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NorthStar Nuclear Decommissioning Co., LLC
Vermont Yankee Nuclear Power Statlon
320 Governor Hunt Rd.

NorthStar 835?221-5_3545

Corey R. Daniels
ISFSI Manager

10 CFR 50.36a
BVY 19-015

May 7, 2019

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

SUBJECT: 2018 Radiological Effluent Release Report
Vermont Yankee Nuclear Power Station
Docket No. 50-271 ' ‘
License No. DPR-28

Dear Sir or Madam:

In accordance with 10 CFR 50.36a and the Vermont Yankee (VY) Off-site Dose Calculation
Manual, please find enclosed a copy of the 2018 Radiological Effluent Release Report.

In addition, the VY Off-site Dose Calculation Manual (ODCM) requires that changes made
during the reporting period to the ODCM be identified in the next Radiological Effluent Release
Report. Accordingly, Attachment 1 to Appendix H of the Radiological Effluent Release Report
identifies the changes associated with Revision 40 of the ODCM which occurred during 2018,

" as well as a complete copy of the ODCM.

The VY Renewed Facility Operating License Condition 3.E.10 requires that similar information
to that contained within the subject report be provided to the Massachusetts Metropolitan
District Commission (MDC). However, since the MDC is currently part of the Massachusetts
Department of Conservation and Recreation (DCR) this report is being provided to the DCR to
satisfy License Condition 3.E.10.

This letter contains no new regulatory commitments.

Shv’ould you have any questions concerning this letter, or require additional information, please
contact Mr. Thomas B. Silko at (802) 451-5354, Ext 2506.

Sincerely,

O rEAd8

/4,007
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CC:

Mr. David C. Lew

Regional Administrator, Region 1
U.S. Nuclear Regulatory Commission
2100 Renaissance Bivd, Suite 100
King of Prussia, PA 19406-2713

Mr. Jack D. Parrott, Senior Project Manager
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission

Mail Stop T-5A10

Washington, DC 20555

Ms. June Tierney, Commissioner
Vermont Department of Public Service
112 State Street — Drawer 20
Montpelier, Vermont 05602-2601

Massachusetts Department of Public Health
Director, Radiation Control Program

529 Main Street, Suite 1 M2A

Charlestown, MA 02129

Leo Roy, Commissioner

Massachusetts Department of Conservation and Recreation
251 Causeway Street

Boston, MA 02114
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1.0 INTRODUCTION

Tables 1 through 3 list the recorded radioactive liquid and gaseous effluents and solid waste
shipments for 2018, with data summarized on a quarterly basis for both liquids and gases. Table 4A
summarizes the estimated radiological dose commitments from all radioactive liquid and gaseous
effluents released during 2018, to the maximumly exposed individual member of the public, in response
to the ALARA objectives of 10 CFR Part 50, Appendix I. Table 4B presents the estimate of direct dose
from fixed station sources along the limiting west site boundary line. Tables SA through 6G present the
cumulative joint frequency distributions of wind speed, wind direction, and atmospheric stability for the
S-year period, 2012 through 2016. Radioactive effluents reported in Tables 1 and 2 were used to
determine the dose to the maximum exposed individual member of the public for 2018.

Dose commitments resulting from the release of radioactive materials in liquids and gases
during the reporting period were estimated in accordance with the plant’s Off-Site Dose Calculation
Manual (ODCM), Section 10.1 (Reference 1). These dose estimates were made using a "Method I"
analysis as described in the ODCM, and as reported in Tables 4A and 4B of this report. A conservative
"Method I" analysis incorporates the methodology of Regulatory Guide 1.109 (Reference 2) and uses
nuclide specific dose factors. Dose factors are the dose per Ci released for the age group and organ
receiving the highest dose. This method is conservative since the age and organ receiving the highest
dose differs from one nuclide to another,

As required by ODCM Section 10.1, this report shall also include an assessment of the radiation
doses from radioactive effluents to member(s) of the public due to allowed recreational activities inside
the site boundary during the year. As discussed in Section 3.6, there were no such recreational
activities permitted and, therefore, there is no associated dose assessment.

An assessment of radiation doses (including direct radiation) to the likely most exposed real
member(s) of the public for the calendar year for the purposes of demonstrating conformance with
40 CFR Part 190, "Environmental Radiation Protection Standards for Nuclear Power Operations,” is
also required to be included in this report if the conditions indicated in ODCM 3/4.4, "Total Dose,"
have been exceeded during the year. Since the conditions indicated in the action statement under
ODCM 3/4.4 were not entered into during the year, no additional radiation dose assessment is
required. However, Table 4B does provide the combination of off-site doses and dose commitments
from plant effluents and direct radiation sources for the limiting member of the public as a
demonstration of compliance with the dose standards of 40 CFR Part 190. '

All calculated dose estimates for members of the public at the site boundary or beyond for
the 2018 annual reporting period are below the dose criteria of 10 CFR Part 50, Appendix 1, and 40
CFR Part 190.

Appendices B through J indicate the status of reportable items per the requirements of
ODCM Section 10.1.
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20 METEOROLOGICAL DATA

The scope of possible accidents is significantly reduced with all spent fuel in dry cask
storage. The potential for any off-site consequences from radiological accidents are also
substantially reduced, No reasonably conceivable beyond design basis event can result in a
radiological release that exceeds Environmental Protection Agency (EPA) Protective Actions Guide.
During the final decommissioning and dismantling phases, administrative controls over radiological
source accumulation will preempt any significant radiological release to the environment. As a
result, there is no need for continued on-site meteorological data accumulation or real time dose
assessment. Conservative atmospheric dispersion factors have been developed from the 2012
through 2016 joint frequency data to provide both short term dose assessment or for assessment in
the annual average dose from facility routine releases. There are no planned or existing Emergency
Action Levels in the defueled state that could result in the need for real time accident release
assessment with other than previously determined conservative atmospheric dispersion factors.

Actual measured meteorological data for the five-year period, 2012 through 2016, were
analyzed to determine all the values and locations of the maximum off-site long-term average
atmospheric dispersion and deposition factors. The highest offsite dispersion and deposition factors
at any location beyond the site boundary, regardless of whether or not it was an actual location of a
residence or food production, was used to calculate “Method I” dose factors for each nuclide. Each
dose and dose rate calculation presented in the current Revision 40 of the ODCM incorporate the
maximum applicable off-site long-term average atmospheric dispersion and deposition factors, and
maximum organ dose to any age group from each nuclide.

Updated five-year average dispersion factors and deposition factors developed from 2012
through 2016 on-site meteorological hourly data and the nuclide specific dose factors can be used to
assess either routine releases or estimate conservative off-site consequences from any on-site
radiological event. As such, there is no need to continue to collect on-site meteorological data for
either accessing routine releases or potential emergency events. Collection of data from on-site
meteorological tower was terminated in November.2018.

The five-year aggregate joint frequency distribution tables for ground level releases are

presented in Tables SA through 5G. The five-year aggregate joint frequency distribution tables for
elevated releases are presented in Tables 6A through 6G.
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3.0 DOSE ASSESSMENT
3.1 Doses from Liquid Effluents

ODCM 3/4.2.2 limits total body doses (1.5 mrem per quarter, and 3 mrem per year) and organ
doses (5 mrem per quarter, and 10 mrem per year) from liquid effluents to a member of the public to
those specified in 10 CFR Part 50, Appendix 1. By implementing the requirements of 10 CFR Part 50,
Appendix I, ODCM 3/4.2.2 assures that the release of radioactive material in liquid eﬁluentslwi%l be
kept "as low as is reasonably achievable." '

There were no continuous or batch routine liquid radioactive waste discharges during 2018.

Dose estimates of tritium-contaminated groundwater released from the site are based on
Protected Area Boundary monitoring well data collected throughout 2018 and hydrological modeling of
groundwater movement. The groundwater discharge rates from the developed portion of the site to the
river are estimated using a streamtube approach based on Darcy’s Law. Using a conservative estimate
of groundwater flow through the affected area toward the river on a quarterly basis, an estimate of the
total potential tritium released from the site during each quarter of 2018 was genérated and reported in
Table 2A. The quantity of tritium released from the site by groundwater in each quarter was then
converted to dose by using the calculated dose conversion factors presented in ODCM Table 1.1.11.
The resulting quarterly doses are presented in Table 4A.

3.2 Daoses from Noble Gases»

The dose limits specified in ODCM 3/4.3.2 have been deleted from Revision 40 of the ODCM.
Noble gases were not produced or detected in releases from the plant stack in 2018.

33 Dose from Radionuclides in Particulate Form and Tritium

ODCM 3/4.3.3 limits the organ dose to a member of the public from tritium and radionuclides
in particulate form in gaseous effluents released from the site to areas at and beyond the site boundary
to those specified in 10 CFR Part 50, Appendix I (7.5 mrem per quarter and 15 mrem per year). By
implementing the requirements of 10 CFR Part 50, Appendix I, ODCM 3/4.3.3 assures that the releases
of any tritium and particulates in gaseous effluents will be kept "as low as is reasonably achievable."

There were no non-routine gaseous releases or batch releases in 2018. There was no
radioactively contaminated used oil burned in 2018.

Continuous sampling of the plant stack for tritium, per ODCM Table 4.3.1, was performed by
using silica gel cartridges in 2018. The cartridges were analyzed monthly, Based upon the stack flow
rate and sample flow rates, the average release rate in pCi/sec and total release in Ci for each quarter
was calculated. The quantity of tritium released from the site by the plant stack in each quarter was then
converted to dose by using the calculated dose conversion factors presented in ODCM Table 1.1.12.
The resulting quarterly doses are presented in Table 4A. ,
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34 Whole Body Doses in Unrestricted Areas from Direct Radiation

As opposed to prior years before the permanent shut down when the majority of the dose in the
unrestricted area consisted of direct and skyshine radiation from N-16 decay in the Turbine Building
steam cycle during power operations, there was no such source during 2018 due to the elimination of its
production and its short half-life.

The other fixed sources of direct and scatter radiation to the site boundary are the Independent
Spent Fuel Storage Installation (ISFST) and old turbine rotors and casings in the Turbine Storage
Facility. The annual direct radiation dose at the site boundary is driven by the cask loading at the ISFSL.
All spent fuel has been transferred to the two ISFSI pads by August 2018. The time each cask is on the
ISFSI pad during 2018 is multiplied by a dose conversion factor, based upon its location on the pads, to
calculate a site boundary dose. The doses from all the casks are then summed.

Table 4B lists the combination of the direct radiation dose at the limiting site boundary location
and the maximum offsite dose from gaseous and liquid effluents for the purpose of demonstrating
compliance with the dose standards contained in 40 CFR Part 190. For 2018, this annual dose was
below the 25 mrem total body and organ limit, as well as the 75 mrem thyroid limit, of 40 CFR Part 190.

35 Doses from On-Site Disposal of Septic Waste, Cooling Tower Silt and Soil

ODCM Appendices B, F, and I require that all septic waste, cooling tower silt, and sand/soil
applied within the approved designated disposal areas be controlled to ensure the dose to a maximally
exposed individual during the period of Vermont Yankee site control is limited to less than 1 mrem/year
to the whole body and any organ. After the period associated with Vermont Yankee operational control,
the dose to the inadvertent intruder is to be limited to 5 mrem/year. The projected dose from on-site
disposals of septic waste, cooling tower silt, and sand/soil mixes is given in Appendix J of this report.

During 2018 there was one batch of septic sludge spread on the southern on-site disposal field. The
septic sludge was spread on October 17, 2018 and contained only Co-60 at 4.43E-2 pCi/kg. The
previous activity on the field was decayed to the spreading date and added to the current activity to
calculate the total current activity in the field. This activity was then compared to the approved disposal
limits. The dose limits applicable to the on-site spreading of materials were met for the dose associated
with past spreading activities. Details of the current activity on the disposal field are presented in
Appendix J.

36 On-Site Recreational Activities

During 2018, no access to the on-site boat launching ramp located north of the intake structure:
was permitted for employees, their families, and guests. As such, there was no associated dose impact to
members of the public due to any recreational activities on-site.
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Table 1A - Gaseous Effluents -Summation of All Releases

im_:luded with Carbon-14 below in Part E.

VY 2018 ARERR

Units Q_uairter Qu;rter l%s:m 'io:/e:l

A. Fission and Activation Gases
1.  Total release Ci ND ND
2. Average release rate for period uCifsec ND ND
3. Percent of ODCM limit (1) % 3) )]
. Todines - |
1.  Total Iodine Ci ND. ND
2.  Average release rate for period uCi/sec ND ND

| 3.  Percent of ODCM limit (3) % ?3) 3)

C. Particulates . o
1.  Particulates with T-1/2>8 days Ci ND ND
2. Average release rate for period uCi/sec ND ND
3. Percent of ODCM limit (3) % ?3) (3)
4.  Gross alpha radioactivity Ci ND ND

|D. Tritium | ’ "

1.  Total release Ci 1.32E-01 | 6.31BE-02 | +1.80E+0l
2. Average release rate for period uCi/sec 1.64E-02 8.66E-03
3.  Percent of ODCM limit (3) % -3 3)

E. Carbon-14 A B
1. Total release Ci ND ND
2. Percent of ODCM limit (2) % 8.40E-04 | 4.02E-03
ND = Not Detected
(1) ODCM Control 3.3.2. for the most limiting of beta air or gamma air dose.
2) ODCM Control 3.3.3. for dose from 1-131, I-133, Tritium, Carbon-14 and radionuclides in

particulate form.

(3)  Per ODCM Control 3.3.3, dose contribution from Tritium, Carbon-14 and particulates are
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Table 1A - Gaseous Effluents -Summation of All Releases

(Continued)
Units ngrter Quirter EEs;o'{",o:/:l
A. Fission and Activation Gases
1.  Total release Ci ND ND
. Average release rate for period pCi/sec ND ND
3.  Percent of ODCM limit (1) % 3) 3)
B. Iodines. .
1.  Total Iodine Ci ND ND
. Average release rate for period uCi/sec ND ND
3. Percent of ODCM limit (3) % 3) 3)
C._ Particulates T )
1. Particulates with T—1/2>8 days Ci ND ND
2. Average release rate for penodA uCifsec ND ND
3. Percent of ODCM limit (3) % ' (3) ) i
4 Gross alpha rad10act1v1ty Ci ND ND
D.  Tritium A 3
1. Total release Ci 6.83E-02 5.34E-02 +1.80E+01
2. Averagereleaserate forperiod | uCi/sec 8.92E-03 | 6.46E-03 |
| 3. Percent of ODCM limit (3) % A3) 3)
., Carbon-14 '
1.  Total release Ci ND ND
2. Percent of ODCM limit (2) % 4.36E-04 | 3.41B-04

/
ND = Not Detected

(1) ODCM Control 3.3.2. for the most limiting of beta air or gamma air dose.
(2) ODCM Control 3.3.3. for dose from I-131, I-133, Tritium, Carbon-14 and radlonuchdes in

particulate form.

(3)  Per ODCM Control 3.3.3, dose contribution from Tritium, Carbon-14 and particulates are
included with Carbon-14 below in Part E.

VY 2018 ARERR

Page 11 of 401




S

Table 1B - Gaseous Effluents -Elevated Releases

| Continuous Mode | Batch Mode (1)
Quarter Quarter
Nuclides Released Units 1 2 1 2
1. Fission Gases ' ' '
Krypton-85 Ci ND ND
Unidentified Ci ND ND
Total for Period Ci ND ND a )
T B N B )
’ 2. Iodines Ci ND ND
3. Particulates |
| Strontium-90 Ci ND ND
‘ Cesium-134 Ci ND ND
. Cesium-137 ' Ci ND ND
‘ Manganese-54 = Ci ND ND |
Cobalt-57 Ci ND ND
Cobalt-60 ; Ci ND ND
Zinc-65 Ci ND ND
Total for Period Ci ND ND 68 (D

ND Not Detected at the plant stack
) There were no batch mode gaseous releases for this reporting period.
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Table 1B - Gaseous Efﬂﬁents -Elevated Releases

(Continued)
Continuous Mode Batch Mode (1)
' Quarter Quarter
Nuclides Released Units 3 4 3 4
1. Fission Gases ‘
Krypton-85 Ci ND ND
Unidentified Ci ND ND
Total for Period Ci ND ND (1) ¢))
2. Iodines Ci ND ND
3. Partic_:ulates
Strontium-90 Ci ND ND
Cesium-134 i Ci ND ND
Cesium-137 Ci ND I\]D
Manganese-54 Ci ND ND
Cobalt-57 Ci ND ND
Cobalt-60 " Ci ND ND
Zinc-65 Ci ND ND
Total for Period Ci ND ND 1) (1)
ND . Not Detected at the plant stack
) There were no batch mode gaseous releases for this reporting period.
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Table 1C — Gaseous Effluents Ground Level Releases

Continuous Mode Batch Mode (1) .
Quarter _ Quarter '
Nuclides Released Units 1 2 1 2
1. Fission Gases L B
Krypton-85 Ci ND ND
Unidentified Ci ND ND
Total for Period | Ci ND " ND (D) 1)
2. Jodines ND ND
3. Particulates
Strontium-90 Ci ND ND
Cesium-134 Ci ND ND
Cesium-137 Ci " ND ND
Manganese-54 ! Ci ND ND
- Cobalt-57 | Ci __ ND ND
Cobalt-60 A o S "ND "'ND
Zinc-65 Ci ND ND .. _
Total for Period Ci ND - ND ) 4))

(1) There were no routine ground level gaseous releases for this reporting period.

(2) No radioactively contaminated used oil was burned during 2018.
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Table 1C — Gaseous Effluents Ground Level Releases

(Continued)
~ Continuous Mode Batch Mode (1)
. Quarter Quarter '
Nuclides Released | Units 3 , 4 3 4
1. Fission Gases _ - ' ‘
Krypton-85 G -~ ND 'ND
Unidentified Ci ND ND .
Total for Period Ci ND ND (1) ¢))
2. Jodines Ci ND . ND
3. Particulates
Strontium-90 ‘ Ci ND ND
Cesium-134 Ci ND ND
Cesium-137 ‘ Ci ND ND
Manganese-54 Ci ND ND
: Cobalt-57 ' Ci ND ND
Cobalt-60 Ci ND ND
- Zinc-65 ' Ci ND ND
Total for Period Ci ND ND 8] 1)

(1) There were no ground level gaseous releases for this reporting period.
(2) No radioactively contaminated used oil was burned during 2018.
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Table 1D - Gaseous Effluents —Non-routine Releases

There were no non-routine gaseous releases for this reporting period.
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Table 2A - Liquid Effluents - Summation of All Releases

There were continuous non-routine (groundwater flow to the Connecticut River) liquid releases during
this reporting period. The data in this table is based upon monitoring well data collected throughout
2018 and hydrological modeling of groundwater movement.

Curies - Tritium Curies - Tritium

Jan-16 1.87E-03

Feb-16 1.59E-03

Mar-16 1.74E-03 ' First-Quarter 5.20E-03

Apr-16 1.47E-03

May-16 1.53E-03

Jun-16 1.40E-03 Second Quarter 4.40E-03

Jul-16 1.56E-03

Aug-16 1.57E-03

Sep-16 1.57E-03 Third ‘Quarter 4.70E-03

Oct-16 1.45E-03 o '

Nov-16 1.42E-03

Dec-16 1.47E°03 Fourth®uarter 4.34E-03
Total Curies 2.21E-02
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Table 2B - Liquid Effluents - Routine Releases

There were no continuous or batch routine releases in this reporting period, only continuous non-
routine liquid releases. See Table 2A.
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Table 3 — Solid Waste and Irradiated Fuel Shipments -

A. Solid Waste Shipped Off-Site for Burial or Disposal (not Irradiated Fuel)
1. Type of Waste

| Shipped from VY for Burial | Unit Quarters 1 & 2 Est. Total Error %
a. Spent resins. filter sludges. efe. m 0
Ci (]
b. Dry Compressible Waste,. cquipment, etc. m’ 0
, Ci 0
¢. Irradiated components, control rods, etc. m? 0
Ci 0
d. Other m’ 0
Ci 0
Shipped from Processor(s) for Burial Unit | Quarters1&2 | Est. Total Error%
a. Spent resins, filter sludees, ete. m’ 0
' Ci 0
b. Drv Compressible Waste, equipment.etc, m? 0
Ci 0
c. Irradiated componénts, control rods, etc. m’ 0
- Ci 0
d. Other (water) ‘ m’ 0.2 +25%
Ci 2.8E-6 +25%

i

2. Estimate of Major Nuclide Composition (By Type of Waste)

Spent resins, filter sludges Dry i:ﬁ‘gf:_f:lztfm’ Irradiated ‘;‘;’:gj"e‘t‘:”“’ control Other Waste
" Nuclide Percent(1) Nuclide | Percent(1) Nuclide | Percent(1) Nuclide Percent(1)
H-3 99
Co-60 0.6

Cs-137 04

(1) Includes only those nuclides that are greater than 0.1% of the total activity
3. Disposition of Solid Waste Shipments (1st & 2nd Quarters)

No. of Shipments From VY | From Processor . Mode To Processor To Burial
30 - 30 Truck - 30

B. [Irradiated Fuel Shipments (Disposition): None
C. Additional Data (1* & 2™ Quarters)

Supplemental Information VY to Processor VY to Burial Processors to Burial
Class of Solid Waste Shipped N/A N/A N/A
Type of Containers Used GDC N/A GDC
Solidification Agent or Absorbent Used None None None

GR = Gallaher Road BCO = Bear Creek Operations WCS = Waste Control Specialists

ES = Energy Solutions GDC = General Design Container
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Table 3 — Solid Waste and Irradiated Fuel Shipments (Continued)

A. Solid Waste Shipped Off-Site for Burial or Disposal (not Irradiated Fuel)
1. Type of Waste

Shipped from VY for Burial Unit Quarters3 & 4 Est. Total Error %
a. Spent resins, filter sludges, etc. m? 0
. Ci 0
b. Dry Compressible Waste, cquipment, efc. m3 0
Ci 0
c. Irradiated components, control rods, ete. m’ 0
_GCi 0
d. Other m3 0
Ci 0
Shipped from Processor(s) for Burial Unit Quarters3&4 | Est. Total Error%
a. Spent resins, filter sludges, etc. m? 0
Ci 0
b. Dry-Compressible Waste. equipment, etc. m? 36.7 +25%
Ci 7.5E-2 +25%
_c. Irradiated éom;;onents, control rods, etc. m’ 0
Ci 0
d. Other (water) m? 0.1 +25%
Ci 1.28E-6 +25% ,
2. Estimate of Major Nuclide Composition (By Type of Waste)
Spent resins, filter sludges Dry (;:?ig rniﬂ::]:ty aste, Iradiated crzx::o ;:nw. cox‘m'ol Other Waste
Nuclide Percent(1) Nuclide Percent(1) Nuclide Percent(1) Nuclide Percent(1)
Co-60 51 ] H-3 99
Ni-63 1.5 Co-60 - 0.6
Fe-55 39 Cs-137 0.4
Cs-137 0.3
Zn-65 1.7
Mn-54 1.0
(1) Includes only those nuclides that are greater than 0.1% of the total activity
3. Disposition of Solid Waste Shipments (3% & 4t Quarters)
No. of Shipments From VY From Processor Mode To Processor To Burial
22 22 Truck 22
3 : 3 ‘ Truck 3
B. Irradiated Fuel Shipments (Disposition): None
C. Additional Data (3" & 4'" Quarters)
i _Supplemental Information VY to Processor VY to Burial Processors to Burial
Class of Solid Waste Shipped A N/A A
Type of Containers Used GDC GDC GDC
Solidification Agent or Absorbent Used None None None
GR =GallaherRoad - BCO = Bear Creek Operations WCS = Waste Control Specialists

ES =Energy Solutions GDC = General Design Container
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Table 4A — Off-Site Doses from Liquid and Gaseous Releases
(10CFR50, Appendix I)

‘Dose (mrem) ,
Source 1st Quarter | 2ud Quarter | 3rd Quarter | 4th Quarter | Year
Liquid Effluents

Total Body Dose 1.07E-06 9.05B-07 9.67E-07 8.96E-07 | 3.84E-06 |
Percent of Limit (1.5 mrem) 7.15E-05 6.03E-05 6.45E-05 5.97E-05

Footnotes | (a) (a) (a) . (a) ,
'Organ Dose 1.07E-06 9.05E-07 9.67E-07 8.96E-07 | 3.84E-06
Percent of Limit (5 mrem) 2.15E05 | 1.81E-05 1.93E-05 | 1.79E-05 ‘

Footnotes (a) A (a (a) (2

) Airborne Effluents

{,‘ﬁg‘;fia?;’ C-14 and 146B-05 | 700E-06 | 7.8E06 | 593E06 | 35IE-0
Percent of Limit (7.5 mrem) 1.95E-04 9.34E-05 1.01E-04 7.90E-05

Foototes| (), | () () (b)

Noble Gases '

Beta Air (inrad) - -- - - -

Footnotes (c) (c) (c) (c)
Gamma Air (mrad) - -- - - -

Footnotes (c) (c) (c) (c)

(a) The cﬁﬁcal age group/organ for the Maximum Exposed Individual (MEI) is the Adult/Total
Body and all organs (except Bone) from the release of H-3 to groundwater.

(b)  These doses are based upon the maximum offsite X/Qs and D/Qs. The doses are the

maximum organ dose when the Vegetable, Meat, Cow Milk, and Inhalation pathways are

summed.

(¢)  There were no noble gas releases in this quarter.
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Table 4B — Annual Off-Site Doses from Liquid, Gaseous and Direct Radiation

(40CFR190)
R = =l I
Direct External (a) (b) 13.238 13.238 13238
" Liquids () 384506 3.846-06 3.845-06
Gases (c) 35105 3.51E-05 3.51E-05
Annual Total (d) 13.238 13238 13238

The location of the projected maximum individual doses from combined direct radiation
plus liquid and gaseous effluents correspond to residences at the southwest boundary
relative to the Turbine Hall.

No residential shielding credit or occupancy time fraction (i.e., occupancy is assumed to be
100%) is used. Expected direct external radiation doses would be reduced by approximately
54% with a realistic residential shielding credit and occupancy time (i.e., by using a 0.7
shielding factor from Regulatory Guide 1.109 (Reference 2) and an annual occupancy time of
6760 hours).

The direct dose reported here was calculated using the current ODCM methodology and
represents the dose to the former nearest residence, which was located in the South sector at 385
meters from the stack prior to the vacancy of this residence in 2008 and the purchase of land by
Vermont Yankee. Doses are driven by the casks on the ISFSIL.

Maximum dose to any organ over all age groups for each release.

Annual dose limits contained in 40 CFR Part 190 are 25 mrem to the total body and any
organ, and 75 mrem to the thyroid for any real member of the public.
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Table 4C — Receptor Locations

Sector Site (B;::;I;d:)ry ) Neal‘e(srili":ris‘;ent @ m%gl)(
_ (meters)
N 400 1400 - -
NNE | 30 | 1384 | 5520(cows)
NE 350 : 1255 -
k ENE 400 966 -
E | 500 933 | -
ESE 700 1915 -
SE 750 1963 6670 (cows)
3 SSE | 850 2044 -
; S 385 644 -
} SSW 300 451 | -
} SW 250 418 -
WSW 250 451 | 9730 (cows)
| W 300 628 | 820 (cows)
WNW 400 1062 N
NW | 550 2253 -
NNW 550 1738 -

) Site boundary locations taken from Table 6.10.2 of the ODCM.

(2)  The location(s) given are based on information from the Vermont Yankee 2016 Land Use Census and
Table 7.1 of the ODCM and are relative to the plant stack. Gardens are assumed to be present at all
resident locations,

(%)) Although milk collection has been discontinued due to the permanently shutdown and defueled status of
the plant, receptor locations were conservatively retained in the dose analysis.
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Table 4D - Usage Factors for Environmental Pathways

Age Fish l;‘;,‘;:‘: Veg. I{f:gfy ' Milk | Meat | Inhalation
Group | (kgfyr) (Uyr) (kg/yr (kyy;') (yr) .| (kg/yr) | (m3lyr)

Adult 21 730 520 64 310 | 110 | 8,000

Teen | 16 510 630 42 | 400 [ 65 | 8,000
Child | ' 6.9 510 520 26 | 330 41 3,700
Infant | 0 330 | 0 0 330 | 0 1,400

Data from Regulatory Guide 1.109, Table E-5 (Reference 2).
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Table 4E - Environmental Parameters for Gaseous Effluents

Vegetables

Cow Milk

Meat

Goat Milk
_ Variable Stored Leafy Pasture Stored | Pasture Stored Pasture |~ Stored
Agricultural Productivity '
YV 2 2 0.70 2 0.70 2 0.70 2
o)
P [Soil Surface Density (kg/mz) 240 240 240 240 240 240 240 240
Transport Time to User (hrs) - - 48 48 48 48 480 480
TB [Soil- Exposure Time(a)(brs) 131,400 131,400 131,400 131,400 | 131,400 | 131,400 131,400 131,400
. Time to Pl :
TE gf;‘)’ ExposureTimeto Plume | ) 440 |~ 1,440 720 1,440 720 1,440 720 1,440
TH [Holdup After Harvest (hrs) 1,440 24 0 2,160 0 2,160 0 - 2,160
QF |Animals Daily Feed (kg/day) - - 50 50 6 6 50 50
Fp [Fraction of Year on Pasture - - ®) — (b) - ) -
racti ed
FS Fractlm(lcl)’astm'e Feed When on 3 N 1 _ 1 a 1 3
Pasture

Note: Footnotes on following page.
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Table 4E - Environmental Parameters for Gaseous Effluents

(Continued)
Vegetables Cow Milk Goat Milk Meat
Variable Stored Leafy Pasture Stored Pasture Stored P.ashﬁ’e Stored

Fraction of Stdred Vegetables - ' '

FG | Grownin Garden 0.76 - - - - - - -
7 pr, | Fraction of Leafy Vegetables _ 1.0 . . . _ _

Grown in Garden : -
FI | Fraction Elemental fodine = 0.5 . -- -- - - - - - -
H | Absolute Humidity = 5.6 | -- -- - - - - - --

* From VY ODCM, Tdble 6.9.1 (Reference 1).

(a) For Method II dose/dose rate analyses of identified radioactivity releases of less than one year, the soil exposure time for that release may
be set at 8,760 hours (one year) for all pathways. ‘

(b) For Method II dose/dose rate analyses performed for releases occurring during the first or fourth calendar quarters, the fraction of time
animals are assumed to be on pasture is zero (non-growing season). For the second and third calendar quarters, the fraction of time on
pasture (FP) will be set at 1.0. FP may also.be adjusted for specific farm locations if this information is so identified and reported as part
of the land use census.

(©) For Method II analyses, the fraction of pasture feed while on pasture may be set to less than 1.0 for specific farm locations if this
information is so identified and reported as part of the land use census.

(d) For all Method II analyses, an absolute humidity value equal to 5.6 (gm/m3) shall be used to reflect conditions in the Northeast
(Reference: Health Physics Journal, Volume 39 (August), 1980; Pages 318-320, Pergammon Press).

{
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Table 4F - Environmental Parameters. for Liquid Releases (Tritium) Via Groundwater

Variable Name Potable Water | Aquatic Food | Stored Veg. | Leafy Veg. Meat Cow Milk
(Units)
Mixing Ratio 5.94E-06 1.27E-03 5.94E-06 5.94E-06 5.94E-06 5.94E-06
Transit Time (hrs)* 12 24 0 0 0 0
Water Uptake**
‘ (animal) (L/day) - - - - 50,0 60.0
ke (ot
Feed Uptake** (animal)| _ _ _ _ 50.0 50.0

’ (kg/day)

* Values are from Regulatory Guide 1.109, Table E-15 (Reference 2)
} ** Values are from Regulatory Guide 1.109, Table E-3 (Reference 2)
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Tables 5A-5G - Frequency Distribution Tables for Ground Level Releases

Table 5A

Five Year Aggregate 35-foot
PASQUILL A

@21 Class2 Class3 Class4 ClassS Class6 Class7
‘ , alms , v , ,
Windmph 095, 3 7 12 18 24 >24  TOTAL
N 15 11 30 32 7 2 0 97
NNE 1 2 9 3 0 0 0 15
NE 0 5 10 0 0 0 0 15
ENE 0 5 11 1 0 0 0 17
E 0 12 41 11 0 0 0 64
ESE 1 7 36 32 1 0 0 77
SE 0 3 12 16 0 0 0 31
SSE 1 0 7 23 4 0 0 35
S 0 1 2 9 2 0 0 14
SSW 0 0 0 4 0 0 0 4
SW 0 1 2 4 0 0 0 7
WSW 0 4 2 3 0 0 0
W 0 1 3 2 5 0 0 11
WNW 0 0 0 1 6 1 1
NW 0 0 11 11 3 1 0 26
NNW 1 10 35 60 19 5 0 130
_TOTALS 19 62 211 212 47 9 1 561
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Table 5B

Five Year Aggregate 35-foot
PASQUILL B
Class 1 Class2 Class3 Class4 Class5 Class6 Class7
Calms
Windmph  0.95 3 7 12 18 24 . >24  TOTAL
‘N 2 10 65 36 5 1 0 119
NNE 0 12 15 9 0 0 0 36
NE 0 7 23 0 0 0 0 30
ENE 0 7 22 0 0 0 0 29
E 1 9 56 7 0 0 0 73
ESE 1 5 65 28 1 0 0 100
SE 0 2 39 22 0 0 0 63
SSE 0 4 31 65 8 1 0 109
S 0 3 15 29 11 1 0 59
SSW 0 0 6 4 0 0 0 10
SW 0 0 1 3 0 0 0 4
WSW 0 0 2 3 0 0 0 5
w 0 0 5 15 14 3 0 37
WNW 0 3 6 12 10 0 0 31
NwW 0 2 17 18 14 7 0 58
NNW 1 5 64 72 45 6 0 193
TOTALS 5 69 432 323 108 19 0 956

VY 2018 ARERR Page 29 of 401




Table 5C

Five Year Aggregate 35-foot
PASQUILL C
Class 1 Class2 Class3 Class4 ClassS Class6 Class7
_Calms
Windmph  0.95 3 7 12 18 24 >24  TOTAL
N 2 19 103 68 6 0 0 198
NNE 1 31 31 13 0 0 0 76
NE 0 19 23 2 0 0 0 44
ENE 0 22 56 2 0 0. 0 80
E 0 28 111 2 0 0 0 141
ESE 6 25 128 25 1 0 0 185
SE 0 14 94 21 0 0 0 129
SSE 0 6 74 99 11 0 0 190
S 0 2 30 63 8 0 0 103
SSW 0 5 12 9 1 0 0 27
SW 0 5 8 7 0 0 0 20
WSW 0 3 8 10 0 0 0 21
w 1 1 5 37 22 1 0 67
WNW 0 4 14 38 33 2 1 92
NW 1 11 63 53 44 4 0 176
NNW 0 9 123 109 49 6 1 297
TOTALS 11 204 883 558 175 13 2 1846
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Table 5D

Five Year Aggregate 35-foot
PASQUILL D

Classl (. 2 Class3 Class4 ClassS Class6 Class 7

Calms
Windmph ,0.95 3 7 12 18 24  >24 TOTAL
N 33 418 666 514 107 3 0 1741
NNE 21 244 203 58 2 0 0 528
NE 21 232 99 14 1 0 0 367
ENE 31 243 111 2 0 0 0 387
E 51 288 240 24 0 0 0 603
ESE 96 303 474 89 2 0 0 964
SE 102 349 901 101 7 0 0 1460
SSE 79 358 1167 583 48 3 0 2238
S 31 282 493 435 9 3 )} 1340
SSW 5 206 177 92 6 0 0 486
SW 27. 167 144 94 2 0 0 434
WSW 7 133 205 125 6 0 0 476
\4 6 183 412 788 277 13 0 1679
WNW 3 235 370 908 47 42 1 2030
NW 10 400 895 713 359 39 2 2418
NNW 33 521 1440 1181 = 385 52 1 3613
TOTALS 556 4562 7997 5721 1769 155 4 20764
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Table SE

Five Year Aggregate 35-foot
PASQUILL E
Class 1 Class2 Class3 Class4 Class5 Class6é Class7
Calms

Windmph 095 3 7 12 18 24  >24 TOTAL
N 51 - 197 161 43 15 0 0 467
NNE 19 111 23 4 0 0 0 157
NE 14 89 9 1 1 0 0 114
ENE 14 71 7 0 0 0 0 92
E 13 91 36 1 0 0 0 141
ESE 25 156 74 7 0 0 0 262
SE 71 216 277 15 0 0 0 579
SSE 77 346 428 100 8 1 0 960
S 46 529 278 125 32 3 0 1013
SSW 34 676 101 17 2 0 0 830
SW 38 912 98 12 1 0 0 1061
WSW 19 827 214 13 0 1 0 1074
W 19 797 342 150 22 2 0 1332
WNW 21 640 396 144 36 0 0 1237
NW 21 601 577 148 29 1 0 1377
‘NNW 27 407 711 239 49 3 1 1437
TOTALS 509 6666 3732 1019 195 11 1 12133
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Table 5F

Five Year Aggregate 35-foot

PASQUILL F
Class 1 Class2 Class3 Class4 Class 5 Class6 Class?7
Calms ' '

‘Windmph  0.95 3 7 12 18 24 >24  TOTAL
N 8 78 12 0 0 0 0 - 98
NNE 7 31 3 0 0 0 0 41
NE 5 25 0 0 0 0 0 30
ENE 5 27 1 0 0 0 0 33
E 6 27 5 0 0 0 0 38
ESE 14 26 7 0 0 0 0 47
SE 17 75 13 0 0 0 0 105
SSE 19 136 39 1 1 0 0 196
S 30 344 59 1 0 0 0 434
SSW 50 501 56 0 0 0 0 607
SW 36 1061 68 0 0 0 0 1165
WSW 29 990 47 1 0 0 0 1067
W ©11 677 78 1 0 0 0 767
WNW 12 349 69 2 0 0 0 432
NW 13 198 84 2 0 1 0 298
NNW 23 94 70 6 0 0 0 193
TOTALS 285 4639 611 14 1 1 0 5551
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Table 5G

Five Year Aggregate 35-foot
PASQUILL G
%““SS 1 Class2 Class3 Class4 Class5 Class6 Class?
alms
Windmph  0.95 3 7 12 18 24 >24  TOTAL
N 7 . 36 4 0 0 1 0 48
NNE 11 18 1 0 0 0 0 30.
NE 4 16 0 0 0 0 0 20
ENE 1 10 0 0 0 0 0 11
E 6 22 0 0 0 0 0 28
ESE 10 22 5 0 0 0 0 37
SE 10 27 2 0 0 0 0 39
SSE 10 52 6 0 0 0 0 68
S 22 96 12 0 0 0 0 130
SSW 21 133 15 0 0 0 0 169
SW 7 198 28 0 0 0 0 233
WSW 8 205 8 0 0 0 0 221
w 4 140 17 1 0 0 0 162
WNW 7 90 15 0 0 0 0 112
NW 6 57 26 2 0 0 0 91
NNW 5 38 25 3 0 0 0 71
6 0 1 0 1470

TOTALS 139 1160 164
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Tables 6A-6G - Frequency Distribution Tables for Elevated Releases

Table 6A
Five Year Aggregate 297-foot
PASQUILL A .
Class1  es2  Class3 Class4 Class5 Class6 Class7
Calms
~Wind mph 0.95 3 7 12 18 24 >24 TOTAL
N 11 1 1 6 0 0 0 19
NNE 1 5 1 1 (0] 0 0 8
NE 0 1 1 1 0 0 0 3
ENE 0 1 2 0 0 0 0 3
E 0 1 0 0 0 0 0 1
ESE 0 3 2 3 1 0 0 9
SE 0 2. 5 1 0 0 -0 8
SSE 0 4 4 1 2 0 0 11
S 0 1 2 0 0 0 0 3
SSW 0 0 0 0 0 0 0 0
Sw 0 0 0 0 0 0 0 0
WSW 0 0 0 1 0 0 0 1
W 0 1 0 0 2 0 0 3
WNW 0 0 2 0 0 0 0 2
NW 0 1 0 3 0 0 0 4
NNW 1 2 3 3 3 0 0 12
TOTALS 13 23 23 20 8 0 0 87
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Table 6B

Five Year Aggregate 297-foot
PASQUILLB

Class 1 Class2 Class3 Class4 Class Class6 Class7

Calms N
Windmph  0.95 3 7 12 18 2% >24  TOTAL
N 0 1 8 14 2 0 0 25
NNE 0 0 2 5 2 0 0 9
NE 0 1 1 6 0 0 0 8
ENE 0 0 2 3 0 0 0 5
E 0 1 1 3 1 0 0 6
ESE 1 4 13 26 4 0 0 48
SE 0 3 6 5 3 0 0 17
SSE 0 1 1 3 2 0 0 7
S 0 0 0 0 5 0 0 5 |
SSW 0 0 0 0 0 0 0 0 }
SW 0 0 0 0 0 0 0 0
WSW 0 0 0 1 1 0 0 2
w 0 0 0 3 1 1 0 5
WNW 0 0 3 0 2 2 3 10
NwW 0 1 1 2 2 0 0 6
NNW 0 3 9 24 18 9 4 67
TOTALS 1 15 47 95 43 12 7 220
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Table 6C

Five Year Aggregate 297-foot
PASQUILL C '
Class 1 Class2 Class 3 Class4 Class5 Class6 Class7
Windmph  0.95 3 7 12 18 24 >24  TOTAL
N 0 6 25 36 26 1 0 94
NNE 0 2 11 16 4 0 0 33
NE 0 2 7 7 2 0 0 18
ENE 0 3 14 8 0 0 0 25
E 0 4 16 9 1 0 0 30
ESE 0 7 51 47 3 0 0 108
SE 0 9 21 31 7 1 0 69
SSE 0 4 2 38 13 0 0 57
S 1 1 3 9 14 7 2 37
SSW 0 0 0 0 0 1 ) 1
SW 0 0 1 4 0 0 0 5
WSW 0 0 1 2 3 0 0 6
W 0 0 0 5 3 9 1 18
WNW 0 0 2 7 7 8 0 24
NW 1 1 10 11 15 8 2 48
NNW 0 3 31 71 62 47 11 225
TOTALS 2 42 195 301 160 82 16 798
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Table 6D

Five Year Aggregate 297-foot
PASQUILL D

Class1 1. cc2 Class3 Class4 Class5 Class6 Class?

Calms 7
Windmph  0.95 3 7 12 18 24 >24  TOTAL
N 18 269 442 565 426 131 10 1861
NNE 3 182 145 127 55 4 1 517
NE 2 191 125 62 21 1 2 404
ENE 2 186 131 32 5 0 0 356
E 8 238 251 66 18 3 0 584
ESE 7 271 505 192 47 3 0 1025
SE 17 355 878 458 57 10 1 1776
SSE 10 243 811 1092 206 24 3 2389
S 13 102 395 1047 628 136 18 2339
SSW 5 72 124 220 71 8 1 501
SW 7 43 93 171 57 1 0 372
WSW 11 50 73 216 92 7 2 451
W 16 53 101 623 695 175 12 1675
WNW 3 82 138 689 901 285 28 2126
NW 2 173 344 430 564 229 52 1794
NNW 54 358 1172 1527 1240 512 153 5016

TOTALS 178 2868 5728 7517 5083 1529 283 23186
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Table 6E

Five Year Aggregate 297-foot
PASQUILL E-
Class 1 Class2 Class3 Class4 Class5 Class6 Class?7

Wind mph 0.95 3 7 12 18 24 >24  TOTAL

N " 27 524 467 222 46 7 0 1293

NNE 8 354 66 27 5 0 0 460

NE 9 294 41 2 0 0 1 347

ENE 5 282 33 1 0 2 0 323

E 9 397 70 0 0 0 484

ESE 15 457 226 27 3 0 0 728

SE 25 474 747 171 6 1 0 1424

SSE 10 277 718 372 30 4 2 1413

S 6 160 281 306 144 23 3 923

SSwW 2 90 118 114 40 8 0 372

SwW 3 61 87 63 16 0 0 230

WSwW 2 61 111 109 20 2 0 305

w 4 57 132 299 186 9 1 688

WNW 4 97 146 284 108 12 1 652

NwW 1 206 361 258 83 13 1 923

NNW 21 441 1536 944 305 58 10 3315
_TOTALS . 151 4232 5140 3207 992 139 19 13880
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Table 6F

Five Year Aggregate 297-foot
PASQUILL F

Class 1 Class2 Class3 Class4 ClassS Class6 Class7

Calms _ » T
Wind mph 0.95 3 7 12 18 24 >24  TOTAL
N 9 217 176 19 6 0 0 427
NNE 2 161 24 3 0 0 0 190
NE 2 130 6 0 0 0 0 138
ENE 3 115 16 2 0 0 0 136
E 7 165 42 0 0 0 0 214
ESE 5 140 125 14 0 0 0 284
SE 8 188 343 81 0 0 0 620
SSE 5 149 296 79 0 1 -0 530
S 2 76 172 51 8 0 0 309
SSw 3 63 60 29 4 0 0 159
sSw 1 52 73 19 2 0 0 147
WSW 0 40 67 20 1 0 0 128
W 1 44 81 70 7 0 0 203
WNW 2 66 91 64 3 0 0 226
NwW 2 115 154 40 4 0 0 315
NNW 3 167 429 184 9 0 0 792
TOTALS, 55 1888 2155 675 44 1 0 4818
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Table 6G

Five Year Aggregate ; 297-foot
PASQUILL G

Class 1 Class2 Class3 Class4 Class5 Class6 Class 7
Windmph 095 3 7 12 18 24 >24  TOTAL
N 0 18 19 3 1 0 0 41
NNE 0 6 2 0 0 0 0 8
NE 0 10 3 0 0 0 0 13
ENE 0 9 2 0 0 0 0 11
E 1 9 3 0 0 0 0 13
ESE 0 12 7 2 0 0 0 21
SE 0 19 48 19 0 0 0 86
SSE 0 19 50 18 0 0 0 87
S 1 14 39 14 4 1 0 73
SSW 0 -8 19 12 2 0 0 41
SwW 0 11 22 17 0 0 0 50
WSW 0 15 29 15 0 0 0 59
W 0 8 32 26 2 0 0 68
WNW 0 11 24 25 3 0 0 63
NW 1 20 23 20 0 0 0 . 64
NNW 0 21 37 19 0 0 0 77
TOTALS 3 210 359 190 12 1 0 775

”
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APPENDIX A — SUPPLEMENTAL INFORMATION

MEASUREMENTS AND APPROXTMATIONS OF TOTAL RADIOACTIVITY

Provided below are the methods used to measure or approximate the total radioactivity in
effluents and the methods used to determine radionuclide composition.

Tritium

ODCM Table 4.3.1 requires as a minimum that grab samples from the plant stack be
taken monthly and analyzed for tritium. The stack tritium collection has been upgraded
with silica gel columns and continuous sampling of stack effluents. The error involved in
this sample is approximately +18 percent.

BATCH RELEASES ‘
There were no routine liquid or gaseous batch releases during the reporting period.
ABNORMAL RELEASES

a. Liquid
VY has installed 32 groundwater wells to monitor the 2010 leak event or to monitor
additional at-risk structures, systems or components (SSCs) that could cause a release of
licensed material to the groundwater. One well (GZ-08) has been dry since installation
and no samples were collected from it in 2016. A second well, GZ-24 was compromised
by excavation activity in 2014 and is no longer able to be sampled. A summary of the
remaining 30 wells in included in Table 1. There are only three (3) wells that had
detectable activity (>MDC) in 2018 and all of these wells are well below the EPA limit of
20,000 pCi/L for drinking water. None of the wells in this program supply drinking
water, and no drinking water wells on site or adjacent to VY have shown tritium at
detectable levels in regular surveillance samples.

b. Gaseous

There were no non-routine gaseous releases (measured) during the reporting
period.
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Table A-1: VY Groundwater Tritium Summary - 2018

Groundwater | Number of Mean
well analyses concentration Max Min
sampled performed
GZ-1 1 <602 <602 | <602
GZ-2 1 <600 <600 | <600
GZ-3 2 <612 <626 | <597
GZ-4 2 <600 <608 | <592
~ GZ-5 1 <611 <611 | <611
GZ-6 2 <597 <607 | <588
GZ-7 2 - <595 <601 | <589
GZ-9 1 <601 <601 <601
GZ-10 1 <603 <603 | <603 .
GZ-11 2 <597 <604 | <590
GZ-12 2 <594. | <601 | <587
GZ-12d 4 <605 <620 | <586
GZ-13 1 <602 <602 | <602
GZ-13d 2 <594 <601 | <587
GZ-14 4 <650 <717 | <588
GZ-14d 4 _ 4040 . 4810 3480
GZ-15 4 < 605 <619 | <585
GZ-16 1 <602 <602 | <602
GZ-17 1 <604 <604 | <604
: GZ-18 1 <602 <602 | <602
_GZ-18d 1 <602 <602 | <602
GZ-19 1 <604 <604 | <604
GZ-19d 1 <597 <597 | <597
GZ-20 1 < 603 <603 | <603
GZ-21 2 <595 <602 | <588
GZ-22d 12 2790 3370 2260
GZ-23 12 765 1300 <591
GZ-25 1 <602 <602 | <602
GZ-26 1 <600 <600 | <600
_GZ-27 1 <602 <602 | <602
Notes:
1. All concentrations are in units of pCi/L
2. Required LLD for tritium = 2,000 pCi/L
3. “<” denotes minitnum detectable value¢ for the analytical period
4. Bold values denote positive results (greater than minimum detectable values)
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APPENDIX B - LIQUID HOLDUP TANKS

Requirement

With the quantity of radioactive material in any outside tank
exceeding the limit of Section 4 of the Decommissioning Safety
Analysis Report, describe the events leading to this condition in
| the next Radioactive Effluent Release Report.

Response The limits for any outside tank were not exceeded during this
reporting period.
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APPENDIX C - RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

The requirements for radioactive liquid effluent monitoring instrumentation channels in ODCM Table
3.1.1 were removed in ODCM Revision 40.
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APPENDIX D - RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

Requirement

Radioactive gaseous effluent monitoring instrumentation
channels are required to be functional in accordance with ODCM
Table 3.1.2. If a non-functional, gaseous effluent monitoring
instrumentation is not returned to functional status within 30 days
pursuant to Note 5 of Table 3.1.2, an explanation in the next
annual Radioactive Effluent Release Report of the reason(s) for
the delay in correcting the inoperability is required per ODCM
Section 10.1.

Response

There were no issues related to the radioactive gaseous effluent
monitoring instrumentation for this reporting period.
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APPENDIX E — RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

This Appendix is no longer required by the ODCM Revision 40. This Appendix is retained as a place-
holder to allow this report to be consistent with previous reports.
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APPENDIX F—LAND USE CENSUS

Reguirement

A land use census is conducted in accordance with ODCM °
Control 3/4.5.2. With a land use census identifying a location(s)

that yields at least a 20 percent greater dose or dose commitment

than the values currently being calculated pursuant to ODCM
Control 4.3.3, the new location(s) must be identified in the
next Annual Radioactive Effluent Release Report.

| The Land Use Census was completed during the third quarter of

2018. No locations were identified which yielded a 20 percent
greater dose or dose cormmitment than the values currently being
calculated pursuant to ODCM Control 4.3.3. See Table 4C for a
listing of nearest residents and milk animals in the site area as

!determined in the 2018 Land Use Census.
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APPENDIX G —PROCESS CONTROL PROGRAM

Requirement ODCM Section 10.1 requires that licensee-initiated changes to
the Process Control Program (PCP) be submitted to the
Commission in the annual Radioactive Effluent Release Report
for the period in which the change(s) was made.

Response There were no changes made to the Process Control Program
during this reporting period.
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APPENDIX H - OFF-SITE DOSE CALCULATION MANUAL

Requirement ODCM Section 10.1 requires that licensec-initiated changes to
the Off-Site Dose Calculation Manual (ODCM) be submitted to
the Commission in the annual Radioactive Effluent Release
Report for the period in which the change(s).

Response There was one revision (Rev. 40) to the Offsite Dose Calculation
7 ‘ Manual (ODCM) during 2018. The changes associated with
Revision 40 and the revised ODCM are presented in Attachment
1 to this Appendix.
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Appendix H - Attachment 1
VERMONT YANKEE NUCLEAR POWER STATION

OFF-SITE DOSE CALCULATION MANUAL

REVISION 40

1

Effective Date: 10/23/18

Originator: Scott Dorval #7777 _ 7 _/ /d// G/k/ g
Print/Sign ~ Date”
Reviewed: _______John Geyster " jﬂr/ / 19/12/1{
Print/Sign (Indepefien éaft?f Review) Date -

Approved: Corey Daniels
Print/Sign (Senior Magéer, Production)

_tedrif
~ Date
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Rev. 40
Page i of xx
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REVISION SUMMARY

DATE | REVISION DESCRIPTION

Three secti.()ns of the ODCM were modified with minor changes to
9/23/10 33 incorporate recommendations made in the 2009 RETS/REMP QA audit:

- A typographical error in ODCM Table 6.10.1.was corrected.
The table listed a distance of 26,500 meters for the highest

. undepleted X/Q for skin dose calculations. The correct value is
( 2,650 meters. This table is descriptive in nature and is not used
for calculation of doses.

- The error in distance measurement in the first paragraph on page
2 of 12 of Section 7 of the ODCM was corrected. The distance of
0.5 miles was revised to 0.75 miles. This value is descriptive in
nature and is not used for calculation of doses.

- ODCM Table 3.5.1 provided distances in miles whereas other
sections of this table contained distances in kilometers.
Additionally, there was no explanation as to why some “inner”
N ring TLD:s are located further from the plant than some “outer”
ring TLDs. This table was changed to include both kilometers
and miles where distances are required. Additionally, the table
footnotes were revised to explain the method used to determine
proper location for the inner and outer ring TLDs in each of the
16 compass sectors.

- Footnote “e” to ODCM Table 4.5.1 did not fully explain how
the determination of Barium/Lanthanum 140 activity is
determined using daughter ingrowth. Additional information
was provided in footnote “e” to provide the reader with a better
explanation.

- Table 7.1 was revised to clearly indicate the TLDs designated as
“control” location TLDs.

f
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REVISION SUMMARY (Continued)

Four main sections of the ODCM were modified with significant
7/08/2011 34 changes to incorporate the contaminated groundwater discharge pathway
to the Connecticut River:

o Section 3 / 4 was revised to include the subsurface |
groundwater pathway in the Liquids Discharge description.
Groundwater monitoring wells used to determine the extent of
these releases are listed. The Southwest Well was added as
Ground (Potable Drinking) Water sample location in the
REMP description of Section 3 / 4.

o Section 5 was revised to include a description of the
determination of plant generated radionuclide concentrations
in groundwater discharges.

o Section 6 was revised to include methods for calculating
radiation dose from plant generated radionuclides in
groundwater discharges.

o Section 9 was revised to include the method for determination
of groundwater flows in the 17 identified streamtubes flowing
from the plant site to the Connecticut River.

In addition to revisions of four main sections of the ODCM, the Table of
Contents, Definitions and References Sections of the ODCM were
revised to reflect the additional subsections, figures, tables, definitions
and references in the ODCM.
o Section 3/4 was revised to delete a reference requirement to
10/09/14 35 Note 5 in Section 2 of Table 3.1.2 (Gaseous Effluent
Monitoring Instrumentation). It was determined that Note 5
was in conflict with Note 2 for Section 2 and therefore should
be removed as a requirement for Section 2 (CR-VTY-2013-
04078 CA-0002).

o Also, in Sections 2, 3/4, 6, 8 and 10, the word “operable” was
found to be inappropriate and should be replaced by the word
“functional”. Additionally, the word “inoperable” by the
word “non-functional” and the word “operability” was
replaced by “functionality” (EN-OP-104 and NRC Inspection
Guide 9900) (CR-VTY-2013-04078 CA-0002).

o In the tables of Section 7 of the Offsite Dose Calculation
Manual, it was determined that the out-of-business dairy
farms which had provided milk for the REMP but were no
longer functional, should be eliminated from the description
(WT-WTVTY-2011-00116).

Section 9 of the Offsite Dose Calculation Manual was revised to
eliminate the references to the Off Gas “30 minute” delay line. This was
previously evaluated under CR-VTY-2010-1676 and it was determined
that the reference to the “30 minute” should be removed. (WT-WTVTY-
2009-00009 CA-0010)
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02/03/16

36

Section 3/4.2.1 was changed to add intercepted groundwater
releases to Surveillance 4.2.1.a to clarify that controls on
liquid releases also apply to intercepted groundwater being
released.
Section 3/4.2.1, Table 4.2.1 was changed to add intercepted
groundwater requirements to Table 4.2.1. This establishes
sampling and analysis protocols that are as rigorous as liquid
waste releases and consistent with subsurface groundwater
analysis. These protocols provide data sufficient to support
dose estimates and assignments and allows comparison
between interception wells and other subsurface groundwater.
Section 3/4.2.1, Table 4.2.1 Notation (e) was revised to
provide the same analytical specifications for intercepted
groundwater and subsurface groundwater, enabling
comparison of results for all groundwater samples.
Section 3/4.2.1, Surveillance 4.2.1.a_was revised to ensure
that the ODCM limit of 10 times 10CFR20 Appendix B
applies to all water released to the Connecticut River.
Section 3/4.6 was revised to ensure that liquid effluent
instrumentation is not required for intercepted groundwater
releases.
Section 5.1 was revised to include groundwater intercept
release tank(s) as a potential release point and to clarify that
intercepted groundwater releases are undiluted.
Section 5.2.1 was revised to include intercepted groundwater
tanks to the list of tanks from which batch releases are made.
Additionally, this section recognizes alternate sample point(s)
other than the radwaste sample sink are acceptable for
collecting samples for analysis prior to release.
Section 5.2.4 is added to describe the new release pathway for
intercepted groundwater and to describe it’s use in a manner
consistent with liquid waste treatment systems and subsurface
groundwater.
Section 6.2 is revised to add dose calculation from intercepted
groundwater and ensure it is performed the same as
subsurface groundwater. This clarifies that total body dose
estimates are only required prior to liquid waste releases.
Table 6.2.1 is revised to add a footnote clarifying that the
mixing ratio is based on a 20,000 gpm flow.
Section 6.2.1, Equation 6-1 is revised to add a flow correction
term. This allows dose factors DFL to be adjusted for release
flow rates if the flow rate is different than the rate used for
Table 1.1.11.
Section 6.2.2, Equation 6-2 is revised to add a flow correction
term, This allows dose factors DFL to be adjusted for release
flow rates if the flow rate is different than the rate used for
Table 1.1.11.
Section 6.3.1, Equation 6-3 is revised to add a flow correction
term. This allows dose factors DFL to be adjusted for release
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flow rates if the flow rate is different than the rate used for
Table 1.1.11.

Section 6.3.2, Equation 6-4 is revised to add a flow correction
term. This allows dose factors DFL to be adjusted for release
flow rates if the flow rate is different than the rate used for
Table 1.1.11.

Section 7.2 and Table 7.1 were revised to delete non-required
control stations from the REMP Sample Station listing for
airborne, waterborne, mixed grasses, milk and sileage.

12/01/16

37

o]
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0000

Delete Steam Jet Air Ejector (STAE) Monitoring from Table
1.1.1

Delete “iodines” from Table 1.1.1

Delete Thyroid dose from Table 1.1.1

Delete “iodines™ from Table 1.1.4

Delete iodine and N-16 terms from Table 1.1.6

Delete direct radiation calculations from Table 1.1.6 and
replace with TLD readings from site boundary

Delete reference to North Warehouse from Table 1.1.6
Delete SJAE requirements from Table 1.1.7

Delete Total body calculation for noble gas from Table 1.1.7
Remove 1-131, I-133 and SJAE from Table 1.1.8

Delete all nuclides other than Kr-85 from Table 1.1.10
Delete all nuclides other than Kr-85 from Table 1.1.10A
Delete nuclides with short half-life from Table 1.1.11

Delete nuclides with short half-life from Table 1.1.12

Delete Gaseous Radwaste Treatment system, Hot Standby and
Refueling Outage definitions from Table 2.1.1

Delete variables from Table 2.1.2 that are no longer
applicable _

Delete iodines from Table 2.1.2

Delete SJAE and AOG terms from Table 2.1.2

Delete SJAE and AOG requirements from Table 3.1.2
Delete Notes 2,3,6,8 & 9 from Table 3.1.2

Delete references to Tech Spec 3.8.K and 3.8.J

Delete STAE and AOG requirements from Table 4.1.2
Delete STAE and AOG monitor Notes from Table 4.1.2
Delete I-131 analysis and LLD from Table 4.2.1

Delete I-131, Ba-140 & La-140 from Table 4.2.1 Note (¢)
Delete iodine requirements from 3/4.3.1

Delete SJAE, I-131 and short-lived noble gas requirements
from Table 4.3.1

Delete start-up, shutdown, power change requirements, SJAE
noble gas sample and short-lived gamima emitter list from
Table 4.3.1 Notation

Delete iodines from 3/4.3.3

Delete 3/4.3.4 and Revise Figure 9.2 to reflect change
Delete AOG requirements from 3/4.3.5

Delete 3/4.3.6
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Delete 3/4.3.7

Reduce the number of REMP air sa@mple stations due to
reduced risk of release and remove iodine canisters
Reduce REMP TLDs to site boundary and offsite controls
Delete Table 3.5.1 4.a. Milk sampling

Delete Table 3.5.1 Notation (g)

Delete I-131, Ba-140, La-140 and Notation (d) from Table
3.5.2

Delete I-131, Ba-140, La-140, milk and Notes (e) and (g)
from Table 4.5.1

Delete requirement to identify location of nearest milk animal
in each meteorological sector from the land use census.
Delete infant thyroid dose from 3/4.6 Basis 3.3.1

Delete iodine dose from 3/4.6 Basis 3.3.3

Delete 3/4.6 Basis 3.3.4

Delete AOG from 3/4.6 Basis 3.3.5

Delete 3/4.6 Basis 3.3.6

" Delete 3/4.6 Basis 3.3.7

Delete reference to multiple reactor site from 3/4.6 Basis 3.4.1
Revise wording in 3/4.6 Basis 3.5.1 to indicate the cessation
of milk sampling.

