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BVY 19-015 

May 7, 2019 

ATIN: Document Control Desk 
U.S. f\!uclear Regulatory Commission 
Washington, DC 20555-0001 

Northstar Nuclear Decommissioning Co., LLC 
Vermont Yankee Nuclear Power Station 
320 Governor Hunt Rd. ' 
Vernon, VT 05354 
802-451-5354 

Corey R. Daniels 
ISFSI Manager 

10 CFR 50.36a 

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. 

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

Sincerely, 

CRD/tbs 

rrE4! 
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Mr. Jack D. Parrott, Senior Project Manager 
Office of Nuclear Material Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
Mail Stop T-5A 10 
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 
5-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, 11 is 
also required to be included in this report if the conditions indicated in ODCM 3/4.4, "Total Dose, 11 

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 eflluents 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 I, 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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2.0 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 (BP A) 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 deveioped from the 2012 
through 2016 joint frequency data to provide both short term dose assessm~nt 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 applfoable off-site long-tenn 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 acce1;1sing routine releases or potential emergency events. Collection of data from on-site 
meteorological tower was terminated in November2018. 

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 IO mrem per year) from liquid effluents to a member of the public to 
those specified in 10 CFR Part 50, Appendix I. 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 effluents will be 
kept "as low as is reasonably achievable. 11 1 

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 mQdeling of 
groundwater movement. The groµmlwater 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 generated and reported in 
Table 2A. The quantity of tritium released from the site by groundwater in each quarter was th.en 
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 Doses 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. 

3.3 Dose from Radionuclides in Particulate Form and Tritium 

ODCM 3/4.33 limits the organ dose to a me_mber of the public from tritium and radionu~lides 
in particulate form in gase01,1s effluents released from the site to areas at and beyond the site boundary 
to those specified in 10 CFR Part SO, Appendix I (7.5 mremper quarter and 15 mremper 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 ~chievable. 11 

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 µCi/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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3.4 Whole Body Doses in Unrestricted Areas from Direct Radiation 

AB opposed to prior year~ 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 (ISFS1) 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 ISFSI. 
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. 

3.5 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 
AppendixJ. 

3.6 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 lA- Gaseous Effluents -Summation of All Releases 

Units Quarter Quarter Est. Total . 
I 

1 2 Error,% 

A. Fission and Activation Gases 

1. Total release Ci ND ND 

2. Average release rate for period µCi/sec ND ND 

3. Percent of ODCM limit (1) % (3) (3) 

B. Iodines 
~-

.. 

1. Total Iodine Ci ND. NO 

2. Average release rate for period µCi/sec ND ND 

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

C. Particulates 

1. Particulates with T-1/2>8 days Ci ND ND 

2. Average release rate for period µCi/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-Ol 6.31E-02 ±1.80E+ol 

2. Average release rate for period µCi/sec l.64E-02 8.66E-03 

3. Percent of ODCM limit (3) % (3) (3) 
., 

E. Carbon-14 

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 l-131, 1-133, Tritium, Carbon-14 and radionuclides in 

particulate form. 
(3) Per ODCM Control 3.3.3, dose contribution from Tritium, Carbon-14 and particulates are 

included with Carbon-14 below in Part E. 
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Table IA- Gaseous Effluents -Summation of All Releases 
(Continued) 

Units Quarter Quarter Est. Total 
3 4 Error,% 

A.. Fission and Acti.vation Gases 

1. Total release Ci ND ND 

2. Average release rate for period µCi/sec ND ND 
- - - -

3. Percent of ODCM limit (1) % (3) (3) 
' 

B .. Iodines. ' -

1. Total Iodine Ci ND ND 

2 .. Average release rate for period µCi/sec ND ND 

3. Percent of ODCM limit (3) % (3) (3) 
! 
: 

C. - Particulates -
-·-

1. Particulates withT-1/2>8 days Ci ND ND 

2. A v~ge release rate for period. µCi/sec ND ND 
- - ·- - -· 

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

4. Gross alpha radioactivity Ci ND ND 
--

D. Tritium 

1. Total release Ci 6.83E-02 5.34E-02 ±l.80E+Ol 
- - --- --- - - - --- --·-- ·- . -- - --- --· --- - ---
2. Average release rate for period µCi/sec 8.92E-03 6.46E-03 

3. Percent ofODCM limit (3) % (3) (3) 

E. Carbon-14 

I. Total releas~ Ci ND ND 

2. Percent of ODCM limit (2) % 4.36E-04 3.41E-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 1-131, 1-133, Tritium, Carbon'.'14 and radionuclides in 

particulate form. 
(3) Per ODCM Control 3.3.3, dose contribution from Tritium, Carbon-14 and particulates are 

included with Carbon-14 below in Part E. 
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Table IB - Gaseous Effluents -Elevated Releases 

Continuous Mode Batch Mode (1) 
Quarter Quarter 

Nuclides Released Umts 1 2 1 2 
1. Fission Gases 

Krypton-85 Ci ND ND 
Unidentified Ci ND ND 

Total for Period Ci ND ND (1) -- (1) 
\ 

2. Iodines 
: 

Ci ND ND -

.. 

3. Particulates 
Strontium-90 Ci ND ND 
C~ium-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 (1) (1) 

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

Continuous Mode 

Quarter 
Nuclides Released Units 3 4 

1. Fbsion Gases 
I 

Krypton-85 Ci ND ND 
Unidentified Ci ND ND 

Total for Period Ci ND ND 

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-S7 Ci ND ND 
Cobalt-60 Ci ND ND 
Zinc-65 Ci NQ ND 

Total for Period Ci ND ND 

ND Not Detected at the plant stack 

Batch Mode (1) 

Quarter 

3 4 

(1) (1) 

(1) (1) 

(1) There were no batch mode gaseous releases for this reporting period. 
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Table 1 C - Gaseous Effluents Ground Level Releases 

Continuous Mode Batch Mode (1) 
Quarter . Quarter 

N uclides Released Units 1 2. 1 
1. Fission Gases 

. -

--·--

Krypton-85 Ci ND ND 
Unidentified Ci ND ND 

Total for Period '. Ci NJ) ND (1) 

2. Iodines Ci ND ND 

3 . Particulates 
. Strontium-90 Ci ND I ND 
Cesium-134 Ci ND ND 

Cesium-137 Ci ND ND 
Manganese-54 ' Ci ND ND I 

Cobaft:~57 Ci 
. -. 

ND ND 
Cobalt-60 

.. --
Ci 

--- ·- -ND- ND ' ·- . -
·-

Zinc-65 Ci ND ND C 

Total for Period Ci ND - ND (1) 

(1) There were no routine ground level gaseous releases for this reporting period. 
(2) No radioactively contaminated used oil was burned during 2018. 

2 

(1) 

(1) 
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Table 1 C - Gaseous Effluents Ground Level Releases 
(Continued) 

Continuous Mode Batch Mode (1) 
Quarter 

Nuclides Released Units 3 4 3 
1. Fission Gases 

Krypton-85 Ci ND ND 
lJnidentified Ci ND ND 

Total for Period Ci ND ND (1) 
! 

2. Iodines Ci ND ND 

3. Particulates 
Strontium-90 Ci ND ND 
Cesium-134 Ci ND ND 
Cesium-137 Ci ND ND 

Mangf!Il_ese-54 Ci ND ND 
I Cobalt-57 Ci ND ND 

Cobalt-60 Ci ND ND 
- Zinc .. 65 Ci ND ND 

Total for Period Ci ND ND (1) 

(I) 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 1 D ~ Gaseous Effluents - Non-r01¢ine Releases 

There were no now-routine gaseous reieases 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 through.out 
2018 and hydrological modeling of groundwater movement. 

Curies - Tritium Curies - Tritium 
Jan-16 1.87E-03 
F'eb-16 l.59E-03 
Mar-16 l.74E-03 ' First Quarter 5.20E-03 
Apr-16 l.47E-03 
May-16 1.53E-03 
Jun-16 1.40E-03 Second Quarter 4.40E-03 
Jul-16 l.56E-03 

Aug-16 l.57E-03 
See-16 l.57E--03 Third Quarter 4.70E-03 
Oct-16 l.45E-03 
Nov-16 1.42E-03 
Dec-16 1.47E.:03 Fourth Quarter 4.34E-03 

Total Curies 2.2IE-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 ftom VY for Burial Unit Quartersl&2 Est. Total Error% 

a. Soent resins. filter sludges. etc. m3 0 

Ci 0 

b. Drv Compressible Waste .cquiriment, etc. m3 0 

Ci 0 

c. Inadiated comoonents control rods, etc. ml 0 

Ci 0 

d. Other ml 0 

Ci 0 

Sh.ipped ftom Processor(s) for Burial Unit Quarters 1 & 2 Est. Total Error% 

a. Spent resins, filter sludges. etc. m3 0 
Ci 0 

b. Drv .Compressible Waste. e.iuimnent.-etc. m3 0 

Ci 0 

c. Inadiated comiiciilents. control rods. etc. m3 0 

Ci 0 

d. Other ( water) m3 0.2 ±25% 

Ci 2.8E-6 ±25% 

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

Spent resins, filter sludges 
lliy Compressible Waste, Irradiated components, control Other Waste 

equipment, etc. rods, etc. 

Nuclide Percent(l) Nuclide Percent(l) Nuclide Percent(l) 

.. 
(1) Includes only those nucbdes that are greater than 0.1 % of the total actJVJty 

3. Disposition of Solid Waste Shipments (1st & 2nd Quarters) 

Nuclide 

H-3 

Co-60 

Cs-137 

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" & 2r111 Quarters) 

Suonlemental Information VY to Processor VY to Burial Processors to Burial 
Class of Solid Waste Shipoed NIA 
Type of Containers Used GDC 
Solidification Agent or Absorbent Used None 

GR = Gallaher Road 
ES = Energy Solutions 

BCO = Bear Creek Operations 
GDC = General Design Container 

NIA NIA 
NIA GDC 
None None 

WCS c: Waste Control Specialists 

Percent(l) 

99 

0.6 

0.4 
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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 Quarters 3 & 4 Est. Total Error % 

a. Spent resins filter sludces, etc. m3 0 

Ci 0 
b. Drv Comnressible Waste equipment, etc. m3 0 

Ci 0 
c. Irradiated comoonents control rods. etc. m3 0 

Ci 0 

d. Other m3 0 

Ci 0 

Shipped from Processor(s) for Burial unit Quart~3&4 Est. Total Error% 

a. Soent resins, filter sludges. etc. m3 0 
Ci 0 

b. Drv·Comr>ressible Waste. equipment, etc. m3 36.7 ±25% 
Ci 7.SE-2 :i:25% 

c. Irradiated components.. control rods, etc. m3 0 
Ci 0 

d. Other (water) m3 0.1 :i:25% 
Ci l.28E-6 ±25% 

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

Spent resins, filter sludges Dry Compressible Waste, Irradiated components, control 
Other Waste equipment, etc. rods, etc. 

Nuclide 
' 

Percent(!) Nuclide Percent(!) Nuclide Percent(!) 

Co-60 SI 

Ni-63 1.S 

Fc-SS 39 

Cs-137 0.3 

Zn-65 1.7 

Mn-54 1.0 .. ( 1) Includes only those nuclldes that are greater than 0.1 % of the total activity 

3. Disposition of Solid Waste Shipments (31d & 4m Quarters) 

Nuclide 

H-3 

Co-60 

Cs-137 

No. ofShioments FroinVY From Processor Mode To Processor To Burial 
22 22 Truck 22 
3 3 Truck 3 

B. Irradiated Fuel Shipments (Disposition): None 
C. Additional Data (J•d & 4th Quarters) 

_Surinlemental Information _ VY to Processor VY to Burial Processors to Burial 
Class of Solid Waste Shinned A 
Type of Containers Used GDC 
Solidification Aeent or Absorbent Used None 

GR = Gallaher Road 
ES = Energy Solutions " 

· BCO = Bear Creek Operations 
GDC = General Design Container 

NIA A 
GDC GDC 
None None 

WCS = Waste Control Specialists 

Percent(!) 

99 

0.6 

0.4 
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Table 4A - Off-Site Doses from Liquid and Gaseous Releases 
(1 OCFR50, Appendix I) 

Dose (mrem) 

Source 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 'Year 

Liquid :Effluents 
Total Body Dose l.07E-06 9.0SE-07 9.67E-07 8.96E-07 3.84E-06 

Percent of Limit (1.5 mrem) 7.lSE-05 6.03E-05 6.45E-05 5.97E-05 

Footnotes (a) (a) (a) (a) 

.Organ Dose 1.07E-06 9.0SE-07 9.67E-07 8.96E-07 3.84E-06 
Perce_nt of Limit (5 mrem) 2.lSE-05 1.81E-OS L93E-05 1.79E-05 

Footnotes (a) (a) (a) (a) 

Airborne Effluents 

Iodines, H-3, C-14 and 1.46E-05 7.00E-06 7.58E-06 5.93E-06 3.SlE-05 
Particulates 

Percent of Limit (7.5 mrem) 1.95E-04 9.34E-05 1.0IE-04 7.90E-05 

Footnotes (b)' (b) (b) (b) 

Noble Gases 

Beta Air (mrad) -- -- -- - --
Footnotes (c) (c) (c) (c) 

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

(a) The critical age group/organ for the Maximum Exposed Indi\,'idual (MEI) is the Adult/Total 
Body and all organs (except Bon~) from the release ofH-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. 

(c) 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 
(40CFRI90) 

Pathway 
Total Body Maximum Organ Thyroid 

(inrem) (mrem) (mremY 
\ 

Direct External (a) (b) 13.238 13.238 13.238 
- -

Liquids (c) 3.84E-06 3.84E-06 3.84E-06 

Gases (c) 3.SlE-05 3.SlE-05 3.51E-05 
. -

' --- --- -

Annual Total (d) 13.238 13.238 13.238 

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. 

(a) 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). 

(b) 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 ISFSI. 

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

( d) Annual dose limits contained in 40 CFR Part 190 are 25 ntrem 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 

Site Boundary()) Nearest Resident C2) 
Nearest Milk 

Sector Animal (2)(3) 
(meters) (meters) 

_(meters) 

N 400 1400 --
NNE 350 1384 5520 (cows) 

-. - . - - . - -- . 

NE 350 1255 --
ENE 400 966 --

. -

E 500 933 --
- . 

ESE 700 1915 --
SE 750 1963 6670 (cows) 

----

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 --
. -

NW 550 2253 --
NNW 550 1738 --

(1) 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 asswned to be present at all 
resident locations. 

(3) 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 

I Potable Leafy Age Fish Veg. Milk Meat Inhal.ation 
Group (kg/yr) 

Water (kg/yr) 
Veg. 

(I/yr) :, (kg/yr) (m3/yr) (Uyr) (kg/yr) 

Adult 21 730 520 64 310 110 8,000 
-

Teen 16 510 630 42. 400 65 8,000 

Child 6.9 51Q 520 26 330 41 3,700 
' - -

Infant 0 330 0 0 ~30 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 Mille Goat Milk Meat 

Variable Stored Leafy Pasture Stored Pasture Stored Pasture Stored 

YV Agricultural Productivity 
2 2 0.70 2 0.70 2 0.70 2 (kglm2) 

p Soil Surface Density (kg!m2) 240 240 240 240 240 240 240 240 
--

T 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 

TE 
Crop Exposure Time to Plume 

1,440 1,440 720 1,440 720 1,440 720 1,440 -(hrs) 

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) - (b) - (b) --
FS 

Fraction Pasture Feed When on 

Pasture(c) 
-- - 1 -- 1 - 1 --

Note: Footnotes on following page. 
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FG 

FL 

FI 

H 

* 
(a} 

(b} 

(c} 

(d) 

Table 4E - Environmental Parameters for Gaseous Effluents 
(Continued) 

- -

Vegeta~les Cow Mille Goat Milk 
-

Variable Stored Leafy Pasture Stored Pasture Stored 

Fraction of Stored Vegetables 
Grown in Garden 0.76 -- -- -- -- --

Fraction of Leafy Vegetables 
Grown in Garden - 1.0 -- -- -- --

Fraction Elemental Iodine= 0.5 -- -- -- -- -- ·--
Absolute Humidity= 5.6@ 

; 

-- -- -- -- -- --
From VY ODCM, Table 6.9.1 (Reference l). 

Meat 

Pasture Stored 

-- --

-- -

-- --
-- --

For Method II dose/dose rate analyses of identified radioactivity releases ofless than one year, the soil exposure time for that release may 
be set at 8,760 hours (one 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 (non-growing season). For the second and third calendar·quarters, the fraction of time on 
pasture (FP) will be set at l.O. 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 equalto 5.6 (gm/m3) shall be used to reflect conditions in the Northeast 
(Reference: Health Physics Journal, Volume 39 (August), 1980; Pages 318-320, PergammonPress). 
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Table 4F - Environmental Parameters, for Liquid Releases (Tritium) Via Groundwater 

Variable Name Potable Water Aquatic Food Stored Veg. 
(Units) 

Mixing Ratio 5.94E-06 1.27E-03 5.94E-06 

Transit Time (hrs)* 12 24 0 

Water Uptake** 
(animal) (L/day) -- - --

Feed Uptake** (animal) 
(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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-- -~-= -=m==-==== --------···---·----

Leafy Veg. Meat 

5.94E-06 5.94E-06 

0 0 

-- 50.0 

-- 50.0 

Cow Milk 

5.94E-06 

0 

60.0 

50.0 
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Tables 5A-5G - Frequency Distribution Tables for Ground Level Releases 

Table 5A 

Five Year Aggregate 35-foot 
PASQUILLA 

Class 1 
Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 

Calms 

Wind mph 0.95. 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 (j 0 15 
ENE 0 s 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 9 
w 0 1 3 2 5 0 0 11 
WNW 0 0 0 1 6 1 ; I 9 
NW 0 0 11 11 3 I 0 26 
NNW 1 10 35 60 19 5 0 130 

TOTALS 19 62 211 212 47 9 I 561 
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Table5B 

Five Year Aggregate 35-foot 
PASQUILLB 

Class 1 
Class2 Class 3 Class4 

Calms 

Wind mph 0.95 3 7 12 

N 2 10 65 36 
NNE 0 12 15 9 
NE 0 7 23 0 
ENE 0 7 22 0 
E 1 9 56 7 
ESE 1 5 65 28 
SE 0 2 39 22 
SSE 0 4 31 65 
s 0 3 15 29 
SSW 0 0 6 4 
SW 0 0 1 3 
WSW 0 0 2 3 
w 0 0 5 15 
WNW 0 3 6 12 

NW 0 2 17 18 

NNW I 5 64 72 

TOTALS 5 6_9 432 323 
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Class 5 Class 6 

18 24 

5 1 
0 0 

0 0 

0 0 
0 0 
1 0 
0 0 
8 1 

11 1 
0 0 
0 0 
0 0 
14 3 
10 0 
14 7 
45 6 
108 19 

Class 7 

... >24 TOTAL 
() 119 
0 36 
0 30 

0 29 
0 73 
0 100 
0 63 
0 109 
0 59 
0 10 
0 4 
0 5 
0 37 
0 31 
0 58 
0 193 

0 956 
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Table 5C 

Five Year Aggregate 35-foot 
PASQUILLC 

Class 1 
Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 

Calms 

Wind mph 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 I 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 SD 

Five Year Aggregate 35-foot 
PASQUILLD 

Class 1 Class 2 Class 3 Class4 Class 5 Class 6 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 o· 0 387 
E 51 288 240 24 0 0 0 603 
ESE 96 303 474 89 2 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 96 3 0 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 
w 6 183 412 788 277 13 0 .1679 
WNW 3 235 370 908 471 42 1 2030 
NW 10 400 895 713 359 39 2 2418 
NNW 33 521 1440 J-181 385 52 1 36U 
TOTALS 556 4562 7997 5721 1769 155 4 20764 
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Table SE 

Five Year Aggregate 35-foot 
PASQUILLE 

Class 1 Class 2 Class 3 Class 4 Class 5 Class6 Class 7 Calms 
Wind mph 0.95 3 7 12 18 24 >24 TOTAL 
N 51 - 197 161 43 15 0 0 467 
NNE 19 111 23 4 o· 0 0 157 
NE g 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 2.62 
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 4~ 3 l_ 1437 
TOTALS 509 6666 3732 1019 195 11 1 12133 
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Table SF 

Five Year Aggregate 35-foot 
PASQUILLF 

Class 1 
Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 

Calms 

.Wind mph 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 Q 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 

PASQUILLG 

Class 1 
Class2 Class 3 Class4 Class 5 Class 6 Class 7 

Calms 

Wind mph 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 Q 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 

TOTALS 139 1160 164 6 0 1 0 1470 
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Tables 6A-6G - Frequency Distribution Tables for Elevated Releases 

Table 6A 

Five Year Aggregate 297-foot 
PASQUILLA 

Class 1 
Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 

Calms 

_W~dmph 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 I 2 0 0 0 0 3 
E 0 I 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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Table6B 

Five Year Aggregate 297-foot 
PASQUILLB 

Class 1 
Class 2 Class 3 Class4 Class 5 Class 6 Class 7 

Calms \ 

Wind mph 0.95 3 7 12 18 24 >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 O, 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 
NW 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 
PASQUILLC 

Class 1 
Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 

Calms 

Wind mph 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 I 0 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 
PASQUILLD 

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 
Calms 

Wind mph 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 IO 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 
PASQUILLE-

Class 1 Class2 Class 3 Class 4 Class 5 Class 6 Class 7 Calms 
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 8 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 
SSW 2 90 118 114 40 8 0 372 
SW 3 61 87 63 16 0 0 230 
WSW 2 61 111 109 20 2 0 305 
w 4 57 132 299 186 9 1 688 
WNW 4 97 146 284 108 12 I 652 
NW 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 
PASQUILLF 

Class I Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Calms 
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 
SW 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 
NW 2 115 154 40 4 0 0 315 
NNW 3 167 429 184 9 0 0 792 
TOTALS, 55 188~ 2155 675 44 1 0 4818 
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Table6G 

Five Year Aggregate 297-foot 
PASQUILLG 

Class 1 
Class2 Class 3 Class 4 Class 5 Class 6 Class 7 Calms --- --· - -· 

Windniph 0.95 3 7 12 . 18 24 >24 TOTAL 

N 0 18 19 3 1 0 0 41 
NNE 0 6 2 0 ·O 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 
SW 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 iio 359 190 12 1 0 775 

~ 
'1 
I . 

I' 
l 

I 
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APPENDIXA-SUPPIBMENTAL INFORMATION 

1. MEASUREMENTS AND APPROXIMATIONS OF TOT AL RADIOACTIVITY 

Provided below are the methods used to measure or approximate the total radioactivity in 
effluents and the me~ods 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. 

2. BATCHRELEASES ' 

There were no routine liquid or gaseous batch releases during the reporting period. 

3. ABNORMAL RELEASES 

a. Liquid 

VY has insti,tlled 32 groundwater wells to monitor the 2010 leak event or to monitor 
additioruµ 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 I <602 <602 <602 
GZ-2 1 <600 <600 <(>00 
GZ-3 2 <612 <626 <597 
GZ-4 2 <600 <608 <592 
GZ-5 1 <611 <6il <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-f8d ' 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-'i.7 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 minimum detectable value for the analytical period 
4. Bold values denote positive results (greater than minimum detectable values) 
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APPENDIX B-LIQUID HOIDUP 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 Effiuent 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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APPENDIXD-RADIOACTNE GASEOUS EFFLUENT MONITORlNG 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 effiuent 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-RADIOLOGICALENVIRONMENTAL 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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APPENDIXF-LAND USE CENSUS 

Reguirenient 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 pursulltlt to ODCM 
Control 4.3.3, the new location(s) must be identified in the 
next Annual Radioactive Effluent Release Report. 

} 

Response The Llltld Use Census was completed during the third quarter of 
2018. No locations were identified which yielded a 20 percent 
greater dose or dose colinilitment 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 CONTROLPROORAM 

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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Requirement · 

Response 

VY 2018 ARERR 

APPENDIXH-OFF-SITE OOSE CALCULATION MANUAL 

ODCM Section 10.1 requires that licensee-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). 

There was one revision (Rev. 40) to the Offsite Dose Calculation 
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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VERMONT YANKEE NUCLEAR POWER STATION 
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DATE REVISION 

9/23/10 33 

( 

' 

REVISION SUMMARY 

DESCRIPTION 
.. 

Three sections of the ODCM were modified with minor changes to 
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 of26,500 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'' 
ring TLDs are located further from the plant than some "quter" 
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 detennination of Bariwn/Lanthanum 140 activity is 
determined using daughter ingrowth. Add.itional information 
was provicfed 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. 
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7/08/2011 34 

10/09/14 35 

REVISION SUMMARY (Continued) 

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

0 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. 

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

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

0 Section 9 was revised to include the method for determination 
of groundwater flows in the 17 identified ~treamtubes 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. 

0 Section 3/4 was revised to delete a reference requirement to 
Note Sin 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). 

0 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-I 04 and NRC Inspection 
Guide 9900) (CR-VTY-2013-04078 CA-0002). 

0 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 Off site 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. (Wf-WTVTY-
2009-00009 CA-0010) 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Section 3/4.2. l 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 tlie ODCM limit of 10 times 1 OCFR20 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 perfonned the same as 
subsurface groundwater. This clarifies that total body dose 
estimates are only required prior to ljquid 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 factor:s 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 he 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. 

Delete Steam Jet Air Ejector (SJAE) Monitoring from Table 
1.1.1 
Delete "iodines" from Table I.I.I 
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, 1-.133 and SJAE from Table 1.1.8 
Delete ail nuclides other than Kr-85 from Table 1.1.10 
Delete all nuclides other than Kr-85 from Table 1.1.1 OA 
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 SJAE and AOG requirements from Table 4.1.2 
Delete SJAE and AOG monitor Notes from Table 4.1.2 
Delete 1-131 analysis and LLD from Table 4.2.1 
Delete 1-131, Ba-140 & La-140 from Table 4.2.1 Note (e) 
Delete iodine requirements from 3/4.3.1 
Delete SJAE, 1-131 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 gamma 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 sample stations due to 
reduced risk of release and remove iodine canisters 
Reduce REMP TLDs to site boundary and offsite controls 
Delete Table 3.5.14.a. Milk sampling 
Delete Table 3.5.1 Notation(g) 
Delete 1-131, Ba-140, La-140 and Notation (d) from Table 
3.5.2 
Delete 1-131, 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 dos.e 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 referenceto 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, refonnat to align terms correctly ( editorial) 
Delete thyroid dose from Section 6.3 
Re-formatterms under Equation 6-3 (editorial) 
Revise 6.4. l 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 an'1 ground calculations 
Revise 6.4.2 Method I equations to be specific for Kr-85 and 
remove reference to SJAE and AQG 
Delete references to AOG and SJAE and make Section 6.5.1 
Method I specific to Kr-85 
Revise 6 . .$.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 
an:d the waste oil burner. Designate the Reactor Builcijng as ~ 
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 
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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 deiete references to the 

1 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, l 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 commu¢ties 
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 ~kin 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, SJAE Noble Gas Activity Monit9rs 
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 efil.uents 
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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. 
'.fable 4.2.1 Notation g.: change "Perimeter" wells to 
"Monitoring" wells, consistent with the function of the well as 
defmed 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 Notationj. to provide basis for sampling 
intervals in Table 4.2, 1. 

Delete Liquid Radwaste Monitor from Table 1.1.1 
Delete Liquid Radwaste Monitor and set points from Table 
1.1.7 -
Revise Defmition 7 in Table 2.1.1 (Liquid Waste Discharge) 
Revise Definition 8 in Table 2.1.1 (ODCM) 
Revise definitions of dilution flow and di~harge flow rates 
and delete set point and efficiency terms in Table 2.1.2 
Delete tiquid 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 intercepted groundwater 
release through liquid waste effluent line 
Revise Table 4.2.1 to institute requirements for release 
without liquid radwaste monitor deleted 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 tadwaste 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 effluent line 
Revise Cpi tenn in 5.1 to remove names ofSSCs 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 effiuent 
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 configw;atioil 
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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 
6-23 in Note 2 
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 
0 6-5 Total Body Dose Rate from Noble Gases 

Released from Stack 
0 6-39 Total Body Dose Rate from Noble GasesReleased 

from Ground 
0 6-7 Skin Dose Rate from Noble Gases Released from 

Stack 
0 6-38 Skin Dose Rate from Noble Gases Released from 

Ground 
0 6-21 Gamma Dose to Air from Noble Gases Released 

from Stack 
0 6-41 Gamma Dose to Air from Noble Gases Released 

from Ground Level 
0 6-23 Beta Dose to Air from Noble Gases Released from 

Stack 
0 6-43 Beta Dose to Air from Noble Gases Released from . 

Ground Level 
0 6-27b Direct Dose 
0 6-27c Direct Dose 
0 6-27d Direct Dose 
0 Gaseous Effluents: 
0 Plant Stack (RR-108-lA, RR-108-lB) Noble Gas 

Activity Monitors 
0 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 
Delete Table 1.1.7 Summary of Methods for Setpoint 
Determinations, stack monitoring .consists of grab and 
composite sampling 
Delete items from Table 1.1.8 that no lonl!er annlv associated 
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with noble gases and primary gas treatment systems 
Delete TABLE I.I.IO Dose Factors Specific for Vermont 
Yankee for Noble Gas Releases 
Delete TABLE 1.1.1 OA 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 channel 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) wiH 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 Efiluent 
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 Efiluents Dose Rate 
Delete Section 3/4.3 RADIOACTNE 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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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 wee!dy 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 
beiij.g above 100 m, XOQDOQ program code was run with a 
stack height less than 100 meters. Also changed basis for 
<lepleted 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 dos~ from particulate 
radionuclides. 
Table 6.10.1 was modified to remove atmospheric dispersion 
data anolicable to noble gases and incomorate the new factors 
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determined from the XOQDOQ program code with the 
updated meteorological data. 
Revised 6.11.4 and reference H to reflect 58 Spent Fuel Dry 
Storage Casks and the 10 CPR 72.104 study of direct 
radiation dose rates. 
Renumbered section after 6.11.4. 6.11.4 was used twice. 
Deleted control 3 .3 .2 related to noble gases from statement in 
Section 6.12. 
Added in information on the change in meteorological data 
wind frequencies as compared to original plant data in Sector 
7.1. 
In Table 7.1 added in four additional REMP direct radiation 
monitoring sites to account for the committed number of IO in 
Table 3.5.1. These added sites include those associated with 
the ISFSI siting. 
Deleted silage as an exception in note 2 of Table 7.1 
Delete radioiodine sampling from Table 7 .1 Radiological 
Environmental Monitoring Stations 
Updated Figure 7.4 to include all REMP direct radiation 
monitoring sites. 
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. 
Delete Section 8.2.1 on setpoint determ,ination for the noble 
gas monitor, no longer required. 
Modified Figure 9.2 to show current configuration of gaseous 
effluent pathway and monitoring. 
Delete Section 10.1 Annual Meteorological Report 
Requirements 
Changed outside tank limit location in 6th paragraph from 
Techs Specs to DSAR section 4. 
Fixed typo in Section 10.3 where radioactive was misspelled. 
Modified Section 10.4.2 to remove reference to reporting for 
noble gases and the abandonment of the primary vet gas a.Ild 
AOG treatment systems. 
In Reference Section item B Change computer code for 
calculating dispersion coefficients to the NRC program 
XOQDOQ 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 occuning 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 sub,sequent 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 methods contained herein 
follow accepted NRC guidance for calculation of doses necessary to demonstrate 
compliance with the dose objectives of Appendix I to I OCFR.50 (Regulatory Guide 
1.109) unless otherwise noted in the text. 

Demonstration of compliance with the dose limits of 40CFRI 90 
(see Control 3.4.1) will be considered as demonstrating compliance with the 0.1 rem 
limit of 10CFR20.1301(a)(l) 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 tha:t the 
ODCM is used in the performance of the surveillance requirements of the appropriate 
portions ofODCM 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 itpproved changes shall be submitted 
to the NRG for their information in the Radioactive J:!ffiuent 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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I.I Sununary 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 II 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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I 

C ontro 1 

3.2.1 Liquid Effluent Concentration 

3.2.2 , Liquid Effluent Dose 

· 3.2.3 Liquid Radwaste Treatment 
Operability 

,.. 
.. 

