the maximally exposed individual and inad-
vertent intruder resulting from silt spreading, the same pathway modeling,
assumptions, and dose calculation methods as approved for septic disposal
are used. These dose models .mplement the methodologies and dose conversion

factors as provided in Regulatory Guide 1.109 (Reference 2).
Six potential pathways have been identified and include:

(a) Standing on contaminated ground,

(b) Inhalation of resuspended radioactivity,
(¢) Ingestion of leafy vegetables,

(d) Ingestion of stored vegetables,

(f) Ingestion of meat, and

(g) Ingestion of cow's milk

Based on the septic waste evaluations, the liquid pathway was determined to

be insignificant,

Both the maximum individual and inadvertent intruder are assumed to exposed
to these pathways with difference between them related to occupancy time.
The basic assumptions used in the radiological analvses include:

(a) Exposure to ground contamination and resuspended radiocactivity is
for a period of 104 hours per year during the Vermont Yankee active
control of the disposal sites, and continuous thereafter. The 104
hour interval is representative of a farmer’'s time spend on a plot of
land (4 hours per week for 6 months).

(b) For the purpose of projecting and illustrating the magnituce of
dose impacts over the remaining life of the plant, it is assumed that

the current concentration levels of activity detected in silt remain
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constant. Table 1 indicates the measured radiocactivity levels for
Cobalt-60 and Cesium-137 first noted in silt material.

(¢) The maximum radiation source corresponds to the accumulation of
radioactive material on a single plot (two acre) within the approved
disposal sites over a period of 13 operating cycles. This extends
over the next 18 years until after the operating license expires in
2012. 7The initial application (referenced to June, 1995) consists of
14,000 cubic feet of silt collected in 1993 along with the first
periodic clean out of the tower basins that adds an additional 4,000
cubic feet. All subsequent applications of 4,000 cubic feet occur at
18 month intervals.

(d) For the analysis of the radiological impact during the Vermont
Yankee active control of the disposal sites, no plowing is assumed to
take place and all dispersed radioactive material remains on the
surface, forming a source of unshielded direct radiation.

(e) No radioactive material is dispersed directly on crops for human
or animal consumption. Crop contamination is only through root up-
take .

(f) The deposition on crops of suspended radioactivity is insignifi-

cantly small.

(g) Pathway data and usage factors used in the analysis are the same
«s those used in the plant’'s ODCM assessment of off-site radiological
impact from routine releases, with the exception that the fraction of
stored vegetables grown on the contaminated land was conservatively
increased from 0.76 to 1.0 (at present ..o vegetable crops for human
consumption are grown on any of the approved disposal plots).

(h) It is conservatively assumed that Vermont Yankee relinquishes
control of the disposal sites after the operating license expires in
2012. (i.e., the source term accumulated on a single 2 acre disposal
plot applies also for the inadvertent intruder).

15



(i) For the analysis of the impact after Vermont Yankee control of the
site is relinquished, the radioactive material is plowed under and
forms a miform mix with the top six inches of soil; but nonetheless,
undergoes resuspension in air at the same rate as the unplowed surface
contamination. For direct ground plane exposure the self shielding
due to the six inch plow layer reduces the surface dose rate by about

a factor of four.

The dose models and methods used to generate deposition values and ac~umu-
lated activity over the operating life of the plant are documents in Attach-
ment 2 to Reference 1. Based on the measured concentrations and silt volumes
noted in Section 2.0 above, the total radioactivity that remains on the
disposal plots after the operating license expires is estimated on Table 6.

Table 6

Projected Radjoactivity Buildup Due To Silt Spreading

Nuclide Contribution from Accumulation from 13 Total Remaining
initial 14,000 ft3 cycles at 4,000 ft3/ea. in year 2013
(uCi) (uCi) (uCi)
Cobalt-60 3.2 61.9 65.1
Cesium-137 104.9 500.5 605.4

The calculated potential radiation exposure following the spreading of all
silt material anticipated to be generated through the remainder of the
operating license on a single two acre plot is provides on Table 7.
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Table 7

Dose Impact Due to Continued Spreading to End of License

Disposal Site Access  Radiation Exposure Individual /Organ
Controlled by VYNPS 0.228 wmrem/yr adult/whole body
(max. exposed individual) 0.820 mrem/yr max. child/bone
Uncontrolled by VYNPS 1.46 mrem/yr adult/whole body
(inadvertent intruder after 2.4]1 mrem/yr max. child/bone

license termination)

The individual pathway contributions to the total dose due to continued silt

spreading are shown on Table 8:

Table 8

Pathway-Dependent Critical Oigan Doses

Pathway

Ground Irradiation
Inhalation

Stored Vegetables
Leafy Vegetables
Milk Ingestion
Meat Ingestion
Total:

Maximally exposed Inadvertent Intruder
Individual /Organ Critical Individual/Organ
(Child/Bone) (Child/Bone)
{mrem/year) (mrem/year)
0.0474 0.957
0.00814 0.685
0.528 0.528
0.0265 0.0265
0.201 0.201
-0.00833 -0.00833
0.82 2.41
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In addition, the isotopic breakdown of the critical organ doses listed above
(Table 8) for the two detected radionuclides is seen to be:

Table 9

Isotopic Breakdown of Maximum Radiation Exposures

Radioactivity Dose Percent of

During control Cs-137 605 .4 0.805 9%.2
of disposal sites Co-60 65.1 0.0144 1.8
Bex. oEgen: - 0 wesasees
child/bone 0.82

Termination of Cs-137 605.4 2.12 88.0
disposal site Co-60 65.1 0.29 12.0
Max. ozgam: = eesesess
child/bone 2.41

For comparison to the total dose calculated assuming the continued disposal
of silt removed from the tower basins through the end of the operating
license, the dose from just the original 14,000 cubic feet collected is
shown on Table 10.
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Table 10

Dose Impact Due to Single (14,000£ft3) Silt Spreading

Disposal Sice Access  Radistion Exposure Individual/Organ
Controlled by VYNPS 0.064 mrem/yr adult/whole body
(max. exposed individual 0.219 mrem/yr max. child/bone

in 1995)
Uncontrolled by VYNPS 0.224 wmrem/yr adult/whole body
(inadvertent intruder after 0.393 arem/yr max. child/bone

license termination)

Table 10 shows that the application of the silt material initially collected
(14,000 cubic feet) accounts for about 27 percent of the maximum individual
organ dose during the control period as compared to the scenario of coutin-
ued periodic silt spreading over the balance of the operating license. This
illustrates that dose impacts from the material currently collected are well
below the acceptance criteria of limiting the dose from any two acre plot
to no more than 1 mrem/year during the contol period, and 5 mrem/year after
termination of the license, and is expected to remain below the acceptance
criteria throughout plant life. If unexpected buildup of radioactivity in
future silt clean out operations were to occur, the option for use of alter-
nate disposal plots remains available to ensure that the impact from any
single two acre plot stays within the acceptance criteria.

Also of interest are derived dose conversion factors which provide a means
of ensuring that septic and silt disposal operations remain within the pre-
scribed radiological guidelines noted above. The critical organ (worst

case), and whole body dose factors for all pathways on a per acre bases are
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given on Table 11 for periods during Vermont Yankee control of the disposal
site, and on Table 12 for post centrol periods associated with the inadvert-
ent intruder scenario. The dose conversion factors have been expanded to
include other potential radionuclide beyond the original five that were
addressed in Reference 1. This provides a means to assess other nuclides if
future disposal operations identify additional radionuclides not previously
observed, The development of these additional nuclide dose conversion
factors utilize the same modeling and pathway assumptions as used to derive
the factors for the original five radionuclide identified in septic waste.
The models for these site and pathway specific dose factors are those in
Regulatory Guide 1.109 (Reference 2), and are described in detail in Attach-

ment 11 to Reference 1.
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Table 11

All-Pathway Critical Organ / Whole Body Dose Conversion Factors
Puring Vermont Yankee Conttol of Disposal Sites

Nuclide Individual/Organ Critical Organ Whole Body
Dose Factor Dose Factor

(mrem/yr per uCi/acre)

Cr-51 Teen/Lung 1.14E-05 5.76E-06
Mn-54 Adult/GI-LLI 3.75E-04 1.93E-04
Fe-55 Child/Bone 6.45E-06 1.06E-06
Fe-59 Teen/Lung 4.61E-04 2.13E-04
Co-58 Teen/lung 3.27E-04 2.01E-04
Co-60 Teen/Lung 7.17E-04 5.31E-04
Zn-65 Child/Liver 1.64E-02 1.03E-02
Zr-95 Teen/lung 4.47E-04 1.34E-04
AgllOm Teen/GI-LLI 1.32E-02 5.24E-04
§b-124 Teen/Lung 8.34E-04 3.54E-04
Cs-134 Child/Liver 3.18E-03 1.28E-03
Cs-137 Child/Bone 2.65E-03 7.02E-04
Ce-141 Teen/Lung 1.54E-04 1.50E-05
Ce-144 Teen/Lung 6.00E-04 2 .4L4E-05
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Table 12

All-Pathway Critical Organ / Whole Body Dose Conversion Factors
Post Vermont Yankee Control of Disposal Sites

{Inadvertent Intruder)
Nuclide Individual /Organ Critical Organ Whole Body
Dose Factor Dose Factor

(mrem/yr per uCi/acre)

Cr-51 Teen/Lung 5.89E-04 1.19E-04
Mn-54 Teen/Lung 1.02E-02 3.12E-03
Fe-55 Teen/Lung 3.50E-04 2.27E-05
Fe-59 Teen/Lung 2.55E-02 4 .43E-03
Co-58 Teen/lung 1.59E-02 3.72E-03
Co-60 Teen/Lung 3.19E-02 9.09E-03
Zn-65 Child/Liver 1.89E-02 1.25E-02
Zr-95 Teen/lung 2.93E-02 2.99E-03
AgllOm Teen/lLung 3.59E-02 9.53E-03
Sb-124 Teen/Lung 4.73E-02 7.04E-03
Cs-134 Child/Liver 1.21E-02 9.36E-03
Cs-137 Child/Bone €.98E-03 3.85E-03
Ce-141 Teen/Lung 1.21E-02 3.44E-04
Ce-144 Teen/Lung 5.00E-02 1.52E-03
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5.0 RADIATION PROTECTION:

Toue disposal operation of silt material from the cooling tower basins will

follow the applicable Vermont Yankee procedures to maintain doses as low as
reasonable achievable and within the specific dose criteria as previously

approved for septic waste disposal (Reference 1).

6.0 CONCLUSIONS:

Silt collected from the cooling tower basins is an earthen type material
that is similar in characteristics to septic waste residual solids with re-
spect to the radiological pathway behavior and modeling, and can be disposed
through on site land spreading on the same disposal plots as previously
evaluated and approved for septic waste disposal. The radiological assess-
ment of low level contaminated silt shows that the projected dose from the
on site pe~iodic spreading of this material will have no significant dose
impact to members of the public and can be maintained below the approved

dose limitations already in-place for septic waste.
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ENCLOSURE B

Approval Under 10 CFR 20.302(a) of Procedures for the
Disposal of Slightly Contaminated Septic Waste On Site at Vermont Yankee



ATTACHMENT 1

VERMONT YANKEE NUCLEAR POWER PLANT

APPLICATION FOR APPROVAL TO ROUTINELY DISPOSE OF
SEPTIC WASTE WITH MINIMAL LEVELS OF RADIOACTIVITY
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& e, UNITED STATES
& :o» NUCLEAR REGULATORY COMMISSION SFP - T 88

% : WASHINGTON, D, C. 20555

© F 3 . J
A g August 30, 1989 W

.'..’

Docket No, 50-271

Mr. L. A. Tremblay

Licensing Engineering

Vermont Yankee Nuclear Power Corporation
Engineering Office

580 Main Street

Bolton, Massachusetts 01740-1398

Dear Mr. Tremblay:

SUBJECT: APPROVAL UNDER 10 CFR 20.302(a) OF PROCEDURES FOR DISPOSAL
OF SLIGHTLY CONTAMINATED SEPTIC WASTE ON SITE AT VERMONT
YANKEE (TAC NO. 73776)

REFERENCE: (a) June 28, 1989 letter from R. W. Capstick to US NRC Document
Control Desk, including Attachment 1 and Attachment II.
(b) Final Environmental ’tatement related to the operation of
Vermont Yankee Nuclear Power Station, dated July 1972.

In reference (a) Vermont Yankee Nuclear Power Corporation (Vermont Yankee, or the
Ticensee) submitted an application fo. disposal of Ticensed material on site.
This disposal was not previously considered by the STarf Th the Vermomt Yamkee
Final Environmental Statement (FES), reference (b). This extensive application,
prepared in accordance with 10 CFR 20.302(a), contains a detailed description

of the licensed material, thoroughly analyzes and evaluates the information
pertinent to the effects on the environment of the proposed disposal of the
licensed material, and commits the licensee to follow specific procedures to
minimize the risk of unexpected or hazardous exposures. In the FES, the "RC
staff considered the potential effects on the environment of licensed material
from operation of the plant and, in the assessment of the total radiological
impact of the Vermont Yankee Station concluded that: *...operation of the Station
will contribute only an extremely small increment to the radiation dose that area
residents receive from natural background. Since fluctuations of the back-
ground dose may be expected to exceed the increment contributed by the plant,

the dose will be immeasurable in itself and will constitute no meaningful

risk to be balanced against the benefits of the plant.”
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Mr. L. A. Tremblay - -2 - August 30, 1989

Since the disposal proposed by the licensee involves licensed material
containing less than 0.1 percent of the radioactive materials, primarily
cobalt-60 and cesium-137, already considered acceptable in the FES, and
involves exposure pathways much less significant than those considered in the
FES, we consider the site-specific application (Reference (a)) for Vermont
Yankee Nuclear Power Station to have insignificant radiological impact. We
accept the commitments and evaluations of the licensee, documented in reference
(a), as further assurance that the proposed disposal procedures will have a
negligible effect ¢ . the environment and the general population in comparison
to normal background raliation,

In ggng!g;ign[ we find the licensee's procedures with commitments as documented
in reference (a) to be acceptable, provided that reference a) is permanently
ncorporated into the licensee's Offsite Dose Calculation Manual (ODCM) as an
ippendix, and future modifications of reference (a) be reported to NRC in

accordance with licensee commitments regarding ODCM changes,

Pursuant to 10 CFR 51.22(c)(9), no environmental assessment is required. This
completes our review under TAC No.73776.

Sincerely,

Ml B . Frentlo

Morton B, Fairtile, Project Manager
Project Directorate 1-3

Division of Reactor Projects I/11
O0ffice of Nuclear Reactor Regulaticn

cc: See next page



Mr. L. A. Tremblay

o

Mr. J. Gary Weigand

President & Chief Executive Officer
Vermont Yankee Nuclear Power Corp.
R.D. 5, Box 169

Ferry Road

Brattleboro, Vermont 05301

Mr. John DeVincentis, Vice President
Yankee Atomic Electric Company

580 Main Street

Bolton, Massachusetts 01740-1398

New England Coalition on Nuclear
Pollution

Hi1l and Dale Farm

R.D. 2, Box 223

Putney, Vermont 05346

Vermont Public Interest Research
- Group, Inc.
43 State Street
Montpelier, Vermont 05602

Regional Administrator, Region I
U.S. Nuclear Regulatory Commission
475 Ailendale Road

King of Prussia, Pennsylvania 19406

R. K. Gad, Il

Ropes & Gray

225 Franklin Street

Boston, Massachusetts 02110

Mr. ¥. P. Murphy, Vice President
and Manacer of Operations

Vermont Yankee Nuclear Power Corporation

R.D. 5, Box 169
Ferry Road
Brattleboro, Vermont 05301

Mr. George Sterzinger, Commissioner
Vermont Department of Public Service
120 State Street, 3rd Floor
Montpelier, Vermont 05602

Public Service Board

State of Vermont

120 State Street
Montpelier, Vermont 05602

G. Dean Weyman

Chairman, Board of Selectman
Post Office Box 116

Vernon, Vermont 05354

Mr. Raymond N. McCandless
Vermont Division of Occupational
and Radiological Health
Administration Building
Montpelier, Vermont 05602

Honorable John J. Easton
Attorney General

State of Vermont

109 State Street
Montpelier, Vermont 05602

Conner & Wetterhahn, P.C.
Suite 1050 . -

1747 Pennsylvania Avenue, N.HW.
Washington, D.C. 20006

Diane Curran, Esq.

Harmon, Curran & Tousley

2001 S Street, N.W., Suite 430
Washington, D.C. 20009

David J. Mullett, Esq.

Special Assistant Attorney General
Vermont Department of Public Service
120 State Street

Montpelier, Vermont 05602

Jay Gutierrez

Regional Counsel

U.S. Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, Pennsylvania 19406

G. Dana Bisbee, Esq.

Office of the Attorney General
Environmental Protection Bureau
State House Annex

25 Capitol Street

Concord, New Hampshire 03301-6397

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555



Mr. L. A. Tremblay

cc:

Mr. Gustave A. Linenberger,Jr.
Administrative Judge

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Resident Inspector

Vermont Yankee Nuclear Power Station
U.S. Nuclear Regulatory Commission
P.0. Box 176

Vernon, Vermont 05354

John Traficonte, Esq.

Chief Safety Unit

Office of the Attorney General
One Ashburton Place, 19th Floor
Boston, Massachusetts 02108

‘Geoffrey M. Huntington, Esquire

Office of the Attorney General
Environmental Protection Bureau
State House Annex

25 Capitol Street

Concord, New Hampshire 03301-6397

Charles Bechhoefer, Esq.
Administrative Judge

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dr. James H, Carpenter
Administrative Judge

Atomic Safety and Licensing Board
U.S. Muclear Regulatory Commission
Washington, D.C. 20555

Adjucicatory File (2)

Atomic Safety and Licensing Board
Panel Docket

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555
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VERMONT YANKEE
NUCLEAR POWER CORPORATION

Ferry Road, Brattieboro, VT 05301-7002

AEM Y 10

ENGINEERING OFFICE

580 MAIN STREET
June 28, 1989 BOLTON. MA 01740
BVY 89-59 (508) 7796711

United States Nuclear Regulatory Commission

Washington, DC 20555

Attention: Document Control Desk

Reference: License No. DPR~?8 (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 accordance with the criteria of the Code of Federal Regulations,
Title 10, Section 20.302(a) (10CFR20.302(a)), enclosed please find
the subject application for the disposal of very low level radioactive
vaste materials. Vermont Ysnkee 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 Nuciear Power Plant in Vernon, Vermont.

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

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

in the manner proposed, rather than at a 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
radicactivity levels. Disposal as radioactive waste would require
treatment of the biological aspects of the septage and solidification
to a stable waste form, thereby increasing the volume substantially.

A radiological assessment and proposed operational controls, based
upon the continued on-site disposal of septic waste as presently contained
in the plant's septic tanks, are detailed in Attachments 1 and 2.
Based upon this analysis, Vermont Yankee requests approval to dispose
of septic tank waste on-site by land spreading in such a manner that
the radicactivity concentration limit in any batch of septage to be
enrasd 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).

RhFOSTTEY (15



United States Nuclear Regulatory Commission
June 28, 1989
Page 2

Due to our expected need tp utilize the proposed methodology of land
application of septic waste on-site during the spring of 1990, we request
your veview and app-oval of this proposed disposcl 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 Jquestions or require further information
concerning this matter, please contact this office

Very truly yours,

VERMONT YANKEE NUCLEAR P7RPORATION

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

¢c: USNRC - Region I
USNRC - Resident Inspector, VINPS



ATTACHMENT 1

VERMONT YANKEE NUCLEAR POWER PLANT

Application for Approval to Routinely Dispose of
Septic Waste With Minimal Levels of Radiocactivity

1.0 INTRODUCTION

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

2.0 WASTE STREAM DESCRIPTION

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

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

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

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

1-1
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the design flow capacity to process 4,607 gallons of wastewate. per day. The
system is typically loaded at approximately 2,500 gallons per day during
normal plant operations. Figure (3) indicates diagramatically the flow of

both potable and wastewater throughout Vermont Yankee.

Both the main septic system and the south sewage disposal system's
septic tanks collect waste from the plant's lavatories, showers, kitchens, and
janitorial facilities outside the Radiological Control Area (RCA). No
radioactivity is intentionally discharged to either of the septic systems.
However, plant investigations into the source of low levels of contamination
found in septic waste have identified that very small quantities of
radioactive materials, which are below 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 now poured through a filter bag
to remove suspended solids and dirt before the water is released into a
janitorial sink.

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

following results of plant-related radionuclides:

Activity Concentration

Isotope +1 Sigma (pCi/kg Wet)
COB Sludge Cs=137 10.3 + 1.8
Main Tank Sludge Mn-54 39.3 + 4.3
Cs-134 13.0 & 2.2
Cs~137 120.7 + 5.2
1-2
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"he 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
Isotope In-Plant Smears Main Tank Sludge
Mn-54 3.6% 3.6%
Co~60 81.5 79.1
IZn-65 3.8 4.9
Ce-134 0.4 1.2
Cs-137 10.3 11.2

Additional analyses of the main tank septage showed that the liquid
portion of the collected sample did not contain any plant-related activation
or fission products, and that essentially all of the activity in the waste was
associated with the solid sludge fraction. The average density of the
collected sludge was found to be approximately equal to that of water, with a
wet to dry ratio of 25.4 to 1.

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

main septic tanks.

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

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

During the 1988 sample collections, it was estimated that the sludge thickness
was less than 1 foot of its 6-foot depth. However, for conservatism in the
radiological evaluations, it is assumed that the sludge layer in the main
septic tank and south disposal tank occupies 30% of their combined design
volume, and that the frequency of pump-outs is semiannual as opposed to the
expected annual cycle. Also, as noted above from laboratory analyses of the
sludge layer taken from the bottom of the main tank, the average density of
the tank conten.s 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 [gal] x 3,785.4 [cc/gall x 1072 [kg/ce)
% 0.30 [solids fraction] x (1/25.4) [dry/wet ratio]
~ 700 [kg) per pump-out of both tanks

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

3.0 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 applicablc 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. Transporic*ion
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-site septic waste

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

projected maximum individual doses will not exceed established dose objectives.

3.1 Septic Waste Disposal Procedure

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

These gamma isotopic analysee of the representative samples will be
performed at the environmental Technical Specification lower limit of
detection (LLD) requirements for liquids (see Technical Specification Table
4,9.3) in order to document the estimation of radiological impact from septage

disposal.

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

intruder after the accumulation of twenty years of periodic semiannual
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spreading of the septic waste on a single (2 acre) plot within one of the
designated disposal areas. If the activity limit per disposal area is
projected to be exceeded, the appropriate exposure pathways as described in
Section 4.5 will be evaluated prior to each additional application, or a
separate plot within the designated disposal area will be utilized.

Annually, for years in which disposal occurs, the potential dose impact
from disposal operations conducted during the year, including the impact from
previous years, will be performed and results reported in the plant's
Semiannual Radiocactive Effluent Release Report which is filed after
January 1. All exposures will be assessed utilizing the methodology described
in Attachment 2.