Revise wording in 3/4.6 Basis 3.5.2 to indicate the cessation
of milk sampling, _ » ‘

Revise wording of 5.2.1 Sample Tank Pathway to reflect’
current operational status.

Delete Section 5.2.3, Circulating Water Pathway

Revise Section 6.1 to delete discussion of burning waste oil
Section 6.2.2, reformat to align terms correctly (editorial)
Delete thyroid dose from Section 6.3

Re-format terms under Equation 6-3 (editorial)

Revise 6.4.1 Method I to remove SJAE calculations and
calculate based on stack gas grab samples. Due to decay,
remove summation and calculate based solely on Kr-85 for
stack and ground calculations

Revise 6.4.2 Method I equations to be specific for Kr-85 and
remove reference to SJAE and AOG

Delete references to AOG and SJAE and make Section 6.5.1
Method I specific to Kr-85

Revise 6.5.2 Method I to make Kr-85 specific (delete
summation in Eq 6-8, 6-9, 6-12, 6-13, 6-7, 6-37, 6-38 and
make all D and Q terms specific for Kr-85

Section 6.5.2 Basis for Method I delete references to the
North Warehouse as a designated ground level release point
and the waste oil burner. Designate the Reactor Building as a
ground level release point.

Delete iodine from Section 6.6

Delete references to the North Warehouse waste oil burner
and designate the Reactor Building as a ground level release

point in Section 6.6

Vermont Yankee Nuclear Power Station
VY 2018 ARERR '

Off-Site Dose Calculation Manual
Rev. 40
Page vi of xx

Page 56 of 401




Delete Section 6.7; beta air dose is bounding based on Kr-85
Revise Section 6.8 due to decay, remove summation and
calculate based solely on Kr-85 for stack and ground
calculations; make all D and Q terms specific for Kr-85
Section 6.8.2 Basis for Method I delete references to the
North Warehouse as a designated ground level release point
and the waste oil burner. Designate the Reactor Building as a
ground level release point.

Delete iodine from Section 6.9

Delete milk pathway, iodines and noble gas gamma air dose
from Section 6.10

Revise the stack flow rate in Section 6.10

Table 6.10.1 was revised to include new atmospheric
dispersion factors for the Reactor Building

Revise Table 6.10.2 to show distances to site boundary from
the Reactor Building

Delete Section 6.11.1 due to no dose from N-16

Delete Section 6.11.2

Delete Section 6.11.3 due to the Low Level Waste Pad being
demolished

Delete calculation of ISFSI direct dose and measure dose
using REMP TLDs

Revise Section 6.11.4 to replace calculations of direct dose
with REMP TLDs

Delete Section 6.11.5

Revise Section 7.2 Airborne Pathway to delete sampling in
nearby communities

Revise Section 7.3 to replace Turbine Building with Reactor
Building for distances to sample stations

Delete reference to Tech Spec 3.8.K.1 and SJAE in Section
8.2

Delete AOG from Section 8.2.1

Delete AOG from Section 8.2.1.1

Delete total body setpoint equation; beta skin dose is limiting

for noble gas
Revise Section 8.2.1.2 to add Kr-85 values for Sg, revise the

stack flow and make the example specific for Kr-85 and make

set point based on Kr-85 skin dose

Revise Section 8.2.1.3 to remove reference to AOG and
SJAE, make specific to Kr-85 and remove basis for total body
set point

Delete Section 8.2.2, STAE Noble Gas Activity Monitors
Revise Section 9.2 to delete references to equipment no
longer in service (AOG, recombiner system, charcoal
absorber system, gland seal system)

Delete met tower reporting requirement from Section 10.1
Revise Section 10.2 to delete milk sample reference.

Revise Section 10.4.2 to delete iodine from gaseous effluents
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02/06/17

38

Table 4.2.1: change “Perimeter” wells to “Monitoring” wells
in the table, consistent with the function of the well as defined
in site procedures.

Table 4.2.1 Notation g.: change “Perimeter” wells to
“Monitoring” wells, consistent with the function of the well as
defined in site procedures.

Table 4.2.1, Add Notation i. to provide basis for sampling
intervals in Table 4.2.1.

Table 4.2.1, Add Notation j. to provide basis for sampling
intervals in Table 4.2.1.

03/05/18

39

Delete Liquid Radwaste Monitor from Table 1.1.1

Delete Liquid Radwaste Monitor and set points from Table
1.1.7 -

Revise Definition 7 in Table 2.1.1 (Liquid Waste Discharge)
Revise Definition 8 in Table 2.1.1 (ODCM)

Revise definitions of dilution flow and discharge flow rates

~ and delete set point and efficiency terms in Table 2.1.2

Delete Liquid Radwaste Monitor and Flow Rate Measurement
Devices from Table 3.1.1

Delete Note 1 and Note 3 in Table 3.1.1

Delete Liquid Radwaste Monitor from Table 4.1.1

Revise Control 3/4.2.1 to allow infercepted groundwater
release through liquid waste effluent line

Revise Table 4.2.1 to institute requirements for release
without liquid radwaste monitor deléted from Table 3.1.1
Note 1.

Add Note (k) to Table 4.2.1 implement Table 3.1.1
requirements for release without liquid radwaste monitor
Revise 3/4.6 Bases 3.1.1 to pertain to flow rate meter and
delete language on release frequency

Revise 3/4.6 Bases 3.2.1 to allow intercepted groundwater
release through liquid waste effiuent line

Revise Cpi term in 5.1 to remove names of SSCs to reflect
SAFSTOR configuration

Revise 5.2.1 Sample Tank Pathway to reflect SAFSTOR
configuration

Revise 5.2.4 Intercepted Groundwater Pathway to allow
intercepted groundwater release through liquid waste effluent
line

Delete 8.1.1 Liquid Radwaste Discharge Monitor (RM-17-
350) ,

Revise Section 9.1 to reflect SAFSTOR configuration
Revise Figure 9-1 to reflect SAFSTOR configuration
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10/23/18

40

Add definitions for X/Q and D/Q

Changed Reactor Building release to Ground Release

throughout and eliminated elevated throughout. Put notes

under Table 1.1.12 and Table 6.10.1 that Reactor Building

releases are considered ground releases. Changed ground

level vents to ground level releases throughout.

Remove North Warehouse throughout document.

Delete references to noble gas controls and calculations, and

ventilation exhaust treatment system for AOG and waste

building from Table 1.1.1 Summary of Radiological Effluent

Controls and Implementing Equations and equations 6-21 and

6-23inNote2

Delete noble gas requirements from Table 1.1.2 Summary of

Methods to Calculate Unrestricted Area Liquid

Concentrations

Delete the following direct noble gas dose calc terms from

TABLE 1.1.4 Summary of Methods to Calculate Dose Rates

Eq.No. Title

o 6-5 Total Body Dose Rate from Noble Gases
Released from Stack

o 6-39 Total Body Dose Rate from Noble GasesReleased

from Ground

o 6-7 Skin Dose Rate from Noble Gases Released from
Stack

o 6-38 Skin Dose Rate from Noble Gases Released from
Ground

o 621 Gamma Dose to Air from Noble Gases Released
from Stack

o 6-41 Gamma Dose to Air from Noble Gases Released
from Ground Level

o 6-23 Beta Dose to Air from Noble Gases Released from
Stack ’

o 6-43 Beta Dose to Air from Noble Gases Released from .

Ground Level

6-27b Direct Dose

6-27¢c Direct Dose

6-27d Direct Dose

Gaseous Effluents:

Plant Stack (RR-108-1A, RR-108-1B) Noble Gas

Activity Monitors

o 8-10 Skin

Delete TABLE 1.1.5 Summary of Methods to Calculate Doses '

to Air from Noble Gases entirely

Delete Table 1.1.6 reference to direct dose from main steam

line radiation monitor associated with N-16

Deléte Table 1.1.7 Summary of Methods for Setpoint

Determinations, stack monitoring consists of grab and

composite sampling

Co0o0O0oO0

Delete items from Table 1.1.8 that no longer apply associated
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with noble gases and primary gas treatment systems

Delete TABLE 1.1.10 Dose Factors Specific for Vermont
Yankee for Noble Gas Releases

Delete TABLE 1.1.10A Combined Skin Dose Factors Spe if
for Vermont Yankee Ground Level Noble Gas Releases.
Modify Table 1.1.12 values incorporating new meteorology
and dispersion factors. '

Delete the Noble Gas effluent release and dose calculation
terms from TABLE 2.1.2 Summary of Variables, added new
terms as applicable to coincide with methodology changes.
Modify 3/4.1.2 and Table 2.1.2 to recognize the removal of
the gaseous monitor channe] for noble gases

Delete Notes 7 and 10 from TABLE 3.1.2 NOTATION along
with removal of noble gas requirements

Delete iodine sampler cartridge and Noble Gas Activity
Monitor (RM 17 156, RM 17 157) from Table 3.1.2.

Delete 3/4.1.1 Radioactive Liquid Effluent Instrumentation
since Service Water Discharge Monitor (RM 17 351) is
removed from service.

Delete Table 3.1.1 Service Water Discharge Monitor (RM 17
351) will be removed from Service.

Delete Table 4.1.1 and Notations Service Water Discharge
Monitor (RM 17 351) will be removed from Service. -
Delete noble gas activity monitor from Table 4.1.2

Add Service Water weekly grab sample and quarterly
composite to Table 4.2.1 Radioactive Liquid Sampling and
Analysis Program

Delete 3/4.6 EFFLUENT AND ENVIRONMENTAL
CONTROL BASES INSTRUMENTATION Liquid Effluent
Instrumentation (3.1.1)

Revise 5.2.2 Service Water Pathway to eliminate continuous
monitoring and require routine sampling.

Delete Section 8.1.2 Service Water Discharge Monitor (RM
17 351) .

Delete reference to noble gases in 3/4.2.1

Delete reference to dissolved noble gases in Table 4.2.1

Add weekly storm drain grab sample to Table 4.2.1.

Change MDC to LLD in Table 4.2.1 Note j.

Delete the Noble Gas requirements from Section 3/4.3.1
Gaseous Effluents Dose Rate

Delete Section 3/4.3 RADIOACTIVE GASEOUS
EFFLUENTS for noble gases

Delete 3/4.Ventilation exhaust treatment system is no longer
needed to maintain doses below 0.3 mrem to any organ over
one month during decommissioning.

Delete monthly stack grab sample. Change to continuous
tritium sample analyzed monthly.

Delete Control 4.3.2 in 3/4.4.1 noble gas controls no longer
applicable.
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o

Modified wording explaining the REMP direct radiation
monitoring sites to be consistent with the 10 chosen locations.
Modify note b in Table 3.5.1 to coincide with number of
direct radiation monitoring stations.

Change from weekly to Monthly the frequency for change out
of particulate sampling (weekly sampling was originally
based on radioiodine sampling requirements).

Remove statements from 3/4.6 basis (for 3.2.1 and 3.3.2)
related to noble gas dose and dose rate limits, no longer
applicable.

Delete reference to ventilation exhaust treatment system,
systems supported by this system are no longer in service or
needed per NUREG-0473 .

Delete Table 4.5.1 Note (b). No longer used in the table.
Typo, repeat paragraph in 3/4.6 after discussion of
Interlaboratory Comparison Program basis statement,

Delete the noble gas terms from Section 5.0 METHOD TO
CALCULATE OFF SITE LIQUID CONCENTRATIONS
Delete References to noble gases in Section 6.1 on
introductory concepts to dose calculations

Delete release release in fourth paragraph of 6.1 Introductory
Concepts

Delete sections 6.4, 6.5 and 6.8 related to methods associated
with noble gas dose and dose rate calculations

In Section 6.6.2, remove statement referring to Section 6.4.3
since that section has been deleted.

Modify Section 6.6 for tritium and particulates to present
calculational methods that are comparable and consistent with
NUREG-0133 “Preparation of Radiological Effluent
Technical Specifications for Nuclear Power Plants

Changed reference for equation 6-19 from 6.8 to 6-44 which
is the ground release equation.

Revise equation 6-19 to use ground release terms Rcog,
QiGLP and DFGgico

Delete references to noble gas doses, air, and skin doses in
Section 6.10 and 6.10.1

In section 6.10.2 change the computer code used to calculate
dispersion factors to the NRC sponsored code XOQDOQ

In Section 6.10.2 deleted discussion on effective stack height
being above 100 m, XOQDOQ program code was run with a
stack height less than 100 meters. Also changed basis for
depleted X/Q and calculated D/Q from Regulatory Guide
1.111 to NRC approved software XOQDOQ.

Changed date range for meteorological data to 2012 to. 2016.
In Section 6.10 add in ingestion of milk since this is still an
exposure pathway that will contribute to dose from particulate
radionuclides. ’

Table 6.10.1 was modified to remove atmospheric dispersion
data applicable to noble gases and incorporate the new factors
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determined from the XOQDOQ program code with the
updated meteorological data.

o Revised 6.11.4 and reference H to reflect 58 Spent Fuel Dry
Storage Casks and the 10 CFR 72.104 study of direct
radiation dose rates.

o Renumbered section after 6.11.4. 6.11.4 was used twice.

o Deleted control 3.3.2 related to noble gases from statement in
Section 6.12,

o Added in information on the change in meteorological data
wind frequencies as compared to original plant data in Sector
7.1.

o InTable 7.1 added in four additional REMP direct radiation
monitoring sites to account for the committed number of 10 in
Table 3.5.1. These added sites include those associated with
the ISFSI siting. :

o Deleted silage as an exception in note 2 of Table 7.1

o Delete radioiodine sampling from Table 7.1 Radiological
Environmental Monitoring Stations

o Updated Figure 7.4 to include all REMP direct radiation
monitoring sites.

o Delete section 8.1 Liquid Effluent Instrumentation Setpoints
because there is no liquid effluent instrumentation and there
are no liquid effluent releases occurring, All water is being
shipped off site for disposal.

o Delete Section 8.2.1 on setpoint determination for the noble
gas monitor, no longer required.

o Modified Figure 9.2 to show current configuration of gaseous
effluent pathway and monitoring.

o Delete Section 10.1 Annual Meteorological Report
Requirements

o Changed outside tank limit location in 6th paragraph from
Techs Specs to DSAR section 4.

o Fixed typo in Section 10.3 where radioactive was misspelled.

o Modified Section 10.4.2 to remove reference to reporting for
noble gases and the abandonment of the primary vet gas and
AOG treatment systems.

o InReference Section item B Change computer code for
calculating dispersion coefficients to the NRC program

’ X0QDOQ which formed the basis for the AEOLUS-2

computer code
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ABSTRACT

The VYNPS ODCM (Vermont Yankee Nuclear Power Station Off-Site Dose
Calculation Manual) contains the effluent and environmental control limits, and
approved methods to estimate the maximum individual doses and radionuclide
concentrations occurring at or beyond the boundaries of the plant due to normal plant
operation. The effluent dose models are based on the U.S. NRC Regulatory Guide
1.109. Revision 1.

With initial approval by the U.S. Nuclear Regulatory Commission and the
VYNPS Plant Management and approval of subsequent revisions by the Plant
Management (as per the Technical Specifications) the methods contained in the ODCM
are suitable to demonstrate compliance with effluent controls.
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1.0

INTRODUCTION

The ODCM (Off-Site Dose Calculation Manual) provides formal and approved
methods for the calculation of off-site concentration, off-site doses, and effluent
monitor setpoints in order to comply with the Vermont Yankee Control Limits which
implement the program requirements of Technical Specification 6.7.D. The ODCM
forms the basis for plant procedures and is designed for use by the procedure writer. In
addition, the ODCM will be useful to the writer of periodic reports required by the NRC
on the dose consequences of plant operation. The dose meéthods contained herein
follow accepted NRC guidance for calculation of doses necessary to demonstrate
compliance with the dose objectives of Appendix I to 10CFR50 (Regulatory Guide
1.109) unless otherwise noted in the text.

Demonstration of compliance with the dose limits of 40CFR190
(see Control 3.4.1) will be considered as demonstrating compliance with the 0.1 rem
limit of 10CFR20.1301(a)(1) for members of the public in unrestricted areas (Reference
56 FR 23374, third column.)

It shall be the responsibility of the RP/Chemistry Manager to ensure that the
ODCM is used in the performance of the surveillance requireiments of the appropriate
portions of ODCM Controls. The administration of the program for the onsite disposal
of slightly contaminated waste, as described in Appendices, is also the responsibility of
the RP/Chemistry Manager.

All changes to the ODCM must be reviewed by the Independent Safety Review
and approved by the Senior Manager, Production, in accordance with Technical
Specification 6.7.B, prior to implementation. All approved changes shall be submitted
to the NRC for their information in the Radioactive Effluent Release Report for the
period in which the change(s) was made effective. The plant's Document Control
Center (DCC) shall maintain the current version of the ODCM and issue under
controlled distribution all approved changes to it.

}
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1.1 Summary of Methods, Dose Factors, Limits, Constants, and Radiological Effluent

Control Cross-References

This section summarizes the dose calculation methods. The concentration and
setpoint methods are also summarized in Table 1.1.2 through Table 1.1.7, as well as the
Method I Dose equations. Where more accurate dose calculations are needed use the
Method 11 for the appropriate dose as described in Sections 6.2 through 6.9 and 6.11.
The dose factors used in the equations are in Tables 1.1.10 through 1.1.12 and the
Regulatory Limits are summarized in Table 1.1.1. %

A cross-reference of old Technical Specification sections to the new ODCM
sections containing the equivalent Controls is presented in Table 1.1.8.

Special definitions and equation variables used in the ODCM are in
Tables 2.1.1 and 2.1.2.
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TABLE 1.1.1
Summary of Radiological Effluent Controls

and Implementing Equations

Control Category Method Limit
3.2.1 Liquid Effluent Concentration | Sum of the Fractions of ' Eq. 5-1 N <10
Effluent Concentration Limits o
[Excluding Noble Gases]
322 | Liquid Effluent Dose Total Body Dose Eq. 6-1 <1.5 mrem in a qfr.
<3.0 mrem in a yr.
Organ Dose Eq. 6-3 <5 mrem in a qtr.
l <10 mrem in a yr.
'3.2.3 Liquid Radwaste Treatment Total Body Dose - Eq. 6-1 <0.06 mrem in a mo.
Operability
<~ | Organ Dose Eq. 6-3 '<0.2 mrem in a mo.
3.3.1 Gaseous Effluents Dose Rate Organ Dose Rate from Tritium | Eq. 6-16 <1500 mrem/yr.
and Particulates with Ty,>8 Eq. 6-40
Days
3.33 Gaseous Effluents Dose from Organ Dose from Tritium and | Eq. 6-25 < 7.5 mrem in a gfr.
| Tritium and Particulates Particulates with T1/2 >8 Days | Eq. 6-44 <15 mrem in a yr.
| 3.4.1 Total Dose (from All Sources) | Total Body Dose Footnote (2) <25 mrem in a yr.
Organ Dose No Thyroid <25 mrem ina yr.
| (1) More accurate methods may be available (see subsequent chapters).

@)

Vermont Yankee Nuclear Power Station ’
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Effluent Control 3.4.1 requires this evaluation only if twice the limit of Equations 6-1, 6-3, 6-21, 6-23, or 6-25 is reached. If this
occurs a Method 11 calculation shall be made considering available information for pathways of exposure to real individuals from
liquid, gaseous, and direct radiation sources.

Off-Site Dose Calculation Manual
Section 1.0

Rev. 35

Page 3 of 16

Page 73 of 401




‘Summary of Methods to Ca]cu!at'e
Unrestricted Area Liguid Concentrations

Equation Reference
Number Category Equation Section
5-1 Sum of the Fractions of Combined Cpi 5.1
Effluent Concentrations in Liquids B = ?ECL- <10
[Except Noble Gases] ' '
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TABLE 1.1.3

Summary of Methods to Calculate
Off-Site Doses from Liguid Concentrations

Equation Reference
Number Category Equation - Section
6-1 Total Body Dose Dy {mrem)= ¥ Q, DFLip 6.2.1
i
6-3 Maximum Organ Dose Dmo(mrem) = ¥ Q, DFLimo 6.3.1
i

Vermont Yankee Nuclear Power Station
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TABLE 1.1.4

| Summary of Methods to Calculate
‘ , Dose Rates

Equation
Number Category

6-16 Critical Organ Dose Rate from
Stack Release Qf Tritium and
Particulates with Ty, >8 Days

6-40 Critical Organ Dose Rate from
Ground Level Release of
Tritium and Particulates with
Tin >8 Days

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

Reference
Equation Section
’ A . 6.6.1
R cos( mryim = Z QISTP DFG.;ico '
/ 1
5 A . 6.6.1
R cog e = ZQ?LPDFG'g:co
yo j i
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TABLE 1.1.5

Summary of Methods to Calculate
Doses to Air from Noble Gases

Deleted ' N
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TABLE 1.1.6

Summary. of Methods to Calculate Dose to an Individual from Tritium. Jodine, and Particulates
in Gas Releases and Direct Radiation

Equation Reference
Number Category _ ~ Equation Section
6-25 Dose to Critical Organ Deos(mrem) = ST DFG . 6.9.1
from Stack Release of ( ) Z,ZQ‘ sieo
Tritium and Particulates
6-44  Dose to Critical Organ Deog(mrem) = ¥ Q% DFG 6.9.1
- gico

from Ground Level Release
of Tritium and Particulates

Direct Dose
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TABLE 1.1.7

Summary.of Methods for

Seggoint'Determinations
| Deleted

Off-Site Dose Calculation Manual
Section 1.0
Rev. 35
Page 9 of 16
Vermont Yankee Nuclear Power Station

VY 2018 ARERR Page 79 of 401




TABLE1.1.8

_Efﬂuent and Environmental Controls Cross-Reference

Original Technical Revised ODCM
Control Topic . | Specification Section | _ Control Section
INSTRUMENTATION _
Radioactive Liquid Effluent 3/4.9.A 3/4.1.1
Instrumentation
Effluent instrumentation list Table 3.9.1 Table 3.1.1
Instrument surveillance requirements Table 4.9.1 Table 4.1.1
Radioactive Gaseous Effluent V  3/49B 3/4.1.2
Instrumentation
Effluent instrumehtation list Table 3.9.2 Table 3.1.2
Instrumentation requirements Table 4.9.2 Table 4.1.2
RADIOACTIVE LIQUID EFFLUENTS
_Concentration 3/4.8.A 3/42.1
Liquid waste sampling & analysis Table 4.8.1 Table 4.2.1
program
Dose — Liquids 3/4.8.B. 3/4.2.2
Liquid Radwaste Treatment 3/4.8.C 3/4.2.3
RADIOACTIVE GASEOUS EFFLUENTS
Dose Rate 3/4.8.E 3/4.3.1
Gaseous waste sampling- & aﬁ;ilysis Table 4.8.2 Table 4.3.1
program _ . .
Dose from Tritium and Radionuclides in 3/4.8.G 3/4.3.3
Particulate Form
TOTAL DOSE . _
Total Dose 3/4.8.M 3/4.4.1
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TABLE 1.1.8 (Continued)

RADIOLOGICAL ENVIRONMENTAL
MONITORING
Radiological Environmental Monitoring 3/4.9.C 3/4.5.1
Program i
Listing of required monitoring criteria Table 3.9.3 Table 3.5.1
Reporting levels for radioactivity in Table 3.9.4 Table 3.5.2
samples A ' _ .
Detector capability for environmental Table 4.9.3 Table 4.5.1
analysis
Land Use Census _ 3/4.9.D_ 3/4.5.2
Intercomparison Program 3/4.9.E 3/4.5.3
EFFLUENT CONTROL BASES _ Bases: 3.8 & 3.9 3/4.6 ‘
UNIQUE REPORTING REQUIREMENTS 7
| \ Annual Radioactive Effluent Release 6.7.C.1 10.1
| Report
Environmental Radiological Monitoring 6.7.C.3 ' 10.2
Special Reports 6.7.C.2 10.3
Major Changes to Radioactive Liquid, 6.14 10.4
Gaseous, and Solid Waste Treatment
Systems
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TABLE 1.1.9

(Deleted)
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TABLE 1.1.10A

Combined Skin Dose Factors Specific for Vermont
Yankee Ground Level Noble Gas Releases

| Deleted
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Dose Factors Specific for Vermont Yankee

for Liquid Releases

| Radionuclide * Total Body Maximum Organ
Dose Factor Dose Factor
DFLis» ( mre:m DFLimo ( mrem)
G Ci
H-3 2.06E-04 2.06E-04
Mn-54 2.08E-01 3.00E-+00
Fe-55 4.18E-02 2.54E-01
Co-60 2.13E-01 1.28E+00
Zn-65 8.06E+00 . 1.64E+01
Sr-90 4.23E+01 "~ 1.67TE+02
7r-95 4.21E-04 1.36E-01
‘ Ag-110m 6.90E-03 7.02E-01
| Sb-125 7.52E-03 1.15E-01
Cs-134 1.28E+02 1.60E+02
Cs-137 7.58E+01 1.21E+02
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TABLE 1.1.12
Dose and Dose Rate Factors Specific for Vermont Yankee

for Tritium and Particulate Releases

Stack - Grdund(i)
Nuclide Dose Ratel:::eem/yr Dose | Rate m‘I:::ls:/yrper
' mrem/Ci | o nCifsee | Wrem/Ci pCi/sec
H-3 1.11E-04 | 3.52E-03 6.90E-03 | 2.18E-01
C-14 1.18E-01 3.71E+00 7.29E+00 |2.30E+02
Mn-54 8.10E-02  |2.55E+00 3.25E+00 |1.03E+02
Fe-55 8.44E-02  |2.66E+00  |3.37E+00 |1.06E+02
Co-60 3.10E-01 |9.77B+00  |1.24E+01 |3.92E+02
Ni-59 143E-02 | 4.50E-01 5.69E-01 |1.79E+01
Ni-63 14.30B+00 | 1.36B+02  [1.71E+02 |5.39E+03
Zn-65 8.52E-01  |2.69E+01 3.39E+01 |1.07B+03
Sr-90 1.46B+02  [4.59E+03  |5.81E+03 | 1.83E+05
Tc-99 4.13E-01 1.30E+01 | 1.64E+01 |S5.19B+02
Sb-125 1.44B-01  |4.54B+00  |5.76E+00 |1.82E+02
1-129 1.47E+02 | 4.64E+03 5.86E+03 | 1.85E+05
Cs-134 3.62E+00 | 1.14E+02 144E+02 |4.55B+03
Cs-137 | 4.50E-01 1.42E+01 1.79E+01 | 5.64E+02
Sm-151 4.00B-02 | 1.26E+00 1.60E+00 | 5.05E+01
Eu-152 '1.65E-01 5.20E+00. 6.59E+00 |2.08E+02
Eu-154 3,75E-01 1.18E+01 1.50E+01 |4.74B+02
Bu-155 6.67E-01 2.10E+01 2.66E+01 | 8.40E+02
Pu-238 2.50E+02 |7.90E+03 | 1.52E+04 |4.79E+05
Pu-239 12.89E+02  |9.11E+03 | 1.75E+04 |5.52E+05
Pu-241 6.25E+00 | 1.97E+02 3.79E+02 | 1.19E+04
Am-241 12.96E+02  |9.34E+03  |1.79E+04 |5.65E+05
| cm-242 1.11E+01  |3.50E+02 6.7TE+02 | 2.13E+04
| Cm-243 1.99E+02 | 6.28E+03 1.21E+04 |3.81E+05
Cm-244 1.54E+02  |4.87E+03 9.33B+03 |2.94E+05

NOTE 1 -Releases from the Reactor Building are considered ground releases.

These dose and dose rate factors apply to the maximum offsite X/Qs and D/Qs. Releasee from
the Reactor Building are ground releases. The dose and dose rate factors or for the maximum
organ dose when the Vegetable, Meat, Cow Milk, and Inhalation pathways are summed.
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2.0 DEFINITIONS

This section lists definitions (Table 2.1.1) and dose equation variable names
(Table 2.1.2) which are utilized in the VY ODCM.
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Definitions

Deposition Coefficient - DOQ or D/Q (i.e., deposition factor); is the average relative
deposition per unit area at a given point in a given sector of an effluent species
(particulate or radioiodine) considering depletion of a plume during transport by dry
deposition and radioactive decay (See RG 1.109 and RG 1.111), units are in 1/m2.

Dispersion Coefficient - XOQ or X/Q (i.e., dispersion factor); is the annual average
effluent concentration (corrected as necessary for radioactive decay) at a specified
distance and sector normalized by source strength (see RG 1.109 and RG 1.111), units
are in sec/m3 .

Groundwater — For purposes of the ODCM, groundwater is defined as subsurface water
which is either shallow, deep or in bedrock layers. Shallow and deep groundwater
wells are sampled to determine the flow rate and contamination concentrations of
groundwater flowing to the Connecticut River above or on the bedrock layer. Bedrock
groundwater wells, utilized for drinking water purposes both on and off the plant site,
are monitored for radioactive contamination as part of the REMP.

Immediate - Immediate means that the required action will be initiated as soon as
practicable considering the safe operation of the unit and the importance of the requlred
action.

Instrument Calibration - An instrument calibration means the adjustment of an
instrument signal output so that it corresponds, within acceptable range and accuracy, to
a known value(s) of the parameter which the instrument monitors. Calibration shall
encompass the entire instrument including actuation, alarm, or trip. Response time as
specified is not part of the routine instrument calibration but will be checked once per
operating cycle.

Instrument Check - An instrument check is qualitative determination of acceptable
operability by observation of instrument bebavior during operation. This determination
shall include, where possible, comparison of the instrument with other independent
instruments measuring the same variable.

Instrument Functional Test - An instrument functional test shall be:

a. Analog channels - the injection of a signal into the channel as close to the sensor
as practicable to verify operability including alarm and/or trip functions.

b. Bistable channels - the injection of a signal into the sensor to verify the
functionality including alarm and/or trip functions.
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10.

11.
12.

13.

14.

15.

TABLE 2.1.1 (Continued)

- Intercepted Groundwater — For the purposes of the ODCM, intercepted groundwater is

defined as groundwater which has infiltrated Turbine Building sumps or trenches which
have no contact with water from plant systems and groundwater removed from the
saturated zone soil adjacent to or underlying structures, equipment, excavations, etc. to
reduce groundwater infiltration. '

Liquid Waste Discharge — For the purposes of the ODCM, liquid waste discharges are
plant process water treated with the liquid radwaste system and discharged through the
liquid radwaste effluent outfall, using the installed flow monitor and pre-discharge grab
sample results.

Off-Site Dose Calculation Manual (ODCM) — A manual containing the current
methodology and parameters used in the calculation of off-site doses due to radioactive
gaseous and liquid effluents, in the calculation of gaseous effluent monitoring alarm/trip
setpoints, and in the conduction of the environmental radiological monitoring program.
The ODCM shall also contain (1) the Radioactive Effluent Controls (including the
Radiological Environmental Monitoring) Program required by Technical Specification
6.7.D, and (2) descriptions of the information that should be included in the annual
Radioactive Effluent Release Report and Annual Radiological Environmental Operating
Report required by Technical Specifications 6.6.D and 6.6.E, respectively.

Site Boundary — The site boundary is shown in Plant Drawing 5920-6245.

Source Check - The qualitative assessment of channel response when the channel
sensor is exposed to a radioactive source.

Streamtube(s). — Defined as flows of subsurface groundwater (having discrete width,
depth and flow rate characteristics) in either the shallow or deep layers of permeable
soils above the bedrock layer at the plant site. Streamtube flows are from west to east,
towards the Connecticut River, and are assumed to discharge into the Connecticut
River.

Surveillance Frequency - Unless otherwise stated in these specifications, periodic
surveillance tests, checks, calibrations, and examinations shall be performed within the
specified surveillance intervals. These intervals may be adjusted plus 25%. The
operating cycle interval is considered to be 18 months and the tolerance stated above is
applicable.

Surveillance Interval - The surveillance interval is the calendar time between
surveillance tests, checks, calibrations, and examinations to be performed upon an
instrument or component when it is required to be functional. These tests unless
otherwise stated in these specifications may be waived when the instrument,
component, or system is not required to be functional, but these tests shall be performed
on the instrument, component, or system prior to being required to be functional.
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TABLE 2.1.1 (Continued)

16.  Ventilation Exhaust Treatment Sy stém — The Radwaste Building and AOG Building
ventilation HEPA filters are ventilation exhaust treatment systems which have been
designed and installed to reduce radioactive material in particulate form in gaseous
effluent by passing ventilation air through HEPA filters for the purpose of removing
radioactive particulates from the gaseous exhaust stream prior to release to the
environment, Engineered safety feature atmospheric cleanup systems, such as the
Standby Gas Treatment (SBGT) System, are not considered to be ventilation exhaust
treatment system components.

17.  Vent/Purging — Vent/purging is the controlled process of discharging air or gas from the
primary containment to control temperature, pressure, humidity, concentration or other

operating conditions.
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Variable

Cai

G

DFmin

DFB;
DFB,

DFLiy

DFLimo

TABLE 2.1.2

Summary of Variables
Definition

Concentration of radionuclide "i" at the point of
liquid discharge to an unrestricted area.

Concentration of radionuclide "1.”

Concentration, exclusive of noble gases, of

radionuclide "i" from tank "p" at point of discharge

to an unrestricted area.

Concentration of radionuclide "i" in mixture at the

monitor,

Dose to critical organ from stack release.

Dose to the critical organ from ground level
release.

Dose to the maximum organ.

Dose to skin from beta and gamma.
Dose to the total body.

Dilution factor.

Minimum allowéble dilution factor.

Total body gamma dose factor for nuclide "i."
Composite total body dose factor.

Site-specific, total body dose factor for a liquid
release of nuclide "i."

Site-specific, maximum organ dose factor for a
liquid release of nuclide "i."

Units

pei
ml

mrem

mrem

mrem
mrem
mrem
ratio
ratio
mrem —m?
pCi-yr
mrem - m?>

pCi-yr

mrem
Ci

mrem
Ci
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Variable

TABLE 2.1.2 (Continued)

Definition

Units

DFGiico
DFG'sico
DFGiico
DFGgico
| ¢
Reog
I D/Q

Fq

Fw

FENG
ECL;

Qi
Qi

~STP
Q;

Site-specific, critical organ dose factor for a stack

gaseous release of nuclide "i."

Site-specific, critical organ dose rate factor for a

n:n
1.

stack gaseous release of nuclide

Site-specific, critical organ dose factor for a ground

level gaseous release of nuclide "i."

Site-specific, critical organ dose rate factor for a
ground level gaseous release of nuclide "i."

Critical organ dose rate due to particulates

released from stack.

Critical organ dose rate due to particulates

released from ground.

Deposition factor for dry deposition of particulates.

Dilution Flow rate.

Waste Flow rate from liquid waste processing

sample tank.

Sum of the fractions of combined effluent
concentrations in liquid pathways (excluding noble

gases).

Annual average effluent concentration limit for
radionuclide "i" (10CFR20.1001-20.2401,

Appendix B, Table 2, Column 2)

Release for radionuclide "i" from the point of

interest.

Release rate for radionuclide "i" at the point of

interest.

The tritium and particulate radionuclide "i" release

rate from the plant stack.
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Ci

mrem — sec
pCi—yr

mrem

mrem

yr
1
m?
gpm
gpm

fraction
uCi

cc
curies

e
sec

Ci
sec
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TABLE 2.1.2 (Continued)

Variable Definition

QiGLP The tritium and particulate radionuclide "i" release
rate from ground level.

QiST = The release of noble gas radionuclide "i" from the  curies
plant stack.

QoL = The release of noble gas radionuclide "i" from curies
ground level.

Q™ = The release of tritium and particulate radionuclide  curies

"i" from the plant stack.

»iGLP = The release of tritium and particulate radionuclide ~ curies
"i" from ground level.

X/Qs Annual or long-term average undepleted 5€C
atmospheric dispersion factor for stack release. E

X/Qq Annual or long-term average undepleted sec
atmospheric dispersion factor for ground level )
release.
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3/40 EFFLUENT AND ENVIRONMENTAL CONTROLS

This section includes the effluent and environmental controls that were originally part
of the Vermont Yankee Technical Specifications. These controls were relocated into
the ODCM without any substantial changes, in accordance with NRC Generic Letter
89-01. Text and tables were reformatted to the style of the ODCM. The various
controls were renumbered from the original numbering scheme of the Technical
Specifications. A cross-reference of the old Technical Specifications section to the new

ODCM section is presented in Table 1.1.8.

3/4.1 INSTRUMENTATION
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TABLE 3.1.1

Liquid Effluent Monitoring Instrumentation

Deleted
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TABLE 3.1.1 NOTATION

NOTE1 - Deleted
| NOTE2 - Deleted
NOTE3 - Deleted
| NOTE4 - Deleted
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| Deleted
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TABLE 4.1.1 NOTATION
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3/4.1 INSTRUMENTATION,

3y
3/4.1.2 Radioactive Gaseous Effluent Instrumentation

CONTROLS : ’

312 The gaseous process and effluent monitoring instrumentation channels shall be
I functional in accordance with Control Table 3.1.2.

~

APPLICABILITY:

As shown in Table 3.1.2.
ACTION:

b. With less than the minimum number of radioactive gaseous effluent
monitoring instrumentation channels functional, take actions noted in
Table 3.1.2. : |

)

SURVEILLANCE REQUIREMENTS

412a Each gaseous process or effluent monitoring instrumentation channel shall be tested
and calibrated as indicated in Table 4.1.2.
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TABLE 3.1.2

Gaseous Effluent Monitoring Instrumentation

Minimum
: Channels
Instrument Functional Notes
3. Plant Stack
a.  Particulate Sampler Filter 1 4,5
Sampler Flow Integrator 1 LS
(FI-17-156/157)
¢.  Stack Flow Rate Monitor 1 1,5
(FI-108-22)
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TABLE 3.1.2 NOTATION

NOTE 1 - With the number of channels functional less than required by the minimum
channels fumctional requirement, effluent releases via this pathway may continue
provided the flow rate is estimated at least once per 4 hours.

NOTE 2 - Deleted
- NOTE 3 - Deleted

NOTE 4 - With the number of channels functional less than required by the minimum
channels functional requirement, effluent releases via the affected pathway may
continue provided samples are continuously collected with auxiliary sampling
equipment,

NOTE 5 - With the number of channels functional less than required by the minimum
channels functional requirement, exert reasonable efforts to return the
instrument(s) to functional status within 30 days. :

NOTE 6 - Deleted |

| NOTE7 - Deleted
NOTE 8 - Deleted
NOTE 9 - Deleted

| NOTE 10 - Deleted
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TABLE4.1.2

Gaseous Effluent Monitoring Instrumentation Surveillance Requirements

Instrument
‘Instrument Instrument Functional
7 Instrument Check Source Check| Calibration Test
3. Plant Stack
a. Sampler Flow Once each | Not Once each Not
Integrator week Applicable | 18 months Applicable
b. System Flow Rate Once each day | Not Once each Once each
Monitor Applicable | 18 months quarter
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TABLE 4.1.2 NOTATION
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3/4.2 RADIOACTIVE LIQUID EFFLUENTS

3/4.2.1 Liquid Effluent Concentration
CONTROLS )

321 The concentration of radioactive material in liquid effluents released in liquid

waste effluents, intercepted groundwater released via liquid waste effluent line,
storm drain or groundwater flowing to the Connecticut River from the site in
radioactive concentrations above background (Unrestricted Areas for liquids is
at the point of discharge from the plant discharge in Connecticut River) shall be
limited to 10 times the concentrations specified in Appendix B to 10CFR Part
20.1001 — 20.2402, Table 2, Column 2.for radionuclides other than noble gases.

APPLICABILITY:

At all times.

ACTION:
With the concentration of radioactive material in liquid effluents released to
Unrestricted Areas exceeding the limits of Control 3.2.1, immediately take

action to decrease the release rate of radioactive materials and/or increase the
dilution flow rate to restore the concentration to within the above limits.

SURVEILLANCE REQUIREMENTS

42.1a Radioactive material in liquid waste, intercepted groundwater releases, and
subsurface groundwater flows to the Connecticut River shall be sampled and
analyzed in accordance with requirements of Table 4.2.1.

42.1b The results of the analyses shall be used in accordance with the methods in the
ODCM to assure that the concentrations at the point of release to Unrestricted
Areas are limited to the values in Control 3.2.1.
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Radjoactive Liquid Sampling and Analysis Propram

: Lower Limit
Minimum of Detection
Liquid Release Sampling Analysis Type of Activity (LLD)
Type Frequency Frequency Analysis (uCi/ml) @
Batch Waste Prior to each Prior to each | Principal Gamma 5% 10-7
Processing release Each | release Each | Emitters @ :
Sample Tanks Batch | Batch
o)k
Prior to each | Once per H-3 1x10°3
release Each ' month :
Batch | Composite ©
| Gross Alpha 1x 10-7/
Prior to each Once per Sr-90 5% 10-8
release Each quarter
Batch Composite ©
Fe-55 1x 106
Service Water Weekly Grab Once per | B3 1x105
Sample quarter —
Composite Gross Alpha 1x 1077
Sr-90 5% 108
Fe-55 1x 106
Groundwater Prior to each | Prior to each Principal Gamma |  Activity
Interception release Each release Each Emitters © Analysis LLDs
Release Tanks ® | Batch | Batch H.3 ©
‘Prior to each Once per H-3© Activity
release Each month | Analysis LLDs
Batch | Composite @ Gross Alpha - ©
(&)
Prior to each Once per H-3% Activity
release Each quarter Gamma Analysis LLDs
Batch Composite @ | Emitters(e) ©
Ni-63(e)
Fe-55(e)
Sr-90%©
_Alpha Spec® ,
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‘ Lower Limit

Minimum of Detection
Liquid Release Sampling Analysis Type of Activity (LLD)
Type Frequency Frequency Analysis (uCi/mi) @
Storm Drain Weekly Grab Weekly H-3 | Activity
Analysis LLDs
©
Subsurface Monitoring Monitoring 'H-3© Activity
Groundwater Wells - Wells — Gamma Analysis LLDs
Flows to the according to the | Annual® o © © 4
_ g | Emitters
Connecticut Groundwater .
River® Monitoring Plan | SeRtinel Wells | . 3
®a © | - Annual®
Fe-55¢©
| Sentinel Wells- (©
according to the | Sr-90
Groundwater | Alpha Spec®
Monitoring Plan -
M0
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TABLE 4.2.1 NOTATION

a. The LLD is the smallest concentration of radioactive material in a sample that will yield a
net count, above system background, that will be detected with 95% probability with only
5% probability of falsely concluding that a blank observation represents a "real" signal.

For a particular measurement system (which may include radiochemical separation):

_ 4.66*g,
M payakrysgre

where:

LLD = the lower limit of detection as defined above (microcuries or picbcuries/unit mass
or volume)

Sp= the standard deviation of the background counting rate or of the counting
rate of a blank sample as appropriate (counts/minute)

E= the counting efficiency (counts/disintegration)
V= the sample size (units of mass or volume)

K= 222 x 10° disintegrations/minute/microcurie or 2.22
disintegration/minute/picocurie as applicable

Y= the fractional radiochemical yield (when applicable)
A= the radioactive decay constant for the particular radionuclide (/minute)
At= the elapsed time between sample collection and analysis (minutes)

Typical values of E, V, Y and At can be used in the calculation. In calculating the LLD for
a radionuclide determined by gamma-ray spectrometry, the background shall include the
" typical contributions of other radionuclides normally present in the samples.

Analysis shall be performed in such a manner that the stated LLDs will be achieved under
routine conditions. Occasionally, background fluctuations, unavoidably small samiple sizes,
the presence of interfering nuclides, or other uncontrollable circumstances may render these
LLDs unavailable.

It should be recognized that the LLD is defined as a "before the fact" limit representing the
capability of'a measurement system and not as an "after the fact" limit for a particular
measurement. This does not preclude the calculation of an "after the fact" LLD for a
particular measurement based upon the actual parameters for the sample in question and
appropriate decay correction parameters such as decay while sampling and during analysis.
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TABLE 4.2.1 NOTATION
(Contd)

. A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling for
analysis, each batch shall be isolated and then thoroughly mixed to assure representative

sampling.

. A composite sample is one in which the quantity of liquid sampled is proportional to the
quantity of liquid waste discharged and in which the method of sampling employed results
in a specimen which is representative of the l1qu1ds released. Prior to analyses, all samples
taken for the composite shall be thoroughly mixed in order for the composite sample to be
representative of the effluent release.

. The principal gamma emitters for which the LLD specification will apply are exclusively
the following radionuclides: Mn-54, Co-60, Zn-65, Cs-134, Cs-137 and Ce-144. This list
does not mean that only these nuclides are to be detected and reported. Other peaks which
are measurable and identifiable, together with the above nuclides, shall also be identified
and reported. Nuclides which are below the LLD for the analyses should not be reported as
being present at the LLD level, but as "not detected." When unusual circumstances result
in LLDs higher than required, the reasons shall be documented in the Radioactive Effluent
Release Report.

. At a minimum, each subsurface groundwater sample shall be analyzed for the following
analytes. Lower Limit of Detection for each analyte is as follows:

STANDARD RADIONUCLIDES | LLD (®°CIL) |

*H 2000

54Mn . 15 /
%o _ o 15 '
Zn 1 30

*Zr | 30

134Cs 15

Bics : 18
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If tritium or plant-generated gamma activity is positively detected, then a sample should
be further analyzed for the presence of the following Hard-To-Detect (HTD)
radionuclides, as a minimum, using the associated LLD values:

HTD RADIONUCL[DES " LLD (PCLL)
55Fe 110
6Ni ' 530
Ogy , 35
Alpha Emitters 15

f. ODCM Section 9.3 further defines the location and determination of flow through the plant
site groundwater streamtubes.

g. Monitoring wells used to measure flow and concentration of con_taminantshx streamtubes:
GZ-1s, GZ-3s, GZ-4s, GZ-5s, GZ-13s, GZ-13d, GZ-14s, GZ-14d, GZ-18s, GZ-18d, GZ-
19s and GZ-19d.

h. Sentinel used to measure flow and concentration of contaminants in streamtubes: GZ-27s,
GZ-26s, GZ-25s, GZ-23s and GZ-22d.

i. The Groundwater Monitoring Plan is used to determine sample frequency of Momtormg
wells based on analysis trends and risk of SSCs being monitored.

j. The Groundwater Monitoring Plan is used to determine sample frequency of Sentinel wells.
Sentinel wells with analysis results >LLD are sampled monthly and wells with analysis
results < LLD are sampled according to the guidance in the procedure.

k. At least two independent samples are analyzed in accordance with Control 4.2.1, and at
least two technically qualified members of the Facility Staff independently verify the
release rate calculations and discharge line valve line-up.
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3/42 RADIOACTIVE LIQUID EFFLUENTS

3/42.2 Dose - Liquids

CONTROLS

322 The dose or dose commitment to a member of the public from radioactive
materials in liquid effluents released to Unrestricted Areas shall be limited to the
following:
a. During any calendar quarter:

less than or equal to 1,5 mrem to the total body, and
\ less than or equal to 5 mrem to any organ, and

b. During any calendar year:

less than or equal to 3 mrem to the total body, and
less than or equal to 10 mrem to any organ.

APPLICABILITY:

At all times.

ACTION:

With the calculated dose from the release of radioactive materials in liquid
effluents exceeding any of the above limits, prepare and submit to the
Commission within 30 days, pursuant to ODCM Section 10, a Special Report
that identifies the cause(s) for excéeding the limit(s) and defines the corrective
actions that have been taken to reduce the releases and the proposed corrective
actions to be taken to assure that subsequent releases will be in compliance with
the above limits.

SURVEILLANCE REQUIREMENTS

422 Cumulative dose contributions shall be determined in accordance with the
methods in the ODCM at least once per month if releases during the period have
occurred. :
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3/4.2 RADIOACTIVE LIQUID EFFLUENTS

3/42.3 Liquid Radwaste Treatment
CONTROLS
323 The liquid radwaste treatment system shall be used in its designed modes of

operation to reduce the radioactive materials in the liquid waste prior to its
discharge when the projected doses due to the liquid effluents released to
Unrestricted Areas, when averaged with all other liquid releases over the last
month, would exceed 0.06 mrem to the total body, or 0.2 mrem to any organ.

APPLICABILITY:
At all times. /

ACTION:
With radioactive liquid waste being discharged without treatment and in excess
of the above limits and any portion of the Liquid Radwaste Treatment System
not in operation, prepare and submit to the Commission within 30 days, a

Special Report that includes the information detailed in ODCM Section 10.4.1.

SURVEILLANCE REQUIREMENTS

423.a See Control 4.2.2.

4.23Db The liquid radwaste treatment system schematic is shown in ODCM Figure 9.1.
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3/4.3 RADIOACTIVE GASEOUS EFFLUENTS

3/4.3.1 Gaseous Effluents Dose Rate
CONTROLS
33.1 - The dose rate due to radioactive materials released in gaseous effluents from the

site to areas at and beyond the site boundary shall be limited to the following:

b. For tritium and radionuclides in particulate form with half-lives gre,ater'
than 8 days; less than or equal to 1,500 mrem/yr to any organ.

APPLICABILITY:
At all times.

ACTION:

With the dose rate(s) exceeding the above limits, immediately take action to
decrease the release rate to within the limits of Control 3.3.1.

SURVEILLANCE REQUIREMENTS

43.1.b The dose rate due to tritium and radionuclides in particulate form with half-lives
greater than 8 days in gaseous effluents shall be determined to be within the
limits of Control 3.3.1 in accordance with the methods in the ODCM by
obtaining representative samples and performing analyses in accordance with
the sampling and analysis program specified in Table 4.3.1.
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Radioactive Gaseous Waste Sampling And Analy sis Program

{

TABLE4.3.1

- Lower Limit
Minimum Type of of Detection
Gaseous Release Sampling Analysis Activity @LLD)
Type Frequency Frequency Analysis (uCi/ml) @
B. Containment | Prior to each Prior to each Principal 1x10°®
Purge ‘release/ release/ Each | Gamma
Each Purge Purge 'Emitters 2
Grab Sample for
Particulates .
'C. MainPlant | Continuous Once per month | H-3 1x10°
Stack '| Sample
Continuous Once per week | Principal 1x10™
® particulate Gamma ‘
; Sample Emitters 4
Continuous® | Once per month | Gross Alpha 1x107_
Composite
Particulate
“Sample ;
Continuous © Once per quarter | Sr-90 1x10M
Composite
Particulate
_Sample

!
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TABLE 4.3.1 NOTATION

a. See footnote a. of Table 4.2.1.

b. Samples shall be changed at least once per 7 days and analyses shall be completed
within 48 hours after removal from samplers.

c. Deleted : \

d. The principal gamma emitters for which the LLD specification will apply are
exclusively the following radionuclides: Mn-54, Co-60, Zn-65, Cs-134, Cs-137 and
Ce-144 for particulate emissiéns. This list does not mean that only these nuclides are to
be détected and reported. Other peaks which are measurable and identifiable, together
with the above nuclides, shall also be identified and reported. Nuclides which are
below LLD for the analyses should not be reported as being present at the LLD level for
that nuclide, but as "not detected." When unusual circumstarices result in LLDs higher
than required, the reasons shall be documented in the Radioactive Effluent Release

Report.

e. The ratio of the sample flow rate to the sainple‘d stream flow rate shall be known for the
time period covered by each dose or dose rate calculation made in accordance with
Controls 3.3.1, 3.3.2, and 3.3.3.

f. Deleted A

g Lower Limit of Detection (L.LD) applies only to particulate form radionuclides
identified in Table Notation d. above.
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3/4.3 RADIOACTIVE GASEOUS EFFLUENTS

| 3/4.3.2 Deleted

CONTROLS

| 332 Deleted

APPLICABILITY:

| Deleted
ACTION:
I Deleted

SURVEILLANCE REQUIREMENTS

| 43.2 Deleted
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3/4.3 A RADIOACTIVE GASEQUS EFFLUENTS

3/43.3 Dose —Radioactive Material in P;clrticulate Form and Tritium

CONTROLS

333 The dose to a member of the public from tritium and radionuclides in particulate

form with half-lives greater than 8 days in gaseous effluents released from the
site to areas at and beyond the site boundary shall be limited to the following:

a. During any calendar quarter:

less than or equal to 7.5 mrem to any organ, and
b. During any calendar year:

less than or equal to 15 mrem to any organ.

APPLICABILITY: .

At all times.
ACTION:

With the calculated dose from the release of tritium and radionuclides in
particulate form with half-lives greater than 8 days, in gaseous effluents
exceeding any of the above limits, prepare and submit to the Commission within
30 days, pursuant to ODCM Section 10.4.2, a Special Report that identifies the
cause(s) for exceeding the limit(s) and defines the corrective actions that have
been taken to reduce the releases and the proposed corrective actions to be taken
to assure that subsequent releases will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

43.3 Cumulative dose contributions for the total time period shall be determined in
accordance with the methods in the ODCM at least once every month.

Off-Site Dose Calculation Manual
Section 3/4
Rev, 40
Page 23 of 46
Vermont Yankee Nuclear Power Station
VY 2018 ARERR Page 116 of 401




3/4.3 RADIOACTIVE GASEOUS EFFLUENTS

3/4.3.4 Deleted

Vermont Yankee Nuclear Power Station
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3/4.3 RADIOACTIVE GASEQUS EFFLUENTS

| 3/4.3.5 Deleted

CONTROLS

| 3.3.5 Deleted
APPLICABILITY:

I Deleted
ACTION:

| Deleted

SURVEILLANCE REQUIREMENTS

| 43.5 Deleted

Vermont Yankee Nuclear Power Station

VY 2018 ARERR

Off-Site Dose Calculation Manual
Section 3/4

Rev. 40

Page 25 of 46

Page 118 of 401




3/4.3 RADIOACTIVE GASEOUS EFFLUENTS

3/4.3.6 Deleted
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3/4.3 RADIOACTIVE GASEOUS EFFLUENTS

3/43.7 Deleted
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3/4.4 TOTAL DOSE

3/4.4.1 Total Dose (40 CFR 190)
CONTROLS
34.1 The dose or dose commitment to a member of the public*” in areas at and

beyond the Site Boundary from all station sources is limited to less than or equal
to 25 mrem to the total body or any organ over a calendar year.

APPLICABILITY:

At all times.

ACTION:

With the calculated dose from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of Controls 3.2.2.a, 3.2.2.b, 3.3.2.a,
3.3.2.b, 3.3.3.a, or 3.3.3.b, calculations should be made, including direct
radiation contributions from the station to determine whether the above limits of
Control 3.4.1 have been exceeded. If such is the case, prepare and submit to the
Commission within 30 days a Special Report that includes the information
detailed in ODCM Section 10.4.3.

SURVEILLANCE REQUIREMENTS

44.1.a Cumulative dose contributions from liquid and gaseous effluents shall be
determined in accordance with Controls 4.2.2 and 4.3.3.
/
4410 Cumulative dose contributions from direct radiation from plant sources shall be
determined in accordance with the methods in the ODCM. This requirement is
applicable only under conditions set forth in Control 3.4.1 Action Statement.

* Note: For this Control, a member of the public may be taken as a real individual accounting
for his actual activities. ‘
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3/4.5 RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.5.1 Environmental Monitoring Program
CONTROLS
3.5.1 The radiological environmental monitoring program shall be conducted as

specified in Table 3.5.1.

APPLICABILITY:
At all times.
ACTION:
a. With the radiological environmental monitoring program not being

conducted as specified in Tables 3.5.1 or 4.5.1, prepare and submit to the
Commission, in the Annual Radiological Environmental Monitoring
Report (per ODCM Section 10.2), a description of the reasons for not
conducting the program as required and the plans for preventing a
recurrence. i

b. With the level of radioactivity as the result of plant effluents in an
environmental sampling media at one or more locations specified in
Control Table 3.5.1 exceeding the reporting levels of Control
Table 3.5.2, prepare and submit to the Commission a Special Report
within 30 days from receipt of the laboratory analysis (per ODCM
Section 10.4.4).

SURVEILLANCE REQUIREMENTS

4.5.1 The radiological environmental monitoring samples shall be collected pursuant
to Table 3.5.1 from the locations given in the ODCM-and shall be analyzed
pursuant to. the requirements of Table 3.5.1 and the detection capabilities
required by Table 4.5.1.
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TABLE 3.5.1

Radiological Environmental Monitoring Program

1 sample from down
valley, within

Site Boundary. (major
wind direction)

1 sample from a
control location.

4 miles(~6.4 km) of

Exposure Pathway Number of Sample Sampling and Type and Frequency
and/or Sample Locations © Collection of Analysis
Frequency )
1. AIRBORNE
a. Particulates Samples from Continuous Particulate sampler:
3 locations: operation of Gross beta radioactivity
sampler with analysis on each sample
1 sample from up sample collection t;())llowmg filter change.
valley, within 4 miles | monthly or more Composite (by
(~6.4 km) of Site frequently as location)( df)'or gamma
| Boundary. (major required by dust [isotopic  at least once
wind direction) loading. per quarter.
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TABLE3.5.1
(Cont'd)

3.5.1

Radiological Environmental Monitoring Program

Additional stations to
be placed in special
interest areas and
control station areas.

Exposure Pathway Number of Sample Sampling and Type and Frequency
and/or Sample Locations | Collection Frequency of Analysis
2. DIRECT Routine monitoring Quarterly. Gamma dose, at
RADIATION®) | stations as follows: least once per
e quarter.
10 REMP stations (in
representative Incident response
meteorological TLDs de-dose only
I sectors on land) quarterly unless
located along the site gaseous release
boundary; Controls were
exceeded in period.
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Radiological Environmental Monitoring Program

TABLE 3.5.1
(Cont'd)

Number of Sample

- Type and Frequency

storm drain outfall.

Exposure Péthway L Sampling and
: and/or Sample Locations ® Collection Frequency of Analysis
|3 WATERBORNE. T T
a. Surface © 1 sample upstream. | Monthly grab sample. | Gamma igotopic
‘ analysis @ of each
| sample. Tritium
analysis of composite
| sample at least once |
| per quarter.
1 sample Composite sample | Gamma isotopic
downstream. collected over a analysis © of each
?eri‘od ofonemonth | sample. Tritium
‘f). analysis of composite |
sample at least once
per quarter.

b. Ground 1 sample from within | Quarterly. Gamma ,isotopic(d)
(potable — 8 km (5 miles) and tritium analyses
drinking Water‘ distance; | of each sanlple_
from bedrock ’
wells)

1 sample from a Quarterly. | Gamma isotopic(d)
control location. | and tritium analyses
| of each sample.

c. Sediment from| 1 sample from "Semia'nnually; Gamma isotopic
Shoi'e]jne downsﬁ‘eam area With anaIYSis @ of each

existing or potential sample.
recreational value. N
1 sample from north | Semiannually. Gamma isotopic

. (@ ,
analys1s( of each

sample.
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TABLE 3.5.1
(Cont'd)

Radiological Environmental Monitoring Program

Exposure ,
Pathway Number of Sag)lple Sampling and Type and Frequency
and/or Sample = Locations Collection Frequency of Analysis
4. INGESTION
a. Deleted
b. Fish 1 sample of two Semiannually. Gamma isotopic
recreationally important analysis  on edible
species in vicinity of portions.
\ plant discharge area.
1 sample (preferably of | Semiannually. Gamma igotopic
same species) in areas analysis @ on edible
not influenced by plant portions. ‘
discharge.
¢. Vegetation |1 grass sample at each | Quarterly when Gamma isotopic
air sampling station. available. analysis ~ of each
sample.
1 silage sample at each Quarterly when Gamma isotopic
former milk sampling | available. analysis ~ of each
station (as available). sample.
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TABLE 3.5.1 NOTATION

a  Specific parameters of distance and direction sector from the centerline of the reactor and
additional descriptions where pertinent, shall be provided for each and every sample
location in Table 3.5.1 in a table and figure(s) in the ODCM (Section 7). Deviations are
Eermitted from the required sampling schedule if specimens are unobtainable due to

azardous conditions, seasonal unavailability, malfunction of automatic sampling
equipment and other legitimate reasons. If specimens are unobtainable due to sampling
equipment malfunction, every reasonable effort shall be made to complete corrective
action Yrior to the end of the next sampling period. All deviations from the sampling
schedule shall be documented in the Annual Radiological Environmental Operatin
Report pursuant to ODCM Section 10.2. It is recognized that, at times, it may not %e
possible or practicable to continue to obtain samples of the media of choice at the most
desired location or time. In these instances, suitable alternative media and locations may
be chosen for the particular pathway in question and appropriate substitutions made
within 30 days in the radiological environmental monitoring program. In lieu of a
Licensee Event Report and pursuant to ODCM Section 10.1, identify the cause of the
unavailability of samples for that pathway and identify the new location(s) for obtaining
replacement samples in the next Radioactive Effluent Release Rczgort and also include in
the report a revised figure(s) and table for the ODCM reflecting the new location(s).

b  One or more instruments, such as a pressurized ion chamber, for measuring and recording
dose rate continuously may be used in place of, or in addition to, integrating dosimeters.
For the purposes of this table, a Thermoluminescent Dosiincte;éTLD) is considered to be.
one phosphor; two or more phosphors in a packet are considered as two or more
dosimeters. Film badges shall not be used as dosimeters for measuring direct radiation.
The 10 stations is not an absolute number. The frequency of analysis or readout for TL.D
systems will depend upon the characteristics of the specific system used and should be
selected to obtain P‘ptimum dose information with minimal fading.