3.3.1 Gaseous Effluents Dose Rate 

3.3.3 Gaseous Effluents Dose from 
Tritium and Particulates 

3.4.1 Total Dose (from All Sources) 

TABLE 1.1.1 
Summary of Radiological Effluent Controls 

and Implementing Equations 

C ategory e 0 M th d CI) 

Sum of the Fractions of Eq. 5-1 \ 

Effluent Concentration Limits 
\ ' 

fExcluding Noble Gases j 

Total Body Dose Eq. 6-1 

Organ Dose Eq. 6-3 

.. , 
.. 

Total Body Dose , Eq. 6-1 

Organ Dose Eq. 6-3 

Organ Dose Rate from Tritium Eq. 6-16 
and Particulates with T 112>8 Eq. 6-40 
Days 

Organ Dose from Tritium and Eq. 6-25 
Particulates with Tl/2 >8 Days Eq. 6-44 

Total Body Dose Footnote (2) 

Organ Dose No Thyroid 

(I) More accurate methods may be available (see subsequent chapters). 

L' . umt 

~IO 

~1.5 mrem in a qtr. 
~3.0 mrem in a yr. 

=s;5 mrem in a qtr. 
::;;10 mrem in a yr . 

~0.06 mrem in a mo. 

~0.2 mrem in a mo. 
-
=s;1500 mrem/yr. 

~ 7.5 mrem in a qtr. 
~15 mrem in a yr. 

-~25 mrem in a yr. 

~25 mrem in a yr. 

(2) 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 II calculation shall be made considering available infonnation for pathways of exposure to real individuals from 

liquid, gaseous, and direct radiation sources. 

Vennont Yankee Nuclear Power Station 

VY 2018 ARERR 

Off-Site Dose Calculation Manual 
Section 1.0 
Rev. 35 
Page 3 of 16 

Page 73 of 401 



Equation 
Number 

5-1 

TABLE 1.1.2 

Sum.man' of Methods to Calculate 
Unrestricted Area Liquid Concentrations 

Category 

Sum of the Fractions of Combined 
Effluent Concentrations in Liquids 
[Except Noble Gases] 

Equation 

FENG ="' Cpi < 10 
1 7ECL. -

I 

Reference 
Section 

5.1 
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TABLE 1.1.3 

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

Equation 
Number 

6-1 

6-3 

Categofy 

Total Body Dose 

Maximum Organ Dose 

Vermont Yankee Nuclear Power Station 
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Equation·. 

Dtb(mrem)= ~QiDFLub 
l 

Dmo(mrem) = L Q DFLmo 
i 

Reference 
Section 

6.2.1 

6.3.1 
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TABLE 1.1.4 

Summa1y of Methods to Calculate 
Dose Rates 

Equation 
Number Category 

6-16 Critical Organ Dose Rate from 
Stack Release of Tritium and 
Particulates wfrh T 112 >8 Days 

6-40 Critical Organ Dose R{lte from 
Ground Level Release of 
Tritium and Particulates with 
T112 >8 Days 

Equation 

R (mremJ = ""'Q. ~DFG'. cog £.. 1 gico 
yr i 

Reference 
Section 

6.6.1 

6.6.1 
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TABLE 1.1.5 

Summary of Methods to Calculate 
Doses to Arr from Noble Gases 

Deleted 
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TABLE 1.1.6 

Summan1 of Methods to Calculate Dose to an Individual from Tritium. Iodine, and Particulates 
in Gas Releases and Direct Radiation 

Equation 
Number . Category 

6-25 Dose to Critical Organ 
from Stack Release of 
Tritium and Particulates 

6-44 Dose to Critical Organ 
from Ground Level Release 
of Tritium and Particulates 

Direct Dose 

Vermont Yankee Nuclear Power Station 
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Equation 

Dcos(mrem) = L Q~TP DFG sico 
i 

Dcolmrem) = i Q~LP DFG gico 
I 

Reference 
Section 

6.9.1 

6.9.1 
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TABLE 1.1.7 

Summarv. of Methods for. 
Setpoint. Determinations 

I Deleted 
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TABLE 1.1.8 

Effluent and Environmental Controls Cross-Reference 

Control Topic _ 

INSTRUMENTATION 

Radioactive Liquid Effluent 
Instrumentation 

Effluent instrumentation list 

Instrument surveillance requirements 

Radioactive Gaseous Effluent 
Instrumentation 

Effluent instrumentation lii;t 

Instrumentation requirements 
. -

RADIOACTIVE LIQUID EFFLUENTS 

Concentration 

Liquid w:aste sampling & analysis 
program 

Dose - Liquids 

Liquid Radwaste Treatment 

RADIOACTIVE GASEOUS EFFLUENTS 

Dose Rate 
- -

Gaseous waste sampling & analysis 
program 

Dose from Tritium and Radionuclides in 
Particulate Form 

TOTALOOSE 

Total Dose 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

-

Original Technical Revised ODCM 
Specification Section Control Section 

3/4.9.A 3/4.1.1 

.. 

Table 3.9.1 Table 3.1.1 

Table 4.9.1 Table 4.1.1 

3/4.9.B 3/4.1.2 

Table3.9.2 Table 3.1.2 

Table4.9.2 Table 4.1.2 

3/4.8.A 3/4.2.1 

Table 4.8.1 Table 4.2.1 

3/4.8.B 3/4.2.2 

3/4.8.C 3/4.2.3 

3/4.8.E 3/4.3.1 

Table4.8.2 Table 4.3.1 

3/4.8.G 3/4.3.3 

' 

' 3/4.8.M 3/4.4.1 
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TABLE 1.1.8 (Continued) 

RADIOLOGICAL ENVIRONMENTAL 
MONITORING 

Radiological Environmental Monitoring 
Pro~ram 

Listing of required monitorin_g criteria 

Reporting levels for radioactivity in 
samples 

Detector capability for environmental 
analysis 

Land Use Census 

Intercomparison Program 

EFFLUENT CONTROL BASES 

UNIQUE REPORTING REQUIREMENTS 

Annual Radioactive Effluent Release 
Report 

Environmental Radioloirical Monitoring 

Special Reports 

Major Changes to Radioactive Liquid, 
Gaseous, and Solid Waste Treatment 
Systems 

Vermont Yankee Nuclear Power Station 
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' 

3/4.9.C 3/4.5.1 

Table 3.9.3 Table 3.5.1 

Table 3.9.4 Table 3.5.2 

Table4.9.3 Table 4.5.1 

3/4.9.l)_ 3/4.5.2 

3/4.9.E 3/4.5.3 

Bases: 3.8 & 3.9 3/4.6 

6.7.C.1 10.1 

6.7.C.3 10.2 

6.7.C.2 10.3 

6.14 10.4 
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TABLE 1.1.9 

(Deleted) 
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I Deleted 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

TABLE 1.1.10 
Dose Factors Specific for Vermont Yankee 

for Noble Gas Releases 
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,------------------------ -----~--

TABLE 1.1. IOA 

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

I Deleted 

Vermont Yankee Nuclear Power Station 
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TABLE 1.1.11 

Dose Factors Specific for Vermont Yankee 
for Liquid Releases 

Radionuclide 

ff-3 

Mn-54 

Fe-55 

Co-60 

Zn-65 

Sr-90 

Zr-95 

Ag-llOn'l 

Sb-125 

Cs-134 

Cs-137 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

Total Body 
Dose Factor 

(mrem) DFLitb ~ 

2.06E-04 

2.08E-01 

4.18E-02 

2.13E-01 

8.06E+OO 

4.23E+Ol 

4.21E-04 

6,90E-03 

7.52E-03 

l.28E+02 

7.58E+Ol 

Maximum Organ 
Dose Factor 

( mrem) 
DFLimo ~ 

2.06E-04 

3.00E+OO 

2.54E-01 

1.28E+OO 

l.64E+Ol 

l.67E+02 

l.36E-01 

7,02E-Ol 

l.lSE-01 

l.60E+o2 

1.21E+o2 

Off-Si~ Dose Calculation Manual 
Section 1.0 
Rev.35 
Page 15 of16 

Page 85 of 401 



TABLE 1.1.12 
Dose and Dose Rate Factors Specific for Vermont Yankee 

for Tritium and Particulate Releases 

Stack Ground(i) 

Dose Dose 
Dose Dose 

Nuclid.e Rate mrem/yr Rate mrem/yr per 
mrem/Ci mrem/Ci perpCVsec pCVsec 

H-3 1.1 lE-04 3.52E-03 6.90E-03 2.18E-01 

C-14 l.18E-01 3.71E+OO 7.29E+OO 2.30E+02 

Mn-54 8.lOE-02 2.55E+OO 3.25E+OO l.03E+02 

Fe-55 8.44E-02 2.66E+OO 3.37E+OO · 1.06E+02 

Co-60 3.lOE-01 . 9.77E+OO ·1.24E+Ol 3.92E+02 

Ni-59 l.43E-02 
I 

4.50E-01 5.69E-01 l.79E+Ol 

Ni-63 4.30E+OO , 1.36E+02 :1.7rn+o2 5.39E+03 

Zn-65 8.52E-01 2.69E+Ol 3.39E+Ol 1.07E+03 

Sr-90 L46E+02 4.59E+03 5.81E+03 1.83E+OS , 

Tc-99 4.13E:.01 1.30E+Ol 1.64E+Ol 5.19E+02 

Sb-125 1.44E-OJ 4.54E+OO · 5.76E+OO 1.82E+02 

I-129 1.47E+02 4.64E+03 5.86E+03 1.85E+05 
' -

Cs-134 3.62E+OO 1.14E+o2 l.44E+02 4.55E+03 

Cs-137 4.SOE-01 l.42E+Ol 1.79E+Ol 5.64E+02 

Sm-151 4.00E-02. 1.26E+OO l.60E+o0 5.0SE+Oi 
"' 

Eu-152 'l.65E-Ol 5.20E+OO 6.59E+o0 2.08E+02 

Eu-154 3.75E-Ol l.18E+Ol l.50E+ol 4.74E+02 

Eu-155 6.67E-01 2.lOE+Ol 2.66E+ol 8.40E+02 

Pu-238 2.SOE.+o2 7.90E+03 1.52E+o4 4.79E+05 

Pu-239 2.89E+02 9.l 1E+03 1 l.75E+04 5.52E+OS 

Pu-241 6.25E+OO l.97E+02 3.79E+o2 1.19E+04 

Atn.:241 2.96E+02 9.34E+03 1.79E+04 S.6SE+OS 

Cm-242 1.1 lE+Ol · 3.50E+o2 6.77E+o2 2.13E+04 
' ' ' 

, Cm-243 l.99E+02 6,28E+03 1.21E+()4 3.81E+o5 

Cm-244 l.54E+o2 4.87E+03 9.33B+03 2.94E+o5 

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 Mille, 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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TABLE2.1.1 
Definitions 

1. Deposition Coefficient -~DOQ or D/Q (i.e., deposition factor); is the average relative 
deposition per wilt 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. 

· 2. 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 . 

3. 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. 

4. 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 required 
action. 

5. Instrument Calibration - An instrument calibration means the adjustment of an 
instrument s{giiafoutput 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. 

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

7. Instrument Functional Test - An instrument functional test shall he: 

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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VY 2018 ARERR 

Off-Site Dose Calculation Manual 
Section2.0 
Rev. 38 
Page2 of7 

Page 88 of 401 



8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

TABLE 2.1.1 (Continued) 

Intercepted Groundwater - For the pwposes 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 mid liquid efiluents, 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·(!) the Radioactive Effluent Controls (including the 

Radiological Environmental Monitoring) Program required by Techp.icaI Specification 
6.7.D, and (2) descriptions of the information that should be included in the annual 
Radioactive Effluent Release ~eport 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) 
I 

16. Ventilation Exhaust Treatment System - The Radwaste Building and AOG Building 
ventilation HEP A 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 (SBGn System, are not considered to be ventilation exhaust 
treatment system components. 

17. Vent/Purging - Vent/pµrging is the controlled process of discharging air or gas from the 
primary containment to con,trol temperature, pressure, humidity, concentration or other 
operating conditions. 
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Variable 

= 

cmi = 

= 

Dcag = 

D:F 

DFmm 

DFBc 

DFLuna = 

TABLE2.l.2 

Summary of Variables 

Definition 

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

Concentration of radionuclide "i." 

µCi 

ml 

µCi 

cc 

Units 

Concentration, exclusive of noble gases, of µCi 
radionuclide i'i" from tank "p" at point of discharge ml 
to an unrestricted area. 

Concentration of radiQnuclide "i" in mixture at the µCi 
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 allowable 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." 

ml 

mrem 

mrem 

mrem 

mrem 

mrem 

ratio 

ratio 

mrem-m3 

pCi-yr 

mrem-m3 

pCi-yr 

mrem 
Ci 

mrem 
Ci 
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Variable 

DFGsico 

DFG'sico 

DFGgico 

DFG'gico 

Reos 

Rcog 

Fw 

I pENG 
I 

ECLi 

= 

= 

= 

= 

= 

= 

TABLE 2.1.2 (Continued) 

Definition 

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

Site-specific, critical organ dose rate factor for a 
stack gaseous release of nuclide "i. 11 

Site-specific, critical organ dose factor for a ground 
level gaseous release of nuclide 11i. 11 

Site-specific, critical organ dose rate factor for a 
ground level gaseous release of nuclide 11i. 11 

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 11i" (I0CFR20.1001-20.2401, 
Appendix B, Table 2, Column 2) 

Release for radionuclide 11i" from the point of 
interest. 

Release rate for radionuclide "i" at the point of 
interest. 

The tritium and particulate radionuclide 11i11 release 
rate from the plant stack. 

Units 

mrem 

Ci 

mrem-sec 

µCi-yr 

mrem 

Ci 

mrem-sec 

µCi-yr 

mrem 

yr 

mrem 

yr 

1 
m2 

gpm 

gpm 

fraction 

µCi 

cc 

curies 

µCi 

sec 

µCi 

sec 
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Variable 

• GLP 
Qi = 

Q~T = 

Q?L = 

QfTP = 

Q?LP = 

I X/Qs 

X/Qg 

TABLE 2.1.2 (Continued) 

Definition Units 

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

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

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

The release of tritium and particulate radionuclide cunes 
"i" from the plant stack. 

The release of tritium and particulate radionuclide curies 
"i" from ground level. 

Annual or long-term average undepleted sec 
atmospheric dispersion factor for stack release. m3 

Annual or long-term average undepleted sec 
atmospheric dispersion factor for ground level 
release. 

m3 
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3/4.0 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 chan,ges, 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 

Vermont Yankee Nuclear Power Station 
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TABLE3.l.l 

Liquid Effluent Monitoring Instrumentation 

Deleted 
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TABLE 3.1.1 NOTATION 

NOTE 1 - Deleted 

NOTE 2 - Deleted 

NOTE 3 - Deleted 

NOTE 4. - Deleted 

Vermont Yankee Nuclear Power Station 
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I Deleted 

Vennont Yankee Nuclear Power Station 
VY 201 BARE RR 

TABLE4.l.1 
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TABLE 4.1.1 NOTATION 

I Deleted 

Vermont Yankee Nuclear Power Station 
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3/4.1 INSTRUMENTATION 
1 

3/4.1.2 Radioactive Gaseous Effluent Instrumentation 

CONTROLS 

3 .1.2 The gaseous process and effluent monitoring instrumentation channels shall be 
functional in accordance with Control Table 3.1.2. 

APPLICABILITY: 

ACTION: 

As shown in Table 3.1.2. 

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 

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

TABLE3.1.2 

Gaseous Effluent Monitoring Instrumentation 

Instrument 
--- . 

3. Plant Stack 

a. Particulate Sampler Filter 

b. Sampler Flow Integrator 
(FI-17-156/157) 

C. Stack Flow Rate Monitor 
(Fl-108-22) 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

--

Minimum 
Channels 

Functional Notes 

1 4,5 

1 1, 5 

1 1, 5 
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TABLE 3.1.2 NOTATION 

NOTE 1 - With. the number of channels functional less than required by the minimum 
channels functional 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 m11y 
continue provided samples are continuously collected with auxiliary sampling 
equipment. 

NOTE 5 - With the n:umber 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 

NOTE 7 - Deleted 

NOTE 8 - Deleted 

NOTE 9 - Deleted 

NOTE 10 - Deleted 

Vermont Yankee Nuclear Power Station 
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TABLE4.l.2 

Gaseous Effluent Monitoring Instrumentation Surveillance Requirements 

· 1ns1rument 
Instrument Check 

3. Plant Stack 

a. Sampler Flow Once each 
Integrator week 

b. System Flow Rate Once each day · 
Monitor 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

Instrument 
Instrument Functional 

Source Check Calibration Test 

Not Once each Not 
Applicable 18 months Applicable 

Not Once each Once each 
Applicable 18months quart~ 

Off-Site Dose Calculation Manual 
Section 3/4 
Rev.40 
Page9of46 

Page 102 of 401 



TABLE 4.1.2 NOTATION 

(1) Deleted 

(2) Deleted 

(3) Deleted 

(4) Deleted 
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3/4.2 RADIOACTIVE LIQUID EFFLUENTS 

3/4.2.1 

CONTROLS 

Liquid Effluent Concentration / 

3 .2.1 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 1 OCFR Part 
20.1001 - 20.2402, Table 2, Column 2.for radionuclides other than noble gases. 

APPLICABILITY: 

ACTION: 

At all times. 

With the concentration of radioactive material in liquid effluents released to 
Unrestricted Areas exceeding the limits ofControl 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 

4.2.1.a 

4.2.1.b 

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. 

The results of the analyses shall be used in accordance with the methods in the 
ODCM to assure that the concentrations at the point ofrelease to Umestricted 
Areas are limited to the values in Control 3.2.1. 
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TABLE4.2.1 

Radioactive Liquid Sampling and Analysis Program 

Liquid Release Sampling 
Type Frequency 

Batch Waste Prior to each 
Processing releas.e Each 
Sample Tanks Batch 
(b)(k) 

Prior to each 
release Each 
Batch 

--- -·-

Prior to each 
release Each 
Batch 

. -- -··--

Service Water Weekly Grab 
Sample 

Groundwater Prior to each 
Interception release Each 
Release Tanks Cb) Batch 

-- ·- -- . 

Prior to each 
release Each 
Batch 

Prior to each 
release Each 
Batch 

V ennont Yankee Nuclear Power Station 
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-

Minimum 
Analysis 

Frequency 

Prior to each 
release Each 
Batch 

Once per 
month 
Composite (c) 

Once per 
quarter 
Composite (c) 

Once per 
quarter 
Composite 

Pri_or to each 
release Each 
Batch 

Once per 
month 
Composite (c) 

Once per 
quarter 
Composite (cl 

I 

Lower Limit 
of Detection 

Type of Activity (LLD) 
Analysis (uCi/ml) (u) 

Principal Gamma 5 X lQ-7 
Emitters (d) I 

H-3 1 x 10-S 

I 

Gross Alpha 1 X lQ-7 

Sr-90 5 ~ 10-8 

Fe-55 1 X 10-6 

H-3 1 x 10-S 

Gross Alpha 1 X lQ-7 

Sr-90 5 X lQ-8 

Fe-55 1 X 10-6 

Principal Gamma Activity 
Emitters (d) Analysis LLDs 

(c) 

H-3 

H-3<e> Activity 

Gross Alpha 
Analysis LLDs 

(e) 

H-3ce> Activity 
Gamma Analysis LLDs 
Emitters( e) (e) 

Ni-63(e) 
Fe-55(e) 

Sr-90<0> 

Alpha Spec<e) 
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Liquid Release Sampling 
Type Frequency 

Storm Drain Weekly Grab 

Subsurface Monitoring 
Groundwater Wells-
Flows to the according to the 
Connecticut Groundwater 
River<f) Monitoring Plan 

(g)(i) . 

Sentinel Wells-
according to the 
Groundwater 
Monitoring Plan 
(h)(i) 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

Minimum 
Analysis 

Frequency 

Weekly 

Monitoring 
Wells-
AnnuaJ<i) 

, Sentinel Wells 
-Annua1Ci> 

I 
! 

Lower Limit 
of Detection 

Type of Activity (LLD) 
Analysis (uCi/ml) (a) 

H-3 Activity 
Analysis LLDs 

(e) 

. H-3<e> Activity 

Gamma 
Analysis LLDs 

Emitters<e> 
(e) 

Ni-63<e> 

Fe-ss<c> 

Sr-90(e) 

Alpha Spec<e) 

-· 
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! ------------~ ----

TABLE 4.2.1 NOTATION 

a. The LLP 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:): 

LLD= 4.66*Sb 
- E*V*K*Y*e-A·lil 

where: 

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

Sb = 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 = 2.22 x 106 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 ofE, 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 r_adionuclides 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 sample sizes, 
the presence of interfering nuclides, or other uncontrollable circumstance~ may render these 
LLDs unavailable. 

It should be recognized that the LLD is defined as a "before the fact"_limit representing the 
capability ofa me~surement 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 
(Cont'd) 

b. 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. 

c. 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 liquids 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. 

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. 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 llnot detected." When unusual circumstances result 
in LLDs higher than required, the reasons shall be documented in the Radioactive Effluent 
Release Report. 

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

I STANDARD RADIONUCLIDES 

3H 

S4Mn 

60Co - . 

65zn 

95zr 

134Cs 

137Cs 

Vennont Yankee Nuclear Power Station 
VY 2018 ARERR 

,-

I 
I, 

- - - -

I LLD (PCI/L) 

2000 

15 
( 

15 

30 

30 

15 

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} 
raclionuclides, as a minimum, using the associated LLD values: 

HTD RADIONUCLIDES LLD (PCI/L) 

ssFe 110 

63Ni 530 

90Sr 3.5 

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 contaminants in stream.tubes: 
OZ-ls, GZ-3s, GZ-4s, GZ-5s, GZ-13s, GZ-13d, GZ-I4s, GZ-14d, GZ-18s, GZ-I8d, GZ-
19s and GZ-l 9d. 

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 Monitoring 
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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3/4.2 

3/4.2.2 

CONTROLS 

RADIOACTIVE LIQUID EFFLUENTS 

Dose - Liquids 

3.2.2 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 eqµal to 3 mrem to the total body, ~d 
less than or equal to 10 mrem to ~my organ. 

APPLICABILITY: 

ACTION: 

At all times. 

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 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 

4.2.2 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 
oc.curred. 

" 
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3/4.2 

3/4.2.3 

CONTROLS 

RADIOACTIVE LIQUID EFFLUENTS 

Liquid Radwaste Treatment 

3.2.3 The liquid radwaste treatment system shall be used in its designed modes of 
operation to reduce the radioactive materials in the liquid waste prior tQ its 
discharge when the projected doses due to the liqui4 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: 

ACTION: 

At all times. 

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 

See Control 4.2.2. 4.2.3.a 

4.2.3.b The liquid radwaste treatment system schematic is shown in ODCM Figure 9.1. 
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3/4.3 

3/4.3.1 

CONTROLS 

RADIOACTIVE GASEOUS EFFLUENTS 

Gaseous Effluents Dose Rate 

3.3 .1 The dose rate due to radioactive materials released in gaseous effluents from the 
site to areas at and beyond th~ site boundary shall be limited to the following: 

b. For tritilllll and radionuclides in particulate form with half-lives greater 
than 8 days; less than or equal to 1,500 mrem/yr to ~y organ. 

APPLICABILITY: 

ACTION: 

At all times. 

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 

4.3.1.b The dose rate due to tritium and radioiluclides in particulate form with half-lives 
greater than 8 days in gaseous effluents shall be determined to be within the 
limits ofControl 3.3.1 in accordance with the methods in the ODCMby 
obtaining representative samples and performing analyses in accordance with 
the sampling and analysis program specified in Table 4.3.1. 
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TABLE4.3.1 

Radioactive Gaseous Waste Sampling And Analysis Program 

Gaseous Release Sampling 
Type Frequency 

B. Containment Prior to each 
Purge · release/ 

Each Purge 
Grab Sample for 
Particulates 

·C. Main Plant · Continuous 
Stack Sample 

Continuous <e> 

Continuous (e) 

Continuous (e) 

Vermont Yankee Nuclear Power Station 
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Minimum 
Analysis 

Frequency 

Prior to each 
release/ Each 
Purge 

Once per month 

Once per week 
(b) Particulate 

i Sample 

Once per month 
Composite 
Particulate 
Sample 

Once per qtµUter 
Composite 
Particulate 

. Samole 
- -

Lower Limit 
Type of of Detection 
Activity (LLD) 
Analy:sis (uCi/ml) (a) 

I 

1 X 10"9 (g) Principal 
Gamma 

: Emitters (d,g) 

H-3 1 X 10-6 

Principal 1 X 10"11 

Gamma 
Emitters (d,g) 

Gross Alpha J X 10"11 
-

-

Sr-90 1 X 10"11 
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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 
wiiliin 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 emissions. This list does not mean that only these nuclides are to 
be detected and reported. Other peaks which ate measurable and identifiable, together 
with the above nuclides, shall also be identified a.ild 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 circumstances result in LLDs higher 
than required, the reasons shall be documented in the Radioactive Effluent Release 
Report. 

e. The ratio ofthe sample flow rate to the sampled stream flow rate shall be known for the 
time period covered by each dose or dose rate calculation made in accordance with 
Controls 3.3J, 3.3.2, and 3.3.3. 

f. Deleted 

g. Lower Limit of Detection (LLD} applies only to particulate form radionuclides 
identified in Table Notation d. above. 
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3/4.3 

3/4.3.2 

CONTROLS 

RADIOACTIVE GASEOUS EFFLUENTS 

Deleted 

3.3.2 l)eletecl 

APPLICABILITY: 

Deleted 

ACTION: 

Deleted 

SURVEILLANCE REQUIREMENTS 

4.3.2 Deleted 
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3/4.3 

3/4.3.3 

CONTROLS 

RADIOACTIVE GASEOUS EFFLUENTS 

Dose -Radioactive Material in Particulate Form and Tritiwn 

3.3.3 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: 

ACTION: 

At all times. 

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 Sec~on 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 

4.3.3 Cumulative dose contributions for the total time period shall be determined in 
accordance with the methods in ttie ODCM at least once every month. 
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3/4.3 

3/4.3.4 

RADIOACTIVE GASEOUS EFFLUENTS 

Deleted 
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3/4.3 RADIOACTIVE GASEOUS EFFLUENTS 

3/4.3.5 

CONTROLS 

Deleted 

3.3.5 Deleted 

APPLICABILITY: 

Deleted 

ACTION: 

Deleted 

.SlJRVEILLANCE REQUIREMENTS 

4.3.5 Deletecl 
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3/4.3 

3/4.3.6 

RADIOACTIVE GASEOUS EFFLUENTS 

Deleted 

/ 
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3/4.3 

3/4.3.7 

RADIOACTIVE GASEOUS EFFLUENTS 

Deleted 
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3/4.4 

3/4.4.1 

CONTROLS 

TOTAL DOSE 

Total Dose/40 CFR 190) 

3.4.1 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 calenc:lar year. 

APPLICABILITY: 

ACTION: 

At all times. 

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 m:ade, 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 Sectfon 10.4.3. 

SURVEILLANCE REQUIREMENTS 

4.4.1.a 

4.4.1.b 

Cun;tulative dose contributions from liquid and gaseous effluents shall be 
determined in accordance with Controls 4.2.2 and 4.3.3. 

I 

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 

3/4.5.1 

CONTROLS 

RADIOLOGICAL ENVIRONMENTAL MONITORING 

Environmental Monitoring Program 

3.5.1 The radiological environmental monitoring program shall be conducted as 
specified in Table 3.5.1. 

APPLICABILITY: 

ACTION: 

At all times. 

a. With the radiological environmental monitoring program not being 
conducted as specified in Tables 3.5.1 or 4.5.1, prepare and ~bmit 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. 

b. With the level of radioactivity as the result of plant effluents in an 
environm<mtal 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 coilected 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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I 

I 

TABLE 3.5.1 

Radiological Environmental Monitoring Prou:ram 

Exposure Pathway Number of Sample 
and/or Sample I Locations (a) 

1. AIRBORNE 

a. Particulates Samples from 
3 locations: 

1 sample from up 
valley, within 4 miles 
(-6.4 km) of Site 

, )3oµndary . .(major 
wind direction) 

1 sample from down 
valley, within 
4 miles(-6.4 km:) of 
Site Boundary. (major 
wind direction) 

1 sample from a 
control location. 

Vennont Yankee Nuclear Power Station 
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Sampling and Type and Frequency 
Collection of Anhlysis 
Frequency -

Continuous Particulate sampler: 

operation of Gross beta radioactivity 

sampler with analysis on each sample 

sample collection following filter change. 
(c) . • (b -

monthly or more Composite y 
frequently as location) for gamma 
required by dust • • (d) 1 1sotop1c at east once 
loading. per quarter. 
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Exposure Pathway 
and/or Sample 

2. DIRECT 
RAD IA TION<b) 

TABLE3.5.1 
(Cont'd) 

Radiological Environmental Monitoring Program 

Number of Sample Sampling and 
L . <a) Collection Frequency ocations 

-

Routine monitoring Quarterly. 
stations as follows: 

(' 

10 REMP stations (in 
representative 
meteorological 
sectors on land) 
located along the site 
boundary; 

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

Type and Frequency 
of Analysis 

Gamma dose, at 
least once per 
quarter. 

Incident response 
TLDs de~dose only 
quarterly unless 
gaseous release 
Controls wei:e 
exceeded in period. 

I 
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L_ 

I 

3. 

'; 

' 

TABLE3.5.1 
(Cont'd) 

Radiological Environmental Monitoring Pro~ram 

Exposure Pathway Number of Sample 
and/or Sample Locations 

(a) 

-- '---- - --

WATERBORNE·, 

Surface 
(e) 1 sample upstream. a. 

I sample 
downstream. 

b. Ground 1 sample from. within 
(potable- 8 km (5 miles) 
drinking water. djstance. 
from bedrock · 
wells) 

1 sample from a 
coilti'ol location. 

C. Sediment from 1 sample from 
Shoreline downstream area with 

existing or potential 
recreational value. 

: 

; 

·• 
1 sample from north 
storm drain outfall. 

l 
Sampling and · Type and Frequency 

Collection Frequency' of Analysis 
. ·---. --- -

Monthly grab sample. · Gamma isotopic 
• (d) 

analysis of each 
sample. Tritium 
analysis of composite 

I sample at least once 
per quarter. 

Composite sample Gamma isotopic 
. collected over a anal . (cl) f - h ys1s o eac 
Pt,eriod of one month sample. Tritium 

analysis of composite 
sample at least once 
per quarter. 

Quarterly. G . . Cd) amma 1sotop1c 
and tritium analyses 

! of each sample. 

Quarterly. G . . (d) 
~1sotop1c 

and tritium analyses 
of each sample. 

Semiannually, Gamma isotopic 
l . (d) f h ana ys1s o eac 

sample. 
', 

Semiannually. Gamma isotopic 
1 . (d) f h ana ys1s o eac 

, sample. 
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: 

Exposure 
Pathway 

and/or Sample 

4. INGESTION 

a. Deleted 

b. Fish 

\ 

C. Vegetation 

TABLE3.5.1 
(Cont'd) 

Radiological Environmental Monitoring Program 

Number of Sample 
L . Ca) 

ocatlons 

' 

1 sample of two 
recreationally important 
species in vicinity of 
plant discharge area. 

1 sample (preferably of 
same species) in areas 
not influenced by plant 
discharge. 

1 grass sample at each 
air sampling station. 

1 silage sample at each 
former milk sampling 
station (as available). 

Sampling and Type and Frequency 
Collection Frequency of Analysis 

Semiannually. Gamma isotopic 
1 . (d) d"bl ana ys1s one 1 · e 

portions. 

Semiannually. Gamma isotopic 
1 . (d) dibl ana ys1s on e e 

portions. 

Quarterly when Gamma isotopic 
available. analysis (d) of each 

sample. 