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

exceed the following:

Maximum Accumulated
Radiocactivity Allowed

Per Acre
1sotope Qiu"' [uci]
Mn-54 1.4
Co-60 120.0
In-65 1.4
Ce~134 0.7
Cs-137 46.5

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

make the determination that the dose limit criteria will not be exceeded.
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The concentration of radionuclides in any tank of septic waste to be

dispoced of will also be limited to a combined Maximum Permigsible
Concentration of Water (MPC) (as listed in 10CFR, Part 20, Appendix B,
Table 11, Colwmm 2) ratio of less thaan or equal to 0.1l.

For radiological control, each applicatior 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:

o During surface spreading or injection, the septage, and any
precipitation falling onto or flowing onto the disposal field,
shall not overflow the perimeter of the designated area.

o Septage shall not be surface spread or injected into the top 6-inch
goil layer within 300 feet from any drinking water well supply.

o Septage shall not be surface spread closer than 300 feet from the
nearest dwelling or public building (or within 100 feet if injected
into the top 6-inch surface layer).

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

roads or site boundary adjacent to land areas.

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

surface water (rivers, streams, drainage ditches).

o 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 requirements will be followed to ensure the
protection of the public and environment from chemical and biological

hazards. The application rate and acreage will be determined prior to each
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disposal operation. This will vary with the chemical compogition of the

septage, the percent solids, and the radioactive concentrations.

3.2 Administrative Procedures

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

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

The annual disposal of septage on each of the approved plot areas will
be limited to within the established dose, activity, and concentration
criteria noted above, in addition to limitations dictated by chemical and
biological conditions. Dose guidelines, and concentration and activity
limits, will be maintained within the appropriate values as detailed in
Attachment 2.

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

to the land spreading or injection of waste.

4.0 EVALUATION OF ENVIRONMENTAL IMPACT

4.1 §Site Characteristics

4.1.1 Site Topography

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

plant property within the site boundary and surrounded by a chain link fence.
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Site A contains an approximate eight-acre parcel of usable land
centered approximately 2,200 feet .orthwest 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 tlie
1988 measured radioactivity concentrations in sludge has determined that a
single two-acre plot would be sufficient for the routine disposal of septage
for twenty years without exceeding the dose criteria to maximum exposed
individual or inadvertent intruder. As a result, the eight-acre field to the
northwest could be divided into four disposal plots, with the two-acre site at
the south end of the plant site, providing a fifth plot. A portion of the
United States Geological Survey topographic map (Brattleboro quadrangle),
showing the plant site, is presented in the Final Safety Analysis Report
(FSAR) as Figure 2.5-1. A plan map showing the plant site and the disposal

sites is given on Figure 4.

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

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

adjacent river is about 220 feet.

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

have no effect on the topography of the area.
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4,1.2 Site Geology

Profiles of site exploratory borings are shown in the FSAR in Figures
2.5-8 through 2.5-11. Current site characteristics as determined from a

recent detailed site investigation can be found in Reference 5.

Composition of surfacial materials is compatible with the proposed use

of the site for septic waste disposal.
4.2 Area Characteristics

4.2.1 Meteorcology

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

distributed in each month of the year.

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

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

Septage spreading will be managed by written procedure such that
material which is spread or a mix of that material with precipitation will not
overflow the perimeter of the disposal site.

Additional information on meteorology of the site can be found in

Section 2.3 of the Final Safety Analysis Report.

4.2.2 Hydrology

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

3,500 feet downstream of theo site.
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All local streams drain tc 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 (msl); and, thus, well below the elevation of the proposed site which
ranges from about 250 to 265 feet (msl). The 100-year flood level is based on

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

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

have no adverse impact on ares hydrology.

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

4.3 Water Usage

4.3.1 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 toating. The Connecticut River is

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

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

with surface water sources which are within a ten-mile radius of the site.

There will be no impact on surface water usage or quality as a result
of septage disposal due to the required separation distances between surface

waters and the disposal plots.
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4.3.2 Groundwater

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

is found to be less than 3 feet.

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

wells near the plant.

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

supply is routinely monitored for radicactive contamination.

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

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

the septic waste.
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Due to ionic adsorption of the radionuclides on solid particles in the
groundwater flow regime, most radionuclides travel at only a small fraction of
the groundwater velocity. For the radionuclides present in the sludge,
retardation coefficients were developed from NUREG/CR-3130 (Reference 4).
Retardation coefficients for Co-60, Cs-137, and Cs-134 were directly obtained
from NUREG/CR-3130. The coefficients for Zn-65 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 Life Coefficient _to River
Co-60 5.3 years 860 961 years
Cs-137 30.2 years 173 193 years
Cs~134 2.1 years 173 193 years
Zn-65 244 days 3 1,224 days
Mn-54 312 days 3 1,224 days

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

of cow and cattle fodder.

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

proposed site.

4.4 Land Use

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

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

of radiocactivity in septage will be necessary.

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

assurance that this proposed practice will not impact adjacent properties.

4.5 Radiological 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 plots will also be procedurally controlled to
insure aoses are maintained within the stated limits. These limits are based
on NRC Nuclear Reactor Regulation (NRR) staff proposed guidance (described in
AIF/NESP-037, August 1986). The proposed dose criteria require that the
maximally exposed member of the general public receive a dose less than 1
mrem/year to the whole body or any organ due to the disposal material, and

less than 5 mrem/year Lo an inadvertent intruder.

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

(a) Standing on contaminated ground,

(b) Inhalation of resuspended radioactivity,
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(c)

(d)

(f)

(g)

Ingestion of leafy vegetables,

Ingestion of stored vegetables,

Ingestion of meat, and

Ingestion of milk.

The liquid pathway was also evaluated and determined to be
insignificant. Both the maximum individual and inadvertent intruder are

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

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

analyses include:

(a)

(b)

(c)

6677R

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

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

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

is to pump septic tanks once per year.)

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

are as follows:
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(d)

(e)

(f)

(g)

Upper-Bound Activity Upper-Bound Activity
lsotope Concentration [pCi/kg dryl Content [Ci/tankful)

Mn-54 1,348 9.436E-07
Co-60 23,060 1.614E-05
Zn-65 1,620 1.134E-06
Cs-134 322 2.254E-07
Cs~137 4,100 2.870E-06

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

frequency of once per year.)

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

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

uptake.

The deposition on crops of resuspended radioactivity is

insignificantly small.
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(h) Pathway data and usage factors used in the analysis are the same
as those used in the plant's ODCM assessment of the off-site
radiological impact from routine releases,with the exception that
the fraction of stored vegetables grown on the disposal plots was
conservatively increased from 0.76 to 1.0 (at present no vegetable
crops for direct human consumption are grown on any of the

proposed disposal plots).

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

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

(j) For the analysis of the impact after Vermont Yankee control of the
sites is relinquished, the radioactive material is plowed under
and forms a uniform mix with the top six inches of 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-month intervals) on a single two-acre plot are as follows:

Control of Disposal Sites Radiation Exposure Individual/Qrgan

Controlled by VYNPS 0.1 mrem/yr Child/Whole Body

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

Uncontrolled 1.3 mrem/yr Adult/Whole Body

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

listed below:

Pathway-Dependent Critical Organ Doses

Maximally Exposed Inadvertent Intruder
Individual/Organ Critical Individual/Organ
(Child/Liver) (Teenager/Lung)
Pathway . {mrem/year) o (mrem/year)
Ground Irradiation 0.0576 1.16
Inhalation 0.00122 2.74
Stored Vegetables 0.0913 0.00601
Leafy Vegetable 0.00467 0.00040
Milk Ingestion 0.0421 0.00229
Meat Ingestion 0.00249 0.00012
TOTAL 0.1994 3.909

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

listed above is shown in the following table:

Isotopic Breakdown of Maximum Radiation Exposures

Radioactivity Exposure
Description lsotope [uCi1/2 Acresl Imrem/yxrl
During Vermont Yankee Mn-54 2.831 0.000436
control of the Co-60 235.3 0.0559
disposal sites. Zin-65 2.801 0.02320
Maximally Exposed Ce-134 1.457 0.00231
Individual /Orgaa: Ce~137 92.59 0.115
Child/Liver
TOTAL 0.199
After Vermont Yankee Mn-54 2.831 0.0144
control of sites is Co~60 235.3 3.76
relinquished. Zn-65 2.801 0.00983
Inadvertent Intruder Cs-134 1.457 0.000505
Critical Individual/ Cs-137 92.59 0,1247
Organ: Teenager/Lung
TOTAL 3.91
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0f interest are also derived dose conversion factors which provide a
means of ensuring septage disposal operations within the prescribed

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

per acre are as follows:

All-Pathway Critical-Organ Dose Conversion Factors
During Vermont Yankee Control of Disposal Sites

Exposure
lsotope Individual/Organ [mrem/yr-uCi/acre!
Mn-54 Adult/GE-LLI 3.74E-4
Co-60 Teenager/Lung 7.14E-4
Zn-65 Child/Liver 1.64E-2
Cs-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 total activity and

concentration of waste to be disposed are preseonted 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.
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VERMONT YANKEE NUCLEAR POWER PLANT

RADIOLOGICAL ASSESSMENT OF
ON-SITE DISPOSAL OF SEPTIC WASTE
and
PROPOSED PROCEDURAL CONTROLS TO ENSURE
COMPLIANCE WITH RADIOLOGICAL LIMITS
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ATTACHMENT 2

VERMONT YANKEE NUCLEAR POWER PLANT

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

1.0 INTRODUCTION

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

calculation were as follows:

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

program.

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

radiological guidelines.

Guidance for obtaining regulatory approval to dispose of very-low-level
waste is presented in AIF/NESP-037 (Reference 6). According to this
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 whe is not

2-1
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classified as a radiation worker) from the probable pathways of
exposure to the disposed material should be less than 1 mrem/yr.

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

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

than 5 mrem/yr.

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

the procedural controls prepared.

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

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

Activity Concentration

lsotope +l Sigma [pCi/kg dryl
Mn 5S4 1,126 + 74
Co-60 22,400 + 220
Zn-65 1,200 + 140
Cs-134 166 + 52
Cs-137 3,824 + 92
29

6680R



2.0 SQURCE TERM AND OTHER BASIC DATA

2.1 Septic Tank Specifics

The effective capacity of the main septic tank, when filled to its
maximum depth of 6 feet, is approximately 9,250 gallons. The south sewage
disposal system is newly installed (January 1989) and replaces the
construction office building (COB) holding tank that had previously serviced
the lavatory facilities on the south end of the plant. This new system
contains a 5,700 gallon septic tank. The total design capacity of both main
system and new south system septic tanks is approximately 14,950 gallons.

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

Wl . 14,950 gal x 3,785.4 cc/gal x 107> kg/ee
x 0.30 solids fraction x (1/25.4) dry/wet ratio

= 700 kg

2.2 Measured and Adjusted Septic Waste Radioactivities

Gamma spectroscopic analyses of septage samples from Vermont Yankee
were carried out 2t the Yankee Environmental Laboratory in Westborough,
Massachusetts (sce Appendix A). For the main septic tank, no activation cr
fission products were found in the liquid portion of the collected samples.
In the dry solids, on the other hand, the following man-made radionuclides
were found to be statistically positive at the 99.9 percent confidence level:
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Activity Concentration

Isotope =1 Sigma (pCi/kg Dry)
Mn-547 1126 + 74
Co-60 22400 + 220
Zn-65 1200 + 140
Ce-~134 166 + 52
Cs-137 3824 4+ 92

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

calculation) are as follows:

Upper-Bound Activity Upper-Bound Activity
1sotope Concentration (pCi/kg dry) Content (Ci/Batch)
Mn-54 1,348 9.436E-07
Co-60 23,060 1.614E-05
7n-65 1,620 1.134E-06
Ce~134 322 2.254E-07
Cs-137 4,100 2.870E-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 equivalent to the
MPC limits specified in 10CFR20, Appendix B, Table II, Column 2, for the

release of radioactive material to unrestricted areas.

For the major radionuclides identified in the Vermont Yankee septic

waste, the individual MPC limits are as follows:

6680R



Maximum Permiscible 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, 10CFR20 specifies that, in addition to the

above individual limits, the following condition must also be met:
L (c/mpc,) <1.0

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

over all radionuclides in the mix.

As indicated in Section 2.2, the 1988 spectroscopic analyses of Vermont
Yankee septage samples showed that there was no 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:

Upper-Bound Activity Upper-Bound Activity
1sotope Content (Ci/tankful) Concentration (uCi/ml) MPC Ratio
Mn-54 9, L4E~07 2.67E-08 2.67E~04
Co-60 1.61E-05 4,57E-07 1.52E-02
Zn~65 1.13E-06 3.21E-08 1.60E-04
Cs-134 2.25E-Q7 6.38E-09 1.59E-04
Ce-137 2,.87E-06 8.13E-08 2,03E-03
TOTAL 2.13E-05 6.03E-07 1.78E-02
2-5
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It is seen that the overall MPC ratio is approximately 1.8 % of the
regulatory limit, and that the total concentration is 1.2 % of the 50 pCi/g
guideline. Thue, the sludge activity concentration can be at least 50 times
higher without exceeding either limit. Cbviously, if the MPC ratio of i 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 ie hLereby propored that, in addition to the
prescribed dose limits, a combined MPC ratio of less than or equal to 0.1 be
also included in the procedures to regulate the disposal of septage. Refer to

Section 4 for more details.

2.4 Disposal Sites

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

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

(a) Site A, a B-acre site approximately 2,200 feet northwest of the
Reactor Building.

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

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

fence, and under direct control of Vermont Yankee for all access.

2.5 Radiocactivit- 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 ond 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 this calculation was to assess the
potential radiological impact at approximately the end of plant life. That

is, the radiation source was assumed to correspond to the accumulation of
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radiocactive material on a given plot within the proposed disposal sites over a

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

Analytically, if Qo is the amount of radioactivity per batch for a
given isotope, then the total accumulated radioactivity Qe at the disposal
plot after 40 applications is given by:

Qe = Q0 (1 +E+ Ez + E3 + Eh * asee # E39) (2.1)

= q, (1 -E)/(1 - B) (2.2)

where: E = exp(-Mt) (2:3)
A = ig the decay constant for the selected isotope (1/year)

and

At = time interval between applications = 0.5 year

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

Q v

e
Isotope  Half Life (fx0)  (cilbateh)  Q/Q, (¢i)
Mn-54 312.2 d 0.8109 9.436E-7 3.000 2.831E-06
Co-60 5.272 y 0.1315 1.614E-5 14.58 2.353E-04
Zn-65 243.8 d 1.038 1.134E-6 2.470 2.801E-06
Cs~134 2.065 y 0.3357 2,254E-7 6.464 1.457E-06
Ce~137 30.17 y 0.02297 2.870E-6 32.26 9.259E-05

2.6 Land-Spreading., Resuspension and Occupancy Factors

As poirted out above, even though the proposed sites can accommodate
more than one disposal plot, only a single disposal plot will be assumed in

assessing the potential radiological impact. If this plot has a surface area
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of N acres, then the surface area deposition Se (Ci/mz) following 40

disposal appiications will be equal to:
5, = Q, (Ci)/(N (acres) x 4046.9 (m'/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 (nzlncre))
= 2.471E-04/N (m~2) (2.5)

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

(Ci/n3) and the surface deposition is:
A, =5, (Ci/n") x K (1/m) (2.6)

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

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

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

The assumptions made for analytical purposes are as follows:

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

to remain on the surface and to form a source of unshielded

radiation.
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(b) For the analysis of the impact after Vermont Yankee control of the
gites is assumed to be relinquished, the radiosctive material will
be assumed to be plowed under and to form a uniform mix with the
top 6 inches of soil (to account for the shielding provided by the
s0il), but, nonetheless, to undergo resuspension at the same rate

as surface contamination.

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

gize, therefore, used in the final analyses.

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

plows, plants, and harvests his crop.

2.7 Site-Specific Pathway Data and Usage Factors

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

assumed to be relinquished):

(a) Standing on contaminated ground.

(b) Inhalation of resuspended radioactivity.
(c) 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
detailed analysis. It should be noted that current agricultural activities
permitted on the designated disposal sites are limited to the growing of feed
crops (hay) for dairy animals. As such, the ingestion of leafy and stored
vegetables are not existing expoeure pathways, but have been included to
demonstrate that these could al be accommodated within the proposed dose

criteria for septic waste disposal.

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

the plant, with the following exceptions:

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

to 1 year.

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

was conservatively increased from 0.706 to 1.0.

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

root uptake.
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USAGE FACTORS

Vegetables Leafy Veg. Milk Meat Inhalation
Individual Akg/yr) (1/yx) (kg/yr) _Am”/yr)
Adult 520 64 310 110 8,000
Teen 630 42 400 65 8,000
Child 520 26 330 41 3,700
Infant —— — 330 —— 1,400
. PATHWAY
Stored Vegetables Leafy Vegetables
Agricultural productivity gkg/mz) 2.0 2.00
Soil surface density (kg/m<) 240.0 240.0
Transport time to user (hours), 0.0 0.0
Soil exposure time (hours) 8,766.0 8,766.0
Crop exposure time to plume (hours) .0 .0
Holdup after harvest (hours) 1,440.0 24.0
Fraction of stored vegetables grown in garden 1.0
Fraction of leafy vegetables grown in garden 1.0
COW-MILK PATHWAY

Pasture Feed Stored Feed
Agricultural productivity gkg/mz) ad 2.0
S0il surface density (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
Animals daily feed (kg/day) 50.0 50.0
Fraction of year on pasture 5
Fraction pasture when on pasture 1.0

MEAT PATHWAY

Pasture Feed Stored Feed
Agricultural productivity gkg/nz) of 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

2~-11



2.8 Liquid Pathways

There are three potential routes through which septic waste
radioactivity 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 plote have slopes of 5% or less in order to limit

surface runoff.

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

are expected to reach the river are as follows:

rS
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Decay Travel Time Fraction of
Constant to River (years) Initial Activity
Isotope Half Life A1lyr) (Ground Water Path) Entering River

Mn-54 312.2 d 0.8109 3.35 6.61E-02
Co~60 5.272 y 0.1315 961. 0.0
Zn—~65 243.8 d 1.038 3.35 3.09E-02
Ce-134 2.065 y 0.3357 193. 0.0
Cs-137 30.17 y 0.02297 193. 1.19E-02

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

pathway is not a credible one.

We proceed, then, with the analysis of an accidental release of the
entire contents of a septic waste spreading truck directly into the
Connecticut River. Following such an accident, the released radioactive
material is expected to first mix with part of the water in Vernon Pond and to
then gradually flow downstream of the Vernon Dam. The storage volume in
Vernon Pond, excluding the volume below the crest, is approximately 6.0E+9
gallons (2.3E+13 cc). Since no use is made of the river between the plant and
the Vernon dam, the only potential exposure pathway is downstream of the dam;
and from Referemce (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+410 cc.
This amount of water will pass through the dam in about 11 minutes if the
river flow is 1,200 cfs, and in about 1.3 minutes if the flow is 10,000 cfe.
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
Batch) ___in Pond (uCi/ml) MPC Rairio
9.44E-07 4.10E-11 4.10E-07
1.61E-05 7.02E-10 2.34E-05
1.13E-06 4,93E-11 2.47E-0Q7
2,25E-07 9.80E-12 2.45E-07
2.87E-06 1.25E-10 3.13E-06
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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3.0 RADIOLOGICAL ASSESSMENT

The radiological impact associated with the on-site disposal of
radioactive septage at Vermont Yankee was carried out using the dose
assessment models in Regulatory Guide 1.109, and is consisteant with the
methodology employed by the Vermont Yankee ODCM. However, gince 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:

(a) The computation of an effective shielding factor to account for
the effect provided by the soil after the waste is plowed under,
or if it is directly injected into the top 6 inch surface layer.

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

as calculated in Section 2.5.

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

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

The results of the radiological impact assessment are presented in

Sections 3.3 and 3.4.

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

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

after control of the disposal sites is relinguished, was based on the
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assumption that the radioactive material will be plowed to form a uniform mix
with the top 6 inches of soii. To account for the gamma attenuation provided
by the soil, it was necessary tc carry out an appropriate shielding
calculation. This was accomplished through use of the ALLEGRA and DIDOS-V
computer codes (References 4 and 5). The ALLEGRA code was used to define the
gamma spectrum (in MeV/sec) associated with the selected radionuclide mix.
This spectrum was then entered into DIDOS-V to compute the radiation levele

from the two following source/receptor geometries:

(a) A circular disk source with a radius of 150 m (represented by a
cylindrical volume with a height equal to 0.001 m), the receptor
location being along the disk axis, 1 m from the disk.

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

source.

Tn 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 densgity of soil within a 15 cm plow layer. The source 411 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 HeV/nec-m3, as required for input
into DINOS-V) was computed by distributing the radioactive material over a
2-acre surface, and within 0.00]1 m for the disk source and 0.15 m for the

se~ond case.

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

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

Dose to air from the disk source = 1.085E-06 rad/hr
Dose to air from cylinder source = 2.629E-07 rad/hr
Overall soil shielding factor = 2.629E-07/1.085E-06 :: 0.243
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At this point, it is of interest to compare the DIDOS-V and ATMODOS
exposure results from standing on contaminated ground. From the ATMODOS
outpu! in Appendix B (Section B.3.6), where the source term was the same as
used in DIDOS-V, the gkin dose due to exposure to contaminated ground for
104 hours is given as 6.78E-02 mrem. This is equivalent to a dose rate of
6.52E-4 mrem/hr, or (6.52E~4/1.11) = 5.87E~4 mrad/hr to air, 1.11 being the
average ratio of tissue-to-air energy absorption coefficients (from Regulatory
Guide 1.109). It is seen that ATMODOS underestimates the dose by a factor of
2, approximately; the reason for this is the slightly outdated set of dose
conversion factors in the guide, as can be verified by inspecting the data in
WASH-1400, for instance.

3.2 Data Manipulation for Use with ATMODOS

3.2.1 Radicactivity Release Rate

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

Qe is as follows:

Qe = Qr (1 - E)/A (3.1)
E = exp(-\At) (3.2)
A = is the decay constant for the selected isotope (1l/year) and

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

Qr are as follows:

Qe Qr Ratio of
Isotope (Ci) (Ci/yxr)* ml,_x_l.‘v.nl-t).&e
Ma 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
Ce 137 9.259E-05 9.366E-05 1.012

*For input to ATMODOS only.

3.2.2 Atmospheric Dispersion

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

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

a receptor of interest is given by:

Ae = Qr (Ci/yr) x (X/Q) (-ec/ua)/3.1536E+7 (sec/yr) (3.3)

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

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

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

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

= 7,792.6 (K/N) (sec/m>) (3.4)

2-18



With K = 1.0E-5 (1/m), and N = 2 acres, the last equation reduces to:
(X/Q) = 3.896E-02 (sec/m’).

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

Inhalation Exposure

lsotope = Overestimation Factor
Mn-54 1.460
Co-60 1.067
n—¢5 1.607
Cs-1 34 1327
Cs-1.7 1.012

3.2.3 Qccupancy Factors

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

follows:

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

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

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

contamination can take place is through root uptake.
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3.3 Land-Spreading Exposure Pataways

Three sets of ATMUODOS 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 gites

is assumed to be relinquished.