¢  Airborne %articulate sample filters shall be analyzed for gross beta radioactivity 24 hours
or more after sampling to allow for radon and thorium daughter decay. If gross beta

activity in air particulate sama{ﬂes is greater than ten times the yearg' mean of control

samples, gamma isotopic analysis shall be performed on the individual samples.

d Gamma isotopic analysis means the identification and quantification of gamma-emitting
radionuclides that may be attributable to the effluents from the facility.

e  The "upstream sample" shall be taken at a distance beyond significant influence of the -
discharge. The "downstream" sample shall be taken in an area beyond but near the
mixing zone.

f  Composite sample aliquots shall be collected at time intervals that are very short relative
to the compositing period in order to assure obtaining a representative sample.

g Deleted

h Deleted, s
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TABLE 3.5.2

Reporting Levels For Radioactivity Concentrations In Environmental Samples®

| Analysis | (pCi/1) (pCi/m3) | (pCi/Kg, wet) | (pCi/Kg, wet)| (pCi/Kg, dry)

Reporting Levels
Airborne
Particulate
Water or Gases Fish Vegetation Sediment

H-3 2 x 10*®

(b

©
(d)

(

Mn-54 | 1x10° 3x10*
Co-60 | 3x10° 1x10* | 3x10%@
- Zn65 | 3x10 - 2x10*
Zr95 | 4x1¢ |
Cs134 | 30 10 1x 10° 1x10°
Cs-137 50 20 2x10° 2x10°
(a) Reporting levels may be averaged over a calendar quarter. When more than one of the

radionuclides in Table 3.5.2 are detected in the sampling medium, the unique reporting
requirements are not exercised if the following condition holds:

concentration (1) + concentration (2) +
reporting level (1)  reporting level (2)

<1.0

When radionuclides other than those in Table 3.5.2 are detected and are the result of plant
effluents, the potential annual dose to a member of the public must be less than or equal
to the calendar year limits of Controls 3.2.2, 3.3.1, and 3.3.2.

Reporting level for drinking water pathways. For nondrinking water pathways, a value of
3 x 10* pCi/l may be used.

Reporting level for individual grab samples taken at North Storm Drain Qutfall only.

Deleted
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TABLE4.5.1

Detection Capabilities For Environmental Sample Analysis(2)(€)

Airborne

Water | Particulate or Fish Vegetation Sediment
‘Analysis” | (pCi/l) | Gas (pCi/m3) | (pCi/Kg, wet) | (pCi/Kg, wet) | (pCi/Kg, dry)
Gross beta 4 0.01
H-3 2000®
Mn-54 15 130
Co-60 15 130
Zn-65 30 260
Zr-95 15
Cs-134 15 0.05 130 60 150 |
Cs-137 18 0.06 150 80 180
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(a)
| )
©

@

(€
®
®
()

TABLE 4.5.1 NOTATION

See Footnote (a) of Table 4.2.1.
Deleted

If the measured concentration minus the 5 sigma counting statistics is found to exceed
the specified LLD, the sample does not have to be analyzed to meet the specified LLD.

This list does not mean that only these nuclides are to be considered. Other peaks that
are identifiable, together with those of the listed nuclides, shall also be analyzed and
reported in the Annual Radiological Environmental Operating Report pursuant to
Technical Specification 6.6.E and ODCM Section 10.2.

Deleted
Deleted.
Deleted

If no drinking water pathway exists, then a value of 3000 picocuries per liter may be
used.
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3/4.5 RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.5.2 Land Use Census
| CONTROLS
3.5.2 A land use census shall be conducted to identify the location of the nearest
residence in each of the 16 meteorological sectors within a distance of five
miles.
APPLICABILITY:
At all times.
ACTION:
‘ a. With a land use census identifying one or more locations which yield a
| calculated dose or dose commitment (via the same exposure pathway) at
| least 20 percent greater than at a location from which samples are
| currently being obtained in accordance with Control 3.5.1, add the new
location(s) to the radiological environmental monitoring program within
| 30 days if permission from the owner to collect samples can be obtained,
| and sufficient sample volume is available. The sampling location(s),
} excluding the control station location, having the lowest calculated dose
| or dose commitment (via the same exposure pathway) may be deleted
| from this monitoring program after October 31 of the year in which this
i land use census was conducted.
b. With the land census not being conducted as required above, prepare and

submit to the Commission within 30 days a Special Report that includes
information detailed in ODCM Section 10.4.5.

SURVEILLANCE REQUIREMENTS

452 The land use census shall be conducted at least once per year between the dates
of June 1 and October 1 by either a door-to-door survey, aerial survey,.or by
consulting local agricultural authorities. The results of the land use census shall
be included in the Annual Radiological Environmental Operating Report
pursuant to Technical Specification 6.6.E and ODCM Section 10.2.
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3/4.5 RADIOLOGICAIL ENVIRONMENTAL MONI'I_TOR];\TG

3/4.5.3 Interlaboratory Comparison Program

CONTROLS

353 Analyses shall be performed on referenced radioactive materials supplied as part
of an Interlaboratory Program which has been approved by NRC. .

APPLICABILITY:
At all times.

ACTION:

With analysis not being performed as required above, report the corrective
actions taken to prevent a recurrence to the Commission in the Annual
Radiological Environmental Operating Report pursnant to ODCM Section 10.2

SURVEILLANCE REQUIREMENTS

453 A summary of the results of analyses performed as part of the above required
Interlaboratory Program shall be included in the Annual Radiological
Environmental Operating Report. NRC-approved interlaboratory programs
utilized by environmental laboratories in processing Vermont Yankee samples
shall be identified in the ODCM.
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3/4.6

\
EFFLUENT AND ENVIRONMENTAL CONTROL BASES

INSTRUMENTATION

Gaseous Effluent Instrumentation (3.1.2)

The radioactive gaseous effluent instrumentation is provided to monitor and control,
as applicable, the releases of radioactive materials in gaseous effluents during actual
or potential releases of gaseous effluents. The alarm/trip setpoints for these
instruments are provided to ensure that the alarm/trip will occur prior to exceeding
design bases dose rates identified in Control 3.3.1. '

RADIOACTIVE EFFLUENTS

Liquid Effluents: Qoncentration (3.2.1y

This Control is provided to ensure that at any time the concentration of radioactive
materials released in liquid waste effluents, intercepted groundwater released via
liquid waste effluent line, storm drain or groundwater flowing to the Connecticut
River from the site in radioactive contamination concentrations above background
(Unrestricted Area for liquids is at the point of discharge from the plant discharge
into Connecticut River) will not exceed 10 times the concentration levels specified
in 10CFR Part 20.1001-20.2402, Appendix B, Table 2, Column 2. These
requirements provide operational flexibility, compatible with considerations of
health and safety, which may temporarily result in releases higher than the absolute
value of the concentration numbers in Appendix B, but still within the annual
average limitation of the Regulation. Compliance with the design objective doses of
Section II.A of Appendix I to 10CFR Part 50 assure that doses are maintained
ALARA, and that annual concentration limits of Appendix B to
10CFR20.1001-20.2402 will not be exceeded.
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3/4.6

Vermont Yankee Nuclear Power Station

EFFLUENT AND ENVIRONMENTAL CONTROL BASES
(cont.)

Liquid Effluents: Dose (3.2.2)

This Control is provided to implement the requirements of Sections ILA, III.A, and
IV.A of Appendix I, 10CFR Part 50. The Limiting Condition for Operation

_ implements the guides set forth in Section IL. A of Appendix I. The requirements

provide operating flexibility and at the same time implement the guides set forth in
Section IV.A of Appendix I to assure that the releases of radioactive material in
liquid effluents will be kept "as low as is reasonably achievable." The Surveillance
Requirements implement the fequirements in Section III.A of Appendix I, i.e., that
conformance with the guides of Appendix I be shown by calculational procedures
based on models and data such that the actual exposure of an individual through
appropriate pathways is unlikely to be substantially underestimated. In addition,
there is reasonable assurance that the operation of the facility will not result in
radionuclide concentrations in potable drinking water that are in excéss of the
requirements of 40CFR141. No drinking water supplies drawn from the
Comnecticut River below the plant have been identified. The appropriate dose
equations for implementation through requirements of the Specification are
described in the Vermont Yankee Off-Site Dose Calculation Manual. The equations
specified in the ODCM for calculating the doses due to the actual release rates of
radioactive materials in liquid effluents were developed from the methodology
provided in Regulatory Guide 1.109, "Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance
with 10CFR Part 50, Appendix I", Revision 1, October 1977 and Regulatory

Guide 1.113, "Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Iimplementing Appendix I", Revision 1,
April 1977.
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3/4.6

EFFLUENT AND ENVIRONMENTAL CONTROL BASES
(cont.)

Liduid Radwaste Treatment (3.2.3)

The requirement that the appropriate portions of this system as indicated in the
ODCM be used, when specified, provides assurance that the releases of radioactive
materials in liquid effluents will be kept "as low as is reasonably achievable.” This
specification implements the requirements of 10CFR Part 50.36a and the design
objective given in Section ILD of Appendix I to 10CFR Part 50. The specified
limits governing the use of appropriate portions of the liquid radwaste treatment
system were specified as a suitable fraction of the dose design objectives set forth in
Section II.A of Appendix I, 10CFR Part 50, for liquid effluents.

Gaseous /Efﬂuents: Dose Rate (3.3.1)

The specified limits as determined by the methodology in the ODCM, restrict, at all
times, the corresponding organ dose rate to <1500 mrem/yr to any organ. This
instantaneous dose rate limit allows for operational flexibility when off normal
occurrences may temporarily increase gaseous effluent release rates from the plant,
while still providing controls to ensure that licensee meets the dose objectives of
Appendix I to I0OCFRS0.

Gaseous Effluents: Dose from Noble Gases (3.3.2)

Deleted
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3/4.6

EFFLUENT AND ENVIRONMENTAL CONTROL BASES
(cont.)

Gaseous Effluents: Dose from Tritium and Radionuclides in Particulate Form

(3.3.3)

This Control is provided to implement the requirements of Section II.C, III.A, and
IV.A of Appendix I, 10CFR Part 50. The Limiting Condition for Operation are the
guides set forth in Section IL.C of Appendix I. The requirements provide operating
flexibility and at the same time implement the guides set forth in Section IV.A of
Appendix I to assure that the releases of radioactive materials in gaseous effluents
will be kept "as low as is reasonably achievable." The Surveillance Requirements
implement the requirements in Section ITI.A of Appendix I that conformance with
the guides of Appendix I be shown by calculational procedures based on models and
data such that the actual exposure of a member of the public through appropriate
pathways is unlikely to be substantially underestimated. The equations specified in
the ODCM for calculating the doses due to the actual release rates of the subject
materials were also developed using the methodology provided in Regulatory
Guide 1.109, "Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10CFR Part 50,
Appendix 1" Revision 1, October 1977 and Regulatory Guide 1.111, "Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in Routine
Releases from Light-Water Cooled Reactors," Revision 1, July 1977. These
equations also provide for determining the actual doses based upon the historical
average atmospheric conditions. The release rate specifications for tritium and
radionuclides in particulate form with half-lives greater than 8 days are dependent
on the existing radionuclide pathways to man, in areas at and beyond its site
boundary. The pathways which were examined in the development of these
specifications were: 1) individual inhalation of airborne radionuclides, 2) |
deposition of radionuclides onto green leafy vegetation with subsequent
consumption by man, 3) deposition onto grassy areas where milk animals and meat
producing animals graze with consumption of the milk and meat by man, and 4)
deposition on the ground with subsequent exposure of man.
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3/4.6
i
|
|
\
|

EFFLUENT AND ENVIRONMENTAL CONTROL BASES
(cont.)

Gaseous Radwaste Treatment (3.3.4) Deletéd

Ventilation Exhaust Treatment (3.3.5) Deleted

Primary Containment (MARK I) (3.3.6) Deleted

Steam Jet Air Ejector (SJAE).(3.3.7) Deleted
Total Dose (40CFR190)(3.4.1)

This Control is provided to meet the dose limitations of 40CFR Part 190 to
Members of the Public in areas at and beyond the Site Boundary. The specification
requires the preparation and submittal of a Specific Report whenever the calculated
doses from plant radioactive effluents exceed twice the design objective doses of
Appendix I. The Special Report will describe a course of action that should result
in the limitation of the annual dose to a Member of the Public to within the 40CFR
Part 190 limits. For the purposes of the Special Report, it may be assumed that the
dose commitment to the Member of the Public is estimated to exceed the
requirements of 40CFR Part 190, the Special Report with a request for a variance
(provided the release conditions resulting in violation of 40CFR Part 190 have not
already been corrected), in accordance with the provisions of 40CFR Part 190.11
and I0CFR Part 20.2203(a)(4), is considered to be a timely request and fulfills the
requirements of 40CFR Part 190 until NRC staff action is completed. The variance
only relates to the limits of 40CFR Part 190, and does not apply in any way to the
other requirements for dose limitation of 10CFR Part 20. An individual is not
considered a Member of the Public during any period in which he/she is engaged in
carrying out any operation that subjects them to occupational exposures. For
individuals in controlled areas who are considered Members of the Public per
10CFR20, the dose limits of 10CFR20.1301 apply since the licensee has the
authority to control and limit access to these areas. '
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3/4.6 EFFLUENT AND ENVIRONMENTAL CONTROL BASES
(cont.)

Radiological Environmental Monitoring Program (3.5.1)

The radiological monitoring program required by this Control provides
measurements of radiation and of radioactive materials in those exposure pathways
and for those radionuclides which lead to the highest potential radiation exposures
of member(s) of the public resulting from the station operation. This monitoring
program implements Section IV.B.2 of Appendix I to 10 CFR Part 50 and thereby
supplements the radiological effluent monitoring program by verifying that the
measurable concentrations of radioactive materials and levels of radiation are not
higher than expected on the basis of the effluent measurements and modeling of the
environmental exposure pathways.

Ten years of plant operation, including the years prior to the implementation of the
Augmented Off-Gas System, have amply demonstrated via routine effluent and
environmental reports that plant effluent measurements and modeling of
environmental pathways are adequately conservative. In all cases, environmental
sample results have been two to three orders of magnitude less than expected by the
model employed, thereby representing small percentages of the ALARA and
environmental reporting levels. This radiological environmental monitoring
program has therefore been modified as provided for by Regulatory Guide 4.1
(C.2.b), Revision 1, April 1975. Evaluation of plant gaseous effluents,
meteorological conditions and potential accident scenaria have concluded that milk
sampling is no longer required and silage and grass sampling have been instituted as
an indicator of radionuclide deposition. Because of this change, the frequency of
silage collection has been increased from annual to quarterly.

The detection capabilities required by Table 4.5.1 are considered optimum for
routine environmental measurements in industrial laboratories. It should be
recognized that the LLD is defined as a before-the-fact limit representing the
capability of a measurement system and not as an after-the-fact limit for a particular
measurement. This does not preclude the calculation of an after-the-fact LLD for a
particular measurement based upon the actual parameters for the sample in question.
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3/4.6

EFFLUENT AND ENVIRONMENTAL CONTROL BASES
(cont.)

Land Use Census (3.5.2)

This Control is provided to ensure that changes in the use of areas at and beyond the
site boundaries are identified and that modifications to the monitoring program are
made if required by the results of this census. This census satisfies the requirements
of Section IV.B.3 of Appendix I to 10 CFR Part 50. The requirement of a garden
census has been eliminated along with the food product monitoring requirement due
to the substantial and widespread occurrence of dairy farming in the surrounding
area which dominates the food uptake pathway.

The addition of new sampling locations to Control 3.5.1, based on the land use
census, is limited to those locations which yield a calculated dose or dose
commitment greater than 20 percent of the calculated dose or dose commitment at
any location currently being sampled. This eliminates the unnecessary changing of
the environmental radiation monitoring program for new locations which, within the
accuracy of the calculation, contributes essentially the same to the dose or dose
commitment as the location already sampled. The substitution of a new sampling
point for one already sampled when the calculated difference in dose is less than
20 percent, would not be expected to result in a significant increase in the ability to
detect plant effluent related nuclides. Due to the decay of I-131 and limited source
terms available after permanent shutdown, milk sampling was discontinued, but
sampling of vegetation and air sampling have remained in place.

Interlaboratory Comparison Program (3.5.3)

The requirement for participation in an intercomparison program is provided to
ensure that independent checks on the precision and accuracy of the measurements
of radioactive material in environmental sample matrices are performed as part of a
quality assurance program for environmental monitoring in order to demonstrate
that the results are reasonably valid for the purposes of Section IV.B.2 of
Appendix I to 10 CFR Part 50.

Deleted
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5.0 METHOD TO CALCULATE OFF-SITE LIQUID CONCENTRATIONS

Chapter 5 contains the basis for plant procedures that the plant operator requires to meet

ODCM Control 3.2.1 which limits the total fraction of combined effluent concentration in liquid
pathways, excluding noble gases, denoted here as, F7"© at the point of discharge at any time (see

Figure 9—1‘). FiNC is limited to less than or equal to ten, ie.,
FN6<10

Evaluation of FE"9and C)© is required concurrent with the sampling and analysis

program in Control Table 4.2.1.

I 5.1 Method to Determine FIENG

Determine the total fraction of combined effluent concentrations at the point of discharge
| in liquid pathways (excluding noble gases), denoted FEN°, as follows:

C .

FENG — B <10

! Zx ECL i
(5-1)
pCi/ml )
pCi/ml
I where:
FiNa = Total sum of the fractions of each radionuclide concentration in liquid

effluents (excluding noble gases) at the point of discharge to an
unrestricted area, divided by each radionuclide’s ECL value.
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Cpi‘ = Concentration at point of discharge to an unrestricted area of radionuclide
“, except for dissolved and entrained noble gases, from any tank or other
significant source, p, from which a discharge may be made (including the
liquid waste sample tank, groundwater interception release tanks and any
other significant source from which a discharge can be made) (nCi/ml).
This concentration can be calculated from: Cp; = Crx1 x Frx/[For + Frx]
where: Crk; equals the concentration of radionuclide i in the tank to be
discharged (uCi/ml); Fpy, is equal to the dilution flow provided by the
waste dilution pumps, if used; Frx equals the liquid waste discharge pump
flow rate which regulates the rate at which liquid from a waste collection
tank is discharged (gpm).

ECL; = Annual average effluent concentration limits of radionuclide “i”, except
for dissolved and entrained noble gases, from 10CFR20.1001-20.2402,
Appendix B, Table 2, Column 2 (pCi/mi).
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5.2 Method to Determine Radionuélide Concentration for Each Liquid

Effluent Pathway

5.2.1 Sample Tanks Pathways

Cyi is determined for each radionuclide above LLD from the activity in a representative
grab sample of any of the sample tanks and the predicted flow at the point of discharge to an
unrestricted area.

Most periodic batch releases are made from the waste sample tank. This tank serves to
hold all the liquid wastes after they have been processed by ion exchange. Other periodic batch
releases may also come from the intercgpted groundwater tank. A batch release tank can be any
collection device (e.g. bladder, pillow tank, etc.) that meets the discharge requirements of Table
4.2.1 Notation b.

The liquid waste sample tank is sampled and the contents analyzed for water quality and
radioactivity. If the sample meets all the requirements, the contents of the tank may be re-used
in the spent fuel poel or torus. If the sample does not meet all the requirements, the contents are
recycled through the radwaste system or discharged. The groundwater intercept tank is sampled
from the tank recirculation system, and the contents analyzed for water quality and radioactivity.

If the sample meets the requirements for discharge, it may be discharged to the storm drain
system.

Prior to discharge each sample tank is analyzed for tritium and dissolved and suspended
gamma emitters.

5.2.2 Service Water Pathway:

The service water pathway shown on Figure 9-1, flows from the intake structure through
the heat exchangers and the discharge structure. Under normal operating conditions, the water in
this line is not radioactive. For this reason, the service water line is not monitored but sampled
routinely. d
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The service water is sampled weekly,

Under expected or anticipated operating conditions, the concentration at any time of
radionuclides at the point of discharge from the service water effluent pathway to an unrestricted
area will not exceed ten times the effluent concentration values of 10CFR20.1001-20.2402,
Appendix B, Table 2, Column 2.

5.2.3 Deleted

5.2.4 Intercepted Groundwater Concentrations in Flowpaths to the Connecticut River

In order to minimize radioactive liquid waste, groundwater intruding into basement
structures is intercepted from sub-slab groundwater wells. This water is environmentally derived
and captured under basements to prevent additional cross contamination from plant systems and
structures. The intercepted ground water is tanked, sampled and released via the liquid waste
effluent line or to the storm system with outfalls to the Connecticut River. The Intercepted
Groundwater Collection and Release System is isolated from all other plant systems containing
liquids in order to prevent cross contamination and contains water collected from the plant
environs, therefore continuous release monitoring is not 'required . Intercepted groundwater tanks
are sampled and released as described in 5.2.1 Sample Tank Pathway.

5.2.5 Subsurface Contaminated Groundwater Concentrations in Flowpaths to the Connecticut
River
The overall direction of groundwater flow at Vermont Yankee (VY) is towards the
Connecticut River (west to east). Based on this understanding of site hydrogeologic conditions,

~ the groundwater discharge rates from the developed portion of the site to the river are estimated

using a streamtube approach based on Darcy’s Law (see Section 9).

To estimate the groundwater concentration in each of the designated streamtubes,
samples will be collected and analyzed according to requirements specified in Section 3 /4,
Table 4.2.1. The concentrations shall then be determined using methods provided in Section 5.1.
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6.0

6.1

OFF-SITE DOSE CAL.CULATION METHODS

Chapter 6 provides the basis for plant procedures required to meet the 10CFRS50,
Appendix I, ALARA dose objectives, and the 40CFR190 total dose limits to members
of the pubhc in unrestricted areas, as stated in the Radiological Effluent Controls
(implementing the requirements of Technical Specification 6.7.D). A simple,
conservative method (called Method I) is listed in Tables 1.1.2 to 1.1.7 for each of the
Control requirements. Each of the Method I equations is presented, along with their
bases in Sections 6.2 through 6.9 and Section 6.11. In addition, reference is provided to

~ more sophisticated but still conservative methods (called Method II) for use when more

accurate results are needed. This chapter provides the methods, data, and reference
material with which the operator can calculate the needed doses and dose rates.
Setpoint methods for effluent monitor alarms are described in Chapter 8.

Demonstration of compliance with the dose limits of 40CFR190 is considered to
be a demonstration of compliance with the 0.1 rem limit of 10CFR20.1301(a)(1) for
members of the public in unrestricted areas (Reference 56 FR23374, 3rd column).

Introductory Concepts

The Radiological Effluent Controls Program (Technical Specifications 6.7.D)
either limit dose or dose raté. The term "Dose" for ingested or inhaled radioactivity
means the dose commitment, measured in mrem, which results from the exposure to
radioactive materials that, because of uptake and deposition in the body, will continue
to expose the body to radiation for some period of time after the source of radioactivity
is stopped. The time frame over which the dose commitment is evaluated is 50 years.
The phrases "annual Dose" or "Dose in one year" then refers to the fifty-year dose
commitment from one year's worth of releases. "Dose in a quarter" similarly means a
fifty-year dose commitment from one quarter's releases. The term "Dose," with respect
to external exposures, refers only to the doses received during the actual time period of
exposure to the radioactivity released from the plant. Once the source of the
radioactivity is removed, there is no longer any addmonal accumulation to the dose

. commitment,

Gaseous effluents from the plant are also controlled such that the maximum
"dose rates" at the site boundary at any time are limited to 1500 mrem/year to any organ
from tritium and radionuclides in particulate form. This instantaneous dose rate limit
allows for operational flexibility when off normal occurrerices may temporarily increase
gasecous effluent release rates from the plant, while still providing controls to ensure that
licensees meet the dose objectives of Appendix I to 10CFR50.

~
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The quantities D and Rare introduced to provide calculable quantities, related to
off-site dose, or dose rate which demonstrates compliance with the effluent controls.

The dose D is the quantity calculated by the Chapter 6 dose equations. The D
calculated by "Method I" equations is not necessarily the actual dose received by a real
individual but usually provides an upper bound for a given release because of the
conservative margin built into the dose factors and the selection and definition of
critical receptors. The radioisotope specific dose factors in each "Method I" dose
equation represent the greatest dose to any organ of any age group accounting for
existing or potential pathways of exposure. The critical receptor assumed by "Method
I" equations is typically a hypothetical individual whose behavior - in terms of location
and intake - results in a dose which is expected to be higher than any real individual.
The Method I equations employ five-year historical average atmospheric dispersion
factors to define receptors of maximum impact. Method II allows for a more exact dose
calculation for real individuals, if necessary, by considering only existing pathways of
exposure, or actual concurrent meteorology with the recorded release (e.g., wind
direction from on-site wind sock, representative off-site wind direction, or meteorology
soutce, etc.).

Ris the quantity calculated in the Chapter 6 dose rate equations. It is calculated
using the plant's effluent monitoring system reading and an annual average or long-term
atmospheric dispersion factor. Dispersion factors based on actual concurrent
meteorology during effluent releases can also be used via Method II, if necessary, to
demonstrate compliance with off-site dose rate limits.

Each of the methods to calculate dose or dose rate are presented in separate
sections of Chapter 6, and are summarized in Tables 1.1.1 to 1.1.7. Each method has
two levels of complexity and are called Method I and Method II. Method I is the
simplest; generally a linear equation. Method II is a more detailed analysis which
allows for use of site-specific factors and variable parameters to be selected to best fit
the actual release conditions, within the bounds of the guidance provided.
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6.2

The plant has both elevated and ground level gaseous release points: the main
vent stack (elevated release) and the ground level release (e.g., Reactor Building).
Therefore, total dose calculations for whole body, and the critical organ from gaseous
releases will be the sum of the stack and ground level doses.

Method to Calculate the Total Body Dose from Liquid Releases

Effluent Control 3.2.2 limits the total body dose commitment to a Member of
the Public from radioactive material in liquid effluents to 1.5 mrem per quarter and
3 mrem per year. Control 3.2.3 requires liquid radwaste treatment when the total body
dose estimate exceeds 0.06 mrem in any month. Control 3.4.1 limits the total body dose
commitment to any real member of the public from all station sources (including
liquids) to 25 mrem in a year. Dose evaluation is required at least once per month. If
the liquid radwaste treatment system is not being used, dose evaluation is required
before each release.

Use Method I first to calculate the maximum total body dose from a liquid
release to the Connecticut Rlver as it is simpler to execute and more conservative than
Method 11.

Use Method II if a more accurate calculation of total body dose is needed (i.e.,
Method I indicates the dose is greater than the limit), or if Method I cannot be applied.

If the radwaste system is not operating, the total body dose must be estimated
prior to a release (Control 3.2.3). To evaluate the total body dos¢, use Equation 6.1 to
estimate the dose from the planned release and add this to the total body dose
accumulated from prior releases during the month.

To assess the dose contribution from subsurface groundwater contaminated with
plant-generated radionuclides, a dose evaluation shall be performed using Method I on a
monthly basis. Radionuclide concentration averages and groundwater streamtube
average flow rates shall be utilized to estimate the total plant-generated radioactive
contaminants released for the previous monthly period.
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6.2.1 Method I

The increment in total body dose from a liquid release is:

!

(6-1)
Ds=FC ), Q;DFL
i
(arem) (Ci) (2 )
Ci

where:

FC =  Flow Correction calculated by dividing the flow at the unrestricted area
release point in gpm divided 20,000 gpm or release flow in ft*/sec
divided by 44.6 ft’/sec.

DFLy, = Site-specific total body dose factor (mrem/Ci) for a liquid release. See

Table 1.1.11.
Qi = Total activity (Ci) released for radionuclide "i." (For strontiums and

Fe 55, use the most recent measurement available.)

Equation 6-1 can be applied under the following conditions (otherwise, justify Method I

or consider Method II):
L Normal operations (not emergency event),
2. Liquid releases were to the Connecticut River, and
3. Any continuous or batch release over any time period.

6.2.2 Basis for Method I

This section serves three purposes: (1) to document that Method I complies
with appropriate NRC regulations, (2) to provide background and training information
to Method I users, and (3) to provide an introductory user's guide to Method IL.

Method I miay be used to show that the effluent Controls which limit off-site
total body dose from liquids (3.2.2 and 3.2.3) have been met for releases over the
appropriate periods. Control 3.2.2 is based on the ALARA design objectives in
10CFR50, Appendix I Subsection II A. Control 3.2.3 is an "appropriate fraction,"
determined by the NRC, of that design objective (hereafter called the Objective).
Control 3.4.1 is based on Environmental Standards for Uranium Fuel Cycle in ’
40CFR190 (hereaficr called the Standard) which:applies to direct radiation as well as
liquid and gaseous effluents.
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Exceeding the Objective or the Standard does not immediately limit plant
operation but requires a report to the NRC within 30 days. In addition, a waiver may be
required. :

Method I was developed such that "the actual exposure of an individual ... is
unlikely to be substantially underestimated” (10CFRS0, Appendix I). The definition,
below, of a single "critical receptor” (a hypothetical individual whose behavior results
in an unrealistically high dose) provides part of the conservative margin to the
calculation of total body dose in Method I. Method II allows that actual individuals,
with real behaviors, be taken into account for any given release. In fact, Method I was
based on a Method II analysis for the critical receptor with maximum exposure
conditions instead of any real individual. That analysis was called the "base case;" it
was then reduced to form Method 1.

The steps performed in the Method I derivation follow. First, in the base case
the dose impact to the critical receptor (in the form of dose factors DFL;y,, mrem/Ci) for
a 1 curie release of each radioisotope in liquid effluents was derived. The base case
analysis uses the methods, data and assumptions in Regulatory Guide 1.109 (Equations
A-2, A-3, A-7, A-13 and A-16, Reference A). The liquid pathways identified as
contributing to an individual's dose are the consumption of fish from the Connecticut
River, the ingestion of vegetables and leafy vegetation which were irrigated by river
water, the consumption of milk and meat from cows and beef cattle who had river water
available for drinking as well as having feed grown on irrigated land, and the direct
exposure from the ground plane associated with activity deposited by the water
pathway. A plant discharge flow rate of 44.6 ft*/sec was used with a mixing ratio of
0.0356 which corresponds to a minimum regulated river flow of 1250 cfs at the Vernon
Dam just below the plant discharge outfall.” Tables 6.2.1 and 6.2.2 outline human
consumption and environmental parameters used in the analysis. The resulting,
site-specific, total body dose factors appear in Table 1.1.11.

For any liquid release, during any period, the increment in annual average total
body dose from radionuclide "i" is:

. (6-2)
ADtb = FCQ, DFLmb
(mrem) (Ci) (m“?m)
Ci
where:
FC = Flow Correction calculated by dividing the flow at the
unrestricted area release point in gpm divided 20,000 gpm or release flow
in ft*/sec divided by 44.6 ft*/sec
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DFL;, = Site-specific total body dose factor (mrem/Ci) for a liquid release. See
Table 1.1.11.
Qi = Total activity (Ci) released from radionuclide "i."

* An Mp equal to 1.0 for the fish pathway is assumed between the discharge structure and the
dam.

Method I is conservative bécause it is based on dose factors DFL;y, which were
chosen from the base case to be the highest of the four age groups for each radionuclide,
as well as assuming minimum river dilution flow.

6.2.3 Method II

If Method I cannot be applied, or if the Method I dose exceeds the limit or if a
more exact calculation is required, then Method II should be applied. Method II
consists of the models, input data and assumptions in Regulatory Guide 1.109, Rev. 1
(Reference A), except where site-specific models, data or assumptions are more
applicable, such as the use of actual river flow at the time of actual discharge as
opposed to the minimum river flow of 1,260 cfs that is assumed in the Method I dose
factors (except for the fish pathway). The base case analysis, documented above, is a
good example of the use of Method II. It is an acceptable starting point for a Method II
analysis.
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TABLE 6.2.1

Environmental Parameters for Liquid Effluents at Vermont Yankee

(Derived from Reference A)
FOOD GROWN WITH CONTAMINATED
WATER
POTABLE AQUATIC SHORELINE LEAFY COwW
VARIABLE | WATER FOOD ACTIVITY VEGETABLES VEG. MEAT MILK
MP Mixing Ratio - 1.0 0.0356 0.0356 0.0356 0.0356 0.0356
TP Transit Time (HRS) - 24.0 0.000 0.0000  0.0000 480.0 48.0
YV Agticultural XG/MD) 20 2.0 2.0 2.0
Productivity .
P Soil Surface (KG/M?) 240.0 240.0 240.0 240.0
Density
IRR  Irrigation Rate (L/M*/HR) 0.152  0.152 0.152  0.152
TE Crop Exposure (HRS) 1440.0 1440.0 1440.0 1440.0
Time
TH Holdup Time (HRS) 1440.0 240 2160.0 2160.0
QAW Water Uptake L/D) 50.0 60.0
Rate for Animal
QF Feed Uptake Rate  (KG/D) 50.0 50.0
for Animal
FI - Fraction of Year Crops Irrigated 0.5 0.5 0.5 0.5
Location of Critical Connecticut River Below Vernon Dam
Receptor
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Usage Factors for Various Liquid Pathways at Vermont Yankee

TABLE 6.2.2

(From Reference A, Table E-5. Zero Where No Pathway Exists)

Vermont Yankee Nuclear Power Station
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VY 2018 ARERR

LEAFY POTABLE
AGE  VEG. VEG. MILK MEAT FISH INVERT. WATER  SHORELINE
KGYR)  (KG/YR)  (LITERYR) (KG/YR)  (KG/YR)  (KG/YR)  (LITER’YR) (HR/YR)
CAdult 52000 64.00 310.00 110.00 21.00 0.00 0.00 12.00
Teen 630.00 42.00 400.00 65.00 16.00 0.00 0.00 67.00
Child  520.00 26.00 330.00 41.00 6.90 0.00 0.00 14.00
Infant 0.00 330.00 0.00 0.00 0.00 0.00 0.00
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6.3 Method to Calculate Maximum Organ Dose from Liquid Releases

Effluent Control 3.2.2 limits the maximum organ dose commitment to a
Member of the Public from radioactive material in liquid effluents to 5 mrem per
quarter and 10 mrem per year. Control 3.2.3 requires liquid radwaste treatment when
the maximum organ dose estimate exceeds 0.2 mrem in any month. Control 3.4.1 limits
the maximum organ dose commitment to any real member of the public from all station
sources (including liquids) to 25 mrem in a year. Dose evaluation is required at least
once per month if releases have occurred. If the liquid radwaste treatment system is not
being used, dose evaluation is required before each release.

Use Method I first to calculate the maximum organ dose from a liquid release to
the Connecticut River as it is simpler to execute and more conservative than Method II.

Use Method II if a more accurate calculation of organ dose is needed (i.e.,
Method I indicates the dose is greater than the limit), or if Method I cannot be applied.

If the radwaste system is not operating, the maximum organ dose must be
estimated prior to a release (Control 3.2.3). To evaluate the maximum organ dose, use
Equation 6-3 to estimate the dese from the planned release and add this to the maximum
organ dose accumulated from prior releases during the month.

To assess the dose contribution from subsurface groundwater contaminated with
plant-generated radionuclides, a dose evaluation shall be performed using Method I on a
monthly basis. Radionuclide concentration averages and groundwater streamtube
average flow rates shall be utilized to estimate the total plant-generated radioactive
contaminants released for the monthly period.

6.3.1 Methodl

The increment in maximum organ dose from a liquid release is:

x 6-3)
Dmo = D, FC Q; DFL o

mrem

(mrem) = (Ci) ( = )(FC)

where:

FC = Flow Correction calculated by dividing the flow at the
unrestricted area release point in gpm divided 20,000 gpm or release flow
in ft*/sec divided by 44.6 ft’/sec.

DFLimo = Site-specific maximum organ dose factor (mrem/Ci) for a liquid release.
See Table 1.1.11.
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Qj = Total activity (Ci) released for radionuclide "i." (For strontiums and
Fe-55, use the most recent measurement available.)

Equation 6-3 can be applied under the following conditions (otherwise, justify Method I or
consider Method II):

1. Normal operations (not emergency event),
2. Liquid releases were to the Connecticut River, and
3. Any continuous or batch release over any time period.

6.3.2 Basis for Method I

This section serves three purposes: (1) to document that Method I complies
with appropriate NRC regulations, (2) to provide background and training information
to Method I users, and (3) to provide an introductory user's guide to Method II. The
methods to calculate maximum organ dose parallel the total body dose methods (see
Section 6.2.2). Only the differences are presented here.

For each radionuclide, a dose factor (mrem/Ci) was determined for each of
seven organs and four age groups. The largest of these was chosen to be the maximum

organ dose factor (DFL;y,) for that radionuclide.

For any liquid release, during any period, the increment in annual average dose
from radionuclide "i" to the maximum organ is: ’

(6-4)
ADmo = FC Q,DFL imo
(mrem) (Ci) ( Ll )(FC )
where:

EC = Flow Correction calculated by dividing the flow at thé unrestricted area
release point in gpm divided 20,000 gpm or release flow in ft*/sec divided
by 44.6 ft’/sec

DFLin, = Site-specific maximum organ dose factor (mrem/Ci) for a liquid release.

See Table 1.1.11.

Q; = Total activity (Ci) released for radionuclide "i".
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Because of the assumptions about receptors, environment, and radionuclides;
and because of the low Objective and Standard, the lack of immediate restriction on
plant operation, and the adherence to 10CFR20 concentrations (which limit public
health consequences) a failure of Method I (i.¢., the exposure of a real individual being
underestimated) is improbable and the consequences of a failure are minimal.

6.3.3 Method II

If Method I cannot be applied, or if the Method I dose exceeds the limit or if a
more exact calculation is required, then Method II should be applied. Method I1
consists of the models, input data and assumptions in Regulatory Guide 1.109, Rev. 1
(Reference A), except where site-specific models, data or assumptions are more

. applicable. The base case analysis, documented above, is a good example of the use of
Method II. It is an acceptable starting point for a Method II analysis.

6.4  Method to Calculate the Total Body Dose Rate From Noble Gases

Deleted
64.1 Method I
Deleted
6.4.2 Basis for Method I
Deleted
6.43 MethodII

Deleted
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6.5 Method to Calculate the Skin Dose Rate from Noble Gases

Deléted
6.5.1 Method 1

De]eted

6.5.2 Basis For Method I
| Deleted
653 Method II

| Deleted
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6.6

Method to Calculate the Critical Organ Dose Rate from Tritium and Particulates with
T}2 Greater Than 8 Days

Effluent Control 3.3.1.b limits the dose rate to any organ, denoted R, from all
release sources of H-3 and radionuclides in particulate form with half lives greater than
8 days to 1500 mrem/year to any organ. The peak release rate averaging time in the
case of particulates is commensurate with the time the particulate samplers are in
service between changeouts (typically a week).

Use Method I first to calculate the critical organ dose rate from both stack and
ground level release points to the atmosphere. The dose rate limit of Control 3.3.1.b is
the total contribution from both ground and stack releases occurring durmg the period
of interest. Method I applies at all release rates.

Use Method II if Method I predicts a dose rate greater than the Control limits
(i.e., use of actual meteorology over the period of interest) to determine if, in fact,
Control 3.3.1.b had actually been exceeded during the sampling period.
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6.6.1 MethodI

The critical organ dose rate from stack releases can be determined by
multiplying the individual radionuclide release rates by their respective dose factors and
summing all their products together, as seen in the following Equation 6-16:

Rcos = X Q"  DFG'sico

mrem ( pCi ) mrem - sec
yr sec pCi-yr

wh\ere:

QiSTP = Stack activity release rate determination of radionuclide "i" (particulates
with half-lives greater than 8 days, and tritium) in pCi/sec. Fori= Sr-90
or tritium, use the best estimates (such as most recent measurements).

DFG's., = Site specific critical organ dose rate factor (M]

uCi-yr
for a ground level gaseous release. See Table 1.1.12.

For ground releases the critical organ dose rate from Tritium and Particulates

with T 1/2 greater than 8 days is calculated as follows:
: : GLP
Reg= X Q DFG'gico (6-40)
1
where:

QiGLP = @Ground activity release rate determination of radionuclide "i"

(particulates with half-lives greater than 8 days, and tritium) in pCi/sec.
For i = Sr-90, Fe-55 or tritium, use the best estimates (such as most
recent measurements).

(

DFG'gico = Site specific critical organ dose rate factor (%—SE]
; plr-yr

for a ground level gaseous release. See Table 1.1.12.

\

The critical organ dose rate for the site is equal to Reos + Reog

(6-16)
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6.6.2

Equations 6-16 and 6-40 can be applied under the following conditions
(otherwise, justify Method I or consider Method II):

1. Normal operations (not emergency event), and

2. ‘Tritium and particulate releases via either stack or ground level releases to the
atmosphere.

Basis for Method I

The methods to calculate critical organ dose rate parallel the total body dose rate
methods. Only: the differences are presented here.

Method I may be used to show that the Control limit for organ dose rate from
tritium and radionuclides in particulate form with haif lives greater than 8 days
(hereaftier called Particulates or P) released to the atmosphere (Control 3.3.1.b) has been
met for the peak P release rate. '

The equation for Re,s and Ry, is derived by modifying Equation 6-25 from
Section 6.9 as follows:
Dcos = 2 Qi DFGico
. 6-17)
(mrem) (Ci) mrem)
Ci

applying the conversion factor, 31.54 (Ci-sec/uCi-yr) and converting Q to Q in pCi/sec
as it applies to the plant stack yields:

Rcos = 3 1. 5 4 z QlSTP DFGsico
1

mrem Ci-sec ( uCi ) (mre_m)
yr puCi-yr sec Ci

(6-18)
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Y

Equation 6-44 is written in the form:

R = 3154 Y QSTP DFGesico
i

i

mrem Ci-sec ( H_Cl) (mremj 19
yr pCi-yr sec) \ Ci

DFGy, and DFGy;, ground releases incorporates the conversion constant of

31.54 and has assumed that the shielding factor (SF) applied to the direct exposure
pathway from radionuclides deposited on the ground plane is equal to 1.0 in place of the
Sy value of 0.7 assumed in the determination of DFG e, and DFG g, for the

integrated doses over time.

The selection of critical receptor (based on the combination of exposure
pathways which include direct dose from the ground plane, inhalation and ingestion of
vegetables, meat, and milk) which is outlined in Section 6.10 is inherent in Method I, as
are the maximum expected off-site atmospheric dispersion factors based on past long-
term site-specific meteorology.

The calculation of ground level release dispersion parameters are based on the
location of the Reactor Building with respect to the site boundary that would experience
the highest exposure.

Should Method II be needed, the analysis for critical receptor critical pathway(s)
and atmospheric dispersion factors may be performed with actual meteorologic and
latest land use census data to identify the location of those pathways which are most
impacted by these type of releases.
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6.6.3

6.7

6.9

Method II

If Method 1 cannot be applied, or if the Method I dose exceeds the limit, then
Method II may be applied. Method II consists of the models, input data and
assumptions in Regulatory Guide 1.109, Rev. 1 (Reference A), except where site-
specific models, data or assumptions are more applicable. The base case analysis,
documented above, is a good example of the use of Method II. It is an acceptable
starting point for a Method II analysis. .

Deleted

Deleted

Method to Calcuilate the Critical Organ Dose from Tritium /and Particulates

Effluent Control 3.3.3 limits the critical organ dose to a Member of the Public
from all release sources of Tritium and particulates with half-lives greater than 8 days
(hereafter called "P") in gaseous effluents to 7.5 mrem per quarter and 15 mrem per
year.

Use Method I first to calculate the critical organ dose from both stack and
ground level vent releases. The total critical organ dose limit of Control 3.3.3 is the
total contribution from both ground level and stack releases occurring during the period
of interest

Use Method II if a more accurate calculation of critical organ dose is needed
(i.e., Method I indicates the dose is greater than the limit).
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6.9.1 MethodI

Dcos = Z Q|STP DFGsico (6'25)
ey (C) (2]

Ci
Q ?TP = Total activity (Ci) released from the stack to the atmosphere of

radionuclide "i" during the period of interest.

DFGgi, = Site-specific critical organ dose factor for a stack gaseous release of
radionuclide "i" (mrem/Ci). For each radionuclide it is the age group and
organ with the largest dose factor. See Table 1.1.12.

The critical organ dose is calculated for ground level releases as follows:

‘Dcog = Z QiGLP DFGglco
. 1

. (6-44)
(mrem) (Ci) (mrem]
Ci
(’;LP = Total activity (Ci) released from ground level releases to the atmosphere
of radionuclide "i" during the period of interest. For tritium, strontiums,
and Fe-55 use the most recent measure.
DFGy;, = Site-specific critical organ dose factor for a ground level release of

nuclide "i" (mrem/Ci). For each radionuclide it is the age group and organ
with the largest dose factor. See Table 1.1.12.

The critical organ dose for the site is equal to Dos + Doy -

Equations 6-25 and 6-44 can be applied under the following conditions
(otherwise, justify Method I or consider Method II):

1. Normal operations (not emergency event),

2, P releases via the plant stack, ground releases (e.g., Reactor Building) to the
atmosphere, and

3. Any other ground level continuous or batch release over any time period.
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6.9.2 Basis for Method 1

This section serves three purposes: (1) to document that Method I complies
with appropriate NRC regulations, (2) to provide background and training information
to Method I users, and (3) to provide an introductory user's guide to Method II.

Method I may be used to show that the Control limit for off-site organ dose from
gaseous releases in particulate form, including tritium (3.3.3) has been met for releases
over the appropriate periods.

Method I was developed such that "the actual exposure of an individual ... is
unlikely to be substantially underestimated" (10CFR50, Appendix I). The use below of
a single "critical receptor" provides part of the conservative margin to the calculation of
critical organ dose in Method I. Method II allows that actual individuals, with real
behaviors, be taken into account for any given release. In fact, Method I was based on a
Method II analysis of the critical receptor for the annual average conditions. For
purposes of complying with the Control 3.3.3, maximum annual average atmospheric
dispersion factors are appropriate for batch and continuous releases. That analysis was
called the "base case"; it was then reduced to form Method I. The base case, the method
of reduction, and the assumptions and data useq are presented below.

_ The steps performed in the Method I derivation follow. First, in the base case
the dose impact to the critical receptor in the form of dose factors (mrem/Ci) of 1 curie
release of each P radionuclide to gaseous effluents was derived. Then Method I was
determined using simplifying and further conservative assumptions. The base case
analysis uses the methods, data and assumptions in Regulatory Guide 1.109 (Equations
C-2, C-4 and C-13 in Reference A). Tables 6.9.1 and 6.9.2 outline human consumption
and environmental parameters used in the analysis. It is conservatively assumed that
the. critical receptor lives at the "maximum off-site atmospheric dispersion factor
location" as defined in Section 6.10. However, he is exposed, conservatively, to all
pathways (see Section 6.10). The resulting site-specific dose factors are for the
maximum organ and the age group with the highest dose factor for that organ. These
critical organ, critical age dose factors are given in Table 1.1.12.

For any gas release, during any period, the increment in annual average dose

from radionuclide "i" is:

ADjco = QiDFGieo (6-26)

where DFG;, is the critical dose factor for radionuclide "i" and Q; is the abtivity of
_radionuclide "i" released in curies.

Method I is more conservative than Method II in the region of the effluent dose
Control limit because it is based on the following reduction of the base case. The dose
factors DFGi¢, used in Method I were chosen from the base case to be the highest of the
set for that radionuclide. In effect each radionuclide is conservatively represented by its
own critical age group and critical organ.
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6.9.3 METHODII

If Method I cannot be applied, or if the Method I dose exceeds the Control limit
or if a more exact calculation is required, then Method II should be applied. Method 1T
consists of the models, input data and assumptions in Regulatory Guide 1.109, Rev. 1
(Reference A), except where site-specific models, data or assumptions are more
applicable. The base case analysis, documented above, is a good example of the use of
Method II. It is an acceptable starting point for a Method II analysis.
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o

TABLE 6.9.1
Environmental Parameters for Gaseous Efﬂuentg at Vermont Yankee
(Derived from Reference A)
Variable Vegetables Cow Milk Goat Milk Meat
Stored  Leafy Pasture Stored Pasture Stored Pasture Stored
YV  Agricultural Kgm?) 2 2 0.70 2 0.70 2 0.70 2
Productivity
P Soil Surface (Kg/m?) 240 240 240 240 240 240 240 240
Density
T Transport Time to User® (Hrs) - 48 48 48 48 480 480
TB  Soil Exposure Time" (Hrs) 131400 131400 131400 131400 131400 131400 131400 131400
TE Crop Exposure Time to Plume (Hrs) 1440 1440 720 1440 720 1440 720 1440
TH Holdup After Harvest (Hrs) 1440 24 0 2160 0 2160 0 2160
QF Animals Daily Feed (Kg/Day) 50 50 6 6 50 50
FP  Fraction of Year on Pasture® 0.50 0.50 0.50
FS Fraction Pasture When on Pasture® 1 1 1
FG Fraction of Stored Veg. Grown in Garden 0.76
FL Fraction of Leafy Veg. Grown in Garden 1
FI Fraction Elemental Iodine =0.5
A Absolute Humidity = 5.6 (gm/m*)®

*Regulatory Guide 1.109, Revision 1.

Vermont Yankee Nuclear Power Station
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Notes:

M

@

€)

@

©)

TABLE 6.9.1 (Continued)

For Method II dose/dose rate analyses of identified radioactivity releases of less than one year, the soil exposure time for that
release may be set at 8760 hours (1 year) for all pathways.

For Method II dose/dose rate analyses performed for releases occurring during the first or fourth calendar quarters, the fraction of
time animals are assumed to be on pasture is zero (nongrowing season). For the second and third calendar quarters, the fraction
of time on pasture (FP) will be set at 1.0. FP may also be adjusted for specific farm locations if this information is so identified
and reported as part of the land use census. ‘

For Method II analyses, the fraction of pasture feed while on pasture may be set to less than 1.0 for specific farm locations if this
information is so identified and reported as part of the land use census.

For all Method II analyses, an absolute humidity value equal to 5.6 (gm/m?) shall be used to reflect conditions in the Northeast
(Reference: Health Physics Journal, Vol. 39 (August), 1980; Page 318-320, Pergammon Press).

Variable T is a combination of variables TF and TS in Regulatory Guide 1.109, Revision 1.
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TABLE 6.9.2

5 Usage Factors for Various Gaseous Pathways at Vermont Yankee
(from Regulatory Guide 1.109, Table E-5)

GAge Vegetables Velé:?afgles Milk "~ Meat Inhalation
PP sew ke O G @l
Adult - 520.00 64.00 310.00 110.00 8000.00
Teen 630.00 42.00 400.00 "~ 65.00 8000.00
Child 520.00 2600 330.00 41.00 3700.00
Infant 0.00 0.00 330.00 0.00 1400.00

Off-Site Dose Calculation Manual
Section 6
Rev. 38
Page 23 of 31
Vermont Yankee Nuclear Power Station

VY 2018 ARERR Page 166 of 401




6.10 Rgceutor Point and Long-Term Average Atmospheric Dispersion Factors for Important
Exposure Pathways

The gaseous effluent dose methods have been simplified by assuming an.
individual whose behavior and living habits inevitably lead to a higher dose than
anyone else. The following exposure pathways to gaseous effluents listed in Regulatory
Guide 1.109 (Reference A) have been considered for tritium, and particulates with half

. lives greater than 8 days:
1. Direct exposure to contaminated ground;
2. Inhalation of air;
3 Ingestion of vegetables;
4, Ingestion of meat.
5. Ingestion of milk.

' Beta air doses have also been considered for noble gases in plant effluents along
with whole body and skin dose rate calculations.

Section 6.10.1 details the selection of important off-site locations and receptors.
Section 6.10.2 describes the atmospheric model used to convert meteorological data
into atmospheric dispersion factors. Section 6.10.3 presents the maximum atmospheric
dispersion factors calculated at each of the off-site receptor locations.

6.10.1 Receptor Locations

Distances to the site boundary from the two evaluated gaseous release pathways
(the Stack and Reactor Building) are provided in Table 6.10.2. Two important off-site
receptor locations are considered in the dose and dose rate equations for gaseous
radioactive effluents from these two release pathways. They are:

1. The point of maximum ground level air concentration (maximum depleted X/Q) .
of particulates for determining critical organ dose from inhalation; and

2. The point of maximum deposition (maximum D/Q) of particulates for
determining critical organ dose from ingestion.
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6.10.2

The Stack release pathway was evaluated as an elevated release assuming a
constant nominal Stack flow rate of 72,000 cfm. The location of the maximum ground
level air concentration and deposition of particulates (WNW sector, 2150 meters) was
determined by finding the maximum five-year average depleted X/Q and D/Q at any
off-site location. For the purposes of determining the Method I dose factors for tritium,
and particulates, an animal was assumed to exist at the location of highest calculated
ground level air concentration and deposition particulates as noted above. This location
then conservatively bounds the deposition of particulates at all real animal locations.

The ground release pathway (e.g., Reactor Building) was evaluated as a ground
level release using the same meteorological period-of-record as the stack. The highest
long-term atmospheric dispersion factors at the site boundary were determined (see
Table 6.10.1) and doses and dose rates to the critical off-site receptor were calculated
assuming the highest site boundary atmospheric dispersion factors all occurred at the
same location. ‘

(

Vermont Yankee Atmospheric Dispersion Model

The long-term average atmospheric dispersion factors are computed for routine
releases XOQDOQ Computer Code (Reference B). XOQDOQ is based, in part, on the
constant mean wind direction model discussed in Regulatory Guide 1.111 (Reference
C). Since XOQDOAQ is a straight-line steady-state model, site-specific recirculation
correction factors were developed for each release pathway to adjust the XOQDOQ
results to account for temporal variations of atmospheric transport and diffusion
conditions. The applicable recirculation correction factors are listed in Table 6.10.3.

X0QDOQ produces the following average atmospheric dispersion factors for
each location:

1. Depleted X/Q dispersion factors for evaluating ground level concentrations of
particulates; . '

2. D/Q deposition factors for evaluating dry deposition of elemental particulates.
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The ground release {e.g., Reactor Building) depleted X/Q and D/Q factors were
derived using Nuclear Regulatory Commission approved software XOQDOQ.

6.10.3 Long-Term Average Atmospheric Dispersion Factors for Receptors

Actual measured meteorological data for the five-year period, 2012 through
2016, were analyzed to determine all the values and locations of the maximum off-site '
long-term average atmospheric dispersion factors. Each dose and dose rate calculation
incorporates the maximum applicable off-site long-term average atmospheric dispersion
factor. The values used and their locations are summarized in Table 6.10.1.
Table 6.10.1 also indicates which atmospheric dispersion factors are used to calculate
the various doses or dose rates of interest. -
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%—1

TABLE 6.10.1

Atmospheric Dispersion Factors

Release I Dispersion Dose to Individual ) 4
Pathway Factor Total Body Skin Critical Organ
X/Q Depleted _
(sec/m’) ' (WNW)
‘ Stack
| D/
| , (1/m)
X/Q Depleted
? (NE)
I Reactor (sec/m’)
: Building | =
l \ D/Q2 SE)
(1/m") ,
| — .

TABLE 6.10.1 NOTATION

NOTE 1 — Releases from the Reactor Building are considered ground releases.
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TABLE 6.10.2

Site Boundary Distances

Downwind Stack Ground

Sector Releases Releases
N 400 m 529 m

NNE 350 m \ 468 m .

NE 350 m 448 m
ENE 400 m 477 m
E 500 m 499 m
ESE 700 m 482 m
SE 750 m 512m
SSE 850 m 555m
S 385 m 419 m
SSW 300 m ' 575m
SwW 250m 505 m
WSwW 250m 418 m
W ~ 300m 402 m
WNW 400 m 528 m
NwW 550 m : 917 m
NNwW 550 m 831 m

Off-Site Dose Calculation Manual
Section 6

Rev. 38

Page 28 of 31

Vermont Yankee Nuclear Power Station
VY 2018 ARERR Page 171 of 401




TABLE 6.10.3

Recirculation Correction Factors

A, Stack Releases

Sector 0.5 Mi 1.5 Mi 2.5 Mi 3.5Mi 45Mi @ 15 Mi
N 14 14 1.2 1.1 1.0 1.0
NNE 1.8 1.8 1.4 1.2 1.0 1.0
NE 1.8 1.8 1.3 1.1 1.0 1.0
ENE 2.1 2.1 14 1.2 1.0 1.0
E 1.7 1.7 1.2 1.0 1.0 1.0
ESE 1.5 1.5 1.3 1.1 1.0 1.0
SE 1.8 1.8 1.3 12 1.1 1.0
SSE 14 14 1.2 1.2 1.2 1.2
S 1.3 1.3 1.1 1.1 1.2 1.2
SSw 1.8 1.8 1.5 1.4 1.4 1.2
SwW 2.1 2.1 1.7 1.6 14 1.1
WSW 24 24 1.9 1.6 1.5 1.1
W 18 1.8 L5 14 1.3 1.0
WNW 1.8 1.8 1.7 1.5 14 1.3
Nw S T 1.5 1.3 1.3 1.3 1.1
NNW 1.5 1.5 1.2 1.2 1.1 1.1

| B. Ground (e.g., Reactor Building) Release

Sector 0.5 Mi 1.5 Mi 2.5 Mi 3.5Mi 4.5 Mi 7.5

N 1.1 . 1.1 1.1 1.1 1.1 1.0
NNE 1.2 1.2 12 1.1 1.1 1.0
NE 1.1 1.2 1.1 1.1 1.0 1.0
ENE 1.2 1.3 1.4 14 1.4 1.3
E 1.1 13 14 14 1.4 1.2
ESE 1.1 1.1 1.2 1.1 1.1 1.0
SE ' 1.0 1.1 1.1 1.1 1.1 1.1
SSE 1.2 1.2 12 1.2 1.2 1.2
S 1.0 1.0 1.0 1.0 1.0 1.0
SSwW 1.0 1.1 1.0 1.0 1.0 1.0
SwW 1.2 1.3 1.2 1.0 1.0 1.0
WSW 1.1 1.1 1.0 1.0 1.0 1.0
W 1.2 12 1.1 1.0 1.0 1.0
WNW 1.2 14 13 1.2 1.2 1.0
NwW 1.1 1.1 1.0 1.0 1.0 1.0
NNW 1.1 1.2 1.2 1.2 1.2 1.1
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6.11

6.11.1

6.11.2

6.11.3

Method to Calculate Direct Dose From Plant Operation

Effluent Control 3.4.1 (40CFR190) restricts the dose to the whole body or any
organ to any member of the public from all station sources (including direct radiation
from fixed sources on-site) to 25 mrem in a calendar year.

Deleted
Deleted

Deleted

6.11.4 Independent Spent Fuel Storage Installation Dose Contribution

The Independent Spent Fuel Storage Installation (ISFSI) has been constructed to
provide a secure location for the long term storage of spent nuclear fuel bundles and
Greater Than Class C waste. This installation is located just north of the Radwaste
Building and just east of the North Warehouise within the Vermont Yankee Protected
Area. The vendor,; Holtec International, has prepared a study report to satisfy the
requirements of 10CFR72.104 and this document is included as Reférence H. The
facility stores 58 Spent Fuel Dry Storage Casks (DSCs). An additional GTCC cask will
be added when segmentation of the reactor internals is complete. The shiclding analysis
of the Independent Spent Fuel Storage Installation is provided in Reference H. The
report analyzes the dose generated from a single cask as well as the dose generated from
the 58 casks. The dose from each cask to the west site boundary (DR-53A Location) is
monitored with REMP TLDs. ’

Total Direct Dose Summary

Estimates of direct exposure above background in areas at and beyond the site
boundary can be determined from measurements made by environmental TLDs located
as shown in Table 7.1 and Figure 7.4 that are part of the Radiological Environmental
Monitoring Program. Alternatively, direct dose calculations from identified fixed
sources on site can be used to estimate the off-site direct dose contribution where TLD
information may not be applicable.

| 6.11.6 Deleted
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6.12 Cumulative Doses

Cumulative Doses for a calendar quarter and a calendar year must be maintained
to demonstrate a compliance with Controls 3.2.2 and 3.3.3 (10CFR50, Appendix I dose
objectives). In addition, if the requirements of the Action Statement of Control 3.4.1
dictate, cumulative doses over a calendar year must be determined (demonstration of
compliance with total dose, including direct radiation per requirements of 40CFR190).
To ensure the limits are not exceeded, a running total must be kept for each release.

Demonstration of compliance with the dose limits of 40CFR190 is considered as
demonstrating compliance with the 0.1 rem limit of 10CFR20.1301(a)(1) for members
of the public in unrestricted areas.
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7.0 ENVIRONMENTAL MONITORING PROGRAM

The radiological environmental monitoring stations are listed in Table 7.1. The
locations of the stations with respect to the Vermont Yankee plant are shown on the
maps in Figures 7-1 to 7-7.

7.1  Intercomparison Program

All routine radiological analyses for environmental samples are performed at
offsite environmental laboratories. The laboratories participate in several commercial
inter-comparison programs in addition to an internal QC sample analysis program and
the analysis of client-introduced QC sample programs. The external programs may
include the Department of Energy — Mixed Analyte Performance Evaluation Program
(MAPEP), Analytics Cross-Check Program - Environmental Inter-laboratory Cross-
Check Program, and Environmental Resources Association - Erivironmental
Radioactivity Performance Evaluation Program or other NRC-approved sources.

72 Airborne Pathway Monitoring:

The environmental sampling program is designed to achieve several major
objectives, including sampling air in predominant up-valley and down-valley wind
directions and at proper control locations, while maintaining continuity with two years
of preoperational data and all subsequent years of operational data (post 1972.) The
chosen air sampling locations are discussed below.

To assure that an unnecessarily frequent relocation of samplers will not be
required due to short-term or annual fluctuations in meteorology, thus incurring
needless expense and destroying the continuity of the program, long term, site specific
ground level D/Qs (five-year averages - 1978 through 1982) were evaluated in
comparison to the existing air monitoring locations to determine their adequacy in
meeting the above-stated objectives of the program and the intent of the NRC general
guidance. The long-term average meteorological data base precludes the need for an
annual re-evaluation of air sampling locations based on a single year’s meteorological
history.

The Connecticut River Valley in the vicinity of the Vermont Yankee plant has a
pronounced up- and down-valley wind flow. Based on five years of meteorological
data, wind blows into the 3 “up-valley” sectors (N, NNW, and NW) 27 percent of the
time, and the 4 “down-valley” sectors (S, SSE, SE, and ESE) 40 percent of the time, for
a total “in-valley™ time of 67 percent. This compares reasonably with the updated
meteorological data (2012 — 2016) where upper wind data frequencies for the up-valley
sectors (WNW, NW, NNW, N) account for 37 percent of the time, and the down-valley
sectors (ESE, SE, SSE, S) account for 33 percent of the time.
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Station AP/CF-12 (NNW, 3.6 km) in North Hinsdale, New Hampshire, monitors
the up-valley sectors. It is located in the sector that ranks fourth overall in terms of
wind frequency (i.e., in terms of how often the wind blows into that sector), and is
approximately 0.75 miles from the location of the calculated maximum ground level
D/Q (i.e., for any location in any sector, for the entire Vermont Yankee environs). This
station provides a second function by its location in that it also monitors North
Hinsdale, New Hampshire, the community with the second highest ground level D/Q
for surrounding communities, and it has been in operation since the preoperational
period.