Quarterly when Gamma isotopic 
available. al . (d) f h an ys1s o eac 

sample. 
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TABLE 3.5.l 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 taole and figure(s) in the ODCM (Section 7). Deviations are 
permitted from the required sampling schedule if specimens are unobtainable due to 
hazardous 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 prior to the end of the next sampling period. All deviations from the sampling 
schedule shall be doc~ented in the Annual Radioloijical Environmental Operating 
Report pursuant to ODCM Section 10.2. It is recogniz¢ that, at times, it may not be 
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 
wJthin 30 days in the radiological environmental m~mtoring J?rogr!llll. 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 obtainini 
replacement samples in the next Radioactive Effluent Release Report and also include m 
the report a revised figure(s) and table for the ODCM reflecting the new location(s). 

b 

C 

d 

e 

f 

g 

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 Therm!]luininescent Dos~eter (TLD) is considered to be 
one phosphor; two or more phosphors m 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 TLD 
systems will depend ~pon the ch~cteris~cs of.the sp~ific sy~tem used and should be 
selected to obtain optimum dose mformat10n with mrmmal fadmg. 

I 

Airborne particulate sample filters shaUbe analyzed for gross beta radioactivity 24 hours 
or more after samJ?ling to allow for radon and thorium daughter decay. If gross beta 
activity in air particulate samples is greater than ten times the yearly mean of control 
samples, gamma isotopic analysis shall be performed on the individual samples. 

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

The "upstream sample" shallbe 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. 

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

Deleted 

h Deleted, 

Vermont Yankee Nuclear Power Station 
W2018ARERR 

Off-Site Dose Calculation Manual 
Section3/4 
Rev.40 
Page 34 of46 

Page 127 of 401 



TABLE3.5.2 

Reportin2 Levels For Radioactivity Concentrations In Environmental Samples(a) 
Reporting Levels 

Airborne 
Particulate 

Water or Gases Fish Vegetation Sediment 
Analysis (pCi/1) (pCi/m3) (pCi/Kg, wet) (pCi/Kg, wet) (pCi/Kg, dry) 

H-3 2 X 104(b) 

Mn-54 1 X 103 3 X 104 

Co-60 3 X 102 1 X 104 3 X 103~c) 

Zn-(>5 3 X 102 2 X 104 

Zr-95 4x 102 

Cs-134 30 10 IX 103 
IX 103 

Cs-137 50 20 2 X 103 2 X 103 i 

(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) +... < 1.0 
reportinglevel(l) reportinglevel(2) 

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. 

(b) Reporting level for drinking water pathways. For nondrinking water pathways, a value of 
3 x 104 pCi/1 may be used. 

( c) Reporting level for individual grab sampl~s taken at North Stonn Drain Outfall only. 

(d) Deleted 
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TABLE4.5.1 

Detection Capabilities For Environmental Sample Analysis(a)(c) 

Airborne 
Water Particulate or 

Analysis(d) (pCi/1) · Gas (pCi/m3) 

Gross beta 4 0.01 

H-3 20oo<h> 

Mn-54 15 

Co-60 15 

Zn-65 30 

Zr-95 15 

Cs-134 15 0.05 

Cs-137 18 0.06 

Vennont Yankee Nuclear Power Station 
VY 2018 ARERR 

Fish 
(pCi/Kg, wet) 

130 

130 

260 

130 

150 

Vegetation Sediment 
(pCi/Kg, wet) · (pCi/Kg, dry) 

60 150 

80 180 
- . 

- -
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TABLE4.5.l NOTATION 

(a) See Footnote (a) of Table 4.2.1. 

(b) Deleted 

( c) 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. 

( d) 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 Radiologic~ Environmental Operating Report pursuant to 
Technical Specification 6.6.E and ODCM Section 10.2. 

(e) Deleted 

(f) Deleted. 

(g) Deleted 

(h) If no drinking water pathway exists, then a value of 3000 picocuries per liter inay be 
used. 
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3/4.5 

3/4.5.2 

CONTROLS 

RADIOLOGICAL ENVIRONMENTAL MONITORING 

Land Use Census 

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: 

ACTION: 

At all times. 

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 
land use census wa.s conducted. 

b. With the land census not being ~nduct~d 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. 

SlJRVEILLANCE REQUIREMENTS 

4.5.2 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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i 

3/4.5 RADIOLOGICAL ENVIRONMENTAL MONITORING 

3/4.5.3 

CONTROLS 

lnterlaboratory Comparison Program 

r 

3.5.3 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 pursuant to ODCM Section 10.2 

SURVEILLANCE REQUIREMENTS 

4.5.3 A summary of the results of analyses perfonned as part of the above required 
lnterlaboratory Program shall be included in the Annuai-Radiological 
Environmental Operating Report. NRC-approved interlaboratory programs 
utilized by environmental laboratories in processing Vennont 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 alm;m/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: Concentration (3.2.1) 

This Control is provided to ensure that at any time the concentration of radioactive 
materials released in liquid V'taste 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 IO times the concentration levels specified 
in lOCFR 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 I OCFR Part 50 assure that doses are maintained 
ALARA, and that annual concentration limits of Appendix B to 
1 OCFR20. l 001-20.2402 will not be exceeded. 
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3/4.6 EFFLUENT AND ENVIRONMENT AL CONTROL BASES 
- (cont.) 

Liquid Effluents: Dose (3.2.2) 

This Control is provided to implement the requirements of Sections II.A, III.A, and 
N.A of Appendix I, 1 OCFR Part 50. The Limiting Condition for Operation 
implements the guides set forth in Section II.A of Appendix I. The requirements 
provide operating flexibility and at the same time implement the guides set forth in 
Section N.A of Appendix I to assure that the releases ofradioactive material in 
liquid effluents will be kept "as low as is reasonably achievable." The Surveillance 
Requirements implement the requirements 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 excess of the 
requirements of 40CFR141. No drinking water supplies drawn from the 
Connecticut 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 l OCFR 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 hnplementing Appendix I", Revision 1, 
April 1977. 
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3/4.6 EFFLUENT AND ENVIRONMENTAL CONTROL BASES 
(cont.) 

Liquid 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 lOCFR Part 50.36a and the design 
objective given in Section II.D of Appendix I to 1 OCFR 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 JI.A of Appendix I, lOCFR 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 t~mporarily increase gaseous effluent release rates from the plant, 
while still providing controls to ensure that licensee meets the dose objectives of 
Appendix I to 1 OCFR50. -

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, ID.A, and 
IV.A of Appendix I, lOCFR Part 50. The Limiting Condition for Operation are the 
guides set forth in Section 11.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 ID.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 ODCMfor 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 1 OCFR Part 50, 
Appendix I," Revision 1, October 1977 and Regulatory Guide 1.111, "Methods for 
Estimating Atmospheric Transport and Dispersion of Gaseous Effluen~s 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 i:elease 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 EFFLUENT AND ENVIRONMENT AL CONTROL BASES 
(cont.) 

Gaseous Radwaste Treatment (3.3.4) Delet~ 

Ventilation Exhaust Treatment (33.5) Deleted 

Primary Containment (MARK I) (3.3.6) Deleted 

Steam Jet Air Ejector (SJAE).(3.3.7) Deleted 

Total Dose (40CFR190}'(3.4.l) 

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 descri,be a collfse 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 result:ing in violation of 40CFR Part 190 have not 
already been corrected), in accordance with the provisions of 40CFR Part 190.11 
and fOCFR 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 d,ose limitation of 1 OCFR 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 I0CFR20.l301 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 smaQ 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 ai1 after-the-fact LLD for a 
particular measurement based upon the actual parameters for the sample in question. 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

Off-Site Dose Calculation Manual 
Section3/4 
Rev. 40 
Page45 of46 

Page 138 of 401 



3/4.6 EFFLUENT AND ENVIRONMENT AL CONTROL BASES 
(coi:lt.) 

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 IO 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 th~ 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 
ariy 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 ofl-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, p~NG at the point of discharge at any time (see 

Figure 9-1 ). p~NG is limited to less than or equal to ten, i.e., 

Evaluation of p~NG and c~0 is required concurrent with the sampling and analysis 

program in Control Table 4.2.1. 

5.1 Method to Determine p~NG 

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

where: 

pENG =1: Cpi ~10 
I i ECL i 

( 
µCi/ml ) 
µCi/ml 

pENG = 
I 

(~-1) 

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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C. = 
pl 

EC~ = 

Concentration at point of discharge to an unrestricted area of radionuclide 

"i", 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 dis~harge can be made) (µCi/ml). 

This concentration can be calculated from: Cpi = CTK.1 x Fnd[FoIL + Fn<l 

where: CTK.1 equals the concentration of radionuclide i in the tank tq be 

discharged (µCi/ml); FoIL is equal to the dilution fl9w provided by the 

waste dilution pumps, if used; FTK equals the liquid waste discharge pump 

flow rate which regulates the rate at which liquid from a waste collection 

tank is discharged (gpm). 

Annual average effluent concentration limits of radionuclide "i", except 

for dissolved and entrained nobie gases, from 10CFR20.I001-20.2402, 

Appendix B, Table 2, Column 2 (µCi/ml). 
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5.2 Method to Determine Radionuclide Concentration for Each Liquid 

Effluent Pathway 

5.2.1 Sample Tanks Pathways 

Cpi 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 interc«;:pted 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 pool 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. 
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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, woundwater intruding into basement 

st:rµctures is intercepted from sub-slab groundwater wells. This water is environmentally derived 

and captured under basements to prevent additional cross cop.tamination from plant systems and 

structures. The interc~ted 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 rivet are estimated 

using a streamtube approach based on Dar.cy'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 OFF-SITE DOSE CALCULATION METHODS 

Chapter 6 provides the basis for plant procedures required to meet the 1 OCFR50, 
Appendix I, ALARA dose objectives, and the 40CFR190 total dose limits to members 
of the public in W1Testricted areas, as stated in the Radiological Effluent Controls 
(impleJnenting the requirements of Technical 'specification 6.7.D). A simple, 
cc,nservative 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. Tiris 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 alanns are described in Chapter 8. 

Demonstration 9f compli~ce with the dose limits of 40CFR190 is considered to 
be a demonstration of compliance with the 0.1 rem limit of10CFR20.1301(a)(l) for 
members of the public in unrestricted areas (Reference 56 FR23374, 3rd column). 

6.1 Introductorv Concepts 

The Radiological Effluent Controls Program (Technical Specifications 6.7.D) 
either limit.dose or dose rate. The term "Dose" for ingested or inhaled radioactivity 
means the dose commitment, measured in mrem, which res1µts 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 tup.e 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 extemal 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 rem'?ved, there is no longer any additional accumulation to the dose 

. commitment. 

Gaseous effluents from the plant are al~o controlled such 1;hat 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. Tiris instantaneous dose rate limit 
allows for operational flexibility when off normal occurrences inay temporarily increase 
gaseous effluent release rates from the plant, while still providing controls to ensure that 
licensees meet the dose objectives of Appendix I to 1 OCFRSO. 
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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 oflocation 
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 Il 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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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 b~ the sum of the stack and ground level doses. 

6.2 Method to Calculate the Total Body Dose fro~ Liquid Releases 

Effluent Control 3.22 limits the total body dose commitment to a Member of 
the Public from radioactive material in liquid effiuents to 1.5 mrem per quarter ancl 
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 ~11 station sources (includiµg 
liquiqs) to 25 mrem ii) a year. Dose evabiation 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 River as it is simpler to execute and more conservative than 
Method IT. 

Use Method TI if a more acctll"ate calculation of total body dose is neecled (i.e., 
Method I indicates the dose 1s 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 dose, 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 stream.tube 
average fl.ow 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: 

D1b = FC L Q; DFL itb 

i 

(mrem) (Ci) ( ~e;n ) 
where: 

(6-1) 

FC :::::; Flow Correction calculated by dividing the flow at the unrestricted area 
release point in gi,m divided 20,000 gpm or release flow in ft3 /sec 
divided by 44.6 W/sec. 

DFLitb = 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.11 (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): 

1. Ncmnal operations (n,ot 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 II. 

Method I may 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 
1 OCFR50, Appendix I Subsection II A. Control ~ .2.3 is an "appropriate fracti<>n," 
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 (hereafter called the Standard) which applies to direct radiation as well as 
liquid and gaseous effluents. 
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where: 

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 m~y be 
required. 

Method I was developed such that "the actual exposure of an individual ... is 
unlikely to be substantially underestimated" (10CFR50, 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 Wl:\S called the "base case;" it 
was then reduced to form Method I. 

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 DFLjtb, 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 welt 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 V emon 
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 ~ppear in Table 1.1.11. 

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

(6-2) 
8 Dtb = FC Qi DFLtb 

-(mrem) (Ci) ( ~:m) 

FC = Flow Correction calculated by dividing the flow at the 
unrestricted area release point in gpm divided 20,000 gpm or release flow 
in fr/sec divided by 44.6 ft'/sec 
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DFLitb = Site-specific total body dose factor (mrem/Ci) for a liquid release. See 
Table l.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 because it is based on dose factors DFI.,itb 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 
cons1sts of the model~, 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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TABLE6.2.1 

Environmental Parameters for Liquid Effluents at Vermont Yankee 
(Derived from Reference A) 

FOOD GROWN WITH CONTAMINATED 
WATER 

POTABLE AQUATIC SHORELINE LEAFY cow 
VARIABLE. WATER FOOD ACTIVITY VEGETABLES VEG. IvIEAT MILK 

MP Mixing Ratio 1.0 0.0356 

TP Transit Time (HRS) 24.0 0.000 

YV Agricultural (K.G/M2) 
Productivity 

p Soil Surface (KG/M2) 
Density 

IRR Irrigation Rate (L/M2/HR) 

TE Crop Exposure (HRS) 
Time 

TH Holdup Time (HRS) 

QAW Water Uptake (LID) 
Rate for Animal 

QF Feed Uptake Rate (K.G/D) 
for Animal 

FI Fraction of Year Crops Irrigated 

Location of Critical Connecticut River Below Vernon Dam 
Receptor 
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0.0356 0.0356 0.0356 0.0356 

0.0000 0.0000 480.0 48.0 

2.0 2.0 2.0 2.0 

240.0 240.0 240.0 240.0 

0.152 0.152 0.152 0.152 

1440.0 1440.0 1440.0 1440.0 

1440.0 24.0 2160.0 2160.0 

50.0 60.0 

50.0 50.0 

0.5 0.5 0.5 0.5 
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LEAFY 
AGE VEG. VEG. 

(KG/YR) (KG/YR) 

Adult 520.00 64.00 

Teen 630.00 42.00 

Child 520.00 26.00 

Infant 0.00 0.00 
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TABLE6.2.2 

Usage Factors for Various Liguid Pathwa::iS at Vermont Yankee 
(From Reference A, Table E-5. Zero Where No Pathway Exists) 

MILK MEAT FISH INVERT. .. 

(LITER/YR) (KG/YR) (KG/YR) (KG/YR) 

310.00 110.00 21.00 0.00 

400.00 65.00 16.00 0.00 

330.00 41.00 6.90 0.00 

330.00 0.00 0.00 0.00 

POTABLE 
WATER SHORELINE 

(LITERNR) (HR/YR) 

0.00 12.00 

0.00 67.00 

0.00 14.00 

0.00 0.00 
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6.3 Method to Calculate Maximum Organ Dose from Liguid Releases 

Effluent Control 3.2.2 limits the maximWil 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 maximUill 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 :i;adwaste 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 ~ystem 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 dose 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 concentrati~n 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 Method I 

where: 

FC 

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

(6-3) 

Dmo = L FC Qi DFL imo . \ . . ' 
I 

(mrem) = (Ci) ( 7 }Fe) 

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

= Site-specific maximum organ do~e factor (mrem/Ci) for a liquid release. 
See Table 1.1.11. 
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Qi = 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 

where: 

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 (DFLirno) 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) 

/j. Dmo = FC Q; DFL imo 

(mrem) (Ci) ( mr; )< FC ) 

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 1.1.1 L 

Qi = 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 1 OCFR20 concentrations ( which limit public 
health consequences) a failure of Method I (i.e., 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 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. 

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

Deleted 

6.4.1 Method I 

Deleted 

6.4.2 Basis for Method I 

Deleted 

6.4.3 Method II 

Deleted 
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- --- - --- --------------------------

6.5 Method to Calculate the Skin Dose Rate from Noble Gases 

Deleted 

6.5.1 Method I 

Deleted 

6.5.2 Basis For Method I 

Deleted 

6.5.3 Method II 

Deleted 
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6.6 Method to Calculate the Critical Organ Dose Rate from Tritium and Particulates with 

T 1/2 Greater Than 8 Days 

Effluent Control 3 .3. l .b limits the dose rate to any organ, denoted Rec,, from all 
release sources ofH-3 and radionuclides in particulate fortn with half lives greater than 
8 days to 1500 mrem/year to any organ. The peak release rate averaging time in the 
case ofparticUlates 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 ofControl 3.3.i.b is 
the total contribution from both ground and stack releases occurring during 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) fo determine if: in fact, 
Control 3.3.1.b had actually been exceeded during the sampling period. 
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6.6.1 Method I 

Reos 

where: 
I 

where: 

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: 

= L 

DFG'sico 

DFG'sico 

(
µCi) (mre~-sec) 
sec µC1-yr 

(6-16) 

Stack activity release rate determination of radionuclide 11i" (particulates 

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

S. .fi .. al d .c. (mrem- sec) = 1te spec1 c cntic organ ose rate 1.actor . -
µC1-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: 

DFG'gico 

(6-40) 

= Ground activity release rate determination of radionuclide "i" 

(particulates with half-lives greater than 8 days, and tritium) in µCi/sec. 
For i =1 Sr-90, Fe-55 or tritium, use the best estimates (such as most 
recent measurements). 

S. .fi . . 1 d f: (mrem-sec) = 1te spec1 c cntica organ ose rate actor · . 
- µC1-yr 

for a $fOund level gaseous release. See Table 1.1.12. 

The critical organ dose rate for the site is equal to Reos + Rcog 
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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. · 

6.6.2 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 half lives greater than 8 days 
(hereafter called Particulates or P) released to the atmosphere (Control 3 .3, 1.b) has been 
met for the peak P release J:"ate. · 

The equation for ~os and Rcog is derived by modifying Equation 6-25 from 
Section 6.9 as follows: 

(mrem) 
(Ci) (~:m) (6-17) 

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

Reos = 31.54 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

DFGsico 

(µCi) (mr~m) 
sec C1 

(6-18) 
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-· ~-·-----

Equation 6-44 is written in the form: 

R = 31.54 DFGsico 

(6-19) 

( 
Ci:secJ 
µC1-yr ( µCi) (mr~in) 

sec. . C1 

DFG~ico and DFG~co 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 equa:l to 1.0 in place of the 
Sp value of 0. 7 assumed in the determination of DFG sico and DFG gico 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
tenn 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 meteorolpgic and 
latest land use cepsus data to identify 1be location of those pathways which are most 
impacted by these type of releases. 
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6.6.3 Method II 

If Method I cannot be applied, or if the Method I dose excee~ the limit, then 
Method II may be applied. Method II consists of the models, input data and 
assumptions in Regulatory Guide 1.109, Rev. I (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 .. 

6.7 Deleted 

6.8 Deleted 

I' 

6.9 Method to Calculate 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 eflluents 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 c,ontribution 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 need~ 
(i.e., Method I indicates the dose is greater than the limit). 
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6.9 .1 Method I 

D cos = L Qf TP DFG sico 

(mrem) (Ci) (~~) 

Q ~TP = Total activity (Ci) released from the stack to the atmosphere of 
radionuclide "i" during the period of interest. 

(6-25) 

DFGsico = 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: 

(mrem) 
(Ci) (~7) 

(6-44) 

Q 9LP = Total activi,ty (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. 

DFGgico = 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 Dcos + Dcog . 

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 I 

This section serves three purposes: {I) 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" (1 OCFRSO, 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. MethQd II allows that actual individuals, with real 
behaviors, be taken intQ 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 contim,ious releases. That analysis was 
called the "b~e case"; it was then reduced to form Method I. The base case, the method 
of reduction, and the assumptions and data used 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) oft 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: 

(6-26) 

where DFGico is the critical dose factor for radionuclide "i" and Qi is the activity 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 DFGico used in Method I were chosen :frQm 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 METHOD II 

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 II 
consists of the models, input data and assumptions in Regulatory Guide 1.109, Rev. I 
(Reference A), except where site-specific models, data or assumptions are more 
applicable. The base case analysis, docum~ted 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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TABLE6.9.1 

Environmental Parameters for Gaseous Effluents at Vermont Yankee 
- (Derived from Reference A)" 

Variable 

YV Agricultural 
Productivity 

p Soil Surface 
Density 

T Transport Time to User<S> 

TB Soil Exposure Time<1> 

TE Crop Exposure Time to Plume 

TH Holdup After Harvest 

QF Animals Daily Feed 

FP Fraction of Year on PastureC2> 

FS Fraction Pasture When on Pasture<3> 

FG Fraction of Stored Veg. Grown in Garden 

FL Fraction of Leafy Veg. Grown in Garden 

FI Fraction Elemental Iodine =·0.5 

A Absolute Humidity= 5.6 (gm/m3f 4> 

·Regulatory Guide 1.109, Revision 1. 
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(K.g/m2) 

(Kg/m2) 

(Hrs)-

(Hrs) 

(Hrs) 

(Hrs) 

(Kg/Day) 

Vegetables Cow Mille 

Stored Leafy Pasture Stored 

2 2 0.70 2 

240 240 240 240 

48 48 

131400 131400 131400 131400 

1440 1440 720 1440 

1440 24 0 2160 

50 50 

0.50 

1 

0.76 

1 

Goat Mille Meat 

Pasture Stored Pasture Stored 

0.70 2 0.70 2 

240 240 240 240 

48 48 480 480 

131400 131400 131400 131400 

720 1440 720 1440 

0 2160 0 2160 

6 6 50 50 

0.50 0.50 

1 1 
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TABLE 6.9.1 (Continued) 

Notes: 

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

(2) 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. 

(3) 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. 

(4) 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, Vol. 39 (August), 1980; Page 318-320, Pergammon Press). 

(5) Variable Tis a combination of variables TF and TS in Regulatory Guide 1.109, Revision 1. 
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TABLE6.9.2 

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

Leafy 
Age Vegetables Vegetables Milk Meat Inhalation 

Group 
(kg/yr) (kg/yr) (1/yr) (kg/yr) (m3/yr) 

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 26.00 330.00 41.00 3700.00 

Infant 0.00 0.00 330.00 0.00 1400.00 
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6.10 Receptor Point and Long-Tenn Average Atmospheric Dispersion Factors for Important 
Exposure Pathways 

The gaseous effluent dose methods have beeJ}. 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: 

I. Direct exposure to contaminated ground; 
2. Inhalation of air, 
3 Ingestion of vegetables; 
4. h)gestion of meat. 
5. Ingestion of milk. 

' Beta air doses have also been considered for noble gases in plant eflluents 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 
int9 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 
receptorlocatioils are considered in the dose and dose rate equations for gaseous 
radioactive effluents from these two release path.ways. They are: 

I. 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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The Stack release pathway was evaluated as an elevated release assuming a 
constant nominal Stack flow rate of72,000 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 
grolind 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 c11lculated 
assuming the highest site boundary atmospheric dispersion factors all occurred at the 
same location. 

( 

6.10.2 V ennont Y ank:ee 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 XOQDOQ is a straight-line steady-state model, site-specific recirculatiQn 
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. 

XOQDOQ 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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I 
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 Reccgtors 

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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TABLE 6.10.1 

Atmospheric Dispersion Factors 

Release Dispersion Dose to Individual 

Pathway Factor Total Body Skin 

X/Q Depleted 
(sec/m3

) 

Stack 
01q 

(1/m) 

Reactor 

X/Q Depleted 
(sec/m3

) 

Building 
-

D/Q 
' (1/m2) 

TABLE 6.10.1 NOTATION 

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

(WNW) 

-

(NE) 

(SE) 
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TABLE 6.10.2 

Site Boundary Distances 

Downwind 
Sector 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
s 

SSW 
SW 

WSW 
w 

WNW 
NW 

NNW 
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Stack 
Releases 

400m 
350m 
350m 
400m 
500m 
700m 
750m 
850m 
385 rtJ. 
300m 
250m 
250m 
300m 
400m 
550m 
550m 

Ground 
Releases 

529m 
468m 
448m 
477m 
499m 
482m 
512m 
555m 
419m 
575m 
505m 
418m 
402m 
528m 
917m 
831 m 

Off-Site Dose Calculation Manual 
Section 6 
Rev. 38 
Page 28 of31 

Page 171 of 401 



TABLE 6.10.3 

Recirculation Correction Factors 

A. Stack Releases 

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

N 1.4 1.4 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 1.4 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 1.2 1.1 1.0 

SSE 1.4 1.4 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 

SW 2.1 2.1 1.7 1.6 1.4 1.1 

WSW 2.4 2.4 1.9 1.6 1.5 1.1 

w 1.8 1.8 1.5 1.4 1.3 1.0 

WNW 1.8 1.8 1.7 1.5 1.4 1.3 

NW 1.5 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 0.5Mi 1.5 Mi 2.5Mi 3.5Mi 4.5Mi 7.5Mi 

N 1.1 1.1 1.1 1.1 1.1 1.0 

NNE 1.2 1.2 1.2 1.) 1.1 1.0 

NE 1.1 1.2 I.I I.I 1.0 1.0 

ENE 1.2 1.3 1.4 1.4 1.4 1.3 

E 1.1 1.3 1.4 1.4 1.4 1,2 

ESE 1.1 I.I 1.2 I.I I.I 1.0 

SE 1.0 1.1 1.1 1.1 1.1 1.1 

SSE 1.2 1.2 1.2 1.2 1.2 1.2 

s 1.0 1.0 1.0 1.0 1.0 1.0 

SSW 1.0 1.1 1.0 1.0 1.0 1.0 

SW 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 1.2 1.1 1.0 1.0 1.0 
WNW 1.2 1.4 1.3 L2 1.2 1.0 
NW 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 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. 

6.11.1 Deleted 

6.11.2 Deleted 

6.11.3 Deleted 

6.11.4 Independent Spent Fuel Storage Installation Dose Contribution 

The Independent Spent Fuel Storage Installation (ISFSQ 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 Wareholise within the Vermont Yankee Protected 
Area. The vendor; Holtec International, has prepared a study report to satisfy the 
requirements of 1 OCFR 72.104 and this document is included as Reference 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 shielding 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. · 

6.11.5 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 co:ntribution where TLD 
information may not be applicable. 

6.11.6 Deleted 
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6.12 Cumulative Doses 

Cwnulative 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 ofControl 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 limi~ 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 10CFR20.130I(a)(1) for members 
of the public in unrestricted areas. 
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7.0 ENVIRONMENTAL MONITORING PROGRAM 

7.1 

7.2 

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. 

Intercomparison Prog~~ 

All routine radiological analyses for environmental samples are performed at 
offsite environmental laboratories. The laboratories participate in several commercia1 
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 - Environmental 
Radioactivity Perfomiance Evaluation Program or other NRC-approved sources. 

Airborne Pathway Monitoring 

The environmental sampliilg 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 
ofpreoperational 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 V ennont Yankee plant has a 
pronounced up- and down-valley wind flow. Based on five years of meteoroiogical 
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 P/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 (A,P/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 southwest direction, which would otherwise have been preferable due to 
lower wind (requencies, were not chosen since they approached the region surrounding 
the Yankee Atomic plant in Rowe, Massachuse~. 

7 .3 Distances and Directions to Monitoring Stations 

It should be noted that the distances and directions for direct radiation 
monitoring lr:>eations 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. 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

Off-Site Dose Calculation Manual 
Section 7 
Rev. 38 
Page2 of IO 

Page 176 of 401 



Table 7.1 

Radiological Environmental Monitoring. StationsCl) 

Exgosure Pathway Sample Location 
and/or Samijle and Desifil1ated Codec2> 

Direction 5) 

IL AIRBORNE (Particulate) 

AP-11 River Station No. 3-3 
AP-12 N. Hinsdale, NH 
AP-21 Spofford Lak:e<9> 

2. WATERBORNE 

a. Surface WR-11 River Station No. 3-3 
WR-21 Rt. 9 Bridgec9) 

b. Ground- WG-11 Plant Well 
WG-12 Vernon Nursing Well 
WG-22 Copeland WeJJC9> 

c. Sediment SE-11 Shoreline Downriver 
From SE-12 North Storm 
Shoreline Drain Outfa11C3> 

3. INGESTION 

a. Deleted 

b. Mixed TG-11 River Station No. 3-3 
Grasses TG-12 N. Hinsdale, NH 

TG-21 Spofford LakeC9) 

c. Silage TC-11 Miller Farm 
TC-18 Blodgett Farm 
TC-22 Franklin Fann(9) 

d. Fish Ji'H-11 Vernon Pond 
FH-21 Rt. 9 Bridge<9> 
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Distance 
(lcm)CS) 

1.88 SSE 
3.61 NNW 
16.36 NNE 

1.88 Downriver 
11.83 Upriver 

0.24 On-Site 
2.13 SSE 
13.73 N 

0.57 SSE 
0.13 E 

1.88 SSE 
3.61 NNW 
16.36 NNE 

0.82 w 
3.60 SE 
9.73 WSW 

(6) (6) 
11.83 Upriver 
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Exposure Pathway 
and/or Sample 

Direction<5
> 

TABLE 7.1 (Continued) 

Sample Location 
and Designated CodeC2> 

4. DIRECT RADIATION 

DR-I 
DR-2 
DR-5 
DR-6 
DR-7 
DR-8 
DR-43 
DR-45 
DR-:46 
DR-53A 

River Station No. 3-3 
N. Hinsdale, NH 
Spofford LakeC9> 

Vernon School 
Site Boundary 
Site Boundary 
Site Boundary 
Site Boundary 
Site Boundaiy 
West Cornfield 

(1) Sample locations are shown on figures 7 .1 to 7. 7. 

Distance 
~ 

1.61 
3.88 
16.53 
0.52 
0.28 
0.25 
0.44 
0.12 
0.28 
0.21 

SSE 
NNW 
NNE 
WSW 
w 
SSW 
SSE 
NE 
NNW 
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 analyzed semiannually. 

(4) 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 
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8.0 SETPOINT DETERMINATIONS 

Chapter 8 contains the basis for plant procedures used to meet the setpoint 
requirements of the Radioactive Effluent Instrwnentation 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. 

8.1 Deleted 

8.1.1 Deleted 

8.1.2 Deleted 

8.2 Gaseous Effluent Instrumentation.Setpoints 

Control 3 .1.2 require$ 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. 

8.2.1 Deleted 

8.2.2 Deleted 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

Off-Site Dose Calculation Manual 
Section 8 
Rev. 38 
Page 1 of 1 

Page 185 of 401. 

i 

I 



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 Liguid Effluent 1:1athways 

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 first isolating inputs, starting the 
pump and opening the necessary valves. The release rate in the discharge line is between O 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 rek;ase of waste gases. Stack 

drainage is routed to the liquid radwaste collection system through loop seals. 

Particulate (HEP A) 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 Pathways 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 massiv~. 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 wit.Inn the strean1tu.be/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 Hydraulic 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 geometric 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. 

"· ... ~ ··-- .. :11ydrogeofogic Unit 

Shallow Fill 
Overburden Upper Sand (East of Power 

Block) 
Upper sand (North of Power 

' Block) 
Deep Lower Sand 

Overburden 
... 
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Geometrl~·Mean-K 
(ft/cjay)'. 

0,3 
4 

12 

1.2 
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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 1 ' ... ,. - . ' Streamtube 
Streamtube 

Approximate JI Pr~ydrogeologic Unlt(s) 
Width (ft) esent.within ~ · I;--,-- - . .,, 

ST-lS GZ-27S 

ST-2S GZ-26S 

ST-3S GZ-25S 

ST-4S GZ-lS 

ST-5S GZ-18S 

' ST-6S 
GZ-13S 

ST-7S 
-

GZ-23S 

ST-8S 
GZ-3S 

ST-9S 

: GZ-14S 

ST-lOS 
GZ-4S 

ST-llS 
GZ-19S 

("l'T" 1 r\C, 
,:) J.-lkil 

GZ-5S 

.. ST-ID GZ-18D 
ST-2D GZ-13D 
ST-3D GZ-22D 
ST-4D GZ-14D 
ST0 5D GZ-19D 

Shallow Overburden Streamtubes 

76 
Upper Sand - (North of 

12 
Power Block) 

215 
Upper Sand- (North of 

12 
Power Block) 

.. 