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

interest.

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

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

follows:

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

The individual pathway contributions to the total dose are as follows:
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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) o {mrem/year)

Ground Irradiation 0.0576 1.16
Inhalation 0.00122 2.74
Stored Vegetables 0.0913 0.00601
Leafy 'egetable 0.00467 0.00040
Milk Ingestion 0.0421 0.00229
Meat Ingestion 0.00249 0.00012

TOTAL 0.1994 3.909

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

listed above is shown in the following table:

Isotopic Breakdown of Maximum Radiation Exposures

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

During Vermont Yankee Mn-54 2.831 0.000436
control of the Co~60 235.3 0.C559
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 C.0144
control of sites is Co-60 3.78
relinquished. Zn-65 0.00983
Inadvertent Intruder Ce-134 0.000505
Critical Individual/ Ce=-137 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:




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

Exposure
isotope Individual/Organ (mrem/yr-pCi)
Mn-54 Adult/GE-LLI 1.87E-4
Co-60 Teenager/Lung 3.57E-4
Zn-65 Child/Liver 8.21E-3
Ce-134 Child/Liver 1.59E-3
Cs-137 Child/Bone 1,33E-3

In all cases, the exposure pathways are direct shine from

shielded/unshielded ground deposition, inhalation of resuspended

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

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

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

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

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

calculations.

analyses:
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(a)

(b)

(c)

Briefly, the following basic assumptions were used in the calculational

The septic tanks are emptied every 6 months (expected future

practice is to pump tanks once per year).

The tank radioactivity remains constant (at the main septic tank

1988 determined level plus 3 sigma).

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

will most probably be used.)
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(d)

(e)

(f)

(g)

(h)

(1)

For the analysis of the radiological impact during Vermont Yankee
control of the disposal sites, no plowing or direct injection of
septage takes place and all dispersed 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 disposed plot, in which
case the radioactive material will be mixed with the soil. This
in effect would reduce the ground plane source of exposure by a

factor of about four due to self-shielding.)

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

uptake.

The deposition on crops of resuspended radioactivity is

ingignificantly small.

Pathway data and usage factors used in the analysis are the same
as those used in the plant's ODCM assessment of the off-site
radiological impact from routine releases, with the exception that
the fraction of stored vegetables grown on the disposal plots was
conservatively increased from 0.76 to 1.0. (At present, no
vegetable crops for direct human consumption are grown on any of

the disposal sites.)

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

term applies also for the inadvertent intruder).

For the analysis of the impact after V-rmont Yankee control of the
gsites is relinquished, the radioactive material is plowed under
and forms a uniform mix with the top 6 inches of soil, but,
nonetheless, undergoes resuspension at the same rate as surface

contamination.



(k) Exposure to the ground deposition and to resuspended radioactivity
is for a period of 104 hours during Vermont Yankee control of the
disponal sites, and continuous thereafter, .he 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 Impact During Vermunt Yankee Control of the Disposal fites

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 Radiocactivity on 2-Acre Flot

After 40 Disposal Applications
Isotope 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-LLI Thyroid 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
¢ 1.86E-01 1.99E-01 1.10E-01 9.73E-02 B8.22E-02 5.76E-02 9.94E~-02 6.78E-02
1 1.14E-01 1.38E-01 B8.36E-02 B8.08E-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 radioacti ity 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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Source:

0>

Source:

-0

Source:

A
T
C
1

Source:

-0 >

Source:

0>

lsotope-Specific Contributions to the Dose Delivered to Each Organ

Bone

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

Liver

3.18BE-04
3.66E-04
4.3€E-04
2.1BE-0&

From all Pathways Combined*
iAdul | S Tee

Kidney

2., 44LE~04
2.59E~04
2.76E-04
2. 14E-04

5.20E-02 5.37E-02 5.20E-02
5.20E-02 5.44E-02 5.20E-02
5.20E-02 5.55E-02 5.20E-02
5.20E-02 5.22E-02 5.20E-02

3.43E-03
4.61E-03
8.72E-03
6.18BE-03

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

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

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

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

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

7.13E-03
1.01E-C2
1.45E-02
1.02E-02

5.06E-04
6.50E-04
8.74E-04
4.89E-04

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

2rs Child, and Infant)

(mrem/yr)

Lung

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

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

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

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

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

2.03E-04
2.2BE-04
2.11E-04
1.88E~04

Ce-134, 1.457E-06 Ci (2-acre plot)

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

Cs-137, 9.259E-05 Ci (Z-acre plot)

9.79E~03
1.39E-02
1.83E-02

GI-LLI

5.30E-04
5.25E-04
4.00E-O4
2.15E~04

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

6.72E-03
6.72E-03
4,16E-03
1.76E~02

2. L2E-04
2. LLE-O4
2.38BE-04
2.30E-04

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

Thyroid Whole Body  Skin

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

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

1.46E-04
1.46E-04
1.46E-04
1.46E-04

2.27E-04
2.27E-04
2.27E~04
2.27E-04

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

2.33E-04
2. L4LE-04
2.73E-04
2.14E-04

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

4.87E-03
7.38E-03
1.44E-02
9.69E-03

9.31E-04
8.44LE-O4
6.67E-04
3.30E-04

3.25E-02
2.83E-02
2.18E-02
9.20E-03

*Each pathway includes unshielded exposure to ground contamination for
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2.50E-04
2.50E-04
2.50E-04
2.50E-04

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

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

2.65E-04
2.65E-04
2.65E-04
2.65E-04

5.90E-03
5.90E-03
5.90E-03
5.90E-03

104 hours, with all radicactivity assumed to be on the surface of the ground;
exposure to resuspended radioactivity is also for a period of 104 hours.



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

The table which follows presents a summary of the ATMODOS results for
the radiological impact after control of the disposal sites is assumed to be
relinquished after 20 years of septic waste disposal. Tables showing the
contributions by the variour isotopes were not prepared as they were

determined to be of little significance.

Total Accumulated Radioactivity om 2-Acre Plot
40 Disposal Applications

After
Isotope 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

(mrem/yr)

Bone Liver Kidney Lung GI-LLI  Thyroid Whole Body Skin

1.25E400 1.29E+00 1.21E400 3.04E400 1.29E400 1.16E+00 1.25E+00 1.37E+00
1.30E400 1.35E400 1.23E+00 3.91E+00 1.28E+00 1.16E+00 1.24E+00 1.37E+00
1.40F400 1.41E+00 1.25E+00 3.39E+400 1.22E400 1.16E+00 1.23E+00 1.37E+00
1.28E400 1.32E400 1.21E400 2.58E+400 1.19E+00 1.16E+00 1.19E+400 1.37E+00

- 0D

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

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

to radiation exposures in excess of the specified limits.
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Source:

T B

Source:

0>

Source:

0>

Source:

R R

Source:

-0

Bone

7.54E-05
7.54E-05
7.54E-05
7.54E-05

2.21E~-04
2.21E-04
2.21E-04
2.21E-04

1.22E-03
1.65E-03

For Radioactive Material Spread over Two Acres
For all Pathways Combined*

Dose Conversion Factors

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

Liver

Mn-54

1.12E-04
1.29E-04
1.54E-04
7.71E-05

Co-60

2.28E-04
2.31E-04
2.36E~04
2.22E-04

In-65

3.78E-03
5.59E-03

3.11E-03 B.21E-03

2.21E-03

4 ,04E~04
5.44E-04
1.03E-03

Ce-134

7.46E-O4
1.07E-03
1.59E-03

5.31E-04 8.55E-04

3.86E-04
5.97E-04
1.33E-03
5.94E-04

Cs-137

5.07E-04
7.75E-04
1.28E-03
6.86E-04

Kidney Lung GI-LLI Thyroid Whole Body  Skin

8.63E-05
9.15E-05
9.74E-05
7.58E~-05

2.21E-04
2.21E-04
2.21E-04
2.21E-04

2.55E-03
3.60E-03
5.19E-03
3.63E-03

3.47E-04
4. L6E-04
6.00E-04
3.36E-04

2.09E-04
3.00E-04
4,.53E-04
2.24E-04

1.05E-04
1.18E-04
1.09E-04
9.68E-05

3.14E-04
3.57E-04
3.32E-04
2.92E-04

7.2LE-05
8.12E-05
7.55E-05
6.72E-05

2.19E-04
2.67E-04
3.15E-04
2.30E-04

1.06E-04
1.50E-04
1.98E-04
1.23E-04

1.87E-04
1.85E-04
1.41E-04
7.60E-05

3.54E-04
3.53E-04
3.04E-04
2. 2LE-04

2.40E-03
2.40E-03
1.48E-03
6.29E-03

1.66E-04
1.67E-04
1.64E-04
1.58E-04

6.33E-05
6.48E~05
6.23E-05
5.66E-05

7.54E~05
7.54E~05
7.54E-05
7.54E-05

2.21E-04
2.21E-04
2.21E-04
2.21E-04

5.20E-05
5.20E~-05
5.20E-05
5.20E-05

1.56E-04
1.56E-04
1.56E-04
1.56E-04

5.46E-05
5.46E-05
5.46E-05
5.46E-05

8.24E-05
B.61E-05
9.63E-05
7.58E-05

2.36E-04
2.43E-04
2.65E-04
2.23E-04

1.74E-03
2.64E-03
5.12E-03
3.46E-03

6.39E-04
5.79E-04
4.58E-04
2.26E-04

3.52E-04
3.06E-04
2.35E-04
9.94E-05

8.84E-05
8.84E-05
8.B4E-05
8.84E-05

2.60E-04
2.60E-04
2.60E-04
2.60E-04

5.98E-05
5.98E-05
5.98E-05
5 . 982"05

1.82E-04
1.82E~04
1.82E-04
1.82E-04

6.37E-05
6.37E-05
6.37E-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
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Once an on-site septage disposal permit has been secured,
implementation of the disposal program must be accompanied with procedural
controle to ensure that the applicable radiological limits are not violated.

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

4.1 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 dispos- plot
over a period of 20 years (40 applications at 6-month intervals). As such, it
will be necessary to keep accurate records of the time and location of septage
disposal and of the ensuing buildup and decay of radioactivity on each
disposal plot. The basic equation to be employed is as follows:

tot new old
Qi = Qi +Q, exp (—Xi at) (4.1)
Where: Q:Ot = total accumulated radiocactivity at the selected 2-acre

disposal plot after the current disposal (uCi).

Q?ew = radioactivity added to the plot as a result of the current
disposal (uCi).

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

ki = radiocactive decay constant (1/year).
Ot = time lapse since the previous disposal on the same

disposal plot (years).
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Qnew can be calculated using the following equation:

i

new .
Q = 14,950 gallons x 3,785.4 cc/gailon x 1.0E-3 kg/cc
i

x Fs (solids fraction) x C:et (pCi/ky wet)

x 1.0E-6 (uCi/pCi)

= 0.0566 Fs c}’t (4.2)
Where: C:et is the measured or estimated radionuclide concentration in

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

gseptic tank and the south disposal system collection tank.

4.2 QOperational Limits

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

for inclusion in the operating procedures.

4.2.1 Maximum Activity Concentrations

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

(a) One tenth of the MPC values listed in 10 CFR 20, Appendix B,
Table 1I, Column 2.
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(b) An overall MPC ratio of less than or equal to 0.1.

For the major radionuclides identified in the Vermont Yankee septic

waste, the individual MPC limits are as follows:

Maximum Permissible Corzentratioms in Water
(10CFR20, Appendi« B, Table II)

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

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

met ie:
L (01/’"’01) <0.1

Where: C1 is the measured concentration for Isotope i, and the summation is

over all radionuclides in the mix.

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

4.2.2 Potential Radiation Ixposures

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

public or a worker who is not classified as a radiation worker.
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Since the proposed septage disposal sites are within VYNPS property and
under VYNPS control, occupancy of the disposal sites by an inadvertent

intruder is only possible after plant decommissioning. That is, during the

on-gite septic waste disposal program, only the specified exposure guideline

for the maximally exposed individual would be in effect.

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

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

following results from Section 3:

Isotopic Breakdown of Maximum Radiation Exposures

Description

During Vermont Yankee
control 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

Radioactivity Exposure
lsotope (Ci/2 Acres) {mrem/yr)
Mn-54 2.831 0.000436
Co-60 235.3 0.0559
Zn-65 2.801 0.0230
Cs-134 1.457 0.00231
Cs-137 92.59 0,118
TOTAL 0.199
Mn-54 2.831 0.0144
In-65 2.801 0.00983
Cs-134 1.457 0.000505
Cs~-137 92.59 0,1247
TOTAL 3.91

It is seen that, whereas the exposure to the maximally exposed
individual is approximately 20% of the 1 mrem/year guideline, the inadvertent
intruder exposure is almost 80% of the 5 mrem/year limit. Thus, to ensure |
that both guidelines are met at all times, it is intended that the operational
guideline for the maximally-exposed individual be set at 0.2 mrem/year. This

is a conservative approach since the likelihood of intruder occupancy of the

sites coinciding with the end of the on-site disposal program is nilj

gsubstantial 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.

6680R



Based on the operational guideline of 0.2 mrem/yr to the maximally
exposed individual, two checkpointe were prepared which would ensure that the

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

(a) Action Level 1 - Gross Radioactivity Limit

The up-to-date total radioactivity dispersed per disposal plot
(Q:Ot) is calculated for each isotope using Equation (4.1).

1f the condition:

tot lim
O <«

lim

is wet for each isotope, where Qi represents the limiting
valuee 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
-

Ma¥iZuwn accmulated
Radioactivity A iowed

Pf{mAcre
Isotope __Ji__JnQil Sl X
Mn-54 1.4
Co-60 120.0
Zn~65 1.4
Cs-134 0.7
Ce~137 46.5

(b) Action Level 2 - Radiation Exposure

1f Action Level 1 fails, determine the potential radiation
exposure using the equation:

Dose (mrem/yr) = L Q:°t DCF1

Where: Q;Ot is the up-to-date total radioactivity dispersed
per disposal plot calculated for each isotope using
Equation (4.1), DCFi is the dose conversion factor for
isotope i, and the summation is over all the radionuclides

in the mix. The doce conversion factors are as follows:
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DCF4
Isotope Individual/Organ (mrem/year-uCi/acre)

Mn-54 Adult/GI-LLI 3.74E-04
Co-60 Teenager/Lung 7. 14E-0Qk4
Zn-65 Child/Liver 1.64E-02
Cs~134 Child/Liver 3.18E-03
Cs-137 Child/Bone 2.66E-03

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

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

disposal plot would have Lo be selected.
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APPENDIX A

LABORATORY ANALYSES OF
SEPTIC WASTE



YANKEE ATOMIC ELECTRIC COMPANY

MAILELD ENVIRONMENTAL LABORATORY

JUl 00 Initial Analysis Report
Custo z:gii ont Yankee Nuv .ea: Power Corp. Report Date: 06/098/88
Attméﬁ‘. t‘ﬂbuﬂuz KEE" 4 v Analyeis Date: 6 /8 /88
MR, .. ~~" “TLA4ING pate Received: 6 /8 /88
Reference Date: 6 /8 /88
MR, STEPHEN SKIBNIOWSKY
8ludge
Sample Amount: 1.01 Kg. Lab Sample No.: G72970
Sample Submiesion Code: VSL 02 2388
Elapsed Time : 0.65 days other Analysis Regquested: None
Comment: COB TANK BOTTOM
DECAY ACTIVITY
NUCLIDE CONC. 4= 1 BIGMA MDC
CORRECTION ( Pico Curie / Kilogram . WET ]
Np~-239 8.24E-01 (<15 = 11 ) EO 35 E O
Co=57 9.,98E~01 (5 +- 94 ) E-2 310 E-2
Ca~-144 9.9BE~01 (-9 - 73 ) E-1 240 E=-1
Ca-141 9.86E-01 “( 26 +~ 17 ) E-1 85 E~1
Mo-99 8.49E~-01 (11 +~ 20 ) EO 65 E ©
Be~75 9,96E~01 (-6 +- 15 ) E~1 49 E~1
Cr-51 9.84E-01 ( 41 4+~ 93 ) E-1 310 E-1
I ~131 9.45E-01 (=15 4+~ 11 ) E-1 37 E-1
Pe~7 9.92E-01 ( 102 += 94 ) E~1 310 E~-1
Ru~-103 9.85E-~01 (=11 4+~ 12 ) E-1 38 E-1
1 ~133 5.95E-01 ( 22 +- 17 ) E-1 58 E-1
Pa-140 9.65E-01 (=175 +- 68 ) E~1 230 E~1
Ce~134 9.99E~-01 ( 16 4+~ 16 ) E~1 $3 E-1
Ru-106 9.99E-01 ( 4 4= 13 ) EO 43 E O
*+ C&-137 1.00E 00 ( 103 +- 18 ) E-1 $4 E-1
Ag=110M 8.98E-01 : (=2 +- 19 ) E-1 64 E~1
Zr~95 9.93E-01 (~19 4= 24 ) E~-) 79 E~-1
Co-58 $.94E-01 (7 += 13 ) E-1 42 E~1
Mn-54 9.99E-01 (=7 +- 14 ) E-1 50 E~-1
¢4+ AcTh228 1.00E 00 ( 287 +~ 68 )} E-1 230 E-1
Tel-132 8.70E-01 { 3117 = 99 ) E-1 330 E~1
Fe~59 9.90E~01 (=33 4= 27 ) E-1 91 E-1
Zn-65 9.98E~01 ( 89 4+~ 36 ) E-1 120 E-1
*+ Co~60 1.00E 00 ( 454 4= 31 ) E~1 82 E~1
*4+ K =40 1.00E 00 (87 4- 23 ) EO 7S E ©
Sb~124 9.92E-01 (=31 += 31 ) E-1 100 E-1
Notes!:
+« Aotivity greater than 3+standard deviation
+ Peak is found Approved by
¢
LD Wy Lot
necrtainty terme 4o ne cesunt the propegetion of B .
T aed e e e sestasetiog o2t Sebt it e B S Jucurey 1

etatiaties), Setimator ol the sddislonel ayvtens
ave the setibrotion queve, 3 § peccent, semple pecition 41
« ] parernt, semrle nan hocsgeasity,* 10 pareest, and sample o0
2 10 parcent.

tag (epuree to detwcencl,
~av orptien,



N YANKEE ATOMIC ELECTRIC COMPANY
MA'LEU ENVIRONMENTAL LABORATORY

Muil Q9 Initial Analysis Report
YAEC
Cu-tegzmuqmaumﬂw-nku Nuclear Power Corp. Report Date: 06/09/88
Attention: MS. ELAINE KEEGAN Analysis Date: 6 /8 /88
MR, EDWARD CUMMING Date Received: 6 /8 /BE
MR, STEPHEN SKIBNIOWSKY Reference Date: 6 /8 /88
Sludge
Sample Amount: 1.02 Kg. Lab Sample No.! G72971
sample Submissicn Code: VSL 03 2286
Elapsed Time : 0.63 days other Analyeis Requested: None
Comment: COB TANK-LIQUID
DECAY ACTIVITY
NUCLIDE CONC, += 1 BIGMA MDC
CORRECTION ( Pico Curie / Kilogram-wer )
..... e 2 0 0 9m  9 0  8
Np=-2139 8.29E-01 (6 +- 10 ) EO 34 E O
Co~57 9.98E~01 ( 65 - 93 ) E=-2 310 E-2
Co~144 9.98BE~-01 ( 20 +- 67 ) E-1 220 E-1
Ce-141 9,87E-01 ( 0 - 16 ) E-1 $2 E-1
Mo=-99 8.54E~01 (=25 +~ 19 )Y E O 63 E O
se-75 9.96E~01 ( 4 4+- 14 ) E-1 48 E-1
Ccr~-81 9.84E~01 ( 81 +- 8€ ) E~-1 290 E-1
1 -131 9.47E-01 ( 8 +- 11 ) E-1 38 E-2
Bé~7 9,92E~01 (1+~10 ) EO 3S E O
Ru~103 9.89E~01 ( 17 4=~ 12 ) E=-1 41 E-1
I =133 6.05E~-01 (~1 +- 19 ) E~1 65 E~1
Ba-140 $.66E~01 { 33 +- 72 ) E-1 240 £-1
Ce-134 9.99E~01 (=17 4~ 14 ) E-1 48 E-1
Ru~106 9.99E~01 (-1 4~ 12 ) E O 40 E O
Ce~137 1.00E 00 (=5 +- 13 ) E-1 44 E-1
Ag~110M 9.98E~01 (=6 += 16 ) E-1 5¢ E-1
2r-95 9.93E~01 ( 20 #= 22 ) E-1 75 E~1
Co-58 9.94E~01 ( 13 4= 12 ) E-1 39 E-1
Mn=-54 9.,9%E~01 ( 11 +- 12 ) E-1 39 E-1
AcTh228 1.00E 00 (=21 4~ 66 ) E-1 260 E-1
Tel-132 8,.73E~01 ( 16 +~ 91 ) E-1 300 E~1
Fo~59% 9.90E~01 (8 +- 28 ) E-1 $3 E-1
Zn-65 9.98E~-01 ( 72 += 34 ) E-1 110 E-1
Co~60 1.00E 00 (=6 +~ 18 ) E~1 76 E-1
+ K =40 1.00E 00 ( 65 +- 21 ) EO 76 E 0O
Sb-~124 9.93E-01 ( 6 = 34 ) E-1 110 E-1
Notes:

+ Peak is found
Approved by

’ .
l’ E Y\ CC ()
~elk whsetislinty tarss de not repranent The propagation & .h ‘ .
::.l :::::l:-:;:':.-n«luu with the redieactive decay pracess ('-.'1“': an S e o e B o o Yo e
etatiotles). Eotimaton of the sediclonsl spstematic ond cardon wacartalntive i D E,Hccurd )
are the ealibeatlon emeve, & 3 peccent ssuple peaicloning (sovtes te dagegtor), a