The down-valley direction is monitored by the River Station Number 3-3
(AP/CF-11, SSE, 1.9 km). This station resides in the sector with the maximum wind
frequency and they bound the down-valley point of calculated maximum ground level
D/Q (the second highest overall ground level D/Q for any location in any sector).
Station AP/CF-11 is approximately one mile from this point, between it and the plant.
This station has been in operation since the preoperational period.

The control air sampler was located at Spofford Lake (AP/CF-21, NNE,
16.4 km) due to its distance from the plant and the low frequency for wind blowing in
that direction based on the long-term (five-year) meteorological history. Sectors in the
general west to southiwest direction, which would otherwise have been preferable due to
lower wind frequencies, were not chosen since they approached the region surrounding
the Yankee Atomic plant in Rowe, Massachusetts.

7.3  Distances and Directions to Monitoring Stations

It should be noted that the distances and directions for direct radiation
monitoring locations in Table 7.1, as well as the sectors shown in Figures 7-5 and 7-6,
are keyed to the center of the Reactor Building due to the critical nature of the Reactor
Building-to-TLD distance for close-in stations. .For simplicity, all other radiological
environmental sampling locations use the plant stack as the origin.

Control Table 3.5.1, Footnote a, specifies that in the Annual Radiological
Environmental Operating Report and ODCM, the reactor shall be used as the origin for
all distances and directions to sampling locations. Vermont Yankee interprets “the
reactor” to mean the reactor site which includes the plant stack and the Reactor
Building. The distances to the plant stack and Reactor Building will, therefore, be used
in the Annual Radiological Environmental Operating Reports and ODCM for the
sampling and TLD monitoring stations, respectively.
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Radiological Environmental Monitoring Stations”

Table 7.1

)

Exposure Pathway: Sample Location
and/or SamFIe and Designated Code®
Direction®
| 1. AIRBORNE (Particulate)
AP-11 River Station No. 3-3
AP-12  N. Hinsdale, NH
AP-21  Spofford Lake®

2. WATERBORNE

a. Surface

b. Ground”

c. Sediment
From
Shoreline
3. INGESTION
a. Deleted
b. Mixed

Grasses

c. Silage

d. Fish

WR-11
WR-21

WG-11
WG-12
WG-22

SE-11
SE-12

TG-11
TG-12
TG-21

TC-11
TC-18
TC-22

FH-11
FH-21

River Station No. 3-3
Rt. 9 Bridge®

Plant Well
Vernon Nursing Well
Copeland Well®

Shoreline Downriver
North Storm
Drain Outfail®

River Station No. 3-3
N. Hinsdale, NH
Spofford Lake®

Miller Farm
Blodgett Farm
Franklin Farm®

Vernon Pond
Rt. 9 Bridge®

Vermont Yankee Nuclear Power Station

VY 2018 ARERR

Distance

(km) >

1.88
3.61
16.36

1.88
11.83

0.24
2.13
13.73

0.57
0.13

1.88
3.61
16.36

0.82
3.60
9.73

(6)
11.83

SSE

NNE

Downriver
Upriver

On-Site
SSE
N

SSE
E

SSE
NNW
NNE

w
SE
WsSw

(6)

Upriver
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TABLE 7.1 (Continued)

Exposure Pathway Sample Location
and/or Sample and Designated Code®
Direction®

4, DIRECT RADIATION

DR-1 River Station No. 3-3
DR-2  N. Hinsdale, NH
DR-5 Spofford Lake®
DR-6 Vernon School

DR-7 Site Boundary

DR-8 Site Boundary
DR-43  Site Boundary
DR-45  Site Boundary
DR-46  Site Boundary
DR-53A West Cornfield

0 Sample locations are shown on Eigures 7.1t07.7.

Distance

ﬂ@)(s)

1.61
3.88
16.53
0.52
0.28
0.25
0.44
0.12
0.28
0.21

SSE

WSW

SSW

SSE

WSW

(2)  Station Nos. 10 through 19 are indicator stations. Station Nos. 20 through 29 are

| control stations (except the direct radiation stations).
(3) To be sampled and analyzéd semiannually.

(49)  Deleted

(5)  Distance and direction from the center of the Reactor Building for direct radiation

monitors; from the plant stack for all others.

(6)  Fish samples are collected from anywhere in Vernon Pond, which is adjacent to the

plant (see Figure 7-1).
(7)  Deleted.
8)  Deleted.

(9)  Control stations

Off-Site Dose Calculation Manual

Section 7
Rev. 38

Page 4 of 10

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

Page 178 of 401




0 0075 015 " 03 0.45

0.6

SE-11 FH-11

WT14 A
@ \ wr!w

wr-15 &
A

Environmental Sampling
Locations
In Close Proximity to Plant

RSCS

Banrree Fan HERE Gamtn, USCS imermap, INCREMENT P NRCan Eshi Japan
0.75  rong ko) Esr Kores Esn (Thatand] NGCC' o OpenSrbetMap
lles, o Usae Community

Figure 7-1 Environmental Sampling Locations in Close Proximity to the Plant

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

Off-Site Dose Calculation Manual

Section 7
Rev. 38
Page 5 of 10

Page 179 of 401




PUIWE Ml

i
¥

Hi
£
3
8§

3.6 4.5

rd
582§

i
H
i

i
t
i

iles’ Date: 10/1/2018

Figure 7-2 Environmental Sampling Locations Within 5 Km of Plant

Off-Site Dose Calculation Manual
Section 7

Rev. 38

Page 6 of 10

Vermont Yankee Nuclear Power Station

VY 2018 ARERR

Page 180 of 401




Entergy
Vermant Yankee

_:LL.
‘,.’"

Legend

@ Pom_stack

A Greater_than_5Km_of_Pant

—site_boundary

- 1) 1_Mse_Burer
 2_Mie_Buffer

[ 5_mte_suter

D 50_Mile_Compass

Environmental Sampling |
Locations |
Greater than SKm of Plant

RSCS

[ Srmtachon: HAD 1983 7911 Estefane Verment FIPE 4200 A US
Prowcson Tmawerse Mreste
'

0 125 25 5 75 10 125 i R
P -:-:::_Jﬂes ki CPOApo: 42008 Date: 10/1/2018

Figure 7-3 Environmental Sampling Locations Greater than 5 Km from Plant

Off-Site Dose Calculation Manual
Section 7
Rev. 38
Page 7 of 10
Vermont Yankee Nuclear Power Station
VY 2018 ARERR Page 181 of 401



- Entergy |
+ Vermont Yankee |
NE .

Legend

North Vemon 4 A In_Close_Proximity_to_Piant
WNW ENE @ rom_Tower

— gite_boundary

[0 1_mie_Buttor

\ 2_Mile_Bufter

o Rl

DR-46 E [T Features

a= [ i

WSwW DR-8

|

Thermoluminescent Dosimeter
Locations
In Close Proximity to Plant

sl RSCS

it}
l
i

;

i

i

L4
i

é Sairrps Fen WERE Garmin USGS intermap INCREMENT # NRCan Esh Japan, |
0 0075 015 0.3 0.45 06 0.75  tong Xorl3) Esn Korea, Esn (Thaiand| HGCG. = OpenSirietiap
il@Ss GIS Ushr Community N

i

i
i
ii

!
|

Date: 10/3/2018

H
i

Figure 7-4 TLD Locations in Close Proximity to Plant

Off-Site Dose Calculation Manual
Section 7
Rev. 38
Page 8 of 10
Vermont Yankee Nuclear Power Station

VY 2018 ARERR Page 182 of 401




N
‘+‘ Vermont Yankee
1

Legend

A Wnhin_5Km_of_Plant
@ Pur_steck

S sie_boundary

770 1_mane_suter

2_Mile_Bufter

) s_mie_sutrer

[] 50_mite_Compass

Thermoluminescent Dosimeter |
Locations |
within SKm of Plant

RSCS

Projeston NAD 1 EwePtrme
g "-“‘"-'
31 so0m

ibsl"' Scele Factor: 1 0008

O e——we—lles? | RS Date: 101172018

Figure 7-5 TLD Locations Within 5 Km of Plant

Off-Site Dose Calculation Manual
Section 7
Rev. 38
Page 9 of 10
Vermont Yankee Nuclear Power Station

VY 2018 ARERR Page 183 of 401




Legend
S A Grester_than_SKm_of_Plant
@ ront_stack

_— sile_boundary

10 1_vne_gutier
2_Mile_Bufler

8 5_Mile_Buffer
50

ENE )_Mile_Compass

ESE

Thermoluminescent Dosimeter
Locations

2 Greater than 5Km of Plant
u A

Gl T 'RSCS

i
ifi
:

i

0 125 25 5 75 10 125

n
|bs'~ | Lathogs O Ongin. 47

é[ - e’ oot US

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

Figure 7-6 TLD Locations Greater Than 5 Km from Plant

Off-Site Dose Calculation Manual
Section 7

Rev. 38

Page 10 of 10

Page 184 of 401




8.0

| 8.1

8.1.1

812

8.2

| 8.2.1

| 822

SETPOINT DETERMINATIONS

Chapter 8 contains the basis for plant procedures used to meet the setpoint
requirements of the Radioactive Effluent Instrumentation Controls. They are
Control 3.1.1 for liquids and Control 3.1.2 for gases. Each outlines the instrumentation
channels and the basis for each setpoint.

Deleted

Deleted

Deleted

Gaseous Effluent Instrumentation Setpoints

Control 3.1.2 requires that the radioactive gaseous effluent instrumentation in
Control Table 3.1.2 have their alarm setpoints set to ensure that Control 3.3.1 is not
exceeded.

Deleted

Deleted
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9.0 LIQUID AND GASEOUS EFFLUENT STREAMS. RADIATION MONITORS AND
RADWASTE TREATMENT SYSTEMS

Figure 9-1 shows the normal (design) radioactive liquid effluent streams, radiation
monitors, and the appropriate Liquid Radwaste Treatment System. Figure 9-2 shows the normal
(design) gaseous effluent systems, radiation monitors, and the appropriate Gaseous Radwaste
Treatment System. Figure 9-3 shows the normal subsurface shallow groundwater stream tube
configuration for the plant site. Figure 9-4 shows the normal subsurface deep groundwater
stream tube configuration for the plant site.

9.1 In-Plant Radioactive Liquid Effiuent Pathways

The Liquid Radwaste System has been modified for the permanently shutdown and
defueled SAFSTOR configuration. The installed plant Liquid Radwaste System has been
permanently isolated from the Liquid Waste Discharge line and replaced by a Liquid Waste
Processing System as shown in Figure 9-1. The Liquid Waste Processing System consists of
particulate filter(s) and demineralizers, a sample tank and pump with recirculation, neutralization
and sampling capabilities. The sample tank is filled from the Torus and/or Turbine Building
Intercepted Groundwater. Typically, water is processed through particulate filters and/or
demineralizers prior to filling the sample tank. The liquid wastes collected in the Sample Tank
are handled on a batch basis. Prior to discharge, the Sample Tank is recirculated and sampled as
required by Table 4.2.1 and the contents analyzed for radioactivity and water purity. A release is
allowed once it is determined that the activity in the liquid wastes will not exceed control release
limits. The Sample Tank is isolated from all inputs when discharging through the Liquid Waste
Discharge Line.

A discharge from the Sample Tank is accomplished by'ﬁrét isolating inputs, starting the
pump and opening the necessary valves. The release rate in the discharge line is between 0 and
100 gpm (typically 70 gpm) and discharge volume is monitored by the Liquid Waste Flow
Meter.

During discharge the Sample Tank is isolated from the Torus, Intercepted Groundwater
and processing system demineralizers and filters preventing the possibility of discharging
uncharacterized liquid wastes. The Liquid Waste Discharge Monitor (RM-17-350) has been
removed from service since pre-discharge sampling requirements and controls equivalent to
those required when the monitor was out of service have been permanently implemented. The
monitor is no longer required due to the low radioactivity of SAFSTOR liquids and the
simplified Liquid Waste Processing configuration. Discharge occurs to outfall S/N-001 in the
Connecticut River via the existing or a replacement liquid waste discharge line.

The Circulating Water System has been removed from service and permanently isolated
from the Discharge Structure preventing the possibility of a liquid release from this system. The
Circulating Water System Radiation Monitor (RM-17-359) has been removed from service.
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9.2 In-Plant Radioactive Gaseous Effluent Pathways

The gaseous radwaste system includes subsystems that dispose of gases from the station
ventilation exhausts.

The processed gases are routed to the plant stack for dilution and elevated release to the
atmosphere. '

The plant stack provides an elevated release point for the release of waste gases. Stack
drainage is routed to the liquid radwaste collection system through loop seals.

Particulate (HEPA) filters with flame suppressant prefilters are located at the exit side of
the delay pipe ahead of the moisture removal subsystem to remove radioactive particulates
generated in the delay pipe.

9.3 Subsurface Groundwater PathWay’s to the Connecticut River
9.3.1 Overview

As presented in the Hydrogeologic Investigation Report prepared by GZA GeoEnvironmental,
Inc. (See ODCM Reference Section) the overall direction of groundwater flow at the Vermont
Yankee plant site is towards the Connecticut River. Based on this understanding of site
hydrogeologic conditions, the groundwater discharge rates from the developed portion of the site
to the river, has been estimated using a steam tube approach based on Darcy’s Law.

9.3.2 Geology

The site geology consists of a discontinuous layer of engineered fill material underlain by
glaciolacustrine/glaciofluvial deposits. The total overburden thickness varies from
approximately 30 to 80 feet. The upper-most soil deposit is fill, generally consisting of silty
sand. Directly underlying the fill is an upper sand unit which consists of fine to medium sand
with various amounts of silt. This unit is underlain by a confining silt layer which appears fairly
continuous in areas east of the AOG Building (approximately 1 to 16 feet thick) but pinches out
towards the north. Groundwater flux towards the river through this silt unit is likely to be
negligible due to its low permeability. Consequently, the silt layer was not included in the
groundwater flux calculation presented herein. Below the silt layer and in the vicinity of the
Connecticut River, is a finer-grained lower sand unit. This lower sand deposit appears to be of
limited lateral extent, extending from approximately the intake structure southerly to the
discharge structure.
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The bedrock below the overburden is reported to be biotite gneiss. Pre-construction seismic
testing of the bedrock indicates that it is generally hard and massive. The depth of bedrock in the
release area, east of the AOG building, is approximately 55 to 80 feet below the plant grade of
approximately 251.5 ft NGVD, with bedrock generally sloping towards the river. Groundwater
movement through the bedrock in the vicinity of the river appears to be in an upward direction,
toward the river.

9.3.3 Streamtube Method

To estimate the groundwater flow through the developed area of the site containing systems,
structures and components (SSCs) which may carry radionuclides, a series of twelve streamtubes
in the shallow overburden and five streamtubes in the deep overburden were delineated. The
streamtubes show groundwater flow direction and were drawn perpendicular to the groundwater
contours, which were developed from synoptic groundwater elevation data collected on
December 15, 2010. The boundaries of the streamtubes represent groundwater flow lines, with
groundwater flow generally parallel to these lines within the streamtubes. Based on frequent
groundwater level measurements recorded in the monitoring wells at the site, the overall
groundwater flow pattern and hydraulic gradients do not vary significantly at the site, and thus
the location and shape of the streamtubes are anticipated to be relatively stable. The location and
configuration of these streamtubes are shown on Figures 9-3 and 9-4. In the shallow
overburden, stream-tubes were generally centered on individual downgradient monitoring wells
(perimeter wells) extending across the site from the off-gas stack (well GZ-27) southerly to
approximately the area of the discharge structure (well GZ-5). In the deep overburden,
streamtubes extend over the lateral extent of the lower sand deposit (from well GZ-18D
southerly to well GZ-19D), and were centered on the deep downgradient wells.

9.3.4 Cross Sectional Flow Area

The cross sectional area (A) of flow for each streamtube is based on the streamtube width and
the thicknesses of the saturated transmissive overburden units within the streamtube.’For the
shallow overburden streamtubes, the saturated thickness is estimated based on the difference
between the measured groundwater table elevation and the elevation of the bottom of the upper
sand unit depending on the specific geological conditions present within the screened portion of
the well. If a significant thickness of saturated fill is present, the cross sectional area must also
include the thickness of any saturated upper sand present under the fill. For the deep overburden
stream-tubes, the flow area was computed using the thickness of the fully saturated lower sand
unit.
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9.3.5 Hvdraulic Conductivity

As presented in the GZA’s May 2011 Hydrogeologic Investigation report, hydraulic conductivity
(K) testing was performed in monitoring wells at the Site to characterize the hydrogeologic
properties of the overburden soils. Based on this data, the geomettic mean K for each major
hydrogeologic unit is presented in Table 5.2 of the GZA report. These values, combined with

~. other input parameters presented herein, are used to calculate groundwater flow rates through
each streamtube. A summary of the geometric mean K values for each major hydrogeologic unit
is presented below.

“Hydrogeologic Unit | Geometric Mean K
- (flday)
~ Shallow Fill j 0.3
Overburden | Upper Sand (East of Power 4
Block)
Upper sand (North of Power 12
{ Block)
Deep Lower Sand . 1.2
Overburden
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9.3.6 Streamtube Parameters

A summary of selected streamtube parameters used to calculate groundwater flow rates (as
discussed further below) is presented in the following table:

- | Key Well within | Approximate Hydrogeologic Unit(s) | .- L
Streamtube e Sytreamtube. g&!’)idth (ft) | Pres)elnt_y_githing;tream(tlzbe' 1 K (fUday) ‘
Shallow Overburden Streamtubes. i
ST-18 GZ-278 76 Upper Sand — (North of 12
Power Block)
ST-2§ GZ-268 215 Upper Sand — (North of 12
Power Block)
ST-38 GZ-258 260 Upper Sand ~ (North of 12
Power Block)
ST-4S GZ-18 200 Upper Sand - (Norih of 12
: Power Block)
ST-58 GZ-18S 160 Fill 0.3
ST-68 . Fill v .03
GZ-138 50 Upper Sand — (East of 4
: Power Block)
ST-7S Fill 0.3
) GZ-238 85 Upper Sand — (East of 4
Power Block)
ST-88 Fill 0.3
GZ-38 85 Upper Sand — (East of 4
Power Block)
ST-9S8 Fill 0.3
GZ-14S 105 Upper Sand — (East of 4
_ Power Block)
ST-108 ~__Fill , 0.3
GZ-4S 90 Upper Sand — (East of 4
Power Block)
ST-11S Fill 0.3
GZ-19S 95 Upper Sand — (East of 4
Power Block)
ST-128 Fill 0.3
GZ-58 125 Upper Sand — (East of 4
Power Block)
Deep Overburden Streamtubes
_ST-1D GZ-18D 75 Lower Sand 1.2
ST-2D GZ-13D 100 Lower Sand 1.2
ST-3D GZ-22D 110 Lower Sand 1.2
ST-4D GZ-14D 110 Lower Sand 1.2
ST-5D GZ-19D 150 Lower Sand 1.2
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9.3.6 Hydraulic Gradient

For each streamtube, average hydraulic gradients (i) are calculated based on quarterly
groundwater elevation contours developed from quarterly groundwater level measurements in
the monitoring wells.

9.3.7 Calculated Groundwater Flow Rate

-Based on the above parameter estimates, the quarterly groundwater flow in each streamtube is

computed using the following form of the Darcy’s equation for fluid flow through porous media:

Q=KiA
Where
Q  =flow (f/day)
K = hydraulic conductivity (ft/day)
1 = hydraulic gradient (ft/ft) ‘
A = cross-sectional area of flow (width times depth) (ftz)

The quartetly groundwater flow rates are utilized to determine monthly estimates of flow rate for
the dose calculations required in Section 6 of the ODCM. The quarterly groundwater flow rates
are also averaged over the reporting year to account for variations in seasonal precipitation, and
thus the associated seasonal variation groundwater flux to estimate annual radiation doses. To
conservatively account for potential uncertainties and the heterogeneity inherent in geologic
materials such as those at the plant site, a factor of safety may be applied to the estimated flow to
provide a more conservative estimate for the groundwater flow through the subsurface.

N
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Figure 9.1: Radioactive Liquid Effluent Streams, Radiation Monitors, and Radwaste Treatment System at Vermont Yankee*

* Normal (design) radioactive process streams only are shown.
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Release to Atmosphere

Tritiui Sampler ~
Particulate Sampler

Building Ventilation (ihcluding Turbine Building) —

Containment Purge' —— | Plant Stack

Figure 9.2: Radioactive Gaseous Effluent Streams, Radiation Monitors, and Radwaste Treatment System at Vermont Yankec*

* Normal (design) radioactive process streams only are shown.
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DECEMBER 15,2010 SHALLOW OVERBURDEN WELLS

Figure 9.3: Subsurface Shallow Groundwater Streamtubes from the Plant Site to the Connecticut River

Vermont Mmmcr Station
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DECEMBER 15,2010 DEEP OVERBURDEN WELLS
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Figure 9.4: Subsurface Deep Groundwater Streamtubes from the Plant Site to the Connecticut River
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10.0 UNIQUE REPORTING REQUIREMENTS

10.1

Annual Radioactive Effluent Release Report

In accordance with 10CFR 50.36a, the Radioactive Effluent Release Report
covering the operation of the unit shall be submitted by May 15 of each year.

The Radioactive Effluent Release Report shall include a summary of the
quantities of radioactive liquid and gaseous effluents and solid waste released from the
unit as outlined in Regulatory Guide 1.21, Revision 1, June 1974, "Measuring,
Evaluating and Reporting Radioactivity in Solid Wastes and Releases of Radioactive
Materials in Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear Power
Plants," with data summarized on a quarterly basis following the format of Appendix B
thereof. For solid wastes the format for Table 3 in Appendix B of Regulatory
Guide 1.21 shall be supplemented with three additional categories: class of solid wastes
(as defined by 10CFR Part 61), type of container (e.g., LSA, Type A, Type B, Large
Quantity), and solidification agent or absorbent, if any.

In addition, the Radioactive Effluent Release Report shall include an annual
summary of hourly meteorological data collected over the previous year. This annual
summary may be either in the form of an hour-by-hour listing on magnetic tape of wind
speed, wind direction, atmospheric stability, and precipitation (if measured), or in the
form of joint frequency distributions of wind speed, wind direction, and atmospheric
stability.” This same report shall include an assessment of the radiation doses due to the
radioactive liquid and gaseous effluents released from the unit during the previous
calendar year. The Radioactive Effluent Release Report shall also include an
assessment of the radiation doses from radioactive effluents to member(s) of the public
due to any allowed recreational activities inside the site boundary during the previous
calendar year. All assuiptions used in making these assessments (e.g., specific
activity, exposure time and location) shall be included in these reports. The assessment
of radiation doses shall be performed in accordance with the Off-Site Dose Calculation
Manual (ODCM).
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~ With the limits of Control 3.4.1 being exceeded during the calendar year, the
Radioactive Effluent Release Report shall also include an assessment of radiation doses
to the likely most exposed real member(s) of the public from reactor releases (including
doses from primary effluent pathways and direct radiation) for the previous calendar
year to show conformance with 40CFR190, Environmental Radiation Protection
Standards for Nuclear Power Operation.

The Radioactive Effluent Release Report shall include a list and description of
unplanned releases from the site to site boundary of radioactive materials in gaseous
and liquid effluents made during the reporting period.

With the quantity of radioactive material in any outside tank exceeding the limit
of Section 4 of the Decommissioning Safety Analysis Report, describe the events
leading to this condition in the next Radioactive Effluent Release Report.

If non-fucntional radioactive liquid effluent monitoring instrumentation is not
returned to functional status prior to the next release pursuant to Note 4 of Control
Table 3.1.1, explain in the next Radioactive Effluent Report the reason(s) for delay in
correcting the inoperability.

If non-functional gaseous effluent monitoring instrumentation is not returned to
functional status within 30 days pursuant to Note 5 of Control Table 3.1.2, explain in
the next Radioactive Effluent Release Report the reason(s) for delay in correcting the
inoperability. '

With a land use census identifying one or more locations which yield at least a
20 percent greater dose or dose commitment than the values currently being calculated
in Control 4.3.3, identify the new location(s) in the next Radioactive Effluent Release
Report.

Changes made during the reporting period to the Process Control Program
(PCP) and to the Off-Site Dose Calculation Manual (ODCM), shall be identified in the
next Radioactive Effluent Release Report.
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10.2 Environmental Radiological Monitoring,

The Annual Radiological Environmental Operating Report covering the
operation of the unit during previous calendar year shall be submitted by May 15th of
each year.

The report shall include summaries, interpretations, and an analysis of trends of
the results of the radiological environmental surveillance activities for the report period.
The material provided shall be consistent with the objectives outlined in the ODCM and
in 10CFR 50, Appendix I, Sections IV.B.2, IV.B.3, and IV.C.

The Annual Radiological Environmental Operating Report shall include
summarized and tabulated results of all radiological environmental samples taken
during the report period pursuant to Table 7-1 and Figures 7-1 through 7-6. In the event
that some results are not available for inclusion with the report, the report shall be
submitted noting and explaining the reasons for the missing results. The missing data
shall be submitted as soon as possible in a supplementary report.

With the level of radioactivity in an environmental sampling media at one or
more of the locations specified in Control Table 3.5.1 exceeding the reporting levels of
Control Table 3.5.2, the condition shall be described in the next Annual Radiological
Environmental Operating Report only if the measured level of radioactivity was not the
result of plant effluents. With the radiological environmental monitoring program not
being conducted as specified in Control Table 3.5.1, a description of the reasons for not
conducting the program as required and the plans for preventing a recurrence shall be
included in the next Annual Radiological Environmental Operating Report.

The Annual Radiological Environmental Operating Report shall also include the
results of the land use census required by Control 3.5.2. A summary description of the
radiological environmental monitoring program including a map of all sampling
locations keyed to a table giving distances and directions from the reactor shall be in the
reports. If new environmental sampling locations are identified in accordance with
Control 3.5.2, the new locations shall be identified in the next Annual Radiological
Environmental Operating Report.

The reports shall also include a discussion of all analyses in which the LLD
required by Control Table 4.5.1 was not achievable.

The results of license participation in the intercomparison program required by
Control 3.5.3 shall be included in the reports. With analyses not being performed as
required by Control 3.5.3, the corrective actions taken to prevent a recurrence shall be
reported to the Commission in the next Annual Radiological Environmental Operating
Report.
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10.3  ISESI Reporting Requirements

In accordance with 10CFR72.44(d)(3), the Annual Independent (Interim) Spent
Fuel Storage Installation Radioactive Effluent Control Program Report
(AISFSIRECPR) will be generated and issued by February 28™ of each year.

Since it has been determined by Holtec International in their Final Safety
Analysis Report (Reference I) that the Holtec HI-STORM 100 Cask System does not
create any radioactive materials or have any radioactive waste treatment systems,
specific operating procedures for the control of radioactive effluents are not required.
Specification 3.1.1, Multi-Purpose Canister (MPC), provides assurance that there are no
radioactive effluents from the SFSC.

In light of the information presented in the previous paragraphs, the
AISFSIRECPR, to be issued by February 28™ of each year, shall state that no
radioactive effluents were discharged from the Independent (Interim) Spent Fuel
Storage Installation and therefore no ISFSI-specific monitoring program is in place at
Vermont Yankee and there are no ISFSI-specific data to report for the previous calendar
year reporting period.

10.4  Special Reports

Special reports shall be submitted to the Director of the Office of Inspection and
Enforcement Regional Office within the time period specified for each report.

10.4.1 Liquid Effluents (Controls 3.2.2 and 3.2.3)

With the calculated dose from the release of radioactive materials in liquid
effluents exceeding any of the limits of Control 3.2.2, prepare and submit to the
Commission within 30 days a special report which identifies the cause(s) for exceeding
the limit(s) and defines the corrective actions taken to assure that subsequent releases
will be in compliance with the limits of Contro] 3.2.2.

With liquid radwaste being discharged without processing through appropriate
treatment systems and estimated doses in excess of Control 3.2.3, prepare and submit to
the Commission within 30 days a special report which includes the following
information:

(1)  explanation of why liquid radwaste was being discharged without
treatment, identification of any non-functional equipment or subsystems,
and the reasons for the non-functionality;

(2)  action(s) taken to restore the non-functional equipment to functional
status; and

3) summary description of action(s) taken to prevent a recurrence.
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10.4.2

104.3

1044

10.4.5

Gaseous Effluents (Controls 3.3.2, 3.3.3, 3.3.4 and 3.3.5)

With the calculated dose from the release of tritium and/or radionuclides in
particulate form exceeding any of the limits of Control 3.3.3, prepare and submit to the
Commission within 30 days a special report which identifies the cause(s) for exceeding
the limit(s) and the corrective action(s) taken to assure that subsequent releases will be
in compliance with the limits of Control 3.3.3.

Total Dose (Control 3.4.1)

With the calculated dose from the release of radioactive materials in liquid or
gaseous effluents exceeding the limits of Control 3.4.1, prepare and submit to the
Commission within 30 days a special report which defines the corrective action(s) to be
taken to reduce subsequent releases to prevent recurrence of exceeding the limits of
Control 3.4.1 and includes the schedule for achieving conformance with these limits.
This special report, required by 10CFR Part 20.2203(a)(4), shall include an analysis that
estimates the radiation exposure (dose) to a member of the public from station sources,
including all effluent pathways and direct radiation, for the calendar year that includes
the release(s) covered by this report. It shall also describe levels of radiation and
concentrations of radioactive material involved, and the cause of the exposure levels or
concentrations. If the estimated doses exceed any of the limits of Control 3.4.1, and if
the release condition resulting in violation of 40CFR Part 190 has not already been
corrected, the special report shall include a request for a variance in accordance with the
provisions of 40CFR Part 190. Submittal of the report is considered a timely request,
and a variance is granted until staff action on the request is complete.

Radiological Environmental Monitoring (Control 3.5.1)

With the level of radioactivity as the result of plant effluents inan
environmental sampling media at one or more of the locations specified in-Control
Table 3.5.1 exceeding the reporting levels of Control Table 3.5.2, prepare and submit to
the Commission within 30 days from the receipt of the Laboratory Analyses a special
report which includes an evaluation of any release conditions, environmental factors or
other factors which caused the limits of Control Table 3.5.2 to be exceeded. This report
is not required if the measured level of radioactivity was not the resuit of plant
effluents, however, in such an event, the condition shall be reported and described in
the Annual Radiological Environmental Operating Report.

Land Use Census (Control 3.5.2)

With a land use census not being conducted as required by Control 3.5.2,
prepare and submit to the Commission within 30 days a special report which identifies
the reasons why the survey was not conducted, and what steps are being taken to correct
the situation.
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10.5 Major Changes to Radioactive Liquid. Gaseous. and Solid Waste Treatment Systems’

Licensee-initiated major changes to the radioactive waste systems (liquid,

gaseous, and solid):

A

Shall be reported to the commission in the Radioactive Effluent Release
Report for the period in which the evaluation was reviewed by the
Independent Safety Review (ISR). The discussion of each change shall
contain:

L.

A summary of the evaluation that led to the determination that
the change could be made in accordance with 10CFR Part 50.59;

Sufficient detailed information to support the reason for the
change without benefit of additional or supplemental

information;

A detailed description of the equipment, components, and
processes involved and the interfaces with other plant systems;

An evaluation of the change, which shows the predicted releases
of radioactive materials in liquid and gaseous effluents and/or
quantity of solid waste that differ from those previously predicted
in the license application and amendments thereto;

An evaluation of the change, which shows the expected
maximum exposures to member(s) of the public at the site
boundary and to the general population that differ from those
previously estimated in the license application and amendments
thereto;

A comparison of the predicted releases of radioactive materials,
in liquid and gaseous effluents and in solid waste, to the actual
releases for the period prior to when the changes are to be made;

An estimate of the exposure to plant operating personnel as a
result of the change; and

Documentation of the fact that the change was reviewed and
found acceptable by ISR.

Shall become effective upon review and acceptance by ISR and approval

; by the Senior Manager, Production.

*¥] jcensee may choose to submit the information called for in this reporting requirement as part of the annual FSAR

update,
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APPENDIX B

Approval of Criteria for Disposal of Slightly Contaminated

Septic Waste On-Site at Vermont Yankee

Revision Date _3/2/90

2.

B-1
VY 2018 ARERR Page 203 of 401




UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

August 30, 1989

Docket No. S0-271

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 | and Attachment II.
(b) Final Environmental Statement 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 licensee) submitted an application for disposal of licensed material on
site. This disposal was not previously considered by the staff in the Vermont
Yankee 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 NRC staff considered the potential effects on the environment of
Ticensed 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 background 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. HWe
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 on the environment and the general population in
comparison to normal background radiation.

LAI[i In conclusion, we find the licensee's procedutes with commitments as
8551} documented eference (a) to be acceptable, provided that reference (a) s
ggrmanently 1ncorporated into the licensee’s Offsite Dose Calculation Manual
A di (a) be reported

to NRC in_accordance with licensee commitments regarding 0OCM changes.

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

Sincerely,
- ¢
_ VoS B Frertdo
Morton B. Fairtile, Project Manager
Project Directorate 1-3 Division of

Reactor Projects I/I1 Office of
Nuclear Reactor Regulation

cc: See next page
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Mr. L. A. Tremblay

ce:

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
Poliution

Hi11 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 Allendale Road

King of Prussia, Pennsylvania 19406

R. K. Gad, III

Ropes & Gray

225 Franklin Street

Boston, Massachusetts 02110

Mr. W. P. Murphy, Vice President
and Manager of Operations

Vermont Yankee Nuclear Power Corporation

R.D. 5. Box 169
Ferry Road
B8rattlieboro, Vermont 05301

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

Public Service Board

State of VYermont

120 State Street
Montpelier, Vermont 05602
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G. Dean Weyman

Chairman, Board of Selectman
Post Office Box 116

Vernon, Verimont 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.W.
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 Oepartment 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.

O0ffice 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
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Mr. L. A. Tremblay

ce:

Mr. Gustave A. Linenberger,dr.
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

Dffice 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
Adjudicatory File (2)

Atomic Safety and Licensing Board Panel Docket

U.S. Nuclear Regulatory Commission
Washington, D.C. 205655

(25)
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VERMONT YANKEE
NUCLEAR POWER CORPORATION

Ferry Road, Brattieboro, VT 05301-7002

ENGINEERING OFFICE
580 MAIN STREEY
June 28, 1989 BOLTON, A 81740
BVY 89-59 {S08) 776711

United States Nuclear Regulatory Commission
Washington, DC 20555

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

Subject: Request to Routinely Dispose of Slightly Contaminated Septic Waste in
Accordance with 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 Tevel radioactive waste materials. Vermont Yankee Nuclear
Power Corporation (Vermont Yankee) hereby requests NRC approval of the proposed
procedures for the disposal of slightly contaminated septic waste generated at the
Vermont Yankee Nuclear Power Plant in Vernon, Vermont.

This application specifically requests approval to dispose of septic tank
waste, contaminated at minimal levels, which have been or might be generated
through the end of station operations at the Vermont Yankee Nuclear Power
Plant. The proposed method of disposal is for the on-site land spreading in
designated areas in compliance with State of Vermont health code requirements
for septic waste., Disposal of this waste in the manner proposed, rather than
at a 10 CFR 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 radiocactivity levels. Disposal as radioactive
waste would require treatment of the biological aspects of the septage and
solidification to a stable waste form, thereby increasing the volume
substantially.

A radiological assessment and proposed operational controls, based upon the
continued on-site disposal of septic waste as presently contained in the
plant’s septic tanks, are detailed in Attachments 1 and 2. Based upon this
analysis, Vermont Yankee requests approval to dispose of septic tank waste
on-site by tand spreading in such a manner that the radioactivity
concentration 1imit in any batch of septage to be spread does not exceed
ane-tenth of the MPC values Tisted in 10 CFR 20, 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 léss
than one mrem/year (less than 5 mrem/year to an inadvertent intruder).
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United States Nuclear Regulatory Commission
June 28, 1989
Page 2

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

quarter of 1990.

We trust that the information contained in the submittal is sufficient;
however, should you have any questions or require further information

concerning this matter, please contact this office

Very truly yours,

VERMONT YANKEE NUCLEAR POWER CORPORATION

Robert W. Capstick, dJr.
Licensing Engineer

MSS/emd

Enclosures

cc: USNRC - Region I
USNRC - Resident Inspector, VTNPS
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ATTACHMENT 1
VERMONT YANKEE NUCLEAR POWER PLANT

APPLICATION FOR APPROVAL TO ROUTINELY DISPOSE OF
SEPTIC WASTE WITH MINIMAL LEVELS OF RADIOACTIVITY
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ATTACHMENT 1

VERMONT YANKEE NUCLEAR POWER PLANT

Application for Approval to Routinely.Dispose of
Septic Waste With Minimal lLevels of Radigcactivity

1.0 INTRODUCTION

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

!

2.0 MWASTE STREAM DESCRIPTION

v

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
jdentified 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 1ift 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

agallons of wastewater per day, The septic tank, shown in Figure {1, wil}

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 1ieu of the construction office
building (C0B) 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
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the design flow capacity to process 4,607 gallons of wastewater per day. The
system is typically loaded at approximately 2,500 gallons per day during
normal plant operations. Figure (3) indicates diagrammatically 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). HNo
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
radiocactive materials, which are below detection 1imits for radioactivity
releases from the RCA, are carried out of the control area on individuals and
accumutate in the septic waste collection tanks by way of floor wash water,
showeré. and hand washing. As a meéans 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 befaore 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 ' £l Sigma SgCilkguNetr
COB Sludge Cs-137 ' 10.3 £ 1.8
(June 8, 1988) Co-50 ‘ 45.4 % 3.1
Main Tank Sludge Mn-54 39.3 £ 4.3
(June 8, 1988) * Co-60 853.0 + 12.0
In-65 52.7 %+ 8.2
Cs-134 : 13.0 £ 2.2
Cs-137 120.7 £ 5.2
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The principle radionuclide is Cobalt-60, which accounts for 79% of the
plant related activity in the septage samples. In comparison to in-plant
smear samples taken for 10CFR61 waste characterizations, the septage sample
from the main tank correlates very close with the distribution of
radionuclides identified in-plant as shown below:

Relative Isotopic Dis;ributions

Isotope In-Plant Smears Main Tank Sludde
Mn-54 3.6% 3.6%
Co-60 81.5 79.1

In-65 3.8 4.9
Cs-134 0.4 1.2
Cs-137 10.3 11.2

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

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

Dan ~
LR

ior to identification of the piant-reiated rédioactivity in septage
waste, the COB holding tank was being pumped on the average of twice per week,
with the sludge and waste 1iquid 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 diéposal on the average of

twice per year.

L2
11

Revision _9 _ Date _3/2/90
B-11
VY 2018 ARERR Page 213 of 401




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 capacityl 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
radiolegical 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 1aborat6ry analyses of the
sludge layer taken from the bottom of the main tank, the average density of
the tank contents is approximately equal to that of water, with a wet-to-dry
ratio of 25.4 to 1. Hence, the weight of solids (M,,) being disposed of is
estimated, for purposes of this bounding dose assessment., to be approximately:

Weor = 14,950 [gall x 3,785.4 [cc/gall x 1073 [kg/cc])
x 0.30 [solids fraction] x (1/25.4) [dry/wet ratio]
~ 700 [kg] per pump-out of both tanks

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

3.0 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 app1icable state of Vermont health regulations
regarding disposal of séptic waste. 0Detaiis of the chemical and biological
controls necessary to Satisfy‘state health code requirements are provided in
Reference 5.

The septage will be spread or surface injected on land areas owned by
Vermont Yankee and situated within the plant’s site boundary. Transportation
of the septage waste to the disposal areas will involve pumping from one of
the septic waste collection tanks (i.e., main septic tank, COB holding tank,
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new replacement COB septic tank, or from any other on-site septic waste
collection point) into an enclosed truck-mounted tank. The enclosed tank
truck is used to prevent spillage while in transit to the disposal areas. The
septage will be transported to one of the two disposal sites designated for
land application for septage from Vermont Yankee, and applied at a fixed rate
based on either limitations imposed by the state of Vermont for heavy metals
or organic content of the waste, or on the radioactivity content such that
projected 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
d1sp95a1 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 jsotopic analyses of the répresentative samples will be
performed at the environmental Technical Specification lower 1imit of
detection (LLD) requirements for 1iquids (see Technical Specification Table
4.9.3) in order to document the estimatfon of radiological impact from septage
disposal.

The radionuclide concentrations and total radioactivity identified
in the septage will be compared to the concentration and total curie 1imits
established herein prior to disposal. The methodology and Timits 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 exposéd individual and inadvertent
intruder after Fhe 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 Radioactive Effiuent Release Report which is filed after January 1.
A1l exposures will be assessed utilizing the methodology described in
Attachment 2.

The established dose criteria requires that all applications of septage
within the approved designated disposal areas shall be limited to ensure the
dose to a2 maximally-exposed individual be maintained less than 1 mrem/year to
the whole body and any organ, and the dose to the inadvertent intruder be
maintained less than 5 mrem/year. The total activity based on the measured
radionuclide distribution for any single disposal plot is not expected to
exceed the following:

Maximum Accumulated
Radioactivity Allowed

Per Acre
Isotope Q'™ [uci}
Mn-54 , 1.4
Co-60 120.0
Zn-65 1.4
Cs-134 0.7
Cs-137 6.5

$a

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 1imit criteria will not be exceeded.
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The concentration of radionuclides in any tank of septic waste to be
disposed of will also be limited to a combined Maximum Permissible
Concentration of Water (MPC) (as listed in 10CFR, Part 20, Appendix B,
Table 11, ColumnIZ) ratio of less than or equal to 0.1.

For radiological control, each application of septage will be applied on
the designated land area by approved plant procedurée 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.

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

0  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).

0 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.

0 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 Timit the total
accumulation of radioactive 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 biologfca1
hazards. The application rate and acreage will be determined prior to each
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disposal operation. This will vary with the chemical composition 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 radionuciides 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 Timitations dfictated by chemical and
biological conditions. Dose guidelines, and concentration and activity
1imits, will be maintained within the appropriate values as detafled 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 Tand 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 Tieids Tocated on the Vermont
Yankee Nuclear Power Plant sfite, 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 1ink fence.
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Site A contains an approximate eight-acre parcel of usable land centered
approximately 2,200 feet northwest of the Reactor Building. Site B contains
about two acres and is centered approximately 1,700 feet south of the Reactor
Building. The usable acreage of both the north and south disposal flelds is
restricted to those areas which have no slopes greater than five percent to
1imit surfaée runoff. A radiological assessment based on the 1988 measured
radioactivity ¢oncentrations 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 1s given on Figure 4.

The sites are located along a glacial terrace on the west side of the
Connecticut River. This terrdce 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 withip the designated areas, or
50 feet if septage is injected directly into the soil.

Relief of the proposed disposal sites is low, with elevation ranging
between 250 feet and 265 feet (ms1). Mean water surface elevation of the
adjacent river is about 220 feet.

1

The topographic character of the site and surrounding area
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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 1s compatiblie with the proposed use
of the site for septic waste disposal.

4.2 Area Characteristics

4.2.1 Meteorology

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

Potentia) 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
tion 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 & series of
hydroelectric and flood-control dams including the Vernon Dam which is about
3,500 feet downstream of the site,
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A1l 1ocal streams drain to the Connecticut River and the site is in the
direct path of natural groundwater flow from the Jocal 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
(ms1): and, thus, well below the elevation of the proposed site which ranges
from about 250 to 265 feet (ms1). The 100-year flood level is based on
information presented in References (1) and (2).

Septage disposal by -means of land spreading on the proposed site will
have no adverse impact on area hydrology.

Further information about site hydrology is in Section 2.4 of the FSAR.‘
4.3 Mater Usade

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 bgating. 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 1-mile

radius of the site, FSAR Table 2.4.4 and Figure 2.4-1 chow water supplies

LA~ ] iy T e

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

There will be no impact on surface water usagé 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 disposal sites, it is highly unlikely
that the groundwater level will be within 3 feet of the disposal area surface
elevation. Prior to each application of septic waste to a disposal plot, the
groundwater level in nearby test wells will be determined and no application
will be ailowed if the groundwater level in the v1c1n1ty of the disposal plot
is found to be less than 3 feet.

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

The Vermont Yankee on-site wells provide water for plant use. This
supply is routinely monitored for radioactive contamination.

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

a hydraulic gradient of 0.11 ft/ft, and a soil porosity of 0.3. This analysis
conservatively assumed that the septage placed on the ground was immediately
avaitable to the groundwater. 1In 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 In-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.

JABLE 1

Radionuclide Travel Times

Retardation Travel Time
Radionuclide Half Life Coefficient - _to River
Co-60 5.3 years B60 961 years
Cs-137 30.2 years 173 193 years
Cs-134 2.1 years 173 193 years
In-65 244 days 3 1,224 days
Mn-54 312 days 3 ' 1,224 days

\

The radfological 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 1s 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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i 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.déTry.herd. No curtaiiment of this activity as a result of the low levels
‘ of radioactivity in septage will be necessary.

Utilization of the proposed sites for septic waste disposal will result
in no impact on adjacent land or properties because of the separation of the
disposal plots from off-site properties, the general movement of groundwater
toward the river and away from adjacent land areas, and the very low levels of
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 1imits imposed on septage spreading.
based on nutrient and heavy metal content, the amount of septage applied on
each of the proposed disposal piots will also be procedurally controlled to
insure doses are maintained within the stated 1imits. These limits are based
on NRC Nuclear Reactor Regulation (NRR) staff proposed guidance (described in
AIF/NESP-037, August 1986). The proposed dose criteria require that the
maximally exposed member of the general public receive a dose less than
1 mrem/year to the whole body or any organ due to the disposal material, and
less than 5 mrem/year to an inadvertent intruder.

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

(a) Standing on contaminated ground,

{b) Inhalation of resuspended radicactivity,
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(c) Ingestion of leafy vegetables,
(d) Ingestion of stored vegetables,
(£) Ingestion of‘meat. and

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

{b) The septic tanks are emptied every two to three years. (The
assumed practice is to pump septic tanks once per year. The
actual practice may be to pump septic tanks every two to three

years.)

{c}) 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

Isotope Concentration [pCi/kq dry] Content [Ci/tankful)
Mn-54 ) 1,348 9.436E-07
Co-60 23,060 1.614E-05
In-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)

(1)

(3

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 vegetabies grown on the disposal plots was conservatively
increased from 0.76 to 1.0 (at present no vegetable crops for direct
human consumption are grown on any of  the proposed disposal plots).

It is conservatively assumed that Vegmont Yankee relinquishes control of
the disposal sites after the fortieth pump-out (i.e., the above source
term applies also for the inadvertent intruder).

For the analysis of the impact after Vermont Yankee control of the sites
is relinquished, the radioactive material is plowed under and forms a
uniform mix with the top six inches of 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/Organ
Controlled by VYNPS 0.1 mrem/yr " Child/¥hole Body
(Maximum Exposed Individual) 0.2 mrem/yr Maximum Child/Liver
Uncontrolled 1.3 mrem/yr Adult/Whole Bady
(Inadvertent Intruder) 3.9 mrem/yr Maximum Teenager/Lung
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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
1isted below:

Pathway-Oependent Critical Organ Doses

\

Maximally Exposed Inadvertent Intruder
Individual/Organ Critical ‘Individual/Organ
(Child/Liver) {Teenager/Lung)
Pathway (mrem/year) ‘ (mrem/year)
Ground Irradiation 0.0576 1.16
Inhalation 0.00122 2.74
Stored Vegetables - 0.0913 0.00601
Leafy Vegetable 0.00467 - 0.00040
Mitk 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
1isted above is shown in the following table:

Isotopic Breakdown of Maximum Radiation Exposures

Radioactivity Exposure
Description. Isotope IuCi/2 Acres] [mrem/yr]
Buring Vermont Yankee Mn-54 2.831 0.000436
control of the Co-60 235.3 . 0.0559
disposal sites. in-65 . 2.801 0.0230
Maximally Exposed Cs-134 1.457 0.00231
Individual/Organ: Cs-137 92.59 0.118
Child/Liver
TOTAL 0.199
After Vermont Yankee Mn-54 2.831 0.0144
control of sites is Co-60 235.3 3.76
relinquished. In-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 3.9
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Of interest are also derjved 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: 5

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

Exposure
Isotope Individual/QOrgan - [mrem/yr-uCi/acre]
Mn-54 Adult/GE-LLI 3.74E-4
Co-60 Teenager/Lung 7.14E-4
In-65 Child/Liver 1.64E-2
Cs-134 Child/Liver 3.1BE-3
Cs-137 Child/Bone 2.66E-3

The calculational methodology and details of the radiological assessment
and proposed operational controls on total activity and concentration of waste
to be disposed are presented in Attachment 2.

5.0 RADIATION PROTECTION

The disposal operation will follow the applicable Vermont Yankee
procedures to maintain doses as low as reasonably achievable and within the
specified dose and release concentration criteria.
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FIGURE 3
POTABLE AND WASTE WATER FLOW
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(This attachment to Appendix B is incorporated into the ODCM by reference due
to size. A complete copy is on file with Vermont Yankee Document Control as
part of Correspondence Letter BVY 89-59.)

ATTACHMENT 2
VERMONT YANKEE NUCLEAR POWER PLANT

RADIOLOGICAL ASSESSMENT OF
ON-SITE DISPOSAL OF SEPTIC- WASTE:
and ‘
PROPOSED PROCEDURAL CONTROLS TO ENSURE

COMPLIANCE WITH RADIOLOGICAL LIMITS
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APPENDIX D

ASSESSMENT OF SURVEILLANCE CRITERIA
FOR GAS RELEASES FROM
WASTE OIL INCINERATION
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APPENDIX D

ASSESSMENT OF SURVEILLANCE CRITERIA FOR GAS
RELEASES FROM WASTE OIL INCINERATION

INTRODUCTION:

The Nuclear Regulatory Commission amended its regulations (10CFR20) in a Federal
Register Notice (Vol. 57, No. 235; page 57649 / Mondady, December 7, 1992) that
permitted the on-site incineration of contaminated waste oil generated at licensed
nuclear power plants without\the need to amend existing operating licenses. This
action will help to ensure that the 1imited capacity of licensed Tow level waste
disposa1‘facilities is used efficiently while maintaining releases from operating
nuclear power plants at levels which are "as Tow as reasonably achievable.”
Incineration of this class of waste must be in full compliance with the Commission’s
current regulations that restrict the release of radioactive materials to the
environment. Any other applicable Federal, State, or local requirements that relate
to the toxic or hazardous characteristics of the waste 0il would also have to be
satisfied.

Incineration of waste oil is to be carried out under existing -effluent limits,
recordkeeping and reporting requirements. Specifically, licensees must comply with.
the effluent release limitations of 10CFR Part 20, and Part 50; Appendix I. This
includes the site gaseous pathway dose and dose rate limits contained in the plant's
Technical Specifications (Section 3.8). The dose contribution to members of the
public resulting from the on-site incineration of contaminated waste oil must not
cause the total dose or dose rate from all effiuent sources to exceed the dose or
concentration 1imits imposed by 10CFRZ20, 10CFR50; Appendix I, and the Radiological
Effluent Technical Specifications (RETS). It is expected that the actual
contribution to public exposures caused by waste 0il burning will be a small
fraction of the site’s effluent 1imits, as well as a small portion of the total
releases from the site.

SOURCE DESCRIPTION

Contaminated waste o0il suitable for on-site incineration can be burned in the Waste
0i1 Burner located in the North Warehouse. The burner has its own exhaust stack
situated on the roof of the warehouse. However, due to the short height of the
exhaust stack above the rcof 1ine, this release point is considered to be a ground
level point source for modeling discharges to the environment. In addition, the
bui]diﬁg wake effects from the North Warehouse are assumed to-be independent of the
larger Turbine Hall/Reactor Building complex due to its distance from these main
structures. Consequently, the relatively small size of the North Warehouse Teads to
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meteorological dispersion factors that are conservative with respect to the
dispersion factors for the main plant structures.

The waste oil burner is rated to process oil at a 2 gal./hour from a 500 gallon day
tank. The offgas flow rate for the burner is rated as 199 cfm. This provides an
air to oil dilution during the incineration of 44,800. -

WASTE OIL SAMPLING/SURVEILLANCE REQUIREMENTS

The oil burner stack is not equipped with continuous air monitoring or sampling
capability for the direct determination of radiological effluent releases during the
incineration process. As a consequence, sampling and analysis of the waste of)
prior to its incineration is necessary to project the dose and dose rate
consequences of burning contaminated oil. Calculations of projected dose from the
incineration of total quantity of 0i) to be added to the Waste 0i1 Burn Day Tank for
gach series of burns will be performed in accordance with the methods in the ODCM
and compared to the accumulated site total dose for that period before initiation of
incineration. Dose rate determinations will be determined by averaging the
projected dose for the quantity of radioactivity determined to be present in the oil
over the expected duration of the burn necessary to incinerate the total volume to
be added to the Day Tank. Inherent in this determination.is the assumption that all
radioactivity found to be present in each batch of o0il1 will be released to the
atmosphere during the incineration. No retention of activity in the combustion
chamber is assumed in calculating the offsite radiological impact.

Normal sampling and analysis methods for gaseous release streams cannot be applied
directly to liquids (waste oil). Therefore, the sampling and analysis requirements
for 1iquids as identified in Technical Specification Table 4.8.1 shall be used to
determine the level of contamination in waste oil. The stated Lower Limits of
Detection (LLD) given on Table 4.8.1 provide assurance that undetectable Tevels of
contamination up to the LLD values will not result in a sjgnificant dose impact to
the maximum offsite receptor. If waste 011 was burned continuousiy for an entire
calendar quarter, and the radionuclides 1isted in the ODCM Dose Conversion Factor
Table 1.1-12 were assumed to be present in the oil at the LLD values specified in
 Technical Specification Table 4.8.1, the resultant maximum organ dose would amount
to only 0.28% of the ALARA quarterly 1imit of 7.5 mrem.

The principle Timitation in the incineration of waste oil is that the site release
1imits contained in RETS, and implemented by the ODCM methodology, stiall not be
exceeded. The use of the 1iquid LiDs on waste oil sample analyses provide
sufficient sensitivity to ensure that site dose limits will not be exceeded a&s a
consequence of burning slightly contaminated oil. ’
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APPENDIX F

APPROVAL PURSUANT TO 10CFR20.2002
FOR ONSITE DISPOSAL OF COOLING TOWER SILT-
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

June 18, 1997 [t~y i pur-peqmag il
NVY 97-85 fraﬁ CELY E.};‘;Ef
. i L
i, mzasr 5
Mr. Donald A. Reid ;
Vice President, Operations ey ’\.”PI“ S
Vermont Yankee Nuclear Power Corporation ool s
Ferry Road LAL /30, L2ro, (193

Brattleboro, VT 05301

SUBJECT: REVISED SAFETY EVALUATION - APPROVAL PURSUANT TO 10 CFR 20.2002
FOR ONSITE DISPOSAL OF COOLING TOWER SILT - VERMONT YANKEE NUCLEAR
POWER STATION (TAC NO. M96371)

Dear Mr. Reid:

By letter dated August 30, 1995, Vermont Yankee Nuclear Power Corporation
(VYNPC) requested approval, pursuant to 10 CFR 20.2002, for the onsite
disposal of slightly contaminated silt material removed from Vermont Yankee
Nuclear Power Station’'s (Vermont Yankee’s) cooling towers. In a safety
evaluation (SE) dated March 4, 1996, the NRC staff approved the proposed silt
disposal. However, because of discrepancies VYNPC identified between the
safety evaluation and VYNPC’s letter of August 30, 1995, VYNPC postponed
implementation of the silt disposal until resolution of the discrepancies. By

" letter dated August 2, 1996, VYNPC informed the NRC staff of the discrepancies

and requested that the SE be revised accordingly. Recognizing the
discrepancies, the NRC staff has prepared the enclosed SE to resoive the
discrepancies and to replace the SE of March 4, 1996.

The NRC staff’s approval of VYNPC’s silt disposal request is granted provided
the enclosed replacement SE is permanently incorporated into Vermont Yankee's
0ffsite Dose Calculation Manual as an appendix. Any modification to the
proposed action that may be considered in the future must have prior NRC
staff approval '

Pursuant to the provisions of 10 CFR Part 51, the Commission has published in
the Federal Register an Environmental Assessment and Finding of No Significant
Impact (61 FR 6662).
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D. Reid -2 -

If you have any further questions regarding this matter, please contact
Mr. Kahtan Jabbour at (301) 415-1496.

Sincerely,

Patrick D. Milano, Acting Director
Project Directorate I-3
Division of Reactor Projects - I/I1
0ffice of Nuclear Reactor Regulation
Docket No. 50-271
Enclosure: Safety Evaluation

cc w/encl: See next page
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Vermont Yankee Nuclear Power Vermont Yankee Nuclear Power Station

Corporation ) i
cc:
Mr. Peter LaPorte, Director
Regional Administrator, Region 1 ATTN: James Muckerheide
U. S. Nuclear Regulatory Commission Massachusetts Emergency Management
475 Allendale Road Agency
King of Prussia, PA 19406 400 Worcester Rd.
P.0. Box 1496
R. K. Gad, III Framingham, MA 01701-0317
Ropes & Gray
One International Place Mr. Raymond N. McCandiess
Boston, MA 02110-2624 Vermont Division of Occupational
and Radiological Health
Mr. Richard P. Sedano, Commissioner Administration Building
Vermont Department of Public Service Montpelier, YT 05602
120 State Street, 3rd Floor ,
Montpelier, VT 05602 Mr. J. J. Duffy
Licensing Engineer
Pubiic Service Board Vermont Yankee Nuclear Power
State of Vermont Corporation
120 State Street 580 Main Street
Montpelier, VT 05602 Boiton, MA 01740-1398
Chairman, Board of Selectman Mr. Robert J. Wanczyk
Town of Vernon Director of Safety and Regulatory
P.0. Box 116 Affairs
Vernon, VT 05354-0116 Vermont Yankee Nuclear Power Corp.
Ferry Road
Mr. Richard E. McCullough Brattleboro, VT 05301
Operating Experience Coordinator
Vermont Yankee Nuclear Power Station Mr. Ross B. Barkhurst, President
P.0. Box 157 Vermont Yankee Nuclear Power
Governor Hunt Road Corporation
Vernon, VT 05354 Ferry Road

Brattleboro, VT 05301
G. Dana Bisbee, Esq.

Deputy Attorney General ' Mr. Gregory A. Maret, Plant Manager
33 Capitol Street Vermont Yankee Nuclear Power Station
Concord, NH 03301-6937 P.0. Box 157

Governor Hunt Road
Resident Inspector Vernon, VT 05354

Vermont Yankee Nuclear Power Station
U.5. Regulatory Commission

P.0. Box 176

Vernon, VT 05354

Chief, Safety Unit
Office of the Attorney General

One Ashburton Place, 19th Floor
Boston, MA 02108
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASKINGTON, 0.C, 20583-0001

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

RELATED TO ONSITE DISPOSAL OF SLIGHTLY CONTAMINATED COOLING TOWER SILT

VERMONT YANKEE NUCLEAR POWER CORPORATION

VERMONT YANKEE NUCLEAR POWER STATION

DOCKET NO. 50-271

1.0 INTRODUCTION

By letter dated August 30, 1995, Vermont Yankee Nuclear Power Corporation
(VYNPC) requested approval for the onsite disposal of slightly contaminated
silt material removed from Vermont Yankee Nuclear Power Station's (Vermont
Yankee's) cooling towers. In a safety evaluation (SE) dated March 4, 1996,
the NRC staff approved the proposed silt disposal. However, because of
discrepancies between the SE and VYNPC’s letter of August 30, 1995, VYNPC
postponed implementation of the silt disposal until resolution of the
discrepancies. By letter dated August 2, 1996, VYNPC informed the NRC staff
of the discrepancies and requested that the SE be revised accordingly.
Recognizing the discrepancies, the NRC staff has prepared this SE to resolve
the discrepancies and to replace the SE of March 4, 1996.

2.0 BACKGROUND

VYNPC has previously obtained NRC staff approval of the onsite disposal of
very-low-level radioactive material similar to the proposed silt disposal. By
letter dated June 28, 1989, VYNPC proposed the onsite disposal of slightly
contaminated septic waste material by land application at Vermont Yankee. By
letter dated August 30, 1989, the NRC staff approved this request pursuant to
10 CFR 20.302 (now 10 CFR 20.2002). The NRC staff considered this
site-specific application Tor Vermoni Yankee to have insignificant
radiological impact because the proposed septic waste material disposal
involved 1licensed material containing less than 0.1 percent of the radioactive
material, primarily cobalt-60 and cesium-137, already considered acceptable in
the Final Environmental Statement (FES) of July 1972, and involved exposure
pathways much Tess significant than those in the FES. 1In addition, the
proposed septic waste material disposal satisfied the following applicable
boundary conditions for the disposal of 1icensed material:

a. The whole body dose to the hypothetical maximally exposed
individual must be Tess than 1.0 mrem/year.
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b. Doses to the whole body and any organ of an inadvertent intruder
from the probable pathways of exposure are less than 5 mrem/year.

c. The disposal must be at the same site.

Following the NRC staff’'s approval on August 30, 1989, VYNPC impiemented the
disposal of the contaminated septic waste material as proposed.

By letter dated August 30, 1995, VYNPC requested that the previous
authorization for the onsite disposal of very-low-level radicactive material
be amended to permit the onsite disposal of slightly contaminated sijlt
material, within the boundary conditions of the previously approved septic
waste material disposal.

3.0 EVALUATION

In its letter of August 30, 1995, VYNPC stated that the proposed silt disposal
method is the same as the previously.approved septic waste disposal method,
and utilizes land spreading in the same onsite areas approved for septic waste
disposal. The volume of silt proposed for onsite disposal consists of

14,000 cubic feet (396 cubic meters) accumulated through August 1995 plus
approximately 4,000 cubic feet (113 cubic meters) to be removed from the
cooling towers during each 18-month operating cycle. The activity contained
in the currently accumulated silt, based on samples taken by VYNPC in

June 1995, is 0.193 millicuries, principally from 0.034 millicuries of
cobalt-60 and 0.1592 millicuries of cesium-137. The activity contained in the
additional silt to be removed from the cooling towers each 18-month operating
cycle is anticipated to be 0.059 millicuries, principally from ‘

0.012 miilicuries of cobalt-60 and 0.047 millicuries of cesium-137.