Upper Sand - (North of 
260 

Power Block) 
12 

200 
Upper Sand - (North of : 

12 
Power Block) 

-
160 Fill 0.3 

Fill . 0.3 
50 Upper Sand - (East of 

4 
Power Block) 

Fill 0.3 
85 Upper Sand - (East of 

Power Block) 
4 

Fill 0.3 
85 Upper Sand - (East of 

4 
Power BJock) 

Fill 0.3 
105 Upper Sand - (East of 

4 
Power Block) 

Fill 0.3 
90 Upper Sand - (East of 

4 
Power Block) 

Fill 0.3 
95 Upper Sand - (East of 

4 
i Power Block) 

Fill 0.3 
125 Upper Sand - (East of 

4 
Power Block) 

Deep Overburden Streamtubes 
75 
100 
110 
110 
150 

Lower Sand 1.2 
Lower Sand 1.2 
Lower Sand 1.2 
Lower Sand 1.2 
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 grougdwater 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 (ft'/day) 

K = hydraulic conductivity {ft/day) 

i = hydraulic gradient (ft/ft) 
A = cross-sectional area of flow (width times depth) (fl2) 

The quarterly 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 Uilcertainties 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. 
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Figure 9.1: Radioactive Liquid Effiuent Streams, Radiation Monitors, and Radwaste Treatment System at Vermont Yankee* 

* Normal (design) radioactive process streams only are shown. 
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Figure 9.2: Radioactive Gaseous Effluent Streams, Radiation Monitors, and Radwaste Treatment System at Vermont Yankee* 

* Normal (design) radioactive process streams only are shown. 
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Figure 9.3 : Subsurface Shallow Groundwater Streamtubes from the Plant Site to the Connecticut River 
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Figure 9.4: Subsurface Deep Groundwater Stream.tubes 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 1 OCFR 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 lOCFRPart 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 
sum.m.ary 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 assufuptions used in making these assessments ( e.g., specific 
activity, exposure time and location) shall be included in these reports. The assessment 

, ofradiation doses shall be performed in accordance with the Off-Site Dose Calculation 
Manual (ODCM). 
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With the limits ofControl 3.4.l 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. 

Tiie 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 Co:ntrol 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 Radipactive Effluent Release Report. 
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I 0.2 Environmental Radiolouical 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 lOCFR 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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I 0.3 ISFSI 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 28th 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-Pwpose 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 28th 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 Control 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 sub!l"Jt 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 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 ofControl 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 ofControl 3.3.3. 

10.4.3 Total Dose (Control 3.4.1) 

With the calculated dose from the release of radioactive materials in liquid or 
gaseous effluents exceeding the limits ofControl 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 lOCFR 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 ofradiation and 
concentrations of radioactive material involved, and the cause of the exposure levels or 
concentrations. If the estimated doses exceed any of the limits ofControl 3.4.1, and if 
the release condition resultjng in violation of 40CFR Part 190 has not already been 
corrected, the special report shall incluqe a request for a variance in accor¢.lnce with the 
provisions of40CFR Part 190. Submittal of the report is COill!idered a timely request, 
and a variance is granted until staff action on the reque$t is complete. 

10.4.4 Radiological Environmental Monitoring {Control 3.5.1}' 

With the level of radioactivity as the result of plant effluents 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, 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 ofpiant 
effluents, however, in such an event, the condition shall be reported and described in 
the Annual Radiological Environmental Operating Report. 

10.4.5 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 W3$ not conducted, and what steps are being taken to correct 
the situation:. 
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10.5 Maior 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: 

1. A summary of the evaluation that led to the determination that 
the change could be made in accordance with lOCFR Part 50.59; 

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

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

4. 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 ljcense application and amendments thereto; 

5. 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.; 

6. 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; 

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

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

B. Shall become effective upon review and acceptance by ISR and approval 
by the Senior Manager, Production. 

, 

**Licensee may choose to submit the infonnation called for in this reporting requirement as part of the annual FSAR 
update. 
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From N-16 Methodology", April 4, 2008, Mark Strum and John Hamawi. 

"Hydrogeologic Investigation of Tritium in Groundwater, Vermont Yankee Nuclear 
Power Station, Vernon.Vermont" File No. 09.0025576.J 1, dated May, 2011. Prepared 
for Entergy Vermont Yankee by GZA, GeoEnvironmental, Inc. One Edgewater Drive, 
Norwood MA 02062 

"Vermont Yankee Shut-Down Environmental Radionuclides of Concern and Off-Site 
Dose Calculation Manual Changes", RSCS TSD No. 16,.041 

Off-Site Dose Calculation Manual 
SectionR 
Rev. 37 
Page 1 of 1 
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Septic Waste On-Site at Vermont Yankee 
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Mr. L. A. Tremblay 
Licensing Engineering 

UNJTEO STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON. D. C. 20M5 

Aug~st 30, 1989 

Vermont Yankee Nuclear Power Corporation 
Engineering Office 
580 Main Street 
Bolton. Massachusetts 01740-1398 

Dear Mr. Tremblay: 

·. ECEIVED 

~-1• 

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: Ca) June 28, 1989 Jetter from R. ~. Capstick to US NRC Document 
Control Desk, including Attac·hment I and Attachment II. 

Cb) 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) submit£ed an applicatio~ for di•bosal of licensed material on 
site. This disposal was not previously considered by the staff in the Vermont 
Yankee Final Environmental Statement CFES), reference Cb). 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 11censed 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 
licensed material from operation of the plant and, in the assessment of the 
total radiological impact of the Vermont Yankee Station concluded that: 
" ... operation of the Station will contribute only an extremely small increment 
to the radiation dose that area residents receive from natural background. 
Sine~ 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 lfcensed material 
containing less than 0.1 percent of th~ radioact1ve materials, primarily 
cobalt~60 and cesium-137, already considered acceptable in the FES, and 
1 nvol ves exposure pathways much 1 ess si gn1fi cant t.han those consi d.ered f n the 
FES, we consider the site-spec1f1c application (Reference Ca)) for Vermont 
Yankee Nuclear Power Station to have insignificant radiological impact. We 
accept the commitments and evaluations of the licensee, documented in 
reference (a), as further assurance that the proposed disposal prQcedur~s will 
have a negligible effect on the environment and the general population tn 
comparison to normal background radiation. 

LAI In conclusion, we find the licensee's procedures with commitments as 
855 documented fn referen·ce (a) to be acceptable, provided that reference (a) 1s 

permanent 1.y 1 ncorporated into the lf censee • s Offs1 te Dose Ca lcul at ion Hanua 1 
(ODCM). as an Appendix. and future modifications of reference (a) be reported 
to NRC in accordance with licensee comni1tments.regardtng .ODCM changes. 

Pursuant to 10 CFR 51.22(c)(9), no environmental assessment is required. This 
completes our·rev1ew under TAC N0.73776. 

cc: See next page 
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Morton B. Fa1rt1le. Project Manager 
Project Directorate I-3 01v1s1on of 
Reactor Projects I/II Office of 
Nuclear Reactor Regulation 
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Hr. l. A .. Tremblay 

cc: 
~r. J. Gary Weigand 
President & Chief Executive Officer 
Vermont Yankee Nuclear Power Corp. 
R.D. 5. Box 169 
Ferry Road 
Brattleboro, Vermont 05301 

Mr. John DeVincent1s. Vice President 
Yankee Atomic Electric Company 
580 Main Street 
Bolton. Massachusetts 01740-1398 

New England Coalition on Nuclear 
Pollution 

Hill and Dale Farm 
R.O. 2, Box 223 
Putney, Vermont 05346 

Vermont Public Interest Research 
Group, Inc. 

43 State Street 
Montpelier. Vermont 05602 

Regional Adm1n1strator. 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 

- 3 -

and Manager of Operations 
Vermont Yankee Nuclear Power Corporation 
R.D. 5, Box 169 
Ferry Road 
Brattleboro, Vermont 05301 

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

Public Service Board 
State of Vermont 
120 State Street 
Montpelier, Vermont 05602 
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G. Dean Weyman 
Chairman, Board of Selectman 
Post Office Box 116 
Vernon. Vermont 05354 

Mr. Raymond N. McCandless 
Vermont Division of Occupational 

and Radiological Health 
Adm1n1strat1on Bu11di~g 
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, O.C. 20006 

Diane Curran, Esq. 
Harmon, Curran & Tousley 
2001 S Street, N.W., Suite 430 
Washington, D.C. 20009 

David J. Mullett. Esq. 
Special Assistant Attorney General 
Vermont Department of Public Service 
120 State Street 
Montpelier, Vermont 05602 

Jay Gutierrez 
Regional Counsel 
U.S. Nuclej'lr Regulatory Commission 
475 All~ndale Road 
King of Prussia, Pennsylvania 19406 

G. Dana Bisbee, ~sq.· 
Office of the Attorney General 
Environmental Protection Bureau 
State House Annex 
25 Capitol Street 
Concord, New Hampshire 03301-6397 

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

B-4 

Page 206 of 401 



Mr. L.A. Tremblay 

t:c: 
Mr. Gustave A. Linenberger.Jr. 
Admfn1strative 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.O. Box 176 
Vernon, Vermont 05354 

John Traficonte. Esq. 
Chief Safety Unit 
Office of the Attorney General 
One Ashburton Place, 19th Floor 
Boston, Masiachusetts 02108 

Geoffrey M. Huntington. Esquire 
Office of the Attorney General 
Environmental Protection Bureau 
State House Annex 
25 Capjtol 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 B.oard 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Adjudicatory File (2) 

. 4 . 

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

(25) 
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VERMONT YANKEE 
NUCLEAR POWER CORPORATION 

Ferry Road. Brattleboro. VT 05301-7002 

United States Nuclear Regulatory Commission 
Washington. DC 20555 

Attention: Document Control Desk 

June 28, 1989 
BVY 89-59 

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

ENtllNEERtNG OFFtCE 
51111 MAIN STREET 

BQlTON, MA017&0 
fSCIJ 71M71 I 

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

Dear Sir: 

In accordance with the criteria of the Code of Federal Regulations, Title 10. 
Section 20.302Ca) Cl0CFR20.302Ca)), epclosed please find the subject application for 
the· disposal of very low level radioactive waste materials. Vermont Yankee Nuclear 
Power Corporation (Vermont Yankee) hereby requests NRC approval of the proposed 
procedures for the disposal of slightly contaminated septic waste generated at the 
Vermont Yankee Nuclear Power Plant in Vernon. Vermont. 

This application spec1f1call~ 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~ 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 radioactivity 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 radi ol ogi cal assessment and proposed opera ti ona l controls. based upon t.he 
continued on-site disposal of septic waste as presently contained in the 
plant's septic tanks. are detailed in Attachments 1 and 2. Based upon this 
analysis. Vermont Yankee requests approval to dispose of septic tank waste 
on-site by land spreading in such a manner that the radioactivity 
concentration limit in any batch of septage to be spread does not exceed 
one-tenth of the MPC values listed in 10 CFR 20, Appendix B. Table II: and the 
combined radiological impact for all di-posal operations shall be. limited to a 
total body or organ dose of a maximally exposed member of the public of less 
than one mrem/year (less than 5 mrem/year to an inadvertent intruder). 

Revision _2_ Date 3/2/90 
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United St~tes Nuclear Regulatory Commission 
June 28, 1989 
Page 2 

Due to ou..r expected need to ut~lize the proposed methodology of land 
application of septic waste on-site during the spring of 1990, we request your 
review and approval of thfs 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 

MSS/emd 

Enclosures 

cc: USNRC - Region I 

Very truly yours. 

VERMONT YANKEE NUCLEAR POWER CORPORATION 

Robert W. Capstick, Jr. 
Licensing Engineer 

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 

Revi s1on· ..i.. Oate 3/2/90. 
/ 
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ATTACHMENT 1 

VERMONT YANKEE NUCLEAR POWER PLANT 

App11cat1on for Approval to Routinely.Dispose of 
Septic Waste With Minimal Levels of Radioactivity 

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 

I 

proposes to dispose of this waste by spreading it on designated areas within 
the plant's site ~oundary fence. This application ~ddfesses specific 
information requested in 10CFR20.302(a). 

2.0 WASTE STREAM DESCRIPTION 

The waste involved in this application consists of residual solids and 
water associated with the sewage c911ect1on system at Vermont Yankee~ The 
plant's sewage systems are of the septic tank and disposal f1eld type. The 
two systems servicing the majority of the plant's sanitary waste are 
identified as (1) main septic system and (2) the south sewage disposal system. 

The main septic system (design flow capacity 4,950 gallons/day) consists 
of a wastewater lift station. septic tank. and dual alternating disposal 
fields located on the north side of the plant. This system services the main 
complex of buildings central to the plant and processes approximately 3.500 
gallons of wa~tewater per day. The septic tank. shown in Figure (1}. will 
typically contain 9,250 gallons of septage. 

The south sewage disposal system is a newly-installed (January 1989) 
pressurfzed mound system, which is used in 11eu of the construction office 
building (COB) holding tank that had previously serviced the lavatory 
facilities on the south end of the plant. The new system is composed of a 
septic tank (5,700 gallon Qapacity~ see Figure 2), pumping. station, and 
pressurized mound d1spo~al 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 des1gn 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. 

·soth the main septic system and the south sewage disposal system's 
septic tanks collect waste from the plant's lavatories, showers. kitchens. and 
janitorial facilities outside the Radiological Control Area (RCA). No 
radioactivity 1s 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 quantiti.es of 
radioactive materials, which are below detection limits for radioactivity 
releases from the RCA, are carried out of the control area on individuals and 
accumulate in the septic waste collection tanks by way of floor wash water, 
showers. and hand washing. As a means of minimizing the transport of 
radioactive materials into the septic collection tanks. the primary source of 
the radioactivity (i.e .• floor wash water) 1s now poured through a filter bag 
to remove suspended solids and dirt before the water 1s 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 a~d main septic tank were analyzed by gamma spectroscopy with the 
following results of plant-related radionuclides: 

COB Sludge 
(June B. 1988) 

Main Tank Sludge 
(June 8, 1988) 
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Isotope 

Cs-137 
Co-50 

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

B-10 

Activity Concentration 
:1:1 Sienna (pC1/k9 Wet.)' 

10.3 ± 1.8 
45.4 :i: 3.1 

39.3 ± 4.3 
853.0 ± 12.0 
52.7 :I: 8.2 
13.0 :I: 2.2 
120.7 ± 5.2 
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Tha principle radionuclide is Cobalt-60, which accounts for 79% of the 
plant related activity 1n 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 td•ntifi~d in-plant as shown below: 

Isotope 

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

Relative Isotopic Distributions 

In-Pl ant Smears 

3.6% 
81. 5 
3.8 
0.4 

10.3 

Main Tank Sludge 

3.6% 
79.l 
4.9 
1.2 

11.2 

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

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

Prior to identification of the plant-reiated radioactivity in septage 
waste. the COB holding tank was being pumped on the average of twice per week, 
with the sludge and·waste liquid trahspotted off-site .Primarily to the 
Brattleboro, Vermont. sewage treatment facility~ Waste from the main septic 
tank was being pumped and transport~d 6ff-site for disposal on the average of 
twice per year. 
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Witn the replacement of the COB holding tank by the new south sewage 
disposal system. and the requested implementation of on-site land di~posal of 
accumulated septic waste. the frequency of collection tank pump-outs with land 
application ~f the waste is expect~d to be once p~r year. With the past pump­
out frequency of the main tank being every six months. the accumulation of 
sludge at the bottom of the tank was well below its design capacity~ During 
the 1988 sample collections, it was estimated that the sludge thickness was 
less than l foot of its 6·foot depth. However, for conservatism in the 
radiological evaluations, it is assumed that the sludge layer in the main 
septic tank and south disposal tank occupies 301 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 laboratbry 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 <Ws01 ) being disposed of 1s 
estimated, for purposes of this bounding dose assessment. to be approximately: 

W501 - 14.950 [gal] x 3,785.4 [cc/gal] x 10-3 [kg/cc] 
x 0.30 [solids fraction] x (1/25.4) [dry/wet ratio] 
- 700 [kg] per pump·out of both tanks 

or. 1.400 kg of dry solids per year. 

3.0 DISPOSAL METHOD 
( 

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

The septage w11 l be spread or s1.i'rface 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 repl 11.cement COB septic tan~. or from any other on-site septic waste 
collection point) into an enclosed truck-mounted tank. The enclosed tank 
truck fs 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 f~om Vermont Yankee, and applied at a fixed rate 
based on either·11m1tations imposed by the state of Vermont for heavy metals 
or organ1c· content of the waste, or on the radioactivity content such that 
projected maximum individual doses will not exceed established dose 
object f ves. 

3.1 Septic Waste Disposal Procedur~ 

Gamma isotopic analysis of septic waste shall be made prior to each 
disposal by obtaining a representative sample from each tank prior to pump-

< ' 

out. At least two septic waste samples will be collected from each tank to be 
pumped by taking a volumetric column of sludge and waste water which allows 
for analysis of the sol1d'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 ffelds. 

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

The radionuclide concentrations and total radioactivity identified 
in the septage will be compared to the concentration and total curie limits 
established herein prior to disposal. The methodology and limits associated 
with determining compliance with the disposal dose and activity criteria are 
described in Attachment 2. If the con'centration 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 expos~d ind~vidual and i~advertent 
intruder after the accumulation of twenty years of periodic semiannual 
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spreadini 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 1n 
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 i~pact 
from disposal operations conducted during the year, including the impact from 
previous years. will be performed and results reported in the plant's 
Semiannual Radioactive Effluent Release Report which is filed after January 1. 

All exposures will be assessed utilizing the methodology described in 
Attachment 2. 

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

Isotope 

Mn-54 
Cei-60 
Zn·65 
Cs·l34 
Cs-137 

Maximum Accumulated 
Radioactivity Allowed 

Per Acre 
---A~ 11m [µCil 

1.4 
120.0 

1.4 
0.7 

46.5 

If any of the above radionuclides are projected to ~xceed the 1nd1~ated 
activity values, then dose calculations will be performed prior· to spreading, 
in accordance w1th the methods detailed in Section 4.2.2 of Attachment 2. to 
make the determination that the dose limit criteria will not be exceeded. 
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The. concentration of radionucl1des 1n any tank of septic waste to be 
disposed of will also be limited to a combined Maximum Permissible 
Concentration of Water CMPC) (as listed in lOCFR, Part 20, Appendix 8, 
Table II, Column 2) ra~1o of less than or equal to 0.1. 

For radiological control •. each application of septage will be applied on 
the des1~nated land area by approved plant procedu·re which adheres to the 
following assumptions which were used·in developing the dose impact: 

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

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

o Septage shall not be surface spread closer than 300 feet from the 
nearest dwelling or public building (or within 100 feet 1f 
injected 1nto the top 6·1nch surface layef). 

o Septage shall not be surface spread closer than 50 feet (or w1th1n 
25 feet if injected into the top 6-inch surface layer> from any 
roads or site boundary adjacent to land areas. 

o Septage shall not be surface spread within 100 feet (or within 
50 feet if injected into the top 6-inch surface laYer> of any 
surface water (rivers, stre~ms, drainage d1tch~s). 

o Low areas of the approved fields. subject to seasonally high 
groundwater levels, are excluded from the septage application. 

In addition to the radiological controls to limit t~e total 
accumulation of radioactive materials released by septic waste spreading, 
state of Vermont health code requirements wil 1 be foll owed to ensure the 
protection of the public and environment from chemical and biological 
hazards. The application rate and acreage will be determined prior to each 
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disposal .operation. This will vary wfth the chemical compos1t1on of the 
septage, the percent solids, and the radioactive concentrations. 

3.2 Administrative Procedures 

Complete records of each disposal will be maintained. These records 
will include the concentration of radionuclides 1n the septage, the total 
volume of septic waste disposed, the total act1v1ty 1n 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 calculat1ons required. 

The annual disposal of septage on each of the approved plot areas will 
be limited to w1th1n the established dose. activity, and concentration 
criteria noted above, in addition to 11m1tat1ons dictated by ch~mfcal and 
biological conditions. Dose guidelines, and concentration and activity 
limits, will be maintained within the appropriate values as detailed in 
Attachment 2. 

Any farmer us;ng land which has been used for the disposal of septic 
waste will be notified of any applicable r~str1ct1ons placed on the site due 
to the land spreading or injection of waste. 

4.0 EVALUATION OF ENVIRONMENTAL IMPACT 

,4.1 Site Characteristics 

4.1.1 Site Topography 

The proposed disposal sites consist of two fields iocated on the Vermont 
Yankee Nuclear Power Plant site, which is located on the west bank of the 
Connecticut River in southwestern Vermont at latitude 42 degrees, 47 minutes 

. . 

north and longitude 72 degrees 31 minutes west. Both fields ar.e on plant 
property within the site boundary and ·surrounded by a chain link fence. 
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S1t.e A contains an approximate eight-acre parcel of usable land centered 
approximately 2,200 feet northwest of the Reactor Building. Site B contains 
about two acres .and is centered approximately 1,700 feet south of the Reactor 
Building. The usable acreage of both the north and south disposal fields is 
restricted to those areas which have no slopes gr.eater than five percent to 
limit surfate runoff~ A radiological assessment based on the 1988 measured 
radioactivity t6ncentrat1bns 1n sludge has determined that a single t~o-acre 
plot would be suffic_ient for the routine disposal of septage -for twenty years 
without exteeding the dose criteria to maximum exposed individual or 
inadvertent intruder. As a result, the ef~ht-acre field tb the northwest 
could be divided into four disposal plots, with the two-acr~ 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 1;he F1nal Safety Ana1ys1s R!!port (FSAR) as Figure 2.5-1. 
A plan map showing the plant site and the disposal s1tes 1s gtven o~ Figure 4. 

The sites are located along a glacial terrac~ o~ the west side of the 
Connecticut River. This terrace extends about 3,000 feet west rising gently 
and then more abruptly to~ higher terrac~ and then to dissected uplands. 
D1sta.nce to the east from the disposal sites to the river 1s at least 100 feet 
if septage is disposed of by surface spreading within the designated areas. or 

I 
50 feet 1f septage is injected directly into the soil. 

Relief of the proposed disposal sites is low, with elevation ranging 
between 250 feet and 265 feet (msl). Mean water surface elevation of the 
adjacent river is about 220 feet. 

The topographic character ot the site and surrounding area 1s compat1ble 
with this us--e. The spreadi n:g of septage .at these 1 o·cati ens wi 11 have no 
effect on the topography of the area. 
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4.1.2 Sit@ Geology 

Profiles of site exploratory borings are shown in the FSAR i.n 
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 surfac1al materials 1s compatible with the proposed use 
of the site for septic waste disposal. 

4.2 Area Characteristics 

4.2.1 Meteorology 

The site area experiences a continental-type climate with some 
modification due to the marine climate which prevails at the Atlantic seacoast 
to the east. Annual precipitation averages 43 inches ~nd is fairly evenly 
distributed in eich month of the year. 

Potential impacts on septic waste disposal include occasional harsh 
weather: ice storms. severe.thunderstorms! heavy rains. due to hurricanes. the 
possibility of a tornado. and annual snowfall of from 30 to 118 inches per 
year. In addition, frozen ground can occur for up to 4 months of the year. 

Septage spreading wil 1 be managed by wr.i tten procedure such that 
material which is spread or a mix of that materfal with precipitation will not 
overflow the perimeter of the disposal site. 1 

Additional information on meteorology of the site can be found in 
Section 2.3 of the Final Safety Anaiysis Report. 

4.2.2 Hydrology 

Hydrology of the site and local area is tied closely to flow in the 
adjacent Connecticut River. River flow is controlled by a series of 
hydroelectric and flood-control dams including the Vernon Dam which is about 
3,500 feet downstream of the site. 
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All.local streams drain to the Connecticut ~ver and the sfte 1s 1n the 
d1 rect path of natural groundwater fl ow from the 1 ocal waters.hed easterly 
toward the river. Site groundwater level is influenced by both prec1p1tation 
and changes in the l~vel of ponding of the Connecticut River behind the Vernon 
Dam due to natural fl ow or dam operat1 on. 

Flood flows on the Connecticut are controlled by numerous dams i~cluding 
five upstream of the site. Elevation of the 100-year flood is al:)out 22l3 ft 
Cmsl ): and, thus, well below the elevation of the proposed site which ranges 
from .about 250 to 265 feet Cmsl). The 100-year flood level fs based on 
information presented .in References Cl) 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 1s in Section 2.4 of the FSAR. 

4.3 Water Usage 

4.3~1 Surface Water 

The adjacent Col'.lnecticut River is us.ed for hydroelectric power, for 
cooling water for the Vermont Yankee plant, as well as for a variety of 
recreati~nal purposes sµch as fishing and boating. The Conne~ticut River is 

I 

not used as a potable water supply within 50 miles downstream of th~ pl~nt. 

·locally, water from natural springs are used for domestic and farm 
purposes. FSAR Table 2.4.5 and Figure 2.4-2 show spr1ngs used w1th1n a 1-mfle 
red1us ·of the sitea FSAR Table 2.4.4 and Figure 2.4:1 Show Water !Upp11es 
with surface water sources which are withih a ten-m11e radius of the site. 

There will be no impact on surface water usage or qual 1 ty as a result 
of septage disposal due to the required separation distances between surfac~ 
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 1n the FSAR and References 3 and 5, an upper estimate of groundwater 
levels at the plant is about 240 feet. Considering the proximity of the 
Connecticut River and Vernon Pond, with a mean water surface elevation of 
220 feet, this estimate for the groundwater level appears to be reasonable. 
Given the topography of the proposed disposal sites, it is highly unlikely 
that the groundwater level will be within 3 feet of the disposal area surface 
elevation. Prior to each application of septic waste to a disposal plot, the 
groundwater level in nearby test wells will be determined and no application 
will be allowed if the groundwater level in the vicinity of the disposal plot 
1s 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 
d1sposal. 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 us~. This 
supply is routinely monitored for radioactive contamination. 

To quantify the impact of septage disposal on the Connecticut River, a 
conservative groundwater/radionuclide travel t1me analysis was performed. For 
an assumed average travel distance of 200 feet from the disposal site to the 
river. a groundwater tra~~1 tirne of 408 days was est1mated from Darcy's Law. 
This estimate is based on a permeability for the glacial till of 10 gpd/ft2, 

a hydraulic gradient of· 0.11 ft/ft, and a soil porosity of 0.3. This analysis 
conservatively assumed that the septage placed on the ground was immediately 
available to the groundwater. In practice, a minimum of 3 feet separation 
betweeh 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 rad1onuclides on solid particles in the 
groundwater flow regime. most radionuclides travel at only a small fraction of 
the groundwater velocity. For the rad1onuc11des present in the sludge. 
retardation coefficients were developed from N~REG/CR-3130 (Reference 4). 
Retardation coefficients for Co-60, Cs-137, and Cs-134 were directly obtained 
from NUREG/CR-3130. The coefficients for Zn-65 and Mn-54 were conservatively 
estimated using NUREG/CR-3130 as a guide. The rad1onucl1des, their half­
lives. retardation coefficients, and their travel time to the rivet are 
summarized in Table 1. 

Radi.onuclide 

Co-60 
Cs-137 
Cs-134 
zn ... 65 
Hn-54 

TABLE 1 

Radionuclide Travel Times 

Retardation 
Half Life Coefficient 

5.3 years 860 
30.2 years 173 
2.1 years 173 
244 days 3 
312 days ·3 

Travel Time 
to River 

961 years 
193 years 
193 years 

1.224 days 
1,224 days 

The radiological impact on the river for the radionucl1des reaching the 
river under this conservative analysis is discussed in Attachment 2. Water 
usage of th,e Connecticut River downstream from ttle disposal area is limited to 
drinking water for dairy cows. irrigation of vegetable crops. and irrigation 
of cow and cattle fodder. 

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

4.4 Land Use 

Both the eight-acre and two-acre sites proposed for the disposal areas 
are currently part of the Vermont Yankee Nucl~ar Power Plant Site inside the 
plant•s site boundary which 1s enclosed by a chain link fence. It 1s 
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undevelop~d 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 
h1s. dafry herd. No curtailment of this act1v1ty. as a result of the low l~vels 
of rad1oactivity in septage will be necessary. 

Utilization of the propose~ sites for sept;c waste d,1sposal 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 1n the waste. Administrative controls on 
spreading and the monitoring of disposal area conditions will provide added 
assurance that this proposed practice will not impact adjacent properties. 

4.5 Radiological Impact 

In addition to state of Vermont limits imposed on septage spreading, 
based on nutrient and heavy metal content, the amount of septage applied on 
each of the proposed disposal plots will al so be procedura 11 y controlled to 
insure doses are maintained within the stated limits. These limits are based 
on NRC Nuclear Reactor Regulation (NRR) staff propos~d 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/yeai to the whole body or any organ due to the disposal material, and 
less than 5 mrem/year to an inadvertent intruder. \ 

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

(a) Standing on contaminated ·ground, 

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

(d) Ingestion of stored vegetables, 

Cf) Ingestion of meat, and 

(g) Ingestion of milk. 

The liquid pathway was also evaluated and determined to be 

insignificant. Both the maximum individual and inildvertent intruder are 
assumed to be exposed to these pathways with difference between the two 

related to the occupancy time. rhe basic asswnptions used in the radiological 

analyses include: 

(a) ~sure to the ground c:on~nation and to resuspended 
radioactivity is for a period of 104 hours per year during Vermont 

Yankee active control of the disposal sites, and continuous 
thereafter. The 104-hour interval being representative of a 
farmer's time on a plot of land (4 hours per week for 6 months). 

(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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Upper-Bound Activity Upper-Bound Activity 
Isotope Concentration [pCi/kg dry] Content [Ci/tankful) 

Mn-54 1,348 9.4.36E·07 
Co-60 23,060 1.614E·05 
Zn-65 1,620 1.134E·06 
Cs-134 322 2.254E-07 
Cs-137 4,100 2.870E,06 

Cd) 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 a.pplication frequency of once per year.) 

Ce) 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. Cln 
practice, the septic waste wi 11 be ef th.er surface spread or d1 rectly 
injected withi~ the top 6 inches of the disposal plot, ~n which case. 
the radtoattfve material will be mixed with the soil. This, 1n effect, 
would reduce the ground plane source of exposure by a factor of about 
four due to self-shielding.) 

(f) No radioactive material is dispersed directly on crops for human or 
animal consumption. crop contamination being only through root uptake. 

Cg) The deposition on crops of resuspended radioac~iv1ty 1s insignificantly 
small. -
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Ch) Pat.hway data and usage factor·s used in the analysis are the same as 
those used in the plant's ODCM assessment of the off-site radiological 
impact from routine releases.with the exception that the fraction of 
stored vegetables grown on the disposal plots was ·conservatively 
increased from 0.76 to 1,0 Cat present no v~getable crops for direct 
human consumption are grown on any of· the proposed disposal plots). 

Ci) It is conservatively assumed that Ve~mont Yankee relinquishes control of 
the disposal sites after the for~ieth pump-out (i.e., the above source 
term applies also for the inadvertent intruder). 

(j) For the analysis of the impact after Vermont Yankee control of the sites 
is relinquished, the radioactive mater1al 1s plowed under and forms a 
Uniform m1x with the top six inches of soil: but. nonetheless. under~oes 
resuspension at the same rate as surface contamination. 