+ 3 paceent, ssopie ooadamperaliy, 1 ie pectest, end sanple calfoahanspt loe,

& 10 paveent,



YARKEE ATOMIC ELECTRIC COMPANY

rVﬂ/\‘l.Eit) ENVIRONMENTAL LABORATORY

Initial Analyeis Report

TR R e . -

Cuutoncffﬁt99rqg%§ Yankee Nuclear Power Corp. Report Date: 06/09/88
Attentdpn:t MEN- ELAINE KEEGAN Analysis Date: 6 /8 /88
MR, EDWARD CUMMING pate Received: 6 /8 /88
MR, STEPHEN SKIBNIOWSKY Refersnce Date: ¢ /¢ /88
8ludge
Sample Amount: 0.99 Kg. Lab Sample No.: G72972
Sample Submiseion Code: VSL 04 2388
Elapsed Time : 0.99 days O“her Analyeis Reguested: Nene
Comment : MAIN TANK BOTTOM
DECAY ACTIVITY
NUCLIDE g CONC. +~ 1 BIGMA . MDC
CORRECTION [ Pico curie / Kilogram.ysr )
Np-239 8.40E-01 (2+-21)E0 70 E 0
Co=57 $.96E~01 (~10 +- 19 ) E-1 62 E-1
Ca~-144 9.99E-01 ( 11 +- 14 ) EO 45 E O
Ce-141 9.87E-01 (=12 +~ 32 ) E-1 110 E~1
Mo~-99 8.63E~-01 ( 20 +4- 38 ) EO 120 E O
Ge-75 9.97E-01 ( 34 +- 29 ) E-1 97 E-1
Cr~51 9,.85E~01 (=25 - 18 ) E O €1 E O
1 -131 9,50E~-01 (3 4= 23 ) E-1 78 E-1
Be~7 9.92E-01 (=20 +~- 19 ) E O 65 E O
Ru~102 9.90E-01 (=10 4~ 24 ) E=1 81 E-1
T ~-133 6.26E~01 (~-25 +~ 37 ) E-1 120 E~-1
Ba~140 9.68E-01 (=23 4~ 11 ) EO 37 E0
*+ Co~134 9.99E~01 ( 130 4+~ 22 ) E-1 48 E-1
Ru-106 9.99E~01 (-1 +- 28 ) E O 93 E O
*+ C8-137 1.00E 00 ( 1207 +- 52 ) E~1 130 E-1
Ag~110M ¢« 9,9BE-0] (=8 4+~ 53 ) E-1 180 E-1
2r-9% 9.94E-01 (=77 4~ 59 ) E-1 200 E-1
Co-58 9.94E~01 (=11 +- 34 ) E-1 110 E-1
%+ Mn-54 2.99%9E~01 ( 393 +~- 43 ) E-1 120 E~1
%+ AcTh228 1.00E 00 ( 39 4= 11 ) EC 32 EO
Tel-132 8.81E-01 (=7 +~ 22 ) EC 98 E 0
Fe-59 9.91E~01 ( 68 4= 73 ) E-1 240 E-1
*4+ In-65 9.98E~01 ( 527 +- 82 ) E~-1 230 E-1
*+ Co~60 1.00E 00 ( 853 4= 12 ) E O 14 EO
*4+ K -40 1.00E 00 ( 323 «- 35 ) E O 110 E ©
8b~124 9,93E~01 (=12 += 35 ) E-1 120 E-1
Notes:
*  Activity greater than 3*standard deviation
4+ Peak is found Approved by
B <
Wt quated sac-elygms M:ul-"‘loﬂa ‘o -:« unoc::l he m::t::l::‘:: -E.i'.)}.\--g:“.'.‘ -----
:::ﬁ:::::::' ';::::uuo:.:(.:: L::i::‘;.:ﬂ.:::::l Q::'v"h::: uuunu:n D.E.McCur .

are the calibrathon ewrva, * § peceent, ssmple poeitloning faouces to datectnrl,
Ll MR - » Ley,t 10 purcant, ond sonsle sell-abssretlion,
110 parcent,




) YARKEE ATOMIC ELECTRIC COMPANY
nAL s B ENVIRONMENTAL LABORATORY

Initial Analysis Report

-

L Y

Customer :/Vermongavankee Nuclear Power Corp. Report Date: 06/20/88
Attantionst Ms ! MEYNINE KEEGAN Analysis Date: 6 /15/88
MR. EDWARD CUMMING Date Received: 6 /14/88

MR. STEPHEN SKI1BNIOWSKY Reference Date: € /8B /88

Septic-Solid

Sample Amount: 0.06 Kg. Lab Sample No.: G73075
Sample Submission Code: VSLs04 2,88
Elapsed Time : 7.57 days Other Analysis Requested: None
Station No.: 04 Main Tank Bottom
DECAY ACTIVITY
NUCLIDE CONC. += 1 SIGMA MDC
CORRECTION ( Pico Curie / Kilogram j
Np~239 1.07E-01 ( 55 +- 25 ) E 2 85 E 2
Co-57 9.81E-01 (-9 +=- 30 ) E O 99 E ©
Ce-144 9.82E-01 (3+-22 )EA1 74 E 1
Ce-141 8.51E-0] ( 137 +~ 60 ) E O 190 E ©
Mo-99 1.51E-01 (-60 +~ 29 ) E 2 97 £ &
Se-7% 9.57E-01 ( 85 +~ 51 ) E O 170 E D
Cr=31 8.27E-01 ( 14 +- 36 }) E 1 12¢ E 1
1 -1} $5.21E-01 . (=6 +- 74 ) E O 250 E ©
Be-7 9.06E~-01 (12 +- 38 ) E 1 i30 E 1
Ru-~103 8.75E-01 (=2 +- 46 ) E O 150 E O
xI =133 2.49E-03 s amanin - o
Ba-140 6.64E-01 (-86 +- 40 ) E O 130 E O
*+ Cs~-134 9.93E-01 ( 166 +~ 52 ) E © 150 E ©
Ru~106 9.86E~01 ( 12 +- 49 ) E 1 160 E 1
*+ Cs-137 1.00E 00 ( 3824 +- 92 ) EO 200 E O
Ag-110M 9.79E-01 (76 +~ 96 ) E 0 320 E O
2r-95 9.22E~01 (-2 +- 11 ) E 1 36 E 1
Co~58 9.29E-01 ( 12 +- 60 ) E O 200 E O
*4+ Mn-54 9.83E-01 ( 1126 +- 74 ) E O 200 E ©
*+ AcTh228 1.00E 00 ( 76 +- 17 ) E 1 49 E 1
Tel-132 1.99E-01 (=14 +~ 22 ) E 2 75 E 2
Fe-59 8.90E-01 (7 +4+-14 ) E1 48 E 1
*+ In-65 9.79E~01 ( 120 +~- 14 ) E 1 40 E 1
*+ Co~60 9.97E~01 ( 2240 +~- 22 ) E 1 23 E 1
*+ K -40 1.00E 00 ( 472 +- 83 ) E 1 160 E 1
Sb~124 9.17E-01 ( 69 +- 61 ) E O 200 E O
Notes:
¢+ Activity greater than 3*standard deviation
* Peak is found Approved by

x Decay correction less than .01 )

AR
The quoted ene-signe terves (nclude only counting statistics and do not vepresent D. E.HcCurdy 4

the propegetion of all possible eveves sssocieted with the cadionctive decay

process, Gatimater of the sdditions! syetematic ond vandon wncertai-ties arer
cativeation curve, * § pereent, semple positioning, ¢ T percenc, sangle non-
hamageneity, * 10 "-'nq-a, and senple sell-abeacption, * 10 peteent,



YANKEE ATOMIC ELECTRIC COMPANY

j
TUﬂf\ll_t:5~: ENVIRONMENTAL LABORATORY
il an . Initial Analysis Report
s.-"'-l .
Custocpgrﬁhﬂqrnoqusankee Nuclear Power Corp. Report Date:
Attention: MS. ELAINE KEEGAN Analysis Date:
MR. EDWARD CUMMING Date Received:
Reference Date:
MR, STEPHEN SKIBNIOWSKY
Septic-Liguid Portion
Sample Amount: 1.00 Kg. Lab Sample No.:
sample Submission Code: VS
Elapsed Time : 7.57 days Other Analysis Reguested:
station No.: 04 Main Ta
DECAY ACTIVITY
NUCLIDE CONC. 4= 1 SIGMA
CORRECTION ( Pico Curie / Kilogram
Np-239 1.07E-01 ( 142 +- 88 ) EO 290
Co~57 9.81E-01 (=16 +- 99 ) E-2 330
Ce-144 9.82E-01 ( 60 += 73 ) E~1 240
Ce-141 8.51E-01 ( 15 +~- 19 ) E-1 63
Mo~99 1.51E+01 (=123 - 94 ) E O 310
Se~75 9.57E-01 (-6 +- 15 ) E-1 50
Cr-51 8.27E~-01 ( 3+ 11 )EO 36
I -131 $.21E-01 (-6 +- 20 ) E-1 67
Be~7 9.06E-01 ( 37 +~ 98 ) E~1 330
Ru-103 8.75E~01 (-5 +- 13 ) E-1 44
xI =133 2.48E~03 - e
Ba-140 6.64E-01 (=23 4= 23 ) E~1 77
Cs-134 9.93E-01 (-9 +- 15 ) E-1 49
Ru-106 9.86E-01 (1+-212 ) EO 41
Cs~137 1.00E 00 ( 21 +- 14 ) E-1 47
Ag-110M 9.79E-01 (=20 +~- 18 ) E-1 59
2r-95% 9.22E-01 ( 29 4~ 23 ) E-1 75
Co~-58 9.29E-01 ( 20 +=- 13 ) E~-1 43
Mn-54 9.83E-01 { 3¢~ 13 ) £~ 42
AcTh228 1.00E 00 ( 28 +~ 61 ) E-1 240
Tel~-132 1.99E-01 ( 26 +- 37 ) E O 120
Fe-59 8.90E-01 (-1 4= 25 ) E-1 8z
Zn-65 9.79E-01 ( 31 4- 26 ) E-1 B6
Co-60 9.97E-01 (=13 4+~ 22 ) E-1 86
+ K -40 1.00E 00 ( 34 +- 21 ) EO 75
Sb-124 9.16E-01 ( 68 +~ 30 ) E-1 100
Notes:

4 Peak is found
x Decay correction less than .01

The quoted sne-sigme teres include only counting stotistics and do mot represent
the propagetion of all possibie ervace sssociated vith the cadioactive decay
process. Catimates of the sdditionsl systematic ond tundon wncertainties sve:
celibeation cueve, * 3 percent, and semple positioning, & 7 percer D.E.HcCﬂltdy.

06/20/88
6 /15/88
6 /14/88
6 /8 /88

G73074
L104 2388
None
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YANKEE ATOMIC ELECTRIC COMPANY

qlll; -t ENVIRONMENTAL LABORATORY ~ -
“ ra M-Lul.v'
‘ Initial Analysis Report
11570 sessssseescscccrcsnsnas
Customer :vNéfmont Yankee Nuclear Power Corp. Report Date: 07/11/88
AttentdouinMSyTALRINE 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 / ko - DRY
573075 6 /8 y 2% & 4 0.022 Sr-90 (=14 +- 37 )E O 40E O
VSLs04 2388 Main Tank Bottom Sr-89 ( 52 4- 46 )E O 62E O

Notes:
Appyoved by

.ae quoted one-sigea terws include only counting statistics and do not represent
the propagstion of all pessible errors sssociated with the radicactive decay

pr . Esei of the sdditional systematic and randos uncertaiaties are:
colibration curve, ¢+ 5 percent, and sample positioning, * 2 percent. : ‘ S) E m

s D.E.McCurdy.




YANKEE ATOMIC ELECTRIC COMPANY

VIAL L

Initial Analysis Report

e W R g et
Customer i, ermont Yankee Nuclear Power Corp.
AttentdoRatTaL INE KEEGAN

. ARD CUMMING

Septic-Liquid Portion

——————— - - ——— - —— -

LAB. No. DATE
SAMPLE CODE of
REFERENCE ANALYSIS Kg

s . - — - S W W o - — . " -

§73074 6 /8 6 /19 1.002 Sr-90
VSL104 2388 Main Tank Bottom Sr-89
Notes:

The quoted one-signa terws ioclude only counting statistice and do not represent
the propagacion of all possible errors associated with the radioactive decay
process. EBatimates of the additional systematic and random uncertainties are:
calibration curve, + § percent, and sample positioning, + 2 percent.

VOLUME NUCLIDE

ENVIRONMENTAL LABORATORY - _

Report Date: 07/11/88
Date Received: 6 /14/88

ACTIVITY
CONC. +- 1 SIGMA MDC
[ Pico Curie / Kilogram ]

——————— - - -~ ————— - -~ - -

( 113 +- 98 )E-2  200E-2
(=10 +- 11 )E-1 22E-1

Appraved by

~ D.E.McCurdy.



'dl .(“’ y YANKEE ATOMIC ELECTRIC COMPANY

e e ENVIRONMENTAL LABORATORY -
HB 190 Initial Analysis Report
YACC
cugtionernscNermpnt Yankee Nuclear Power Corp. Report Date: 07/11/88
Attention: MS. ELAINE KEEGAN Date Received: 6 /14/88

MR. EDWARD CUMMING

Septic-Liquid Portion

- ——— - ——_—) — - — - ———— ————— -

LAB. No. DATE ACTIVITY

SAMPLE CODE of VOLUME NUCLIDE CONC. +- 1 SIGMA MDC
REFERENCE ANALYSIS Kg [ Pico Curie / Kilogram ]

H73074 6 /8 6 /20 0.003 H-3 ( 26 +- 15 )E 1 49E 1

VSL104 2388 Main Tank Bottom

Notes:

The guoted one-sigms terms include only counting statistics and do not represent
the propagetion of all possible errors astacisted vith the radioactive decay ‘_E el

« Esty of the sdditional systematic and random uncertainties are: E
uuhucm curve, * 5 percent, and sample positioning, * 2 percent,

—-————————— —————————— - — -

r's D.E.McCurdy.



This section contains copies of the computer code outputs employed

in the calculation, as follows:

6680R

B.l
B.2
803

Blh

B.5

ALLEGRA - Gamma Ray Spectra

DIL0S-V - Dose Reduction as a Result of Plowing
ATMODOS ~ Radiological Impact During VY Control of the Dieposal

Site

B.3.1
B.3.2
B.3.3
B.3.4
B.3.5
B.3.6

ATMODOS - Radiological Impact After Termination of Vermor: Yankee
Control of the Disposal Site (All Nuclides)

ATMODOS - Unplowed-Land Dose Conversion Factors for Radiological

Impact
Impact
Impact
Impact
Impact
Impact

due
due
due
due
due

due

Impact Assessment

B.5.1
B.5.2
B.5.3
B.5.4
B.5.5

Impact
Impact
Impact
Impact
Impact

due
due
due
due

due

to
to
to
to
to
to

to
to
to
to
to

Mn-54 in the Septage
Co-60 in the Septage
Zn-65 in the Septage
Cs~134 in the Septage
Cs~137 in the Septage
All Nuclides in the Septage

Pt et ek e e

uCi of Mn-54
uCi of Co-60
uCi of Zn-65
uCi of Cs-134
uCi of Cs-137

B-1
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£03~101d

a8wg -
‘ONTHAANTONA HOHAINI

2-1'8
*ONI

ALLEGRA (RARIDACTIVITY & Ganma SFECTRa - ORIGEN-2 DATA BASE - EWTECH ENGINEERING. Img, -

Uy - DISFOSAL OF CONTAMINATED SEWAGE - FIELD aCTIvV

USER-SFECIFIED PRINTOUT CONTROL FLAGS:

NUCLIDES IN LIBRRARY

! KPRINT(1) =
PECAY DATAa IN LIPRARY t XPRINT(D) =
Gama SPECTRA IN LIBRARY ! KPRIRT(3) =
CALCULATED ACTIVITIES : KPRINT(4) =
1SOTOFPE-SPECIFIC SHECTRA I KPRINTI(D) «
TOTAL GamMa SPECTRA i KPRINT(A) =
TAPE 11 CONTENTS I KPRINTIT) =
TAP: 12 TONTENTS : KPRINT(B) =
INTERMEDIATE DECAY RESULTS @ XPRINT(9) =

pATA LIPRARY SELECTION OPTION - 2
INPUT ACTIVITY UNIT CONTROL - 1
GaNNA SPECTRA CONTROL FLAS - 1

3J0URCE VOLUME (CURIC NETERS)
SOURCE INTENSITY INPUT MULTIFLIER

XIN. ISOTOPIC ACTIVITY FOR INCLUSION IN THE QUTFUT TARLES

TOTAL NUMBER OF NUCLIDES IN THE INFUT = &

LIST OF INPUT NUCLIDES AND ACTIVITIES (CURIES):
I50%40 2.831E-08 270400 2.3353E-04 300830

THERE IS CS137 AND/OR BAIITHM IN THE INFUT.

CHECK IF KOTH NUCLIDES ARE IN THE INFUT AND THAT THE BA13ITHM ACTIVITY 15 0.%44 TINES THAT OF CS137.

DJOQ-.--——Q

2.801E-04

-

SS13e0

1.0000€400
1.000CE+00
.0000L+00

1.857E-08

351370

uop o1

06,22/780)

ITY AFTES 40 Tank FUMFINGS

88/06/30.

FaAGE
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PINOS-V (CYLINDRICAL RADIATION SOURCE DOSIHETRY) -~ ENTECH EWCINEERING,/ VANKEE ATONIC -« (MOR

RECEFTOR

- DISF. OF CONTAM. SEWAGE - ACTIV. FROM 40 FUNFOUTS/T ACRES - UNFLOWED LawNd

TIRE (MRS) - .0c

SOURCE DE

CONTAINER

SHIELD SL

POSE FOIN

RESULTS

GAMMA
GROUF

LR R R

HAX IMUN

SCRIFTION

NATERIAL
NONE

ARS MATERIAL
AIR

T DESCRIFTION

ELEVATION RELATIVE TO

ENERGY ADJ. INTERS

IREY) (HEV/S~K3)
.038 ?.7T9TE402
373 2.881E401
+$75 2.423€405
.8%0 1.587E404

1.250 2.49BE408

£.250 T.568E01

PATH-LENGTN USEDR IR

UFRIGHT CIRCULAR CTYLINDER MATERIAL

RADIUS (RETES - 1.5C0E402 HEIGHT (HETERS)
VOLUKE (ZU®R. - T.045E401 DPENSITY (G/CC)

MINIEUN SOURCE INTENSITY FOR IWDEFENDENT ARALYSIS

SOURCE INTENSITY INFUT KULIIPLIER -

HAKX ENERGY DIFF FOR INDEFENDENT AKALYSIS (FERCENT)

FENSITY(G/CD)Y Radlus W) HEIGHT M)

PENSITY(G/CO) TRICKNESS (W) ANGLE (DESQ)
1.293E~03
RECEFPTOR OW AXIS

LOWER END OF SOURCE (HKEYERS) - 1.001E400

SOURCE ATY CONTAINER HUST SHIELD OVERALL

COEF (1/%) RADIAL - axlaL KUST FUILDUP
3.423€E-02 +000 + 000 000 1.737E400
i.288€-22 000 <S00 +200 1.330E%00
1.080€~-02 «000 000 000 1.341E%00
B.EBTE-D3 +000 000 . 006 1.183E+00
7.335€E-03 «000 <000 .000 1.13FE+00
S.398£-03 . 000 000 000 1.082€+00

AHALYETS (KFP) - s0.0
LR A THD OF FROBLER TR X E N SR & W

- 10515788 )

AlR
1.000€-03
1.293E-02
«000E+00
1.236E-01
S.000E400

8370702,

EaD. THRICKNESS )

S-PIGENSIONAL ANALYSIS

INTGRL VAL
SITH BLDUF

2.843E-03
I.484€-03
Z.308E-03
2.373€-03
2.36TE-03
2.367€-03

TOTAL

DPCSE YO alR
(R/NR)

1.009€-09
1.211€-11
P.741E-08
4.232€E-0°
9.783€-07
B.O0SRE~1T

1.083E-04
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DIDOS-V (CYLINDRICAL RADIATION SCURCE DOSINETRY)

CARD
3£0.

b Wby e

INPUT DATA LISTINC - TAFE 11t

1 2 - 4 ° 4 3 e
1:3‘567.'01:34:67.'0[:,.367.'9':3‘:‘7”.1:3‘5‘7.’9!:3.5678'91:3‘367.'01:).:‘7"0

uy - DISFOSAL OF CONTANINATED SEWAGE - FIELD EOUILIBRIUN ACTIVITY (NEV/SED)
TINE (HRS) <000E+D0

3.730E-02 3.720E-01 S.TSCE-O01 B.500E-01 1.250€400 2.250E%00

=.925E403 2.331E402 1.950€304 1.TBSES05 IT.1BIELOT 2.078E402

- ENTECH ENGINEERING/ ANKEE ATONIC - [%OD 01 - 107788 )

83/07/02. FAGE
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PIDOS-V (CYLINDRICAL RADIATION SOURCE POSINETRY) -~ ENTECH EMGINEERING/VANKEE ATONIT - (NOD

vy

RECEFTOR

- DPISF. OF CONTAM.

1 TINE (MRS) - «00

SOURCE DESCRIPTION

CONTAINER

SHIELD SL

ARS

HMATERIAL
NONE
MATERIAL

AIR

POSE FOINT DESCRIFTION

RESULTS

BanNA
GROUP

ORI TR RS

RAXTHUM

ELEVATION RELATIVE TO

SEWAGE - ACTIV. FROM 40 PUNFOUTS/2 ACRES - FLOWED LawD

UPRIGHT CIRCULAR CYLIMDER RATERIAL
RADIUS (METERS) 1.5008402 MEIGKRY (XETERS)
VOLUSE (CUBRMK,) = 1.080E404 PENSITY «(G/CO)

AINTHUX SODURCE IWRTENSITY FOR INDEFENDENT ARALYSIS
SOURCE IHTENSITY IWFUT MULTIFLIER -
MAX EWERGY DIFF FOR INDEFENDENT AWALYSIS {PERCENT)

PENSITYIB/CO) R&DIUS (W) HEIGHT W)
PENSITY(B/CD) THICKIESS M) ANGLE (DPES)
1.293€E-03

RECEPTOR ON AXIS

LOVER END OF SOURCE (KETERS) = 1.150E4+00

ENERGY ADJ. ITWTENS SOURCE a1y CONTAIRER MUSY SHMIELD QUERALL
(HEV) (HEVW/S-N3) COEF (1/%) RabDlaL - AXIAL nusY BUILDUF
.038 4.528BE400Q 1.114E402 «000 .000 . 000 1.5T1E400
+37S 1.920€-01 1.582€401 .000 . 000 . 000 2.59BE+00
+S7% 1.818E403 1.321€E401 000 «000 .000 2.274E400
8350 1.0358€402 1.10Z€E+01 000 000 000 2.014E4+00
1.250 1.798E40 °.109E400 .000 000 000 1.812€400
2250 1.710€E-01 4.7A2E30D 000 «000 + 000 1.278E400
FATH-LENG™ USED IN AMALYSIS (KFF) =« %0.0
FE O B O END OF PRORLEM £ s £t E L E L TR

o1

| S

- 10/15/86 )

CONCRETE
1.5008-01
1.800E+00C
.O0DE+00
8.237E~02
3.000E400

88so7/02.

RAD. THICKMESS (W)

PELTA

S-DIKENSIONGL ANALYSIS

INTGRL vaL
WITH BLDUFP

4.181E-03
T.ST7E-02
7.840€-02
8.198E-02
8.4B7E-02
9.813E-02

TOTAL

POSE TO AIR
(R/HR)

1.701E-11
S.ASTE-IT
2.147€-08
1.434€-09
2.398E-07
:-"'E":

2.829E-07

TAGE

3



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

Disposal Site

Presented below is a partial listing of one of the ATMODOS Tape 5
inputs used in this portion of the calculation. i1t corresponds to the
output in Sec. B.3.6 below. With the exception of the nuclide data

library, a large portion of which was deleted due to space limitations,

the listing is complete.

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

exposures were excluded from the output.