VYNPC's radiological assessment enclosed with its August 30, 1995, letter
demonstrates that the combined radiological impact for all onsite disposal
operations, the proposed disposal of silt and the previously approved disposal
of septic waste material, will continue to meet the applicable boundary
conditions (given above) for the disposal of licensed material. Therefore,
the proposed onsite disposal of s]ight1y contaminated silt is acceptable.

: s ’ n 100 1L & ndda Mismaca
As discussed in VYNPC’s letter of August 2, 1996, if the onsite disposal of

cooling tower silt or septic waste material would result in exceeding the
applicable boundary conditions (given above), then VYNPC must obtain prior
NRC staff approval of the disposal. In addition, VYNPC made the following
commitments:

a. VYNPC will report in the Annual Radiological Effluent Release
Report a 1ist of the radionuclides present and the total

radioactivity associated with the onsite disposal activities at
Vermont ‘Yankee.
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b. VYNPC will maintain records of radionuclide concentrations and
total activity associated with onsite disposal activities at
Vermont Yankee in accordance with 10 CFR 50.75(g).

4.0 CONCLUSION

The NRC staff finds that the radiological conditions at the Vermont Yankee
site (see attachment) that would result from the onsite disposal of slightly
contaminated silt material, as proposed by VYNPC pursuant to 10 CFR 20.2002,
and the previously approved onsite disposal of slightly contaminated septic
waste material, are within the applicable boundary conditions (given above)
for the disposal of licensed material. Therefore, the proposed onsite
disposal of slightly contaminated silt removed from Vermont Yankee's cooling
towers is acceptable.

VYNPC is required to permanently incorporate this SE into the Vermont Yankee
0ffsite Dose Calculation Manual as an Appendix to document the the radioactive
material onsite disposal activities approved for Yermont Yankee, and VYNPC's
related commitments regarding reporting and record keeping. Any additional
modification of VYYNPC’s disposal activities which go beyond those proposed in
the August 30, 1995, submittal, and are not addressed above must have prior
NRC staff approval. In addition, any onsite disposal of cooling tower siit or
septic waste material that would result in exceeding the applicable boundary
conditions (given above), must also have prior NRC staff approval.

Principal Contributors: J. Minns
D. Dorman
C. Harbuck
Date: June 18, 1997

Attachment: Vermont Yankee Site Area Map
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VERMONT YANKEE RESPONS B".ﬂY

NUCLEAR POWER CORPORATION LAY (o Crosed
Ferry Road, Bratlieboro, VT 05301-7002
ENGINEE;;W% OFFICE
$80 MAIN STREET
BOLYON, MA 01740
{508) 7796711

August 30, 1995
BVY 95-97

United States Nuclear Regulatory Commission .
Washingtop, DC 205556

ATTN: Document Control Desk

References: (1} License No. DPR-2B (Docket No. 50-271)

(2) Letter from R. W. Capstick, Vermont Yankee, to USNRC, "Request to
Routinely Dispose of 51ightly 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
$1ightly Contaminated Septic Waste on Site at Vermont Yankee (TAC
No. 73776)", dated August 30, 1989.

Subject: Request to Amend Previous Approval Granted Under 10 CFR 20.302(a) for
Disposal 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
contaminated septic waste on site at Vermont Yankee by expanding the allowable waste
stream to include slightly contaminated Cocling Tower silt material.

This application specifically requests approval to dispose of Cooling Tower silt deposits,
contaminated at minimal Tevels, which have been or might be generated through the end of
station operations at the Vermont Yarikee 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 disposal method utilizes on site land spreading in the same
designated areas used for septic waste. Disposal of this waste in the manner proposed,
rather than holding 1t for future disposal at a 10CFR Part 61 licensed facility when
access to one becomes available, will save substantial costs and valuable disposal site
space for waste of higher radioactivity levels. ’

4

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 si1t removed from the cooling towers during normal
maintenance will not exceed the dose 1imits already imposed for septic waste disposal.

The combined radiological impact for all on site disposal operations shall be limited to a
total body or organ dose of a maximally exposed member of the publi¢ of less than one
mrem/year during the period of active Vermont Yankee control of the-site, or less than
five mrem/year to an inadvertent intruder after termination of active site 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
amendment.

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

LAl | We trust that the information contained in the submittal is sufficient, however, should
1044 | you have any questions or require further information concerning this matter, please
Closed| contact this office.

Sincerely,

VERMONT YANKEE NUCLEAR POWER CORPORATION
Y /"é f~,4;£;“
..,'-f. "(!?. P o

_/”' Vi drs

James J. Duffy
Licensing Engineer

Enclosures A & B
c: USNRC Region I Administrator (Letter and Enclosure A)

USNRC Resident Inspector - VYNPS (Letter and Enclosure A)
USNRC Project Manager - VYNPS (Letter and Enclosure A)
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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 incorporated into the plant’s Offsite Dose
Calculation Manual (ODCM). Revision 9 to the OBCM (Appendix B} incorporated
the assessment,and approval of the methods utilized for on-site disposal of
slightly contaminated sewage sludge.

In addition to the previously identified solids content of septic waste as a
source of environmental, low level radiocactive 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 identified
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 Timits.

This assessment of silt disposal expands the original septic waste disposal
assessment to include earthen type materials (cooling tower silt deposits)
while maintaining the original radiological assessment modeling and dose 1imit
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 1imit criteria as previously approved for
septic waste in Appendix B to the Vermont Yankee ODCM. Implementation of the
following commitments as an amendment to the original 10 CFR
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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. The 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-siudging 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 Tower
1imits of detection requirements, as contained in Technical Specification
Table 4.9.3., has identified Cobalt-60 and Cesium-137 in low concentrations as
being present in silt collected in 1993.

The cooling towers are lTocated 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
radionuclides 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 towers as a heat exchange medium. The cooling water flow provides
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 X
radioactivity removed from the air flow could buitdup to measurable levels in
silt that settles out in the basins at the bottom of the towers.

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

Cooling Tower Silt Radiocactivity
(1993 samples*)

\

Sample # Co-60 Cs-137
(pCi/kg dry) ' (pCi/kg dry)
G12759 53 144
G12758 72 172
G12757 {14 201
612756 17 245
G12755 73 206
G12754 {16 ’ 165
G12753 27 240
G12752 79 181
G12751 <29 180
G12750 35 107
G12749 59 171
612748 <19 205
G12747 {38 209
612746 <7 218
G12745 50 241
612744 40 220
612743 : 68 264
Q12742 45 195
G12724 71 115
612723 104 264
G13940 126 218
Average: 50 198
Max. A 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.
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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 with
plant operations when measured in the near environment. However, Cesium-137
when measured in the environment may have a background component that is not
related 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 Environmental
Monitoring Program has shown that Connecticut River sediment in the vicinity
of Vermont Yankee averages about 123 pCi/kg (dry wt.) of Cesium-137 (Table 2)
with no plant related detectable level of Cobalt-60. The value of 123 pCi/kg
may represent an estimate of background level of Cesium-137 in sediment that
would be subject to entrainment in cooling water flow that enters 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 observed 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 conservatively 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 muitiplying this volume by its "as is" density of

2.1 gm/cc (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 radjoactivity
concentrations for Cobalt and Cesium would be the same as in the collected
silt. Multiplying the average Cobalt-60 and Cesium-137 concentration 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,
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Table 2

Cesium=137 in

Connecticut River Sediments*

Cs-137
Date (pCi/kg dry)
05/24/94 61
10713/93 85
06/02/93 60
10/15/92 137
05/20/92 176
10/24/91 178
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: 132
Max. 230
Min. 60
Standard deviation: 56

* Samples collected as part of the Vermont Yankee Radiological Environmental
Monitoring Program (REMP) for rivgr sediment sample location SE-11.
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Table 3

Estimated Total Radioactive Material for 1993 Tower Clean-Qut

Volume of Mass Average Total Act. Decayed Act.

Silt Concentration (as of 11/93) (as of 6/95)
(ft3) (kg? (pCi/kg) (uCi) (uC1)
Co-60 14,000 8.32E+5 50 / 4?2 34
Cs-137 14,000 8.32E+5 198 165 159

In addition to 14,000 cubic feet of silt already accumulated, it is
anticipated 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 radioactivity concentration that was originally observed, the
additional amounts of radioactivity that will require on site disposal
following each refueling cyclie can also be estimated. Table 4 1ists an
estimate of the total radioactivity 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
Silt Concentration Activity
(ft3) (kg) (pCi/kg) (uCi)
~ Co-60 4,000  2.38E+5 50 12
Cs-137 4,000 2.3BE+5 198 57
8
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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 radiological dose
impact shall also be made based on the same models and pathway assumptions as
indicated 1n Appendix B of the ODCM.

3.1 §Silt Disposal Procedure Requirements:

Gamma isotopic analysis of siit 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 reguired to achieve the environmental lower Timits
of detection as indicated for sediment on Table 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 analyses. 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
operations.

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 Yermont Yankee
control period) be maintained less than 1 mrem/year to the whole body and any
. prgan, 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.
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The 1imits 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 quantities of
relatively high concentration material. This limitation does not directly -~
apply to silt deposits since the silt is handled as dewatered sediments as
opposed to liquid slurries of septic waste. ‘

For dry, earthen type material such as silt, a specific radionuclide
concentration limit shall be applied in place of the septic waste 1iquid MPC
ratio. No soil associated with a sample analysis that identifies a
plant-related radionuclide in excess of the concentration 1imits 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 radionu¢lide divided by its limiting
concentration value shall be added with the sum of all fractions equal to or
less than 1. This Timiting condition will prevent smail volumes of relatively
high specific radfoactivity from being spread on the disposal plots, and
therefore reduce the potential for creating unexpected hot spots of
concentrated material.

Table 5 1ists, by rédionuc]ide, soil concentration values that would generate
an annual external effective dose eguivalent 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 are 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 Yimited. Twenty-five
mrem/year was selected as a reference value based on the fact that it was a
suitable fraction of the NRC annual dose 1imit (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 1imit 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).

10
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Table 5

Dry Soil Maximum Concentration Values

Soil Concentration
pCi/kg

Radionuclide (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
Co-60 1.82E+03
In-65 7.85E+03
ir-95 6.18E+03
Ag-110m 1.66E+03
Sb-124 2.51E+03
Cs-134 2.95E4+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 cm, soil density at 1.625E+06 gm/m3 and

external direct dose pathway only with a 100% occupancy factor.
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3.2 Administrative Procedure Reguirements:

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
inciude 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 1imits 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 material
on the designated disposal plots.

The periodic disposal of silt on each of the approved land spreading areas
will be Timited to within the same established dose and radioactivity criteria
that have been approved for septic waste disposal.

Concentration limits that are applied to the disposal of earthen type
materials (dry soil) shall restrict the placement of small volumes of material
that have relatively high concentrations of radioactivity such that direct
exposure could not exceed a small proportion (25%) of the annual dose 1imits
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 appticable 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
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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 thé Reactor
Building., Site B consist of approximately 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 1imit criteria.

Since the residual organic and inorganic solids associated with river sediment
(silt) are similar to the sand and residual organic material remaining after
decomposition of septic waste that is removed from the plant’s septic tanks,
the conclusions of no significant environmental (non-radiological) impact
associated with the dispdsa] 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 controlied to insure doses are maintained
within the prior approved-limits (Reference 1). These 1imits are based on

13
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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 iess 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
inadvertent intruder resulting from silt spreading, the same pathway modeling,
assumptions and dose calculation methods as approved for septic disposal are
used. These dose models implement 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 radiocactivity,
{c) Ingestion of leafy vegetables,
(d) Ingestion of stored vegetables,
(f) Ingestion of meat, and
(g9) 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 be exposed
to these pathways with the difference between them related to occupancy time.
The basic assumptions used in the radiological analyses 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 spent on a plot of land
(4 hours per week for 6 months),

(b) For the purpose of projecting and illustrating the magnitude of
dose impacts over the remaining 1ife of the plant, it is assumed that
the current concentration levels of activity detected in silt remain

14
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constant. Table 1 indicates the measured radioactivity levels for
Cobalt-60 and Cesium-137 first noted in silt material.

(c) 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.

The 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. Al1 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 uptake.

(f) The deposition on crops of suspended radioactivity is
insignificantly small.

(g) Pathway data and usage factors used in the analysis are the same as
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 no 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 Ticense expires in
2012 (i.e., the source term accumulated on a singie, 2-acre disposal
plot applies also for the inadvertent intruder).

cons
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(1) For the analysis of the impact after Vermont Yankee control of the
site is relinquished, the radioactive material is plowed under and forms
a uniform 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 accumulated
activity over the operating 1ife of the plant are documented in Attachment 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 Radioactivity Buildup Due to Silt Spreading

Nuclide Contribution Accumulation from Total Remaining
from initial 13 cycles at in year 2013
14,000 ft3 (uCi) 4,000 ft3/ea. (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

. ] s o el
silt material anticipated to be generated through the remainder of the

nnnnnnnn

operating license on a single, two-acre plot is provided on Table 7.

16
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Table 7

Dose Impact Due to Continued Spreading to End of License

Disposal Site Access Radfation Exposure Individual/0rgan
Controlled by VYNPS ‘ 0.228 mrem/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 2.41 mrem/yr max. child/bone

license termination)

The individual pathway contributions to the total dose due to continued silt
spreading aré shown on Table 8.

Table 8

Pathway-Dependent Critical Organ Doses

Maximally exposed Inadvertent Intruder
Individual/Organ Critical Individual/Organ
(Child/Bone) {Child/Bone)
Pathway (mrem/year) (mrem/year)
Ground Irradiation 0.0474 0.957
Inhalation 0.00814 0.685
Stored Vegetables 0.528 0.528
‘Leafy Vegetables 0.0265 0.0265
Milk Ingestion 0.201 0.201
Meat Ingestion 0.00833 0.00833
Total: . 0.82 2.41
17
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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

Radiocactivity Dose Percent of
Description Isotope (uCi/2 acres) {mrem/yr) total
During Cs-137 605.4 0.805 98.2
control of Co-60 65.1 0.0144 1.8
disposal 0.82
sites Max.
organ:
child/bone
Termination Cs-137 605.4 2.12 88.0
of disposal Co-60 65.1 0.29 12.0
site Max, 2.41
organ:
child/bone

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.

18
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Table 10

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

Disposal Site Access Radiation Exposure Individual/0Organ
Controlied by VYNPS (max. 0.064 mrem/yr adult/whole body
exposed individual in 1995) 0.219 mrem/yr max. child/bone
Uncontrolled by VYNPS 0.224 mrem/yr " adult/whole body
{inadvertent intruder after 0.393 mrem/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 continued
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 control period and 5 mrem/year after
termination of the license, and is expected to remain below the acceptance
criteria throughout the plant T1ife. If unexpected buildup of radioactivity in
future silt clean-out operations were to occur, the option for use of
alternate 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 prescribed

radiological guidelines noted above. The critical organ (worst case) and
whole body dose factors for all pathways on a per acre bases are

19
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given 'on Table 11 for periods during Vermont Yankee control of the disposal
site and on Table 12 for post control periods associated with the inadvertent
intruder scenario. The dose conversion factors have been éxpanded 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 radionuclides 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 Attachment II to
Reference 1. '

20
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Table 11

All-Pathway Critical Organ / Whole Body Dose Conversion Factors

During Vermont Yankee Control of Disposal Sites

Critical Organ
Dose Factor

Whole Body Dose

Factor

Nuclide Individual/0Organ (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
In-65 Child/Liver 1.64E-02 1.03E-02
ir-95 Teen/Lung 4.47E-04 1.34E-04
Agl110m Teen/GI-LLI 1.32€-02 5.24E-04
Sb-124 Teen/Lung 8.34E-04 3.54E-04
Cs-134 Child/Liver 3.18E-03 1.28E-03
Cs-137 Child/Bone 2.66E-03 7.02E-04
Ce-141 Teen/Lung " 1.54E-04 1.50E-05
Ce-144 Teen/Lung 6.00E-04 2.44E-05
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Table 12

Al1-Pathway Critical Organ / Whole Body Dose Conversion Factors

Post Vermont Yankee Control of Disposal Sites

anqdventent Intruder}

Critical Organ
Dose Factor

Whole Body Dose

Factor

Nuclide Individual/Organ {mreém/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/tLung 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/Lung 3.59E-02 9.53E-03
Sb-124 Teen/Lung 4.73E-02 7.04E-03
Cs-134 Child/Liver 1.21€-02 9.36E-03
Cs-137 Child/Bone 6.98E-03 3.85E-03
Ce-141 Teen/Lung 1.21€-02 3.44E-04
Ce-144 Teen/Lung 5.00E-02 1.52E-03
22
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5.0 RADIATION PROTECTION:

The disposal operation of silt material from the cooling tower basins will
follow the applicable Vermont Yankee procedures to maintain doses as low as
reasonably achievable and within the specific dose criteria as previously
approved for septic waste disposal (Reference 1).

6.0 CONCLUSIONS:

Sil1t collected from the cooling tower basins is an earthen type material that
is similar in characteristics to septic waste residual solids with respect to
the radiotogical pathway behavior and modeling and can be disposed of through
on-site land spreading on the same disposal plots as previously evaluated and
approved for septic waste disposal. The radiological assessment of low level
contaminated silt shows that the projected dose from the on-site periodic
spreading of this material will have no significant dose impact to members of
the public and can be maintained below the.approved dose Yimitations already
in place for septic waste.

23
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June 28, 1989 with Attachments I and I1).

(2) USNRC Regulatory Guide 1.109, Rev. 1; "Calculation of Annual Doses to Man
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Compiiance with 10 CFR Part 50, Appendix 1", dated October 1977.

(3) NUREG/CR-5512, Vol. 1, "Residual Radioactive Contamination From
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APPENDIX G

MAXIMUM PERMISSIBLE CONCENTRATIONS (MPCs)
IN AIR AND WATER ABOVE NATURAL BACKGROUND
TAKEN FROM 10CFR20.1 TO 20.602, APPENDIX B
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APPENDIX G

With the implementation of the revised Part 20 to Title 10 of the Code of
Federal Regulations (10CFR20.1001-20.2401), the Maximum Permissible
Concentrations (MPCs) that were part of the old 10CFR20 were replaced by a new
Appendix B to 10CFR20 for the 1imits that apply to effluents released to
unrestricted areas. However, MPC values were also used and accepted as
licensing conditions for the control of radiocactive materials in situations
other than those directly covered by the requirements of the regulations. One
example is the on-site disposal of septic waste which used the MPC values as
one criteria of acceptability for land spreading. Appendix B to the ODCM
references 10CFR20.1-20.601 Appendix B MPCs as concentration criteria for this
disposal option.

With the final publication of the revised 10CFR20.1001-20,2401, the original
MPC tables of the old 10CFR20 are no longer in print. As such, this appendix
to the ODCM is added to provide a reference source for the MPC values
contained in the original Appendix B to 10CFR20.1-20.601 for those conditions
that still refer to these requirements.
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MAXIMUM PERMISSIBLE CONCENTRATIONS (MPCs)

APPENDIX G

(FROM 10CFR20.1 TD 20.602, APPENDIX B)

APPENDIX B TO §520.1 - 20.602

COHCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table 1 Table I

Col. 1 Col. 2 col. 1 Col. 2

! Afr Water Alr Water
Element (atomic number) Isotopel (pCi/m1) | (uCi/m1) | (pCi/m1) | (pCi/ml)

Actinium (89) . +» . . . . | Ac 227 |s 2x10°12 6x10°5 Bx10°M4 | 2x107

11 3x10"11 9x1073 ox10™13 3x1074

Ac 228 s 8x1078 3x10°3 3x10°° 9x10°5

41 2x10°8 3x10°7? 6x10°10 9x10°%

Americium (95) . . . . . | Am 241 s o 6x10°12 1x1074 2x10°13 4x20°

1 1x1019 | 8x10% | 4x107%2 3x10°*

Am 242m 3 6x10°12 1x10°4 2x10713 4x1076

1 3x10°10 3x1073 9x10°12 9x10°5

Am 242 s 4x10°8 4x107 110 | 1x107

1 5x10% | 4x10°3 2x107° 1x1074

Am 243 s 6x10°42 1x10°4 2x10713 4x10°5

1 1x10°10 8x10°4 ax10712 | 3x10°

Anm 244 s ax10 | 1x107! 1x10°”7 5x107

I 2x1075 1x10°! 8x1077 5x1073

Antimony sb 122 1s 2x1077 8x107 6x10°8 31075

I 1x10°7 8x10°4 5x1079 3x10°%

Sb 124 5 2x10°7 7x10° 5x10°° 2x10°5

I 2x10°8 7x10°% 7x10°10 2x10°5

Sb 125 3 5x10°7 3x10°3 2x1078 1x10°4

1 3x1078 3x10° 9x10710 1x10°

Argon (18) . . . . ... |A37 sub? | 6x10% | ... | a0t | L.s.
A4l Sub 2x10% | ..o | oax10® | Ll

Arsenic (33) . . .... |As73 s 2x10°6 1x102 | 7x10°8 5x10"%

I ax1077 1x10°2 1x10°8 5x10°4

As 74 Is 3x10°7 2x10°3 1x10°8 5x10°F

1 1x1077 2x1073 4x107? 5x10°5

As 76 3 1x1077 6x107% 4x107? 2x10°5

1 1x1077 6x10°% 3x107% | 2x10°S

As 77 s 5x1077 2x1073 2x1078 8x10°5

1 ax1077 2x107? 1x1078 8x10°5
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APPENDIX B TO §§20.1 - 20,602
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

, Table I Table II
Col. 1 Col. 2 Col. 1 Col. 2
Air Water Air Hater
~ Element (atomic number) Isotopel (uCi/ml) (pCi/ml) (pCi/ml) (pC1/ml)

Astatfne (85) . . . . . . | At 211 s 7x1079 5x10°5 2x10°10 2x10°6

7 I 3x10°® 2x10° 1x10°? 7x10°8

Barium (56) + » « o o . . Ba 131 S 1x10°6 5x1073 4x10°8 2x1074

‘ 1 ax10°7 5x10° 1x10°8 2x10™

'Ba 140 S 1x10°7 8x10~* 4x1072 3x1075

‘ 1 4x10°8 7x10°4 1x10°° 2x10°F

Berkelium (97) . Bk 249 3 9x10°10 2x1072 3x10°11 6x104

’ ‘ 1 1x10°7 2x10'2 | 4x107® 6x1074

Bk 250 S 1x10°7 6x1073 sx1077 2x107¢

. 1 1x10°° 6x1072 4x1078 2x1074
Beryll1fum (4) + . . . . . Be 7 s 6x10°6 5x1072 2x1077 | 2x10d

1 1x10°6 5x10°2 4x10°8 2x10°3

Bfsmuth (83) . . ... . | Bi 206 s 2x10°7 1x1073 gx10°8 4x10°5

| 1 1x10°7 1x107 5x107 4x10°*

Bi 207 5 2x10”7 2x10% | 6x107® 6x10°%

I 1x10°8 2x107% '} sx10710 6x10°5

Bi 210 s 6x10° | 1x10°? 2x10°10 4x10°%

_ I 6x10°° 1x107® 2x10°10 4x10°8

i 212 s 1x10°7 1x10°2 3x10°? 4x10™

1 2x1077 1x10°2 7x10°° 4x1074

Bromine (35) ... |Brez s 1x10°6 8x10°3 4x10°8 3x1074

) I 2x10°7 1x10™2 6x10"° 4x10°S

Cadmium (48) . . . ... |Cd 109 s 5x10° [ s5x10°3 2x10°9 2x10°4

1 7x10°8 5x10°3 3x10°% 2x107*

cd 115m s 4x10°8 7x1074 1x1079 3x10°%

I ax10°8 7x10°4 1x10°9 3x1078

cd 115 s 2x1077 ix10°® | 8x10°° 3x10°5

7 I 2x10”7 1x10°3 6x10°° 4x10°

Calcium (20) . . . ... |Ca4s 5 3x108 3x107 1x10°? 9x1076

I 1x10°7 5x1073 4x10°? 2x10™

Ca 47 $ 2x10”7 1x1073 6x10°9 5x10°5

I 2x10”7 10 | ex107® 3x10°%
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APPENDIX B TO §§20.1 - 20.602
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table I Table 11

Col. 1 Col. 2 Col. 1 Col. 2

Alr Water Alr Water
Element (atomic number) , Isotopel (uCi/m1) (UCi/ml1) (pCi/m1) (uCi/m1)
Californium (98) Cf 249 s 2x10712 1x107 5x10734 4x107
1 1x10°10 7x107% 3x10712 2x10°%

Cf 250 s 5x10°12 4x1074 2x10°13 1x10°5

_ I 1100 | 7x107 3x101% | 3x107®

Cf 251 s 2x10°12 1x10™* 6x10714 4x10°5

I 1x1071% | gx10* | 3x10712 3x10°°

Cf 252 3 6x10712 2x10" | 2x10°12 7%10°6

1 3x10°11 2x107% 1x10°12 7x10°¢

CF 253 5 ex10°19 | 4x10°3 ax10711 1x107

I 8x10°10 4x10°3 3x10°11 1x107*

Cf 254 s 5x10°12 4x10°6 2x10°13 ix107

I 5x10732 4x10° 2x10°13 1x107

Carbon (6) . ...... |C14 s ax10°® 2x10°2 1x1077 8x10°4
(0,) Sub 5x10° | ... | 12076 | Ll

Cerfum (58) . . . . . . . Ce 141 |s 4x10°7 3x10°3 2x10°8 9x10°5
1 2x10”7 3x1073 sx10° | ox10°®

ce143 |s ax107 | 1x10° 9x10"° | 4x10°

1 2x10°7 1x10°3 7x1072 4x10°5

Ce 144 s 1x10°8 ax1074 3x10°10 1x10°5

1 6x10°9 3x107* 2x10'1% [ 1x10°8

Cesfum (55) . « » . . . . Cs 131 3 1x10°° 7x10°2 4x1077 2x10°3
I 3x10° 3x10°2 1x10”7 9x10°

Cs 134m s | ax10® 2x10°1 1x106 | 6x20?

I 6x10°6 3x10°2 2x1077 | ax10°?

Cs 134 5 4x10°8 3x10°¢ 1x10° | o9x10°%

I 1x10°8 1x1073 4x10710 4x10°5

Cs 135 s 5x10°7 3x10°3 2x10°2 1x1074

|1 9x10°8 7x10°3 3x10% | 2x107

Cs 136 s 4x10”7 2x1073 1108 |' ox10°

_ I 2x10”7 2x10°3 6x1079 6x10°

Cs 137 s 6x10°° 4x10™* 2x10°% 2x10°5

I 1x10® | 1x1073 5x10710 4x10°5
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APPENDIX B TO §520.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table I Table Il

Col. 1 Col. 2 Col. 1 | col. 2
‘ Afr Water Alr Water

Element (atomic number) Isotope! (uCi/m1) | (uCi/m1) | (uCi/m1) | (uCi/m))
Chlorine (17) . . . . . . €1 36 S 4x10°7 2x1073 1x10°8 8x1075
1 2x10°8 2x1073 8x10°10 6x1075
c1 38 S 3x10°6 1x10°? 9x10°8 4x1074
1 2x1078 1x10°2 7x10°8 4x10™
Chromfum (24) . . . . . . Cr 51 S 1x10°5 5x1072 4x1077 2x103
1 2x10°6 5x1072 8x10°8 2x10°3
Cobalt (27) + . . . . . Co 57 s 3x10°6 | 2x10°? 1x107 | sx107
I 2x10”7 1x10°2 6x107 4x10™
Co 58m S 2x10°% 8x10°2 6x1077 3x1073
1 9x10°¢ 6x102 3x1077 2x10°3
Co 58 s 8x10~7 4x103 | 3x10°® 1x1074
I 5x1078 3x1073 2x1079 9x10°5
Co 60 s 3x1077 1x1073 1x10°8 5x10°5
, I gx10™* 1x10°3 3x10°10 3x10°
Copper (29) . . . . . .. Cu 64 s 2x10°6 1x10°2 7x1078 3x107*
I 1x10°6 6x10°3 4x10°8 2x1074
Curium (96) . . . . . . . tm 242 s 1x10°20 7x107* 4x10°12 2x10°5
I 2x10710 7x10°4 6x10°12 2x10°5
Cn 243 s 6x102 | 1x10 | 2x10'2® | sx10°€
I 1x10710 7x10% | 3x1012 | 2x10°®
Cm 244 S 9x10712 2x1074 3x10713 7x10°°
I 1x10°710 Bx10™ 3x1072 | 3x10°8
Cm 245 s 5%10712 1x1074 2x10713 | 4x10°6
: 1 1x10°10 8x10"4 4x10°12 3x10°5
tm 246 3 5x10°12 1x1074 2x10°33 4x10°°
I 1x10'1% | ex107 4x10°12 3x1078
Cm 247 s 5x10712 | 1x107* 2x10°13 4x10°6
IR 1x10°10 6x1074 4x10°12 2x10°5
Cn 248 Is 6x10°13 1x10°5 2x10°4 ax10”7
» I 1x10°11 4x10°5 4x10°13 1x10°6
Cm 249 s 1x10°8 6x10°2 4x1077 2x10°3

I 1x10°5 6x10°2 4x10°7 2x10"3
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APPENDIX B TO §§20.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

{See footnotes at end of Appendix B]

Table 1 Table 11
Col. 1 Col. 2 Col. 1 Col. 2
. Alr Water Afr Water
Element (atomic number) Isotopel (pCi/ml) | (pCi/ml) | (uCi/m1y | (uCi/m1)
Dysprorfum ¢66) . . . . . | Dy 165 s 3x10°¢ 1x10°2 9x10°8 4x10°*
1 2x10°° 1x10°2 7x10® | ax107
Dy 166 s 2x10°7 1x1073 8x10? | 4x1078
i 2x1077 1x10°3 7x10°? 4x10°5
Einsteinfum (99) . . . . Es 253 S 8x10°10 7x10°% ax10™ 11 2x10°5
RS 6x1071% | 7x10™* 2x10™1 2x10°
Es 254m s 5x1079 5x10°4 2x10°1¢ 2x10°5
11 6x10°° 5104 2x10°1¢ 2x10°5
Es 254 s 2x10"11 4x10™ 6x10°13 1x10°5
1 1x10°10 4x10°4 4x10°12 1x10°°
£s 255 5 5x10'10 | ex10°4 2x10"1 3x10°5
1 4x101% | 8x10" | 1x10°Y 3x10°°
Erbium (68) . . . . . . . | Er 169 s 6x107 | 3x10°3 2x10°8 9x10°5
1 4x1077 3x10°3 1x1078 9x1075
Er 171 S 7x1077 3x10°3 2x10°8 1x10°4
|1 6x1077 3x10°3 2x107® 1x10™
Europtum (63) . . . . . . | Eu 152 s ax107’ 2x1073 1x10°8 6x10°5
(T/2=9.2 hrs) | 1 3x10°7 2x10°3 1x10°8 6x10°5
Eu 152 (3 1x10°8 2x10°3 4x10°10 8x10°6
(Trz=13 yrs) | I 2x10°8 2x1073 6x10°10 | @gx10®
Eui1s4, | s 4x10°° 6x107 1x10°10 2x10°5
|1 7x10™ 6x10™ 2x10°10 2x10°
Eu 155 S 9x10°8 6x10°3 3x107° 2x1074
1 7x10°8 6x10% | 3x107° 2x107*
Fermium (100) . . . . . . Fm 254 s 6x10°® 4x10°3 2x10°° 1x107
‘ I 7x10°8 4x107% | 2x107 1x10°¢
| Fm 258 S 2x10°8 1x10°3 6x10°10 3x10°%
. I 1x10°8 1x10°3 4x10'1% | 3x10°
Fn 256 s 3x10°° 3x10°5 1x107® | gx107?
1 2x10"° 3x10° 6x10"11 9x10”7
Fluorine (9) . . . . . . F 18 s - 5x10°6 2x10°2 2x10°7 8x10™
I 3x10°6 1x1072 9x10°8 5x10°4
Revision _21  Date _08/14/97
G-7

VY 2018 ARERR

Page 279 of 401




APPE&DIX B TO §§20.1 - 20.602
CONCENTRATIONS IN AIR AND WATER, ABOVE NATURAL BACKGROUND

[See footriotes at end of Appendix B]

Table I Table II

Col. 1 Col. 2 Col. 1 Col. 2

Ajr Water Alr Water
Element (atomic number) Isotope! (pCi/m1) (uCi/ml) (pci/mi1) (uCi/ml1)
Gadolinfum (64) . . . . . | Gd 153 s 2x10°7 6x1073 8x1079 2x107*
I 9x10°8 6x10°3 3x107° 2x10™

6d 159 s 5x1077 2x10°3 2x108 | ex10°®

I 4x1077 2x10°3 1x10°® 8x10°5

Gallium (31) e e Ga 72 S 2x10°7 1x1073 8x10°? 4x10°5
1 2x10”7 1x10°3 6x1079 4x10°5

Germanfum (32) . . . . . | ge 71 S 1x10°S 5x10°2 4x1077 2x10°3
I 6x10°8 5x10°2 2x10”7 2x10°3

Gold (79) . . . . . ... | Au196 S 1x10°6 5x1073 4x10°% 2x107
I 6x1077 4x1073 2x10°8 1x10°4

Au 198 S 3x1077 2x10°3 1x10°8 5x10°5

1 2x1077 1x10°3 8x1079 5x10°5

Au 199 3 1x10°8 5x1073 4x10°8 2x107%

1 8x10”7 4x10"3 3x1078 2x10°4

Hafnium (72) . . . . . . Hf 181 s ax10® | 2x10°3 1x10°9 7x10°5
1 7x10°8 2x10°3 3x10°9 7x10°5

Hoimfum (67) . . . . . . Ho 166 s 2x1077 ox10™4 7x10°9 3x10°5
I 2x1077 9x10™* 6x10°° 3x10°5

Hydrogen (1) . . . . . . | us s 5x106 | 1x10'! 2x1077 3x10°-3
1 5x10°6 1x107! 2x1077 3x1073
Sub 2x10"3 Crrennea 4x10°° | ........

Indium (49) . . . . . . . In 113m S 8x1076 4x10°2 3x1077 J.xl()'3
I 7x10°€ 4x107? 2x107 | 1x107®

In 114m ls 1x1077 5x10°4 4x10°? 2x10°5

1 2x10°8 Ex10° 7x10710 2x10°

In 115m s 2x10°6 1x10°2 8x10°® 4x1074

1 2x20°6 1x10°2 6x10°8 4x10°%

In 115 3 2x20°7 3x1073 9x10°? 9x10°5

I 3x20°8 3x1073 1x10°° 9x10°5

lodine (53) . . . . . .. 112s |'s 5x30°2 ax10'8 | ex10'1 2x10°7
I 2x5077 6x1073 6x107 | 2x107¢

1 126 s 8x20°° 5x10°5 ax10°11 3x10~7

I 3x80”7 3x10% | 1x10® | ox10°®

1129 s 2x30°° 1x10° | 2x10M 6x108

1 7x20°8 6x10°3 2x10°% 2x107%
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APPENDIX B TO §820.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

. Table 1 Table II
Col. 1 Col. 2 Col. 1 Col. 2
Afr Water Alr Water
Element (atomic number) Isotope! (uCi/m1) | (pCi/m1) | (uCi/m1) | (uci/ml)
lodfne (53) . . . . ... | 1131 s 9x70”° | 6x10°° 1x10°10 3x1077
{Continued) ' I 3x90°7 2x10°3 1x107® 6x10°8
) I 132 s 2x10”7 2x10-3 3x10°% 8x10°6
I 9x1077 5x107° . |' 3x10°8 2x107*
I 133 s 3x10°8 2x1074 4x10°10 1x10°6
I 2x1077 1x10°3 7x10°? 4x10°5
1 134 s 5x10°7 4x1073 6x10°9 2x10°5
I 3x10° 2x10°2 1x107 6x10"8
I 135 s 1x10°7 7x107¢ 1x10°9 4x10°6
1 4x10°7 2x1073 1x10°8 7x10°5
Iridiom (77) . . . . . . Ir 190 s 1x10°6 6x10°° | 4x10°® 2x107
1 4x10°7 5x10°3 1x10°8 2x1074
Ir 192 s ix107 1x10°3 4x10°2 4x10°5
1 3x10°8 1x10°73 9x10°10 4x10°
Ir 194 S 2x1077 1x10°3 8x10°? 3x10°5
1 2x10°7 9x1074 5x10°° 3x10°5
Iron (26) « « « o . . . | Fe s s ox10°7 2x10°2 3x10°® 8x107
1 1x10°¢ 7x10°2 3x10°8 2x10°3
Fe 59 3 1x1077 2x10°3 5x10°9 6x10°5
1 5x10°8 2x10°3 2x107? 5x10°5
Krypton (36) . . . . . . | Kr 85m Sub 6x10°6 11077
Kr 85 Sub 1x10°% cereens 3x1077
Kr 87 Sub 1x10°8 2x10°8 s
Kr 88 Sub @i0® | .l 2x10°8 e
Lanthanum (57) . . . . . | La 140 s 2x10°7 7x107¢ 5x10°° 2x10°5
I 1x10”7 7x107 4x107? 2x10°5
lead (82) » « v« v v &+ o Pb 203 s 3x10°8 1x10°2 9x10°8 4x1074
I 2x10°6 1x10°2 6x10°8 4x107*
Pb 210 s 1x10°19 4x10°6 4x10712 1x10°7
|1 2x10°19 5x1073 8x10712 2x107*
Pb 212 1s 2x1078 6x107¢ 6x10710 2x10°5
1 2x10°8 5x107 7x107%0 2x10°5
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APPERDIX B TO 5520.1 - 20.602
CONCENTRATIONS 1N AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table I Table II
Col. 1 Col. 2 Col. 1 | col. 2
Air Water Alr Water
~ Element (atomic number) Isotopel (uCi/m1} | (pCi/ml) (uCi/ml) {uCi/mi)
Lutetium (71) . . . . . . Lu 177 s 6x10°7 %103 | 2x10® | 1x10*
o I 5x107 3x10° | 2x10°® 1x10°*
Manganese (25) . . . . . | Mn 52 s 2x10”’ [ 1x10°3 7x10°? 3x107®
I 1x1077 9x1074 5x10°? 3x10°5
" Mn 54 s ax10°7 4x1073 1x10°8 1x10°4
11 4x10°8 3x10°3 1x10°® 1x10"
Mn 56 s 8x10°7 ax107 3x10°8 1x10°
I ex107 | 3x10® | 2x10® 1x107
Mercury (80) . . . ... | Hg 197m s 7x10°7 6x10™ 3x10® | 2x107
1 8x1077 5x1073 3x108 | 2x107¢
" Hg 197 s 1x10° ox10® | 4x10® 3x10"4
1 3x10°° 1x10"2 | ox10°® 5x1074
Hg 203 s 7x10% | sx10 | 2xa0® | 2x10
1 1x10°7 3x10° | 4x10°® 1x10°%
Molybdenum (42) . . . . . | Mo 99 s 7x1077 5x107 | 3x10°® 2x1074
I 2x10°7 1x1073 7x107° 4x10°8
Neodymium (60) . . . . . | Nd 144 s 8x107l! 2x1073 3x10712 7x10°%
o I 3x10°10 2x10 | ix10'M | ax107S
Nd 147 s 4x10°7 2x1073 1x10°8 .6x10°5
1 2x10°77 2x107% 8x10°9 6x10°5
Nd 149 |S 2x10¢ | sx1072 6x10°8 3x1074
1 1x10% | 8x10 | sx10°® 3x107
Neptunium ¢93) . . ... | Np 237 $ ax1072 | 9x10 | 1x10'1® | /3x10°
‘ I 1x1070 | 9x10™ | 4x10%% | 3x10°f
Np 239 $ 8x10°’ 4x1072 3x10® | 1x10"
I 7x10”7 4x1073 2x10°8 1x10™*
Nickel (28) + . - . . .. |Ni'59 $ 5x10°7 6x103 | 2x10°® 2x16™
: |1 ex10”7 6x102 | 3x10® | 2x107
Ni 63 s bx10°8 ex10 | 2107 | 3x10F
1 3x10”7 2x1072 1x10°8 7x107
Ni 65 s 9x10°7 ax10® | 3x10°® 1x10°4
1 5x1077 3x1073 2x10°8 1x107*
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APPENDIX B TO §§20.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table 1 _Table I!
Col. 1 Col. 2 col. 1 Col. 2
Alr Hater : Atlr KHater
Element (atomic number) Isotopel (pCi/ml) (uCi/m1) (pcCi/ml) (pCi/ml)
Niobium (Columbium) (41) Nb 93m s 1x10”7 1x1072 4x1079 4x10°%
1 - 2x107 1x10°2 5x10°9 4x10°*
"Nb 95 S 5x1077 3x10°3 2x10°8 1x107*
I 1x1077 3x107° 3x107° 1x1074
Nb 97 s 6x10°5 3x10°2 2x10”7 9x10°%
I 5x107 3x10°2 2x107 9x10™*
osmium <76) . . . . . . . | os 185 s 5x10°7 2x10°3 2x10°8 7x10°5
1 5x10°8 2x1073 2x10°8 7x10°5
0s 191m 3 2x10° 7x10°2 6x10°7 3x107
|1 9x10°6 7x10°% 3x1077 2x10°3
0s 191 3 1x10°8 5x10°3 4x10°® 2x107
1 ax10°7 5x10°3 1x10°8 2x10"¢
0s 193 [3 4x10°7 2x1073 1x1078 6x10°8
1 3x10”7 2x107 9x107 5x10°5
Palladium (46) . . . . . Pd 103 s 1x10°6 1x10°2 5x10°8 3x10"4
I 7x10°7 8x1073 3x10°8 3%1074
Pd 109 3 6x10°7 3x1073 2x10°8 ax10°5
I ax10°7 2x10°3 1x10°8 7x10°5
Phosphorus (18) . . . . . P 32 s 7x10°8 5x107% 2x107? 2x1075
I 8x10°2 7x1074 3x10°9 2x10°%
Platinum (78) . . . . . . Pt 191 s Bx1077 4x1073 3x1078 ix1074
1 6x10”7 3x10°3 2x10°° 1x1074
Pt 193m s 7x10°8 3x10°2 2x1077 1x10°3
1 5x10°8 3x1072 2x1077 1x1073
Pt 103 s 1x10°6 3x10°2 4x10°® 9x10™*
I 3x1077 5x10°2 1x10°8 2x10°3
Pt 197m s 6x10°6 3x10°2 2x10°7 1x10°3
|1 5x10°9 3x10°2 2x10°7 9x1074
Pt 197 S 8x10°7 4x1073 3x10°8 1x10°*
I 6x1077 3x10° 2x10°8 1x10™
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APPENDIX B TO §§20.1 - 20.602
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND -

7 [See footnotes at end of Appendix B]

Table I Table II
Col. 1 | col. 2 Col. 1 | Col. 2

Air HWater Afr Water
Element (atomic number) Isotopel (uCi/ml) (uCi/ml) (uCi/m1) (gCi/ml1)
Plutonium (94) . . ... | Pu 238 s 2x10°12 1x10° 7x10°% | sx10°6
I 3x1071 8x10™ 1x10°22 | 3x107

Pu 239 ) 2x10°12 1x1074 6x10°34 | 5x10°®

1 4x10°1 8x10"4 1x10°#2 3x10°5

Pu 240 s 2x10°12 1x107 6x10714 5x10°6

1 axio’ | ex10 1x10°12 3x10°5

Pu 241 s 9x10°11 7x10° | 3x10°12 2x107

I 4x10°8 4x10°2 1x107° 1x1073

Pu 242 s 2x10712 1x1074 6x10°14 5x10°6

1 axio™H 9x10™ 1x10°12 3x10°8

Pu 243 s 2x10° 1x10°2 6x10°8 3x10™

I 2%10° 1x10°2 8x10°8 3x1074

Pu 244 3 2x10°12 1x107* 6x10"14 4x10°6

1 3x10711 3x107* 1x10712 1x10°5

Polonfum (84) . . . . . . | Po 210 s 5x10°10 2x10°5 2x10711 7x10°7
I 2x10°19 8x1074 7x10°12 3x10°5

Potassfum (19) . . . . . K42 s 2x10°6 9x1073 7x1078 3x1074
I 1x10”7 6x10™ ax10® | ex107®

Praseodymium (58) . . . . | Pr 142 s 2x107 | ox104 7x10°° 3x10°5
I 2x1077 9x10™ 5x107° 3x10°5

Pr 143 s 3x10°77 1x10°3 1x10°8 5x10°5

B i 1 2x1077 1x1073 6x10°° 5x10°5
Promethium (61) . . . . . || Pm 147 S 6x10°8 6x1073 2x1079 2x107%
‘ 1 07 | 6x1073 3x10° 2x10™

Pn149 |'S 3x10°7 1x10°3 1x10°8 4x10°5

_ 1 2x10°7 1x10°3 8x107? 4x10°5
Protoactinium (91) Pa 230 s 2x10™ 7x10°3 6x10" 1 2x10°4
I 8x10"30 | 7x1073 1ol [ 2x107¢

| pa 231 s | 1w 3x10°5 4x10™1 9x10”7

1 1x10°10 8x10™ 4x10712 2x10°5

Pa 233 S 6x1077 4x10"2 2x10°8 1x1074

I 2x107 | 3x107 6x10°° 1x107
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APPENDIX B TO §$20.1 - 20.60Z

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table I Table 11
Col, 1 Col. 2 tol. 1 Col. 2
_ Alr Water Alr Water
Element (atomic number) N vlsotopel {uCi/ml) (pCi/ml) {pCi/ml) {nCi/m1)
Radium (88) . . . . . .. Ra 223 3 2x10°9 2x10°5 6x10711 7x10°7
I 2x10°10 1x1074 8x10°12 4x10°6
Ra 224 3 5x10°7 7x10°5 2x10°30 2x10°6
I 71010 | 2x10 | a2x10°lt 5x10°8
Ra 226 S ax10°11 ax1077 3x10712 3x10°8
1 sx10°3 9x10"4 2x10°12 3x10°%
Ra 228 S 7x10°1% 8x10~7 2x10°12 3x10°8
, 1 4x10™1 7x107 1x10712 3x10°
Radon (86) . . . .. .. “Rn 220 s 107 | ...l 1x10® | ...
Rn 222° 3x10® | ...... . ax1w0® | ........
Rhenfum (75) . . . . . . Re 183 3 3x10°6 2x1072 9x10°8 6x107%
I 2x107 | ex10 | sx10°® 3x10°
Re 186 s 6x10°7 3x10-3 2x10°8 ox10°5
I 2x1077 1x10° 8x10°? 5x10°5
Re 187 S 9x10°6 7x1072 3x10°7 3x1073
I 5x10°7 4x1072 * 2x10°8 2x1073
Re 188 S 4x10°7 2x1073 1x10°8 6x10°°
I 2x1077 9x107 6x10°° 3x10°
Rhodium (45) . . . . . Rh 103m s 8x10°5 ax107! 3x10°6 1x10°2
, I 6x10°% 3x107? 2x10°6 1x1072
Rh 105 s ex10”7 4x1073 3x10°8 1x107%
I 5x10°7 3x10°3 2x1078 1x1074
Rubidium (37) . . . ... |Rb86 s 3x10°7 2x10°3 1x10°8 7x10°%
’ i 7x10°8 7x1074 2x10°° 2x10°5
Rb 87 s 5x10°7 3x1073 2x10°8 1x1074
1 7x10°8 5x1073 2x107° 2x10°4
" Ruthenium (44) . . ... | Rug7 s 2x10°6 1x10°2 8x10°8 4x107%
1 2x10°6 1x10°2 6x10°8 ax104
Ru 103 s 5x10°7 2x1073 2x10°8 8x10°°
1 8x10°8 2x1073 3x10°° 8x10°5
Ru 105 ] 7x10°7 3x10°3 2x108 | 1x107
11 5x10°7 3x10°3 2x10°8 1x10™
Ru 106 3 8x10°8 4x1074 3x10°2 1x10':
1 6x107° 3x10 2x10°10 1x10°
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v APPENDIX B TO §§20.1 - 20.602
CONCENTRATIONS IN AIR AND WATER ABOVE NWATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table 11

fable I
Col. 1 Col. 2 | Col. 1 col. 2
- Alr " Hater ! Alr Water
Element (atomfc number) Isotope! | (uCi/m)) | (uCi/m1) | (pCi/m1) | (pCi/m1)
Samarium (62) . . . . . . | Sm 147 s 7x10711 2x103 | 2x107'2 | 6x107®
1 3x10710 2x10% | 9x107!2 7x10°8
sm 151 s 6x108 1x10°2 2x107° 4x107
1 1x1077 1x10°2 5x1079 4x10™
Sm 153 s 5x1077 2x10°3 2x10°® 8x10°5
_ 1 ax10”7 2x1073 1x10°® | 8x10°5
scandium (21) . . . . . .  Sc 46 s 2x1077 1x10°3 8x10~? 4x1075
_ I 2x10°8 1x10° 8x10710 4x10°
sc 47 s 6x10°7 ax10-3 2x10°8 9x10°5
I 5x1077 3x10°3 2x10°8 9x10°°
Sc 48 s 2x107 | B8x10°t 6x10°° 3x10°5
I 1x10°7 8x10™* 5x10°° 3x10°6
Selenfum (34) . . . . . . Se 75 3 1x10°8 9x1073 4x10°8 3x10"4
1 110”7 8x1073 4x107° ax107
Silicon (14) . . . ... s1 31 s 6x10°6 3x10°2 2x10°7 ox107*
, o 1 1x10°6 6x1073 3x1078 2x107
Silver (47) . . . « « . . Ag 105 S 6x1077 3x10°3 2x10°8 1x1074
1 8x10® | 3x1073 3x10% | 1x107
Ag 110m s 2x1077 9x10°4 7x10°¢ 3x10°5
A I 1x10°% | 9x10™ 3x10°10 3x10°
Ag 111 5. 3x10°7 1x1073 1x10°8 4x10°5
I 2x1077 1x1073 ex107? 4x10°5
Sodium (11) . . . . . . . Na 22 I's 2x1077 1x1073 6x10°3 4x10°5
‘ 1 9x10°° ox10™ | 3x10'1% | 3x10°8
Na 24 s 1x10°6 6x10™3 4x10°8 2x10"*
_ I 1x1077 Bx107% 5x10°? 3x10°8
Strontium (38) . . . . . Sr 85m Is 4x10°° 2x1071 1x10°6 7x10°3
11 3x10°% 2x1071 1x10°6 7x1073
sr 85 s 2x107 | 3x10® | ex10® | 1x10%
I 1x1077 5%107° 4x107% 2x1074
Si 8¢ 5 3x10°8 3x1074 3x10°10 3x10°6
I 4x10°8 8x10™* 1x10°° 3x10°%
sr 90 s 1x1073 1x10°5 ax1o7i 3x10°]
I 5x107° 1x1073 2x10710 4x107%
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APPENDIX 8 TO §§20.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

{See footnotes at end of Appendix B]

Table II

Table I
Col. 1 Col. 2 Col. 1 Col, 2
. Alr Hater Air Hater
Element (atomic number) Isot:upe:l (uCisml) (uCi/ml) {(uCi/m1) | (uCi/ml)
Strontium (38) . . . . . sr 91 S ax10°7 2x1073 2x10°8 7x10°5
(Continued) I 3x1077 1x10? | ox10°? 5x10°8
Sr 92 s 4x10”’ 2x10°3 2x10°8 7x10°5
I 3x107 | 2x107 1x10°® 6x10"®
sulfur (16) . . . . . . . s 35 s 3x10°7 2x10°3 9x10°° 6x1075
1 3x10”7 8x1073 9x10°? 3x10°¢
Tantalum (73) . . . . . . | Ta 182 s 4x10°8 1x10°3 1x107° 4x10°
I 2x10°8 1x10° 7x10°10 4x10°5
Technetfum (43) . . . . . | Tc 96m |s 8x10°5 ax10°} 3x10°8 1x1072
, I 3x10° 10! | 1x10°® 1x10°2
Tc 96 s 6x10°7 3x10°3 2x10°8 1x107¢
I 2x10°7 1x1073 8x107? 5x1075
Te 97m s 2x10°6 1x1072 8x10°8 4x107% -
1 2x10°7 5x10°2 5x107° 2x1074
Tc 97 5 1x10°5 5x10°2 4x10°7 2x10°3
! 3x1077 2x102 | 1x10°® 8x10™
Tc 99m |s 4x10°5 2x10°! 1x10°6 6x10°3
I 1x10°5 8x10°2 5x1077 3x1073
Te 99 s 2x10°¢ 1x1072 7x10°8 3x10°4
1 6x1078 5x1073 2x10°* 2x10™
Tellurium €(52) . . . . . | Te 125m s 4x1077 5x10°3 1x10°8 2x1074
I 1x1077 3x1073 4x10°° 1x1074
Te 127m 5 1x1077 2x1073 5x10°° 6x10°5
I 4x10°8 2x10°3 1x10°9 sx10°5
Te 127 3 v 2x10°€ 8x10°3 6x1078 3x10°4
I 9x10"7 5x1073 3x10°8 2x10™*
Te 129m s 8x10® | 1x107® 3x10°° 3x10°5
1 3x10°® 6x107 1x10"? 2x10°®
Te 129 s 5x10°° 2x1072 2x10°7 8x107*
|1 4x10° 2x1072 1x10°7 ex10™*
| Te 13tm s 4x1077 2x1073 ix10°8 6x10°5
I 2x10”7 1x10°? 6x1077 4x10°S
Te 132 s 2x10°7 ox10¢ | 7x10% | 3x107
B 1x10°7 6x107 4x1077 2x10
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APPENDIX B TO §§20.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

[See footnotes at end of Appendix B]

Table 1 Table 1I
Col., 1 Col. 2 Col. 1 Col. 2
Afr Water Alr Hater
Element (atomic number) _Isotope1 (uCi/m1) | (uCi/m1) | (uCi/ml) [ (pCi/ml)
Terbium (65) . . . ... b 160 s 1x107 | 1x10® | 3x10° | 4x10°
1 3x10°8 1x107 1x10°9 4x10°
Thalium (81) . . . ... | TI 200 s’ 3x10°6 1x10°2 9x10°8 4x10"4
’ I 1x10°6 7x10°3 4x1078 2x1074
T1 201 s 2x10°6 9x1073 7x10°8 3x1074
1 9x1077 5x10°3 3x1078 2x107*
T 202 s 8x10°7 4x1073 3x10°8 1x1074
1 2x10°7 2x1073 8x10% | 7x10°8
T 204 s 6x10°7 3x10°3 2x10°8 1x107
1 1 3x10° 2x10° | 9x10710 6x10°
Thorium (90) . . . . . . Th 227 S 3x10°10 5x1074 1x10711 2x10°5
, ! 2x10°10 5x10™ 6x10712 2x10°3
"Th 228 s 9x10712 2x10™* 3x10°13 7x10°
1 6x10°12 4x107* 2x10°13 1x10°5
Th 230 S 2x10°12 5x10°° 8x10-14 2x10°6
1 x10 11 9x1074 ax10713 3x10°5
Th 231 s 1x10°6 7x10°3 5x1078 2x107
I 1x10°8 7x1073 4x10°8 2x107*
Th 232 3 3x10" 1 5x10°5 1x10°32 2x1076
1 3x10°H 1x103 | 1x10712 4x10°
Th natural | S 6x10°11 6x10°5 2x10°12 2x10°6
I 6x10"11 6x1074 2x10712 2x10°5
Th 234 S 6x10°8 5x1074 2x10°9 2x10°%
1 3x1078 5x10"4 1x10°9 2x10°5
Thulium (69) . . . .. . | Tm170 s 4x1078 1x1073 1x10°? 5x10°5
, I 3x108 1x10°3 1x10°° 5x10°°
Tm 171 S 1x1077 1x10°2 4x10°? 5x107%
1 2x10°7 1x1072 8x107? 5x1074
TIN(50) . v v v v ' sn 113 5 4x10”7 2x10°3 1x10°8 9x1075
I 5x10°8 2x1073 2x107° 8x10°5
Sn 125 S 1x10°7 5x1074 4x10°° 2x10°5
11 8x10°8 5x107* 3x10°% 2x10°%
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APPENDIX B TO §§20.1 - 20,602
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROURD

[See footnotes at end of Append‘lx Bl

Table 1 Table I1
Cot. 1 Col. 2 Col. 1 Col. 2
Alr Hater Alr Water
Element (atomic number) Isotope! {(uCi/wl) | (uCi/mil) (uCi/ml) (pcCi/m)
Tungsten (Wolfram) (74) . | W 181 s 2x10% | 1x10°2 8x1078 4x10°
I 1x10°7 1x10°2 4x10°9 3x1074
W 185 s 8x1077 4x10°2 3x1078 1x1074
I 1x10”7 3x107 4x107 | 1x107
W 187 s 4x10°7 2x10°3 | 2x10°8 7x10°8
I 3x1077 2x10°3 1x10°8 6x10°5
Uranfum (92) . . . ... |U 230 s 3x10710 1x1074 1x10714 5x10°6
1 1x10710 1x107* 4x10712 5x10°¢
U 232 |s 1x10710 8x10™¢ ax10712 3x10°5
1 ax10°1! 8x10"* 9x10™13 ax10°5
U 233 s 5x10°10 ox10°% 2x10°11 3x10°8
1 1x10°1¢ 9x107 ax10712 | 3x10°8
v 234 st 6x10710 | ox10™* 2x10711 3x10°8
1 1x10°10 9x1074 4x10712 3x107°
U 235 st 5x10°10 8x10"4 2x10731 3x10°5
1 1x10°10 8x10°¢ 4x10°12 3x10°5
U 236 s 6x10710 1x1073 2x10711 3x10°5
1 1x10710 1x10°3 4x10712 3x10°5
U 238 st 7x10°11 1x1073 3x10°12 4x10°"
\ I 1x10°10 1x10°3 5x10°12 4x10°5
U 240 s 2x1077 1x10-3 8x10™ 3x10°5
1 2x10™ 1x10°% 6x10°° 3x10°%
U-natural st 1x10710 1x10°3 5x10712 3x10°5
1 1x10°10 1x10°3 5x10°12 3x10°8
Vanadium (23) . . . . . . Vv 48 s 2x10°7 9x10™4 6x107° 3x10°5
1 6x10°8 gx10"* 2x1077 3x10°5
Xenon (54) . . ..... |Xe13ln sw | 2x10% | ... | 4x107 | ...l
Xe 133 Sub 1x10% | ........ - 3x1077
Xe 133m Sub 1x10% | ........ | sx107 ceeeens
, 7 Ye 135 sub | axa0® | ... | w07 | ...l
Ytterbium (70) . . . . . Yb 175 S 7x30°7 3x1073 2x1078 1x10™*
» I 6x10”7 3x10°3 2x10°8 1x10™
Yttrfum (39) . . . . . . Y 90 s 1x10”7 6x10°% 4x107? 2x1075
11 1x10°7 6x107* 3x107? 2x10°5
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APPENDBIX B TO §520.1 - 20.602

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

- [See footnotes at end of Appendix B]

Table 1 Table IT
Col. 1 Col. 2 Col. 1 Col. 2
Alr Water Alr Water
Element (atomic number) Isotopel (pCi/ml) (uCi/ml) (pCi/m1) (uci/m1)
' Y 9im 3 2x10°S 1x10°1 8x10~’ 3x10°3
I 2x107% 1x10°! 6x10°7 ax10™3
Y 91 s 4x10°8 8x10™ 1x10-? 3x10°8
|1 3x10°8 8x1074 1x10°° 3x10°%
Y 92 3 4x10°7 2x10°2 1x10°8 6x107°
I 3x10”7 2x10°3 1x10°8 6x10°5
Y 93 s 2x10°7 8x10™ 6x107° 3x10°5
‘ I 1x1077 Bx10™ 5x107° 3x10°®
¢ €30) . . . .. ... |Ines s ix10”? 3x10° | 4xi107? 1x10™
: 1 6x10° 5x10° | 2x107? 2x107
Zn 69m 5 4x10°7 2x10°3 1x10°8 7x10°5
I 3x1077 2x10% | 1x10°® 6x10°5
In 69 s 7x10°6 '5x1072 2x10°7 2x10°3
' I 9x10°¢ 5x10°2 3x10”7 2x1073
Zirconium (40) . . ... |2r 93 s 1x10°7 2x10°2 4x10°° axi0™*
I 3x10”7 2x10°2 1x10°8 8x10™%
ir 85 s 1x1077 2x1073 4x107° 6x10°5
I 3x10°8 2x10°3 1x10°° 6x10°5
r 97 3 1x10”7 5x1074 4x10°* 2x10°5
I 9x10°8 5x1074 3x10° 2x10°5
Any single radionuclide Sub 1x10°% | ........ 3x10°8
not 1isted above with
decay mode other than
alpha emission or
spontaneous fission and
with radioactive halv-life
Vles; than 2 hours. _
Any single radionuclide Creenan 3x107° 9x10°% 1x10710 3x10°6
not listed above with
decay mode other than
alpha emission or
spontaneous fisslon and
with radioactive half-1ife
greater than 2 hours.
Any single radionuclide | ........ 6x10°13 ax1077 2x10°14 3x10°8
not l1isted above which
decays by alpha emission
or spontaneous fissien.
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1soluble (S); Insoluble (I).

Zesub™ means that values given are for submersion in a semispherical infinite cloud of
airborne material.

3These radon concentrations are appropriate for protection from radon-222 combined with its
short-lived daughters. Alternatively, the value in Table I may be replaced by one-third (1/3)
"working level.” (A "working level” is defined as any combination of short-lived radon-222
daughters, polonium-218, lead-214, bismuth-214 and polonium-214, in one !itgr of air, withgut
regard to the degree of equilibrium, that will result in the ultimate emission of 1.3 x 10° MeV
of alpha particle energy.) The Table Il value may be replaced by one-thirtieth (1/30) of a
*working level.” The limit on radon-222 concentrations in restricted areas may be based on an
annual average.