From radiological impact assessments associated w1th the disposal of 
septage on different plot sizes (Attachment 2), ft was determined that a 
single two"'acre plot within the disposal sites would accommodate the 
I mrem/year prescribed dose to ~he cr1t1~al 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 Cat six-month intervals) on a single two·acre plot are as follows: 

Control of Disposal Sites 

Controlled by VYNPS 
(Maximum Exposed Individual) 

Uncontrolled 
(Inadvertent Intruder) 
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Radiation Ex·oosure 

O .1 mrem/yr 
0.2 mrem/yr Maximum 

1.3 mrem/yr 
3.9 mrem/yr Maximum 

8·25 

Individual/Organ 

Child/Whole Body 
Ch11 d/ Liver 

Adult/Whole Body 
Teenager/Lung 
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Th~ 1nd1v1dual pathway contribution's to the total dose at the end of the 
20-year accumulat1on of waste deposit~d on a single two-acre plot are as 

' . 

listed below: 

Pathway-O~pendent Critical O~gan Doses 

Pathway 

Ground Irradiation 
Inhalation 
Stored Vegetables· 
Leafy Vegetable 
Milk Ingestion 
Meat Ingestion 

TOTAL 

Maximally Exposed 
Individual/Organ 

( Chi l d/U ver) 
Cmrem/vear) 

0.0576 
0.00122 
0.0913 
0.00467 
0.0421 
0.00249 

0.1994 

Inadvertent Intruder 
Critical Indiv1dual./Organ 

(Teenager/Lung) 
<mrem/year) 

1.16 
2.74 
0.00601 
0.00040 
0.00229 
0.00012 

3.909 

In addition, an isoto·pic breakdown of the critical organ dose results 
listed above is shown in the following table: 

Isotopic Breakdown of Maximum Radiation Exposures 

Descri.pti on 

During Vermont Yankee 
control of the 
disposal sites. 
Maximally Exposed 
Ind1v1dual/Organ: 
Child/Liv.er 

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

Mn·54 
Co-60 
Zn-65 
Cs-134 
Cs-137 

TOTAL 

Hn-54 
Co·6Q 
Zn-65 
Cs-134 
Cs-137 

TOTAL 

B-26 

Radi oact 1 vi ty 
·[11C1 /2 Acres] 

2.831 
235.3 

2.801 
1.457 

92.59 

2.831 
235.3 

2.801 
1.457 

92.59 

Exposure 
[mrem/yrl 

0.000436 
0.05.59 
0.0230 
0.00231 
O.ll~ 

0.199 

0.0144 
3.76 
0.00983 
.0.000505 
0.1247 

3.91 
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Of Jnterest are also der1ved dose conversion factors which provide a 
means of ensuring septage disposal operations within the prescribed 
radiological guidelines. The critical-organ (worst-case) all-pathway values 
per acre are as follows: ') 

All-Pathway ·Cr1tical-Organ Dose Conversion Factors 
Durinq Vermont Yankee Control of Disposal Sites 

Exposure 
Isotope Individ~al/Organ Cmrem/yr~uti/acreJ 

Mn-54 Adul t/GE-LLI 3.74E-4 
Co-60 Teenager/Lung 7.14E-4 
Zn-65 Child/Liver l.64E-2 
Cs-134 Child/Liver 3.lBE-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 1 
MAIN SEPTIC TANK 
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(This attachment to Appendix Bis incorporated into the ODCH by reference due 
to size. A complete copy 1s on file with Vermont Yankee Document Control as 
part of Correspondence Letter BVY £9·59.) 

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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INTRODUCTION: 

APPENDIX D 

ASSESSMENT OF SURVEILLANCE CRITERIA FOR GAS 
RELEASES FROM WASTE OIL INCINERATION 

The Nuclear Regulatory Commission amended its regulations (10CFR20) in a Federal 
Register ~otice (Vol. 57, No. 235; page 57649 I Monday, December 7, 1992) that 
permitted the on-site incineration of contaminated waste oil generated at licensed 
nuclear power plants w1thout'the need to Jmend existing operating licenses. This 
action will help to ensure that the limited capacity of licensed low level waste 
disposal facilities is used efficiently while maintaining releases from operating 
nuclear power plants at levels which are "as low as reasonably achievable.ff 
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 oil 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 lOCFR Part 20, and Part 50; Appendix I. This 
includes the site gaseous pathway dose and dose rate limits contained in the plant's 
Technical Spec~fications (Section 3.8). The dose contribution to members of the 
public resulting from the on-site incineration of contaminated waste 011 must not 
cause the total dose or dose rate from all effluent sources to exceed the dose or 
concentration limits imposed by 10CFR20, 10CFR50: Appendix I. and the Radiological 
Effluent Technical Specifications (RETS). It is expected that the actual 
contribution to public exposures caused by waste oil burning will be a small 
fraction of the site's effluent limits. as well as a small portion of the total 
releases from the site. 

SOURCE DESCRIPTION 

Contaminated waste oil suitable for on-site incineration can be burned in the Waste 
Oil 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 roof line, this release point is considered to be a ground 
level ~oint source for modeling· discharges to the environment. In addition, the 
building wake effects from the North Warehouse are assumed to be independent of th~ 
larger Turbine Hall/Reactor Building complex due to its distance from these main 
structures. Consequently, the relatively small size of t~e North Warehouse leads 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 radiolo~cal effluent releBses during the 
incineration process. As a consequence, sampling and analysis of the waste oil 
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 oil to be added to the Waste Oil Burn Day Tank for 
each 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 oil 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 liquids as identified in Technical Specification Table 4.8.1 shall be used to 
determine the 1 ev.el of contamination in waste oil . The stated Lower Li m1ts of 
Detection (LLD) given on Table 4.8.1 provide assurance that undetectable levels of 
contamination up to the LLD values will not result in a sjgnificant dose impact to 
the maxi~um offsite receptor. If waste oil was burned continuously for an entire 
calendar quarter, and the radionuclides listed 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 limit of 7'.5 mrem. 

The principle limitation in the incineration of waste oil is that the site release 
limits contained in RETS, and implemented by the ODCM methodology, shall not be 
exceeded. The use of the liquid LLDs on waste oil sample analyses provide 
sufficient sensitivity to ensure that site dose limits will not be exceeded as 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 

Mr. Donald A. Reid· 
Vice President. Operations 
Vermont Yankee Nuclear Power 
Ferry Road 
Brattleboro, VT 05301 

WASHINGTON, O.C. llll5fiS.oo(N 

June 18, 1997 
NVY 97-85 

Corporation 
t-A I 113/J, -/o1 /o, 11'1~ 

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 resolve 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 
Offsite 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 F~ 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. 

Docket No. 50-271 

Enclosure: .Safety Evaluation 

cc w/encl: See next page 
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Sincerely, 

Patrick D. Milano, Acting Director 
Project Directorate I-3 
Division of Reactor Projects · I/II 
Office of Nuclear Reactor Regulation 
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Vermont Yankee Nuclear Power 
Corporation 

cc: 

Regional Administrator. Region I 
U. S. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia, PA 19406 

R. K. Gad, I I I 
Ropes & Gray 
One International Place 
Boston. MA 02110-2624 

Mr. Richard P. Sedano, Commissioner 
Vermont Department of Public Service 
120 State Street. 3rd Floor 
Montpelier, VT 05602 

Public Service-Board 
State of Vermont 
120 State Street 
Montpelier. VT 05602 

Chairman. Board of Selectman 
Town of Vernon 
P.O. Box 116 
Vernon. VT 05354-0116 

Mr. Richard E. McCullough 
Operating Experience Coordinator 
Vermont Yankee Nuclear Po~er Station 
P.O. Box 157 
Governor Hunt Road 
Vernon. VT 05354 

G. Dana Bisbee. Esq. 
Deputy Attorney General 
33 Capitol Street 
Concord, NH 03301-6937 

Resident Inspector 
Vermont Yankee Nuclear Power Station 
U.S. Regulatory Commission 
P.O. 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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Vermont Yankee Nuclear Power Station 

Mr. Peter LaPorte. Director 
ATTN: James Muckerheide 
Massachusetts Emergency Management 

Agency 
400 Worcester Rd. 
P.O. Box 1496 
Framingham, MA 01701-0317 

Mr. Raymond N. McCandless 
Vermont Division of Occupational 

and Radiological Health 
Administration Building 
Montpelier, VT 05602 

Mr. J. J. Duffy 
Licensing Engineer 
Vermont Yankee Nuclear Power 

Corpo-ration 
580 Main Street 
Bolton, MA 01740·1398 

Mr. Robert J, Wanczyk 
Director of Safety and Regulatory 

Affairs 
Vermont Yankee Nuclear Power Corp. 
Ferry Road 
Brattleboro, VT 05301 

Mr. Ross B. Barkhurst, President 
Vermont Yankee Nuclear Power 

Corporation 
Ferry Road 
Brattleboro, VT 05301 

Mr. Gregory A. Maret, Plant Manager 
Vermont Yankee Nuclear Power Station 
P.O. Box 157 
Governor Hunt Road 
Vernon, VT 05354 
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UNITED STATES 
NUCLEAR REGULATORY COMM1SSION 

Wit.SHINQ1'0N, O.C, 20SSS-000t 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO ONSITE DISPOSAL OF SLIGHTLY CONTAMINATED COOLING TOWER SILT 

VERMONT YANKEE NUCLEAR POWER CORPORATlON 

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, th~ 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 for Vermont Yankee to have insignificant 
radiological impact because the proposed septic waste material disposal 
involved licensed 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 CFES) of July 1972. and involved exposure 
pathways much less significant than those in the FES. In addition, the 
proposed septic waste material disposal satisfied the following applicable 
boundary conditions for the disposal of licensed material: 

a. The whole body dose to the hypothetical maximally exposed 
individual must be less than 1.0 mrem/year. 

Revision -2..1_ Date 08/14/97 

F-5 

VY 2018 ARERR Page 243 of 401 



LAI 
1193 
1130 

- 2 -

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 dispos~l must be at the same site. 

Following the NRC staff's approval on August 30, 1989, VYNPC implemented the 
disposal of the contaminated septic wa~te material as proposed. 

By letter dated August 30, 1995, VYNPC requested that the previous 
authorization for the onsite disposal of very-low-level radioactive material 
be amended to permit the onsite disposal of slightly contaminated silt 
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 a~tivity 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 0.159 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 1 

0.012 millicuries of cobalt-60 and 0.047 millicu~ies 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 si1t and the previously approved disposal 
of septic waste mater1al, will continue to meet the applicable boundary 
conditions (given above) for the disposal of licensed material. Therefore. 
the proposed onsite disposal of slightly contaminated s11t is acceptable . 

. 
As discussed in VYNPC's letter of August 2. 1996, if the onsite disposal of 
cooling tower stlt 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 list 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 
Offsite Dose Calculation Manual as an Appendix to document the the radioactive 
material onsite disposal activities approved for Vermont Yankee, and VYNPC's 
related commitments regarding reporting and record keeping. Any additional 
modification of VVNPC'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 silt 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 

Date: June 18, 1997 

D. Dorman 
C. Harbuck 

Attachment: Vermont Yankee Site Area Map 
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VERMONT Y ANKBE 
NUCLBAR POWER CORPORATION 

Ferry Road, BrattlebOro, VT OS301-7002 

United States Nuclear Regulatory Comm1ssion 
Washington, DC 20555 

ATTN: Document Control Desk 

License No. DPR·28 (Docket No. 50·271) 

RESPONSIBiliTY 
LJ.l'J t<Rtl CU>s&.J> 

IID\"10 

ENGINEERING OFFICE 
S80 MAIN BTRl:ET 
BOLTON, t.lA D1740 

(SIIIJ77M'711 

August 30, 1995 
BVY 95·97 

References: C 1) 
(2) Letter from R. W. Capstick, Vermont Yankee, to USNRC, "Request to 

Routinely Dispose of Slightly Contaminated waste 1n Accordance with 
10CFR20.302(a)~. BVY 89·59, June 18. 1989. 

Subject: 

(3) Lett~r from M. 8. Fairt1le, USNRC. to L.A. Tremblay, Vermont Yankee, 
"Approval Under 10 CFR 20.302Cal of Procedures for Disposal of 
Slightly Contaminated Septic Waste on Site at Vermont Yankee (TAC 
No. 73776)", dated August 30, 1989. 

Request to Amend Previous Approval Granted Under 10 CFR 2D.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 10CFR20.302Ca)), enclosed please find the subject 
application to amend the previously granted approval (Reference 3) to dispose of slightly 
cont.aminated septic waste on site at Vermont Yankee by expanding the allowable waste 
stream to 1nclude slightly contaminated Cooling Tower silt material. 

This application specifically requests approval to dispose of Cooling Tower silt deposits, 
.contaminated at minimal levels, which have been or m1ght be generated through the end of 
station operations at the Vermont Yankee Nuclear Power Plant. The proposed silt disposal 
method is the same as the septic waste disposal method requested in Reference 2 and 
approved in Reference 3. The 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 lOCFR 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. ' 

,I 

A radiological assessment and proposed operational controls based on continued on site 
disposal of accumulated river silt removed ftom the basins of the plant's mechanical draft 
cooling towers is contained in Enclosure A. The assessment demonstrates that the dose 
impact expected from the disposal of silt removed from the cooling towers during normal 
maintenance will not exceed the dose limits 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 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 s1te 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. 

LAI I We trust that the information contained in the submittal 1s sufficient, however, should 
1044 you have any questions or require further information concerning this matter, please 
ciosed contact this office. 

Sincerely, 

VERMONT YANKEE NUCLEAR POWER CORPORATION 

Enclosures A & B 

James J. Duffy 
Licensing Engineer 

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 Coolino 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 desfgnated on-site areas in accordance with 10CFR20.302Ca). The NRC 
responded to this request on August 30, 1989 by granting approval of the 
proposed procedures for on-site disposai of septic waste concluding that the 
commitments, as documented in our request, were acceptable provided that our 
request and analysis be permanently 1ncorporated into the plant's Offsite Dose 
Calculation Manual (ODCM). Revision 9 to the ODCM (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 radioactive contaminated material, cooling 
tower silt deposits resulting from the settling of solids from river water 
passing through the mechaniGal 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 dispos~l requirements must be applied 
to insure that the potential radiological impact is within acceptable limits. 

This assessment of silt disposal expands the original septic waste disposal 
assessment to include earthen type materials (cooling tower silt deposits) 
whil~ maintaining the ori~inal radiological assessmeht modelinO and dose limit 
criteria that have been approved for septic waste spreading on site. 
assessment demonstrates that cooling tower silt can be disposed of in the same 
manner and under the ~ame dose limit 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 

3 
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Part 20.302Ca) 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 e~rthen type materials that 
have settled from the cooling water flow taken from the Conne~ticut River as 
it passes through the towers. As a result of de·sludg1ng the tower basins in 
1993, an estimated 14,000 cubic feet of silt was accumulated on site. 
Clean-out operations will also occur periodically to ensure continued system 
operability. Sample analysis performed to the plant's environmental lower 
limits of detection requirements. as contained in Technical Specification 
Table 4.9.3., has identified C~balt-60 and Cesium-137 in low concentrations as 
being present in silt collected in 1993. 

The cooling towers are located at the southern end of the plant facility 
complex but are not directly connected to any system in the plant that 
contains radioactivity. The, postulated mechanism of how plant-related 
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 fl ow prov1 des 
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 
radioactivity removed from the air flow could buildup 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 silt 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 pC1/kg (dry wt.) of Cobalt-60 and 198 pCi/kg (dry 
wt.) of Cesium-137. Eight of the samples indicated no positive Cobalt-60 
above a minimum detectable level achieved for the analysis. 

4 
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Table 1 

Cooling Tower Silt Radioactivity 
(1993 samples*) 

Sample fl Co-60 Cs-137 
(pCi/kg dry) CpCi/kg dry) 

................................................................................ _,,, .............................................................................................................................................................. . 
G12759 53 144 
G12758 72 172 
G12757 <14 201 
G12756 <17 245 
G12755 73 206 
G12754 <16 165 
612753 <27 240 
G12752 79 181 
Gl2751 (29 180 
G12750 35 107 
G127 49 59 171 
G12748 <19 205 
612747 (38 209 
G12746 < 7 218 
612745 50 241 
612744 40 220 
G12743 68 264 
G12742 45 195 
G12724 71 115 
612723 104 264 
G13940 126 218 

Average: 
Max. 
Min. 
Standard deviation: 

50 
126 
< 7 
30 

198 
264 
107 
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 Ce~ium-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 reiated to plant operations. No 
background component is subtracted from the measured values for this case 
study since only a single sampling location (down stream) is included in the 
Environmental Monitoring Program which may not fully describe the true 
background levels in the region. 

The total radioactivity for the current 14,000 cubic feet of silt collected on 
site can be estimated by multiplying this volume by its ·as isQ 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 radioactivity 
concentrations for Cobalt and Cesium would be the same as in the collected 
silt. Mult1plying 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. 

6 
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Table 2 

Cesium~137 in 

Connecticut Rive~ Sediments* 

Cs-137 
Date (pCi/kg dry) 

, ........... ,,.,,,u,o,,,,,,,,,,u1n1011000,,.,, .. ,,.,., .... ,, .. ,, .. ,,,o,oo,ooo,oo•uoooo,, .. ,,.,,,,,,,uu,,o,,ou, .. o, .. ,,-,,,,001,uoou,00U1U1fooo10000,nooo,, 

05/24/94 61 
10/13/93 85 
06/02/93 60 
10/15/92 137 
05/20/92 176 
10/24/91 178 
05/1~/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 

,,,,,,,,,u,,,,.a,u,,u, ...... ,.,,,u,,,,""''''u,,,,,H••••-·••., .. ,,,.,,,,, .. ,,,,,,,,n1,uu,1u,1,1ou1°uu,on,,,,,,,,u110H11toonuooo111uo,0011u .. t,o, 

Average: 
Max. 
Mi ii. 
Standard deviation: 

. . 

132 
230 

60 
56 

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

\ 
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Table 3 

Estimated Total Radioactive Material for 1993 Tower Clean-Out 

Co-60 

Cs-137 

Volume of 
Si 1t 
C ft3) 

14,000 

14,000 

Mass 

(kg) 

8.32E+5 

8.32E+5 

Average 
Concentration 

CpCi/kg) 

50 

198 

Total Act. 
(as of 11/93) 

CuCi) 

42 

165 

Decayed Act. 
(as of 6/95) 

C uC1 ) 

34 

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 cycle can also be estimated. Table 4 lists 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) C uCi ) 

••••••••, ,'''""'''"'"""''""'''''""'''.- •••••••• ,••••••••••••••••uu,,,,,000,,,,,,, ••••.•oouo•n•H. , .. ,,,,,, .. ,o,•11•••••••••"'"'"''''''""'""'''"''"''''"'"''''''''''''""'""-''"'_'_"'''''"""''''""'"'"'u"'""""'"'''"' 

Co-60 

Cs-137 

4.000 

4,000 
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3.0 DISPOSAL METHOll: 

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 OOCM (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. i Determination of the radiological dose 
1mpact 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 gf silt samples shall be made prior to each disposal 
by obtaining representative composite samples in sufficient numbers to 
characterize the material removed from the cooling tower basins. Each gamma 
isotdpic analysis shall be required to achieve the environmental lo~er limits 
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 samRle analyses. The estimatidn 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 th.e 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 d~se to a maximally exposed individual (during the Vermont Yankee 
control period) be maintained less than 1 mrem/year to the whole body and any 
organ, and the dose to an inadvertent intruder following termination of site 
control be maintained less than 5 mrem/year to the whole body and any organ. 

9 
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The limits on concentrations of radionuclides as addressed in Appendix B to 
the ODCM for septic waste (i.e., each tank of septic sludge to be disposed are 
limited to a combined MPC ratio of less than 0.1} were included to ensure 
proper control was in place to address the situation of small quantities of 
relatively high concentration material. This limitation does not directly r 

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 p1ace of the septic waste liquid MPG 
ratio. No soil associated with a sample analysis that identifies a 
plant-related radionuclide in excess of the concentration limits of Table 5 
will be permitted regardless of the total pathway dose assessment determined 
for the quantity material under consideration. For the case where more than 
one radionuclide is detected, the sum of the ratio rule will be applied. The 
measured concentration of each radionuclide divided by its limiting 
concentration value shall be added with the sum of all fractions equal to or 
less than 1. This limiting condition will prev~nt small volumes of relatively 
high specific radioactivity from being spread on ~he disposal plots. and 
therefore reduce the potential for creating unexpected hot spots of 
concentrated material. 

Table 5 lists, by radionuclide, soil concentration values that would generate 
an annual external effective dose equivalent of 25 mrem/year if it were 
assumed that an individual continuously stood on an infinite plane of soil 
contaminated to a depth of 15 cm. The assumptions of an infinite plane and 
continuous occupancy 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 limited. 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 limit (100 mrem/year per 
10 CFR Part 20.1301) app11~d to members of the public from all station 
sources. The 25 mrem/year also equals the EPA dose limit from 40 CFR Part 190 
which would apply to real members of the public offsite and allow for credit 
to be taken in accounting for actual usage patterns such as occupancy time. 
The external dose factors provided on Table 5 were derived from Table E-2 of 
NUREG/CR-5512 (Reference 3). 

/ 
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Radionuclide 

Cr-51 
Mn-54 
Fe-59 
Co-58 
Co-60 
Zn-65 
Zr-95 
Ag-llOm 
Sb-124 
Cs-134 
Cs-137 
Ce-141 
Ce-144 

Table 5 

Dry Soil Maximum Concentration Values 

Soil Concentration 
pCi / kg 

(equal to 25 mrem/yr) 

1. 51£+05 
5.50E+03 

3.83E+03 

4. 70E+03 

1.82E+03 
7.85E+03 
6.1BE+03 
1.66E+03 
2.5IE+03 
2 .95E+03 
8.13£+03 
7.85E+04 
8. 75E+04 

Assumptions include infinite planar distribution, uniform depth 
distribution to 15 cm, soil density at l.625E+06 gm/m3 and 
external direct dose pathway only with a 100% occupancy factor. 
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3.2 Administrative Procedure Requirements: 

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

Complete records of each disposal will be maintained. These records will 
include the concentration of radionuclides detected in the silt, an estimate 
of the total volume of silt disposed of, the total radioactivity in each 
disposal operation as well as the total accumulated on each disposal plot at 
the time of the spreading, the plot on which the silt was applied, and the 
results of any dose calculations or maximum allowable accumulated activity 
determinations required to demonstrate that the dose limits imposed on these 
land spreading operations have not been exceeded. The determination of the 
total radioactivity and dose calculations shall also include all past septic 
waste and silt disposal operations that placed ·1ow level radioactive material 
on the designated disposal plots. 

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

Cqncentration 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 annu~l dose limits 
to members of the public that is contained in 10 CFR Part 20.1301. 

Any farmer leasing land used for the disposal of silt deposits will be 
notified of the applicable restricti~ns 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 
1parcel of land centered approximately 2,000 feet northwest of the 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 pla~ement 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 a1ong with the septic waste without the likelihood of exceeding 
the approved dose limit criteria. 

Since the residual organic and inorganic solids associated with river sediment 
(si1t) 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 disposal of septic waste are not changed by the addition 
of another earthen type material, namely silt. 

4.2 Radiological Impact: 

The amount of cooling tower silt, in combination with any septic waste 
disposals. will be procedurally controlled to insure doses are maintained 
within the prior approved·limits (Reference 1). These limits are based on 
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past NRC proposed guidance (described in AIF/NESP-037), August 1986). The 
dose criteria require that the maxfmally exposed member of the general public 
receive a dose less than 1 mrem/year to the whole body or any organ due to the 
disposed material and less than 5 mrem/year to the whole body or any organ of 
an inadvertent intruder. 

To assess the doses received by the maximally exposed individual and 
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 ih Regulatory Guide 1.109 (Reference 2). 

Six potential pathways have been identified and include: 
Ca) Standing on contaminated ground, 
Cb) Inhalation of resuspended radioactivity, 
(c) Ingestion of leafy vegetables, 
(d) Ingestion of stored vegetables, 
Cf) Ingestion of meat, and 
Cg) 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 assumptio~s used in the radiological analyses include: 

Ca} Exposure to ground tontamination and resuspended 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-ho'ur 
interval is representative of a farmer's time spent on a plot of land 
(4 hours per week for 6 months}. 

Cb} For the purpose of projecting and illustrating the magnitude of 
dose impacts over the remaining life of the plant, it is assumed that 
the current concentration levels of activity detected in silt remain 
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constant. Table 1 indicates the measured radioactivity levels for 
Cobalt-60 and Cesium-137 first noted in silt material. 

(c) The maximum radiation source corresponds to the aGcumulation 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. All subsequent applications of 4,000 cubic feet occur 
at 18-month intervals. 

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

Ce) 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 radfological 
impact from routine releases with the exception that the fraction of 
stored vegetabl~s 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 license expires in 
2012 (i.e., the source term accumulated on a single, 2-acre disposal 
plot applies also for the inadvertent intruder). 
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Ci) 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 va1ues and accumulated 
activity over the operating life 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 

Cobalt-60 
Cesi um-137 

Contribution 
from inii;ial 

14,000 ft3 C uCi) 

3.2 
104.9 

Accumulation from 
13 cycles at 

4,000 ft3/ea. (uCi) 

61.9 
500.5 

Total Remaining 
in year 2013 

(uCi) 

65.1 
605.4 

The calculated potenti~l radiation exposure following the spreading of all 
silt material anticipated to be gener~ted through the remainder of the 
operating license on a single, two-acre plot is provided on Table 7. 
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Table 7 

Dose Impact Due to Continued Spreading to End of License 

Disposal Site Access 

Controlled by VYNPS 
(max. exposed individual) 

Uncontrolled by VYNPS 
(inadvertent intruder after 
license termination) 

Radiation Exposure 

0.228 mrem/yr 
0.820 mrem/yr max. 

1.46 mrem/yr 
2.41 mrem/yr max. 

Individual/Organ 

adult/whole body 
child/bone 

adult/whole body 
child/bone 

The individual pathway contributions to the total dose due to continued silt 
spreading are shown on Table 8. 

Table 8 

Pathway-Dependent Critical Organ Doses 

Pathway 

Ground Irra~iation 
Inhalation 
Stored Vegetables 
·Leafy Vegetables 
Milk Ingestion 
Meat Ingestion 
Total: 
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Maximally exposed 
Individual/Organ 

(Child/Bone) 
(mrem/year) 

0.0474 
0.00814 
0.528 
0.0265 
0.201 
0.00833 
0.82 
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Inadvertent Intruder 
Critical Individual/Organ 

(Child/Bone) 
(mrem/year) 

0.957 
0.685 
0.528 
0.0265 
0.201 
0.00833 
2.41 
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In addition, the isotopic breakdown of the critical organ doses listed above 
(Table 8) for the two detected radionuclides is seen to be: 

Table 9 

Isoto12ic Breakdown of Maximum Radiation ExQosures 

Radioactivity Dose Percent of 
Description Isotope (uCi/2 acres) Cmrem/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. 
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Table 10 

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

Disposal Site Access Radiation Exposure Individual/Organ 

Controlled by VYNPS (max. 0.064 in rem/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 intr~der 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 
~o 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 life. 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 rema)n 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 
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given·on Table 11 for periods during Vermont Yankee control of the disposal 
site and on Tabl~ 12 for post control periods associated with the inadvertent 
intruder scenario. The dose conversion factors have been ~~panded 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 ar~ described in detafl in Attachment II to 
Reference 1. 
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Table 11 

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

Cr1tica,1 Organ Whole Body Dose 
Dose Factor Factor 

Nuclide Individual/Organ (mrem/yr per uCi/acre) 

Cr-51 Teen/Lung l.14E-05 5.76E-06 
Mn-54 Adult/GI-LL! 3.75E-04 1.93E-04 
Fe-55 Child/Bone 6.45E~Q6 l.06E-06 
Fe-59 Teen/Lung 4.61E-04 2.13E·04 
Co-58 Teen/Lung 3.27E-04 2.0lE-04 
Co-60 Teen/Lung 7 .17E-04 5.31E-04 
Zn-65 Ch1l d/li ver l.64E-02 1.03E-02 
Zr-95 Teen/Lung 4.47E-04 1.34E-04 
AgllOm Teen/GI- LL! l.32E·02 5.24£-04 
Sb-124 Teen/Lung 8.34E-04 3.54E·04 
Cs-134 Ghil d/ Liver 3.lBE-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 

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

(Inadvertent Intruder) 

Critical Organ Whole Body Dose 
Dose Factor Factor 

Nuclide Individual/Organ (mrem/yr per uCi/acre) 

Cr-51 Teen/Lung 5.89E-04 l.19E-04 
Mn-54 Teen/Lung 1.02E-02 3.12E-03 
Fe-55 Teen/Lung 3.50£-04 2.27E-05 
Fe-59 Teen/Lung 2.SSE-02 4.43E-03 
Co-58 Teen/Lung 1.59£-02 3.72[-03 
Co-60 Teen/Lung 3.19E-02 9.09E-03 
Zn-65 Child/Liver l.89E-02 l.25E-02 
Zr-95 Teen/Lung 2. 93E-.02 2.99[-03 
AgllOm Teen/Lung 3.59£-02 9.53[-03 
Sb-124 Teen/Lung 4.73E-02 7.04E-03 
Cs-134 Child/Liver 1. 21E-02 9.36E-03 
Cs-137 Ghil d/Bone 6.98£-03 3.85E·03 
Ce-141 Teen/lung 1.2H-02 3.44E-04 
Ce-144 Teen/Lung 5.00E-02 1.52E-03 
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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: 

Silt collected from the cooling tower basin~ is an earthen type material that 
is similar in characteristics to septic waste residual solids with respect to 
the radiological pathway behavior and modeling and can be disposed of through 
on-site land spreading on the iame 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 limitations already 
in place for septic waste. 
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Decommissioning", Final Report, dated October 1992. 

file: vsilt.mss 

24 

Revision ...11... Date 08/14/97 
F-34 

VY 2018 ARERR 
Page 272 of 401 



APPENDIX G 
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IN AIR AND WATER ABOVE NATURAL BACKGROUND 
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APPENDIX G 

With the implementation of the revised Part 20 to Title 10 of the Code of 
Federal Regulations ClOCFR20.1001-20.2401), the Maximum Permissible 
Concentrations CMPCs) that were part of the old 10CFR20 were replaced by a new 
Appendix B to 10CFR20 for the limits that apply to effluents released to 
unrestricted areas. However. MPC values were also used and accepted as 
licensing conditions for the control of radioactive 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.l-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 ~re 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 sti11 refer to these requirements. 
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APPENDIX G 

MAXIMUM PERMISSIBLE CONCENTRATIONS (MPCs) 
CFROM 10CFR20.1 TO 20.602, APPENDIX B) 

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 

Col. 1 Col. 2 Col. 1 
I A1r Water A1r 

Element (atomic number) IsotoJ)e1 (f.lC1 /ml) (µCi/ml) (t,1,Ci l'!Jl ) , 

Actinium (89) • . . . . . Ac 227 s 2x10·12 6x10·5 Bx1o·l4 

l 3x10·11 9x10·3 9x10·13 

Ac 228 s Bx10·8 3xto·3 3x10·9 

' 
I 2x10~8 Jx10·3 6x10·10 

' 6x10·12 1x10·4 2x10·13 Amer1cfum (95) . . . . Am 241 S r 

I lxlO·lO Bx10·4 ·4x10·12 

Am 242m s 6x10·12 1x10·4 2x10·13 

I 3x10·10 3x10·3 9x10·12 

Am 242 s 4x10·8 4x10"3 1x10·9 

I Sx10·8 4x10·3 2x10·9 

Am 243 s 6x10·12 1x10·4 2x10·13 

. I 1x10·10 8x10·4 4x10· 12 

Am 244 s 4xtci~6 lx10~1 1x10·1 

I 2x10·5 1x10·1 Bx10·7 

Antimony Sb 122 s 2x10·7 8x10·4 6xto·9 

I 1x10·7 sx10·4 sx10· 9 

Sb 124 s 2x10·7 7x10·4 sx10·9 
I 2x10·8 7x10·4 7xlO·tD 

Sb 125 s sx10·7 Jx10·3 2x10·8 

I 3xto·8 3x10·3 9x10·10 

Argon (18) . . . . . . A37 Sub2 6x1o·l ......... 1x10·4 

A41 Sub 2x10·6 
I 4 4 I I I I I 4x10·8 

Arsenic: (33) . . . . . . As 73 s 2x10'6 1x10·2 7x10·8 

I 4x10·7 1x10·2 1x10:8 

As 74 ·s Jx10·7 2x10·.3 1x10·8 

I 1x10·1 2x10·3 4x10·9 

As 76 s 1x10·7 6x10·4 4xlo·9 
I 1x10·7 6x10·4 Jx10·9 

As 77 s sx10·1 2x10·3 2x10·8 

I 4x10·7 zx10·3 lx10'8 
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Ii 
Col. 2 
water 

(pCf /ml) 

2x10·6 

3x10·4 

9x10·5 
9x10·S 

4xlo'6 
3x10·5 

4x10·6 

9xto·5 

lx10·4 

1x10·4 

4xl0'6 

3x10·5 

sx10·3 

sx10·3 

3xto·5 
Jx10·5 

2x10·5 
2x10·6 

1x10·4 
lx10· 4 

. ........ 