1 1VYP1 VY STANDARD PROGRAM INFORMATION FILE
VY - SEWAGE CONTAM - SOLIDS 1% BY WI' - 2 ACRES - SHIELD F = 0.012 - 104 HR OCCUP
1. .200 44.56FRESH .500YESNO NO 0..012 1.NO NO NO 0.1.00
-=F0OR~~
e fOF -~
0 2VYGASRLGAS STK VY 87 1 1 0 87063023:
MN54 4.132E-6 25 MN 54
o060 2.511E-4 27 0O 60
ZN65 4.502E-6 30 ZN 65
CS134 1.715E~6 55 CS 134
8137 9.366E-5 55 CS 137
—=FOR-~
_..mF.__
1 S5QUERY PATHWAYS: SHORE(1,2,3),BND,ROAD,RES1,RAD,MFAT,GOAT, COW
SHORE1  YESYES
SHOREZ  YESYES
SHORE3  YESYES
BOUND YESYES
ROAD YESYES
RES1 YESYESYESYES
RADIUS  YESYES

MEAT YESYESYESYES YESYESYES
GOAT YESYESYESYES YES  YESYES
OOw YESYESYESYESYES YESYES
w=FOR«~
-=BOF -~

ENTECH ENGINEERING, INC.
P101-EC3 -~ Page B.J3-1



1 6VYUFMAXVY MAXIMUM INDIVIDUAL USAGE FACTORS FOR STANDARD PFORBLEMS

520.00 64.00 310.00 110.00 £1.00 .00 00  12.00 .00 8000.00
630.00 42.00 400.00 65.00 16.00 .00 .00 67.00 .00 8000.00
520.00 26.00 330.00 41.00 6.90 .00 .00 14.00 .00 3700.00
.00 .00 330.00 .00 .00 .00 .00 .00 .00 1400.00
PR~
s =
1 7VYGSD VY MAX INDIVIDUAL GAS SITE DATA FILE FOR STANDARD PROBLEMS
2.00 2.00 .70 2.00 .70 2.00 .70 2.00
240.00 240.00 240.00 240,00 240.00 240.00 240.00 240.00
.00 .00 48.00 48.00 48.00 48.00 480.00 480.00
8766.00 8766.00 8766.00 8766.00 8766.00 8766.00 8766.00 8766 .00
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1440.00 24.00 .00 2160.00 .00 2160.00 .00 2160.00
.00 .00 50.00 50.00 6.00 6.00 50.00 50.00
.00 .00 .50 .00 .50 .00 .50 .00
.00 .00 1.00 .00 1.00 .00 1.00 .00
1.0 1.00 .00 .00 .00 .00 .00 .00
5.60 .00 .00 .00 .00 .00 .00 .00
== FOR~~
O ==

ENTECH ENGINEERING, INC.
P101-EC3 - Page B.3-2



1 BISTPNBLNUCLIDE LIBRARY FOR ALL DOSE PROGRAMS
89
1.78E-090.00E+000.00E400

1 3
H 9.0E-01 9.0E-01 9.0E-01 9.0E-01 9.3E-01 9.3E-01 4.8E-00 1.0E-02 1.2E-02

1.05E-071.05E-071.05E~071.05E-071.05E~-071.05E-07
1.58E-071,58E~071.58E-071.58E-071,568E-071.58E-07
1.06E-071.06E-071.06E-071,06E-071.06E~071.06E-07
1.59E-071.59E-071.59E-071.59E-071.59E-071.59E-07
2.03E-072.03E-072.03E-072.03E-072,03E-072.03E-07
3.04E-073.04E-073.04E-073.04E-073.04E-073.04E-07
3.08E-073.08E-073.08E~073.08E-073.08E-073.08E-07
4.62E-074.62E-074 .62E-074 .62E-074 .62E-074 . 62E-07
6 14 3.83E-12

oocoocccCcocCco

C 4.6E+03 9.1E403 4.6E+03 1.8E+03 1.4E+03 1.8E+03 5.5E+00 1.2E-02 3.1E-02

2.84E~065.68E-075 .68E-075.68E-075.68E-075.68E-075.68E-07
2.27E~064 . 26E-074 . 26E-074 . 26E~074 . 26E-074 . 26E-074 . 26E-07
4.06E-068.12E-078, 12E-078.12E-078.12E-078.12E-078.12E-07
3, 25E-066 . 09E-076 . 09E-076 . 09E-076 . 09E-076 . 09E-076 . 09E-07
1.21E-052.42E-062.42F-062.42E-062.42F-062.42E-062, 42E-06
9.70E-061.82E-061.82E-061 .82E-061.82E-061.82E-061 . 82E-06
2.37E-055.06E-065 . 06E-065 . 06E-065 . 06E-065 . 06E-065 . 06E-06
1.89E-053.79E-063.79E-063 . T9E~063 . 7T9E-063 . T9E-063 . 79E-06
11 24 1.28E-052.50E-08 2.90E-08

ETC (FOR A TOTAL OF 89 NUCLIDES)

DR ~~
-—BOF--

SOLUBLE

SOLUBLE

SOLUBLE

1 3VYXQF 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 =~
-=FOF -~
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THE FOLLOMING

REGULATORY GJIDE 1.109. APPENDIX C
HWODELS FOR CALCULATING DOSE VIa
ADDITIONAL FATHWAYS FROR RADIDIODINES
AND OTHER RADIONUCLIDES DISCHARGED
1D THE ATHOSFHMERE NOV.1977 LIRRARY

NUCLIDE RELEASE

CUR1ES

30 IN &S 4,50E-06

VARTIARLE
Y¢ AGRICULTURAL FRODUCTIVITY (XB/n=-2)
L4 SOIL SURFACE DENSITY (KG/"-2)
T TRANSPORT TIME TO USER (HRS)
TR SOIL EXPOSURE TIRE (HRS)
YE CrOP EXPOSURE TIRE TO PLUNE (HRS)
TR HOLDUP AFTER HARVEST {HRS)
QF ANIHALS DAILY FEED (RB/DAY)
FF FRACTION OF YEAR ON PASTURE
FS FRACTION PASTURE WHEN OM Pas: =€
FG FRACTION OF STORER VEG GROUN 74 GARDEN
FL FRACTION OF LEAFY VES GROMN IN GARDEN
F1 FRACTION ELEMENTAL TODINE = .500
H ARSOLUTE HUMIDITY = S.40 (GN/n-3)
PC  FRACTIONAL EQUILIBRIUN RATIO FOR C-14 = 1.000
USAGE FACTORS
VES LEAFY HILK MEATY INHALATION
AGE VES '

(KG/YR) (KG/YR) (LI/JYR) (KG/YR) (W=-3/YR)
ADULT S20.00 44.00 310.00 110.00 8000.00
TEEN 630.00 42,00 40C.00 635.00 8000.00
CHILD S20.00 28.00 330.00 41,00 3700.00
INFANT «00 .00 330.00 .00 1400.00

FROGRAM ATHODCS
YANXEE ATOMIC ELECTRIC COMFANY

DISTANCE

X/0 DEFPLETED

1 NUCLIDES WERE USER IN THIS CALCULATION

PETEEESETALELRELIRRLLTRRLLCTLCTECIRTITARISCSED
POSE DELIVERED TO EACH ORGAN
FROM ALL FATHMAYS COMBIMED

'.t!'iti‘tt".t(tll!tlt'ltl!ltt

FLP
[

4.83E-04

1.24E-04

- %.012 -

(METERS)
(SEC/M-3)
4.43£-04 (SEC/H-3)
t17/8-3)

VY - SEWAGE CONTAN - SCLIDS 1X BY wt - 2
ACRES - SHIELR F

104 Wk OCCuF

& PATHUAYS CONSIDERED

GROUND FLANE

INMALATION

STOREDN VEGETABRLES

GOAT NILK

LEAFY VEGETAPLES
CON MILX
COAT MILX
mEAT
MLAT
STORED FASTURE SYORED
2.0 +70 2.00
240,900 240.00 240.00
48.00 4B0.00 480.00
8764.00 8744.00 87464.00
.00 .00 .00
S1460.00 .00 2140.00
6.00 $0.00 0 00
50
1.00

THYROID WHOLE BRODY

&.72E-03 1.44E-04 4.87E-03
4.72E-03 1.44E-04 7.3BE-C3
4.186E-03 1.48E-04 1.44E-02
i.28E-02 1.48E-04 9.39E-03

‘.l'l!"lt..l"ltllt'tillttl'titllt‘l!ll!'l.l'.ll

SKIN

1.84BE-04
1.48BE-04
1.88E-04
1.48E-04

YES
YES
YES
YES
YES

Ll
YES

'!'.l'.lll!lllttl.‘!'!lt.!l(tl'tl.i!t!t'l

£'e'd
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FPROCRAR ATHODPOS

YANXEE ATOMIC ELECTRIC C
PEC, 1789 REV.
RECULATORY GUIDE 1.109, AFPFENDIX C
MODELS FOR CALCULATING DOBE VIA
ADDITIONAL PATHHWAYS FROM RADIDIODINES
AND OTHEFR RADIONUCLIDES DISCHARGED
TO THE ATHOSPHERE NOV.1977 LIRRARY
THE FOLLOWING 1 NUCLIDES NERE USED IN THIS CALCULATION
NUCLIDE RELEASE
CUKIES
oS €S 138 1.72€E-08
VARIARLE VESETABLES co
STORED LEAFY FASTURE
YV AGRICULTURAL FRODUCTIVITY (XG/M=-2) 2.00 2.00 .70
L4 SOIL SURFACE DENSITY (KB/N~2) 240.00 240.00 240.00
 { TRANSFORY TINME TO USER (MRS) 48.00
TR SOIL EXFOSURE TINE (SRS 87646.00 8744.00 B7464.00
TE CROP EXFOSURE TINE TO FLUKE (HRS) .00 .00 .00
TH HOLDUP AFTER MARVEST (HRS) 14a0.00 24.00 .00
GF ANIMALS DAILY FEED (KG/DAY) $0.00
FP FRACTION OF YEAR ON FASTURE +«50
FS FRACTION PASTURE WMEN ON PASTURE 1.00
FG FRACTION OF STORED VEG GROUN IN GARDEN 1.00
FL FRACTION OF LEAFY VES GROUN IN GARDEN 1.00
F1 FRACTION ELEMENTAL ICDINE = «500
Ll ARSOLUTE MURMIDITY = 3,40 (BN/K-3)

FC FRACTIONAL EGUILIBRIUM RATIO FOR C-14 = 1.000

US#GE FACTORS

VES LEAFY RILK MEAT INHALATION
ABE VES
(XG/YR) (K3/YR) (LI/YR) (KG/YR) (M-3/YR)
ARULT 3520.00 64.00 310.00 11C.00 8000.00
TEEN 630.00 42.00 400.00 43.00 8000.00
CHILD 520.00 26.00 330.00 41.00 3700.00
INFANT .00 .00 330.00 + 00 1400.00

OMFAaNY
?
SECTOR FL
DISTANCE -
X/Q = 4,
X/7C GEFLETED « &,
DELTA » %a
VY = SEWAGE CONTam
ACRES - SHIELD F
¥ MILK GOAT MILK
STORED FASTURE STORED
2.00 «70 2.00
2a0.00 s40.060 Jag.20
4ag.00 48.00 48.00
B7es.00 8744.00 B87464.00
.00 .00 .00
2180.00 «00 2160.00
$0.¢00 6.00 4.00
.50

1.00

p

] IRETERS)
S3E-04 (SEC/™-3)
43E-04 (SEC/W-1)
24E-0a (1/m-

- SOLIDS 1X BY WY - 2
= 0.012 - 104 Wk DOCCUF

& PATHUAYS CONSIDERED

GROUND FLANE YES
INMALATION YES
STORED VEGETARLES YES
LEAFY VECETARLES YES
COv ALK YES
GOAT MILX ND
MEAT YES
HEAT
FASTURE STCRED
<70 2.09
240.00 2490.00
4g0.00 480.00
8744.00 87468.00
00 .0C
00 2140.00
so.00 50.00
«50
1.00

P I ittt s et et e R R R R R R e e e e R R R R R

DOSE DPELIVERED TO EACH DRGAN
FROM ALL FATHWAYS COMBRINED

RONE LIVER KIDNEY LUNG BI-LLI THYROID
s (MREM)
1.09€-03 S.08E-04 3I.20E-04 2.42E-04 2.27E-04
7.92E-04 1.S6E-03 4.50E-04 3I.B9E-04 I.44E-04 2.27E-04
1.50E-03 2.31E-03 B.74E-04 4.SPE-04 2.3PE-04 2.27E-04
JTAE-D4 1.2%E-03 4.89E-04 3I.2TE-Da 2.30€E-04 2.27E-04

T
T
t
T
:
% S.89E-04
L]
*
*
L3
*

WHOLE RODY SKIN
?.31E-04

B.A4E-04 2.83E-04
6.47E-04 T .83E-04
3.30E-04 2.85E-0a

*
*
*
*
2.65E-04 3
L]
®
*
*
*

lll..l..“ll.l.‘..!tll'l"ll‘il'llltll!tlttll.t'll‘.illt.ll!'ltttllil‘.t't'i'l't
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OGRAM ATHCDROS

YANKEE ATOWMIC ELECTRIC CONFAaNY

RECULATOSY BUIRE 1.109, APPENDIX C
ROPELS FOR CALCULATING POSE Via
ADDITIONAL PATHWAYS FROM RAPIOIDDINES
AND OTHER RADIONUCLIDES DISCHARGED

10 THE =THOSPHERE NOV: 1977 LIRRARY

THE FOLLOWING 1 NUCLIDES WERE USED IN THIS CALCULATION

NUCLIDE RELEASE
CuURlES
5S Cs 13?7 9.37€-03

VARTAKLE

DEC, 1985 REV. 7

SECTOR
pISTANCE

x/Q

X770 DEFLETED
RPELTA

=
=
=
-

FL

] om
4,463€-04 (S
A.43E-04 (S
1.24€-04

ETERS)

gEC/m-3
ES/n-3)
t1/8-2)

VY - SEWAGE COWTAM - SOLIDS 1X BY WT - 2
ACRES - SMIELD F = 0.052 - 104 4R ocCur

VEBETARLES cow miLx BOAT MILK

STORED LEAFY FASTURE STORED FASTURE STORED

YU AGRICULTURAL FRODUCTIVITY (KG/N-2) 2.00 2.00 «70 2.00 70 2.00

F SGIL SURFACE DENSITY (KB/n-2) 240.00 240.00 240.C0 240.00 240.00 240.00

| TRANSFORT TINME TC USER (HRS) 48.00 48.00 48.00 48.00

TR SOIL EXFOSURE TINE (HRS) £764.00 8764.00 6766.00 87484.00 B8786.00 87464.00

12 CROP EXPOSURE TIME TO FLUME (HRS) .00 +00 «00 .00 +00 +00

TH HOLDUF AFTER MARVEST (HRS) 1440.00 24.00 +00 2160.060 .00 2140.00

0f ANIMALS DAILY FEED (XG/DAY) s0.00 $0.00 s.00 6.00

FF  FRACTION OF YEAR ON PASTURE -1 .30

FS FRACTION PASTURE WHEN ON FASTURE 1.00 1.00

FG FRACTION OF STORED VEG OROUN IN GARDEN 1,00

FL FRACTION OF LEAFY VEG GROUN IN CARDEN 1.00

FI FRACTION ELEMENTAL IODINE = 500

L ARSOLUTE HUMIDITY = S$.40 (GA/M-T)

FC  FRACTIONAL EQUILIBRRIUM RATIC FOR C-14 = 1.000

AGE VES

TEEN £30.00 42.00 A00.00 635.00 8000.00
CHILD S20.00 26.00 330.00 41.00 3700.00

*

L

.

*

?
ADULT S20.00 44,00 310,00 110.00 g0C0.00 ¢ 3.57E-02

*

*

INFART .00 .00 330.00 «00 1400.00 ¢

*

*

& PATHUWA (S CONSIDERED

GROUND FPLANE
INHALATION
STORED VEGETABRLES
LEAFY VEGETABRLES
CoN NILK
GOAT mILK
HEAT
REAT
FASTURE STORED
.70 2.00
24c.00 240.00
480.00 480.00
£8746.00 8744.00
.00 «+00
00 2160.00
%0.00 $0.00
.50
1.00

YES
YES
YES
YES
YES

NO
YES

ll‘..'lllll.l..‘t‘l"l...l't!ttl'.Cl‘."l'lltlltt‘l'lll!lllll"t'lllt!lllll.l!ltl.

DPOSE DELIVERED TO EACK ORGAN
FRO® ALL FATHWAYS COMBINED

USASE FACTORS

VEG LEAFY HILK MEAT INHALATION

RONE
(KG/YR) (KB/YR)} (LI/YR) (KG/YR} (M-3/YR)

S.S2E-02
1.23€-01
%.30E-02

FEEEETERARREEELEENERLIERERRRORS

LIVER KIDNEY

4,.70E-C2 1.93E-02
7.18€-02 «TRE-O2
1.18E-01 4,19€E-02
$.35E-02 2.07E-02

LUNG
(MREN)
9.729€-03
1.39€-02
1.83E-02
1.14€-02

GI-LLI THYROID WHOLE ®ODY SKIN

S.86€-03 S.08E-03
4.006-03 S.08E-03
S.76E-03 S.06E-03

L24E-03 S.04E-03

3.2%5€-02
2.83E-02
2.18€-02
?.20E-03

T
$.90€£-03 »
S.90€E-03 =
5.90€E-03 =
5.90E-03 ¢

*

x

"l".lltttltltl.lt't‘llllll.l'll.lt!lllltllt.t!ll

G'e*d

T

v

sduidag 24y Ut Lel



INC.

803a6—1

-.-D.¢l..h.n.u&..&.ﬂﬂlﬂ.a..u..u.ﬂhﬂﬂﬂ.“ﬂhﬂn-u-lﬂ'.Qi.ﬂdﬂhulddO.d&.di..ll.h.‘lﬂ...

s ®
3 20-38.°9 20-381°¢ TO0-39L'S  TO0-3ACL  T0-380°8 Z6-39C°8 10-38E°1 10-3v1°T & 0000wl 00" 0G*OEE 00° oo INwan] Gp
s 20-38.°9 TO0-3vs'é TO-3IPL'S  T0-3TTI'8  TO-3LL'e 10-301°1 10-388°1 10-398°1 3 00°00LE O0CTIw 0G'O0EE 00°9Z 00703 9NIMd =
s 20-38:°9 20-3lv's T0-394°S Z0-359'e T0-306°4 I0-380°4 jo-3vr't 10-3L1°T 8 00°0008 00°SY 00 00 0QO°Iv 00*oLy  N3I3L
s 20-38(°F C0-33v°4 20-394°C T0-399°6 Zo-39ecE o-326°¢ f0-35i1°T T0-302'6 3 00'0008 co'oll 00"QIL 0O0'r? 00°0I5 4NQV g o
0 EECH S (NAZE-W) (MAZOX) (SAZIT) (HA/9X) (HA/8N) = g
' NINS 4008 30NA  Q108AMIL 11-19 onn AINGIN ¥ini 3NDH s CET 39v &) x
s s NOILWTWWMI  1v3W  N¥1VIW Aav3] g3n o,
* QINIEN0D SAUMHLIYY 1V WONJ * - 2
* NYSH0 WOv3 01 U3¥3a173d 3S0d ® S3¥013v3 38vsSn —~
uuuoauunhnuuﬂudcu-uuuanunuucuduuﬂonﬂiiu.nuuuuuuhuouuu-“CCﬂuunuuﬂﬂluunﬂuuuuuuuuuuu. G |
000°'1 = ¥i-2 ¥04 Olivy WNIYEITNINU3 IWNDILJwds 24 Wu?
" (E-W/WO) 09°C = ALINIWAN 3LRT0SHY " ﬂ
W 0oc* e 3INIQOI TWIN3IW3ITI A0ILdwss 13 ==
o CTRR ¢ N3Q490 NI NA0¥D 93a A4v¥3T 40 NOILOves 4 Q!
43 0ol N304¢S NI NRO¥S 93n G390.5 40 NDILOW¥3 24 o
w. 001 001 [T 28 39N1Swd NO NIMM 3YNISV4 NOILOwEd 54 “ >
@0 05" iy 5 38NiSYS NO ¥v3A 40 WOTLIvNd 44 &
00" 0S 00" 03 00" ? 209 0065 0c 0% CARG/8%) 4334 Allvg SYewiny 4D 2
Py 00 Q9IZ 00 00'991Z €O 00 0912 Q0° [-T.2F 4 00 owwi (SuM) LS3ANVK ¥314v JNII0H WL €3]
Pt 00" 0" co0* oo 00" oo 00" oo (Sy9H) IWN14 01 3IWIL 3¥AS04X3 4083 34
o) 00 ¥9L8 09 998 00 99L8 00" vVLB 009948 00°9?¥8 00*9?9.8  00°9VLB (Sun) 3wl 380S04X3 TICS 8L
cotonr 0008w oc 8w 00 8Y oo 8r 008 (S3H) ¥35N 0L 3WIL 1¥04SNYyL i
c 000wl cc*owl 00 0¥l 000wl LA T M [T A1 1M 00°0ovl 00 0wl (T-W/ON) ALISN3G 30wiyns Nios 4
-l 002 0L [T 0L [- TR oct 00°Z 00°2 (S=H/B%} ALIAILINGO¥S WINLINTINOY A4
¢3N04S 3ynisvd 433048 3¥NiISed §33048 39Nisvd Advd d330:8
ﬂ L¥3n N1IW lw0S N1IW mO2 $37€vL1303a 3EviNva
M
M $3a iv3N $0-34£%4 4LV 83 4%
on ¥1IW 1vo9 90-334 1 ¥El 52 35
$34 ¥IIW ACD . 90-303°y SS9 NI Of
$34 §378wi393A Agv3d) v0-315°2 99 ©3 &2
.w” §3. $3INNEVI30an JINOUE $0-3E1°r ¥s NN 32
[ 234 NOIivTeNNT s3isnd
ﬂ $3. INV14 GNAONE 3s¥3733 311NN
o 233331SM00 SAvAHLIVY ¢ HOILYINITIET SIH: M1 J3SN 3y3m S3317I4N S SNIMO1I0s 3IHL
4N330 ¥ 01 - T10°C = 3 UIIImd - SINIV
T - im A9 3T SIS - WVLNUD 39VA3S - LA
(S-%s12 *0-3¢2°1 * ¥i3e A¥wNE1T ZZ41°A0N 3¥3IN4SONLv 3ml OL
(E-4s235% »O-3E9'F - 13137439 O/ ¢398vHISIQ S3CININNCIAVY ¥3HLI0 dwv
(C-us3353 wQ-3EV'VY - e x €INIQOICIAYY WOS4 SAYANLIYY TWNDILIE¥
< (ENILIN? [} - IImeLsic wia 3500 OMIi¥IN2TI¥I 03 S1340W
. N ¥04i238 2 XIUN3adw *SCI°1 3QIND 130.i¥IN03N
~ L *a3y c8s&t *23M
- ANYSROD 1312373 2IKCIY 33umMTA
fo o SOQ0OHLIY NY3C0¥Z