4For soluble mixtures of U-238, U-234 and U-235 in air chemical toxicity may be the 1imiting
factor. If the percent by weight-enrichment of U-235 is less than 5, the concentration value
for a 40-hour work week, Table I, is 0.2 milligrams uranium per cubic meter of air average.
For any enrichment, the product of the average concentration and time of exposure during a
40-hour work week shall not exceed B x 1073 SA uCi-hr/ml, where SA is the specific activity of
the uranium inhaled. The concentration value for Table 11 is 0.007 milligrams uranium per
cubic meter of air. The specific activity for natural uranium is 6,77 x 1077 curies per
gram U. The specific activity for other mixtures of U-238, U-235 and U-234, if not known,
shall be:

SA = 3.6 x 107 curies/gram U_  U-depleted

SA = (0.4 + 0.38 E + 0.0034 E2) 10 E > 0.72

where £ is the percentage by weight of U-235, expressed as percent.

NOTE: 1In any case where there is a mixture in air or water of more than one radionuclide.
the limiting values for purposes of this Appendix should be determined as follows:

1. If the identity and concentration of each radionuclide in the mixture are known, the
limiting values should be derived as follows: Determine, for each radionuclide in the mixture,
the ratio between the quantity present in the mixture and the 1imit otherwise established 1in
Appendix B for the specific radionuclide when not in a mixture., The sum of such ratios for all
the radionuclides in the mixture may not exceed "1" (i.e., "unity”).

EXAMPLE: If radionuclides A, B, and C are present in concentrations C,, Cg, and C., and if
the applicabie MPC's are MPC,, and MPCg, and MPC. respectively. then the concentrations shal)
be limited so that the following relationship exists:

(Co/MPCy) + (Cp/MPCg) + (C/MPCe) <1 4

2. If either the identity or the concentration of any radionuclide in the mixture is not
known, the 1imiting values for purposes of ApPendix B shall be:

a. For purposes of Table I, Col. 1 - 6x10713

b. For purposes of Table I, Col. 2 - 4x10°7

c. For purposes of Table 1I, Col. 1 - 2x10714

d. For purposes of Table II, Col. 2 - 3x1078

3. If any of the conditions specified below are met, the corresponding values specified
below may be used in lieu of those specified in paragraph 2 above.

a. If the identity of each radionuclide in the mixture is known but the concentration of one
or more of the radionuclides in the mixture is not known, the concentration 1imit for the
mixture is the 1imit specified in Appendix "B” for the radionuclide in the mixture having the
lowest concentration limit; or

b. If the identity of each radionuclide in the mixture is not known, but it is known that
certain radifonuclides specified in Appendix "B" are not present in the mixture, the
concentration 1imit for the mixture is the lowest concentration 1imit specified in Appendix "B
for any radionuclide which is not known to be absent from the mixture; or

Revision _21 Date 08/14/97

VY 2018 ARERR G-19 Page 291 of 401




c. Element (atomic number) and isotope

Table I

Table 11

Col. 1

Air
PTycizm)

Col. 2
Water
(uCi/ml1)

Col. 1
Air

Col. 2
Water
{(uCi/ml)

1f it is known that Sr 90, I 125, I 126,
1129, I 131 (I 133, Table II only),
Pb 210, Po 210, At 211, Ra 23, Ra 224,
Ra 226, Ac 227, Ra 228. Th 230, Pa 231,
Th 232, Th-nat, Cm 248, Cf 254, and
Fm 256 are not present

........

9x10°5

(uCi/ml)

3x10°6

If it is known that 3r 90, I 125, I 126,
1129 (I 131, I 133, Table II only),
Pb 210, Po 210, Ra 223, Ra 226. Ra 228,
Pa 231, Th-nat, Cm 248, Cf 254, and
Fm 256 are not present

........

6x10°5

2x10°8

If it is knOown that Sr 80, 1 129 (7 125,
1 126, 1 131, Table II only), Pb 210,
Ra 226, Ra 228, Cm 248, and Cf 254 are
not present . . . . . .. . . o . ...

2x107%

6x10°7

If it is known that (I 129, Table II only),
Ra 226, and Ra 228 are not present

3x1076

--------

1x1077

If it is known that alpha-emitters and
Sr 90, 1 129, Pb 210, Ac 227, Ra 228,
Pa 230, Pu 241, and Bk 249 are not
present . . . . . . .. 04 - e .

3x107°

1x10°10

If it is known that alpha-emitters and
Pb 210, Ac 227, Ra 228, and Pu 241 are
not present . . . . . ... ...,

3x10730

1x10°1!

--------

If it is known that alpha-emitters and
Ac 227 are not present

3x10° 1

1x10°12

1€ it is known that Ac 227, Th 230, Pa 231;
Pu 238, Pu 239, Pu 240, Pu 242, Pu 244,
Cm 248, Cf 249 and Cf 251 are not present

3x10°12

1x10°13

4. If a mixture of rad1onuc11des consists of uranium and its daughters in ore dust prior to
chemical separation of the uranium from the ore, the values specified below may be used for
uyranium and its daughters through radium-266, instead of those from paragraphs 1,

above.

2, or3

a. For purposes of Table I, Col. 1 - 1x10710 pCi/ml gross alpha activity; or 5x10°11 uCi/ml

natural uranium or 75 micrograms per cubic meter of air natural uranium.

b. For purposes of Table II, Col. 1 - 3x10°

natural uranium; or 3 micrograms per cubic meter of air natural uranium.

12 yCi/ml gross alpha activity; 2x10°'2 pCi/ml

5. For purposes of this note, a radionuclide may be considered as not present in a mixture if

{a) the ratio of the concentration of that radionuclide in the mixture (C,} to the

concentration limit for that radionuciide specified in Table Il of Appendix "B* (MPC,) does not
exceed 1/10. (i.e. C,/MPC, < 1/10) and (b) the sum of such ratios for all the radionuclides
considered as not present in the mixture does not exceed 1/4 1.e.

(C,/MPC, + Cp/MPCy ... + < 1/4).
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Appendix H

“Request to Amend Previous Approvals Granted Under 10CFR20.302(z2) for
Disposal of Contaminated Septic Waste and Cooling Tower Silt to Allow for
Disposal of Contaminated Soil”, dated Iung 23rd, 1999, BVY 99-80

“Supplement to Request to Ariend Previous Approvals Granted Under
10CFR20.30(a) to Allow for Disposal of Contaminated Soil”, dated January 4,
BVY 00-02 ~

“Vermont Yankee Nuclear Power Station, Request to Amend Previons Approvv:ls

Grantéd under lOCFRZO.BOZS‘a) to Allow for Disposal of Contaminated Soil (TAC -

No. MAS5950), dated June 157, 2000, NVY 00-58
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'VERMONT YANKEE .

NUCLEAR POWER CORPORATION

185 Old Ferry Road, Brattleboro, VT 05301-7002
‘ (802) 257-5271
June 23, 1999
BVY 99-80

United States Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

References:
(@) Letter from R.W. Capstick, Vermont Yankee, to USNRC, "Request to
Routinely Dispose of Slightly Contaminated Waste in Accordance with
10CFR20.302(a)", BVY 89-59, June 28, 1989
()] Letter from M.B. Fairtile, USNRC, to L. A. Trembley, Vermont Yankec,
"Approval Under 10CFR20.302(a) of Procedures for Disposal of Slightly
Contaminated Septic Waste on Site at Vermont Yankee (TAC No.
73776)", NVY 89-189, dated August 30, 1989
() Letter from J.J. Duffy, Vermont Yankee, to USNRC, "Request to Amend
. Previous Approval Granted Under 10CFR20.302(a) for Disposal of
Contaminated Septic Waste", BVY 95-97, dated August 30, 1995
(@ Letter from S.A. Varga, USNRC, to D. A. Reid, Vermont Yankee,
“Approval Pursuant to 10CFR202002 for Onsite Disposal of Cooling
Tower Silt — Vermont Yankee Nuclear Power Station (TAC No.
N M93420)”, NVY 96-39, dated March 4, 1996 .
(e) Letter from P.D. Milano, USNRC, to D. A, Reid, Vermont Yanlcee,
"Revised Safety Evaluation ~ Approval Pursuant to 10CFR20.2002 for
Oasite Disposal of Cooling Tower Silt - Vermont Yankee Nuclear Power
Station (TAC No. M96371)", NVY 97-85, dated June 18, 1997

Subject: Vermont Yankee Nuclear Power Station
License No. DPR-28 (Decket No. 50-271)
Request to Amend Previous Approvals Granted Under 10 CFR 20.302(a) for

D@osal of Contaminated Septic Waste and Cooling Tower Silt to Allow for
Disposal of Contaminated Soil

In accordance with 16CER 20.2002 (previously 10CFR20,302(a)), Vermont Yankee submits this
application to amend the previously granted approvals to dispose of slightly contaminated septic

. waste-and cooling tower silt on-site. This application expands the allowable waste.stream to
" include shghtly contammamed soil genexated as a residual by-product of on=site construction

activitics,

This application specifically requests approval to dispose of soil contaminated at minimal levels,
which has been or might be generated through end of station operations at the Vermont Yankee
Nuclear Power Plant. The proposed soil disposal method is the same as the septic waste and
cooling tower silt disposal methods requested in References (a) and (c), and appraved in
References (b) and (e). The disposal method utilizes on-site land spreading in the same
designated areas used for septic waste and cooling tower silt. Disposal of this waste in the
manner proposed, rather than holding it for future disposal at a 10CFR Part 61 licensed facility
will save substantial costs and reserve valuable disposal’ s1t= space for waste of higher
radxoacuvtty levels. .
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VERMONT YANKEE NUCLEAR POWER CORPORATION

- BVY 99-80 /Page 2 of 2

s

A. radiological assessrhent and proposed Opemuonal contiols for the inclusion of addmonal
‘ earthen material (soil) for on-site disposal with septic waste and cooling tower silt is provided in
: Attachment A, The assessment demonstrates that the dose impact expected from the existing
accumulation of approximately 25.5 cubic meters of soil, in total with all past waste spreading
operations, will not approach the dose limits already imposed for septic and cooling tower silt
disposal. In addition to the existing accummlated soil, VY also requests that any future low level
contaminated soil that might be generated as a by-product of plaat construction and maintenance
activities be allowed to be disposed of in the same manner provided the approved acceptance
dose criteria are met, All soil analyses will be to environmental lower imits of detection. The
results of all disposal operations will also be reported in the Annual Radioactive Effluent Release
Report. The combined radiological impact for all on-site disposal operations will continue to be
limited to a total body or organ dose of a maximally exposed member of the public of less than
one mrem/year during the period of active' Vermont Yankee control of the site, or less than five
mrem/year to an inadvertent intruder after termination of active site control.

- The Vermont Yankee Off-Site Dose Calculation Manual (ODCM) contains a copy of the original
assessment and NRC zpproval for septic waste disposal (References a and b) and the previous
amendment for cooling tower silt (References ¢ and €). Upon receipt of your approval, the
information contained in Attachment 1 as well as the basis for apprcva‘! will be mcorporaned into
the ODCM. -

We trust that the information contzined in the submittsl is sufficiest. However, should you have
any questions or require further information concerning this matter, please contact Mz, Jim

DeVincentis at 802-258-4236.
Sincerely,
vzmom' ¥ ANKEE NUCLEAR POWER CORPORATION X
S /Gautam Sen .
- _ Licensing Manager
Attachment

cc: USNRC Region I Administrator
- USNRC Resident Inspector - VYNPS
USNRC Project Manager - VYNPS
VT Depariment of Public Service
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' SUMIVIARY OF VERMONT YANKEE COMMITMENTS

BVY NO: 99-80 :

The following table identifies commitments made in this- decument by Vermont Yankee,.
Any other actions discnssed in the submittal represent intended or planned actions by
Vermont Yankee. They are described to the NRC for the NRC’s information and are not
regulatory commitments. Please notify the Licensing Manager of any questions regarding
this document or any associated commitments.

"COMMITTED DATE
| OR *"OUTAGE”

VYAPF 0058.04 (Sample)
AP 0058 Original
Page 1of 1
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Attachment 1

Vermont Yankee Nuclear Power Station

Docket No, 50-271
BVY 99-80

Assessment of On-site Disposal of Contaminated Soil by Land Spreading
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10 INTRODUCTION
1.1 Background

In 1989, Vermont Yankee Nuclear Power Corporatlon requested approval from the NRC
to routinely dispose of slightly contaminated septic waste in designated on-site areas in
accordance with 10CFR20.302(a). Approval from the NRC was granted on August 30,
1989 and the information was permanently incorporated into the Offsite Dose Calculation
Manual (ODCM) as Appendix B.

In 1995, Vermont Yankee Nuclear Power Corporation requested that the previous
authorization for on-site dmposal of very low-level radioactive material in septic waste be
amended to permit the on-site disposal of slightly contaminated cooling tower silt
material. Approval from the NRC was granted on June 18,1997 and the information was
permanently incorporated into the ODCM as Appendix F.

- In 1994, approximately 25.5 m® of excess soil was generated during on-site construction
activities, Sampling of the soil revealed low levels of radioactivity that were similar in
radionuclides and activity to the septic waste and cooling tower silts previously .
encountered. An evaluation determined that the soil could be managed in similar fashion
as the septic waste and cooling tower silts; however, prior approval from the NRC would
be required under 10 CFR 20.2002 (formerly 20.302(a))

1.2  Objective

The objective of this agsessment is to present the data and radiological evaluation to
demonstrate that the proposed disposition of the soil will meet the existing boundary
conditions as approved by the NRC for septic waste and cooling tower silt. The
boundary conditions established for disposal of the septic waste and cooling tower silts
on the designated plots are:

i . Thedose to the whole body or any orga.n of a hypothetical maxtmally exposed mdmdual

must be less than 1.0 mrem/yr. '

Doses to the wholé body and any organ dose of an inadVertent intruder from the probable
pathways of exposure are less than 5 mrem/yr.

Disposal operations must be at one of the approved on-site locations.
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20 WASTE DESCRIPTION

-The soil that is the subject of th1$ evaluatxon was derived from excavations resulting from
: activities associated with a néw security fence along the Plant s Protected Area boundary.
' The volume of soil generated was approximately 25.5 m”, and is typical of fill material
containing light to dark brown poorly sorted soils with some small stones, and includes
small incidental pieces of asphalt. The soil was removed from its original location by
shovel, backhoe and front-end loader, and placed into durnp trucks for transport to the
i location between the cooling towers where it was deposited on the ground surface and
i covered to prevent erosion. This location was selected because it was away from areas
routinely occupied by plant staff, and could easily be controlled. The most probable
source of the low levels of radioactive contamination is the presence of below detectable
removable contamination redistributed by foot traffic from inside the plant to walkways
and parking areas. Subsequent surface nuioff carries the contamination to nearby
exposed soil near the Protected Area boundary where it had accumulated over time to low
level detectable concentrations.

In April 1995, a totat of 20 composite soil samples were collected to characterize the
volume. Composites were obtained by collecting a grab.sample from one side, the top
and the opposite side at equal distances along the length of the pile, then combining the
three into one sample. Soil samples were sent to the Yankee Atomic Environmental
Laboratory for analysis and counted to environmental lower limits of detection required
of environmental media. Results of the analyses are presented in Table 1. Analytical
results are provided for when the samples were collected and decay corrected to the -
present. The results identified both Cs-137 and Co-60 in most of the composite samples,
which verified that plant-related radioactivity was present in the soil.

For the purpose of estimating the total activity in the soil pile, the actual analytical result
was used for those samples that were less than the MDC to calculate the average
radioactivity concentration.

The mass of soil (dry) was estlmated by muluplymg the total in-situ volume (25.5 m®) by
its wet densny, 1.47TE+03 kg/m®, and then dividing by the wet:dry ratio of 1.12, thus
yielding a mass of 3.35E+04 kg (dry). The mass of the soil was then multiplied by the
average Co-60 and Cs-137 concentrattons measured in the soil to obtain the total acuvny
of each radlonuchde in the 25.5 m>, Table 2 presents the estimated total radioactivity in
the 25.5 m? of soil at the time of sample collection and analysis, and decay corrected to

the present.

Jo Revision 29 Date _ 1/11/02
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J

3.0 SOIL DISPOSAL AND ADM[NISTRATIVE PROCEDURE
' REQUIREMENTS

|
| : The method of soil disposal will use the technique of land spreading in a manner
| consistent with the current commitments for the on-site disposal of septic waste and
cooling tower silts as approved by the NRC. The accumulation of radioactivity on the
disposal plot for this soil spreading operation will be treated as if cooling tower silt or
septic waste was being disposed of since the characteristics of all these residual solids are
similar (earthen-type matter). The south field (approximately 1.9 acres in size) designated
and approved for septic waste and cooling tower silts disposal has been used for all past
'; disposal operations, and will be used for the placement of this soil. Determination of the
i radiological dose impact has been made based on the same models and pathway
. assumptions used in the previous submittals.

Dry soil material will be dispersed using typical agricultural dry bulk surface spreading

- practices in approved disposal areas on-site. Incidental pieces of asphalt and stones that
were picked up with the soil from area where paving ran along the fence line will be
screened out before the soil is spread and disposed of as radioactive material at an off-site
licensed facility if detectable radioactivity is found. '

Records of the disposal that will be maintained include the following:

| ' (2) The radionuclide concentrations detected in the soil (measured to

| . environmental lower limits of detection).

o (b) Tke total volume of soil disposed of.

o (c) The total radicactivity in the disposal operation as well as the total

| : accumulated on each disposal plot at the time of spreading.

(d) The plot on which the soil was applied.

(¢) Dose calculations or maximum allowable accumulated activity determinations
required to demonstrate that the dose limits imposed on the land spreading
aperations have pot been exceeded.

To enstire that the addition of the soil contammg the radmactmty will not. exceed the
boundary conditions, the total radioactivity and dose calculation will include alt past
disposals of septic waste and cooling tower silt containing low-level radioactive material
on the designated disposal plots. In addition, concentration limits applied to the disposal
of earthen type materiels (dry soil) restrict the placement of small volumes of materials
that have relatively high radioactivity concentrations.

Any farmer leasing land used for the disposal of soil will be notified of the applicable
restrictions placed on the site due to the spreading of low level contaminated material.
These restrictions are the same as detailed for the previously approved sephc waste

spreading application.
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4.0 EVALUATION OF ENVIRONMENTAL IMPACTS
‘4,1 Slte Characteristics

The designated disposal site is located on the Vermont Yankee Nuclear Power Plant site
and is within the site boundary security fence. The south field consists of approximately
1.9 acres and is centered approximately 1500 fect south of the Reactor Building. This
parcel of land has been previously approved by the NRC for the land disposal of septic
waste and cooling tower silt.

42 Radiological Impact

The amount of radioactivity added to the south field soil is procedurally controlled to
ensure that doses are maintained within the prior approved limits of the boundary
conditions.

To assess the dose received (after spreading the soil) by the maximally exposed
individual during the period of plant controls over the property, and to an inadvertent
intruder after plagts controls of access ends, the same pathway modeling, assumptions
and dose calculation methods as approved for septic and cooling tower silt disposal were
used. These dose models implement the methods and dose conversion factors as
provided in Regulatory Guide 1.109. ,

The following six potential pathways were identified and included in the analysis:

(2)  Standing on contaminated ground.
_(b) Inhalation of resuspended radioactivity.
(c) Ingestion of leafy vegetables.
(d  Ingestion of stored vegetables
(¢) ~ Ingestion of meat.
() . Ingestion of cow’s milk.

" Both the maximum individual and inadvertent intruder are assumed to be exposed to
these pathways; the difference between them is due to the occupancy time, The basic
assumptions used in the radiological analyses include:

(a) Exposure to ground contamination and re-suspended radioactivity 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 spent on a plot of land (4 hours per week
for 6 months).
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®)

®

@
®

63)

(2)

For the purpose of projecmng and illustrating the magnitude of dose
impacts over the remaining life of the plant, it is assumed that the’
concentration levels of activity as of April 1, 1999 remain constant, ‘Table °
1 indicates the measured radioactivity levels for Co-60 and Cs-137 first
noted in the soil, and decay corrected to April 1, 1999.

For the analysis of the radiological impact during the Vermont Yankes
active control of the disposal sites until 2013, no plowing is assumed to
take place and all dispersed radicactive material remains on the surface
forming a source of unshielded direct radiation.

The crop exposure time was changed from 2160 houss to 0 hours to reflect
the condition that no radicactive material is dxspersed directly on crops for
human or animal consumptmn. Crop contamination is only through root
uptake.

The deposition on crops of re-suspended radioactivity is insignificant.

“The pathway data and usage factofs used in the analysis are the same as

those used in the Vermont Yankee's ODCM assessment of offisite -
rediological impact from routine releases, with the following exceptions.
The fraction of stored vegetables grown on the contaminated land was
conservatively increased from 0.76 to 1.0 (at present no vegetable crops
for human consumption are grown on any of the approved disposal plots).
Also, the soil exposure time to account for buildup was changed from the -
standard 15 yearsto 1 year. °

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 disposal plot applies also for the
inadvertent intruder).

For the analysis of the impact aftér Vermont Yankee control of the site is -
relinquished, the radioactive material is plowed under and forms a uniform
mix with the top six inches of the soil; but nonetheless, undergoes re-
suspension in the air at the same rate as the unplowed surface
contamination. However, 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. -
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As shown in the previous submiittals, in which the concentrations of Co-60 and Cs-137 in
septic waste exceed those identified in the soil, the Jiquid pathway was found to be an” -
insignificant contributor to the dose. Therefore, the liquid pathway is not constdered in
this analysis.

The dose models and methods used to generate deposition values and accumulated
activity over the operating life of the plant are documented the ODCM. Table 3 presents
the radioactivity that currently exists on the south field after the last spreading event
which occurred on September 28, 1998 (total elapsed time from September 28, 1998 to
April 1, 1999 is 184 days). In addrhon, the total activity on the south field is presented
assuming the addition of the 25.5 m® of soil subject of this evaluanon.

The totat activity that would be present on south field at hcense termination (i.e., total
elapsed time of 14 years post April 1, 1999, or-2013), assuming no future additions of
material containing radioactivity after disposal of the proposed soil volume was also
evaluated and is presented in Tabie 4.

_In order to demonstrate compliance with the boundary conditions, the critical organ and
whole body dose from all pathways to a maximally exposed individual during Vermont
Yankee control, and to the inadvertent intruder were calculated. The dose calculations
were performed using the dose conversion factors presented in Table 5 and 6 below
which were obtained from the ODCM. The contribution to dose from Co-60 and Cs-137
to the whole bedy and organ at the present and at license expitation is presented in Table
7. The present and future total dose impact from the south field with and without
spreading of the soil is presented in Table 8.

These results demonstrate that disposal of the approximately 25.5 m® of accumulated soil
will be well within the accepted dose limit criteria of 1 mrem/yr to any organ or whole
body during the control period, and 5 mrem/yr to an inadvertent intruder after control of
the site is assumed to be relinquished. This analysis shows that significant dose margin-
still exists on the approved dasposal plots to accommodate potentlal future spreading
operatxons )

5.0 RADIOLOGICAL PROTECTION

The disposal operation of soil piles will follow the applicable Vermont Yankee
procedures to maintain doses as low as reasonably achievable and within the specific
dose criteria as previously approved for septic waste and cooling tower silt disposal.

Revision 20 Date_ 1/11/02 ~ H-13
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6.0 CONCLUSIONS -

Soil generated from on-site construction activities reflécts an earthen type material
similar in characteristics to septic waste residual solids and cooling tower silt with respect
to the radiological pathway behavior and modeling. Based on the similarity in
characteristics between the proposed soil volume and waste streams that bave already
been approved for disposal, and the evaluation of the incremental dose impact, it is
concluded that disposal of the approximately 25.5 m® of existing soil through on-site land
spreading will meet the boundary conditions spec1ﬁed in the ODCM. That is, with
respect to the addition of the approximately 25.5 m® soil pxle to the existing radioactivity
already spread on the south field:

1. Total doses to the whole body and critical organ to the hi'pothetically maximally
exposed individual were estimated as 3.00E~02 mrem/yr and 1.04E-01, respectively,
_ which are less than the prescribed 1.0 mrem/yr.

2. Total doses to the whole body and critical organ of an inadvertent intruder from the
probable pathways of exposure were estimated as 1,13E-01 mrem/yr and2.21E-01
. mremlyr respectively, which are les than 5 mrem/yr,

3. The disposal is assumed to take place on the south field that is the same site approved
for disposal of septic waste and cooling tower silts.

If the soil were spread on an approved plot Whlch had not yet been used for disposal, the
dose impact from the appro:umately 25.5 m® of soil alone would at present be 4.17E-03 -
mrem/yr whole body and a maximum ozgan dose of 1.46E-02 mrem/yr. In addition, for
the inadvertent intruder, the whole body dose would be 1.60E~02 mrem/yr, and a
maximum organ dose of 3.11E-02 mrem/yr. Each of these doses also meet the boundary
conditions specified in the ODCM.

7.0 REFERENCES

(1) Vermont Yankee ODCM, Rev 23, Apﬁéﬁdix B, “Approval of Criteria for Disposal of
Slightly Contaminated Septic Waste On-Site at Vermont Yankee”,

(2) Vermont Yankee ODCM, Rev 23, Appendix F, “Approval Pursuant to
10CFR20.2002 for On-Site Disposal of Cooling Tower Silt”.

(3) USNRC Regulatory Guide 1.109, Rev 1, “Calculation of Annusl Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance with
10CFR Part 40, Appendix I”, dated October 1997.
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Table 1
Radioanalytical Results of Composite Soil Samples
Cs-137 Co-60
(pCikg) (pCi/kg)
Sample ID April, 1995 | April, 1999 | April, 1995 | April, 1999 |
G22716_ 234 213 49+ 29
G22717 - 522 ~ 476 143 ~ 84
G22718 337 — 307 37+ 22
G22719 ~201 265 111 66
G22720_ ~ 348 317 47%% 28
G22721 135 123 73 43
G22722 107 98 2 48
G22723 222 |, 203 140 83
G22724" 180 . 164 2 54
G22725 269 — 245 118 70
G22726 810 739 114 67
G22727 378 345 106 63
G22728 810 739 124 v
G22729 376 343 62 37
G22730 331 302 87 : 51
G22731 253 ~ 231 5%F 3
G22732 150 137 58 L
G22733 247 ~225 105 7
G22734 326 297 545 32
G22735 235 214 100 55
Average 328 299 -85 50
Maximum Value .810 739 143 84
Minimum Value 107 98 S 3
Standard Deviation 191 174 37 22

* Average wet to dry sample weight ratio equal to 1.12. Average wet density equal to £.47 gmce,
** The apparent respanse of the gammia isotopic analysis which was Jess than Minimum Detectsble Concentration.
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Table2 ,
Estimated Total Radioactivity in Soil Volume
Volume Average Concentration Total Activity

of Soil Mass | (pCi/kg-dry) ¢Ci) j
| Radionuclide | (m) | (kg-dry) [ April, 1995 | April, 1999 | April,1995 | April, 1999

Cs-137 | 255 |[3.35E+04 328 299 11.0 10.0

Co-60 25.5 3.35E+04 85 S0 28 1.7
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Table3
Total Activily on-South Field After Last Spreading Event
Total activity after |- Total activity decay | Total activity after
last spreading event | corrected to April 1, proposed soil
Radionuclide (nCifacre) ‘1999 (uCi/acre) | disposal (uCi/acre)
Mn-54 - 0.17 ‘ 0.11 0.11
Co-60 5.93 5.55 6.44
Zn-65 0.074 - 0.044 0.044
Cs-137 32.27 31.90 —37.16
, Table 4
Total Projected Radioactivity on South Field Remaining at License Expiration
Total Activity as of -
License Expiration -
Radionuclide ~ {(nCifacre) ..
Mn-54 8.
Co-60 089
Zn-65 7.6E-09
Cs-137 2633
Table 5

All Pathviray Critical Organ/Whole Body Dose Conversion Factors During Vermont .
Yankee Control of Disposal Sites

Critical Organ ‘Whole Body
Dase Facetor Daoge Factor
Radionuclide | Individual/Organ |  (mrem/yr per puCliacre) (mrem/yr per pCifacre)
Mn-54 = AdulVGI-LLY . | 3.75E-04 | 1L.93E-04
Co-60 Teen/Lung - 1 7.17E-04. - 1 531E-04
Zn-65 Child/Liver { 1.64E-02 1.03E-02 -
Cs-137 | Child/Bone 2.66E-03 7.02E-04
Revision 29 Date _ 1/11/02 H-16
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Table 6

All Pathway Critical Organ/Whole Bady Dose Conversion Factors Post Vermont

Yankea Control of Disposal Sites (Inadvertent Intruder)

Critical Organ Whole Body
Dose Factor Dose Factor
Radionuclide | Individual/Organ (mrem/yr per uCVIMJ (mrem/yr per pCilacre) .
Mo-54 “Teen/Lung 1.02E-02 3.12E-03
| Co-60 Teen/Lung 3.19E-02 9.09E-03
Zn-65 Child/Liver T1.89E-02 125602
Cs-137 Child/Bone 6.98E-03 | 3.85E-03
. .Table7
. Dose Contribution from Co-60 and Cs-137 in 25.5 m® Soil Volume after Land
_ Spreading
Present Dose Impact” Futare Dose Impact”
. (Maximally exposed " (inadvertent Iutruder)
’ Case individual) - ' -
" Dose | Individual/ Dose Individual/
(mrémiyr) Organ | (mrem/yr) | Organ
Cobalt-60 4.75E-04 | Wholebody | 1.29E-03 | Whole body
6.42E-04 | Max.Organ | 4.51E-03 | Max. Organ
Cesiom-137 3.69E-03 | Wholebody | 1.47E-02 | Whole body
1.40E-02 | Max,.Organ | 2.66E-02 | Max. Organ

! Based on inventory of Co-60 of 0.895 pCi/acre and Cs-137 of 5.26 pCi/acre in April 1,

1999.
2013.

Revision 29  Date

1/11/02
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Table 8.
Present and Future Dose Impact Due to the Soil Spreading for Two Cases
- Present DoseTmpact- |  Fature Dose Impact
(Maximally exposed (Inadvertent Intruder)
Case individual) _
Dose Individual/ Dose | Individual/
. (miem/yr) Organ (mrem/yr) Organ
Case One ' j
South Field as it currently | 2.58E-02 | Wholebody | 9.70E-02 | Whole body
exists . 1 896E-02 | Max.Organ | 1.89E-01 | Max. Organ
Case Two B '
South Field if disposal of 3.00E-02 | Wholebody | 1.13E-01 | Whole body
soil volume is approved __104E-02 | Max.Organ | 221E-01 | Child/Bone
Increase in dose impact ~ 4,176-03 | Wholebody | 1.60E-02 | Whole body
from disposal of soil 146B-02 | Max.Organ | 3.11E-02 | Max. Organ
Revision _;9_ Date __ 1/11/02 .
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V.ERMONT YANKEE
NUCLEAR POWER CORPORATION
185 Old Ferry Road, Brattleboro, VT 05301-7002

(802) 257-5271
. : ’_ January 4, 2000
' , \ BVY 00-02

United States Nuclear Regulatory Commission
ATIN: Document Control Desk
Washington, DC 20555

; References: (@) Letter, VYNPC to USNRC, "Request to Amend Previous Approvals Granted
| ; Under 10 CFR 20.302(a) for Disposal of Coatzminated Septic Waste and Cooling
| ‘ Tower Silt to Allow for Disposal of Contaminated Soil,” BVY 99-80,

- dated June 23,1999 o, .

|

o " Subject: Vermont Yankee Nuclear Power Station

| ' License No. DPR-28 (Docket No. 50-271)
Supplement to Request to Amend Previous Approvals Granted
Under 10 CFR 20.302(2) to Allow for Disposal of Contaminated Sofl

Reference (a) provided Vermont Yankee’s application to amend the prev_iously granted approvals to
dispose of slightly contaminated septic waste and cooling tower silt on-site to include slightly
contaminated soil generated as a residual by-product of on-site construction activities. “The request
was to allow the disposal of approximately 25.5 cubic meters of waste that has been accumulated to
date and to allow for disposal of future waste from construction related activities.

Based on discussions with USNRC staff, additional information related to the estimeted volume and
dose consequences of the proposed future material was needed to complete your review.
Attachment 1 has been revised accordingly to include the ‘nformation requested. Attachment 1
supercedes the evaluation previously submitted.

We trust that the information will allow you to complete your review of our submittal. However;
should you have any questions or require further information concerning this matter, please conmct
Mr. Jim DeVincentis at 802-258-42_35

Sincerely,

Vemcnt Yankee Nuclear Power Comomhon

Licensing Manager
Attachment
cc; USNRC Region I Admmtstrator
USNRC Resident Inspector - VYNPS
USNRC Project Manager - VYNPS
VT Department of Public Service
H-19
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The following table identifies comm:tmenis made in this document by Vermont Yankee. Any -

othier actiohs diseussed in the submittal represent inténded or planned actions by Veimont

Yankee. They are described ta the NRC for the NRC?s information and are not regulatory
commitmenis. Please notify the Licensing Manager ofany guestions regarding this document

SUMMARY OF VERMONT YANKI‘EE COMMITMENTS

or any associated commitments.
-COMMITTED DATE
OR “QUTAGE» -
None N/A -
VYAPF 0058.04
AP 0058 Original
Pageiofl
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1.0. INTRODUCTION . : -
1.1  Background

In 1989, Vermont Yankee Nuclear Power Corporation requested approval from the NRC to
rouhnely dispose of slightly conteminated septic waste in designated on-site areas in
accordance with 10CFR20.302(a). Approval from the NRC was granted on August 30, 1989
and the information was permanently incorporated into the Offsite Dose Calculatxon Mamml
(ODCM) as Appendix B. .

In 1995, Vermont Yankee Nuclear Power Corporation requwtedthatthe previous -
authorization for on-site dxsposal of very low-level radioactive material in septic waste be
amended to permit the on-site disposal of slightly contaminated cooling tower silt material.
Approval from the NRC was granted ord June 18, 1997 and the information was permanently
incorporated into the ODCM as Appendix F.

Tn 1994, approximately 25.5 m® of excess soil was generatéd during on-site construction
activities. ‘Subsequent sampling and analysis of the soil revealed low levels of radioactivity
that were similar in radionuclides and activity to the septic waste and cooling tower silts
previously encountered. An evaluation determined that the soil could be managed in similar
fashion as the septic waste and cooling tower silts; however, prior approval from the NRC
would be required under 10 CFR 20.2002 (formerly 20.302(2)).

-

12  Objective

The purpose of this assessment is to present the data and radiological evaluation to
demonstrate that the proposed disposition of the soil (i.e., on-site disposal via land spreading
on desxgmted fields) will meet the existing boundary dose conditions as approved by the
INRC for septic waste and cooling tower silt. ‘The boundary conditions established for ¥
disposal of the septic waste and cooling tower silt on designated plots are:

1. The dose to the whole body or any organ of a hypotheucal maximally exposed mdmdual
must be less than 1.0 mrem/yr.

2. Doses to the whole body and any organ of an inadvertent intruder ﬁo’m the probable
pathways of exposure are less than 5 mrem/yr.

3. Disposal operations must be at one of the approved on-site locations.

Revision 29 Date __1/11/02 ] . B-24
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20 WASTE DESCRIPTION

- | The eéxisting accurnulation of contaminated soil was derived from excavation activities
‘ associated with the construction of a new secuirity fence along the pIa.ut s Protected Area
- boundary. The volume of soil generated was approximately 25.5 m’, and is typical of fill
: material containing light to dark brown poorly sorted soils with some small stones, and
i _ includes small incidentsl pieces of asphalt. The soil was removed from its original location
i ' by shovel, backhoe and front-end loader, and placed into dump trucks for transport to a
location between the coolmg towers where it was deposited on the ground surface and
covered to prevent erosion. This iocation was selected because it was away frofn arcas
routinely occupied by plant staff, and could easily be controlled. The most probable source of
the low levels of radioactive contamination is the presence of below detectable removable
contamination redistributed by foot traffic from inside the plant to walkways and.
areas. Subsequent surface runoff carries the contamination to nearby exposed soil near the
Protected Area boundary where it had accumulated over time to low level detectable
- concentrations.

In April 1995, a total of 20 composite soil samples were collected to characterize the
accumulated volume Composites were obtained by taking 2 grab sample from opposite
sides of the pile and the top at equal distances along its length. These three grab samples
were then combined into one composite sample. Soil samples were sent to the Yankee
Atomic Environmental Laboratory for analysis and counted to environmental lower limits of
detection required of environmental media. Results of the analyses are presented in Table 1.
For estimating the total activity in the soil pile, the actual analytical result wes used for those
samples that were less than the MDDC to caleulate the average radioactivity concentration.
Analytical results are provided for both the times when the samples were collected as well as
decay corrected to the present (7/15/99). The results identified both Cs-137 and Co-60 in
‘most of the composite samples, which verified that plant-related radioactivity, was present in
the soil.

The mass of accumulated soil (dry) was estlmated by multiplying the total in-situ volume
5.5 m’) by it’s wet density, 1.47E+03 kg/m’, and then dividinig by the wet:dry ratio of 1,12;
‘thus yielding a mass of 3.35E+04 kg (dry). The miss of the soil was ther multiplied by the-
average measured Co-60 and Cs-137 concentrations to obtain the total activity of each
radionuclide in the 25.5 m®, Table 2 presents the estimated total radioactivity in the 25.5 m*
volume at the time of sample collection and analysis, and decay corrected to the date of the
most recent disposal (septic waste) spreading operation (i.e., July 15, 1999).

In addition to the existing 25.5 m® (900 £t®) of soil included in this request, it is anticipated
that the need to dispose of very low-level contaminated soil will occur in the future. Each
spring, appro:nmately 28.3m” (1000 f*) of road and walkway sand spread during the winter
season is swept up from inside the Protected Area. This material is subject to the same
contamination mechanisms that are believed to have lead to the observed contamination in
the construction fill removed from within the Protected Area in the past. For purposes of

| Revision 29 Date__1/11/02
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evaluating the mdlologlcal impact of potential fiiture soil disposals, it is assumed that an
additional 28.3 m’  per year of saud / soil is contaminated af the same concentration levels.es
. originally observed (April 1995) in the currently collected 25.5m® of soil. It is also assumed

that this material is placed on the same approved disposal field used for all past septic and
cooling tower silt disposal operations. Table 3 shows the estimated amount of radioactivity
i . associated with the annual disposal of the 28.3m> of soil. It is assumed that this material is
disposed of each year for the next 14 years (until the end of plant operating license in 2013)

on the same field (South Disposal Plot) along with the continued application of septic waste

and cooling tower silt. .
Table 4 shows arecord of the actual amount of septic/silt material that has been spread on.
south field for the past 10 years. A review of the actual waste disposal operations show that
the annual average radioactivity content placed on the 1.9 acre South field from septic and

silt d.zsposalsareas follows:
- ' Mn-54 0.147 uCifyear
Co-60 2.58 uCi/year
Zn-65 0269 uCifyear
Cs-134 "0.010 uCifyear
Cs-137 621 uCifyear

The maximum radioactivity inventory resulting from thc accumulated buildup of past and
pro,)ected future disposal operations (i.e., septic waste, cooling tower silt, plus the existing
25:5m° of accumulated soil along with a projected annual addition of 28.3m’ of soil each
year wiitil the termination of the operating hcense) is shown on Table 5.

3.0 SOIL DISPOSAL AND ADMINISTRATIVE PROCEDURE REQUIREMENTS

The method of soil disposal will use the techmque of land spreading in a manner consistent
with the cunrent commitments for the on-site disposal of septic waste and cooling tower silts
as approved by the NRC. The accumulation of radioactivity on the disposal plot for this soil .
spreadmg operation will be treated as if cooling tower silt or septic waste was being disposed
of since the characteristics.of all these residual solids are similar (earthen-type matter).‘The
south field (approximately 1.9 acres in size) has been designated and approved for septic -
waste and cooling tower silt disposal and has been used for all past disposal operations, and
is expected to be used for the placement of sofl. Determination of the radmlog:eal dose
lmpacthas been made based on the same models and pathway assumptions used in the
previous submittals. .

Dry soil material will be dispersed using typical agricultural dry bulk surface spreading
practices in approved disposal areas on-site. Incidental pieces of asphalt and stones that are
picked up with the soil will be screened out before the soil is spread and disposed of as
radioactive material at an off-site licensed facility if detectable radioactmty is found.

H-26
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Records of the disposal that will be maintained iclude the following:

(@) ‘The radionuclide coricentrations detected in the soil (measured to envuonmental o
lower limits of detection).

(b) The total volume of soil disposed of.

(¢) The total radicactivity in the disposal operation as well as the total accumulated
on each disposal plot at the time of spreading.

(d) The plot on which the soil was applied.

(e) Dose calculations or maximum allowable accumulated activity determinations
required to demonstrate that the dose limits imposed on the lend spreading
operations have not been exceeded. .

‘To ensure that the addition of soil containing low levels of mdioactivity will not exceed the
boundary dose limits, each new spreading operation will require an estimate of total
radioactivity that includes all past disposals of septic waste, cooling tower siit and soil
material on the designated disposal plots. This will be compared with the boundary dose
Emits or equivalent radioactivity limits on a per acre basis. In addition, concentration limits
applied to the disposal of earthen type materials (dry soil) restrict the placement of small
volumes of materials that have relauvely high radioactivity concentrations.

Any farmer leasing land used for the disposal of soil (or other approved waste) will be
notified of the applicable restrictions placed on the site due to the spreading of low level
contaminated material. These restrictions are the same as detziled for the previously
approved septic waste spreading application.

4.0 EVALUATION OF ENVIRONMENTAL IMPACTS
4.1 Site Characteristics '

All designated dxsposal sites are located on the Vermont Yankee Nuclear Power Plant site
‘and are within the site boundary security fence. -The south field consists of approximately
1.9 acres and is centered approximately 1500 feet south of the Reactor Bmldmg This parcel
of Jand has been prewously approved by the NRC for the land disposal of septic waste-and
cooling tower silt, and is the only portion of the approved disposal areas which hasbeén
utilized to-date for the spreading of contaminated material. For estimating the maximum
future radiological impact, it is assumed in the analysis that all future disposal operations wﬂl
continue to use the South field as the dlsposal plot

| Revision 20 Date_ 1/11/02 " H-27
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4.2 Radlologlcal Impact <

The amount of radioactivity added to the south field is procedurally contmlled to éxisure that
doses are maintained within the prior approved limits of the boundary conditions.

To assess the dose received by the maximally exposed individual during the period of plant
controls over the property, and to an inadvertent intruder after it is assumed plant access
controls end, the same pathway modeling, assumptions and dose calculation methods as
approved for septic and coolmg tower silt disposal were used, These dose models implement
the methods and dose conversion factors as provided in Regulatory Guide l 109, Revision 1

(1977). .
Thie following six potential path’ways were identified and included in the analysis:

() Standing on contaminated ground.

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

(d) Ingestion of stored vegetables.

() Ingestion of meat. ’

() Ingestion of cow’smilk.

As shown in the previous application for septic waste disposal, the quid pathway was found
to be an insignificant contributor to the dose for the radionuclides identified fixed in-the soil
type matrixes associated these waste forms Therefore, the liquid pathway is not conmdered
in this analysis,

Both the maximum individual and inadvertent intruder are assumed to be exposed to these
pathways, the difference between them being due to the occupancy time. The basic
assumptions used in the radiological analyses include:
()  Exposure to ground contamination and re-suspended radioactivity is fora
. period of 104 hours. per year during the Vermont Yarkee active control of the
disposal sites and contimuous theréafter. The 104-hour interval is
representative of a farmer’s time spent on a plot of land (4 hours per week for
6 months).

(b)  For the purpose of projecting and illustrating the magnitude of dose impact
over thé remaining life of the plant, it is assumed that fiture disposals of -
septic and silt material will be placed annually on the same field at the annual
average radioactivity levels observed for these waste streams over the past ten
years. The future disposals will also consist of the additional 28.3 m* (1000
f1) annual volume of new soil at the same radmachuty concentrations
observed at the time of collection of the existing 25.5 m® soil volume. The
maximum individual dose impact from the buildup of dssposed material

Revision 29 Date__1/11/02
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occurs at the same time (2013) for both the Control Period and Intmder
scenarios.. - ,

(¢) For the enalysis of the radmlogtcal impact dunng the Vermont Yankee active
control of the disposal sites until 2013, no plowmg is essimed to take place
. and all dispersed radioactive material remains on the surface forming a source
of unshielded direct radiation.

(d  The crop exposure fime was changed from 2160 hours to 0 hours to reflect the
condition that no radioactive material is dxspersed directly on crops for human
or animal consump'aon. Crop contamination is only through root uptake.

()  Thedeposition on crops ofxe-suSpended radxoact{my is insignificant.

(® - Most of the pathway data and usage factors used in the analysis are the same
as those used in the Vermont Yankee's ODCM assessment of off-site
radiological impact from routine releases. The fraction of stored vegetables
grown on the contaminated land was conservatively increased from 0.76 to
1.0 (at present no vegetable crops for human consumption are grown on any

N of the approved disposal plots). For each year’s spreading operations, the soil
exposure time to account for buildup was changed from the standard 15 years
to 1 year. L

(g) [Itis conservatively assumed that Vermont Yankee relinquishes control of the
disposal sites after the operating license expires in 2013 (i.e., the source term
accumulated on a single disposal plot applies also for the inadvertent
intruder).

()  For the analysis of the impact after Vermont Yankee control of the site is
relinquished, the radioactive material is plowed under and forms a uniform
mix with the top six inches of the soil; but nonetheless, undergoes re-
suspension in the air at the same rate as the unplowed surfice contamination.
However, for direct ground plane exposure the self-shielding dus 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 accumulated activity
over the operating life of the plant are documented in the Vermont Yankee ODCM. The total
activity that would be present on south field at the end of the operating period (i.e., total

7 elapsed time of 14 years post July 15, 1999, or 2013) from the buildup of all waste sireams
(i.e., septic, cooling tower silt and soil) is presented in Table §.
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In order to evaluate the dose impact associated with the different disposal stwams a dose
assessment was perfom:ed for the follomng four disposal scenarios: -

@ Impact from past septic and silt spreadmg only — Table 7

(@) Impact from past septtc and silt spreading, plus a single 25.5m” soil disposa!
operation for the existing accumulated soil — Table 8

() Impact from past septic and silt disposals along with the existing 25.5 m® of
accumulated soil and postulated future annual soil d1sposa1 volumes (28.3 m’

: /yr).=Table 8 .

(IV) Impact from past septic and silt d1sposals plus annual projected disposals of
septic, silt and soil. — Table 10 . -

For each scenario, the critical organ and whole body dose from all pathways to a maximally
exposed individual for both the Vermont Yankee control period and the inadvertent intruder
situation were calculated, The dose calculations were performed using the dose conversion
factors presented in Table S, which were obtained from the Vermont Yankee ODCM,
Appendix F, “Approval Pursuant to 10CFR20.2002 for On-Site Disposal of Cooling Tower
Silt.”

{
A summary of the calculated dose impact associated with the four dxfferent scenarios is
shown in Table 11, These results demonstrate that disposal of the 25.5 m® of accumulated
soil will be well within the accepted dose limit criteria of 1 mrem/yr to any orgen or whole
body during the control period, and 5 mrem/yr to en inadvertent intruder. In addiﬁon, if
continued soil spreading is necessary, the resulting dose is expected to also remain below the
established limits even assuming the annval apphcaton of already approved disposal media
(i.e., septic waste and cooling tower silt).

5.0 RADIOLOGICAL PROTECTION

The disposal operation of the soil will follow the applicable Vermont Yankee procedures to
miintain doses as low as reasonably achievable and within the-specific dose criteria as
previously approved for septic wasté and cooling tower silt disposal.

6.0 CONCLUSIONS

Soil generated from on-site construction and maintenance activities constitutes an earthen
type material similar in characteristics to septic waste restdual solids and cooling tower silt
with respect to the radiological pathway behavior and modeling. Based on the similarity in
characteristics between the proposed soil volume and waste streams that have already been
approved for disposal and the evaluatxon of the incremental dose impact, it is concluded that
the disposal of the existing 25.5 m® and the projected 28.3 m*/year of soil through on-site
Jand spreading will meet the existing NRC approved boundary dose conditions specified in
H-30
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the Vermont Yankee ODCM (see Appendxx B for Septic Waste D1sposa1) That 1siwnh
respect to the addition of the initial 25.5 m® of soil along with the projected 28.3 m*/year of * -
soil and the projected future disposal of septic and silt waste to the ex:stmg radioactivity .
already spread on the south field:

1. Total doses to the whale body and eritical organ of the hypothetically maximally exposed
individual were estimated as 1.15E-01 mrem/yr and 4.03E-01 mrem/yr, respechvely,
‘which are less than the prwcnbed 1.0 mrem/yr limit during the period of active site
control.

2. Total dosw to the whole body and critical organ of an inadvertmt intruder fromthe -
probable pathways of exposure were estimated as 7.57E-01 mrem/yr and 1,17 mrem/yr,
respectively, which are less than 5 mrem/yr limit associated with an intruder scenario
following assumed loss of site access control as the end of the operating license.

3. " For purposes of projecting maximum impact, all dlsposals (past and future) are assumed
to take place on the south disposal plot.

|
|
i |
Therefore, the disposition of the present 25.5 m 3 and the projected 28.3 m’/year of soil will ‘
continue to meet the existing boundary conditions as approved by the NRC for septic waste |
and cooling tower silt. .

Ly
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Routine Releases of Reactor Effluents for the Purposs of Evaluating Compliance with :
10CFR Part 40, Appendix I", dated Octaober 1977. ;

4,

’ H-32
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Table
Radioanalytical Results of Cémposite Samples Taken from 25.5m’ Sqil"Pile

Cs-137 Co-60

' L (pCi/kg) (PCVkE)
: Sample ID April 1995 July 15.19% April 1995 July 15,1999
(22716 234 2122 49 28.0
G22717 522 4734 143 81.7 -
G22718 . 337 305.7 37 211 *
G22719 291 2639 111 634 -
G22720 348 3156. - 47 268 *
G22721 135 124 . 73 41.7
G22722 107 97.0 82 46.8
G22723 . 222 201.4 140 - 80.0
G22724 180 1633 92 52.6
- ' G22725 269 2440 118 674
G22726 ' 810 7347 114 ° 65.1.
G22727 378 . 3428 106 60.6
. G22728 810 734.7 124 . 70.8
G22729 376 3410 - 62 354
G22730 331 300.2 87 49.7
G22731 . 253 2295 5 29 *
G22732 150 136.0 - 58 33.1
G22733 247 2246 105 60.0
G22734 326 295.7 54 303 *
- G22735 : 235 213.1 100 37.1
Average 328 298 85 49
Maximum 810 735 143 82
Minimum 107 97 5 3 .
Std Dev. 186 169 36 20 :

*The apparent response of the gamma 1sot0p1c analyms was less than the Minimum Detectable -
Concentratxon.

Table2
Estunated Total Radioactivity in 25.5m Accumulated Soil -

Volume  Soil Average Concentration Total Activity
ofSoil  Mass (pCi/kg —dry) » (uC)
Nuclide (m3) (kg-dry) April1995 July 15.1999 April1995 July 15,1999
Cs-137 25.5 3.35EH04 328 298 11.0 - 100
Co-60 25.5 3.35E+04 85 49 2.8 1.6
Revision 29 Date __1/11/02 g ETL 3‘33._;_ ’ Pagg 395 of 401
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Table 3 :
Estimated Total Radioactivity in Future Soil Additions
Volume: - sﬁil' S Average Concentration - . ’
of soil Mass (pCi/kg-dry assuming) Total Activity
Nuclide (m% (kg-dry} (April, 1995 concentrations) {@Cifyr)
Cs-137 283 3.72E+04 328 128
.Co-60 283 3.72E+04 _ 85 3.16
i ‘ ) /
i Record of Septic and Silt Radioactive Material Spread Each Year on the Sonth Field -
Spreading Materil Mn54 - Co-60  Zn65 CsI34  Csi37  Celdl
Year Date Type (uCi/acre) (uCi/acre) (uCifacre) (mCifacre) (nCi/acre) (uCi/acre)
1950 1031590  Septage  0.00 3.89 0.00 0.00 026 0.00
1990 11/20/90  Septage  0.17 2.03 0.41 0.00 0.29 1.40E-08
1991 - .m0 0.00 000 000 0.00 0.00 0.00
spreading ‘ : . .
11992 10/19/92  septage 0.1} 1.73 0.52 0.05 032 0.006
{1993  10714/93  septage  0.05 1.41 021 . 0.0 030 0.00
1 1994 06/14/94 septage 008 043 000 000 0.09 0.00
: ! . BN
) | 1995  06/29/95  septage  0.00 0.88 0.00 0.00 0.00 0.00
': | 1006 o 000 000 0.00 0.00 0.00 20.00
. ) spreading o
| 1997  067i8/97  septage  0.12 1.00 0.00 000 - 019 . 000
|1998 073098 sepimis 014 © 073 009 000 012 . 0.0
|1998 oomems st 000 0.00 000 000 3087 0.00
: {1999 07159 Septage 011 147 020 000 025 000
! | Average Activityfyr . . ]
|  (uCi/acre): 008 136 0.14 0.01 3.27 0.01
Average Activity . : ‘ '
(uCifyr) 1o be 0.147 2.58 0269  0.010 621 0.001 not
{: disposed of on 1.9 significant
[ acrefield o

Revision 29 Date_ 1/11/02 H-34
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Table 5

Total Profected Radioactivity Remaining on South Field after License Terminstion

Accum. Activity ~ Accum. Activity Accum. Activity  Accum. Activity

' in Silt & Septic in Soil Total All Paths
@ Year 2013 @ year 2013 @ year 2013
: Nuclide e . (uCh (aCi)
Mn-54 026 . - 026
Co-60 19.68 21.83 41.51
Zn-65 . 042 - . 042
Cs-137 119.03 154.74 21378
Cs-134 0.04 - T 004

-

Total All Paths
@ Year 2013
: (uCilacre)*
0.14

21.85
0:22
144.09
0.02

-* The total activity is assumed to be spread on the 1.9 acre South field to generate the uCi/acre value.

‘Table §

All Pathway Critiedl Organ/Whole Body Dose Conversion Factors

Radionuelide JIndividual/Organ
Mn-54 Adult/GI-LLI
Co-60 Teen/Lung -
Zn-65- Child/Liver
Cs-137 Child/Bone

Revision. 29 Date _ 1/11/02

During V

cre
375E-04
7.17E-04
1.62E-02
2.66E-03

H-35

ontro

Critieal Orpan ~ Whole Body
“Dose Factor
(mrem/yr per

Dose Factor
(mrem/yr per

uCilacye)
1.93E-04
3.31E-04
1.03E-02
7.02E-04

Post VY Control

der

Critical Organ

Dose Factor
{mrem/vr nar

uCifacre)
1.02E-02
3.19E-02
1.89E-02
6.98E-03

‘Whole Body

Dose Factor

{mrem fur nar

NS e

pCilacre) -
3.12E-03

9.09E-03

" 1.25E-02
" 3.85E-03
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\ Table 7 (Scenario 1
Dose Impact from Past Septic and Silt Spreading on. South Field (as of 7/15/99)

Control Scenavio:
' ' All Onker .
Spreadings Mxximum Organ Whole Body Maximum Whole Body
Helf-life ToDate Dase Factor Dose Factor Organ Dose Dase
(Year) fuClacre) (mopmiypfaCiiacre) (mrem/yrinCifacre)  {onrem/yr) {meemivy
Mn-54 0.86 020 375804 19304 135E05 3.78E05
Co-b0 527 . 686 g 7.1TEDS $31B0¢ 492603 364E03
Zo65 -0£7 023 . LE2ER 1.038-02 3.TIEB 2.40E-03
Ce137 30.17 s 246E43 - 102E04 249E2 224E-02
. TowlDoss: [ 937B-02 | 289E02 |
- f Dose Limit 1 ; {
P % of Limit: 937% 285%
Intruder Scéusrio: : ‘
All Other on Flot .
Spreadings Decayedts  MaximumOrgmn  'Whole Body Maxkmum Whole Body
Half-Life “To Date Year2013 Dose Fatctor Doge Factar Organ Dose Dase
(Yeard) {oClacre) (Clzcr)  (mremiyrfoClocre) (mremiyohCliacre)  (mremivr) {mremivi)
M54 036 020 231E-06 LOER 3.12E08 236E-08 722E-09
Co-60 521 686 108E+00 319802 9.006-03 346E-02 9.85E-03
Zn65 0.57 023 . LISE87 ° L35EN2 12802 217609 143E-09
= Cs137 30.17 3L 231E101 698E-3 . 3S5EGB - 14601 8.91E-02
- ' : " TolDose: [ T96EDI | 990E402 |
Does Limit 5 5
— - %% of Limit: 3% 198%
{
Table 8 {Scenario II)
Dose Impact from Past Septic/Silt Spreading and Single 25.5m?® Soil Disposal
Control Scenario: . All Spreadings Maximum Orgm Whelc Body Mxxigwm Whole Body
o Half-Life to Dam Dose Factor Dose Factor Organ Dose Dose
[Years) {uCl/acre) (erem/yrfoCifacre) (mremiyph:Cliacrs)  fmremfyr} {mrem/vn)
Ma-S4 .55 .15 © o BAsEAA L93IE-4 735E45 < LTEE
Cao-60 527 7.70 TI7E04 531804 552608 4.09E-03
Zn-65 067 0233, 162EM LO3E02 3.77EB 240E-03
cs37 - 3017 kB . . 2668403 70E04 9,89E-02- 261E-02
S . ) " S “Totz! Dose: TOSEOL | 326602 |
. DoscLimit 1. — 1
% of Limit: 10.83% 326%
troder Seenaria: AllSpreadings  ActivityonFlot  Maximum Ozgan Whele Body Maximum Whole Body
HalfLife to Date Deczyed 102013 Dose Factor Daose Factor Oz Dose Dose
(Years) {uCifacre) (oClscre)  (mremfysuClfaeed) (rememypbsCi/acrs)  (mremfyr) = (meemivn)
Mn-$4 0.86 0.156 231E-06 LRE®  IRER 236E08 7.22E-09
Co50 527 7.70 122E+00 3.49E02 - 9.09E-03 3.88E-2 LI1E-Q2
Zo-65 0.67 0233 LISE-07 LESE-2 125502 217E-09 1.43E-09
Cs137 30.17 3749 2.70E+01 698E-03 3.85E-03 1.28E-01 1.04E-01
TowlDese [ 227801 . | L1501 |
Dosslimit -~ & 5
% of Limit: 4.54% 230%
Revision 29 Date _ 1/11/02. . H-36




= UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 2055%-0001

June 15, 2000
o NVY .00-58

‘Mr. Samuyel L. Newton

Vice President, Operations

Vermont Yankee Nuclear Power Corporation

185 Old Ferry Road

Brattleboro, VT 05301

SUBJECT: VERMONT YANKEE NUCLEAR POWER STATION, REQUEST TO AMEND
PREVIOUS APPROVALS GRANTED UNDER 10 CFR 20.302(a) TO ALLOW
FOR DISPOSAL OF CONTAMINATED SOIL {TAC NO. MA5950)

Dear Mr. Newton:

By letter dated June 23, 1999, as supplemented on January 4, 2000, you submitted a request
to amend a previously.approved application granted by the Nuclear Regulatory Commission -
{NRC) pursuant to 10 CFR 20.2002 (previously 10 CFR 20.302) to allow the addition of slightly
contaminated soil and soil/sand material to the list of already approved materials-(i.e., septic
waste and cooling tower silt) for on-site disposal via land spreading on desngnated f;elds

~ We have completed our review of your proposal and find it to be acceptable bemuse the
! previously approved bounding conditions will continue to be met.

Pursuant to the provisions of 10 CFR Part 51, the NRC has published an Environmental
Assessment and Finding of No Significant Impact in the” Federal Reg:ster on June 15,2000

(65 FR 37583 ).
Sincerely, !—!

Jo_th\_. Zwolinski, Director
Division of Licensing Project Management
Office of Nuclear Reactor Regulation -

Dockst No. 50-271
Enclosure: Safety Evaluation

cc w/encl: See nextpage

Revision 29 Date  1/11/02 : H-37
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Vermont Yankee Nuclear Power Station
cc:

" Regional Administrator, Region I "
U. 8. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, PA 19406

Mr. David R. Lewis

Shaw, Pittman, Potts & Trowbridge
2300 N Street, N.W.

Washington, DC 20037-1128

Mr. Richard P. Sedano, Commissioner
Vermont Depariment of Public Service
112 State Street

Montpelier, VT 05620-2601

Mr. Michael H. Dworkin, Chairman
Public Service Board

State of Vermont

112 State Street

Montpelier, VT 0562C-2701

[

Chalrman, Board of Selectmen
Town of Vemon

P.O.Box 116

Vemon, VT 05354-0116

Mr. Richard E. McCullough
Operating Experience Coordinator

Vermont Yankee Nuclear Power Statlon '

P.O. Box 157
Govemor Hunt Road
Vernon, VT 05354

G. Dana Bishee, Esq.
Deputy Attorney General’
33 Capitol Street
Concord, NH 03301-6937

Chief, Safety Unit

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

Ms. Deborah B. Katz ;
Box 83
Shelbume Falls, MA 01370

Revision 29 Date __1/11/12

Mr. Raymond N. McCandless
~ Vermont Department of Health
Division of Occupational
and Radiological Health
108 Cherry Street
Burlington, VT 05402

Mr. Geutam Sen
Licensing Manager
Vermont Yankee Nuclear Power
Corporation ‘
185 Old Ferry Road
P.0. Box 7002 ’
_Brattlieboro, VT 05302-7002

Resident Inspector

Vermont Yankee Nuclear Power Station
U. 8. Nuclear Regulatory Commission
P.O. Box 178

Vemon, VT .05354 -

Director, Massachusetts Emergency
Management Agency °

ATTN: James Muckerheide

400 Worcester Rd.

Framingham, MA 01702-5399

Jonathan M. Block, Esq.
Mazin Street

” - P. O. Box 566
Pulney, VT 05845-0566

H-38
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 205550001

SAFETY EVALUATION BY THE

OFFICE OF NUCLEAR-REACTOR REGULATION |

VERMONT YANKEE NUCIEAR POWER STATION
DOCKET NO. 50-271

1.0’ INTRODUCTION

By letter dated June 23, 1999, as supplemented on January 4, 2000, Vermont Yankee Nuclear-
Power Corporation (the licensee), submitted a request to amend a previously approved -
application granted by the Nuclear Regulatory Commission (NRC) pursuant to 10 CFR 20.2002

- (previously 10 CFR 20,302) to allow the addition of slightly contaminated soil and soil/sand
materlal to the list of already approved materials (i.e., septic waste and cooling tower silt) for
on-site disposal via land spreading on designated fi elds

In 1989, pursuant to 10 CFR 20,302 (current 10 CFR 20.2002), the licensee received approval
from the NRC to routinely dispose of contaminated septic waste in designated on-site areas. In

1997, the NRC amended the approved on-site disposal apprcatlon to-also include contammated '

cooling tower silt material.