........ 
sx10·4 

sx10·4 

sx10·6 

Sx10·5 

2x10·5 

2x10·5 

sx10·5 
Bx10·S 
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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 BJ 

Table I Table 

Col. 1 Col. 2 Col. 1 
Air- Weter Air 

Element (atomic number) Isotope1 (f'Ci/ml) (f'Cf/ml) (µC1 /ml) 

Astatine CBS> . . . At 211 s 7x10·9 
I Sx10·5 2x10·10 

I 3x10·8 2x10·3 1x10·9 

Barium (56) • . . . . . Ba 131 s 1x10·6 Sx10·3 4xl0"8 

I I 4x10· 7 sx10·3 1x10·8 

• Ba 140 s 1x10-7 sxio·4 4x10·9 

I 4x10·8 7x10"4 1x10·9 

Berke11um. (97) . . . Bk 249 s 9x10·10 2x10·2 3x10·11 

l 1x10·7 2x10·2 4x10·9 

Bk 250 s lxl0'7 6x10·3 Sx10·9 

I lxl0-6 6x10·3 4x10·8 . 
&x10·6 Sx10·2 2x10·7 Beryll fum (4) . . . Be 7 s 

I 1x10·6 Sx10·2 4x10·8 

81 smuth (83) . . . . . 81 206 s 2x10·7 lxl0"'3 -6xlo"9 

l 1x10·1 1x10·3 Sx10"9 

B1 207 s 2x10-7 2x10·3 6x10·9 

I .1x10·8 2x10-3 sx10· 10 
; 

81 210 s 6x10·9 1x10·~ 2X10-lD 
I 6x10·9 lx10·3 2x10· 10 

81 212 s 1x10-1 1x10·2 3x10·9 

I 2x10·1 1x10·2 7x10· 9 

Bromine (35) Br 82 s 1x10·6 ' ax10·3 4x10·0 . . . . 
I 2x10· 7 1x10·3 6x10·9 

Cadmium (48) . . Cd 109 s sx10·0 sx10·3 2x10·9 

I 7x10·8 sx10·3 3x10·9 

Cd 115m s 4x10·8 7x10·4 1x10·9 

I 4x10·8 7x10"4 1x10·9 

Cd 115 s 2x10·1 1x10·3 Bx10·9 

I 2x10·7 1x10-3 6x10·9 
- . 

3x10-e 3x10"4 1x10-9 Calcium (20) . .. . . . Ca 45 s 
I 1x10·7 sx10·3 4x10·9 

Ca 47 s 2x10· 7 lx10"3 6x10·9 

I 2x10·7 lx10"3 6x10· 9 
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II 

Col. 2 
Water 

(µC1/ml) 

2x10·6 
7x10·5 

2x10·4 

2x10·4 

3x10·5 

2x10·6 

6xl0"4 

6x10·4 

2x10·4 
2x10·4 

2x10·3 

2x10·3 

4x10·5 

4x10·5 

6x10·5 

6x10·5 

4x10· 5 

4x10'5 

4x10·4 
4x10·4 

3x10·4 
4xl0·5 

2x10·4 
2xl0"4 

3x10·5 
3x10-5 

3x10·5 
4xto·5 

9x10"6 
2x10·4 

sx10·5 
3x10·5 
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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 BJ 

Table I Table 

Col. 1 Col. 2 Col. 1 
Air Water Afr 

Element (atomic number) Isotope1 CpC1/ml) (µC1 /tnl) (J1C1 /ml ) , 
-

2x10- 12 1x10-4 Cal 1fornfum C98) . . Cf 249 s sxio-14 

I 1x10- 10 7x10-4 3x10-12 

Cf 250 s sx10-12 4xl0-4 2x10-13 

I 1x10-10 7x10-4 3x10-12 

Cf 251 s 2x10·12 1x10·4 &xio-14 

I 1x10-10 sx10·4 3x10-12 

Cf 252 s 6x10-12 2x10-4 · 2x10- 13 

1 3x10·11 2x10-4 lx10· 12 

Cf 253 s ax10-10 4x10·3 3x10-11 

I 8x10-10 4x10-3 3x10-11 

Cf 254 s Sxl0-12 4x10"6 2x10· 13 

I sx10-12 4x10-6 2x10·13 

Carbon (6) . . . . . . . C 14 s 4xl0"6 2x10;2 1x10-1 
(CO2 ) Sub sx10-s ........ 1xl0"6 

Cerium (58) . . . . . .. Ce 141 s 4x10-1 3x10-3 2x10·8 

I 2x10-7 3x10-3 sxio-9 

Ce 143 s 3x10-1 1x10-3 9x10·9 

1 2x10-1 1x10-3 7x10-9 

Ce 144 s 1x10"8 3xl0"4 3x10·10 
I 6x10·9 3x10"4 2x10-lD 

Cesfum (55) • . . .. . . Cs 131 s lx10·5 7x10-2 4x10-1 

I 3X10"6 3x10-2 1x10·7 

' 4x10-s 2x10-1 1x10-6 Cs 134m s 
' I 6x10-6 3x10-2 2x10-1 
I 

Cs 134 s 4x10-s 3Xl0-4 1x10-9 

I 1x10·8 1x10-3 4x10·10 

Cs 135 s sx10·7 3x10·3 2x10-8 

I 9x10-8 7x10-3 3x10-9 
--.-

4x10·7 1x10-s ': Cs 136 s 2x10-3 

I 2x10-1 2x10-3 6x10-9 

Cs 137 s 6x10-e 4x10-4 2x10-9 

I 1x10-a lxl0-3 sx10-10 

Revision ..ll.. Date 08/14/97 
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JI 

Cot. 2 
Water 

(f'Cf/ml) 

4x10-6 
2x10-s 

1x10·5 

3x10-s 

4x10-6 

3x10-s 

1x10-6 

7xl0"6 

1x10-4 

1x10·4 

1x10-1 
lxl0-7 

ax10-4 

. ....... 
9x10·5 

9x10-s 

4x10-s 
4x10-s 

1x10-s 
1x10-s 

2x10-3 

9x10-4 

&x10-3 

1x1c1"3 

9x10-6 

4x10·5 

1x10-4 

2x10·4 

9x10-s 
6xlo-s 

2x10-5 

4x10·5 
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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 Bl 

Table I Table II 

Col. 1 Col. 2 Col. 1 ·1 Col. 2 

Isotope1 
Afr Water Afr Water 

Element (atomic number) (J!Cf/ml) (µCi/ml) (pCi/ml) (pC1/ml) 

Chlorine (17) • . . . . Cl 36 s 4x10·7 2x10·3 1x1o·s 8x10·5 

I 2x10·8 2x10·3 ex10·10 6x10·5 

Cl 38 s 3x10·6 1x10·2 9x10·8 4x10·4 

I 2x10·6 lxlO·Z 7x10·8 4x10·4 

Chrom1um (24) . . . Cr 51 s 1x10·5 sx10·2 4x10·7 2x10·3 
I 2x10·6 6x10·2 ax10·8 2x10·3 

Cobalt (27). . . . . . . Co 57 s 3x10·6 2x10·2 ix10·1 sx10·4 

I 2x10·7 lxlO·Z 6x10·9 4x10·4 

Co 58m s 2xl0"5 Bx10"2 6x10·7 3x10·3 

I 9xl0"6 6x10·2 Jx10·7 2x10·3 

Co 58 s Bx10·7 4xlo·3 3x10·8 1x10·4 

I 5x10·8 3X10"3 2x10·9 9x10·5 

co so s 3x10·7 1x10·3 1x10·8 sx10·5 

I 9x10·9 1x10·3 3x10· 10 3x10·5 
-

Copper (29) . . . Cu 64 s 2x10·6 lxlO·Z 7x10·8 3x10·4 

I 1x10·6 6x10·3 4x10·8 2x10·4 

Curium (96) . . . . Cm 242 s 1x1·0~10· 7x10·4 4x10· 12 2x10·5 

I 2x10·10 7x10"4 6x10' 12 2x10·5 

Cm 243 s 6x10·12 1x10·4 2x10·13 sx10·6 

I 1x10·10 7x10·4 3x10·12 2xl0"5 
--

Cm 244 s 9x10· 12 2x10·4 3x10·13 1x10·6 

I 1x10·10 Bx10·4 Jx10·12 lx10· 5 

Cm 245 s sx10·12 1x10·4 2x10·13 4x10·6 

I 1x10·10 Bx10·4 4x10·12 3x10·6 

em 246 s sx10· 12 1x10·4 2x10·13 4x10·6 

I 1x10·10 ax10·4 4x10·12 ! 3x10"6 

.. 

sx10·12 1x10·4 2x10·13 4xl0"6 Cm 247 s 
I 1x10·10 6x10·4 4x10·12 2xl0"5 

Cm 248 s 6x10·13 1x10·5 2x10·14 
' 

4x10·1 

' I 1x10·11 4x10" 5 4xl0"13 1x10·6 

Cm 249 s lxl0"5 6x10·2 4x10· 7 2x10·3 

I 1x10·5 &x10·2 4x10·1 2x10·3 

Revision~ Date 08/14/97 
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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 BJ 

Table I Table Il 
: 

Col. 1 Col. 2 Col. 1 Col. 2 
A1r Water Air Water 

Element (atomic number) Isotope1 (µCt/ml) (µCi/ml) (µCi/ml) CpCf/ml) 

Oyspror1um (66) • . . . . Dy 165 s 3x10·6 1x10·2 9xlo-s 4x10·4 
I 2x10·6 1x10·2 7x10-s 4x10·4 

Dy 166 s 2x10·7 1x10·3 Bx10·9 4x10·5 
I 2x10·7 1x10·3 7x10"9 4x10·5 

Efnste1n1um (99) . . . . Es 253 s Bx10·lO 1x10·4 3x10·11 2x10"5 

I 6x10·10 7x10·4 2x10· 11 2x10·5 

Es 254m s sx10· 9 sx10·4 2x10·10 2x10·5 
I 6x10·9 sx10·4 2xlO·lO 2x10·5 

Es 254 s 2x10·11 4xl0"4 6x1o·l3 1x10·5 

I 1x10·10 4x10·4 4x10· 12 1x10·5 

Es 255 s Sx10·10 ax10·4 2x10·11 3x10"5 

I 4x10·10 Bx10·4 1x10·11 3x10-s 
- ' 

Erbfum (68) • . . .. . Er 169 s 6x10·7 3x10·3 2x10·8 9x10·5 

I 4x10·1 3x10·3 1:x10"8 9x10·5 

Er 171 s 7x10·7 3x10·3 2x10·8 1x10·4 

I 6x10·1 3x10·3 2x10-e 1x10·4 

Europium (63) •• . . Eu 152 s 4x10·1 2xl0"3 1x10·8 6x10·5 

(T/2-9.2 hrs) I 3x10"7 zx10·3 ix10·8 6x10·5 

Eu 152 s 1x10·8 2x10·3 4xlO·lD I sx10·6 

(T /2•13 yrs) I 2x10·8 2x10·3 6xlO·lD sx10·6 

Eu 1541 s 4x10·9 6x10·4 1x10·10 : 2x10·5 
I 7x10·9 6x10·4 2x10·10 2x10·6 

Eu 155 s 9x10"8 6x10·3 3x10"9 2x10"4 

I 7x10·8 6x10·3 3x10·9 2x10·4 
.. 

6x10·5 4x10·3 2x10·9 1x10·4 Fermium (100) • . . . . Fm 254 s 
I 1x10·8 4x10·3 ', 2x10-9 1x10·4 

: 

2x10·8 6x10~10 3x10·5 Fm 25S s 1x10·3 

I 1x10·8 1x10·3 4x10·10 3xl0"5 

.. : 
3x10·9 3x10·5 1x10·10 9x10·7 F11 256 s 

I 2x10·9 3xl0"5 6x10·11 9x10"7 

Fluorfne (9) . . . . . F 18 s · sx10·6 2x10·2 2x10·7 Bx10·4 

I 3x10·6 lx10·2 9x10·8 sx10·4 

Revision _1.L Date . 08/14/97 

G-7 

VY 2018 ARERR Page 279 of 401 



i 

,, 
APPENDIX B TO §§20.1 • 20.602 

CONCENTRATIONS IN AIR AND WATER\ ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix BJ 

Table I Table 

Col. 1 Col. 2 Col. 1 
A1r Water Air 

Element (atomic ~umber) Isotope1 (µC1 /ml) (µC1/ml) (µCt /ml) 

Gado11n1um (64) . . . . Gd 153 s 2x10·7 6x10·3 ex10·9 

I 9x10"8 6x10·3 3x10·9 

Gd 159 s 5x10·7 2x10·3 2x1o·il 
I 4x10·7 2x10·3 1x10·8 

G11111um (31) . . . . Ga 72 s 2x10·7 1x10·3 Bx10·9 

I 2x10·7 1x10·3 6x10·9 

Germanium (32) .. Ge 71 s 1x10·5 sx10·2 4x10·7 

I 6x10·6 sx10·2 2x10·7 

Gold (79) • . . . .. . Au 196 s lx10"6 5x10·3 4x10·~ 
I 6x10·7 4x10·3 2x10·B 

Au 198 s 3x10·7 2x10·3 1x10·8 

I 2x10·7 1xio·3 ex10·9 

Au 199 s 1x10·6 sx10·3 4x10·8 

I ex10·1 4x10"3 3x10·8 

Hafnium (72) . . . Hf 181 s 4x10"8 2x10·3 1x10·9 
I 7x10·8 2x10·3 3x10·9 

Holmium (67) . . . . Ho 166 s 2x10·1 9x10·4 7x10·9 

I 2x10·1 9x10·4 6x10·9 

Hydrogen (1) . . . . . H3 s Sx10·6 1x10·1 2x10"7 

I sx10·6 1x10·1 2x10·7 

Sub 2x10·3 ......... 4x10·5 

Indium (49) • . • • • Ill In 113m s 8x10·6 4x10· 2 3x10·7 

I 7x10·6 4x10"2 2x10·7 

In 114m s 1x10·7 sx10· 4 4x10·9 

! 2x10-s 5}{10·4 7v1 t1·10 , " .. "' 
In 115m s 2x10· 6 1x10·2 ex10·8 

I 2x20·6 1x10·2 6x10·8 

In 115 s 2x20· 7 3x10·3 9x10·9 

I 3x20·8 3x10·3 1x10·9 
_, 

4x10· 5 ex10·11 Iodine (53) • . . I 125 s sx30·9 

I 2xso·7 6x10·3 6x10·9 

I 126 s 8x20·9 sx10·5 9x10·11 

I 3x8o·7 3x10·3 1x10·9 

l 129 s 2x30·9 1x10·5 2x10·11 

I 7x20·8 6x10·3 2x10·9. 

Revision _l!_ Date 08/14/97 
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II 

Col. 2 
Water 

(µCi/ml) 

2x10·4 

2x10·4 

ex10·5 

sx10·5 

4x10·6 

4x10"5 

2x10·3 
2x10·3 

2x10·4 

1x10·4 

sx10·5 

sx10·5 

2x10·4 

2x10·4 

7x10·5 

7x10·5 

3x10·6 

Jx10· 5 

3xl0"3 

3x10·3 

. ....... 
1x10·3 
ix10"3 

2x10·6 
'lv,n·5 
L~•\J 

4x10·4 
4x10·4 

9x10·5 

9x10·5 

2x10·1 

2x10·4 

3x10·1 

9x10·6 

6x10·8 

2x10·4 
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APPENDIX B TO §S20.l - 20.602 
CONCENTRAT-IONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix Bl 

Table I 
' Table 

' 
Col. l Col. 2 Col, 1 

A1r Water A1r 
Element (atomic number) Isotope1 (J.LC1 /ml) (J.LC1 /ml) (J.LC1 /ml) 

lod1ne (53) . • . . I 131 s 9x70"9 6x10·5 1x10·10 

(Continued) I 3x9o·7 2><10"3 1x10·8 

. 
132 5 2x10·7 2x10·3 3x10"9 I 

I 9x10·7 sx10·3 
' 3x10·8 

I 133 s Jx10·8 2x10·4 4x10· 10 

I 2x10·1 1x10·3 7x10"9 

I 134 5 sx10·7 4x10·3 6x10·9 

I 3x10·6 2x10·2 1x10·7 

I 135 5 1x10·1 -7x10·4 1x10·9 

I 4x10·1 2x10·3 lxl0"8 

Iridium (77) . . . Ir 190 s 1x10·6 6x10"3 4x10"8 

I 4x10·7 Sx10·3 1x10·8 

Ir i92 s ix10·1 1x10·3 4x10·9 

J 3x10·8 1x10·3 9x10·10 

Ir 194 s 2x10·1 1x10·3 Bx10·9 

I 2x10· 7 9x10"4 sx10·9 

Iron (26) • . . . . . . Fe 55 s 9x10·7 2x10·2 Jx10·8 

I 1x10·6 7x10·2 3x10·0 

Fe 59 s 1x10·7 2x10·3 Sx10·9 

I sx10·0 2x10·3 2x10·9 

Krypton (36) . . . . . Kr 85m Sub 6x10·6 
•. • • I I I e 1x10·7 

Kr 85 Sub 1x10·~ ........ 3x10·7 

Kr 87 Sub· 1x10·6 .. . ..... 2x10·8 

Kr 88 Sub 1x10·6 . . . . . . . . 2x10·8 
--

Lanthanum (57) . . . . La 140 s 2x10·1 7x10·4 sx10· 9 

1 lxl0"7 7x10·4 4x10·9 

Lead ( 82) • . . . . . . Pb 203 s 3x10·6 1x10·2 9x10'8 

I 2x10"6 lx10"2 6xl0'8 

Pb 210 s 1x10· 10 4x10"6 4x10·12 
, I 2x10·10 - 5x10·3 ax10·12 

Pb 212 s 2x10·8 6x10·4 6x10·10 

I 2x10·8 sx10·4 7x10·10 
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II 

Col. 2 
Water 

(J.LCi/111) 

3do·7 
6x10"5 

Bx10·6 

2x10·4 

lx10"6 

4x10"6 

2xto·S 
6x10·11 

4x10"6 

7x10"5 

2x10·4 

2xl0~4 

4x10·5 
4x10·6 

3xio·5 

3x10·5 

ax10·4 

2x10·3 

6x10·5 

sx10·5 

........ 
I I e e I I I I 

........ 

........ 
2x10· 5 

2xl0" 5 

4xto·4 
4x10·4 

1x10·1 

2x10·4 

2xl0"5 

2x10·5 
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APPENDIX B TO §§20.1 • 20.602 
CONCENTRATIONS lN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix B] 

Table I Table 

Col. 1 Col. 2 Col. 1 
Air Water Afr 

Element (atomic number) lsotope1 (J1C1 /ml ) (µCf /ml ) (pCf /ml) 

Lutetium (71) • . . . Lu 177 s 6x10"7 3x10·3 2x10·8 

I sx10·7 3x10·3 2x10·8 

Manganese (25) Mn S2 s 2x10·7 ' 1x10·3 7x10·9 . . . 
I 1x10·7 9x10·4 sx10·9 

I 

4x10·1 4x10·3 lx10·8 Mn S4 s 
I 4x10·8 3x10·3 1x10·9 

.. 

Mn 56 s sx10·7 4xio·3 3x10·8 

I sx10·7 3xio·3 2x10·8 
' 

Mercury (BO) . . . . . Hg 197m s 7x10·7 6x10·3 3x10·8 

I ex10· 1 sx10·3 3x10·8 

Hg 197 s 1x10·6 9x10·3 4xto·B 
I 3x10·6 lxl0"2 9x10"8 

Hg 203 s 7x10'8 sx10·4 2x10:9 

I 1x10·7 3x10·3 4x10·9 

Molybdenum (42) ' Mo 99 s 7x10·7 5x10·3 3x10·8 . . 
I 2x10·7 1x10·3 7x10"9 

Neodymium (60) . . . Nd 144 s sx10·11 2xto·3 3x10·12 

I 3x10·10 2x10·3 1x10·11 

Nd 147 s 4x10·7 2x1<r3 1x10·8 

I 2x10·7 2x10·3 Bx10·9 

Nd 149 s 2x10·6 8x10·3 6x10·8 

I 1x10·6 Bx10·3 .. sx10·8 

Neptunium (93) . . . Np 237 s 4x10·12 9x10·5 lx10· 13 

I 1x10·10 9x10·4 4x10·12 

Np 239 s 8x10·7 4x10·3 3xl0"8 

I 7x10·7 4x10·3 2x10·8 

Nickel (28) . . . . . . . N1 59 s sx10·1 6x10·3 2~10"8 

I sx10·7 6x10·2 3xl0"8 

N1 63 s 6x10·8 sx10~4 2x10"9 

I 3x10·7 2x10·2 1x10·0 

N1 65 s 9x10"7 4x10·3 ' 
3x10·8 

I sx10·7 3x10·3 2x10·8 

Revision~ Date 08/14/97 
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II 

Col, 2 
Water 

(µCi/ml) 

1x10·4 

1x10·4 

3xl0·5 
3xl0"5 

1x10·4 

ix10·4 

1x10·4 

1x10·4 

2x10·4 

2d0"4 

3xto·4 
sx10·4 

2x10·5 

1x10·4 

2x10·4 

4x10·5 

7x10·5 

, Sx10·5 

.6x10·5 

6xl0"5 

3x10·4 

3x10·4 

I 3x10·6 

3x10·5 

1x10·4 

1x10·4 

2x10·4 

2x10·3 

3x10·5 

7x10·4 

1x10·4 

1x10·4 
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APPENDIX B TO SS20,l • 20.602 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix BJ 

'· Table I Table 

Col. l Col. 2 Col. 1 
A1r Water A1r 

Element (atomic number) Jsotope1 (J1C1 /ml) (µCi /ml) (µCf/ml) 

Niobium (Columb1um) (41) Nb 93m s lxl0~7 1x10·2 4xl0"9 

I 2x10·1 1x10·2 sx10·9 

' 5x10·7 3x10·3 2x10·8 Nb 95 s 
I 1x10·7 3x10"3 3x10·9 

Nb 97 s 6x10"6 3x10·2 2x10·1 

I sx10·6 3x10·2 2x10·1 

Osmfum (76) • . . . . . . Os 185 s 5x10·7 2x10·3 2x10·8 

I sx10·8 2x10·3 2x10·9 

Os 191m s 2x10·6 7xl0.:2 6x10·7 

I 9x10· 6 7x10·2 3x10·7 

Os 191 s 1x10·6 sx10·3 4x10·8 

I 4x10·7 Sx10·3 1x10·8 

Os 193 s 4x10·1 2x10·3 1x10·8 

I 3x10"7 2x10·3 9x10·9 
- . 

-

lx10"6 lx10·2 Palladium (46) . . . Pd 103 s Sx10"8 

I 1x10·7 8xl0"3 3x10"8 

Pd 109 s 6x10·7 3x10·3 2x1o·B 
I 4xl<i"7 2x10·3 lx10·8 

Phosphorus (15) . . . P 32 s 7x10·9 sx10·4 2x10·9 

I ax10·8 7x10"4 3x10·9 

Platinum (78) • . . . . Pt 191 s 8x10"7 4x10·3 3x10"8 

I 6x10·7 3x10·3 2x10·8 

Pt 193m s 7x10· 6 3x10·2 2x10·1 

I Sx10·6 3x10·2 2xrn·7 

Pt 193 s 1x10·5 3x10·2 4x10"8 

I 3x10·7 sx10·2 1x10·8 

Pt 197m s 6x10·6 3x10·2 2x10·1 

I Sx10·6 3x10·Z 2x10·7 
' 

Pt 197 s Bx10·7 4xl0"3 Jx10·8 

I 6xio·7 3x10·3 2x10·8 

Revision ...11_ Date 08/14/97 

II 

Col. 2 
Water 

(µCf /111) 

4x10·4 

4x10·4 

1x10·4 

lx10·4 

9x10·4 
9x10·4 

1x10·5 

7x10·& 

3xl0"3 

2xl0"3 

2x10·4 

2x10·4 

6x10"5 

sx10·5 

3x10·4 

3x10·4 

9x10·5 

7xl0"5 

tx10·5 

2x10·5 

1x10·4 

1x10·4 

1x10·3 

lxlC!"3 

9x10·4 

2x10·3 

1x10·3 

9x10"4 

1x10·' 
1x10·4 
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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 BJ 

Table I Table II 

Col. 1 Col. 2 Col. 1 Col. 2 
Afr Water Air Water 

Element (atomic number) Isotope1 (p.Ci/ml) (J,LC1 /ml) (p.Cf /ml) (p.C1 /ml) 

Plutonium (94) . . . . Pu 238 s 2x10·12 1x10·4 7x10· 14 sxio~6 -

I 3x10· 11 ax10·4 1x10·12 : 3xl0"5 

Pu 239 s 2x10·12 1x10·4 6x10·14 _ sx10·6 

I 4x10· 11 ex10·4 1x10· 12 3xl0"5 

Pu 240 s 2x10·12 1x10·4 6x10· 14 sx10·6 

I 4x10·11 Bx10·4 1x10·12 3xto·5 

Pu 241 s 9x10· 11 7x10·3 
--

3x10·12 2x10·4 

I 4xl0"8 4xl0"2 1x10·9 1x10·3 

Pu 242 s 2x10·12 1x10·4 &x10·14 sx10·6 

I 4x10·11 9x10"4 1x10·12 3x10·5 

Pu 243 s 2x10"6 1x10·2 6x10·8 3x10·4 

i 2x10·6 1x10·2 ex10·8 3x10"4 

Pu 244 s 2x10·12 1x10·4 6x10· 14 4x10"6 

I Jx10·11 3x1Q"4 1x10·12 1x10·5 

Polonium (84) • . . . Po 210 s sx10=1o 2x10·5 2x10·11 7x10·7 

I 2x10·10 Bx10·4 1x10·12 3x10·5 

Potassium (19) . . . . 1(42 s 2x10·6 9x10·3 7x10"8 3x10·4 

I 1x10·7 6x10·4 4x10"9 zx10·5 
.-

-- -- --

Praseodymium (59) . Pr 142 s 2x10·7 9x10·4 7x10·9 3xlO·S 
I 2x10·7 9x10"4 sx10·9 3xto·5 

Pr 143 s 3x10"7 1x10·3 lx10"8 sx10·5 

1 2x10·7 lx10"3 6xto·9 : Sx10·5 

Promethium (61) . . . . i Pm 147 s 6x10·8 6x10·3 2x10"9 2x10·4 

I 1x10·1 6xl0"3 3xto·9 2x10·4 
.. 

Pm 149 I: s 3xl0"7 1x10·3 1x10·8 4x10· 5 

. I 2x10·7 1x10·3 8x10·9 4x10· 5 

I 
2x10·9 7x10·3 &x10· 11 2x10·4 Protonctfnfum (91) Pa 230 s 

I sx10· 10 7x10"3 3x10·11 2x11:r4 

Pa 231 s 1x10·12 3x10·5 4x10·14 9x10·7 

I 1x1o·lO ex10·4 4x10·12 2x10·5 

Pa 233 s 6x10·7 4xl0"3 2x10·8 1x10·4 

I 2x10·1 3x10"3 6x10·9 1x10·4 
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APPENDIX B TO §820.l • 20.60z' 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendfx Bl 

Table I Table 

Col. 1 Col. 2 Col. 1 
Afr Water A1 r 

Element (atomic number) Isotope1 (µCi/ml) (µCi /ml) (µCt/ml) 

Rad1 um (88) . . . . . . . Ra 223 s 2,c10·9 2><10" 5 6x10·11 

I 2x10· 10 1><10"4 8x10·12 

Ra 224 s sx10·9 7x10·S 2x10·10 

I 7xlO·lO 2x10·4 2x10·11 

Ra 226 s 3x10·11 4xltf 7 3x10·12 

I sx10·11 9x10·4 2x10·12 

Ra 228 s 1x10·11 Bx10·7 2x10·12 

I 4x10·11 1x10·4 1x10·12 

Radon (86) . . . Rn 220 s 3x10·7 ........ 1x1o·B 

Rn 2223 3x10·8 ........ 3x10·9 

Rhenium (75) . . Re 183 s 3x10"6 2x10·2 9x10·8 

I 2x10·7 8x10·3 Sx10·9 
.. 