Ze~30:°Y

g£0-306"%
¥o-329°2
vo-389"1
20-331°Y
»8-395"3

NIXS

$33i3% 0

£o-3v8° 2

£0-301°2
$0-398'S
v0-395"3
v0-309°C
90-39C°'3

Z0-393°2

20-394°1
vo-3ivw
£0-394°1
go-3wes°2
s0-389°1%

»0-3¥9° 9

v0-388°%
S0-3g8°1
$0-340°C
$2-3%9°S
io-318°¢

To-394°S

£0-390°3%
¥o-3LT°2
*o-390" 1
Io-302°S
v0-381°2

Agcd IOmm

Q0+300°

a¢+300°
00+300°
00+300°
Q0+ 30¢"
00+300°

00+300"

00+300°
Q0+308°
00+390°
004300
20+300°

Qoc300"

Q0e300"
00+300°
co+300°
Q0+300°
00+300°

QI03aNL

30 32MvLiSIQ wULV 301038 €74

£o-36i°C

S0-3ve ¥
90-3¥2°1
®0-342°E
£0-308°2
S0-38{°C

20-39%°C

*0-322°S
90~395" 8
go-3°¥°l
Zo-3L8C
¥-304°8

£0-340"1

g0-321°'1
£9-339°2
90-3f<°¢
£0-320°1
?0-36%"Y¥

I1-18

v0-318'C

vo-394°L
90-3£9" L
00+300°
00+300°
00+300°

£€0-301°E

£0-3¥0°C
C0-348°S
09¢300"
00+300°
00+300"

To-333°2

vo-3£0°1
90-3Cv*2
§0-304°%
zo-303°'2
So-38v'8

NN
(WINuT

£0-3v2°1

£o-3£1°1
S0-30¢€°2
¥0-308°C
Qe+300°

0-3L9°L

ge-302°1

£0-3C1°%
vo-324Y
£0-319°2
00+300°

£0-329°2

¥0-381°¢C

v0-350°¢C
90-322'¢
P0-32%°¥
00+300°

L0-398°S

AJNCIN

SAVAHIVY SNQINvA
WOo¥4 @3a1323% S3504

1

£0-30i"Y

£0-382°¢
S0-301"¢
¥0-3L9'S
¥Oo-39S° 1
30-3£2°1

Zo-3l't

To-349°C
vO-3%v°S
£0-306°C
£0-392°1
s0~-308°'%

¥O-392"8

v0-3£5°'8
S0-3£1°2
f0-318°9
So-3¢l°Y
90-30¢"2

B3al

£0-3v9° L

£o0-3tv*2
50-386°'2
vo-382° 1%
00+300°
00+300°

Lo-321°2

z0-346°1
vo-30£°2
£0-352°1
00+300°
00+300"

¥o-367"9

¥o-345°9
90-385°4
§0-395°3
CU+300°
00+300°

3208

AvANivd ¥04

s
83
NI
Q3

N
$374vi3830

AvANivd ¥04

§3
s2

L 74
22
LT

Wit

L5
L 14
1
oy
s
Advin

WicL

LET
vil
4
o
e

$37dvi393a Q3IN0IS

AvmHivd 804 Wi0L

83 <11

83 il

NI 59

03 ov

MW ¥S
NOILVIWHND
AvAKivd ¥0J TWi0L

83 «<fd

83 »id

NI LF

03 0¥

NH 95

3NV4 ONNDSS

AVAHLYS

INC.
Bc 306-2

Page

ENTECH ENGINEERING,
P101-EC3 -



INC.
8-3.6"3

Page

ENTECH ENGINEERING,

o
]
)
o
S
IJWNS04X3 &
NV INNOED
zo-32v'4 ze-29¢°s 20-399°6 z0-39v°8 20-326°¢ 10-388°1 z0-302°% NO¥4 3500 AQOd

30MA SNIUATINT
SHivd 1w Wi0L

C0-38L°9 I0-3Cv’ s 00+300° Z0-348°'C Z0-349°C Z0-351°2 29-305°s Zo-3Ev'E SHivd TW Wwidl
£0-304% 00+300" £0~-300"% ¥0-318° 1 £0~322°1 £0-395°2 £Q~-3821 AVAHIVY 304 TWIOL
"o-399 L 0g+300" 20~312°2 ¥0-362°'1 »0-3L8°C g£o0~-3%1°1 *0-3E£°8 83 «t!
So-388°1 0¢+300° £0~-380°y 90-34v° 2 $0-3%¢° L $0-308°2 F0-3LF"¢ §3 vl
¥0-395°% 00¢300° ¥O-320°4 eo+300" vo-322I°8 £0-382"1 ¥0-398'% NI SV
vO-39L°E 00+300° £o-302'¢t 00+300" 00+300° *0-304° 1 00+300" 23 ov
Le-3tet 00+300" f0-T°2 Q0+300" £0-303°2 L0-300° L 0C+300" Ne ¥5

AViaW
£0-304°8 Go+300" £o-388°¢C £0-311'1 £0-315°Y co-3%¢1 £0-3E9"8 A¥AHLIYY 803 WIOL
To-33C"? Go+300" vo-348°1 £0-3480"1 £0-3L2°E £0-3609"¢ £0~-3C0°2 83 «<Lid
*0~-329"1 20+300° 90-39¢ "L Se-3g1°2 So-30v" ¥ vo-384°1 $0-32C"8 §3 gl
£o-3¥1°Z co+300° €0-388°3 00+30C° go-3L1°% £0-3vsl"y £0-36v*1 NI S¥
20-301°s Q0+300° v0-38s5"9 go+300" 00+300° S9-324°C 00+300" 03 o7
£0-383°1 00+30C" $0-380°2 00+300° £0-330°2 é0-38L°F 20+300° LI 2

#*Vik MG3

MINS AGO® 30mn GI0gaAmL I-18 9NN AZNAIA 23al 3n0s AvRAnivd
(M3gW)
SAVARLIVS SADIava
S¥34In ¢ 40 3ONWLSIQ W iV 301238 9V Wo¥3d d3a13233 SIS0
4Anav



To-38LY

£0-30s°S
*0-329°2
vo-389"1
Zo-321°¢
»0-302°2

NINS

S¥313% 9

£0~-309%"1 Qo+300"
£0-3v0°1 Qot3c0”
So-388°2 00e300"
¥0-392°2 00+300°
¥0-3£0°¢C 00+300°
P0~-340°2 00+300°
Zo-3gL°C Q0+30¢"
To0-328°1 00+300°
vo-380°Y 00+300°
£0-398°2 00+300°
£0-3Cv°Y 00+300°
$0-3£4°3 G0+300°
vo-381°3% 0C+300°
v0-3L2° 00+300°
s0-338°1 Q0+306°
0-321°w 0%+300"
S0-318° L 00+300°
40-380°S Q0¢300"
Te-394°S

£0-37%¢°S

e9-343°3

vo-3%8°1

Ze-30I°S

y-381°2

Ad0d 30mm ql0aanl

40 3OmwiSIG v iv ¥04238 44

£0-320°% ¥Oo-3T0°¥ go-3381 £0~-389'¢ go-3iv T
€0-352v »0-354°C £0-3320'1% £0-366'2 £0-382°2
Lo-318¢ §0-328°¢ $0-344°1 20-302°% $0-359°3
*0-320°2 00+300° ¥0-301°C ¥O-3%B° ¥ ¥0~36E°1
£o-30L8 00+300" C0+300° vo-3eg" 1 00+3090°
%0-321°3 00¢300° 90-321'E §0-380"1 Q0+¢300°
T0-336°2 £o~-310°9 To-3¥5°1 20-348°5 20-345°E
*0-32C°9 £0-304'S To-325°1 Zo-3%v"y Zo-3CE°C
co0-301"1 v0-3£0°1 ¥0-308°2 v0-3i8'8 vo-3vs°E
£0-30%"'C Q0+300° £0-3€6°C £o-381°9 £0-344°0
Zo-348°C 00+300° 00¢300° £0-3L6" 1 Qo+300°
v0-328°3 00+300° s0-31i°y v0-388°1 Go+300°
*0-3C1" 8 To-35T°¢ ¥o-3EC°Y £0-392'1 vO-378" 8
20-391°1 v0-399"1 vOo-381°y £0-391°1 vo-351Z°8
40-32¥°L $0-389°'¢C 90-3vv" e £0-3v@°'2 S0-392°1
$0-380°¢ £0-3s1°8 $0-304°S 90-328'9 90-388°2
vo-395° e 26-312°CE f0+300" S0-348°S 0o+300°
$0-320°r vo-302°1 Le-312%¢ 90-301°¢E 00+300"
=19 aNn A3NGIN 23al7 Inoe
(W3nw)

SivAHivd SNOIgwA
wO¥s 93AL1323w s3soe
N33l

Avmnivd 304

33
83
NZ
o3
NM
$374v.i383n

AVRHiIYYd ¥04

$3
3
14
o]
e

wili

Lt
vil

oy

L
Pl ER)

IWi0

8t
wil
sv
oy
LY

$378vi383a Q33048

AWRHLYd 304 W0
83 «&ft

$3 il

I S

83 o¥

MW ¥S
NOLivTIWnN]
suMHive ¥4 WiOL

83 <Lf1

§3 il

NI 59

232 ov

LU 4

3INYIs SNN0ED

Awmnivd

INC.

813-6-4

Page

ENTECH ENGINEERING,
P101-EC3 -



<o-384y

S8313% Q

NIXS

i0-3iv’e

Te-31v’ e

£0-3401

*0-3:13'C
f0-30v"8
vo-30r'y
v0-384°T
£o-3T1°1

£0-38¢&"e

f£0-3£6°S
*0-385"1%
£o-311'¢S
*0-3Iv"1
L0-393°3

AQON% 370MM

40 30nviSIS ¥ LV 304338 474

T0-394°S

Q0+300°

0C¢e300°

Q9+300°
00+300"
00+300C"
0C+300"
00+300°

00+300°

o0s+300"
C0#300°
20+300"
00+300°
eo4300"

QICying

i@-388°¢

£0-3v1°2

co-3ic"%
£&9~-322°3
¥o-2¢0°"r
£0-3z2L°1
90-3°1°1

£0-3Ev"y

v0-32v° 3
0-3LIy
£0-39¢°¢
*0-302°8
90-338°2

=18

T0-308"¢

Se~3E1"»

vo-30l°1

vo-322°1
$0-302°2
00+300°
00+300°
Go+300°

£0-362°2

£0-322°2
2o-3C1y
00+300"
00+300°
0G¢300"

oxn
LEELE

Z0-380"¢

To-318°¢€

v0-3EXI" ¢

¥y0-3£1°C
90-32L°S
¥o-3¥0°9
20+300°

Le-3@9° 1

Te-301%

£0-364°S
vo-380'1
£0-340'5
00+300"

E0-348°C

AINdIn

SivARivd SNOI¥VA
%0¥4 93A3333% s3s04

N33L

10-3er*1

c0-319'8

go-310°2

¥0-30Z°6
sc-318" 1
vo-3vv°s
vo-32€°1
£0-359°%

Zo-3¥5°2

To-304°1
¥0-309°E
£0~308"L
S0-3¢1°¥
$O0-3E1°1%

$3aln

1e-3g1°1

T0-325°S

vo-3il"e

¥0-3T4"9
90-36%"L
*0-334°0
Co+300°
00+200°

20-325"18

go-38I°1
vo-3ve" 1
£0-383°2
00+300°
00+300"

3INgd

39NS04X3
3INv1d ANNOND

w0¥4 3s0d

AdOE

370HA ONIGNTONT
SHivd v Wi0L

SHive TW

Wwill

AVANLIYY ¥04 TWi0L
§3 «&£1
83 il
NI 59
03 o¢
NN ¥5
L¥3W
AVARIYY 304 L0
83 (ET
3 eE1
Nl S9
83 o¥
N ¥S
X118 mO2
AVAHLIVS

INC.

B- 30 6—5

Page

ENTECH ENGINEERING,
P101-EC3 ~



INC.
8- 3. 6‘6

Page

ENTECH ENGINEERING,
P101-EC3 -~

£0-368° 1 00+300" $0-346"6 ¥o-3¥9'¥ £0-3v9' Y E0~3L9"? £o-3IC'y AURMIVE 804 WIOL
v0-3LL°8 00+300° S9-3te°3 ¥e-338°F go-343° 1 £0-388°¢C £0-390" §3 £t
s0-385'1 Qo+300° L0-3E0'" 90-330"'86 £0-33£°2 So-38v' L S0-395°Y 83 #id
v0-30r°E C0+300° C0-309'6 00+300" ¥o-3wvr°L vo-399'S v0-350°2 Nl S¢Y
»Q~329'y C0+360" v0-38°'8 Q0+300° G0+300° vo-345° 8 00+300° g3 09
f0-381°¢C c0+300" 90-398"6 004300 90-363'C $0~-3L1°1 00+300" LU 24
$318vi393a Adw3D
T0-399°3 00+300° Zo-3ts1 £O0-3E2" 6 Z0-321°¢ Z0-3£1°¢ Z0-335'¢ AvmHivd ¥04 WLOL
Zo-3e1°1 00+ 300" vo-3v8°¥ £0-3£0% 4 20-325°2 Zo0-3wi L Zo-3a0°9 82 (it
rQ-386°2 00#300" F0-399° L v0-385°1 v0-34L°VY £0~-33e¢°1 »0-3L 83 eil
£9-325:° “o+300° £Eo~-329°1 00+300° £0-328°'S £0-30l'6 £0~34v'EL NZ SV
£0-3CC*s 00+300° Te=-304°10 00+300" e0+300° £o~-340°F% co+300" 02 o9
S0-34¥v°'S 00+300" rO-384° T 09+300° S0-384°S v0~399°2 0e+300° LU
$374vi393n d35048
v¥o-384°3 Q0+300° vO-329°'E Zo-3g9°2 ¥o-310° " £0-322°1 £0-392°1 AvmHivd 803 Tvi0l
vQ-39L°10 Co+300" 0-3L8"Y vo-3Ev* 1 ro-380°¢ £0-3€1"1 £0~-363"% 83 <51
90-3C9°'S 00+300° 80~-38%9"¢ 90-3v0°'E f0-31C°8 50-325°2 S0-399%°1 83 vfl
f0-3¥?’Y 094+300° 90-380"1 $0-3L5"° 0-31L°¥ 0-34v L §0~-318°3 NI S°9
$0-39L°8 00+300" v0-393°C zo-309'2 00+300" So-3v8°Y 06+300° 03 o9
L0-394°S 20+300° F0-388°1 $0-3227¢ Le-389° 0 90-309°2 00+¢306¢" LU 2
NOILVIUMNID
T0-38L"Y To-3%LE AVAHIYY 03 IO
£0-305"S g£0-390°S 83 «&£%
*0-389%"2 wo-3LI°3 83 it
*»0-389"1 vo-39¢"1 NI S¥
So0-3T1¢ Z0-302°% 93 oF
*9-308°2 *O-381°2 LU 3+
INvid INADES
NINS AG0d 30NN JI08ANL I1-1e Ny AInQIN $3a17 Ingd AUMHivd
(W3aw)
SAYRNIVS SAOluva
3343 O 40 3omwiS1d v iv 301238 @V w0¥3s 93n13239 S3ISN

9Nl




$3313w ©

T0-38L°°

NINS

TO0-3vé'e

Zo-3vs" 6

£0-3T%°Y

v0-308"1
$0-30L"Y
»-39L°9
vO-3E9°
£0-328°1

To-3I3°1

g£o-32C°'v
ve-301° 1%
£o0-3sv° L
*0~-368°2
40-305°Y

AQDd 3IVOMn

40 3OWWLISIQ v i%® ¥0i235 404

TO-3%L°S

Go+300"

00+300°

00+300"
00+300°
00+300°
00+300°
00+360"

00+300"

0Q+300"
00+300"
09+300°
Q0+300"
20+300°

Glosany

20-322"

Zo-3%v°2

£0-3L0°1

90-309° L
£0-302"1
v0-316"1
»0-30L"8
£0-3Tv°S

£o-3t8°2

vo-328°1
90-3%6°'2
£0-301°2
*0-33¥'S
90-3Tv" 1

IM-18

S0-38L% 8

T0-3L6°L

vo-3C2v°1

¥o-3Cr*1
90-38%°2
0Q0+300°
00+300°
00+¢300"

£0-335°C

£0-3%e°L
cg-380°9
00+300°
Q0+300°
co+300°

oNnal
(W33s)

10~-301°1

c0-303°5

£0-360°1

¥0-3L6°C
90-3046°7
¥0-398°9
00+300°

Lo-318°%

20-3£4°1

£0-319"¢
vo-349"1
£0-395°L
00+300"

L0-3nl"Y

AINGIN

SavmNivVE SNOI¥vA
w034 83n1323% §3s0d

PR =]

10-388°1

10-32%°1

£0-367° 2

£0-332'1
20-3g2°C
£o-380"1
LIRS FE-a
£9-39v ¥

Zo-313°w

20-3%6"3
vo-3(v'S
Zo-302"1
C0-38L°4
90-34%" 1%

¥3aln

10-398"1

10-382"7%

£0~-304° 8

g£0~-342°F
So0-3vc°1
v0-380° "
004300°
c0+300"

T0-395°¢

T0-380°LC
¥0-3E£°C
£0-36v°Y
00+300"
00+30¢°

34049

38NS04X3

INYId UNNDN¥O
w0334 3504 Ad04
30MA ONIQATONI
SHivd ¥ LG

SHivd 1w Tividd

AwmHiv4 ¥04 TWi0L
§3 <t
§2 vEl
NZ 5§
03 0¥
NW ¥S
PLE L
AvAxivd ¥04 TWLIOL
83 «t3
§3 il
NI &Y
03 ov¢
NE S
¥11w "3
AWARLIYS

INC.

B.3.6-7

Page

ENTECH ENGINEERING,
P101-EC3 -~



To-38L79

£0-306"S
v0~-3C09°2
»O-389°1
zo0-3T1'Y
»9-305°3

$¥3.134 0

NIXNS

C0+300°

204+300°
00+2G0°
C0+300"
Q0+3Q0"
00+300°

20+300°

00+300°
004300
00+300°
00+300"
00+300°

¥0-301°°%

$0=-353°

90-3L8°1
$0-320°C
S0-30L°Y
£0-330°C

20-39L°S

£0-390"S
¥o-3£L3°8
Q-39 1
Zo-30l°S
»o-381°2

AJOd 30mA

40 33MwiSIQ ¥ iv ¥0133S ¢4

00+30¢"

g0+300"
eQe300C”
00+300°
00+300°
00+300°

00+300°

100"
»>00"

( 00
00+300"
00+300°

004300°

00+300°
0¢+300°
o0+300"
00+4300°
00+300°

QI0¥ini

00+300°

co+300"
00+300°
Q0+300°
00+300"
00+300°

00+300°

Q0+300°
00+300"
00+300°
Q0+300"
00+300°

vO-3£Z°

f0-3£8"1
80-398°'¢
90-3565°E
¥0-381"1
£0~-383"y

-18

00+300°

00+300°
00+300"
00+300°
00+300°
004300

00+300°

Q0+300"
00+300"
00+300°
00+300°
00+300°

To-389°%

S0-384°8
$0-300°2
Z0-342°Y
To-39%'1
co-39C°Y

ann

(W3de)

00+¢30¢"

0o+3cC0°
00+300°
00+300°
Co+300°
Q0+300"

Co+300°

00+300°
20+300°

00+300°
004300°
00+300"

¥o-3vw' I

*0-348°0
Fe-38L° Y
?0-3v1°L
00+300C"

(e-320°¢

A3NTIN

SAUMMiIYY SNOINVA
W0¥3 §3A1323¥ s3s0¢

ANUINT

00+4300°

00+300°
00#300°
00+4300°
00+309°
00+300°

C0+300"

00+300°
0+320°
Qo+300"
20+300°
00+300°

vo-3E8'8

vo-30v"8
S0-3LLtd
90-3L1°v
S0-3%6°2
?0-3v5" 1

¥3aln

00+300°

00+300°
Co+30¢"
00+300°
00+300"
00+300"

Qo+300°

00+300°
o0+300"
©0+300"
Qu+3cC0"
00+¢300°

¥0-35%"4

vOo-3¥5L
P0-396" %
90-382°1%
00+300°
00+300°

3NCe

Avanivd 303

€2
83
(24
a3
N
§374vi303n

AWRHiIVY ¥03

83
83

NI
e3
N

aviod

P
vEl
144
oY
ve
Adw3an

wicl

LEt
A%}

s?
ov
*5

$376v1393n U3¥0IS

AVMHiIVS ¥04 IO
$0 &tt

82 +¢£1

KZ S°

03 0%

NW ¥5
NOILVIUHNI
AYMHLIVY ¥04 TWLIOL

83 «&f%

83 wil

NZ o9

g3 ov

Kw 5

3INVI4 dNNCaES

ATRHLIYS

INC.
3-306-8

Page

ENTECH ENGINEERING,
P101-EC3 -~



T0-38L°°

S$¥343% 0

NIxS

S0-381°¢

S0-381°¢

004300°

00+300°
00+300°
00+300"
Q0+300"
00¢300"

c0-3Tv"1

£0-38C"y
*0-313°1
£0-39576
¥o-33Li°Y
L0-381° ¢

AQ0d 370mWA

40 33NvLiSIC ¥ v 301238 43

T0-394°S

00+300°

00+300°

C0+300°
Q0+300°
02+¢300°

00+300°
00+300"

00+300°

QCc+300°
00+300°
00¢300°
Q0+300"
00+300°

GI0¥AMS

T0-385°¢

Z0-3t8°1

00+300°

00+300°
00+300°
20+300°

00+300"
00+300°

T0-218"1

v0-308°1
0-3TL°8
TO-384°Y
¥0-30L4°y
90-391"1

In-1s

Zo-380"8

004300

00+300°
Q0+300°
00+300"
00+300°
00+300°

£0-398°9

£0-3C3°¢
¥0-390°3
00+300°
00+300"
00+300"

oanay
(W3us)

79-39L"8

Z0-309°2

00+300°

90+300°
20+300°
00+300"

00+300"
Co+300"

20-3L5°T

20-3v5°1
v0-385"2
To-3¢c0°%
00+300°

£0-3L679

A3NCIX

SAYANLIYY SADI¥YA
w0¥3 @3a1323¥ s3sou

ANVANT

fo-38c°1

Z0-350°8

00+300"

00+300"
00+300"
co+300°
004300°
20+4300°

S0-3vs L

T0-394°S
£0~-300"1
I0-340°3
ve~-300°2
90-3v1°¢

¥3a1N

1¢-3el" 1

Z9-309'S

00+300°

00+300°
00+¢300"
00+300°
Qo4300"
00+300°

20-345°5

Z0-338°Y
vOo-3LL°%
£0-3L0°9
00+300"
eo+300°"

ELD

39Ns04Xx3
3NYd GNN0¥9D
»0¥4 38500 Aq0#
370HA ONIGATONT
SHivd T WiOL
SHivd 1w .l
AUMHiIYY ¥04 TVWL0L

§3 L1t

§3 vt

NI 59

03 eo¥

LU
Av3M
AVAMIYS 304 TWIOL

$3 417

$3 il

NZ SV

g3 o¢

N S
%¥31W mO3
AUMNLIYY

INC.
Bl 3-6—9

Page

ENTECH ENGINEERING,
P101-EC3 -~



B.4 ATMODOS - Radioleogical Impact After Termination of VY

Control of the Disposal Site (All Nucl ides)

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

complete.