In this 10 CFR 20.2002 amendment application, the licensee identified 25.5 cubic meters of soil
to be disposed of on-site immediately, and approximately 28.3 cubic meters of soil/sand
material to be disposed of on an annual basis until the expiration of the plant's operating license
in 2013. The 25.5 cubic meters of contaminated soil were generated as a result of on-site
construction activities. The anticipated 28.3 cubic meters of soll’sand material will be generated
from the annual winter spreading of sand on roads and walkways at the plant site. The licensee
has performed a comprehensive radiological evaluation that includes all of the anticipated
materials (l.e., the current 25.5 cubic meters and the 28.3 cubic meters generated annually
thereafter). The ilicensee’s evaluation shows that the soil/sand can be managed on-site in the
same manner as the seplic waste and cooling tower siit (l e., by land spreadlng on desugnated
flelds)

20 EVALUATION

The licensee will dispose of the soil and future sollfsand material using a land spreading
technique consistent with its current commitments for on-site disposal of septic waste and
cooling tower silts previously approved by the NRC. The licensee will continue to use the
designated and approved areas of their property (approximately 1.9 acres in size) which
currently receives the septic waste and cooling tower silts. Determination of the radiologicel
dose impact of the new material has been made based on the same dose assessment models
and pathway assumptions used in the previously approved submittals.

Revision 29 Date __1/11/02
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The licensee will procedurally control and maintain records of all disposals. The following
inforratlon will be recorded:

1. ' The radionuclide concentrations detected in the material (measured to radlatton levels
consistent with thé licensee’s radiological environmental monitoring program).

| . 2. The total volume of material disposed.

3. The total radioactivity in the disposal operation as well as the total radioactivity -
accumulated on each disposat plot at the time of spreading.

4, The plot on whioh the material was applied.

_ 5. Dose calculations or maximum allowable accumulated activity determinations required
4 to demonstrate that the dose condition values imposed (i.e., imposed by this 10 CFR
20.2002 application) on the land spreading operation have not been exceeded.

The bounding dose conditions for the on-site disposals are as follows:

1. The annual dose fo the whole body or any organ of a hypothetical maximally exposed
individual must be less than 1.0 mrem.

2 Annual doses to the whole body and any organ of an madvertent intruder from the
probable pathways of expasure must be less than 5§ mrem.

»

3. Disposal operations must be at one of the approved on-site locations.

To ensure that the addition of new material containing low levels of radicactivity will not exceed
the bounding dose conditions, for each new spreading operation the licensee will calculate an
astimate of the total radioactivity applied to the designated disposal plots. These calculated
estimates will include all past disposals of septic waste, cooling tower silt, soil and soil/sand
material on the designated disposal plots. This will be compared with the bounding dese
condition value or equivalent radioactivity value on a per acre basis. In addition, concentration
iimits wiil be applied to the disposed material to restrict the placement of small volumes of
material that may have relatively high radioactivity concentrations.

- The licensee assessed the dose that may be received by the maximally exposed individual
during the period of plant control over the property, and to an inadvertent intruder after plant
| ' access controf ends using the same pathway modeling, assumptions, and dose calculation
methods that were previously approved by the NRC for the septic waste and cooling tower silt
disposals. The dose models are: based on the guidance in NRC Regutatory Givide 1.109,
Revision 1 (1877).

The licensee’s dose assessment is as follows:

1. Total annual doses to the whole body and critical organ of the hypothetically maximally
exposed individual were estimated to be 0,115 mrem and 0.403 mrem, respectively.
These values are less than the prescribed annual dose condition value of 1.0 mrem for
the time periad of active site control.
Revision 29 Date __1/]11/02 . H—lio
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2 Total annual ddses to the whole body and critical organ of an Inadvertent intruder from
‘the probable pathways of exposure were estimated to be 0.757 mrem and 1.17 mrem.
These values are less than the prescribed annual dose cdndlﬂon value of 5.0 mrem for
the time period after active site control. '

3. The dose calculations are based on projecting the maximum potential impact of all
disposals (past and future) on the designated disposal plot of land.

3.0 CONCLUSION
The staff finds the licensee’s proposal to dispose of the low-level radicactive soil and sol/sand -
material, pursuant to 10 CFR 20.2002,-in the same manner, location, and within the bounding
dose conditions as the materials {i.e., septic waste and cooling tower silt) previously approved
by the NRC 1o be acceptable bewuse the bounding conditions will contirue to be met.

.Pnnclpal Contributor: §. Klementowicz
Date: June 15, 2000

I Revision 20 Date __ 1/11/02 U =41
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Appendix I

1. “Request to Amend Previous Approval Granted Pursuant to 10CFR20.2002 for
Disposal of Contaminated Soil”, dated September 1%, 2000, BVY 00-71

3. Vermant Yankee Nuclear Fower Station — Safety Evaluation for en Amendment to
an Approved 10CFR20.2002 Application (TAC No. MA9572)", dated June 26™,
2001, NVY 01-66 !

Revision 29 Date __1/11/02
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VERMONT YANKEE

NUCLEAR POWER CORPORATION

185 OLD FERRY ROAD, PO BOX 7002, BRATTLEBORO, VT 05302-7002
(802) 257-5271

September 11, 2000
BVY 00-71

United States Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

References: A
(a) Letter, VYNPC to USNRC, "Request to Amend Previous Approvals
.- Granted under 10 CFR 20.302(g) for Disposal of Contaminated Septic
Waste and Cooling Tower Silt to Allow for Disposal of Contaminated
Soil,” BVY 99-80, dated Jure 23, 1999.

(b)  Letter, VYNPC to USNRC, “Supplement to Request to Amend Provious
Approvals Granted under 10 CFR 20.302(2) to Allow for Disposal of
Contaminated Soil,” BVY 00-02, dated January 4, 2000.

{c) Letter, USNRC to VYNPC, “Vermont Yankee Nuclear Power Station,
Request to-Amend Previous Approvals Granted under 10 CFR 20.302(a)
to Allow for Disposal of Contaminated Soil (TAC No. MA5950),”

© NVY 00-58, dated June 15, 2000. -

()] Letter, USNRC to VYNPC, “Revised Safety Evaluation — Approval
Pursuant to 10 CFR 20.2002 for Onsite Disposal of Cooling Tower Silt —
Vermont Yankee Nuclear Power Station (TAC No. M96371),”
NVY 97-85, dated June 18,1997.

Subject: ' Vermont Yankee Nuclear Power Station
License No, DPR-28 (Docket No. 50-271)

Request to Amend Previous Approval Granted Pursnant to
10.CFR 20.2002 for Disposal of Contaminated Soil

In accordance with 10 CFR 20.2002 (previously 10 CFR 20.302(a)), Vermont Yankee (VY)
submits this application to amend the previously. granted approval to dispose of slightly
contaminated soil. This application expands the allowable waste streamto “include slightly
contaminated soil generated as a residual by-product of other types of - on-site construction
activities.

In References (a) and (b), VY requested approval to dlspose of approximately 25.5 m® of
accumulated soil that was generated due to constructmn activities. In addition, it was requested
that VY be allowed to dispose of approximately 28.3 m” of soil that is spread annually on station
roads and walkways during the winter. NRC acceptance is documented in Reference (c).

This application specifically requests approval to dispose of contaminated soil that is created due
to other on-site construction related activities including but not limited to design change
implementation and land maintenance.

Revision 29
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VERMONT YANKEE NUCLEAR POWER CORPORATION

i

BVY 00-71/ Page 2 of 2

In addition, VY requests that NRC’s review recognize that, although VY indicated in Reference
(b) that the south disposal field (approxnnate!y 1.9 acres in size) is currently expected to be used
for disposal.of the subject material, VY is also authorized to use the alternate north disposal field
(approximately 10 acres in size). Approval to use both the north and south fields for disposal was
granted in Reference (d). VY’s radiological impact assessments have conservatively assumed all
of the disposal activities occur on the smaller south field to maximize potential calculated doses.
These assessments bound the situation where a portion of the land spreading occurs on the north
field, '

VY will continue to limit the total actlwty spread, from approximately 28.3 m® of soil generated
each year, to within the limits assumed in the radiological assessment previously submitted in
Reference (b).

A radiological assessment and proposed operational controls for the inclusion of the additional
material for on-site disposal was provided in Reference (b). The assessment demonstrates that
the dose impact expected from the proposed activity, in total with all past waste spreading
operations, will not approach the dose limits already imposed for septic and cooling tower silt
disposal. All soil analyses will be to environmental lower limits of detection.

The results of all disposal operatlons will be reported in the Annual Radioactive Effluent Release
Report. The combined radiological impact, for all on-site disposal operations, will continue to be
limited to a total body or organ dose of a maximally exposed member of the public of less than
one mrem/year during the period of active VY control of the site, or less than five mrem/year to
an inadvertent intruder after termination of active site eontrol.

Upon receipt of your approval, this request as well as the basis for approval will be incorporated
into the Off-Site Dose Calculation Manual.

We trust that the information contained in the submittal is sufficient. However, should you have
any questions or require further information conceming this matter, please contact Mr. Jim.
DeVincentis at 802-258-4236.

Sincerely,

Vermont Yankee Nuclear Power Corporation

ﬂmﬁm%

/'Gantam Sen
Licensing Manager
- eer USNRC Region 1 Administrator
USNRC Resident Inspector - VYNPS
USNRC Project Manager - VYNPS
VT Depattment of Public Service
Revision 29 Date __1/11/02 I-3
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SUMMARY OF VERMONT YANKEE COMMITMENTS

BVY NO.: 00-71 .

The following table idenﬁt‘m commitments made in t!ns document by. Vermont Yankee,
Any other sctions discussed in the submittal represent intended or planned actions by
Vermont Yankee. They are described to the NRC for the NRC’s information and are not
regulatory commitments. Please notify the Licensing Manager of any questxons regarding
this document or any associated commitments,

= COMMITMENT — COMMITTED DATE
- OR “OUTAGE”

N ' VYAPF 0058.04

AP 0058, Revision 1
Page 1 of 1

- - I_
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UNITED STATES

NUCLEAR REGULATORY COMMISSION Rﬁ%"‘”_@@
WASHINGTON, D.C. 20555-0001
June 26, 2001
Mr. Michael A. Balduzzi RVY 01-66
Vica President, Operations :
Vermont Yankee Nuclear Power Corporauon
.185 Old Ferry Road . .
P.O. Box 7002

Brattlieboro, VT 05302-7002

SUBJECT: VERMONT YANKEE NUCLEAR POWER STATION - SAFETY EVALUATION
FOR AN AMENDMENT TO AN APPROVED 10 CFR 20.2002 APPLICATION
(TAC NO. MA9972)

Dear Mr, Balduzzn

The U.S. Nuclear Regulatory Commission (NRC) statt has completed its review of the Vermont
Yankee Nuclear Power Corporation (VYNPG) request dated Septembér 11, 2000, to amend an
approved 10 CFR 20.2002 (previously 10 CFR 20.302) application dated June 283, 1999, as -
supplemented on January 4, 2000, The licensee requested NRC approval to allow the addition
of slightfy contaminated soil resulting from on-site construction-related activities, Including but
noft limited to, design change’implementation and land maintenancs, to the list of already
approved materials {i.e., septic waste, cooling tower siit and soil’sand from roads and
walkways) for on-site disposal.

Based on our review, We find the proposed changes to be acceptable because the previously
approved bounding conditions will continue {o be met. The enclosuire to this letter provides our
safety evaluation of VYNPC's application.

Pursuant to the provisions of 10 CFR Part 51, the NRGC has published an Environmental ‘
Assessment and finding of No Significant lmpact in the Federal Registeron June 14, 2001

{66 FR 32399).
Sincerely, ’2\9&
John A. Zwolinski, Director
Divislon of Licensing Project Management
. Office of Nuclear Reactor Regulation
’ Docket No. 50-271

Enclosure: Safety Evaluation

ccwlendi: See next page
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Vermont Yankee Nuclear Power Station

ce:

Regional Administrator, Region l

U. S. Nuclear Regulatory Commission
475 Allendale Réad

King of Prussia, PA 19408

Mr. David R. Lewis

Shaw, Pittman, Potts & Trowbridge
2300 N Street, NN\W.

Washington, DC 20037-1 128

Ms. Christine S. Salembier, Commissioner
Vermont Department of Public Service
112 State Street

Montpelier, VT 05620-2601

Mr. Michael H. Dworkin, Chairman
Public Service Board

State of Vermiont

112 State Street

Montpelier, VT 05620-2701

Chairman, Board of Selectrnen
Town of Vernon

P.O. Box 116

Vemon, VT 05354-0118

Mr. Richard E. McCullough

Operating Experience Goordinator
Varmont Yankee Nuclear Power Station
P.O. Box 157

Govemnor Hunt Road

Vemon, VT 05354

G. Dana Bisbee, Esq. ,
Deputy Attomey General. '
33 Gapitol Street

Concord, NH 03301-6937

Chief, Safety Unit

Office of the Attomey General
One Ashburton Place, 19th Floor
Boston, MA 02108

Revision 29 Date  1/11/02

Ms. Debor_ah B. Katz.-

Box83:

Shelbume Féus, MA 01370

Mr. Raymond N. McCandless -
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. UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 205650007

g
*****

"SAFETY EVALUATION BY THE OFFIGE OF NUGLEAR REACTOR REGULATION
| VERMONT YANKEE NUCLEAR POWER CORFORATION
VERMONT YANKEE NUCLEAR POWER STATION
DOCKET NO. 50-271

ll'

1.0 ]NTRODUGTION

: By letter dated September 11, 2000, Vermont Yankee Nuclear Power Corporation (VYNPC/
licenses) submitted a request to amend 4 Title 10 of the Code of Federal Regulations (10 CFR)
Section 20,2002 (former 10 CFR 20.302) application, dated June 23, 1999, as supplemented
on January 4, 2000, that was approved by the U.S. Nuclear Regulatory Commission (NRC).
| This amendment will allow the addition of slightly contaminated soil resulting from on-site
| S construction-related activitles, Including but not limited to, design change implementation and
land maintenance, to the list of already approved materials (i.e., septic waste, cooling tower silt
’ and soll/sand from roads and wa!kways) for on-site disposal via land spread'ng on designated
di sposal fields.

‘In 1989. pursuarit to 10 CFR 20.302 (current 10 CFR 20.2002), the licensee received approval
- from the NRC to routinely dispose of contaminated septic waste in designated on-site areas.- In
1997, the NRC amended the approved on-site disposal application to also include contaminated
cooling tower silt material. In 2000, the NRC amended the approved on-site disposal
application to also include a one-time disposal of slightly contaminated soil and an annual
disposal of 28.3 cubic meters of slightly contaminated soi/sand material,

o
Y4

In this 10 CFR 20.2002 amendment application, the licensee requested that slightly
contaminated soil resulting from on-site construction-related activities be disposed of on-site on
an annua! basis unti} the end of the-piant’s operating licensa in 2013. The anficipated annual
volume of soil generated by on-site construction, as identified by the licensee, combined with
the soll/sand generated from the annual winter spreading of sand on roads and walkways at the
plant site will not exceed 28.3 cubic meters. . This volume is the same volume that was
approved in the January 4, 2000, request. The licensee periormed a comprehensive -
radiological evaluation which included the annual disposal of 28.3 cubic meters of soil and
soil/sand materials, and shows that these materials can be managed on-site in the same
manner as the septic waste and cooling tower silt (i.e., land spreading on designated fields).

2.0 EVALUATION

The licensee will dispose of the future soil material using a land spreading technique consistent
with the current commitments for on-site disposal of septic waste, cooling tower silts and
sand/soll material previously approved by the NRC. The licensee will continue to use the

I-7
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designated and approved areas of their property which include approximately 1.9 acres, which
currently receive the septic wasts, cooling tower silts and soil/sand material, and approximaitely
10 acres which have not been previously used for disposal. Determination of the radiological
dose impact of the new material has been made based on the same dose assessment models
and pathway assumptlons used in the prewously approved submittals,

The licensee will procedurally control and maintain records of all di sposa!s. The following -
information will be recorded:

1. The radionuclide concentrations detected in the material {(measured to radi;’uon levels
consistent with the licensee’s radiclogical environmental monitoring proegram);

2, The total volume of'material disposed;

3. The total radioactivity in the disposal cperation as well as the total radioactivity
*  accumulated on each disposal plot at the time of spreading;

4. The plot on which the matenal was applied;

8. - Dose calcutations or maximum allowable accumulated activity determinations requlred
to demonstrate that the dose condition values imposed (i.e., imposed by the approved
10 CFR 20.2002 application dated June 23, 1999) on the land spreading operatmn have
not been exceeded.

e, The bounding dose conditions for the on-site disposals are as follows;

1. The annual dose to the whole body or any organ of a hypothetical maximally exposéd
individual must be less than 1.0 mrem.

2, Anﬁual doses to the whole body and any organ of an inadvertent intruder from the .
' probable pathways of exposure must be less than & mrem.

3. Disposal operaﬁons must be at one of the approved on-site locations. .

4, Total annual combined volume of soil and soil/sand materials must not exceed 28.3
cubic meters.

To ensure that the addition of new material containing low levels of radloachwty will not exceed
the bounding dose conditions, for each new spreading operation the licensee will calculdte an -
estimats of the total radioactivity that includes all past disposals of seplic waste, coofing tower
silt, and soil/sand and soil materia! on the designated disposal plots. This will be compared with
the bounding dose condition value or equivalent radioactivity value on a per acre basis.

; ' Thelicensee assessed the dose from soil and soil’sand material that may be received by the

' maximally exposed individual during the period of plant control over the property, and to an
inadvertent intruder after plant access control ends using the same pathway modeling,
assumptions, and dose calculation methods that were previously approved by the NRC for the
septlic waste and cooling tower silt disposals. The dose models are based on the guidance in
NRC Regulatory Gunde 1.108, Revnsion 1 (1977).
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*The licensee’s dose assessment is as follows:

1.  Total annual doses to the whole body and critical organ of the hypothetically ma:amally
* exposed individual were estimated to be 0.115 mrem and 0.403 mrem respectively.
.These values are less than the prescribed annual dose cond?:on value of 1.0 mrem for
the time period of active site confrol. -

2. Total annual doses to the whole bedy and critical organ of an inadvertent intruder from
the probable pathways of exposure were estimated to be 0.757 mrem and 1.17 mrem.
These values are less than the prescribed annual dose condihon value cf 5.@mrem for
the time pericd after active site control,

3. The dose calculations are based on projecting the maximum potential impact, of all
disposals (past and future) on the approved disposal site.

3.0 CONCLUSION

.
.,

The staff finds the licensee's proposal to dispose of the low-level radicactive soil material,
pursuant to 10 CFR 20.2002, in the same mamner, location, and within the bounding dose
conditions as the materials (i.e., septic waste, cooling tower silt and soil’sand from roads and
walkways) previously approved by the NRC to be acceptable.

The licensee has committed to permanently incorporate this modification into their Ofisite Dose
Calculation Manual.

Principal Contributor: A. Hayes

Date: June 26, 2001
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APPENDIX J

1. "Request to Amend Previous Approval Granted Pursuant to 10CFR20.2001 for Increase
of the Annual Volume Limit and One-time Spreading of Current Inventory," dated
October 4, 2004, BVY 04-110.......cciiiieiecreinniercissssssssssessssssnesssensesseesssnsssssessasaesens 2

2. "Safety Evaluation of Request to Amend Previous Approvals Granted Pursuant to
10CFR20.2002 — Vermont Yankee Nuclear Power Station (TAC No. MC5104)" dated

July 19, 2005, NVY 05-090.......ccocvevvrreririrnienenvivurernennee N 51
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APPENDIX J (Continued)

Entergy Nudear Northe
‘E,mergy N‘;lcliar Operations, inc,
fermont Yankee
——re 185 Old Ferry Rd.
== Entergy e
Brattleboro, VT 05302
Tel 802-257-5271

October 4, 2004
Docket No. §0-271
BVY 04-110

Attn: Dm\:umen! Controf Desk
.S, Nuclear Regulatory Commission
Washington, DC 20555-0001

References:

a) Letter, VYNPC to USNRC, “Request to Amend Previous Approval Granted
Pursuant to 10 CFR 20.2002 for Disposal of Contaminated Scil", BVY 00-71,
dated September 11, 2000.

b) Letter, USNRC ta VYNPC, "Vermont Yankee Nuclear Power Station — Safety
Evaluation for an Amendment ta an Approved 10CFR 20 2002 Application (TAC
No, MA9972)", NVY 01-686, Dated June 28, 2001.

c) Letter, VYNPC to USNRC, “Supplement to Request to Amend Previous
Approvals Granted under 10 CFR 20.302(a) to Allow for Disposal of
Contaminated Soil°, BVY 00-02, dated January 4, 2000.

Subject: Vermont Yankee Nuclear Powar Station
Request to Amend Previous Approval Granted Pursuant
to 10CFR20.2002 for Increase of the Annual Volume

Limit and One-time Spreading of Current Inventory

In accordance with 10CFRZ0.2002 (previously 10CFR20.302(g)), Entergy Nuclear
Operations, Inc. (ENO) submits this applicalion to amend the previously granted
Vermont Yankee (VY) approval to dispose of slightly contaminated soil. This application
requests an increase of the current annual volume limit of 28.3 cubic meters of soil as
specified in the previous approval (Reference (b)) to a new volume limit.of 150 cubic
meters of soil. This application also requests permission to spread the current inventory
of approximately 528 cubic meters of soil as described in Attachment A in a one-time
spreading activity following receipt of your approval.

ENO will continue to limit the total activity spread each year to remain within the limits
specified in the radiological assessment previously submitted in Reference (c).

A radiological assessment of the impact of spreading the current inventory of soils and
sediments located at VY is provided in Attachment A. The assessment concludes that:

a) There is significant capacity remaining in the South Dispasal Plot to continue to
accept additional earthen materials for land spreading without exceeding
: established dose limitations.
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APPENDIX J (Continued)

BVY 04-110/ Page 2

b) The existing inventory of waste soils in storage can be placed on the South
Disposal Plot without exceeding dose impact limits previously established for a
single disposal field.

¢) The continued use of the South Disposal Plot will not exceed the limiting dose
criteria established in the VY Offsite Dose Calculation Manual.

d) The approved dose impact methodology used to determine compliance with the
on-site spreading dose limits are not driven by the volume of waste material
disposed of, but by the total radioactivity content of the materia! that is spread
over a fixed disposal plot area (1.9 acres for the South Disposal Plot). The dose
modeling conservatively assumes that all radioactivity spread on the field
remains in the top 15 centimeter surface layer, even after subsequent additions
are placed on the same fisld area. Existing limifs on the concentration of
radioactivity in waste media provides protection from small volumes of “hot® or
high specific activity materials from being spread on the disposal field.

The resulls of all disposal operations will continue to be reported in the Annual’
Radioactive Effluent Release Report. The combined radiological impact, for all on-site
disposal operations, will continue to be limited to a total body or organ dose of a
maximally exposed member of the public of less than one mrem/year during the pericd

of active VY control of the site, or less than five mremiyear to an inadvertent intruder .
after termination of active site control.

Upon receipt of your approval, this request as well as the basis for approval will be
incorporated into the VY Offsite Dose Calculation Manual.

There are no new commitments being made in this submittal.

We trust that the information contained in the submittal is sufficient. However, should
you have any questions or require further information conceming this matter, please
contact me at (802) 258-4236. :

Sincerely,

" James M. DeVincentis )

Manager, Licensing )
Vermont Yankee Nuclear Power Station

Attachment (1)

cc: USNRC Regional Administrator - Region 1
USNRC Resident Inspector - VYNPS
USNRC Project Manager — VYNPS
Vermont Department of Public Service
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APPENDIX J (Continued)

Attachment to BYY 04-11¢
Docket No. 50-271

Assessment of On-Site Disposal of Contaminated
Stored Soils by Land Spreading

Entergy Nuclear Operations, Inc.
Vermont Yankee Nuclear Power Station

Appendix J Original
Off-Site Dose Calculation Manual
Page 4 of 57

Vermont Yankee Nuclear Power Station

VY 2018 ARERR Page 346 of 401




APPENDIX J (Continued)

TABLE OF CONTENTS
Page No.
Table of Contents 2
List of Tables 3
10 Evaluation Objective 4
1.1 Background 4
2.0 Summary of Results 6
3.0 Method of Evaluation 7
3.1 Waste Characterization 7
3.2 Soil Disposal and Administrative Procedure Requirements 3
33 Disposal Plot Characteristics 9
34 Radiological Impact Methodology 9
4,0 Assumptions and Inputs 12
5.0 Evaluations 14
5.1 Case Study 1 (Past Spreading Impacts) 14
5.2 Case Study II (Stored Soil/Sand Inventory Impacts) 14
5.3 Case Study II (Projected Future Spreading Impacts) 15
6.0 Results/ Conclusions 17
7.0 Rcfe;enm 34
Appendix A: 'Security Fence Upgrade Soil Pile #2002-01 A-l
Appendix B: Security Fence Upgrade Soil Pile #2002-02 B-1
Appendix C: Security Fence Upgrade Soil Pile #2002-03 C-1
Appendix D: 2001 protected Area Road Sweeping Pile D-1
Appendix E: 2001 HWC Soil Excavations E-1
Appendix F: 1996 Soil Remnants Analysis — Security Fence Upgrade F-1 _
Appendix G: Record of Most Recent Spreadings (2003) on South Disposal Field G-1 '
2
Appendix J Original
Off-Site Dose Calculation Manual
Page 5 of 57
Vermont Yankee Nuclear Power Station
'VY 2018 ARERR Page 347 of 401




APPENDIX J (Continued)

List of Tables

Teble # Title Page
1 Inventory of Contaminated Soil Piles In Storage (December 2003) 8
2 Site Specific Control Period Dose Conversion Factors 12
3 Site Specific Intruder Dose Conversion Factors 13
4 Record of Septic/CT Silt/Construction Soil Radioactive Material Spreading Each Year

on the South Disposal Field 19
5 Record of Septic Waste Only for Radioactive Material Spreading Each Year on the

South Disposal Field 20
6 Record of Cooling Tower Silt Only for Radioactive Material Spreading Each Year

on the South Disposal Field 21
7 Record of Construction Soil/Sand Waste Only for Rndloacnve Material Spreading

Bach Year on the South Disposal Field 21
8 Cs-137in Storage Piles afier Last Spmdmg in 2003 22
9 Co-60 in Storage Piles afier Last Spreading in 2003 23
10 Zn-65 in Storage Piles after Last Spreading in 2003 - 24
11 Mn-54 in Storage Piles after Last Spreading in 2003 25
12 Soil/Sand Storage: Total Activity to be Spread on 6/1/04 and Decayed to 2013 26..

13 Projection of Additional Septic/Silt/Soil-Sand at Current Generation Rates to 2013 26

14 Projection of Additional Sand/Soil Mix 27
15 Projection of edditional Cooling Tower Siit 27
16 Projection of Additional Septic Waste 27
17 Projected 1 Yr Septage & Silt Spreading for 6/1/04 and decayed to 2013 28
18 Current Total Spreading as of 11/4/03 & How Much Remains at 6/1/04 and 2013 28
19 Current Spreading Totals Plus Total Projected Future Spreadings to 2013 . 29
20 Radioactivity Content from Existing Materials 29
21 Past Spreading Control Period Dose Only (No Stored Material or Future Additions) 30
22 Past Spreading Only (No Stored Materials or Future Additions) Intruder Dose 30
&t End of Plant Operations in 2013 .
23 Control Period Dose : Past Spreadings & Current Stored Soil Material Inventory 31
24 Past Spreading & Current Stored Soil Inventory Intruder Dose at End Plant Ops 31
25 Dose Impact from Spreading of Current Inventory of Stored Material Only 32
26 Past, Stored Material and Pro_;ected Future Disposal (all septage/silt/soils) Doges at
End of Plant License i3
3

Appendix J Original

Off-Site Dose Calculation Manual

Page 6 of 57

Vermont Yankee Nuclear Power Station
Page 348 of 401

VY 2018 ARERR




APPENDIX J (Continued)

1.0 EVALUATION OBJECTIVE

Current restrictions on the annual volume of slightly contaminated soil (1000 ft* or 28.3 m*) that can
be disposed of on-site (ODCM, Appendix I, Reference 1), coupled with several plant facility
construction projects in recent years, has resulted in the accumulation of a back-log of low level
contaminsated earthen material that i is awaiting to be dispositioned by land spreading on previously
approved on-site disposal areas.

The objective of this assessment is to present the data and formal evaluation to demonstrate that the
proposed one time disposal of the existing accumulated backlog of soil / sand materials (as of
November 2003) without regards to the annual soil volume limit; will meet the existing dose
objective boundary conditions as approved by the NRC for septic waste, Cooling Tower silt and
other earthen type materials (Referenee 1), even if use of the same disposal field for future spreading
is assumed to continue over the remaining plant operating license,

The established dose based boundary conditions (NRC approved) for disposal and accumulation of
low-fevel contaminated septic waste, Cooling Tower silts and soil/sand mixes on designated plots
within the VY site boundary will continue to be applied without change. These dose limit criteria
are taken from Appendix B of Reference 1, and are:

s The dose to the whole body or any organ of a hypothetical maximally exposed individual
must be less than 1.0 mrem/yr during the period that VY- has active control over the disposal
plots (plant operating life).

» The doses to the whole body and any organ of an inadvertent intruder following the period of
active plant control over the property from the probable pathways of exposure is less than 5
mrem/yr,

» - Disposal operations must be at one of the approved on-site locations,

1.1 Background

In 1989, Vermont Yankee Nuclear Power Corporation requested from the NRC permission to
routinely dispose of slightly contaminated septic waste in designated on-site areas in accordance
with 10CFR20.302(a). Approval from the NRC was granted on August 30, 1989, provided that the
request and analysis be permanently incorporated into the plant’s Offsite Dose Calculation Manual
(ODCM). Revision 9 to the ODCM (Appendix B) incorporated the assessment and the approval of
methods utilized for on-site disposal of slightly contaminated sewage sludge by land spreading, The
approval allowed for the existing septic inventory to be disposed of on-site along with future
quantities anticipated to be generated as part of routine system maintenance. For purposes of
demonstrating that future addition of waste materiels could be added to the disposal plots, the
radxologncal analysis projected an annual generation rate of about 18,600 gatfons of sewage
containing about 1400 kg of solid materials that might require on-sitc spreading. NRC permission
for these future disposals was granted as long as both the projected dose (for both current and all
past disposal operations) and radionuclide concentration limits (< 10% of the 10CFR20, Appendix
B, Table II, concentration values) are satisfied. No specific limit on annual volume of septic waste
that could be disposed of was included in the approval.

In 1995, Vermont Yankee requested from the NRC that the previous authorization for on-site
disposal of septic waste be amended to permit the on-site disposal of slightly contaminated Cooling

4
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APPENDIX J (Continued)

Tower silt material. The application analyzed the expected radiological impact from both the
existing inventory at that time of about 14,000 ft * (~396 m’ ) of accumulated silt, along with an
operating cycle (18 months) generation rate of about 4000 f }(~113 m®). The NRC returned thieir
safety evaluation, dated March 4, 1996, granting approval for the proposed silt disposel. Similar to
the sewage waste disposal, NRC acceptance required that all disposal operations be conducted such
that both the projected dose (for both current and ell past disposal operations) and radionuclide
concentration limits are satisfied. The soil concentration limits (for any sample) were based on
limiting external annual dose t0. 25 mrem assuming continuous-occupancy. on an infinite plot at that
concentration uniformly spread to a 15 cm depth. No specific limit on annual volume of Cooling
Tower silt that could be disposed of was included in the approval. The NRC also required that any
further modification to the proposed dction have prior NRC staff approval.

In 1999 (with a supplemental filing in 2000), Vefmont Yankee filed a third request under 10 CFR
20.2002 with the NRC to amend the previously approved applications for on-site land disposal of
slightly contaminated earth tyge materials (septic sludge and Cooling Tower silf) to include
approximstely 900 ft’ (25.5 m’ ) of accumulated contaminated soil generated during construction
activities within the VY Protected Area. Sampling of the soil revealed low levels of radioactivity
that were similar in radionuclides and activity levels to the septic waste and Cooling Tower silts
previously encountered. The request to the NRC for this additional material also indicated that
additional amounts of contamipated soil / sand associated with road sweepings following winter
sanding of road and walkways in the Protected Area could result in an estimated 1000 fi * per year
(28.3 m ? per year) that might need to be disposed of as slightly contaminated materials.

The NRC requested that the initial submittal (1999) of the soil spreading 20.2002 application include
an analysis that evaluated projected future additions of an estimated annual volume of soil being
added to the designated disposal plots. This information was required if Vermont Yankee intended
to use the 20.2002 soil disposal application for approval to dispose of potential future volumes (i.e.,
not just a one-time disposal application) of low level contaminated soil in the same manner as
already approved for septic waste and Cooling Tower silt. Vermont Yankee revised its application
by adding an analysis for a projected annual volume of 1000 12, or equivalently 28.3 m, of
contaminated soil starting in the year 2000 and continuing on a yearly basis until end of plant license
in 2013. At the end of the projected disposal stream, the accumulated buildup of contamination
from all sources (septic waste, Cooling Tower silt and soil / sarid mixes) on the disposal field was
evaluated for both the dose impact to the critical receptor at the end of the control period and the
assumed intruder. These dose impacts were found acceptable when compared against the original
on-site spreading dose acceptance criteria of 1 mrem/yr (Control Period) and 5 mrem/yr (Intruder
Scenario). The 1000 ft® (28.3 m®) annual generation rate of soil was based on plant staff estimates
that approximately that amount of soil and sand is collected from road and walkway sweepings
inside the Protected Area following each year’s winter clean-up as part of routine maintenance. This
is the only type of earthen materials that has a specific annual volume limit associated with it in
addition to the projected dose and concentration limits associated with the disposal of septic waste
and Cooling Tower silt. No volume estimate for unidentified future site excavation and construction
activities was provided.
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APPENDIX J (Continued)

2.0 SUMMARY OF RESULTS

The evaluation of the radiological impact of all past, accumulated storage inventory, and projected
future waste spreading operations on a single disposal plot (1.9 acres at South end of site) have
indicated the following results and conclusions: - |

« All past spreading of septic waste, Cooling Tower silt, and soil/sand mixes through the end
of 2003 have resulted in a maximum organ dose to a critical receptor (control Period use)
that accounts for only 13.7% of the 1 mrem/year limit. With respect to the Intruder dose
limit of S mrem/year, all past spreadings through the end of 2003 account for only 7.2% of

-the maximum organ dose to the limiting receptor at the end of plant license.

s ‘The impact from the projected spreading of the existing waste materials in storage is

, estimated to account for only 5.3% of the 1 mrem/year Control Period dose limit, or only

l 17.7% of the same limit when all past spreadings are combined with the materials currently
in storage (as of the end of November 2003). The maximum Intruder orgen dose from all
past spreading and storcd materials is 0.456 mrem/yr, or 9.1% of the 5 mrem/yr Intruder
scenario dose limit. These results indicate that the existing inventory of waste materials in
storage can be placed on the South disposal plot without exceeding dose impact limits
previously established for a single disposal field. :

¢ Assuming the same annual average generation rate of radioactivity in waste materials
(septage/silt/soil) that has been observed over the last fourteen years is added to all past
waste spreadings and stored soil commitmenits, the projected dose at the end of the current
plant licensing period (year 2013) yields a limiting maximum critical receptor dose (for
either the control period or inadvertent intruder) equivalent to only 25.3% of the most
restrictive annual dose limit (associated with the 1 mrem/year limit for the maximum organ
during thé Control Period). This finding demonstrates that the continued use of the South
disposal plot, even with the addition of 18,653 f of slightly contaminated soil currently in
storage, will not exceed the approved limiting dose criteria established in the ODCM.

¢ The dose impact methadology used to determine compliance with the on-site spreading dose
limits are not driven by the volume of waste material disposed of, but by the total
radioactivity content of the material. Existing limits on the concentration of radioactivity in
waste media provides protection from small volumes of “hot” or high specific activity '
materials from being spread on the disposal field.

6
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APPENDIX J (Continued)

3.0 METHOD OF EVALUATION

The method of evaluating the impacts from the on-site spreading is the same as used and approved
in the original exemption request made to the NRC under 10CFR20.302 for septic waste and which
has been applied in all subsequent amendment requests for additional types of earthen materials to
be disposed by land spreading on-site. The pathway and dose models found in Regulatory Guide
1.109 (Reference 2) are employed in performing the vadiological dose impact assessment. The
application of the dose modéls begins with the characterization of the waste materials that are to be
subject to the dose evaluation.

3.1  Waste Characterization

The existing accumulated soil / sand that has created a backlog of accumulated material over the last
several years is identified on Table 1, along with the estimated volume and origination of material,
The soil materials were primarily derived from excavation detivities associated with the construction
of new security fences along the plant’s Protected Area boundary and the construction of new plant
installations associated with the capability to perform hydrogen water chemistry treatment of the
plant’s coolant system. Also included are road treatment sands used for winter traction inside the
protected area.

The soil / sand mix is typical of fill material containing light to dark brown poorly sorted soils with
some small stones, and may include small incidental pieces of asphalt. The soil was removed from
its original location by shovel, backhoe and front-end loader, and placed into durnp trucks for
transport fo the temporary storage area located between the Cooling Towers where it was deposited
on the ground surface and covered to prevent erosion. This location was selected because it was
away from areas routinely occupicd by plant staff, and could easily be controlled. The most probable
source of the low levels of radioactive contamination is due to the presence of below detectable
removable contamination redistributed by foot traffic from inside the plant to walkways and parking
areas. Subsequent surface runoff carries the contamination to nearby exposed soil near the Protected
Area boundary where it accumulates over time to low-level detectable concentrations, Down wash
and deposition of particulate activity released from the plant’s Primary Vent Stack as part of routine
gaseous emissions may alfo have contributed to the low levels of detectable activity.

For potential future disposal volumes of sand and soil, the current volume limit (1000 f[283m?),
ODCM Appendix H, Reference 1) was based on the expected rate of road sand used for winter road
and walkway traction, but did not anticipate or reflect the potential for future site construction
activities that could excavate soils on-site that also contain low levels of plant related radioactivity.
The present inventory of stored soil / sand between the Cooling Towers includes approximately
18,653 £t (528 n1°) of material of which only 3.3% or 616 ft® (17.4 m’) originated as roadway
sweepings. In accordance with Appendixes B and F of the ODCM, disposal of septic waste and
Cooling Tower silt material is not limited by an annual volume limit but by total dose impact related
to the radioactivity content of the silt and the concentration of radioactivity contained within it.
C13n1tntly, only soils / sand mixtures have an annual on-site disposal limit equal to. 1000 ft* (28.3
m).

i
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APPENDIX J (Continued)

Table 1
Inventory of Contaminated Soil Piles
In Storage
(December 2003)
Overall Ovemi  Max
Pile description Length width Height Estimated Volume
ft ft inches : fir3
(1) 2002-01: Security Fence Upgrads 75 21 44 4,679
(2) 2002-02: Security Fence Upgrade 7% 28 60 8,000
(3) 2002-03: Security Fence Upgrade 39 2 £2 2,457
{4) Sard Sweepings (inside protacted area) 16 1 42 618
(5) 2001 HWC Soils Excavetion 38 1" 42 831
(6) 1996 Soll Remnants from Fenoe Upgrade 24 64 84 870
total Vol. (1*3) = 18,853
32 SoilDi al and ini ive Pro irements

The method of soil/sand disposal of the existing backlog inventory will use the technique of knd
spreading in a manner consistent with the current commitments for the on-site disposal of septic

| waste and Cooling Tower silts as approved by the NRC and implemented in Appendices B and F of
| the Vermont Yankee ODCM (Referencel). The accumulation of radioactivity on the disposal plot
for this proposed soil spreading operation will be treated as if Cooling Tower silt or septic waste was
being disposed of since the characteristics of all these residual solids are similar (earthen-type

| matter). The South field (approximately 1.9 acres in size) has been used for all past disposal

| operations and is expected to be used for the placement of the existing backlog (see Table 1 above)

' of approximately 18,653 ft (528 m®) of soil and all annual projected future disposals of septic
waste, Cooling Tower silt, and low-level contaminated soil volumes through the end of the plant’s
cutrent operating license (year 2013). Determination of the radiological dose impact has been made
based on the same models and pathway assumptions as indicated in Appendix B of the Vermont
Yankee ODCM and approved as part of the original disposal analysis application for septic waste.

Both the existing accumulated and future potential soil material will be dispersed using typical
agricultural dry bulk surface spreading practices in approved disposal areas on site, Incidental
pieces of asphalt and large stones that are picked up with the soil will be screened out before the
| soil/sand is spread.

Records of the disposal that will be maintained include the following (as prescribed in Reference 1,
| Appendix B): -

(a) the radionuclide concentrations detected in the soil/sand (measured to environmental
lower limits of detection)

(b) the total volume of material disposed of

(c) the total radioactivity in the disposal operation as well as the total accumulated on each
disposal plot at the time of spreading

(d) the plot on which the soil was applied, and
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APPENDIX J (Continued)

(e) dose calculations or maximum allowable accumulated activity determinations required to
demonstrate that the dose liniits imposed on the land spreading operations have not been
exceeded.

To ensure that the addition of the soil containing the radioactivity will not exceed the boundary
conditions, the total radioactivity and dose calculation will include all past disposal operations of
septic waste, Cooling Tower silt and soil/sand decay-corrected to the date of the latest spreading
placed on the designated disposal plots. In addition, concentration limits applied to the disposal of
carthen type materials (dry soil) restrict the placement of small volumes of materials that have
relatively high radioactivity concentrations.

Any farmer leasing land used for the disposal of soil will be notified of the applicable restrictions
placed on the site due 1o the spreading 6f low level contaminated material. These restrictions are the
same as detailed for septic waste spreading as given in Reference 1.

The disposal operation of the soil piles will follow the appli-r.zable Vermont Yankee procedures to
maintain doses 83 low as reasonably achievable and within the specific dose criteria as previously
approved for septic and Cooling Tower silt waste disposal.

33 i Plot istics

All designated disposal sites (six different plots) are located on the Entergy Nuclear Northeast

Vermont Yankee plant site and are within the site boundary security fence. The South fiéld consists

of approximately 1.9 acres and is centered approximately 1500 feet South of the Reactor Building.

This field has been the only one of the NRC approved fields that has actually been utilized for this

purpose to-date. Itis anticipated that future disposal operations will also utilize the South field since

sufficient margin in comparison to the approved dose limit criteria still exists for anticipated waste ,
disposal of the existing backlog of soil now in storage, plus all expected future disposals of septic ,
waste, Cooling Tower silt and soil / sand mixes assuming the same observed generation rates (see :
Tables 13 through 19) persist to the end of the plant license in 2013,

In sddition to the South field, the north end of the site has an additional ten acre parcel centered
approximately 2,000 feet northwest of the Reactor Building. Prior assessments have demonstrated
that a single plot of about 2 acres is sufficient to meet routine or expected disposal needs. Therefore
the northern site could he subdivided into 5 plots if additional capacity was needed.

34 iological I ethodolo,

The amount of radioactivity added to any of the disposal fields is procedurally controlled to insure
that doses are maintained within the prior approved limits of the boundary conditions (see Section

1.0 above).

To assess the dose received (after the spreading of the existing 18,653 ft* [528 m’] along with both
past recorded disposal applications, plus projected future applications) by the maximally exposed
individual during the period of plant control, and to an inadvertent intruder after plant control of
access ends (reference year of 2013), the same pathway modeling, assumptions and dose calculation
methods as approved for septic waste, Cooling Tower silt and past soil / sand disposals are used,

9
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These dose models implement the methods and dose conversion factors as provided in Regulatory
Guide 1.109 (Reference 2).

The following six potential pathways were identified and included in the analysis:

(a) Standing on contaminated ground,

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

(d) Ingestion of stored vegetables,

() Ingestion of meat, and

(§3) Ingestion of cow’s milk

Both the maximum individual and inadvertent intruder are assumed to be exposed to these pathways,
with the difference between them-being the occupancy time, The basic assumptions used in the
radiological analyses include: )

()  Direct exposure to ground contamination and inhalation of resuspended radioactivity
from the ground by movement of air is for a period of 104 hours per year during the
Vermont Yankee active control of the disposal sites and continuous thercafter. The
104-hour interval is representative of a farmer’s time spent on a plot of land (4 hours
per week for 6 months). The resuspension factor for soil material on the groumd back
into the air is taken as 1.0E-05 based on an assumption that the disposal field will
display characteristics similar to semiarid grassland experimental results, [NUREG-
75/014; WASH-1400,”Reactor Safety Study”, Appendix VI, Table VI E-3; USNRC,
Ovctober 1975]

(b)  For the purpose of projecting and illustrating the magnitude of dose impacts over the
remaining life of the plant, it is assumed that future disposals of septic, silt and soil
material will be placed annually on the same field at the annual average radioactivity
levels observed for these waste streams over the past fourteen years. The future
disposals will also consist of the annual average radioactivity content observed in the
accumulated soil/sand materials collected over the last several years that involved site
facility construction projects that has lead to the existing backlog. The maximum
individual dose impact from the buildup of disposed material occurs at the same time
(2013) for both the Control Period and Intruder scenarios.

(©) For the analysis of the radiological impact during the Vermont Yankee active control

of the disposal sites until 2013, no plowing is assumed to take place and all dispersed

radioactive material remains on the surface forming a source of unshielded direct

radiation. !

(d)  The crop exposure time was changed from 2160 hours to 0 hours to reflect the
condition that no radioactive material is dispersed direotly on crops for human or
animal consumption. Crop contamination is only through root uptake.

() The deposition on crops of resuspended radioactivity is insignificant.

10
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($3) Most of the pathway data and usage factors used in the analysis are the same as those
used in the Vermont Yankee’s ODCM assessment of off-site radiological impacts
from routine releases. The fraction of stored vegetables grown on the contaminated
land was conservatively increased from 0.76 to 1.0 (at present no vegetable crops for
human consumption are grown on any of the approved disposal plots). Also, the soil
exposure time to account for buxldup was changed from the standard 15 years (given
in Reference 2) to 1 year.

(g  Itisconservatively assumed that Vermont Yankee relinquishes control of the disposal
sites afier the current operating license expires in 2013 (i.e., the source term
accumutated on a single dxsposal plot applies also for the madvertent intruder at that

time).

) For the analysis of the impact after Vermont Yankee control of the site is
relinquished; the radioactive material is plowed under and forms a uniform mix with
the top six inches of the soil, but, nonetheless, undergoes resuspension in the air at the
same rate as the unplowed surface contamination. However, 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.

As shown in Reference 1 (Appendix B) for the original analysis in septic waste, the liquid transport
and exposure pathway was found to be an insignificant contributor to the dose. Restrictions on the
placement of the disposal plots put them at significant distances from wet lands, potable well
supplies, and surface waters (Connecticut River). Therefore, the liquid pathway is net considered in

this analysis.

The dose models and methods used to generate depaosition values and accumulated activity over the
operating life of the plant are documented in Reference 1 (Appendixes B and F). Table 18 presents
the radioactivity that currently exists on the South ficld after the last spreading event, which
occurred on November 4, 2003. Table 18 also indicates the residual radioactivity that would remain
on South ficld at the end of the plant operating period (2013) if no additional disposals were to take

place.

7
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4.0 ASSUMPTIONS AND INPUTS

1) The volume of the accumulated soil / sand currently in storage between the Cooling

2)

3
4

Towers (as of December, 2003) was estimated from field measurements of length, width,
height and general shape of each pile taken in 2003. The estimated volume of each pile is
summarized on Table 1.
The radioactivity content of each pllc was determined by averaging the numerious grab
samples (typicaily 30 samples per pile)-collected for characterization of the soil material |
collected. Appendixes A through F provide the individual results of positive analysis for |
plant related radionuclides. Laboratory analyses were performed either by Vermont
Yankee or the AREVA-Framatome (formerly the Yankee Atomic / Duke Engineering)
Environmental laboratory with samples counted with respect to the NRC environmental
LLD requirements as indicated in the VY ODCM.
Appendix G provides the total accumiilated redioactivity on the South disposal Plot .
acres) decayed to the date of the last spreading of waste materials of November 4, 2003.
Dose Conversion Factors (DCF) specific to the land spreading of materials at Vermont
Yeankee were taken from the VY ODCM, Appendix F, Tables 11 and 12 (Reference 1).
These DCF's were based on the same dosimetric models and input parameters as used in
the original analysis of septic waste spreading at VY and which was approved by the NRC
for inclusion in the ODCM as Appendix B. Section 3.2 of this calculation provides an
outline of the key aspects of the dose model and assumptions used. The following (Tables
2 & 3) listing notes these site specific dose conversion factors for both the Control-Period
and the Intruder scenhario for the nuclides detected as positive in one or more of the sample
analyses,

I
Table 2
Site Specific Control Period Dose Conversion Factors

Max Organ Whole Body

isotope Individua/Organ  DCF Control DCF Controf Half-Life Decay
Constant (A)
(mrem/yr- {mremfyr-- days Yr1
uCilacre) pCifacre) .
Mn-54 Adul/3Gl-LL) 3.75E-04 1.93E-04 3.125E+02 8.113E-01
Co-60 TeanfLung 747604 5.31E-04 1.926E+03 1.316E-01.
Znes Child/Liver 1.84E:02 1.03E-02 2.438E+02 1.038£+00
Cs-134 ChildA.iver 3.186-03 128E-03 7.631E+02 3.366E-01
Cs-137 Child/Bone 2.66E-03 7.02E04 1.102E+04 2.290E-02
Ce-141 Teen/Lung 1.84E-04 1.50E-05 3.250E+01 7.788E+00
Co-144 Teen/Lung 6.00E-04 2.44E-05 28486 B8.888E-01
12
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{sotope

Mn-54
Co-80
Zn-B85
Cs-134
Cs-137
Ce-141
Ce-144

APPENDIX J (Continued)

Table 3

Site Specific Intruder Dose Conversion Factors

Teen/Lung
Teen/Lung
Chiid/Liver
Child/Liver
Child/Bone
Teen/Lung
Teen/l.ung

Max Organ
DCF intruder

1.02E-02
3.19E-02
1.89E-02
1.21E-02
6.98E-03
1.21E-02
§.00E-02

13
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Whote Body
DCF Intruder

(mrem/yr-4Cliacre) (mremfyr-pCilacre)

3.12E-03
8.09E-03
1.25E-02
9.36E-03
3.86E-03
3.44E-04
1.52E-03
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50 EVALUATIONS

In order to demonstrate compliance with the boundary dose conditions as stated in the ODCM, the
critical organ and whole body dose from all pathways to the maximally exposed individual during
Vermont Yankee Control Period and to the Inadvertent Intruder (for time periods following the end
of the current operating plant license scheduled for 2013) were cilculated for several scenarios (case
studies) or combinations of disposal options. The dose calculations were performed using the site~
specific dose factors for detected radionuclides as presented in Tables 2 and 3 (obtain from the VY
ODCM, Appendix F, Tables 11 and 12). The objective is to demonstrate that the addition of the
existing soil/sand materials currently in storage will not cause the radiological dose limits for )
materials spread on the South disposal field to be exceeded, even if it is assumed that all projected
future annual disposals of septic waste, cooling tower silt and cxcavated soils/roadway sand
containing the observed historical levels of plant related radionuclides are also placed on the same

disposal plot,
5.1 Study I (Past S i 1S

The first case study (Case I) evaluated the spreading related dose impact associated with the past
septic, Cooling Tower silt and soil spreading ectivity only. Table 4 shows the annual history and
total amount of radioactivity in septic, silt and soil/sand waste materials by radionuclide that as
been spread on the South field for the past 14 years (last spreading oni 11/4/03). These radioactivity
disposal values were taken from the past spreading records. Using (multiplying) the dose !
conversion factors listed on Tables 2 and 3 along with the fotal accumuiated radioactivity content on
the South disposal plot as of the last waste spreading in 2003 as shown on Table 18, the committed
dose impact is found on Tables 21 and 22 for the Control Period dose as of the lest spreading on
November 4, 2003, as well as the Intruder Dose projected to 2013 from all materials currently spread
on the South disposal plot. This assessment assumes no other material is spread on the disposal plot
in the future, and therefore represents the existing dose commitments from all past spreadings. This
establishes the dose marpin in comparison to the Controf Period and Intruder dose limits still
available for the South disposal plot.

5.2  Case Study II.(Stored Soil/Sand Inventory Impacts)

The second case study (Case IT) looks at the spreading dosé impact (Control Period and the Intruder
impact at the end of plant license) first from the radioactivity associated with the existing zoilin
storage (18,653 ft’ as indicated on Table 1) between the Cooling Towers, and then in combination
with all past spreadings in order to demonstrate that the single south disposal plot can accommodate
the current backlog of soil now being stored if it were all spread on top of all past disposals.

Table 18 indicates the total accumulated septic, silt and soil activity per radionuclide remaining on
the disposal plot as of the last spreading (11/04/03), as well as decayed to the projected reference
date (6/1/04) for the spreading of all existing soil being held in storage, and to the projected end of
the current plant licensc in 2013,

Tables 8, 9, 10 and 11 provide the estimate of radioactivity content in each of the storage piles of
soil/sand being held between the Cooling Towers for the detected nuclides Cs-137, Co-60, Zn-65,
and Mn-54, respectively. The activity concentrations are based on multiple grab samples collected

4
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N

from each of the six separate storage piles, and are taken from the grab sample laboratory
radiological analyses for each of the storage piles provided in Appendixes A through F. The average
Cs-137 concentration in each of the soil piles was determined by including in the average the
minimum detectable concentration (MDC) of each radionuclide because most of the samples
indicated a positive concentration for Cs-137. This shghtly biases the assessment towards a

conservative upper bound estimate of the potential activity in the pile since the use of the MDC does
not represent the existence of positive measured activity in the sample, but is treated as such. For
the other detected radionuclides (Co-60, Zn-65 and Mn-54), this biasing of the data was not applied
since the occurrence of positive values only represented a small fraction of the total number of
samples taken. The total activity determination for each pnle is then calculated by taking the average
measured concentration times the measured soil density times the estimated volume of the storage
pile, correcting for decay time between the date of the sample analysis date to the estimated date of
field disposal (6/1/04). This calculated total radionuclide activity value for each pile is assumed to
be placed on the single 1.9 acre South disposal plot with the resulting surface concentration
(uCi/acre) for the projected disposal calculated for each pile and totaled for all six piles (:m'rently in
storage. The estimated average concentration for each of the four detected radionuclides is decay
corrected from the date of the sample collection to June 1, 2004, as the reference date for estimating
dose impacts from the proposed disposal of the accumulated material in storage. Teble 12
summarizes the radioactivity associated with the soil/sand in storage decayed to June 1, 2004, and to
the estimated end of the current plant license in 2013 for determining the Intruder dose impact at that
time. Table 20 combines the radioactivity content of all soil/sand materials stored between thé
Cooling Towers with all remaining activity previously spread on the South disposal plot, decayed to
2013 for use in determining the Intruder dose at the end of plant license.

Table 23 applies the dose conversion factors from Table 2 for maximum organ and whole body
doses with the projected activity on the South disposal plot from Tables 12, 18 and 20 to find the
Control Period dose for all past material spreadings, stored material additions, and the sum total of
past spreadings and proposed stored material additions. Table 24 illustrates the same dose impact
combination of waste streams as applied to the site Intruder at the end of plant license. The
combination of all past spreadings and the current stored soil meterial results in a maximum organ
dose of only 17.7 % (0.177 mrem/yr) of the ] mrem/yr Control Period dose limit. The maximum
Intrudér organ dose is estimated to be 0.456 mrem/yr or 9.1% of the 5 mrem/yr Intruder scenario
dose limit. For comiparison, Table 25 indicates that the maximum organ dose during the Control
Period from only the inventory of 18,653 ft* of soil/sand is estimated to be 0.0526 mrem/yr, or 5.3%

of the 1 mrem/yr dose limit.

53  Case Study I (Projected Future Spreading Impacts)

The third case study (Case III) projects what the likely annual spreading additions of earthen
material from all sources (septic waste, Cooling Tower silt, soﬂlsand mixes) wounld be based on
historical records, combined with the existing 18,653 ft® (528 m 3) of material in storage, in order to
determine the long term acceptability of the South disposal plot to continue to be used for all waste

spreading applications.

Based on the historical spreading data listed in Table 4, Tables 5, 6 and 7 show the total accumulated
septic waste, Cooling Tower silt and soil/sand annual average field spreading surface concentrations
by radionuclide and waste source, respectively: This data breakdown is used in this disposal case
study to predict future disposal rates to be applied to the South disposal plot. Table 13 provides a

15 .
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summary of the buildup of future spreadings over time after 2004 from all three waste streams
(Septic waste, Cooling Tower silt, and soil/sand mixes), which could be projected to accumulate on
the South disposal plot by 2013. The annual disposal quamlty for each waste stream is based on the
average annual disposal quantity observed for each stream since on-site disposal was originally
approved in 1990. The total of all three streams (septic waste, Cooling Tower silt, and soil/sand) is
taken to be representative of the future generation rate for each year from 2004 until 2013. The last
column of Table 13 indicates the decay corrected accumulated activity on the South disposal plot
from only additions to the South field from all future waste earthen materials. Tables 14, 15 and 16
provide additional detail of the projected annual and accumulated materials by waste stream (i.e.,
sand/soi] mix, Cooling Tower silt and septic waste). The buildup equation used in Tables 13 through
18 accounts for both annual additions to the field as well as decay over this in-growth period is given

by: .
_Act(t) = Acti (@) * (1-E*')(1-B)

Act; ()= the total activity of radionuclide “i” (aCi) remaining at the end of the buildup
period, t (years). .

Act; (a)= the annual radioactivity addition of nuclide “i” to the disposal plot in uCi.
The values for projected future additions are based on the annual average
value observed for that nuclide for the specific disposal stream (i.e., septic
waste, cooling tower slit, soil/sand).

= exp(-h AD
NS is the decay constant for the sclected radionuclide “i” (1/year)
At = time interval between applications = ] year.

In addition, Case Study II above evaluated the radiological impact from the disposal of the existing
inventory of soil projected for mid-year, 2004 (including all past waste spreading operations), the
total impact for 2004 should also include a projected disposal of both septic waste and Cooling
Tower silt from one year's operation. Table 17 combines one year’s generation of both septage and
silt for assumed spreading in 2004, plus subsequent decay to 2013.

Table 26 combines the sxte-specxﬁc dose conversion factors from Tables 2 and 3 for the Control
Period and Intruder scenario, respectively, with all previously spread radioactivity on the South
disposal plot (Table 18) with both the proposed disposal of the existing soil stored inventory (Table
12) and projected annual additions of earth type waste materials based on the observed average
anqual generation rate (Tables 13 through 17). Table 19 provides a summary of accumulated
radioactivity on the South field from the past spreading, materials in storage and future annual
disposals on the same plot out to the assumed end of plant license, which corresponds to the Intruder
dose scenario time frame. The resulting doses to the maximum organ and whole body of the
maximum individual at the end of plant license (Table 26) reflects the maximum expected impact
from all past and future disposals being placed on the South disposal field.

16
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60 RESULTS/CONCLUSIONS

The evaluation of the radiological impact of all past, accumulated storage inventory, and projected
future waste spreading operations on the 1.9 acre South disposal plot have shown that the existing
field is being operated within the previously approved dose limit criteria. The specific findings
include: ‘ ‘

1. For Case Study I (Past Spreading Impacts), Table 2] shows that afler 14 years of spreading
septic waste, Coolinig Tower silt, and soil/sand mixes on the a single, 1.9 ecre disposal plot
the committed dose impact results in a maximium organ dose to a critical receptor (Control
Period use) that accounts for only 13.7% of the 1 mrem/year limit. With respect to the
Intruder dose limit of 5 mrem/year at the end of assumed active property control (i.e., end of
plant license assumed for dose projection purposes), Table 22 indicates that all past
spreadings through the end of 2003 account for only 7.2% of the maximum organ dose to
the limiting receptor at the end of plant license. These finding illustrate that there is
significant capacity remaining in the South disposal plot to continue to accept additional
earthen materials that are suitable for land spreading without exceeding established dose
limitations.

2. Table 23 shows that the impact from the projected spreading of the existing 18,653 fi® of
soil/sand material in storage is estimated to account for only 5.3% of the 1 mrem/year
Control Period dose limit, or only 17.7% of the same limit when all past spreadings are
combined with the materials currently in storage (as of the end of November 2003). The
maximum Intruder organ dose from all past spreading and stored materials is calculated to
be 0.456 mrem/yr (Table 24), or 9.1% of the 5 mrem/yr Intruder scenario dose limit. These
results indicate that the existing inventory of waste materials in storage can be placed on the
South disposal plot without exceeding dose impact limits previously established for a single
disposal field, or using a sigriificant proportion of the South disposal plot’s capacity to
receive additional materials for disposal in the future.