Re 186 s 6x10"7 3x10~3 2x10·8 

I 2x10·1 1x10·3 8x10·9 

Re 187 s 9x10·6 7x10·2 3x10·7 
I sx10·7 4x10·2 · 2x10·8 

Re 188 s 4x10·1 2x10·3 1x10·8 
I 2x10·1 9x10·4 6x10·9 

Rhodium (45) . . . . Rh 103m s 8x10· 6 4x10·1 3xl0"6 

I 6x10· 5 3x10·1 2x10·6 
., 

Rh 105 s Bx10·7 4x10"3 3x10·8 

I Sx10·7 3x10"3 2x10·8 

Rubidium (37) • . . . . . Rb 86 s 3x10·7 2x10·3 lxlO·B 
l ix10·8 7xi0·~ 2x10·9 

Rb 87 s sx10·7 3x10·3 2x10·8 

I 7x10·8 sx10·3 2x10·9 
-

2x10·6 1x10·2 Bx10·8 Ruthen 1 u11 < 44 ) . . . . . Ru 97 s 
I 2x10·6 1xl0"2 6x10·8 

Ru 103 s 5x10·1 2x10·3 2x10"8 

I sx10·8 2x10·3 3x10"9 

Ru 105 s 7x10·1 3xl0"3 2x10·8 

I sx10·1 3x10·3 2x10·8 

Ru 106 s ex10·8 4xio·4 3x10·9 

I 6x10·9 3x10-4 2x10·10 
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Col. 2 
Water 

(i,tCf /ml) 

7x10·7 

4xl0"6 

2x10·6 

sx10·6 

3x10·8 
3x10·5 

3x10"8 

3x10·5 

........ 
.. • £ ••••• 

6xl0"4 

3x10·4 

9x10·5 

5xl0"5 

3x10"3 

2x10·3 

6x10·5 

3x10·5 

lxl0"2 

lx10·2 

1x10·4 

1x10·4 

7x10"5 
2x10·5 

1x10·4 

2x10·4 

4x10· 4 

3x10·4 

ax10· 5 

Bx10·S 

1x10·4 

1x10·4 

1x10·5 
1x10·& 
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APPENDIX B TO §§20.l • 20.602 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix BJ 

Table I Table II 

Col. 1 Col. 2 Col. 1 Col. 2 
Air Water I Atr Water ' 

Element (atom1c number) Is._otope1 (i,iCi /ml) (J.1~~ /ml_) (J,LC1 /111) (J,1Ct hnl) 

Samartum (62) . 
' 

. . . Sm 147 s 7x10· 11 2x10·3 2x1o·lZ 6x10·5 

I 3x10·10 2x10·3 9x10·12 ·1x10·5 

- -
Sm 151 s 6x1o·e 1x10·2 2x10·9 4x10·4 

I 1x10·7 lxlO·Z sx10·9 4x10"4 

Sm 153 s sx10·7 2x10·3 2x10·8 8x10·Ei 
I 4x10·7 2x10·3 1x10·8 Bx10·5 

-
2x10·7 1x10·3 

- ' 

Bxl0"9 
. -

4x10·5 Scandium ( 21 > Sc 46 s I . . 
l 2x10·8 1xio·3 ex10·10 4x10·5 

Sc 47 s 6x10·7 3x10·3 2x10·8 9x10·& 
I sx10·1 3xl0"3 2x10·8 9x10·5 

Sc 48 s 2x10·7 Bx10"4 6x10·9 J:it10·5 

l li<l0-7 8xl0"4 sx10· 9 3x1o·!i 

Selenium (34) . . . . . . Se 75 s 1x10·6 9xl0"3 4x10·8 3x10·4 

I 1x10·7 8x10·3 4x10"9 3x10·4 

Sil icon ( 14) . . . . . S1 31 s 6x10·6 3x10·2 2x10·7 9x10·4 

I 1)<10"6 6x10·3 Jx10·8 2x10·4 
' -

Silver (47) . . . . . Ag 105 s 6x10·1 3xl0"3 2x10·8 1x10·4 

I Bx10·8 3x10·3 3x10·9 1x10·4 

Ag 110m s 2x10·1 9x10·4 7x10·9 3~10"5 

I I 1x10·8, 9x10·4 3x1o·lD 3x10·5 

3x10·7 1x10·3 '' lx10"8 4x10·5 Ag 111 s 
I 2x10·7 1x10·3 ex10·9 4xlo·5 

Sodium (11) . . . . . - Na 22 _) s 2x10·7 1x10·3 6x10·9 4x10·5 

I 9x10·9 9x10·4 3x10·10 ax10·6 
- -

Na 24 s 1x10·6 6x10·3 4x10·8 2x10·4 

I 1x10·1 8x10"4 Sx10·9 3x10·5 

Strontium (38) . . . . . Sr B5m s 4x10·5 2x10·1 1x10·6 7x10·3 

I 3x10·5 2x10·1 1x10·6 7x10·3 

--
2x10·1 3x10·3 8x10· 9 1x10·4 Sr 85 s 

-- I 1x10·1 5x10"3 4x10·9 2x10·4 

Sr 89 s 3x10"8 3x10·4 3xlO·lO 3x10·6 

I 4x10·8 Bx10·4 1x10·9 3x10·S 
--

Sr 90 s 1x10·9 lx10·6 3x10·11 3x10"7 

I Sx10·9 lx10·3 2x10·10 4x10·5 

Revision _ll_ Date 08/14/97 

G-14 

\/Y 2018 ARERR Page 286 of 401 



APPEND IX 8 TO §§20, l • 20. 602 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix Bl 
- -

Table I Table 

Col. l Col. 2 Col. 1 
Air Water Afr 

Element (atomic number) Isotope1 (p.C1/ml) (µ.Cf/ml) (p.Cf/ml) 

Strontium (38) . . . . Sr 91 s 4x10·7 2x10·; 2x10·8 

(Continued) I 3x10·7 1x10· 9x10"9 

Sr 92 s 4x10"7 2x10·3 2x1o·e 
I 3x10·7 2x10·3 1x10·8 

Sulfur (16) • . . . . . S 35 s 3x10·7 2x10·3 9xto·9 

I 3x10"7 ax10·3 9x10·9 

Tantalum (73) . . . . . Ta 182 s 4x10·8 1x10·3 1x10·9 

I 2x10·8 1x10·3 7x10·10 

Technetium (43) . . . . Te 96m s ex10·5 4x10·1 3x10·6 
I I 3x10·5 3x10·1 1x10·6 

Tc 96 s 6x10·7 3xlo~3 2x10"8 

I 2x10·7 1x10·3 8x10·9 

Tc 97m s 2x10"6 ,lx10·2 8x10·8 

I 2xl0"7 sx10·3 Sx10·9 

Tc 97 s 1x10·5 Sx10"2 4xto·7 

I 3x10"7 2x10"2 1x10·8 

Tc 99m s 4x10·5 2x10·1 1x10·6 

I 1x10·5 sx10· 2 sx10·1 

Tc 99 s 2x10·6 lxlO·Z 7x10·8 

I 6x10·8 sx10·3 2xto·9 

Tellurium (52) . . . . . Te 125m s 4x10·1 sx10·3 lxl0"8 

I 1x10·1 3x10"3 4x10·9 

Te 127m s 1x10·7 2x10·3 sx10·9 

I 4x10·8 2x10·3 1x10·9 

Te 127 s I 2K10"6 ex10·3 6x10·8 

I 9x10·7 sx10·3 3x10·8 

Te 129m s 8Kl0"8 1x10·3 3xto·9 

I 3x10·8 6x10·4 1x10·9 

Te 129 s sx10·6 2x10·2 2x10·1 

·I 4xllr6 2x10·2 1x10·7 

/ 
Te 131m s 4x10·7 2x10·3 ix10·8 

I 2x10·1 1x10·3 6x10·9 

Te 132 s 2x10·7 9x10·4 7d0"9 

I 1x10·1 6x10·4 4,c10·9 

-· 
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II 

Col. 2 
Water 

(p.Cf /ml) 

1x10·5 
sx10·6 

1x10·5 
6x10·6 

6x10·5 
3x10'4 

4xl0"5 

4x10·5 

1x10·2 
1x10·2 

1x10·4 

sx10·5 

4x10·4 

2x10·4 

2x10"3 
Bx10"4 

6x10·3 

3x10·3 

3xl0"4 

2x10·4 

2x10·4 

1x10·4 

6x10·!i 
sx10·5 

3x10"4 

2x10·4 

3x10·5 

2x10·5 

8x10·4 

Bx10"4 

6x10·5 

4x10·S 

3x10"5 
2x10·6 
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APPENDIX B TO §§20.1 • 20.6D2 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix Bl 

Table I Table 

Col. 1 Col. 2 Col. 1 
Air Water A1r 

Element (atomic number) Isotope1 (µC1/ml) (f1C1/ml) (pCi/ml) 

Terbium ( 65) . . Tb 160 s lx10·7 lxl0"3 3x10"9 

I 3x10·8 lxl0"3 1x10·9 
- -

3x10·tf 1xio·2 9xl0·8 Tha11um (81) . . .. Tl 200 s 
I 1x10·6 7x10·3 4x10·8 

-

Tl 201 s 2x10· 6 9x10·3 7x10·8 I 

J 9x10·1 sx10·3 lx10·8 

Tl 202 s Sx10·7 4x10"3 3x10"8 

I 2x10"7 2x10·3 8x10·9 

Tl 204 s 6x10·7 3xl0;3 2x10·8 

I 3x10·8 2x10·3 9x10·10 
- -

Thorium (90) . . . .. . Th 227 s 3x10·10 sx10·4 1x10·11 

I 2x10·10 sx10·4 6x10·12 

· Th 228 s 9x10·12 2x10·4 3x10·13 

I 6x10·12 4x10·4 2x10·13 

Th 230 s 2x10·12 sx10· 5 Bxl0"14 

I 1x10·11 9x10·4 3x10·13 

Th 231 s lx10"6 7x10·3 Sx10"8 

I 1x10·6 7x10·3 4x10·8 

Th 232 s 3x10·11 Sx10· 6 1x10·12 
I 3x10·11 1x10·3 1x10·12 

Th natural s 6x10·11 6x10·5 2x10·12 

I sx10·11 6x10·4 2x10· 12 

Th 234 s 6x10·8 sx10·4 2x10·9 

I 3x10"8 Sx10·4 lxl0"9 

Thulium (69) . . . . . Tm 170 s 4x10·8 1x10·3 1x10·9 

I 3x10·8 lx10"3 1x10·9 

Tm 171 s 1x10·1 1x10·2 4x10·9 

I 2x10·7 1x10~2 Bx10~9 

T1n (50) . . . . . . Sn 113 s 4x10·7 2xl0~3 1x10·8 

I Sx10·8 2x10·3 2xll'.>"9 

Sn 125 s 1x10·7 5xl0"4 4xl0"9 

I sx10·8 sx10·4 3x10·9 

' 
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II 

Col. 2 
Water 

(,iC1/ml) 

4xto·5 
4x10·5 

4x10"4 

2x10·4 

3x10·4 

2x10·4 

1x10·4 

7x10·5 

1x10·4 

6x10·S 

2x10·6 
2x10·5 

7x10·6 

1x10·5 

2x10·fi 
3x1o·s 

2x10·4 

2x10·4 

2x10·6 

4x10"5 

2x10·6 

2x10·5 

2x10·6 
2x10·5 

sx10·5 
sx10·5 

sx10·4 

sx10·4 

9x10·5 

8x10·5 

2x10"5 

2x10·5 
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APPENDIX B TO §§20.1 - 20.602 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendfx BJ 

Table I Table 

Col. l Col. 2 Col. 1 
Afr Water Afr 

Element catom;c number) lsotope1 (JI.Cf /ml) (fl.Cf /ml ) C11C1/ml) 

2x10-s 
--

1x10·2 sx10-a Tungsten (Wolfram) (74) • W 181 s 
I 1x10·1 1x10·2 4x10-9 

W 185 s sx10-1 4x10·3 3x10-a 
I 1x10·1 3x10-3 4x10-9 

W 187 s 4x10·7 zx10·3 2x10·& 
I 3x10-1 ~x10·3 lxlO-a 

Uranfum (92) . . . . U 230 s 3x10·10 1x10·4 1x10-11 

I 1x10·10 1x10·4 4x10-12 
-

U 232 ' s 1x10·10 sx10·4 3x10·12 

I 3x10·11 ex10·4 9x10·13 

U 233 s sx10·10 9xl0"4 2x10·11 

I 1x10·10 9x10·4 4x10·12 

U 234 54 6x10·10 9x10·4 2x10·11 

I 1x10·10 9x10·4 4x10" 12 

U 235 54 5Xl0-lO Bx10·4 2x10·11 

I lxtO·lO Bx10·4 4xl0"12 

u 236 s 6x10-10 1x10·3 2x10-11 

I 1x10·10 1x10·3 4x10·12 

u 238 54 1x10·11 1x10·3 3x10·12 

\ I 1x10·10 1x10·3 sx10·12 

U 240 s 2x10·7 1x10·3 sx10·9 

I 2x10·7 1x10·3 6x10·9 

. " 

U-natural 54 1,no·10 1x10·3 sx10- 12 

I 1x10·10 1x10·3 : sx10· 12 

Vanadium (23) . . . . V 48 s 2x10·1 9x10·4 6x10"9 

I 6x10·8 Bx10·4 2x10·9 

Xenon (54) . . . . . . Xe 131m Sub 2x10·6 ........ 4x10· 7 

Xe 133 Sub 1x10·5 ........ 3x10·1 

Xe 133m Sub 1x10·5 . . . . . . . . ax10·1 

Xe 135 Sub 4x10·6 ........ 1x10·7 

Ytterbium (70) . . . Yb 175 s 7xto·7 3x10·3 2x10·8 

I 6x10·7 3x10·3 2x10·8 

Yttrium (39) . . . . . Y 90 s 1x10·7 6x10·4 4x10·9 

I 1x10·7 6x10·4 3x10·9 
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II 

Col. 2 
Water 

(pCi/1111) 

4x10·4 

3x10"4 

1x10-4 
1x10·4 

7x10·5 

6x10-5 

sx10·6 
sx10·6 

3x10·5 
3x10·5 

3x10·5 
3x10·5 

3x10·5 

3x10·5 

3xl0-5 
3xto·5 

3xlo-5 

3x10"6 

4xio·6 

4x10-5 

3x10·5 
3xl0"5 

3x10-s 
3x10·5 

3x10·5 
3x10·S 

. ....... 

. ....... 

......... 

. ....... 
1x10·4 

1x10·4 

2x10-6 

2x10·5 
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APPENDIX B TO §§20.l · 20,602 
CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND 

[See footnotes at end of Appendix BJ 

Table I Table 

Col. 1 Col. 2 Col. 1 
A1r Water Afr 

Element (atomic number) Isotope1 (µC1/ml) (µC1/m1) (µCf/ml) 

Y 91m s 2x10·S 1x10·i ax10·1 

I 2x10·5 1x10·1 6x10· 7 

Y 91 s 4x10·8 8x10"4 1x10·9 

I 3x10·8 sx10·4 1x10·9 

Y 92 s 4x10·7 2x10·3 1x10·8 

I 3x10·7 2x10·3 lx10"8 

Y 93 s 2x10·7 Bx10·4 6x10·9 

I 1x10·7 Bx10"4 sx10·9 

Zinc (30) . . . . . . . Zn 65 s 1x10·7 -3xto·3 4xio·9 
I 6x10·8 sx10·3 2x10·9 

Zn 69m s 4x10·7 2x10·3 lx10·8 

I 3xio·7 2x10·3 1x10·8 

Zn 69 s 7x10"6 sx10·2 2x10·7 

' I 9x10·6 sx10·2 3x10·7 

Zirconium (40) . . . . Zr 93 s 1x10·7 2x10·2 4x10·9 
I 3x10·7 2x10·2 lx10·8 

Zr 95 s 1x10·7 2x10·3 4x10·9 

I 3x10·8 2x10·3 1x10·9 

Zr 97 s 1x10·7 5Xl0"'4 4x10·11 

I 9x10·8 5xl0·4 3x10·9 

Any single radionuclide ........ Sub 1x10·6 . ....... 3x10·8 

not listed above wfth 
decay mode other than 
alpha emission or 
spontaneous fission and 
with radioactive half-11fe 
less than 2 hours. 

Any stngle radionuclide ........ Jx10-9 9x10·5 1x10·10 

not listed above with 
decoy mode other than 
alpha emission or 
spontaneous f1ss1on and 
with radioactive half-life 
greeter than 2 hours. 

Any single radionuclide ........ 6x10·13 4x10·7 2x10·14 

not listed above which 
decays by alpha emission 
or spontaneous fission. 
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II 

Col. 2 
Water 

(µCf/ml) 

3x10·3 

3x10·3 

3x10·6 
3xto·5 

&x10·5 
&x10·5 

3x10·5 
3x10·5 

1x10·4 
2x10·4 

7x10·6 
6x10·6 

2x10·3 
2x10·3 

Bxio·4 

Bx10·4 

6x1o·li 
6x10·5 

2xl0"5 

2x10·5 

e I•••• • 

3x10·6 

3x10·8 
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1Soluble CS); Insoluble CIJ. 
2·sub" 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 liter of air. without 
regard to the degree of equilibrium, that will result in the ultimate emission of 1.3 x 105 MeV 
of alpha particle energy.) The Table [l 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 limiting 
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 Bx 10·3 SA µCi-hr/ml. where SA is the specific activity of 
the uranium inhaled. The concentration value for Tabl~ II is 0.007 milligrams uranium per 
cubic meter of air. The specific activity for natural uranium is 6.77 x 10·7 curies per 
gram U. The specific activity for other mixtures of U-238, U-235 and U-234. if not known, 
shall be: 

SA m 3.6 x 10·7 curies/gram U LI-depleted 
SA~ (0.4 + 0.38 E + 0.0034 E2) 10·6 E > 0.72 
where Eis the percentage by weight of u:"'235, expressed as percent. 
NOTE: In 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 limit otherwise established in 
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, anp Care present in concentrations CA• C8 • and Cc, and if 
the applicable MPC's are MPCA, and MPC 8• and MPCc respectively, then the concentrations shall 
be limited so that the fol)owing relationship exists: 

(CA/MPCA) + (Ce/MPCel + CCc/MPCcl i 1 . 
2. If either the identity or the concentration of any radionuclide in the mixture is not 

known. the limiting values for purposes of Appendix B shall be: 
a. For purposes of Table I, Col. 1 - 6x10· 13 
b. For purposes of Table I. Col. 2 - 4x10· 7 

c. For purposes of Table I I. Col . 1 - 2x10· 14 

d. For purposes of Table II, Col. 2 - 3x10·8 

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 limit for the 
mixture is the limit 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 radionuclides specified in Appendix •a• are not present in the mixture, the 
concentration limit for the mixture is the lowest concentration limit specified in Appendix "B 
for any radionuclide which is not known to be absent from the mixture: or 
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Table I Table I I 

Col. 1 Col. 2 Col. 1 Col. 2 
Air Water Air Water 

c. Element (atomic number) and isotope ( PTIµCi /ml ) (µCi /ml) CµCi/ml) CµCi/ml) 

If it is known that Sr 90, I 125, I 126, 
l 129, 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 . -...... 9xl0·5 . ....... 3x10 ·5 

If it is known that Sr 90, I 125, I 126, 
I 129 ( 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· 6 . . ...... - I 
........ 

If it is known that Sr 90, I 129 CI 125, 
I 126, I 131, Table II only), Pb 210, 
Ra 226, Ra 228, Cm 248, and Cf 254 are 
not present . . . . ....... 2x10·5 . ....... 6x10· 7 

If it is known that CI 129, Table II only), 
Ra 226, and Ra 228 are not present I. e • • 0 • I 3x10·6 

I•• I• I• e 1x10·7 

If it is known that alpha-emitters and 
Sr 90, I 129, Pb 210, Ac 227, Ra 228, 
Pa 230, Pu 241, and Bk 249 are not 
present . 3x10· 9 . ...... lxlO·lO . ........ 

If it is known that alpha·emitters and 
Pb 210. Ac 227, Ra 228. and Pu 241 are 
not present . 3xlo· lO . ....... 1x10· 11 

lo a ,o •• ,o ,o I 

lf it. is known that alpha-emitters and 
Ac 227 are not present . 3x10· 11 •••I•••• 1x10·12 

I••• I ,0 • I 

If 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 radionuclides 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 
uranium and its daughters through radium-266, instead of those from paragraphs l, 2, or 3 
above. 

a. For purposes of Table I, Col. 1 - 1x10·10 µCi/ml gross alpha activity; or sx10·11 µCi/ml 
natural uranium or 75 micrograms per cubic meter of air natural uranium. 

b. For purposes of Table II, Col. 1 - 3x10· 12 µCi/ml gross alpha activity: 2x10·12 J.LCi/ml 
natural uranium; or 3 micrograms per cubic meter of air natural uranium. 

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 ra~ionuclide in the mixture (CA) to the 
concentration limit for that radionuclide specified in Table II of Appendix "B" (MPCA) does not 
exceed 1/10. (i.e. CA/MPCA .i 1/10) and Cb) the sum of such ratios for all the radionuclides 
considered as not present in the mixtur~ does not exteed 1/4 f.e. 

(CA/MPCA + C8/MPC8 ••• + S, 1/4). 
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1. "Request to Amend Previous Approvals Granted Under 10CFR20302(a) for 
Disposal of Contaminated Septic Waste and Cooling Tower Silt to Allow for 
Disposal of Contaminate~ Soil", ded June 23~, 1999, BVY 99-80 . •, . 

2. "Suppieinent to .Request to Amend .Previo~ Approvals Or.anted Under 
10CFR20.30(a) to AUow for Disposal of Contaminated Soll", dated January 4'\ 
BVY00-02 . 

3. "Vermont Yankee Nuclear Power Station, Request to Amend Previous Approvals 
Granted under 10CFR20.302~) to Allow for Disposal of Contaminated Soil (TAC -
No. MA5950). dated June IS , 2000, NVY 00-SS 
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'VERMONT YANKEE . 
NUCLEAR POWER CORPORATION 
185 Old Ferry Road, Brattleboro, VT 05301-7002 
(802) 257•5271 

.• 
June 23, 1~99 
~VY99-:80 

United States Nuclear Regulatory CommissiQll 
ATIN: Document Control Desk 
Washington. DC 20555 

References: 

Subject: 

(a) 

(b) 

(c;) 

(d)_ 

(e) 

Letter from R.W. Capstick, Venn.out Yankee, to USNRC, "Request to 
Routinely Dispose of Slightly Contaminated Waste in Accordance with 
10CFR20.302(a)". BVY 89-59, June 28, 1989 
Letter :6:om M.B. Faiitile, USNR.C, to LA. Trembley, Vermont Yankee, 
11Approval Under 10CFR20.302(a) of Procedures for Disposal of Slightly 
Coataminat.ed Septic Wute on Site at Vermont Yankee (TAC No. 
73776)", NVY 89-J.89, ~Augast30, l!J89 
Letter from ;u. Duffy, Vei:mont Ya:akcc, to USNRC, ''Request 10 Amend 
Previous Approval Granted Under 10CFR20.302(a) for Disposal of· 
Contvninated Septic' Waste",. BVY 95~7. dated August 30, 1995 
utter from S.A. Vmga, USNRC, to D. A Reid, Vermont Yankee, 
.... Approval Pursuant tcJ 10CFR202002 :for <msitc Disposal of Cooling 
Tower Silt - Vermont Yankee Nuclear Power Station (TAC No. 
M93.420)", NVY 96-39, dated March 4, 1996 . 
-Letter -from P.D. -Milano. USNR.C, to D. A. Rei~ Vermont Yankee, 
"Revised Safety Evaluation - Approval Pursuant to 10CFR202002 :fur 
Onsite Disposal of Cooling Tower Silt - Vermont Yankee Nuclear Power 
Station (TAC No. M96371)", NVY 97..SS, dat.ed June l&, 1997 

Vermont Yankee Nuclear Power Station 
License No. DPR-28 (Docket No. 50.271) 
Request.to Amend Previous Approvals Granted Under 10 CFR 20.30l(a) for 
Disposai or Contaminated Septic Waste and Cooling Tower Silt to AHow for 
Disposal of Contaminated Soil 

In accordance with lOCFR 20.2002 (previously 10CFR20.302(a)). Vcnnont Yankee submits this 
application to amend 1he previously .granted approvals to .dispose of slightly co~ septic 

. waste-~ cooling tower silt on-si~. This app~catiou exp~ds the allowable wasi~.stream.to 
· include slightly· contaminated soil generated as a residual by-product of on:.site comtruction 
activities. 

This application specifically requests approval to dispose of soil contaminated at mimma1 levels, 
which has been or might be generated through end of station operations at the Vermont Yankee 
Nuclear Power Plant ~ proposed soil disposal method is the same as the septic :waste and 
cooling tower silt disposal methods requested in R.eterences (a) and (c), and approved in 
References (b) and (e). The:: disposal method utilizes on-site land spreading in the same 
desigmt.ed 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 lOCFR Part 61 licensed faciJey 
will save substnntiaI costs and reserve valuable disposal · site space for waste of higher 
radioactivity levels. · 
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' 
VER.MONTY AN.KEE NUCLEAR POWER CORPORATION 

BVY 99-80 / Page 2 of 2 

A. _radiological assessment' ~d pr:tJposed operational ~trols for th~ inclusion of addi~ooal 
earthen material (soil) for on-site disposal with septic waste and cooling· tower silt is provided in 
Attacbm.em A. The assessment demoD.Strates that the dose impact expecieti :from the existing 
accumulation of approximately 25.5 cubic meters of soil, iD 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 accumulated soil, VY also requests that any future law level 
commnmated ·son that might be generated as a by-product of plant constmctioq. and maintemmce 
activities be allowed. to be disposed of in the same mamier provided the approved acceptance 
close criteria are met. All soil analyses will be to environmental lower funits of detection. The 
results of all disposal operations will also be reported in the Ann~ 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 ~posed member of the public of less than 
one mrem/year during the period of active· Vermont Yankee control of the sin; or less than five 
mrem/year to an inadvertent intruder after termination of active site control 
,. 

The Vermont Yankee Off-Site Dose Calculatioo Manual (ODCM) contains a.copy of the original 
assessment and NRC approval for septic waste disposal (Refereuces a and b) and the previous 
amendment for cooling tower sUt (References c and e). Upon receipt of your approval, the 
information contained in Attachment 1 as well as the basis for approval will be incorporated into 
.theODCM. · . . 

We trust that the mfo~on contam.ed in the submittal is sufficient.. However, should you bave 
any questions or require further infonnation concerning this niatt.er, please contact Mr. Ttm 
DeVmcentis at 802-258-4236. · 

Sincerely, 

VERMONTY ANKEE NUCLEAR POWERCOIU>OR.AnoN 

.... A.~4 
/Gautam Seo · · / 

Attachment 
cc: USNRC Region I Administmtor 

·- USNRC Resident Inspector- VYNPS 
USNRC Project Manager - VYNPS 
vr Department of Public Service 

. . 
Licensing Manager 
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·SUMMARYOF'VERMONTYANKEECOMMIT.MENTS 

BVY.NO.: 99-80 

The foDowing-table identifies eommitui.ent:s made in tbis·document by Vermont Yankee •. 
Ally other actions discussed in the submittal represent intended Ol" planned actions by 
Vermont Yankee. They are described to the NRC for the NRC's information and are not 
rei:u]atory commitments. Please notify the Licensing Manager Gf any questions regarding 
tlus document or any associated commitments. 

COMMITMENT 

None . 

-· 

. . 

. 

-

~ 

-

.. 

-

H-4 

: .: OR "OlITAGE" 
1 · COMMITl'ED DATE 

.. 

) 

.-

VY APF OOSS.04 (Sample) 
A:P 0058 Original 
Page 1 of l 
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Attachment 1 

Vennont Yankee Nuclear Power Station 

Docket No. S()..271 
BVY99-80 

Assessment of On~ Disposal of Comaminamd Soil by Land.Spreading 

·, 

Revision 29 Date 1/11/02 
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1.0 INTRODUCTION 

1,1 Background 

In 1989, Vermont Yankee Nuclear Power Corporation 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 pennanently incmporated jnto the Offsite Dose Calculation 
Manual (OOCM) as Appendix B. 

In 1995, Vermont Yankee Nuclear Power Corporation requested that the previous 
authorization for on-site disposal of very low-level radioactive material in septic waste be 
amended to permit the on-site disposal of slightly contamit;1fted cooling tower silt 
material. Approval from the NRC was granted on June 18,1997 and tile mformation was 
permanently incorporated into the ODCM as Appendix F. 

In 1994, approximately 25.S m3 of excess soil was generated during on• construction 
activities. Sampling of the soil revealed lo:w levels of radioactivity that were similar in 
radionuclides and activity to the septic waste and cooling tower silts previously . 
"!lcountered. An evaluation determined that the soil could be managed in similar fQmon 
as the septic waste and cooling tower silts; however, prior approval from.the NRC wo'1ld 
be required under 10 CFR 20.2002 (formerly 20302(a)). 

1.2 Objective 

The objective of this assessment 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 tcwer silt The 
boundary conditions established for disposal of the septic waste and cooling tower silts 
on the designated plots are: 

The dose to the whole body or any organ of a hypoth~tical maximally exposed individual 
must be less -than 1.0 miem/yr. . . . . . . . 

Doses to the whole body and any organ·dose of an inadvertent intruder from the probable 
pathways of exposure are less than S mrem/yr. 

Disposal opemtions must be at one of the appro"(ed on-site locations. 

Revision 29 Date 1/11/02 
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2.0 WASTE DESCRIPTION 
. ., 

·"fhe ~ii that is the· subject of~ evaluation was deriveC;i.from excavations resui~ from 
ac:tivities associated with a new security fence along the f Wlt' s Protected Area boundmy. 
The volume of soil generated was approximately 25.S m , and is typical of till material 
containing light to dark brown poorly sorted soils with some small.stone~ 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 dump trucks fol' tmnsport to the 
location between the cooling towers where it was deposited on the ground surtice and 
covered to prevent erosion. This location was selected because it was away from areas 
routinely occupied by plant statt 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 1raffic from inside the plant to walkways 
and parking meas. Subsequent surface ~ff caaies the contamination to nearby 
exposed soil near the Protected Area boundaey where it had accumulated over time to low 
level detectable concentrations. 

In April 199S, a total of20 composite soil samples were collect.eel to characterize the 
volume. Composites were obtained by collecting a grab-sample from one side, the top 
and the opposite sid~ at equal distances along the length of th,e pile, then ~mbimng the 
three into one sample. Soil samples were sent to the Yamcee Atomic Environmen1Bl 
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 gollected and decay corrected to the 
present. The i:esult.s identified both Cs-137 and Co-60 in most of the composite samples, 
which verified that plant-related radioactivit:Y, was present in the soil. 

' ' 

For the purpose of estima~g 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. 

Th~ mass.of sQU (chy).was estimated.by multiplying.the total in-situ.volume (25.S m3
) by 

its wet .density,· 1.47E+o3 kg/m3
, and then dividing by the wet:dry ratio 9f 1.12, thus ·. 

yieidmg a mass of3.3SE+04 kg (my). The mass of the soil was then multiplied by the 
avemge Co-60 and Cs-131 concentrations measured in the soil to obtain'the total activity 
of each radionuclide in the ·2s.s m3 ~ Table 2 presents the estimate~ total radioactivity in 
the 2S.S m3 of soil at the time of sample collection and analysis, and decay corrected to 
the present. 
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3.0 SOIL DISPOSAL AND ADMINISTRATIVE PROCEJ)URE . 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 wame and 
cooling tower silts as approved by the NRC. The accumulation of radioactivity on the 
disposal plot for this soil spreading operation will be trea~ as if cooling tower silt or 
septic waste was being disposed of since the characteristics of all these residual solids arc 
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 
radiological dose impact bas been made based on the same ~odels and pathway 
usumptions used in the previous ~ttals. 

Dor soil material will be disperse4 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 IJl3lerlal at an off-site 
~cens~ ~ty if detectable radioactivity is found. · 

Records of the disposal that will be maintained include the following: 

(a) The radionuclide concentrations detected in the soil (measured to 
environmental lower limits of detection). 

(b) The total volume of soil disposed 0£ 
(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. 
( e) Dose calculations or maximum allowable accumulated activity determinations 

required to demonstrate that the dose limits imposed on the land spreading 
operations~~ not 1*n ~c~eded .. 

To ensure that" the addition of the soil contaiitlng the radioactivity will not.exceed the 
boundary conditions, the total radioactivity and dose calculation will include aU past 
disposals of septic waste and cooling tower silt containing low-level radioactive material 
on the designated disposal plots. In addition, co~entration limits applied to the disposal 
of earthen type materials (dry soil) restrict the placement of small volumes of materials 
that have relatively ~gh 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 oftow level contaminated material. 
These restrictions are the same as detailed for the previously approved septic waste 
spreading application. 

I I Revision 12... Date~ I H-10 
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4.0 EVALU~TION OF ENVIRONMENTALm,ntACTS 

· 4.1 Site Characteristics· 

The designated disposal site is located on the V ermpnt Yankee Nuclear Power Plant site 
and is within the site boundary security fence. 'Ihe south field consists of approximately 
1.9 ~ and is centered approximately 1500 feet south of the Reactor Building. This 
parcel of land has been previously approved by the NRC for the land disposal of septic 
wa.,te and cooling tower silt 

4.2 Radiological Impact . .. 
The amount of radioactivity added to 1he· 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 
~diyidual during the period ~f plant con1rrils over the property, and to an inadvertent 
intruder after plauts controls of access ~els, 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 Regulatoiy Guide 1.109. 

The following six potential pathways were identified and included in the analysis: 

(a) Standing on contaminated ground. 
. (b) Inhalation of resuspended radioactivity. 

(c) Ingestion ofleafy vegetables. 
(d) Ingestion of stored vegetables. 
( e) · Ingestion of meat. 
(t) . Ingesti~n of cow's~ 

' . 
. Both the max.imum individual and inadveiterit intnider are assumed to be exposed ~ 

these pathways; the difference between them is due to the occupancy time~ The basic 
assumptions used in the radiological mialyses include: 

(a) Exposure to ground contamination and re-suspended: radioactivity is for a 
period of 104 hours per year~ the Vennont 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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(b) For the purpose t?f proje~g and.ill:w;trating the ~~_of dose 
impacts over the m,iaining life of 1hc plant, it is assuined·tbat -the· · ; 
concentration levels of activity as of April.1, 1999 remain·constani.·Table · 
1 indicates the measured radioactivity levels for Co-60 and Cs-137 first 
noted in the soil, and decay COU'~ to Aptil 1, 1999. 

'(b) 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. 

(c) The crop exposure time was changed from 2160 hours to O hours to reflect 
the condition that no radioactive material is dispersed duectly on crops for 
h~ or animal consumption. .Crop contamination is only through root 
uptake. 

(d) The deposition on crops of re-suspended. :radioadivity is insignificant. 