1 1VYPI VY STANDARD PROGRAM INFORMATION FILE
VY - SEWAGE CONTAM - SOLIDS 1% BY WI' - 2 ACRES - SHIELD F = 0.242 - CONT. OCCUP
1. .200 44.56FRESH .500YESNO NO 0..242 1.NO NO NO 0.1.00
~=FOR~-~
v =
0 2VYGASRLGAS STK VY 87 1 1 0 87063023:
MN54 4.132E-6 25 MN 54
0060 2.511E-4 27 CO 60
ZN65 4.502E-6 30 ZN 65
CS134 1.715E-6 55 CS 134
CcS137 9.366E-5 55 CS 137
~=FOR-~
-=fOF--
1 SQUERY PATIWAYS: SHORE(1,2,3) ,BND,ROAD , RES1 , RAD ,MEAT ,GOAT , COW
SHORE1  YESYES
SHOREZ  YESYES
SHORE3  YESYES
BOUND YESYES
ROAD YESYES

RES1 YESYESYESYES

RADIUS  YESYES

MEAT YESYESYESYES YESYESYES

GOAT YESYESYESYES YES  YESYES

oW YESYESYESYESYES YESYES

~=FOR=-~

~=EOF~~

1 6VYUFMAXVY MAXIMUM INDIVIDUAL USAGE FACTORS FOR STANDARD PFORBLEMS
520,00 64.00 310.00 110.00 21.00 .00 .00 12.00 .00 8000.00
630.00 42.00 400.00 65.00 16.00 .00 .00 67.00 .00 8000.00
520.00 26.00 330.00 41.00 6.90 .00 .00 14.00 .00 3700.00

.00 .00 330.00 .00 .00 .00 .00 .00 .00 1400.00
~~f0R~~
O~
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1 7VYGSD VY MAX INDIVIDUAL GAS SITE DATA FILE FOR STANDARD

2.00 2.00 .70 2.00 .70 2.00
240.00 240.00 240.00 240.00 240.00 240.00
.00 .00 48.00 48.00 48.00 48.00
8766.00 8766.00 8766.00 8766.00 8766.00 8766.00
0.0 0.0 0.0 0.0 0.0 0.0
1440.00 24.00 .00  2160.00 .00 2160.00
.00 .00 50.00 50.00 6.00 6.00
.00 .00 .50 .00 .50 .00
.00 .00 1.00 .00 1.00 .00
1.0 1.00 .00 .00 .00 .00
5.60 .00 .00 .00 .00 .00
- PO =~
—=FOF~~
1 BISTPNBLNUCLINE LIBRARY FOR ALL DOSE PROGRAMS
89

1 3 1.78E-090.00E+000.00E+00

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

0. 1.05E-071.05E-071.05E~071.05E-071.05E-071.05E-07
0. 1,58E-071.58E~071.58E-071.58E-071.58E-071.58E-07
0. 1.06E-071.06E-071.06E-071.06E-071.06E-071.06E-07
0. 1.59E-071.59E-071.59E-071.59E-071.59E-071.59E-07
0. 2.03E-072.03E-072.03E-072.03E-072.03E-072.03E-07
0. 3.04E-073.04E~073.04E-073.04E-073.04E~073.04E-07
0. 3.08E~073.08E-073.08E-073.08E-073.08E-073.08E-07
0. 4.62E-074.62E-074 .62E-074 .62E-074 ,62E-074 .62E-07

6 14 3.83E-12

C 4.6E+03 9.1E+03 4.6E+03 1.8E+03 1.4E+03 1.8E+03 5.5E+00 1.2E-02 3.1E-02

2.84E-065,68E-075.68E-075.68E-075.68E-075.68E-075.68E-07
2.27E-064 .26E-074.26E-074 . 26E-074 . 26E-074 . 26E-074 . 26.2-07
4.06E~068.12E-078.12E~078.12E-078.12E-078.12E-078.12E-07
3.25E-066.,09E-076.09E-076 . 09E-076 . 09E~076 . 09E-076 . 09E-07
1.21E~052.42E-062.42E-062 . 42E-062.42E~062 . 42E-062.42E-06
9.70E-061,82E-061.82E-161.82E-061.82E-061.82E-061 .82E-06
2.37E-055,06E~065.06E- 065 . 06E~065 . 06E-065 . 06E~065 . 0GE-06
1.89E-053,79E-063 . T9E-063.79E-063 . 79E-063 . T9E-063 . T9E-06
11 24 1.28E-062.50E-08 2.90E-08

.

ETC (FOR A TOTAL OF 89 NUCLIDES)

-=E0R~~
—=FOF -~

PROBLEMS
.70 2.00
240.00 240.00
480.00 480.00
8766.00  8766.00
0.0 0.0
.00  2160.00
50.00 50.00
.50 .00
1.00 .00
.00 .00
.00 .00
SOLUBLF.
SCLUBLE
SOLUBLE

1 3VYXQF VY X/QFILE - SPECIAL VALUES - SEWAGE CONTAM. PROBLEM - 2 ACRE PLOTS

FLD 0 OOW  MEAT
-=BOR-~
-—BOF -~

3.896E-02 3.896E-02 1.236E-04 3.896E-02
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FROGRAN ATHODOS
YANKEE ATOMIC ELECTRIC COMFART

REGULATORY GUIDE 1.109, APFENDIX C
HMODELS FOR CALCULATING DOSE VIA
ADDITIONAL FPATHEAYS FROM RADIOIDDTKES
AND OTHMER RADIONUCLIDES DISCHARGED

TO THE ATHOSFHERE NOV.1977 LIRRARY

THE FOLLOWING 5 NUCLIDES WERE USED IW THIS CALLULATIONW

DEC, 1983 REV.

-
s

SECTOR
pISTanCE
%70

/0 DEPLETER - 3.90E£-02

PELTA

vy

FLD

3.

-
i

- SEVAGE CONTANM,

] tNE
s0E-02

SAE-Ca i

TERS)
(SEC. H-D)
(SEC/N-3)

1/8-)

- SOLIDS 1T BY M7

s ACRES - SHIELDR F - 0,742 - CONY. OCCuF

& FATHUAYS CONSIDERED

NUCLIRE RELEASE GROUND FLAKE
CURlES INHALATION

25 NN Sa 4.13E-04 STORED VEGETARLES

e L Y 2.51E-0a LEAFY VEGETAPRLES

30 IN &S 4,50E-08 Co¥ KILK

35 CS 132 1.72€-08 GOATY MILK

SS €S 137 ?.37E-0C MEAT

VARTIARLE VEGETABRLES COwW MILK GOAT MILK mEAaTY
STORED LEAFY PASTURE STORED FASTURE STORED PASTURE STORED

YV AGRICULTURAL FRODUCTIVITY (E378=2) 2.00 2.00 «70 2.00 7 2.00 7 2.00

F S0!L SURFACE DENSITY (Ku/K=-2) +40.00 240.00 240.00 249,00 .40.00 240.00 240.00 249.00

T TRANSFORT TIME YD USER (MRS) 48.00 18.00 +9.00 48.00 420.00 ag80.00

YR SOIL EXFOSURE TINE (HRS) B8744.00 8744.00 8746.00 87866.00 8766 00 874s8.00 B744.00 §7é8.00

TE CROP EXPOSURE TINE TO FLUME (HRS) .00 .00 + 00 «00 « N0 .00 .00 .00

TH MOLDUF AFTER HARVEST (HMRS) 1440.00 24,00 +00 T140.00 N 2180.00 .C0 2140.00

OF ANINALS DAILY FEED (XG/DAY) s6.00 50.00 4.00 6.00 $0.00 s0.0¢

FP FRACTION OF EAR ON PASTURE 30 <30 «30

£5 FRACTION FASTURE WMEN oW FASTURE 1.00 1.00 1.00

r6 FRACTION OF STORED VEG GROUN IN SARDEN 1.00

FL FRACTION QF LEAFY VEG GROWN IN GAKDEN 1.00

FI FRACTION ELEMENTAL IODINE = «300

H ARSOLUTE WUMIDITY = $.80 (GH/N-3)

FC FRaACTYIONAL EOUILIRRIUN RATIO FOR C-14 - 1.000

AcE vED

TEEN 430.00 42.00 400.00 45.00 8000.00
CHILD 320.00 26.00 330.00 41.00 3700.00

L]

L

1

T

®
ADULT 520,00 44.00 310.00 110.00 8600.00 t 1.2TEM0O

*

L

INFANT .00 60 330.00 .00 1400.00 ¢

*

*

IEFRSTETEE
USAGE FACTORS

VES LEAFY MILN HEAT INHALATION

BRONE
(XB/YR) (KG/YR) (LI/YR) (KQ/YR) (N=-3/7R)

1.30€400
1.40£400
1.28E%00

Itltttlittttllll.!l“ililttlItltIlttt'tltlllllttl'illlltl.ll.tll

YES
YES
YES
YES
YES

NO
YES

ttt'ltttttttttltttltltlttttltl\tttttttltt!tttittlttltlll!lttltlllllltllt
0OSE DPELIVERED YO EACH CRGAN
FROM ALL FATHWAYS COMBINED

LIVER X1

J29E%00 1.2
1.33€400 1.0
1.41E4%00 .0

1.326400 1.2

DREY LUNL
(HREM)
1E400 3.04E00
JE400 3.71E#00
SE400 3.IFEH00
1£400 2.58E#00

SI-LLl

1.29€E400

+2RESOO
1.22€400
1.19€400

THYRDID WHOLE ROD
1.14E400 1.23E400
1.18E400 1.24£400
1.14E400 1.23E%00
1.18E400 1.19€E+00

Y SKIn

1.37€500
1.37€200
1.37E400

*
*
i
.
1.37E4C0 ¢
L]
%
*
.
L]

sERTREREREAEAERS
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FaATHUAY

COw mILx
S4 BN
40 Co
45 1IN
1384 Cs
137 €8s

TOTAL FOR PATHuEAY

MEAT
54 MM
40 CO
45 IN
138 ¢S
137 ¢c8

TOTAL FOR FATHWAY

TOTAL ALL FATHS

TOTAL ALL FATHS
INCLUDING WHOLE
#ODY DOSE FROM
GROUND FPLANE
EXPOSURE

RONE

+Q0€E4+00
+0CE+0D

4.29€-07
3.33E-04
3.08€-02

3.58€-02

+00E+00
+00E+00
4.0BE-0A
1.36€-0%
1.27€-03

1.70E-03

S.33e-01

1.40E400

LIVER

1.69E-08
9.78E-035
1.20€-02
S.ATE-04
2.935€-02

4,.21£-02

&.48E-07
1.57E-04
1.0%€-03
2.23€-05
1.22€-03

2.A49E-03

2.43e-01

1.41E400
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«00ES00
?.54€-03
1.4%E-04
9.861E-03

1.73E-02

1.81E-07

«00E+00
4.84E-04
4.90E-08
3.97€-04

1.09€-03

8.C4E-0O2

1.25E400

CHILD
DPOSES RECEIVER FROM
VARIQUS PATHUAYS
(MREM)
LuNG

+00E400
«00E*00
«00E+00
4.08E-03
3.48E-03

3.32€-03

+00E400
+O0EsCO
+OUE+0Q
2.4BE-08
1.43E-04

1.45E-0%

-
-

(2]
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3.39€4+00

8l-LL1

1.40€E-08
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1.83E~-04
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S.A2E-07
8.70E-0n
1.91E-04

+20€-07
7.84E-08
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S.48E-02

«22E400

FLD SECTOR AT A DISTARCE OF

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

Radiological Impact Assessment

The Tape 5 inputs to ATMODOS for these cases are identical to the
one shown in Attachment B.3, the only exception being the isotopic
intensities in File 2. In the current computer runs, each isotope was
assumed to have an annual release rate which would yield an accumulated
intensity of 1 uCi at the end of one year (uniformly spread over 2

acres of unplowed land).
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FROGRAM ATHODCS
YANKEE ATOMIC ELECTRIC COMFARY

REGULATORY GUIDE 1.109, AFPENDIX C
MODELS FOR LALCULATING DOSE VIA
APDITIONAL PATHWAYS FROM RADIDIODINES
AND OTHER RADIONMUCLIDES DISCMAROED

TO THE ATHMOSFHERE NOV41977 LIRRARY

THE FOLLOWING 1 NUCLIDES WERE USED IN THIS CALCULATION

NUCLIDE RELEASE

s

VARIARLE

CURIES
N Sa 1.48E-08

PEC, 19837 REV.

-~
,

SECTOR

DISTARCE

x/0

xX/6 DEFLETED
DELTA

VEGETARLES Cou MILX GOAT KILK

STORED LEAFY PASTURE STORED FASTURE STORED

YV AGRICULTURAL PRODUCTIVITY (XB/M-2) 2.00 2.00 70 2.00 70 2.00

L4 SOIL SURFACE DENSITY (KG/HW=-2) 240.00 240.00 240.0¢ 240,00 240.00 240.00

T TRANSPORT TINE TO USER (HRS) 48.92%0 48.00 48.00 48.00

TR SOIL EXPOSURE TINME (HRS) 8744.00 8766.00 8764.00 8786.09 2766.00 87486.00

TE CROP EXPOSURE TIME YO PLUME (HRS) 00 00 <00 .00 00 .00

TH HOLDUP AFTER HARVESY (HRS) 1440.00 24.00 «00 2140.00 00 2140.00

GF ANINALS DAILY FEED (KB/DAY) sC.00 $0.00 4.00 4.00

FP FRACTION OF YEAR ON PASTURE o -1

FS FRACTION FASTURE WHEN ON PASTURE 1.00 1.00

FG FRACTION OF STORED VEG OROMWN IN GARDEN 1.00

FL FRACTION OF LEAFY VEG CROWN IN GARDEN 1.00

FI FRACTION ELEMENTAL IORINE = +500

H ARSOLUTE MUMIRITY = $S.40 (BH/H-3)

PC FRACTIONAL EQUILIRRIUM RATIO FOR C-14 = 1.000

AGE VES

TEEN 430.00 42.00 400.00 45.00 8000.00
CHILD $S20.00 26.00 330.00 41.00 3700.00

*

T

*

t
ADULT S20.00 44,90 310.00 110.00 2000.00 ® 7.J4E-05

T

*

INFANT 00 .00 330.00 00 1400.00 =

L ]

*

USAGE FACTORS

VES LEAFY NILK REAT INMALATION
RONE
(KG/YR) (KG/YR) (LIZYR) (KB/YR) (M-3/YR)

7.354E-03
7.54€-05
7.54€-03

ssrEREEIREY

LIVER K1

1.126-04 6.8
1.29€-04 9.1

POSE DPELIVERED TO EACH CRGAN

FROM ALL PATHuAY

DNEY LUNG
(MREN)

3E-03 1.05E-04

SE-0S 1.18E-04

1.54E-04 9.74E-03 1.09E-04
?7.71€-03 7.5BE-05 9.8BE-03

tl.'l"tlt.kttlllltt!tll(t'lt"l'llt'tllltttltl'llllll'l'll‘lll!tlttl'!

S COMBINED

FLd

°
4.63E-04
2.43E-04
§.24E~04

(METERS)

tSEC/N-3?

tSEC/n-3)
(1/n-20

YY - SEWAGE CONTAM -~ ASSUMED SRC - 2 ACR
ES - SHIELD F = 0.012 -~ 104 MR OCCUF.

4 FATHUAYS CONSIPERED

GROUND FLAKE YES
INMALATION YES
STORED VEGETARLES YES
LEAFY VEGETARLES YES
COM MILK YES
COAT MILK NO
NEAT YES
MEAT
FASTURE STORED
.70 2.00
240.00 240.00
480.00 480.00
8744.00 8754.00
00 .00
00 2180.00
s0.00 s0.00
.50
1.00

GI-LLI THYROIN WHOLE

1.87€-04 7.S4E-05 8.04F
1.85€E-08 7.TAE-05 B8.81F
1.41E-04 LCAE-0T 9.43E-05 B8.84E-05
7.80€-03 7.54E-03 7.5BE

rODY SKIN

~0S 8.84E-03
-05 @.BAE-03

~05 B8.B4E-0T
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FROORAM ATHODDS
YANKEE ATOHIC ELECTRIC COMPANY
DEC: 1985 FEV. 7

REGULATORY GUIDE 1.1309, APFENDIX C
MODELS FOR CALCULATING DOSE VIa
ADDITIUNAL FATHMAYS FRON RADIDIODINES
AND OTHER RADIONUCLIDES DISCMARGED

TO THE ATHMOSFMERE NOV,1977 LIBRARY

THE FOLLOWING 1 WUCLIDES WERE USED IW THIS CALCULATION

NUCLIDE RELEASE
CURIES
27 €o &C 1.07£-04

SECTOR
pISTANCE

x/0 DPEFLEYED
DELTA

VY - SEVAGE CONTAM - ASSUMER SOURCE -

-
x/9 -
-
-

FLD

° (METERS?

4.43E-04
4,.43E-04
1.24€-04

(SEC/N-3)
tSEC/N-3)
(1 7%-2)

ACRES - SHMIELD F = 0.012 - 104 wR OCCUF

VARTIABLE VEGETARLES CoM¥ MILK GOAT NILK
STORED LEAFY PASTUKRE STORED FASTURE STORED

Yy AGRICULTURAL FRODUCTIVITY (KG/8=-2) 2.00 2.00 «70 2.00 70 2.00

F SO0IL SURFACE DENSITY (KG/M=-2) S40.00 240.00 240.00 240.00 240.00 240,00

T TRANSFORT TIME TO USER (HRS) 48.00 48.00 48.00 4B.00

TR SOIL EXPOSURE TINE (HRS) 8766.00 B87446.00 B7464.00 8746.00 8744.00 B8744.00

TE CROF EXPOSURE TIKE TO PLUNE (HRS) +00 .00 .00 .00 00 00

TH HOLDUF AFTER HARVEST (HRS) 1440.00 24,00 <00 21480.00 .00 2140.900

QF ANIMALS DAILY FEED (XG/DAY) 50.00 30.00 6.00 6.00

FP FRACTION OF YEAR ON PASTURE +S0 .50

FS FRACTION PASTURE WMEN ON PASTURE 1.00 1.00

FG FRACTION U7 STORED VEG OROWN IN GARDEN 1.00

FL FRACTION OF LEAFY VEG GROMN IN GARDEN 1.00

F1 FRACTION ELEMENTAL TODINE = 300

“ ARSOLUTE MUMIDITY = 5,80 (GH/W-3)

PC FRACTIONAL EGUILIRRIUM RATIO FOR C-14 « 1.000

AgGE VES

TEEN 430.0¢ 42.00 400.00 85.00 8000.00
CHILD 20.00 26.00 330.00 41.00 3700.00

L]

3

M

L
ADULT 520.00 44,00 310.00 110.00 8000.00 & 2.21E-04

T

L

INFANT .00 .00 330.00 .00 1400.00 s

*

T

& PATHUAYS CONSIDERED

GROUND FLANE

INHALAT

0%

STOCRED VEGETARLES
LEAFY VEGETAFLES

COW RILKX
GOAT MILK
nEAT
HEAT
FASTURE STORED
70 2.90
240.00 240.00
480.00 480.00
8744.00 8744.00
60 .00
00 2180.00
%0.00 S0.00
350
1.00

YES
YES
YES
YES
YES

L]
YES

P I I bt
DOSE DELIVERED TO EACH ORGAW
FROM ALL FATHWAYS COMBINED

USAGE FACTORS

VES LEAFY RILX MEAT INMALATION
RONE
(KB/YR) (KG/YR) (LIZ/YR) (KG/YR) (M=-3/YR)

2.21€E-04
2.21€E-04
2.21E-~04

LIVER KIDREY LUNG

(HRENW)

2.286-04 2.21E-04 3J.14E-04
2.31E-04 2.21E-04 3I.57E-04
2.34E-04 2.21E-04 3.32€-04
2.226-04 2.21E-04 2.92E-04

6I-LLl THYROID WMOLE

3.54E-04 2.21E-04 2.34€
3.53€-04 2.071E-04 2.43E
3.04£-04 2.21E-04 2.45E
2.24E-024 2.21E-04 2.23E

RODY SKIN

~04 J.40E-D4
~04 2.40E-0¢
-04 2.40E-04

.
*
.
.
®
~04 2.60E-04
1
T
*
*
*
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FROGRAN ATHODOS c~
YANXEE ATOHIC TLECTRIC COMPANY .
DECs 1985 REV. T &
BEGULATORY GUIDE 1.109, APPENDIX C secToR FLD
WODELS FOR CALCULATING DOSE VIA PISTAKCE . ®  (NETERS)
ADDITIONAL PATHUAYS FROM KADIOICDINES x/0 - #.43E-0a (SEC -3}
AND OTHER RADIONUCLIDES DISCMARGED X/G DEFLETED =~ 4.83E-04 (SEC/N-3)
TO THE ATMOSPHMERE NOV+1977 LIBRARY DELTA . 1.04E-04 (1/7W=D) E
UY - SEVAGE CONTAM - ASSUNED SOURCE - 2 0
ACRES - SWIELD F -~ 0.012 - 104 MR OCCUF ‘3e
THE FOLLOWING 1 NUCLIDES WERE USED IN TMIS CALCULATION & PATHUAYS COWSIDERED 2-
NUCLIDE RELEASE BROUHD PLANE YES ®
CURIES INMALATION YES -
30 IN 43 1.61E-08 STORED VEGETARLES YES o
LEAFY VEGETABLES  YES
Cow WILK YES L
BOAY KILK NO
HEAT YES -
@]
e
2]
-ﬁ
N
=
~—~
VARIABLE VEGETARLES COuW MILK GDAT HILK HEAT g
STORED LEAFY FASTURE eTORED FASTURE STORED FASTURE STORED
YV AGRICULTURAL PRODUCTIVITY (KB/H-2) .00 2.00 o7 s.00 «70 s.00 + 70 2.00
P SOIL SURFACE DENSITY (KG/m=2) 240.00 240.00 40,00 ~40.00 240.00 240.00 240.00 240.00
T TRANSIORY TIME TO USER (HRS) 4B.00 48.00 483.00 48.00 480.00 480 .00
TR SOTL EXFOSURE TINE (HRE BT&446.00 B744.00 87446.00 8744.00 8744.00 BT744.00 BT44.00 8744.00
[q TE CROP EXPOSURE TIME YO FLUME (HRS) .00 00 .00 .00 .00 «00 .00 00
"= TH HOLDUP AFTER WARVEST (HRS) 1440.00 24.06 .00 2140.00 .00 2180.00 .00 2180.00
e GF ANIMALS DAILY FEED (KB/DAY) $0.00 Z0.00 4,00 6.00 50.00 s3.00
S m FF FRACTION OF YEAR ON PASTURE +50 .50 .50
e a FS FRACTION PASTURE WHEN ON PASTURE 1.00 1.00 1.00
! FG FRACTION OF STORED VES GROWN IN GARDEN 1.00
%’ = FL FRACTION OF LEAFY VEG GROMN IN GARDEN 1.00
i F1 FRACTION ELEMENTAL IODINE =  .3500
o] W ARSOLUTE MUMIDITY = 3.60 (GM/M-3)
g FC FRACTIONAL EQUILTBRIUM RATIO FOR C-14 =« 1.000
' e 'il"ltl.llllllllll.!l.tlltltt‘lll’llltllttll(l‘l'll'!ttttltltltt!!lllt.l!ltttlttt!
> USAGE FACTORS - POSE PELIVERED TO EACHM ORGAN *
~ m * FROM ALL FPATHWAYS COMBINED *
2 m vED LEAFY MILK MEAT  IWHALATION ® *
n aGE vED ® BONE LIVER KIDREY _UNG B1-LLI  THYROID WHOLE RODY  SKIN 8
o ~ (XKB/YR) (KG/YR) (LI/YR) (KG/YR) (H=-3/7YR) L 3 . (HREM? 1
> ADULT 520.00 44.00 310.00 110.00 8000.00 & 1,226-03 3.78E-03 2.3JE-03 7.24€-03 2.40€-03 3I.20E-05 1.74E-03 5.98E-03 ¢
=0 TEEN  530.00 42.00 400.00 43.00 8000.00 * 1.83E-03 S.59E-03 3.40E-03 6.12€-03 2.40€-03 5.20E-03 2.84E-03 5.98E-03 ¢
g CHILD $20.00 24.00 330.00 41.00 3700.00 % 3.11€-03 €.21E-03 5.19E-03 7.35E-05 1.48€-03 5.20£-33 5.12E-03 S.98E-0C
o INFANT .00 .00 330.00 ‘00  1400.00 $ 2.21E-03 7.44E-03 3.63E-03 4.72E-03 4.29E-03 S.20€-05 J.ASE-03 3.98E-0C ¢
. * *
s "'Q !Il.t"l‘l'l"'l..ll.‘ll.'tlt‘!.Il.ll'll'll!tlltl.l"ﬂ.l"'t.'tl"llll.llll.ll.t.l
T =
~ 0
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FROGRAM ATHOLOS