3. Assuming the same annual average generation rate of radioactivity in waste materials
(septage/silt/soil) that bas been observed over the last 14 years is added each year through
2013 to all past waste spreadings (including the stored soils inventory) already committed
to the South disposal plot, Table 26 indicates that the projected dose at the end of the current
plant licensing period (year 2013) yields a limiting maximum critical receptor dose (for
cither the control period or inadvertent intruder) equivalent to only 25.3% of the most
restrictive annual dose limit (associated with the 1 mrem/year limit for the maximum organ
during the Control Period). This finding demonstrates that the continued use of the South
disposal plot, even with the addition of 18,653 fit’ of slightly contaminated soil currently in
storage, will not exceed the approved limiting dose criteria established in the ODCM.

4. The approved dose impact methodology used to determine compliance with the on-site -
spreading dose limits are not driven by the volume of waste material disposed of, but by the
total radioactivity content of the material that is spread over a fixed disposal plot area (1.9
acres for the South field). The dose modeling assumes that all radioactivity spread on the
field remains in the top 15 cm surface layer of soil, even after subsequent additions are

Y10
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placed on the same field area. Existing limits on the concentration of radicactivity in waste
media provides protection from small volumes of “hot” or high specific activity materials

from being spread on the disposal field.

Vermont Yankee Nuclear Power Station
VY 2018 ARERR
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Table 4
Recocd of Sepiic / Cooling Tower St / Conatruction Sofl Radloactive Matarial Spraading
Each Year on tha Soith Disposal Fleld '
Year Spraading Matactal Mn-54 Co-80 n€5 Cs-134 Cs-137 - Co-141
Dats Type {(uCl/acro) {uCl/acre) uCWacro) (uCi/ncre) (uCl/acre) (uCi/acra)
1090 10/31/80 Septege 0 388 o0 ° 0.28 ) !
11720460 Saptags 017 2,03 041 [ 029 1.406-08
19 none 4] 0 [ o [ 0
1952 1071892 Seploge 0.91 .73 0,52 005 0.32 0.0068
1983 1wae3 Septage 0.05 1.41 0.2 0 03 (]
1004 08/404 Septage 008 048 0 0 0.09 0 i
1885 08729/95 Septago 0 088 (] 0 0 0
1896 none 0 0 [} (] [ . 0 ‘
1897 0aMan7 . Septags 0.12 1 [ [ 0.49 0 |
1998 07/30/58 Soptage 0.14 0.72 0.09 (] 0.12 [}
o0a/18m8 CTsit o (] ] 0 3047 0
1999 07H6m9 Soptago 0.11 147 02 .0 025 o
2000 08/00/00 Sepiago® o o 0 0 ] 0
10724200 [ 5 0.117 088 [} (] (1] 0
10/24/00 Sol/Send 0 0.602 0 0 3698 .0
2001 08-20-01 Septage () 4.078 1.088 (] 0.168 0.083
09/25/01 SofSand o a (] 0 14 [
2002 052102 Sepisge 0.01 0.04 0 0.001 o0 o .
1111102 SolVSand ] ] 0 0 1.37 ]
2003 070103 Septags (] 1.03 [ 0 ] [}
1026003 Septage o 0.2 o 0 0 (1]
14/04/03 SoiUSand ] 0 0 0 1.34 0
11/02/03 craa o 0.256 0 [ 0 0
Average Activity/yr
{uClncre): 0.06 145 o018 0.0038 290 0.01
(Over 14 ysar spreading history)
v ,
{uClyn 0123 278 0.342 0007 5.62 0.013
dispossd ol on 1.0
acre field sach year
* No mdicaciivity deteciod In eeptic wasts semples.
19
.I- 1’)' \
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Table 5
Reoord of Septic Waste Only for Redioactive Matesial Spreading
Each Yesr on the South Disposa! Field
Yeur Spreading Maderial Mn-54 Co60 = ZIngS Cs-134 = Cs137 Co-141
Dats - Type {uC¥scre) (uC¥scre) (uClacre)  (uCllacre) (uCliacre) {uCllacre)
1890 1673150 Septoge [} 3.89 0 0 028 0
112090 Septrige 0.17 203 0.41 0 020 140608 |
1891 none 0 o 0 [ 0 0
1992 1011982 Seplage 0.11 1.73 0.52 005 032 0.008
1993 11493 Septoge 0.05 1.41 o 0 03 ¢
1994 0614/54 Sepiage 0.08 043 0o 0 0.08 a
1895 08/20/85 Septage ] 088 0 0 0 0
189 none 0 0 -0 0 (] (]
1997 oaresr Septago 0.12 1 0 0 0.19 0
1998 07/30/8 Segptage 0.14 0.72 0.09 0 012 0
199 OTHSD9 Septngs 0.11 147 0.2 0 025 0
2000 08/05/00 Seplage® 0 ] 0 0 0 [
2001 06-20-01 Sepiage 0 4078 1.088 o 0.185 0.059
2002 082102 Sepluge 0.0t 0.04 0 0.001 0.01 -0
2003 o3 Septage 0 1.08 ] 0 (] ]
10425/03 Septage 0 0.12 0 0 ] 0
o - -
(uClace): 0.06 1.34 0.18 0.004 0.14 0.01
(Over 14 yoar spreading history)
Averags activily ~
(uCifyn) 0.107 2.55 0.342 0.007 0.27 0.013
disposad of on 1.9
acre flold oach your
* No radicactivity dolected i septic waste samples.
\
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APPENDIX J (Continued)
Table 6
Recond of Coofing Towsr Sl Waste Only for Redicactive Miterial Spreading '
Each Year on the South Dispossa! Field '
Yo Soreading Mzl Wb o0 Znés  Cod4  Ce137  Ceddl
Date - Typo (uCVacre)  (uCilscre) (uClacre) (uCi/acre) {uClacre) (uCliacm)
1988 0g/1em8 Sk a /] 0 1] 30.87 o .
2000 10724100 Siit 0.117 0.68 0 ' 1] a 0
2003 - 110403 Siit 0 0.256 ] [+] ] o
e A : :
(uCi/aco) 0.004 0.030 0.000 0.000 0.996 0.000
(31 ysar skt genasation history)
e -
(uCiyn) 0007 - 0057 0.000 0.000 1892 0.000
. disposad of on 1.8 acre Seid

Ndmcodlnngrnmlywmbwai years of oparation since the first disposal in 1888
includad of accumulated matedal sinco plant stertup

Table 7

Recond of Construction SoR/Sand Wasts Only for Redioactive Meterial Spresding
Eath Year on the South Disposal Field

Y Spreading ﬁ-’eev’hv Mn-5¢ Co-60 285 Cs-134 Cs-137 Co-141
e8¢ Dato _ Type . (uClscre) (uCUscre)  (uClscre)  (uClacrs)  (uCilacre)  (uClfacro)
2000 10/24/00 SoWSand o 0.602 ° ) 3,693 0
2001 0972511 Sol'Sand [ 0 [ 0 14 )
2002 11191102 SoirSand ] )] 0 0 137 0
2008 110403 SolrSand 0 0 0 0 134 0
‘Average Activitylyr _
‘1 uCvacre): 0.00 0.15 0.00 0.00 195 0.00
" Aveioge activity
uCHyT) disposad of 0.0 0.20 0.00 0.00 3an 0.00
on 1.9 acre fiold per year .
Note: Soll’ road sand yeatly average s over only tha 4 years of apsration ainca that is the period of
mataria) collpction. i
|
|
|
|
21
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Plls description

Estimeted Date of

Table 8

Caslum =137 in storage Plles after Last Spraading 2003*

Actlvity deceyed to 06/01/04

Decey Aver.Cs-  Measured TotelCs-  Aver. Cs- Cs-137 % Ce-137
Volums Analysis o604  137Conc(w  dencly 137 137 applled to of total
LLD) No (dacayed)  Conc.w/ 1.9 acre
decay waLD) LLD) fisld
decayed
3 _years uClUgm - gmice uCl . uCligm uClfacre

2002-01: Security Fence Upgrade 4670 0570802 208 7.12E08 107 O62E+00  6.78E08 6.07E+00 3148%
2002-02: Security Fence Upgrade 8,000 080442 200 4.18E-03 1.41 1.13E401 3.99E-08 5.94E+00 38.85%
Park Lot Sweap (insids protected 818 110201 258 4.80E-08 1.68 1.23E400  4.52E-08 - §.48E-01 4.03%
area)
2001 HWC Solls Excavation 831 1072201 258 541808  1.067 1.42B+00  5.10E-08 7.48E-01 4,65%
1896 Remnants{ mixed contam. + 870 04/13/05 8.3 9.22E-08 17 357E+00 7.65E-08 . 1.88E+00 11.89%
non-oont) .
2002-03 Sscurity Fence Chunks & 2457  1uten2 154 411608 1.24 342E40  3.97E-08 1.80E+00 11.20%
soll mix .

totals = 18,653 Average=  5.81E08 total "3.06E+01 S534B-08  1.81E+01 100.00%
* Note: Soil analysis data provided in Appendixes A through F.
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Table 9

Cobalt-80 In Storage Piles after Last Spreading i 2003* Activity decayed to 080104 -
Pile descriplion Estimated  Date of Decay Aver.Co-80 Measured TolalCo€0  Aver. Co-80 Co-80 % Co-80
. Volume  Analysls  fimeto Cone, no density (decayed) Conc., decayed applledin19  oftotal
8/1/04 dacay ' acre fleld
113 yoears _uCligm . gmfec ucl uCiigm uClacre
2002-01; Security Fence Upgrade 4679 0508002 208 0.00E+00 107 0.00E+00 D,00E400 0.00E+00 0.00%
2002-02: Security Fence Upgrade 9,000 08/04/02 200 0.00E+00 111 0.00E+00 0.00E+00 0.00E+00 0.00%
Park Lot Sweep (nside protectad erea) 616 1102/01 258 8.72E.08 168 1.68E-01 822E-09 B.BOE02 33.01%
2001 HWC Soils Excavation 31 10/22014 2568 0.00E+00 1.057 0.00E+00 0.00E+00 0.00E+00 0.00%
1896 Ramnanis( mixed contam. 4 non- 70 04135 8.13 2.14E.08 17 343E01 1.78E-08 1.81E-01 66.98%
conf)
2002-03 Security Fance Chunks & soil 2,457 12/16/02 1.64 0.00E+00 124 0.00E£200 0.00E+C0 0.00E+00 0.00%
totals = 18,653 aversges  5O2E0  totala  B.12E01 43308 270E01  10000%
* Note: Soil aalysis data provided in' Appendixes A through F.
23

(penunuo)) [ XIANHIIY




HY3HVY 8L0C AA

uoyelS 19M0J JBI[ONN 9NUBA JUOULIDA

(-

LS JO LT 93ed

[EnUEly UONBMOTED 350 MS-PO
rem3uo [ xipuaddy

10t Jo 69€ 9bed

Table 10
Zinc -85 In Storage Piles after Lagt Spreading in 2003° Actlvity docayed to 08/01/04
Pila descripfion Estimeted Date of Decay Aver. Zn. Mosasured Total Zn-65 Aver. Zn-85 Zn8§ % Zn-65
Yoluma Analyels fimeto 65 Caone., density {dacayod) Cone., applisd to offotal
SHD4 no dscay decayad 1 : cre
eid
ft'3 yeans uCligm- amice uCl uCligm uCl/acre
2002-01: Security Fence Upgrade 4,679 05/08/02 208 0.00£+00 107 0.00E+D0 0.00E+00 0.00E+00 0.00%
2002-02: Security Fence Upgrads 9,000 068/04/02 2.00 3.87E-09 111 1.06E+00 3.70E-09 6.60E-01 85.04%
Park Lot Sweesp (insida pratected erea) 616 1102101 2,58 0.00E+00 156 0.00E+00 0.00E+00 0.00E+00 0.00%
2001 HWC Salls Excavation 831 1072201 2.68 2.08E-09 1.057 5ABE.02 1.66E.09 287E02, 4,98%°
1998 Remnants{ mbed contam. + non- p70 04/13/85 8.13 0.00E+00 17 0.00E+00 0.00E+00 0,00E+00 0.00%
conf)
2002-03 Security Fenca Chunks & ol 2457 12118702 1.64 0.00E+00 1.24 0.00E+00 0.00E+00 0.00E+00 0.00%
ix :
totals = 18,653 Averogs= 982810 totalm 1.108+00 9.43E-10 578E01  100.00%
* Note: Soll analysis data provided in Appeiidixes A through F.
!
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g Table 11
S 8
g
® 3
> e
x Tg Mn-54 In Storage Plies after Last Spreading in 2003* Aclivity decayed to 08/D1/04
=
0 o
% Pile dagoription Estmated  Deteof  Decay  Aver.Mn4  Messured TotalMnB4 Aver.MnS4  MnS4 % Masd
] Volume  Analysis  timato Conz., no density (dacayed) Cone,, eppliadio  of totel
= 811704 decay decayed 1.:am
<] nid
5.,, - ) years _uCligm _gmes uGi uCligm ___ uCllagm _
§ 2002-01: Security Fence Upgrade 4870 0smemZ 208 2.085-09 107 282601 100600  140E01  60.78%
» 2002-02: Security Fence Upgrade Bo00  0BR402 2.0 0.00E+00 1 OO0E+00  O0OOE+00 OQOOE+00  0.00%
& Park Lot Swaep (Inside profactad area) 618 11m201 288 477609 158 122801 460E-09  BM4EDQ2  30.22%
= 2001 HWC Solls Excavation 931 102201 288 0.00E+00 1057  OOOEe00  O0O00E+00  0O00E+00  0.00%
B 1828 Remnants ( mixed contam. + non- 970 041395 813 0.00E400 17 00CE400  OO0E+00 DOO0E+00  0.00%
2002-03 Seciirity Fenca Chunks & somix 2457 -~ 1271602 " 154 0.0DE+00 124 000E+0D  O.00E00. O.O0E+00  0.00%
L\—\ totals = - 18,853 Averegss  1.14E09 fotale 406501 108E09  ZA3E01  100.00%
X2

* Note: Soil analysis data provided in Appenidixes A through F.
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APPENDIX J (Continued)

Table 12

Soll/Sand in Storage Total Activity to be spread on 6/1/04 and decayed to 2013

AsoT&/04 | DecayTimeto | Asof2013
tsotope temda tyr | Qa(uCiacre) | 6172013 tyre) (ucg:aa)
Mn-54 0.8113 0.213 e 1.44E-04
Co-60 0.1315 0270 9 8.27E-02
Znes5 1.0382 0.579 8 5.07E-05
Ca-134 0.3356 0.000 9 0.00E+00
Cs137 0.0229 18.1 9 1.31E+01
Ce-141 7.7883 | 0.000 ) 0.00E+00

* Note: Qa velues from Table 8 (Cs-137), Table 9 (Co-60); Table 10(Zn-63), and Table 11 (Mn-54)

Table 13
Projection of Additional Septic, siit, and soil/sand at Current Generation -
Rates to 2013
Annusi Septic | Annuai Sit Annual” Annual Additional
Addition |  Addltion Soi/Sand Totad Accumulation ot
Addition Additions | end of @ years
tsatope {amda 17 | Qs (UClecra) | Qa (uCllacre) | Qa (uClecre) Qa Qe(uCllacre) |
Mn-54 0.8113 0.056 0.0038 0.043 0.103 0.185
Co-60 0.1315 1.345 0.0302 0.174 1.549 8.183 |
Zn65 1.0382 0.180 0.0000 0418 | 0206 0.458 |
Ca-134 0.3356 0.004 0.0000 0.000 0.004 0.012 |
Cs137 0.0229 0.142 0.9958 4.782 5918 43.767
, Co-141 7.7683 0.007 0.0000 0.000 0.007 0.007 )
26
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APPENDIX J (Continued)

Table 14

Projection of Additional Sand/Soil Mix
At Historical Generation Rates To Year 2013 (9 years after 2004)

“Projected Annual ‘
Soil/Sand Additions | Accumulated Sand/Soli .
to Field at end of @ years
lsotope landaiyr [ . Qa(uClacre) Qe (uCilacre)
Mn-54 0.8113 4.26E-02 7.856-02
Co-60 0.1315 1.74E-01 9.21E-01
Zn85 1.0382 1.165-01 1.70E-01
Cs-134 0.3358 0.00E+00 0.00E+00
Ccm137 0.0229 4.78E+00 3.54E301
Co-141 7.7883 0.00E+00 0.00E+00
Table 15

Projection of Additional Cooling Tower (CT) Silt

At Historical Generation Rates To Year 2013 (9 years after 2004)

Projected Annual CT | Accumuiated CT Sitt at

. | Silt Additiosis to Field end of 8 years
isotope tamda 1/yr - Qa (uClacre). Qe (uCifacre)
Mn-54 08113 A77E-03 6.78E-08
Co-60 0.1315 3.026.02 1.59E-01
Zn85 1.0382 0.00E+00 0.00E+00
Ce-134 0.3356 0.00E+00 0.00E+00
Ca137 0.0229 0.985.01 7.38E400
Ce-141 7.7883 0.00E+00 0.00E+00

Table 16

Projection of Additional Septic Waste
At Historical Gencration Rates To Year 2013 (9 years after 2004)

Vermont Yankee Nuclear Power Station

VY 2018 ARERR

Projected Annual Septic Accumuiated Septic
AdditonstoField | Waste at end of 8 years
{sotope lamda 1Iy!- 7Qa (ucllam) Qe (uClfacre)
Mn-54 0.8113 5.64E-02 1.01E-01
Co-80 0.1316 1.34E+00 7.10E+00
Zn-85 1.0382 1.80E-01 2.78E-01
Cs-134 0.3358 3.64E.03 1.18E-02
Cs137 0.0229 1.42E-01 1.05E+00
Co-141 7.7883 6.79E-03 6,70E-03
27
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APPENDIX J (Continued)

Table 17

Projected 1 Yr Eepiage + SR Spreading for 6/1/04 and decayed to 2013

As of /1504 Dacay Time fo As of 2013
isotope lamda 1hr Qa (uClfacre) | 6172013 Qa (uCi/acre)
Mn-54 0.8113 "~ 00860 ) 4.06E-05
Co-60 0.1316 1375 ) 4.21E-01
n-85 1.0382 0.180 B 1.67E-05
Cs-134 '0.3356 0.004 ] 1.78E-04
Cs137 0.0228 1.138 ] 9.28E-01
Ce-141 7.7883 0.007 9 248£33
Table 18 .

Currant Tota! Spreadings as of 11/4/03 and How much Remains at 6/1/04 and 2013

Asci11/4f03 | DecayTimeto | AsoiG/i/4 | DecayTimelo | Asof2013
ootope | " | Qaquoimcrey | eimeoms) | opm o | 2080w | o200
Mn6e | 08113 0.241 05753 0.161 o 1.026-04
Co80 | 0.1315 16.33 05753 15.140 9 484
zne5 | 1.0362 147 05753 0.808 0 7.0BE-05
Cs134 | 0.3356 0.00063 06753 0.001 0 253605
cs137 | 00229 38.18 0.5753 37.68 ° 30.66
Co1d1 | 77883 |  8.80E-10 0.6763 1.0E-11 6 - 3.60E42
* Data Teken from Plant Disposal
Records
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APPENDIX J (Continued)

Table 19
Current Spreading Taotals Piug Total Projected Future Spreadings to 2013
: . . T Al
1Y Future
Curront Field Act Stored Sol!l::nd ‘ Wg spm?o Total e}t Activity
] B Decayed to 2013* Wzota“ mzow-' D’“ymm....“’ | Decayed to 2013
lsotope (uCl/acre) {uCi’acre) (uClfacre) (uCl/acra) (uCivacre)
Mn-64 102E-04 1.44E-04 4.086-05 0.185 1.856-01
Co-60 4.636 B27E-02 042t 8.183 1.33E+01
Zn65 7.08E-05 507E-05 157605 0458 4.58E-01
Cs-134 2.53E-05 0.00E+00 1.78E-4 0.012 1.21E-02
Cs137 30.68 13.10 0926 43.767 8.85E+01
Co-141 3.60E-42 0.00E+00 2.45E-33 0.007 6.78E-03
Notes: * Activity Concentration from Table 18.

b 1 4
rex
seen

Activity Concentration from Table 12.
Activity Concentration from Table 15, 16 and 17.
Activity Conceitration from Table 13 and 14,

Table 20

Radiogctivity Content from Existing Materials (Past Spreadings & Stored Materials Only)

£nd Plant Operationa for Intruder Docs: Lost
rations fo /112013 Application /172004
Decay dm’aﬂun»tn.on:doﬂ’llm 9 yoan
Total Actityon | TotalActivity .|  PastMaterial Stored Total Past +
South Field decayed to Spread only Material to bo Matorial
plus storage year 2013 up to 11/4/03 Spread decayed to
Isotope | ios (uClacre)* |  (uCifacre) decayedtozpz | 9eSHE®  § 2013 uCuncre)
(6/104) : (uCi/acre) (uCacre) .
Mn-54 0.364 T 248E-04 1.02E-04 144504 246E-04
Co-60 15.41 4.72E+00 4.64E+00 827602 4.72E+00
Zn-85 1.388 121E-04 7.08E-05 5.07E-05 1.21E-04
€s-134 0.001 2.53E-05 2.53E-05 0.00E+D0 2.53E-05
Cs-137 53.78 4,.38E+01 3.06E+01 1.31E+01 4.38E+01
Ce-141 _ 1.0E-11 3.60E42 3.60E-42 0.00E+00 3,60E-42
* inchdes a¥ material spreed as of 11/4/03 decay conecisd to the indicated date.
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APPENDIX J (Continued)

Table 21 .
Past Spreading Control Period Doses
As of 11/04/03
(No Stored Material or Future Additions Included)
Isctope ' Total Activity Max Organ ‘Whole Body
Remaining on | Existing Material | Existing Matetial
South Fisid as from Past from Past
| of 11/04/03 Spreading Spreading
‘ uClacre Mrein/year Mremyear
| Mn-54 0.241 8.04E-05 4.85E-05
| Co-80 1633 147602 8.67E:03 |
| Zn-65 147 241602 151602 |
| Ce-134 0.00063 2.00E-06 ' 8.06E-07
| Cs-137 38.18 " 1.02E-01 | 2.68E-02
Co-141 8.8E-10 1.36E-13 4.32E-14
| | Totat Dose = 1.37E01 5.07E-02
\ Dose unlt per | 1 1
‘ | hortose | 137w 5.1%
|
|
| Table 22
| Past Spreading Intruder Period Doses
j At End of Plant License in 2013 )
| (No Stored Material or Future Additions Included after 11/4/03)
|
i Isctops Total Activity Tota) Activity Max Organ Whole Body
| Remaining on Remafning on Existing Material Existing Material
| South Field as South Fisid from Past from Past
of 11/04/03 decayed Spreading Sproading
comected to
| 2013
| uClacre uCi/acre Mremiyear Mrem/year
| Mn-54 0.241 1.02E-04 1.04E-08 3.18E-07
| Co-60 16.33 4638 1.48€:01 421E-02
1 In-65 147 7.08E-05 1.34E-06 8.85E-07
| Cs-134 0.00063 2.53E-05 3.07E-07 23707
| : Cs-137 . 3818 30.68 2.14E-01 1.18E-01
‘ | Ce-141 8.8E-10 3.60E-42 436544 1.24E-45
Total Dose = 3.62E-01 1.60E-01
Dose Limitper | 5 )
% of Dose imit | 7:2% 3.2%
30
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APPENDIX J (Continued)
Table 23
Control Period Dose: Past
Spreading & Current Stored Soll
inventory (as of 6/1/04)
teolope Max Organ Whole Body Max Organ .| Whole Body Max Organ | Whole Body
BExdsting Existing Stored All Past All Pest
Materigl from Materia! from Material to be Stored Material Spreading Spreading
Past Past Spread to be Spread Plus Stored | Plus Stored
Sproading Spreading i inventory inventory
Mremfyear Mremyear Mremiyear | Mremlyear Mrem/year Mremfyear
Mn-54 6.67E-05 2.92E.056 7.88E-06 4.11E-05 1.37E-04 7.03E-05
Co-60 1.08E-02 8.04E-03 1.84E-04 1A43E-04 1.10E-02 8.18E-03
2n65 1.33E-02 8.33E-03 8.50E-03 5.98E-03 2.28E-02 1.43E-02
Ce-134 1.65E-06 6.65E-07 0.00E+00 0.00E+00 1.65E-08 6.65E-07
Cs-137 41.00E-01 2.65E-02 4.28E-02 1.13E-02 1.43E-01 3. 78E-0R
Co-141 1.64E-15 1.60E-16 0.00E+00 0.00E+00 1.54E-16 1.60E-18
Yotal Dose = 1.24E-01 4.28E-02 §.26F-02 1.75€-02 1.77E-01 8.03E-02
Dose Limit 1 1 1 1 1 1
per fiald =
% of Doso 124% 42% 53% 17% 17.7% 6.0%.
Table 24
Past Spreading & Stored Soil Inventory (No Future Additions)
Intruder Dose at End of Plant License in 2013
Tectope MaxOrgan | WeoleBody | MaxOrgan | WholeBody | MaxOrgan | Whole Body
Existing Stored Storad All Past Al Pest
Material from | Matesrial from Materialtobe | Material to be Spreading Spreading
Past Past Spread Sprand Pius Stored Plus Stored
Spreading Spreading Inventory Inventory
Mremfyear Mrom/year Mrem/year Mremfygar Mrem/year Mremfyear
Mn-54 1.04E-06 3.18E07 1.47E-06 448607 2.S0E-06 7.665-07
Co-80 1.48E-01 421602 2.64E-03 752E-04 1.61E-01 4.20E-02
Zn-85 1.34E-08 8.85E-07 9.58E-07 6.336-07 2.30E-08 1.52E-06
€Cg-134 3.07E-07 2.37E-07 0.00E+00 0.00E+00 3.07E-07 2.37E07
Cs-137 2.14€-01 1.18E-01 9.14E-02 5.04E-02 3.05E-01 1.68E-01
. Ce-141 4.38E-44 124E-45 0.00E+00 0.00E+00 | 4.36E44 | 125E45
Total Dose = 3.62E-01 1.60E-01 941E-02 S512E-02 4.58E-01 2.11E-01
Dosa Limit
et el 5 5 5 5 5 5
% m‘m 7.2% 3.2% 1.8% 10% 0.1% 42%
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Table 25
Dose Impact from Spreading of Cumrent inventory of Stored Material Onty*
Yotal Stored Waste Max Organ Whols Body Max Organ " Whole Body % Contribution | % Contribution Max
Activity Max argan organ
fsotape Asof06/01/04* | Controf (06/01/04) | Controf (06/01/04) | Intruder (2013) | Inttuder (2013) by tsclopa by isctope
(uCliacre) mramlyoar mrem/year mremyear mremiyr Intruder Dose | Contrel Periad Dgss
Mn-54 213601 7.08€-05 4. 1E-05 -1.47E-08 448E07 0.00% 0.032%
Co-60 2.70E-04 1.946.04 1.43E-04 264803 7.62E-04 0.28% - 00TT%
n85 §.76E-01 9.80E-03 5.06E-03 §.58E-07 -2 G.33ED7 0.00% 3.760%
Cs-134 0.00E+00 0.00E+00 -0.00E+00 0.00E+00 0.00E+00 0.0000% 0.0000%
Cs137 1.81E+01 428E02 1.136-02 9.14E-(2 5.04E.02 8.7% 17.0%
L Co-141 0.00E+00 D.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0000% 0.0000%
1 Cot4d 0.00E+00 0.00E+00 0.00E+00 0.00E+00 .. D.OOE+00 _ 0.0000% 0.0000%
‘:_:’\ Total Dose = 6.28E-02 1.76602 841E-02 S.12E02 88% - 208%
Dosa Limit= 1 1 5 5
% of Doge Limit 53% 1.7% 15% + 1.0%

* Includes only Storsd soll’sand materals collected as of end 02003 {See Table 1)
*“ Total Activity values from Table 12.
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APPENDIX J (Continued)

Table 26
Past, Stored Materials and Projacted Future Disposal (all septaga/silt and soils) Doses at End of Plan( License”
TolaiWasts | Wax. Organ | Wicdio Body | Max.Oman | Whais Body % [ % Conuibuton
Max organ -
lsotope | In2013" Controt Control intruder Intruder by isotope by isofope
(uClacre) mem/yesr mremfyear . mremlyear . mremfyr | Intruder Doso conn(;ol;;eﬂu
Mn-54 185601 | B.H4ED6 357E05 | 189E08 | 6.77E-04 0.18% 0.027%
Co-60 1.33E401 9.54E-03 7.055-03 424E01 | 121E01 4030% | 3.776%
Zn€5 4.56E-01 751E-03 4.126-03 866E-03 | 6.73E-03 0.82% 2.974%
Cs-134 1.21E.02 385E-05 1.55605 148604 | 143504 0.0139% 0.0152%
Ce-137 8.85E+01 2.356-01 6.21E-02 8.18£-01 341E-01 88.7% 23.2%
Co-141 €.79E-03 1.056-08 1.02E-07 B.22E-05 2.34E-08 0.0078% 0.0004%
Ce-144 0.COE+00 0.00E+00 0.00E+00 0.00EH0 0.00E+00 0.0000% 0.0000%
TotalDose= | 253501 TAOEQ2 | 1056400 | 4.68E-01 1000% | -100.0%
Dosa Umit= 1 1 [ 5
%ofDosolimi| 263% | 74% | 211% | 04%
\ 5 ;
* Includas all past spreadinga, soil stored Betwean Cooling Towsrs (as of 11/4/03), and- el ennus! projected
additions of sepiage/sht/sall.
+ Total Activity vatuos from tast column of Table 18,
33
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APPENDIX J (Continued)

REFERENCES
(1)  Vermont Yankee Off site Dose Calculation Manual (ODCM), Revision 30, inctuding the
following appendixes:

(i) Appendix B, “Approval of Criteria for Disposal of Slightly Contaminated Septic
Waste On-Sitc at Vermont Yankee” (Included NRC approval letter dated August 30,
1989, VY request for approval dated June 28, 1989 with Attachments I and II.)

(il) Appendix F, “Approval Pursuant to 10CFR20.2002 For Onsite Disposal of
Cooling Tower Silt” (Included NRC approval letter dated March 4, 1996, VY
Request for Approval dated August 30, 1995.)

(iii) Appendix H, “Request to Amend Previous Approvals Granted Under
10CFR20.302(s) for Disposal of Contaminated Septic Waste and Cooling Tower Silt
to Allow for Disposal of Contaminated Soil” dated June 23, 1999, with supplements
dated January 4, 2000, and June 15, 2000.

(2) USNRC Regulatory Guide 1.109, Rev.1; “Calculation of Annul Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part
40, Appendix L” dated October 1997,

T3]
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APPENDIX J (Continued)
Appendix A
Security Fence Upgrade
Soil
Pite #2002-01
Soil Analysts Data . Density from samples data
Sample Cs137 Cs-137LLD Mn-54 detected (uCl/gm) Volume (cc) wet weight
location # detected reported {am)
(uCligm) 7 ("Cng)
3B 5.76E-08 1200 1268
3F 1.18E-07 1200 1062
4A 7.76E-0B 1200 1393
4B 65.62E-08 1200 1512
4D 4.81E-08 1200 1483
' 4F 1.15E-07 1200 1137
5A . 8.85E-08 ’ 1200 1380
sD 1.84E-07 1200 1184
5F 1.72E-07 5.86E-08 1200 1051
1A 3.03E-08 ’ 1200 ‘985
1B 5.97E-08 1200 1335
1C 2.92E-08 1200 1188
10 7.39E-08 1200 1355°
1E ‘ 365E-08 1200 1686
1F 4.18E-08 1200 1284 |
2A 6.83E-08 1200 1240
2B 8.53E-08 1200 1043
2C 4.88E-03 1200 171
2D 4,16E-08 1200 1420
2E 3.43E08, 1200 1304
2F 4.75E-08 1200 1380-
8A 8.35E.08 1200 41188
3c 9.58E-08 1200 1348 |
3E 5.65E-08 1200 1073
4C 4 44E-08 . 1200 1486
4E 9.37E-08 1200 1057
68 7.23E-08 1200 1428
s5C 4.53E6-08 1200 . 1551
averages 1200 1285.75
wt - 4.06E-08 Density 1.07 gmlcc
Positive
Ave. =
Density 107146 kg/m3
Positive & LLD ave. = 7.12E-08
! A-1
T3 ,
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APPENDIX J (Continued)

Appendix B
Security Fence Upgrade Soil
Pile # 2002-02
Soit Analysis data Density from Sample
- Data
Sample Cs137 Cs-137tlD | 2Zn-65 detected (uCiigm) Volume wet
. tocation detected reported (mi) weight
& | (uCiigm) {uCvgm) | L .| (gm)
| A3 3.98E-08 . 1200 1388
Ad 6.93E-08 1200 1221
A5 4.53E-08 1200 1278
A8 4.69E-08 1200 1249
A7 4.04E-08 1200 1335
A8 720E-08 ‘ 1200 1274
B1 4,06E-08 7.73E-08 1200 1302 §{ _
B2 3.02E-08 ' 1200 1404 |
B3 4,08E-08 1200 1313
B4 3.34E-08 1200 1230
BS 3.38E-08 1200 1241,
B6 2 13E-08 _ 1200 1299
B7 4.24E-08 1200 1297
B8 3.73E-08 1200 1475
ok} 3.90E-08 . 1200] . 1696
C4 4.25E-08 1200 | 1329
c5 4.06E-08 1200 1318
C6 4.14E-08 1200 | 1230
c7 4.60E-08 1200 1335
D7 3.22E-08 1200 1284
wtd 5.09E-08 average 1200 1320.9
positive
ave.
density 1.1 gm/cc
Positive & LLD ave, = 4.18E-08 110825 kg/m3 '
I
|
|
]
1
i
B-1
I3
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APPENDIX J (Continued)

Appendix C
Security Fence Upgrade
Soll
Pilo # 2002-03
Soll Analysis Data Density from samples data
Cs137 Cs-137 LLD '| Volume (mi)  Wetweight
focation # detected reported {gm)
{(uCi'gm) {(uCligm)
1 3.00E-08 1000 1348
2 3.46E-08 1100 1424
3 2.58E-08 1100 1410
4 3.72E-08 1100 1410
b -3.84E-08 1000 1034
6 4.58E-08 1200 1108
7 3.14E-08 1000 1528
8 4.29E-08 1000 1532
9 5.42E-08 1000 1088 . -
10 5.00E-08 1000 1288
11 5.68E-08 1000 1185
12 4 682E-08 1000 1138
) averagse 104167 = 1280.58
wt positive 3.2E-09 density 1.24 gm/cc
aver.=
1238.06 kg/m3
Positive & LLD ave. = 4.11€08
C-1
J-tv
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APPENDIX J (Continued) -

Appendix D
2001 Protected Area Road Sweeping Pile
Soil Analysis Data Density m Sample
Ssmple | Cs137 Cs-137LLD Co-80 Co80LLD | MnS4 Vohime (ml) wst
focatio | detected reported detected reporied detected : weight
n# (uCligm) (uCi/gm) {uCi/gm) (uCi/gm) {(uCi/gm) {gm)
1 6.55E-08 5.36E-08 1000 1435
2 3.43E-08 4.24E-08 1100 1763
3 2.91E-08 ' 3.03E-08 ’ 1000 1550
4 4.83E-08 4.95E-08 1000 1615
5 6.37E-08 7.83E-08 1000 1657
8 367F-08 410608 1000 1608
7 1.96E-08 | 3.13E-08 1000 1565
8 1000 1650
9 3.11E-08 2.25E-08 1000 1439
10 8.08E-08 . 6.05E-08 1005 1762
1 4.07E-08 4.63E-08 1000 1421
12 4.75E08 s 235608 | 1.23E-08 ‘ 1000 | 1454
13 7.14E-08 430E-08 | 1000 1581
14 4,04E-08 ) 3.22E-08 1000 1659
15 6.65E-08 647E-08 | 5.92E-08 1000 1503
16 4.20E-08 3.73E-08 . 1000 1607
17 4.69E-08 3.13E-08 1000 1538
18 5.05E-08 a 8.21E-08 1000 1584
18 6.45E-08 5.58E-08 1000 1474
20 8.25E-08 3.62E-08 2.36E-08 1000 1427
wt 3.17E:08 8.72E-09 4.TIE-09 average 10052 15635
positive
ava.=
density 1.56 gmice
Positive & LLD 4.80E-08 443E-08 16554 kg/m3
ave.=

D-1

Appendix J Original
Off-Site Dase Calculation Manual
Page 41 of 57

Vermont Yankee Nuclear Power Station

VY 2018 ARERR Page 383 of 401




APPENDIX J (Continued)

Appendix E

2001 HWC Soit Excavations

Soll Analysls Data L Density from Sample data
Cs137 Cs-137 LLD Zn-85 wet
Sample detected reported detected Volume | weight
location # {uCifgm) {uCi’gm) (uCi/gm) (ml) (am)
1 4.08E-08 1000 1008
2 6.11E08 1000 1043
3 6.04E-08 1000 1007
4 4.78E-08 1000 1608
5 5.30E-08 1000 1103
6 5.77E-08 1000 1025
7 5.94E-08 1000 956
8 4.75E-08 1000 957
9 6.05E-08 1000 976
10 6.16E-08 1000 1050
11 5.54E-08 1000 1043
12 6.50E-08 1600 1126
13 3.44E-08 1000 1144
14 567E-08 1000 287
15 5.26E-08 1000 1105
18 5.80E-08 1000 1180
17 5.58E-08 na 1000 1040
18 5.29E-08 1000 1141
19 ) 5.85E-08 1000 1050
20 5.20E-08 1000 1073
wt
positive .
ave.= 1.96E-08 average= 1000 1056.5
Pgsitive & LLD ave,= 5.41E-08 density = 1.0565 | gm/cc
10565 | kg/m3
B-1
THL
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APPENDIX J (Continued)

Appendix F
1996 Soil Remnants Analysis ~Security Fenca Upgrade

The stteched report (“Radioactivity Analyses for Soil Piles Stored Between Cooling Towers”, REG-115/96, dated July 15,
1996) indicates that two soil piles totaling 4000 ft* were collected in 1995 and stored between the Cooling Towers. Even
though the larger of the two piles (3100 f*) did not indicate any detectsble plant related radioactivity, the two piles were
eventually combined with portions disposed of by land spreading on the South di:poaa‘;,plot as annual disposal volume limits
for soil/sand mixes permitted. The remnants of the piles currently contain about 970 ft° of material. For the estimated
concentration of Cs-137 in the combined piles, concentration values from Tables 1 and 3 were averaged in proportion to there

volumes as shown:

Cs-137: 900 f* at an average concentration of 328 pCikg \
3100 f* with no detectable ectivity (average absolute vafve = 11 pCifkg) ‘

Average concentration {(weighted ave) = Mmgm_w%n’_'u_m
900 £ + 3100

= 8233 pCifkg(dry)

Therefore, on 8 wet weight basis applicable to the measured volume of the remaining pite of soil between the Cooling
Towers, the weighted average concentration for Cs-137 is: -

= 8233 pCikg * 1kg/1000 g * 1E-06 uCi/pCi * 1.12 wet/dry valume ratio
= 9,22 E-08 uCi/gm (wet) for Cs-137

For Co-60;
Avemge concentration (weighted ave.) =

b4 i >
900 + 3100
= 19.15pCifkg

On a-wet weight basis spplicable to the measured volume of the remaining pile of soil between the Cooling Towers, the
weighted average toncentration for Co-60 is:

19.5 pCikg * 1kg/1000 g *1E-06 uClpCi * 1.12 wet/dry volume ratio

]

2.14 E-08 uCi/gm (wet) for Co-60.

F-1

~ 2y
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APPENDIX J (Continued)

MEMORANDUM
YANKEE ATOMIC - BOLTON
To _O.D.Weyman Date _July 15, 1996
' ) " Growp# REG-115/96
From M.S. Stum W.0.#
Subject _Radicactivity Asalyses for Soll Pi!ﬂ Stored Batoveen Ihe’Cocding _ LM.S.# .
Toivera ’ ) Flle # _vysoilic.dog
REFERENCES

(1) Bavirommental Labaratory Asalysis Reports Sumple Nnmbers G22686 tirough (22735, soil -
Fenco and Repavinig. Refureaze Date 41395,

RACKGROUND

Sitw area coustruction activities have goustated twu pilzs of coit frnm the protacted ares that were placed
basween the plare’s oooling rowess pending assesmment and final disposel dispesitiont. One

adicogical
pile was estimated at 3300 cubic fhet and was initially marked as baving come from seousity Sence
excavation. The second pils, cstimatod at about 900 cabic foat, was placed directly south of the firsr

' v
hwmvaﬁmw:&tﬂnmmﬁudmﬂ)

RIBCUSSION

As we disouged fast woek, F'm foarwanding copics of the hboratary anmlyses (Refizenco 1) for tvo
piles of dirt cunrently koeated immedintoly oast of the coaling towes st pile botween the plant’s cooting
towars.

The 3100 cubic foot pile wa swmpled by coliecting 30 compasite grab (011“6
G22715) taken st oqual distances Jong its 82 foot langth (the pils is aboot 5.5 foot wiklo and 4 foet high
tiken an the left, top; and tight side of

anilysis rogiort indicates a ssmple location velative to the north and of thepile.  As an cxamplo,
G2269] haz a comment of 6-15.0, ummumhmu.&mmmmmu

north end of the pile.
Tables | and 2 summazizo the results of ths gamn isstopic analyses for Co-137 and Co-60. Nooe of

ths 30 coemposite surples indiested any positive Cesium or Cobalt, or any other plarg rmiated
mdiomclide. As « consequencs, this Rils sppears to be fres from say radionctivity contamination.

Tho 900 cutbic foot pile was sumpled it the same maaner a5 above, with a total oF 20 composite samygles
collscted (022716 through G22735). Tuble 3 shows that both Cs-137 and Co-60 wese detactod in all
mmﬁuNMMMMFMMMMMuhn&mM
10CFR20,2002 approval for disposat will bo needed.

F2

J-it
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APPENDIX J (Continued)

REG-115/96, July 15, 1996
Page 2

Plcase call at your ceavenience to discuss the noxt steps nec=ssary to bandle the 200 &ubic oot pile.

R. Marcalio
M. Marian

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

F-3

Mark S. Strum
Lead Radintogicat Engineer
Enavirommantal

Bogincering Depard.

T
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Sample
1.D.
1-1.4
2-4.1
3-8.8

. 4-9.8
5-12.3
6-16.0

. 7.17.8

! 8.20.5
9.23.2

10-26.0

11-28.7

12-31.9

13-34.2

14-36.9

15-39.6

10-42.4

17-45.1

18-47.8

19-60.6

20-53.3

21-86.0

22.58.8

23-81.6

24-84.2

25-87.0

28-80.7

27-72.4

28-76.2

20-77.9

30-80.8

Average:
Mux. value:
Min. vaiue:

APPENDIX J (Continued)

Table 1

Vermmont Yankee Sofl Anatysis

E-Lsb gof! data for 3100 £13 =oil tnaskod as

“Fance"” kna construction msteris!

Cone.

11
48
-42

Cs-137
WCing dry)
+ =~ SIPMD

21
22
26
23
21
19
26
21
33
23
18
21
21
18

Fq

Vermmont Yankee Nuclear Power Station

VY 2018 ARERR

3 sigma

63
66
7
9
|3
57
76

70
108
48

J-1¢

MDC
78
74

9
73

110
120
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APPENDIX J (Continued)

© Table 2
Vermont Yankes Soll Analysls
E-Lab soil data for 3100 7#3 soil marked as
"Fence"” line tfon vial
Co-60
{pCifkg dry)
Sampie Canec. 4 - sigms 3 sigma MDC
1.D.
1-1.4 10 18 83 70
2-4.1 -12 23 6o 100
3-8.8 -11 21 63 a7
- 49,6 39 30 20 100
6-12.3 1 21 . 63 as
8-16.0 . 32 18 54 57
7.17.8 -6Q 25 75 120
8.20.6 18 15 46 56
8.23.2 - 43 2e 84 21
10-26.0 -17 23 B89 w7
11-28.7 -13 21 63 93
12-31.4 -4 20 80 84
13-34.2 -2. 17 51 76
14-36.0 4 26 76 98
16-39.6 -16 24 72 100 .
16-42.4 -390 as 84 120
17-45. -7 23 69 100
18-47.8 -14 29 87 130
19-50.68 -9 1B 54 B2
20-563.3 37 22 66 72
21-56.0 17 27 8 140
22-58.8 3 ao 20 120
23-61.8 7 28 ae 110
24-64.2 -10 19 57 13
25-67.0 27 27 81 o8
26-69.7 1 28 87 120
27-72.4 18 21 a3 79
28-75.2 e 25 75 a8
20-77.9 -8 32 25 130
30-80.8 -27 23 69 110
Avaruge: Lo} 24 71 a7
' Maox. value: 43 32 94 140
Min, valua: -50 16 45 66
)
F-5
Appendix J Original
Off-Site Dose Calculation Manual
Page 47 of 57
Vermont Yankee Nuclear Power Station
Page 389 of 401

VY 2018 ARERR




HYFHV 8102 AA
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10¥ Jo 06¢ 9bed

LS 30 gt 98ed

[enuEly UOHEBINO[B)) 350( SHS-HO

[ewduQ) [ xipuoaddy

ohet

ssmple
LD,

1-1.1
2-3.3
3-6.8
4.7.7
6-8.8
8-12.1
7-14.3
8-16.6
8.18.7
10-20.8
11:2.0
1242
13.8.4
14-8.8
15-10.8
168-13
17-186.2
18-17.4
18-18.6
20-21.8

Avarsge:
-Max. vatue:
Min, valys:

Jze
a10
10?7

Cs-137
pCiig dry)
+- gigma

63
|74

Table 3

Vammont Yankea Soil Analysls
E-lab Analysis of s0il from 900 #13 pila Inftial marked “repaving dirt*

3 sigma

159
171
129
87
183
78
72

Positive Act,
>3 slgma

F6

Cone,

48
143
a7
11
a7
73
82
140
22
1g

L 14
108
124
82
87

5

57
108
54
100

8s
143

Co-60
IpClfkg dry)
+- sigma

38
29
21

3 sigma

114
87
63
51
87
69

‘48
84
63
93
&3
a3
81
39
36
66
27
81

120
o8

Posltive Act
> 3 sigma

ND
positiva
ND
positive
ND
positive
positive
positive
positive
positiva
positive
positive
positiva
positiva
positive
ND
Pasitive
positive
ND
positive

(penunuo)) [ XIANAdIY



APPENDIX J (Continued)

Appendix G
Record for Last Spreadings (2003) on South Disposal Field

714
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APPENDIX J (Continued)

\

Tatal Recorded Spreading Data for 2003

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

Serial # | Spreading'| Media Mn-54 Co-60 ‘ Zn-65 | Cs-14 Cs-137 Ce-141 Ce-144
Date Type | (uCl/acre) | (uCifacre).| (wCifacre) | (uCifgere) | (uCifacre) | (uCifacre) | (uCifacre)
2003-01 7-1-3 Septle - 1.03 - -~ - - -
2003-02 710-25-03 Septic - 0.12 - - - - ' -
200303 | 11-4-03 | Sand/soil - - = - 1.34 - -
200304 | 11403 | CTSik - 0.256 . il - - - -
Toml | - 141 - — 134 - ~
G2
40
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APPENDIX J (Continued)

UNITED STATES

NUCLEAR REGULATORY COMMISSION ¢ [ 1,2
WASHINGTON, D.C. 20555-0001 L L “@@d

July 19, 2005
MW oS - 090

Mr. Michael Kansler

President

Entergy Nuclear Operations, Inc.
440 Hamliton Avenue

White Plains, NY 10601

SUBJECT: SAFETY EVALUATION OF REQUEST TO AMEND PREVIOUS APPROVALS
GRANTED PURSUANT TO 10 CFR 20.2002 - VERMONT YANKEE NUCLEAR
POWER STATION (TAC NO. MC5104)

Dear Mr. Kansler:

By letter dated Octobsr 4, 2004, as supplernentsd on January 17, 2005, Entergy Nuclear
Oparations, Inc. (Entergy) submitted a request to the Nuclear Regulatory Commission (NRC) to
modify pravious approvals granted pursuant to Title 10 of the Code of Federal Regulations

(10 CFR) Section 20.2002 (previously 10 CFR 20.302(a)), for on-site disposal of slightly
contaminated material at Vermont Yankee Nuclear Power Station. Specifically, Entergy
requested an increase of the current approved annuat volume limit of 28.3 cubic meters of
soll/sand fo a new annual volume limit of 150 cubic meters of soil/sand. in addition, Entergy
has reguested a ons-time approval for on-site disposal of the currant backlog inventory of
approximately 528 cubic meters of soll/sand.

The NRC staff has completed itg review of the request and has dstermined that the proposed
changes are acceptable as documented In the enclosed Safety Evaluation.

Pursuant to the provisions of 1'0'CFR Part 51, the NAC has published an Environmental
Assessment and Finding of No Significant Impact in the Fedsral Begister on July 19, 2005
(70 FR 41440).

Sincerely,

Richard B, Ennis, Senior Project Manager, Section 2
Project Directorate |

Division of Licensing Project Management
Oftice of Nuclear Reactor Regulation

Docket No. §0-271
Enclosure: As stated

cc wlencl: Seg next page

T4\
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APPENDIX J (Continued)

Vermont Yankes Nuclear Power Station
cc:

Regional Administrator, Region |

U. S. Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, PA 19408-1415

Mr. David R. Lewis

Pillsbury, Winthrop, Shaw, Pittman, {LP
2300 N Strest, N.W.

Washington, DC 20037-1128

Ms. Christine 8. Salembler, Commissloner
Vermont Department of Public Service
112 State Street

Montpeliar, VT 05620-2601

Mr. ‘Michasel H. Dworkin, Chalrman
Public Service Board

State of Vermont

112 State Street

Montpeller, VT 05620-2701

Chairman, Board of Selectmen
Town of Vemon

P.O. Box 116

Vernon, VT 05354-0118

Operating Experience Coordinator
Vermont Yankee Nuclear Power Station
320 Govemor Hunt Road

Vernon, VT 05354

. Dana Bisbee, Eeq.
Deputy Attomey Gieneral
33 Capitol Street
Concord, NH 03301-6937

Chief, Safety Unit

Office of the Attorney General
One Ashburion Place, 18th Floor
Boston, MA 02108

Ms. Deborah B. Katz
Box 83
Shelburne Falis, MA 01370

Vermont Yankee Nuclear Power Station
VY 2018 ARERR

Ms. Carla A. White, RRPT, CHP
Rediological Health

Vermont Department of Health
P.O. Box 70, Drawer #43

108 Cherry Street

Bunrington, VT 05402-0070

Mr. James M. DaVincentis

Manager, Licensing

Vernont Yankes Nuclear Power Station
P.O. Box 0500

185 Old Ferry Road

Brattieboro, VT 05302-0500

Resldent Inspecior

Vermont Yankee Nuclear Power Station
U. 8. Nuclear Regulatory Commission
P.O. Box 176 .

Vemon, VT 05354

Director, Massachusetts Emergency
Management Agency

ATTN: James Muckerheide

400 Worcestsr Rd.

Framingham, MA 01702-5309

Jonathan M. Block, Esq.
Main Strest

P.O. Box 566
Putney, VT 05346-0568

Mr. John F. McCann

Director, Nuciear Sefety Assurance
Entergy Nuclear Operations, inc.
440 Hamilton Avenue

White Plains, NY 10601

Mr. Gary J. Taylor
Chief Executive Officer
Entergy Operations
1340 Echelon Parkway
Jackson, MS 39213

J-52
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APPENDIX J (Continued)

Vermont Yankes Nuclear Power Station

CC:

Mr. John T. Herron

Sr. VP and Chief Operating Officer
Entergy Nuclear Operations, Inc.
440 Hamitton Avenue

White Plains, NY 10601

Mr, Danny L. Pace

Vice President, Engineering
Entergy Nuclear Operations, inc.
440 Hamilton Avenue

White Plains, NY 10601

Mr. Brian O'Grady

Vice President, Operations Support
Entergy Nuclear Operations, Inc.
440 Hamilton Avenue

White Plains, NY 10601

Mr. Michaa! J. Colomb

Director of Cversight

Entergy Nuclear Operations, Ine.
440 Hamiitfon Avenue -

White Plains, NY 10601

Mr. John M. Fulton

Assistant General Counsel -
Entergy Nuclear Operations,Inc.
440 Hamilton Avenue

White Plains, NY 10601

Mr. Jay K, Thayer
Site Vice President
Entergy Nuclear Operations, Inc.

Vermont Yankee Nuclear Power Statlon

P.O. Box 0500
185 Old Ferry Road
Brattisboro, VT 05302-0500

Mr. Kenneth L. Graessser
38832 N. Ashley. Drive
Lake Villa, IL 60046

Mr. James Sniezek
5486 Nithsdale Drive
Salisbury, MD 21801

(

Vermont Yaril;ee Nuclear Power Station
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APPENDIX J (Continued)

UNITED STATES _
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C, 20555-0001

EVALUATION BY THE OFFICE OF NUC EAC EGULATION
ENTERGY NUCILEAR OPERATIONS, INC.

VERMONT YANKEE NUCLEAR POWER STATION
DOCKET NO. 50-971

10 INTRODUCTION

By letter dated October 4, 2004, as supplemented on January 17, 2005, Entergy Nuclear
Operations, Inc. (Entergy or the licenses) submitted a reguest to the Nuclear Regulatory.
Commisslon (NRC) to modify previous approvals granted pursuant to Title 10 of the Cods of
Fedleral Reguiations (10 CFR) Section 202002 (previously 10 CFR 20.302(a)), for on-sits
disposal of slightly contaminated material at Vermont Yankee Nuclsar Power Station (VYNPS).
Specifically, Entergy requested an increase of the current approved annual volume limit of 28.3
cublc meters of soll/sand to a new annuat volums limit of 150 cubic meters of soi/sand, In -
addition, Entergy has requested a one-time approval for on-site disposal of the current backlog
" inventory of approximately 528 cubic meters of soll/sand.

20 REGULATORY EVALUATION

As described In 10 CFR 20.2002, "Method for obtaining approval of propesed disposal
procedures,” licensees are required to obtain NRC approval of proposed precedures, not
otherwise authorized in the regulations, to dispose of licensed matsrial generated in the
licensee's activities.

Previous NRC approval for VYNPS on-site disposal of various slightly contaminated waste
matorials is dosumented in letters dated August 30, 1988, March 4, 1996, June 18, 1997,

June 15, 2000, and June 26, 2001. Based on these previous approva!s. the licensse is
currently authorized to dispose, in designated on-site areas, the following materials: (1) septlc
waste; (2) cooling towsr siit; (3) soll/sand genseratad frorn the annual winter spreading on roads
and walkways; and (4) soil resuiting from on-site construction-related activities. Disposal of
septic waste end cooling tower slit material Is not limited by an annual volums, but by a total
dose impact related to the radiclogical content of the material and the concentration of
radioactivity contained within it. The combination of the soll/sand generated from the annual
winter spreading on roads and walkways and the soil resulting from on-site construction-related
activities Is currently subject to an annual voluma limit of 28.3 cubic meters. The licensee’s
application dated Octaber 4, 2004, proposed to increase this annual volume limit for the same
materials (l.e., soll/sand) to 150 cubic meters. In addition, the application proposed a one-time
disposal of the current backlog inventory of approximately 528 cubic meters of soil/sand.

The cumrent restrictions on the annual volume of slightly contaminated soil/sand that can bé
disposed on-site coupled with several plant facility projects in recent years, has resulted in the
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accumulation of a backlog of low-level contaminated earthen material that is awaiting disposal
by land spreading on previously-approved on-site disposal areas. The current approved annual
volume limit of 28.3 cubic meters of soil/sand for disposal was based on licensse estimates of
sofl and sand coflected from road and walkway sweepings inside the Protected Area following
each year's winter cleanup (i.e., current annual limit does not account for future site excavation
and construction activities).

3.0 TECHNICAL EVALUATION

The licensee proposes to dispose of the current backlog inventory of soil/sand and the future
soil/sand material using a land spreading technique consistent with the current commitments for
én-site disposal of slightly contaminated material previously epproved by the NRC. The
ficensee will continue to use designated areas of its property approved for this waste material.
Detemination of the radiological dose impact of the new material has been made based on the
same dose assessment models and pathway assumptions used in the previously-approved
applications.

The licensee will procedurally control and maintain records of all disposals. The followmg
Information will be recorded:

1. the radionuclide concantra_tlons detected In the material;
2, the total volume of material disposed;

3. the total radioactivity in the disposal operation as well as the total radioactivity
accumulated on each d!_spbsal plot at the time of spreading;

4. the plot of land on which the material was applied; and

5. dose calculations or maximum allowable accumulatad activity determinations required to
demonstrate that the dose values have not been excesded.

The licensee’s application states that the existing NRC-approved bounding dose conditions for
‘the proposed on-site disposals will continue to be applisd without change. The bounding dose
conditions for the on-site disposals are as follows:

1. the annual dose to the whole body or any organ 61’ a hypothetical maximally exposed
' individual will be less than 1.0 millirem (mrem) (during the period the licensee has active
control over the disposal sites, i.e., during the current operating license period);

2. annual doses to the whole body and any organ of an inadvertent intruder from the
probable pathways of exposure will be less thari 5 mrem (following the period the
licensee has active control over the disposal sites); and

3. disposal operaﬂons will be at en approved pn-slte location.
To ensure that the addition of new waste material will not exceed the bounding dose conditions

for each new spreading operation, the licensee's total radioactivity and dose calculation will
include all past disposals of septic waste, coofing tower siit, soil and soil/sand material on the
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designated disposal piots. In addition, concentration limits will be applied to the disposed
material to restrict the placement of small volumes of material that may have relatively high
radioactivity concentrations.

VYNPS s currently euthorized to disposs of licensed material, pursuant to 10 CFR 20.2002,'In
two designated locations both within the site boundary security fence. The South field
(approximately 1.9 acres in size) Is centered approximately 1500 fest south of the reactor
building. ‘The North field (approximatsly 10 acres in size) Is centered approximately 2000 fest
northwest of the reactor building.” The South field has been the only field utllized for disposal of
licensed material to date. The licenses’s application states that it Is anticipated that future
disposal operations will also use the South field since sufficient. margin in comparison to the
approved doss limit criteria still exists for anticipated waste disposal of the existing backlog of
material now In storage, plus all expscted future disposals of material, aessuming the same
ohserved genaration rates.

The licensee performed an evaluation of the radiological impact of all past, accumulated
storage inventory, and projected future waste spreading operations on the South field. The
llcensea assessed the dose that may be recelved by the maximally exposed individual during
the period of plant control over the property, end to an inadvertent Intruder efter plant access
control ends using the same pathway modelinig, assumptions, and dose calculation methods
that were previously approved by the NRC for the waste materlal. The dose models are based
on the guidance In Regulatory Guide 1,109, Revision 1.

Table 26 in the attachment to the licensee’s October 4, 2004, application provides the
calculated maximum organ and whole-body doses, at the end of the current plant license
period, based on the combinaﬁgn of all past disposal of waste materials, disposal of the current
beicklog inventory of waste material and projected annual dispesal of waste materials. The
results are summarized as follows:

" Individual Individual Intruder Intruder

Organ Dosé | Whole Body Dose | Organ Dose | Whole Body Dose
(mrem/year) {mrem/year) . {mrem/year) | (mrem/year)

Total Dose . 0.253 0.074 105 0.468
Doselimit | 1 1 5 4 5
% ofDose Limit | = 25.3% 7.4% 21.1% 9.4%

Based on the above calculated dose rates, the NRC staff concludes that the proposed increass
of the current approved annual volume limit of 28.3 cubic meters of soil/sand to a new annual
volume iimit of 150 cublc msters of soll/sand and a one-time approval for on-site disposal of the
current backlog inventory of approximately 528 cubic meters of soil/sand would result in dose
rates within the bounding dose conditions for on-site disposal previously approved by the NRC.

T4
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40 CONCLUSION

The NRC staff finds the licensee’s raquest for digposal of a new annual volume limit of 150
cubic meters of soll/sand and a one-time approval for on-site disposal of the current backiog -
inventory of approximately 528 cublc meters of soil/sand, pursuant to 10 CFR 20.2002, in the
same manner, [ocation, and within the bounding dose conditions as previously approved by the
NRC, to be acceptable.

Principal Contributors: S. Klementowicz
R. Ennis

Date: July 19, 2005
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APPENDIX I- RADIOACTIVE LIQUID, GASEOUS, AND SOLID WASTE TREATMENT SYSTEMS

Reguirement - ODCM Section 10.5 requires that licensee-initiated major
changes to the radioactive waste systems (liquid, gaseous, and
solid) be reported to the Commission in the annual Radioactive
Effluent Release Report for the period in which the evaluation
was reviewed by the Independent Safety Review Committee.

Response There were no licensee-initiated major changes to the radioactive
waste systems during this reporting period.
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APPENDIX J - ON-SITE DISPOSAL OF SEPTIC/SILT/SOIL WASTE

Requirement

Off-Site Dose Calculation Manual, Appendices B, F and I require
that the dose impact due to on-site disposal of septic waste,
cooling tower silt, and sand/soil type materials during the
reporting year and from previous years be reported to the Nuclear
Regulatory Commission in the Annual Radioactive Effluent
Release Report if disposals occur during the reporting year.
Vermont Yankee will report in the Annual Radioactive Effluent
Release Report a list of the radionuclides present and the total
radioactivity associated with the disposal activities on the
Vermont Yankee site.

Response

‘There was one on-site disposal spreading during 201 8. The

spreading date was October 17, 2018. The total radioactivity
spread on the 1.9 acres (southern) on-site disposal field from all
past disposals decayed to 10/17/2018 plus radioactivity spread in

2018 is presented below.

Radionuclide Activity (Ci)
Mn-54 * 1.03E-09
Co-60 6.53E-06
Zn-65 1.64E-10
Cs-134 2.45E-10
Cs-137 6.99E-05

The maximum organ dose from all past and current spreading
operations totaled 1.00E-01 mrem/year. This calculated value is
much less than the 1 mrem/year limit applied during the period of
operational control of the site. The projected hypothetical
“intruder” dose for the period following the loss of operational

| control of the site area, due to all spreading operations to-date, is

2.24E-01 rem/year. This is much less than the 5 mrem/year dose
limit. The “intruder dose” period begins on the date that the plant
operating license is projected to expire, January 1, 2030.
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