YARKST ATOMIC ELECTRIC COMPauY f”
DECs 1963 REV, 7 o
REGULATORY BUIRT 1.107. APFENDIX C StCroR FLD
HODELS FOR CALCULATING DOSE ViA D1STANLE - ° (HETERS)
ADDITIONAL FATHEAYS FROW KADIOIODINES /0 « 4,63E-04 (SEC. M-3)
AND OTHER KADIONUCLIDES DISCHARGED /0 DEPLFTED - 4.43E-04 (DEC/H-3)
TO THE ATHOSFHERE NOV.1VTT LIBRARY ELTA - L.2AE-04 (1/n=-2)
VY - SEWAGF LONTAM - ASSUNED COURCE - 2
ACREZ - SHIELD F - 0.012 10t MR DCCUF
THE FOLLOMING 1 NUCLIDES WERE USED IN THIS CALCULATION o PATHWAYS CONSIDERED
WUCLIPE RELEASE SROUND FLANT VES
CURIES INHALATION YES
oS €S 134 1.18.-06 STORED VFGETARLES VES
LEAFY VEBETAKLLES YES
COM MILK vES
SOAT KTLK w0
HEATY YES
VARIAFRLE VEBETAERLES COW KILK GOAT HILK HEAY
STOKED LEAFY FASTURE STORED FASTURE STORED FASTURE STORED
YV  AGRICULTURAL FRODJCTIVITY K8/ 8-2) .00 .00 «70 .00 50 .00 70 .00
F SOIL SURFACE DEWSITY KB/ K-2) 2a0.00 240.00 240.00 240.00 T40.00 240.00 240.00 TAV.00
T TRANSFORT TIME TO USER (HES) ax.00 as. o0 23.00 ag.00 280.00 480,00
TR SOIL EXFOSURE TINE {HRS) B744.00 744.00 a7Lé. 00 B740.00 BTés.00 786,00 BR766.00 A7s8.00
TE CROF EXFOSURE TIKE TO FLUME ({HRS) 00 .00 00 00 .00 20 +00 .00
TH  MOLDUP AFTER HARVEST (HRS) 1440.00 24,00 .00 2140.00 .00 2140.00 00 2140.00
0F ANIMALS DAILY FEED (n6/DAY) 50.00 50.00 6.00 6.00 $0.00 $0.00
FP FRACTION OF YEAR ON FASTURE 30 +50 +350
FS FRACTION PASTURE WHEN ON PASTURE 1.00 1.00 1.0¢
FG FRACTION OF STORED VEG OROWN IN GARDEN 1.00
FL FRACTION OF LEAFY VEG OROWN IN GARDEN 1.00
F1 FRACTION ELEMENTAL IODINE =~ +300
H ABPSOLUTE HUMIDITY = $.40 (GN/M-3)
PC FRACTIONAL EQUILIBRRIUM RATIO FOR C-14 = 1.000
I it i ettt e e T e R R R R e e e R
USAGE FACTORS * NOSE DELIVERED TO EACH ORGAN *
1 FROM ALL FPATHWAYS COMPINED L]
VED LEAFY HnIiLK MEAT INHALATION ¢ *
AGE VEG * BONE LIVER KIDNEY LUNG GI-LLI THYROID WHOLE PODY SKIN *
(KG/YR) (KB/YR) (LIZYR) (KB/YR) (M-3/YR) = (MREN) *
ADULT S20.00 44.00 310.00 110.00 8006.00 £ 4.04E-04 P,.44E-04 3I.A7E-04 2,19E~04 1.84E-0CA 1.26E~-04 4.39E-04 (.BRE-04 &=
TEEN 430.90 42.00 400.00 45.00 8000.00 % Z.44E-04 1.07E-03 4.A4E-04 2.47E-04 1.47E-04 1.54E-04 S.79E-04 1.BJE-0a =
CHILD S20.00 26.00 330.00 41.00 3700.00 & 1.03E-03 1.359E-03 4.00E-04 3.15E-04 1.44E-04 1.24E-04 4.3BE-04 |.BJE-04 2
INFANT 00 .00 330.00 .00 1400.00 & %S.31E-04 B.53E-04 3.34E-04 2.30€E-04 1.5BE-04 1.34E-04 2Q.24E-04 1.B7E-04 =
* *
P T T T I I T e e e e
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REGULATORY GUIDE 1.109, APPENDIX C

KORELS FOR CALCULATING DOSE VIA

ADDITIONAL PATHUAYS FROM RARIDIODINES
AND OTHER RADIONUCLIDES DISCHARGED
TG THE ATMOSFHERE NCV» 1977 LIRRARY

THE FOLLOWING 1 WUCLIDES WERE USED IN THIS CALCULATION

NUCLIDE RELEASE
CURIES
$s Cs 137 1.01E-06

VARIARLE

YU AGRICULTURAL PRODUCTIVITY

F S0IL SURFACE DENSITY

] TRANSPORT TINE TO USER

TR SO0IL EXPOSURE TIME

YE CROF EXPOSURE TIME TOC FLUME
TH HOLDUF AFTER HARVEST

OF ANIMALS DAILY FEED

FF FRACTION OF YEAR ON PASTURE

(KG/M=-2)
(XG/n=-2)
(HRS)
(NRS)
(HRS?
(HRS)
(KG/DAY)

FS FRACTION PASTURE WMEN ON PASTURE
FO FRACTION OF STORED VEG GROWN IN CARDEN

FL FRACTION OF LEAFY

F1 FRACTION ELEMENTAL I0DINE =
H ARSOLUTE MUMIDITY =
FC FRACTIONAL EQUILIBPRIUM RATIO FOR C-14 = 1,000

USAGE FACTORS

VES LEAFY

AGE vEes
(KG/YR) (KB/YR)
ADULT 520.00 44,00
TEEN 630.00 42.90
CHILD S20.00 26.00
INFANT 00 .00

MEAT

(LIZYR) (KG/YR)
110.00
63.00
41.00

VES GROWN 1IN GARDEN

.300

$.40 (GH/N-3)

INHALATION
LIVER
(n-3/YR)
8000.00
8000.00
3700.00
00 1400.00

S.07E-04
7.7SE-04
1.28€-03
6.88E-04

TEERTLTLRTREAELSE

FROBRAR ATMODOS
YANKEE ATOMIC ELECTRIC CONFANY
1963 REV.

COM MILK
FASTURE STORED
70 2.00
240.00 240.00
48,00 48.00
8746.00 8766.00
.00 .00
«+00 2140.00
30.00 $0.00
+ S0
1.00

SEETTEETRERREALIILTETLNLS

DISTANCE

X/0 REFLETED

GOAY MILK

STORED
2.00
240.09
48.00
B744.00
.00
21460.00
6.00

FLR

° (METERS)

4.43E-04
1.04E-04

4.63E-04 (SEC/R-3)
(SEC/H-3)
(1/7%=-2)

UY - SEWADE CONTAM - ASSUMED SOURCE - 2
ACRES - SMIELD F « 0.012 - 104 Wk OCCUF

& PATHWAYS CONSIDERED

GROUND FLANE

INHALATION

STORED VEGETABLES
LEAFY VEGETABRLES

cOou NKILK
COAT MILK
MEAT
HEATY
PASTURE STORED
70 2.00
240.00C 240.00
480.00 480.00
87446.00 8764.00
.00 .00
«00 2140.00
s0.00 30.00
-1
1.00

YES
YES
YES
YES
YES

NO
YES

lt!tll"tlll'tl.llt"'tltl‘l"tlltl'lll!lttlt!ll'ill'llll

POSE DELIVERED TO EACH ORGAN .
FROM ALL FATHWAYS COMRINED s

*

KIDNEY THYROID WHOLE EODY SKIN *
. *
2.096-04 1.04E-04 4.33E-03 S.46E-0% 3.52E-04 &.37E-035 =
3.00E-04 1.50E-04 &.4BE-0S S.48E-08 3.06E-04 4.37E-0T %
A4.53E-04 1.9BE-04 A.23E-0S 5.46E-05 2.3%E-04 &.37E-03 %
2.24E~04 1.23E-04 5.66E-03 5.44E-0% 9.94E-0S 6.37€-05 &
®
lltlittllttllltlttltltt!tltllt'tt(llttlltlil!illlltllllttlltllll'

S

g .

I¥T 85 Jo tHon [ 03 enp Fowdiiy




IR R R R R R R R
'

5 £'% S0-3
. > 3o b v LAY 3
s % LY vo-3
LIS E PR *o-3
'

- Niw A 4
.

.

:

SEBBBBAARANRIRES

"o

"

BARERARS

a3

ive
ive
v
ive

SESE RS

LA

¢

DE L

NYDy

3

W
«

w
b=

-

v

Sawn

F3RaBRIN

FSEAASAIIRRNIIZRINIIANIR LM

©

o

©

oo

<
©

e o
- o

30.5

traans

san
r
*o
-
L

A3

LR R R R
v

- v.o

33043
“

.

- o

ITAIBRLIES

§'9 wo-3»
#gc’t £0-3C
‘'l vo-3L
0*% ¥0-3%

in0s

IR RR R R R R R R R RN RS

sraas
s
= - :
£l =
&' B
'L 3
2
]
.
.
'
]

00wl 009
00 "99.8 009
0 0wl 09" 0
3 ¢330
$3dv, 3030
+338
JiwliV J3wnva

“¥3003a

Clivy =

A5va3 w0

¢Q" 0Lk oo .
G o0y Q0w
09 0iC 00" e¥
A/l (9470
L'E
R Aav3i

lad i

0v"s = Allul

o INIGOL Twinis

NADYE 03n AgviD
Na030 03n JIN0LS

W3IMA 3304
JaniSve »0 wvii

G334 4
A33A3wn

IwiNd 94 Iwii 3
il 3
135 01 3~

ALLS d

3 TeNDIiOovaes

20
Sv4
a0

3.
N0
w0
ND
L%

~O

1064y
1i2vea
1idvys
1i0vss
1i3vas
142vs3

1ivd S \vuine
aiiav
3NS04x3 4043

NG 0w

sNS04x3 i10s

EL R

Tvanid

430 45NVEl

B o8

&

INEERIN(

ENG

3 =
S3 =
a4 "
. Z
] -~

P sFEREREREsER1R




¢

INC.

!y

INEERINI
Page

ENG

= &
vlL,
o~
el o
< Q
g

B S0~3ve

- - «0 - v - . ite " v *O-3%8° Y L Aviw nG3J ANv AN Nz
- i P r 3283 S0-39v* 3 S0-3527Y 20-38s7 1 LR T £0-38l° 1 £o-35¢5 LV ne3 din3 L F
. 3 v0-39C°¢C S0-3%r"S S0-38v" 9 *o-30% L 3 *0-352< v0-3L8°S ‘¥ 3e L ]*he] N334 s
28~3ei°V v0=-335°¢ Co~-3%r'S S0-385"Y *0-390° % v 3s vO~-340°% *rd-398" ¢ e ) L) : Qv ¢ 13
40080 3343
LIS s34 J0nA S i03Ani 11Y-18 s ARG $3al inGd N LLFS iow L8319 4335
$3s5C4 L v i d3gdw 3504 sLanis unading
I3N14M00 SavAKIVYS T1T¥ wO¥s WYL MIv3 04 J43a3niN39 IS04
’ A IV AN
SNC149a0 30433239 d3IONIANVAS~NON
3dvy

S rrEENINNENEGNENER"




S EEEEEFEEEERRE RS =
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£CceY pONT ture » Nt T a1 THYEDID guOLT ROD ~
FLd 0 CWILD cow EaY 3 03 S.19€-03 ? 48E-03 Se S:12€-03 S.78E-0%
LD & INFANT COw mEAT 2 3 ? 3.43£-03 s 4.29€-03 S 3.44€-03 °9
FLD © TEEW cow MEAT 3 3.39€-03 3.40€-03 8 T.a0¢ 3 s 2.64£-03 "8C -~
FLP [} ADULY Cow REAT ¢3 3.0 c.25E~03 : s .01 % 1.74€-02 2.98€-03
FLD 9 aruLY cos MEAT L. 0aE-00 7.44AE-04 3.47€E-04 . $.3%C-04 gl -0n
FLD ° cow NEAT . ANE-D4 1.076-93 A.4sE-04 . ; 8. 7908 ErE-04
ip 0 cow MEAT 03E-03 1.59€-03 8.00€-04 . 1. 4,.58C-04 plE-0¢
FLD 0 cow MEAT 1.84€-042 c.07E-04 2.09E-04 . s 3. ¢ 4.37€-0%
FLD © cos MEAT S 4 T.73E-04 3.00E-04 & S 3. . 6.37¢~03
FLD ° Cow REAT s 4 2.34£-04 2.01€-04 . 2. 2 4 2. 60E-04
LD 0 COM  MEAT > ~04  2.31E-04 2.71€-04 . 2 2. - 2.80E-04
FLD 0 ADNLY cow REAT 2 o4 2.28€-04 - £-08 2 2 2.34E-04 T.40€-04
FLD 5 CHILD COM  NEAT . 03 1.28€-03 4 04 veE-04 - 2.3%E-04 37€-0%
e c mEAT HE 0 2.35E-0¢ 3 0A 2.30€8-04 : T.24E-04 1.32€E-04
FLp o MEATY 2 o4 2.27€-02 2.71E-04 2.92€-04 2 2.23€-C4 2.40E-04
FLD 0 MEAT S o4 6.84E-00 S 20E=-04 23E-04 S 04E-00 ®.%4E-03 $,37€-0%
FLI o mEAY 7 3 i .S¢E-~04 9. 7RE-NT 1.09E-04 7.54E-05 ®.83E-030 8.84E-0
FLD 0 HEAT 7 03 1.29€-0a 4 SE~035 i ?.54E-03 8.41€6~03 8.84E-C3
FLD mEAT 4 s 1.126-04 8.43€-0 JSeE-83 g.2af-0% 8.84E-0%
LD 2 mEA ? 0% T.71E-03 7.°8¢ ® 2.54E-0% ?.%8€-03 B.BAC-0F
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taRLE 2

SEQUENCED RECEFTOS BCATIOSS BY
PCSCEXDING YHYEQID DOSE
X CXTEENAL DIRECT DOSE &BDED 0 & IHTEENAL DOCES
*
SECY 1ST. AGE PATHUAY BONT LIVER " e LUNS 81 L2 THYREOLID WwOLE RODY SN
RETERS GROUF

D ¢ INTANTY cow EAY 2.21E-04 S+ 20E-0a 2.21E-04 2.92€-94 2.70E-04 2.21E-04 2.23€-04 - Ca
FLY > CNILD cow MEAT S.31E-04 2.34E-00 c.21€E~04 3.3 . 3.04£-04 2.21€-04 . SE-0n - 4
LD o TEEw cow MEAT 2.21€-04 2.31€E-04 2.21€-04 3.3 4 3.53€-04 2.218-04 2.43E-04 : 54
rLp o ABDULY cow WEAT S.01E-08 2.29€-04 S.21€E-04 3.1 04 3.54E-04 2.21E-04 2.342-02 s Da
FLD ° INFANT COW REATY S.31E-04 e.s -04 X 04 g . 1.20€-04 1.54E~04 2.38E-04 i 4
FLD 0 CWILD COv  wEal 1.026-03  1.39€-03 6.0 o4 3. . 1.64C-04 1.34E-04  4.S8E-04 ! .
FLD 8 TEEw Cow MEAT $. 048 1.07€-03 A, a4F-04 T 1 1.47€E-02 1.54E-Ca 3.7%¢-04 ! .
FLD 0 ADULY cov MEAT . - T.ABE-D4 3 g-0a g 24 1.84F-04 1.54E-04 4.3%C-0¢ .
f“" 0 TNFANT cow MEAT y 03 7471€-03 7.38E-03 *. e 7.40E-03 7.34E-035 7.58E-030 L] -
"" 3 ;~2,‘ cow HEAT ’ 0% 1.58E-04 ®.74E~00 1. >4 1.21E-04 ?.54€-03 ®.43€-03 e. -
FLD » TEEN cow L4 3 1.20€-04 9.33€-035 1. Ll 1.82€E-04 7.54E-03 8.412-03 L -
FLD 0 ADULY ¥ 7.54€-08 1.10€-04 B.43E-03 1. 4 1.87E-04 ?.54E-03 8.24£-08% 8 3
FLr D TEEW cow S.97€-04 7.72%€-04 3 E-Ce 1. 4 4.48E-03 S.48E-03 3 -0 s s
FLD 0 ADULY Cow mEAY I.84E-04 %.07€-04 2.0%E-~04 LI . 4.33€-203 L A8E-08 3 -0 . S
FLh 0 INTANT - MEAT S.® 0a &.B4E-00 S«cAE-00 1.23€-048 5.88E-03 S.A5E-03 .. -2% 4.37€ S
"” 0 CHILD cohw 1 03 1.28€-03 4.33E-012 1.98C-04 4.23€-0% S.44€~0% : Oa $.37¢ <
FLD INFANT 82" ] ry -03 T AME-D3 3.438-03 $:70E~0% a.2%c-~013 S.o0E-03 3.45C-023 L 1°1 .
FLD CWHILD 0 mEAT 3 -03 8.21€-02 « b 02 7+55E-0 1.48€-03 S.20E-03 *E-03 eet -
FLb o "f;v COw HEAT -03 S.3%-03 4 0¢ 3 8.12€-0 T.40€-03 S.20€E-035 2.681-03 'BE-0"
FLD 6 & ! 1Y) At £-03 3.78£-0) £ 3 ?. 0ot 2,.40€-03 S.20€-0% 24E-03 o8 b
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TARLE o
SEOUENCED RECEFPTOR LOCA®T e
PESCENDING ORGaAN DO
SFf DELIVERED 70 FACH DORGCan FROn & FaTHRAYS COMERINED
,zE ™
SECTIOE PISTaANnCE AGE TaTwua rose oEgam
HmETEERS cRour
FLD [ weat 8 01
FLt 0 HEAT = 3
FLD [ HEAT 8 3
Ln ¢ KEAT 4 3
FLD 0 nEat ? 3
FLD ° HEAT * 3
£ o mEar 4 3
FLD o MEATY - 03
FLD ° HEAT s 3
FLD o REAT . 3
FLD 0 MEAT . o3
rup - nEAY 03
r n n ;5;.' ® ]
FLD 9 nEay s 3
FLD ° KEAT 3
g o oo - 3
¥ ° MEAT 3 63
2 (] "EAaT b B |
r ¢ NEAT 3 03
r ° MEAT 3 03
£ 0 HEAT 3.78€-03
r 0 mEAT 03
FLD ° WERT -03
FLD 2 ) MEAT -03
FLD G TEEN COM  HEA?T -03
FLD o TEEW cow wEarT -03
FLD © TEEN COW  MEATY -03
™ FLD O INFANT COM  NEAT -03
N> FLD D INFANT COW KEAT 03
= FLD O INFANT COW  MEAT o3
D L 0 CHMILD COW  MEAY 03
Pl FLp ) CHILD COM  KEAT 3 03
£ FLD 0 CHILD COM  MEAT 3 23
o Ll 0 TEEW cow HEAT ~ 03
i FLD 0 TEEN cow MEATY 2 ¢3
=M FLD 0 TCEN COW  MEAT T.4RE-03
= FLD ¢ ADULT COM  MEA? 2.23€-03
Q FLD 0 ADULY CON  WEAT :.98€-03
- LD 0 apuLY Cow MEAT 2.55€~03
> FLD o ALY COW wEAT 2.40€-03
- Fip © TEEN COM  NEA? 2.40€-01
D LD o ADULY COW™ wEAT 2. 40E-0)
M = Fi 5 TEEM COw £aY 2.40£-03 O 1
® LD O ADULY CDW  MEAT 2.40€-03 GI-LLI
= FLD 5 TEEN CO¥  MEAY 2.40€-03 GI-LL1
- z FLD O INFANT COW MEAT S.21E-03 rONE
T FLD 0 INFANT COW nEat T.218-03 RONE
B » r 0 INFANT COM mEAT > 03 PONE
." LD 3 T row AT % 5 WHRODY
s, LD 0 T 0w fat 1 EHEODY
>
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TME FOLLOWING FILES WERE USED TN THIS ~

1 [ gyr? UY STANDARD PROGRAN INCORMATION FILE

< s VYGASRL GAS ST VY 87 1 1 0 870430138

1 s BUERY PATHNAYS! SHOBEI1.2+3) «RNDROADRES)FAD HEAT coAT.CON

1 4 VYUFRAYX UY MAXIHUN INBIVIDUAL USAGE FACTORS FOR STaNnakD FEORBLENS

' ’ vYosD UY WAX TNDIVIDUAL S SITE DATA FILE FOR STawnash FEOBLE

1 = ISTPRE NUCLIDE LIBRARY FOR AL nsE rROGRAMS

1 3 rXOr Y $/0FILE srecCla ce SEWAGE COnTa FERref 3 L