(e) ·nie pathway .data and usas, factors used in the analysis~ the same as 
those used in the Vermont Yankee's ODCM assessment of off-site · 
radiological impact from routine releases, with the following exceptions. 
The fraction of stored vegetables grown on the contaminated land was 
conservatively increased frolP O. 76 to 1.0 (at PteSent no vege$ble crQPS 

for human consumption are grown on any of the approved disposal plots). 
Also, the soil exposure time to account for buildµp was changed from the · 
standard 1 S years to 1 year. · 

(t) It is conservatively-assumed that Vermont Yankee relinquishes control of 
the disposal sites after the operating license ~ires in 2012 (i.e., the 
source term ac~umuiated on a sillgle disposal plot applies also for the 
~ertent intruder). · 

(g) For the analysis of the hnpact after Vermont Yankee· control of the site is· · · 
relinquished,. the radioactive material is plowed under and forms a uniform 
mix with die top six inches of the soil; but nonetheless, undergoes re­
suspension in the air at the ,ame rate as the unplowed surface 
contamination. However, for direct ground plane exposme the self­
shielding due to the six-inch plow layer reduces the surface dose rate by 
about a factor of four. · 

I I.___Re-vis-io_n 2-9-Da-te_l/_llf-02 _ __.I 
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As shown in.the previous submittals, in which the concentrations ofCo-60 and Cs-:137 bi 
septic was~e .exceed· those identified in the _soil, ~liquid.pathway was found to ~an. . 
insignificant contributor to the dose. 'Therefore, the liquid pathway"is not considered· in 
~sanalysis. , 

The dose models and methods used to generate deposition values and accmnulated 
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 addition, the total activity on the south field is presented 
assuming the addition of the 25.5 m3 of soil subject of this evaluation. 

The total activity that would be present on south field at license temrination (i.e., total 
elapsed time of 14 years post April 1, 1999, Qt-2013), assuming no future additions of 
material containing radioactivity after disposal of the proposed soil volume was also 
evaluated and is presented in Table 4 • 

. In order to demonstrate complian~ with the boundaey conditions, the critical organ and 
whole body· dose from all pathways to a maximally exposed individual during V~ont 
y ankee control, and to ~e inadvertent intruder were calculated. The dose calcuiations 
were performed using the dose conversion factors presented in Table S and 6 below 
which were obtained from the ODCM. The contn"bution to dose from Co-60 and Cs--137 
to the whole body and organ at the present and at license expiration is presented in Table 
7. The present and future total dose impact from 1he south field with and without 
spreading of the soil is presented in Table 8: 

These results demonstrate that disposal of the approximately 25.S m3 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 S mrem/yr to an inadvertent intruder after control of 
the site is assumed to be relinquished. This analysis shows that significant dol!e margin· 
sµll exis~ on the a,pproved di_spos~ plots to accommo~te potential future sp~g 
operations. · · ·· 

5.0 RADIOLOGICAL PROTECTION 

The disposal operation of soil piles will follow the applicable V ennont 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. 
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6.0 CONCLUSIONS 
' ; l 

Soil generated from on-site ccitistruction acti~ties reflects an earthen type material 
similar in characteristics to septic waste residual solids and CQoling 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 dispo~ and the evaluation of the incremental dose impact, it is 
concluded that disposal of the approximately 25.S m3 of existing soil through on-site land 
spreading will meet the boundaiy conditions specified in the ODCM. That is, with 
tespect to the addition of the approximately 25.S m: soil pile to the existing radioactivity 
already spread on the soutli field: 

. 
1. Total doses to the whole body and critical organ to the hypothetically maximally 

exposed individual were estimated as 3.00E-02 mrem/yr and 1.04E-01 J 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 expo.sure were estimated as l.13E-01 mremfyrand2.21E-Ol 

. . mtemlyr, ~pectlvely, which are less than S mrem/yr. 
' 

3. The disposal is assumed to take place on the ~ :field that is the same site approved 
for disposal of $eptic waste and cooling tower silts. 

- ' 
If the soil were spread on an approved plot which bad not yet been used for disposal, the 
dose impact from the approximately 25.S m3 of soil alone would at present be 4. l 7E-03 
mrem/yr whole body and a DiaximUlll organ dose of 1.46E-02 mrem/yr. In addition, for 
the inadvertent intruder, the whole body dose would be 1.60B-02 mrem/yr, and a 
maximum organ dose of 3.1 lE-02 mrem/yr. Bach of these.doses also meet the boundary 
conditions specified in the ODCM. · 

7.0 REFERENCES 
. . 

'(1) Vermont Yankee ODCM, Rev 23, App~dix B, "Approval. of Critetia, for Disposal of 
Slightly Contaminated Septic Waste-On-Site at Vermont Yankee". 

(2) Vermont Yankee ODCM, Rev 23, Appendix F, "Approyal Pursuant to 
10CFR20.2002 for On-Site Disposal of Cooling Tower Silt". 

(3) USNRC Regulatory Guide 1.109, Rev 1, "Calculation of Annual Doses to Man from 
Routine Releases of-Reactor Effluents for the Purpose of Evaluating Compliance with 
lOCFR Part 40, Appendµt I", dated October 1997. 
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Table 1 
Ra4ioanalyjical-R~lts of Composite Soil Sa:n;aples 

. . . 
- .. 

Cs-137 · : Co-60 
(pCi/Jcg) _(pCi/kg) -

SampleID April, 1995 _ April, 1999 April,199S April, 1999 

' . 

022716 
022717 
022718 
022719 
022no 
022721 
022722 
022723 
022724· 
G2272S 
G22726 
G.22727 
022728 
022729 · 
022730 
022731 
022732 
022733 
022734 
022735 

Average 
Maximum Value 
Mininuan Value 

234 
522 
337 
291 

- 348 
13S 
107 
~--
180 
269 
810 
378 
810 
376 
331 
2S3 
150 
247 
326 
235 
3Z8 
.810 
107 
l!Jl 

-

213 
476 
307 
_26S 
_317 
123 
98 

203 
· . 164 

~4S 
739 
345 
739 .. 

343 
302 
.231 
137 

- 225 
297 
214 
299 
739 
98 .,,,~ ... ,~ 

" 

-

49•• 
·· 143 
37•• 
111 

47** 
73 
82 
140 
92 
118 .. 

114 
106 
124 
62 
87 
s•• 
58 
105 

54** 
100 
85 

143 
5 
37 

29 
84 
22 
66 
28 
43 
48 
83 
54 
70 
67 
63 
73 
-37 
51 
3 
34 
62 
32 
59 
50 
84 
3 ..... 
~A 

.• Average wctlo my _samp]c weight~ equal to 1.12. Av!=rage wet dens~ equaho 1.47 gm/Q:. 
•• 'Ille opparent mponsc of the g;jmnia lsoiopic analysis whl~ was tess than Minimum Detectable Concentnmon. 

Table2 
Estimated Total Radioactivity in Soil Volume 

... 

Vol~e Average Concentration Total Activity 
of Soil Mass (pCi/kg•dry) (µCi) 

Radionuclide (m3) (kg-dry) April,1995 April,1999 April,1995 April, 1999 . 
Cs-137 25.5 3.3SE+o4 328 299 11.0 10.0 
Co;.<,o 2S.S 3.3SE+o4 8S so 2.8 t7 
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Table3 
Tt)tal.Actiri~ on,South Field ~r Last Spreacling Event 

Total activity after · Total activity decay· Total activity after 
last spreading event corrected to April 1, proposed soil 

Radionuclide (µCi/acre) ·1999 (µCi/acre) disposal (µCi/acre) 
Mn-S4 0.17 0.11 0.11 
Co-60 S.93 s.ss 6.44 
Zn-65 0.074 0.044 0.044 
Cs-137 32.27 31.90 37.16 

Table4 ·= 
Total Projected Radioactivity on Sou'th Field Remaining at License Expiration 

··-

Total Aeti'rity u of · 
License Expiration · 

Radionuclide _ (µCi/acre) ·' 

Mn-S4 8.9B-0'7 
Co-60 .0.89 .. 
Zn-65 7.65-09 
Cs-137 2633 

Tables 
All Pathway Critical Organ/Whole Body Dose Convenion Facton During Vermont 

Yankee Control of Disposal Sites 

Critical Organ WholeBody 
Dose.Factor DoseF2ct~r 

Radionuclide Individ"1aVOrgan (mrem/yr per pCf/acre) (mnm/yr per µCi/acre) 

Mn'."54 .. Adult/01-LLI 3.7SE-04 1.93E-04 
Co-60··· T~o/Lung. · . 7.l?E-04. 5.31E-04 ' 

.. 
Zn-65 Child/Liv# 1.64E-02 1.03E-02· 
Cs-137 ' Child/Bone 2.66E-03 7.02E,04 
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Table6 
All Pathway Critic:al O~gan/Whole. Body Dose Conversion Factors Post Vermont 

· · Yankee Co~trol of D~posal Sites (Inadvertent lil~d~r} · 

Critical Organ WholeBody 
Dose Fac:tor Dose Factor 

Radionuclide ID.dividual/Organ (mremlyrperpCUacre) (mrem/yr per pClacre) . 

Mn-54 Teen/Lung 1.028-02 3.12E-03 
Co-60 Teea/Lung 3.19E-02 !J.09E-Ol 
Zn-65 Child/Liver . 1.89E-02 · 1.25E-02 
Cs-137 Child/Bone 6.988-03 . ~.BSE-03 

.. 
. . Table7 

. Dose Contribution from Co-60 and Cs-137 in 25.5 m3 Soil Volume after Land 
. Spreading 

Pres01't Dose Impact4 Future Dose Im.pa.tr 
. (Maximally expose~ . . (Inadvertent Intn!l~r) . 

Case individual) 
Dose Individual/ Dose Individual/ 

(mrem/yr) Organ (mrem/yr) Organ .. 
Cobalt-60 4.7SE-04 Whole body 1.29E-03 Wholebody. 

6.42E-04 . Max. Organ 4.SlE-03 Max. Organ 

Cesium-137 3.69E-03 Whole body.· 1.47E-02 Whole body 
1.40E-02 Max.Organ 2.66E-02 Max.Organ 

1 Based on inventozy ofCo-60 of0.895 µ.Ci/acre and Cs-137 of S.26 µCi/acre in Aprll l, 
1~~ . . 
2 ~ on inventory of Co-60 of'().141 'µaiacre and Cs-137 of 3~82 JtCil~ in April 1~. 
2013. . . . . . 
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Table 8. 
Present and Future Dose'Impact Due to the Soil Spreading for Two Cases 

' . . . . .• 

Present Dose Impact·· Future Dose Impact 
(Maximally exposed (Inadvertent Intruder) 

Case individual) . 
Dose Individual/ Dose ' Individual/ 

(mi'em/yr) Organ (mrem/yr) Organ 
Case One 
South Field as it currently 2.SSE-02 Whotebody 9.70E-02 Whole body 
exists 

' 
8;96E-02 Max.Organ l.89E-Ol Max. Organ 

Case Two . .. 
~uth Field if disposal of 3.00E-02 Wholebo4y · 1.13E-Ol Whole body 
soil volume is approved 1.04£.02 

. 
Max. Orgm.i 2.21:E-01 Child/Bone 

Increase.in d~se impact 4.17E-03 Whole body· 1.60:&-02 Whole body 
from disposal of soil 1.46&02 Max.Organ. 3.llE-02 Max.Organ 

"J : • 
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~ERMONT Y ANKBB · 
NUCLEAR POWER CORPORATION 
185 Old Ferry Road, Brattleboro, vr 05301-7002 
(802) 257-5271 

United States Nucl• Regulatory Commission 
ATIN: Document Control Desk 
Washington, DC 20SSS 

January 4, 2000 
'fJVY 00-02 

References: (a) Letter, VYNPC to USNRC, "Request to Amend Previous Approvals Granted 
Under 10 CFR 20.302(a) for Disposal of Collfmr.liuated Septic Waste and Cooling 
Tower Silt to Allow for Disposal of Contaminated Soll," BVY 99-80, 
dated June 23.1999 

Subject: Vermont Yankee Nuclee.r Power Station 
License No. DPR-28 (Docket No. ~271) 
Supplement to Req1'est to Amend Previous Approvals Granted 
Under 10 CFR 20.302(8) to Allow for Disposal of Contaminated Soll 

- . - . 

Reference (a) provided Vermont Yankee's application to amend the pnn1ously granted approvals to 
dispose of slightly contaminated septic .waste and cooling tower silt on-s~ to· include slightly 
contaminated soil gei;ierated as a residual by-product of on-site consfruciion _ac;tivities. ·The request 
was to allow the disposal of approximately 2S.S c11bic meters of waste ·that has been accumulated to 
date and to allow for disposal of future waste &om construction related activities. 

Based on discussions with USNRC s1aff; additional Information related to the estimated volume and 
dose consequences of the proposed future material was needed to complete your review. 
Attachment 1 has been revised accordingly to include the ·information 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 contact 
Mr. run DeVincentis at 802-258-4236. ~ 

Attachment 
cc; USNRC Region I Administrator 

USNRC Resident Inspector- VYNPS 
USNRC Project Manager - VYNPS 
Vf Deparlment of Public Service 

Sincerely, 

V~~ Yankee Nuclcarl'owcrCo~on 

b~.~ 
,.Gautam Sen /. 
Licensing Manager 

H-19 
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SUMMARY OF VERMONT YANKEE COMMITMENTS 

BVYNO.:~ 

The toDowing.table ide~es commitments made in this ~ocainent by Verinont Yankee. A.iiy 
other actions discussed ill the·submittal represent Intended or planned actions by Vermont . .._ 
Yankee. They are described to the NRC for the NRC111 information and are not regulatory 
commitments. Please notify the Licensing Manager or any questions regarding this d~ent 
or any assoeiated conuoHments. 

I . COMMITMENT 

.. 

None . 
. 

. . 

.. 

. 
.. -

" 

-
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Attachment 1 

Verm.Qnt Yankee Nuclear Power Station 

l>o9ket No .. S0-271 
BVY00-02 

~nt of On-site Disposal of Contaminated Soll by~ Spreading 

I . 

• I 
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1.0 ~ INTRODUCTION 

i.1 Background 

In 1989, Vermont Yankee Nuclear Power Corporation requested approval from the NRC to 
routindy dispose of slightly contaminated septic waste In designated an-site areas in 
accoi:dance with 1 OCFR20.302(a). Approval from the NRC was granted on August 30, 1989 
and the information was pennanently incorporated into the Ofmite Dose Calculation Manual 
(ODCM) as Appendix B. . 

In 1995, Vermont Yankee Nuclear Power Corporation requested that the previous 
authoriz.ation for on-site disposal of very low-level radioactive niateria1 in septic waste be 
amended to permit the on-site disposal ()f slightly conternJnated cooling tower silt material. 
Approval from the NRC was granted oii June 18, 1997 and the information was pemianently 
inco.i:porated into the ODCM as Appendix F. · 

In 1994, approximately 25.5 m3 of excess soil was generated during on-site construction 
activities. ·subsequent sampling and analysis of the soil revealed low levels of radioactivity 
tQ.at were similar in radionuclides and activity to the septic waste and'cooling tower silts 
pievi~usly encountered. An 4?valuation d~ that the soil could be managed in sirn?Jsr 
fabion as the septic waste and cooling tower silts; however, prior approval :from the NRC 
would be required under 10 CFR 20.2002 (fonnerly 20.302(a)). 

1.2 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 designated fields) will meet the existing boundary dose 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 silt on designated plots are: 

. . 

-1. The dose· to the whole body or any organ of a hypothetical maximally exposed indiv{dual 
must be less than 1.0 mrem/yr. 

2.. Doses to the whole body and any organ of an inadvertent intruder from the pro~ble 
pathways of exposw:e are less than 5 mrem/yr. 

3. Disposal operations must be at one of the approved an-site locations. 

Revision 29 Date 1/11/02 H-24 
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l.O WASTE DESCRIPTION 

The existing accum.~latia'n of contaminated-soil was· derived" from excavation activities 
associated with the construction of a new security fence along the ~Iant"s Protected Area 
boundary. The volume of soil generated was approximately 2S.5 m3, 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 loa,der1 and placed into dump trucks for transport to a 
location between the cooling tow~ where it was deposited on the ground surface and 
covered to pn:vent erosion. This location was selected becaJJSe it was away from areas 
routinely occupied by plant st;aft and could easily be controlled. The most probable source of 
the low levels of radiQactive contmnination is the presence qf beiow detectable removable 
contamination redistributed by foot traffic> from inside the plant to walkways and.parking 
areas. Subseqllellt aurface runoff-carries the contammation 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 of20 composite soil samples were collected to charact.erize the 
accumulated volume. Comp.o$ites were o~ by taking a grab_sBD1plc from opposite 
sides oftbe pil~ and the top at equal distances along ifs length. These.three srab samples 
were th.en 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 ·anatyses are presented m. Table 1. 
For 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: 
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 
·m95t of the co1I1pOsite samples, which verified that plant-related radioactivity, was present in 
the soil. .. .. 
The mass of accumulated soil (chy) was ~ted by multiplying the tQtal in-situ volume 
·c2s.s m3) by it's wet density, 1.47E+03 kg/m'J; and then divitfuig '.by th~ wet:dey ratio of 1.1~ 
·thus yieiding a mass of335E+04 kg (dry). Them~ of~ soil was then multiplied by the·· 
itverage measured Co-60 and Cs-137 concentrations to obtain 1he total activity of each·· 
mdionuclide in the 25.5 nf. Table 2 presents the estimated total radioactivity in the 25.S m3 

volume at the• 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 2S,S m1 (900 ·ff) of soil included in this request, it is anticipated 
that the need to dispose of~ low-level contaminated soil will occur in the~· Eac~ 
spring, approximately 28.3 m (1000 ft') of road and walkway sand spread dunng the winter 
seaso~ 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 constructJon fill removed from within the Protected Area in the past For purposes of 
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evaluating the radiological impact. of potential future soil disposals, it is assumed that an 
additi~~ .. 28.3 m3

. petj•ear of sand / soil is c:orittmjnated aitlie san:ie coil~ntration levels-as· 
. onginally obsetved.(.April 199S) in the currently collected 25.Sm3 of soil. It is also-assumed . -

.that this material is placed on ~e same approved dtsposal field used for all past septic and 
·cooling tower silt disposal operations. Table 3 shows the estimated amount of radioactivity 
associated with the annual disposal of the 28.3m3 of soil. It is ~ed that this materlal 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 c.ooling tower silt. .,. 

Table 4 shows a·record of the actual amount of septidsiltmaterlal that has been spread on.· · 
south field for the past 10 years. A review of the actual ~ dispoul operations show that 
the annual average ~oactivity content placed on the 1.9 acre South field from septic and 
silt disposals are as follows: ' 

Mn-54 
Co-60 
Zn-6S 
Cs-134 
Cs-137 

0.147 
2.58 
0.269 

·0.010 
6.21 

uCi/year 
uCi/year 
uCi/year 
u~ear 
uCi/year 

The maximum radioactivity inventory resulting from the accumulated buildup of past and 
projected future disposal operations (i.e., septic waste, cooling tower silt,. plus the existing 
25:Sm.3 of accumulated soil along with a projected annual addition of28.3m3 of soil each 
year mitil the tennination of the operating license) is shown on Table S. 

3.0 SOIL DISPOSAL AND ADMINISTRATIVE PROCEDURE REQUIREMENTS 

T.ne method of soil disposal will use the technique of land spreading in a manner consistent ,, 
with the 'CUO:CJlt commitments for the on-site disposal of septic waste and cooling tower silts 
as approved.by the NltC. The acc.umulation of radio~. on the disppsal plot fq,: _this s~il . 
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 mattcr).·'fhe 
south field (approxima.tely 1.9 ac;res in siz.e} has been designated and approved for septic · 
waste and ~oling tower silt disposal and has been used for all past disposal operations, and 
is expected to be used for the placement of soil. Determination of the radiological dose 
hnpact bas been made based on the same models and pathway assumptions used in the 
previous submittNs. -. · 

Dry soil material will be dispersed using typical agricultural dry bulk~ spreading 
pm:tices in approved disposal areas on .. site~ Inc:i_dental pieces of asphalt and stones that are 
pickeQ. up with the soil will be screened out before the soil is spread and disposed of as 
radioactive material at an cftsite licensed.facility if detectable radioactivity js founq. 
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Records of the disposal that ~ be maintained include the following: 

(a) The radionuclide concentrations detected in tlie soil (measured to enviionmental 
lower limits of detection). · 

(b) The total volume of soil 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. 
(e) Dose calculations or niaxmium allowable accumulated activity determmations 

required to demonstrate that the dose limits imposed on the-land spreacling 
operations have~ been exceeded. 

To ensure that the addition of soil containing low levels of ~activity will not exceed the 
boundary dose limits, each new spreading ~on will teqUire an estimate of total 
radioactivity that includes all past disposals of septic waste, cooling tower silt and soil 
material on the designated disposal plots. This will be comi,ered with the boundm:y dose 
limits or equivalent radioactivity limits on a per acre basis: In addition, concentmtion limits 
applied to the disposal of earthen type materials (dry soil) restrict the placement of small 
v_~l~es of materials that have relatively high ra.dioac1ivity 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 oflow level 
contaminated material. These restrictions are the same as detailed for the previously 
approved septic waste spreading application. 

4.0 EV .ALUATION OF ENVIRONMENTAL IMPACTS 

4.1 Site Characteristics .. 
All designated disposal sites are located on the Vermont Yankee Nuclear Power Plant site 
· and are within the· sit~ boundary security f~ce .. -The south jicld consi$ 9-fapproxim_ately 
1.9 acres and is centered approximately· 1500 feet south of the Reactor Building~ Th.is par~el 
of land has been previously approved by the NRC for the land disposal of septic waste·and 
cooling tower silt, and is the·only portion oftb.e approved ~sal areas wliich has been 
utilized. t<Hfate for the spreading of contaminated material. For estimating the maximum 
:ftmJre mdiological impact, it is assumed in 1he analysis that all future disposal c;,perations will 
continue to use the South field as the disposal plot 

H-27 ,• 
PaQe 319 of 401 



T 

:.... 

BVY 00-02 / Attachment I /Page_ 7 of 17 

· 4.2 ltadiological Impact 

The amount of radioactivity added to the south field is .procedurally controlled to ensure.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 aud cooling ~wer silt disposal were 1md. These dose.models implement 
the methods and dose conversion factors as provided in Regulatory Guide 1.109, Rovision t 
(1977). 

The following six potential pathways we,:e identified and inhiuded in the analysis: 

(a) Standing on contamjnared ·ground. 
(b) Inhalation of resuspended radioactivity. 
(c) Ingestion of leafy vegetables. 
( d) Ingestion o:f stored vegetables. 
(e)· Ingestion of meat 
(f) Ingestion of cowss ~ . 

As shown in the previous application for septic waste disposal, the liquid pathway was found 
to he 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 considered 
in this analy~is. · 

Both the maxunwn individual and inadvertent lntrader are assumed to be exposed to these 
pathways, the difference between them being due to th~ occupancy time. The basic 
assumptions used in the radiolo.gical analys~s mcl.ude: 

(a) Exposure to ~und contamination and re·suspencled radioaotivity is for a 
period of l 04 _ho~.peryeard~ the V~nt Yankee active control of the 
disposal sites and continuous thereafter. The 104-hour interval is 
representative of a mrmer's time spent on a plot of land (4 hours per week for 
6months). 

(b) For the purpose of projecting and illustrating the magnitude of dose impact 
over the remaining life of the plan~ it is assumed that future 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 m3 (1000 
ft') annual volume of new soil at the same radioactivity concen1rations 
observed at the time of collection of the existing 25.S m3 soil :volmne. The 
maximum individual dose ffempact from the buildup of disposed material 
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occurs at the smqe time (2013) for both the Control Period and Intruder 
s~arios.. · 

(c) For the analysis of the radiological impact during the V emiont Yankee active 
contrQl of the disposal sites until 2013, no plowing is assumed to take place 
and all dispersed radioactive material remains on the sumce forming a source 
of unshielded dhect radiation. 

(d) The crop exposure pme was changed :&om 2160 hours to O hoUIS to reflect the 
condition that no radioactive material is dispersed directly on crops for human 
or Mimst consumption. Crop contamiuati9n is o~y through root uptake. . ' 

. . 
(e) The deposition on crops of.re-suspended radfoactivity is insignificant. 

(f) · 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 incre~d from 0. 76 to 
1.0 (at present no vegetable crops for human consumption are grown on any 
of the ~proved disposal plots). For each year's ~ading· operations, the soil 
e,cposme time to account for buildup was changed from the standard 1 S years 
tolyear. . 

(g) It is 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). 

(h) 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 ~ 
piix with the top six inches of the soil; but nonetheless., undergoes re­
suspension in the air at the same rate es :the unplowed surface contamination. 
However, for dire~ ground plane exposute tlie 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 life of the plant are documented in the V emi.ont Yankee ODCM. The total 
activity that would be present on south field at the end of the operating period (i.e., total 
elapsed time of 14 years post July 15, 1999, or2013) from the buildup of all waste streams 
(i.e., septic, cooling tower silt and soil) is presented in Table S. 
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.. 
In OM;er to evaluate the dose in!,pact associated 'With the different disposal streams, a dose 
assessme;nt was p~rfopned for ~e following four disposal sc~os: 

(I) 
(ll) 

(lil) 

(IV) 

Impact from past septic and silt spreading only - Table 7 
Impact from past septic and silt spreading, plus a single 2S.5m3 soil disposal 
operation for the existing accumulated soil - Table 8 
Impact from past septic ancf silt disposals along with the existing 2S.S m3 of 
accum.ulated soil and postulated future Bm1ual soil disposal volumes (28.3 m3 

/yr). -Table 9 _ 
Impact from past septic and silt disposals plus annual projected disposals of 
septic; silt and soil. -Table 10 

For each scenario, the critical e>rgan and }Vhole body dQse ffi>m ell pathways to I!- maximally 
exposed indivichlal for both 1he 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 wen: obtaineg. from the Vermont Yaakcc ODCM, 
Appendix F, "Approval~ to lOCFR.20.2002 for On:.Site Disposal of Cooling Tower 
Silt." 

I . . 
~~of the cal~ dose impact associated .. with the four different scenarios is 
shown ·in Table 11. These results demonstrate that disposal _of the 25.S ms of accumulated 
soil will be well within the accepted dose limit criteria of l mrem/yr to any organ or whole 
body during the control periQd, and 5 u:,remlyr to an inadvertent intruder. In addition, if 
continued soil spreading is necessary, the resulting dose is expected to also remain below the 
establisb.ed limits even assuming the 8DilJ]al application of already approved disposal media 
(i.e., septic waste and cooling tower silt). 

5.0 RADIOLOGICAL PROTECI'ION 

The disposal operation of the soil will follow the applicable V mnont Yankee procedures to 
:aiaintabi doses as low as reasonably achievable amhvjthilithe·specific dose criteria as 
previously ~pproved for septic waste and co·oliJig.tower silt disposal. . ' 

6.0 CONCLUSIONS 

... 

Soil generated from on~sitc construction and maintenance activities constitutes an earthen 
type material similar in characteristics to septic ~ resi4wd solids and cooling tower silt 
with respect to the radiological pathway behavior and modeling. Based on the simmmty in 
characteristics between the proposed soil volume and waste streams that have already been 
approved for disposal and the evaluation of the incremental dose impact, it is concluded that 
the disposal of the existing 25.5 m3 and the projected 28.3 m3/year of soil through on-site 
land spteadu;lg will meetthe existing NRC approved boundary dose conditions specified in 

. H-30 .. 
Revision 29 Date 1/11/02 Pa~e 322 of 401 

\ ... 



., 

.,_ 

BVY 00-02 / A~ent 1 / Page 10 of 17 

the Vc:nnont Yankee ODCM (~c Appendix B for Septic Waste Disposal). That is\ with 
respect to, the &4diti.on_of the initial 2S.S m3 of soil along wi~ th~ projected~ m '/year of' . 
soil and the projected :tuture· disposal of septic and silt waste to the existing radioactivity . 
already spread on the south field: 

1. Total doses to the whole body and critical organ of the.hypothetically maximally exppsed 
individual were estimated is 1.lSE-01 mrem/yr and 4.03E-Ol mrem/yr, respectively, 

: which are less than the prescribed 1.0 mrem/yr limit during the period of active site 
control 

2. Total doses to the whole body and critical organ of an inadv~t intmc1er from the 
probable pathways of exposure were estimated as 7.S7E:Ol riJ.rem/yr and 1,17 mrem/yr, 
respectively, which are less than S mremlyr limit associated with an intruder !lcenario 
following assumed lo~ of site access c~ as the end of the o~erating license. 

3. · For purposes of projecting maximum impact, all disposals (past and future) are assumed 
to take plece an the south di~sal plot · 

Therefore, the disposition of the present 2S~S m3 _and the proj~d 28~3 nf /year of soil will 
centinue to meenhe existmg boundacy ~diti.ons·as approved by the NRC for septic waste 
and cao~ tower silt. 

.... 
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Tablel 
J : 

Radioanalytical Results o(Composi~e Sam~~es Taken from· 2S.~m3 S~il.Pile 

SampleID 
022716 
022717 
022718 
022719 
022720 
022721 
G22722 
022723 
022724 
022725 
022726 
022n1 
022728 
0~729 
022730 
022731 
022732 
022733 
022734 

·G2273S 

Cs-137 Co-60 
(pCillcg) (pCi/kg) 

April. 1995 July JS, 1999 April, 1995 July 1S, 1999 
234 212.2 . 49 28.0 * 
S22 473.4 143 81.7 · 
337 305.7 37 21.1 • 
291 263.9 tn 63.4 
348 31S.6 . 47 26.8 • 
l35 122.4 ,: 73 41.7 
107 97.0 82 46.& 
222 201.4 140 · 80.0 
180 1633 92 52.6 
269 244.0 118 67.4 
810 734.7 114 · 6S.1 . 
378 342.8 106 60.6 
810 734.7 124 . 70.8 
376 341~0 62 35.4 . . 
331 300.2 87 49.7 
253 229.S S 2.9 • 
150 °136.0 58 ·33.1 
247 224.0 10S 60.0 
326 295.7 54 30.8 • 
23S : 213.1 100 57.1 

Avemge · 328 - - 2.98 8S 49 
Maximum 810 73S 143 82 
Minimum 107 97 5 3 
StdDev. 186 169 36 20 

r 

*The apparent respo~e of the g~ isotopic analysis was le.ss than the.¥ini:mum J)etectable . 
Concentration. ', · .. · · 

Table2 

· Estimated Total Radioactivity in 255m3 Accumulated Soil · 

Volume Soil 
ofSoil Mass 

Nuclide (m3) (leg - dry) 
Cs-137 25.S. 3.3SE+o4 
Co-60 25.S 3.3SE+o4 . I -Revision 29 Date 1/11/02 

Average Concentration Total Acti.v.i.ty 
.(pCi/kg-dry) . (uCt) 

April 1995 July 15. 1999 April 199S July 15, 1999 
328 298 11.0 10.0 
8S 49 2.8 1.6 

H-33 .. 
··.l' 

· .. 3· 

I . 
P~Qe 325 of 401 



:.. 

BVY00-02/ Attachment I /Page 13 of17 

Table3 
Estimated T~Jal _Radioactivity in Future Soil .Additions 

Volnme.' · 
of soil 

Nuclide 00..., 

Cs--137 283 
_.Co,.60 283 

Soii . 
Mass 

(kg-dry) 

3.72E+o4 
3.nE+o4 

Ave~ Concentration · 
(pCi/kg-dry assuming) 

:CA~ril. 199S concentrations) 

328 
8S 

. Table4 . 

Total~ 
luCib'rl 

12.8 
3.16 

Record of ~eptic and Silt Badioactive Material Spread Each Year on the South Field 

·= 
Spreading Material M.11-54 ·• CCMiO Zn-65 Cs-134 Csi37 Ce-141 

Year Date Type (uCi/acre5 (uCi/~re) (uC'Jfacre) (uCil'a~) (uCi(acre) (uCi/ac:re) 

1990 10/31/90 Septage 

1990 11/20/90 Septagc 

0.00 

0.17 

1'91 · no O.oo 
spreading 

1992 10/19/92 septage 

· 1993 10/14193 septage 

· 1~94 06/14194 sep1age 

I • 1995 06129/95 septage 

1996 

1997 06118/97 
spreading 
septage 

: . 199a 011J0/9s sep1age 

1998 09/28/98 Silt 

; · 1999 · 07./lS/99 .. Septage 
; Average Activity/yr 

(uCi/aere): 
Average Activity 

(uCi/yr) to be 
.·. ; disposed of OD 1.9 
: : acre field 

'I Revision 29 Date Ill 1/02 

0.11 

0.05 

0.08 

0~00 

0.00 . 

0.1~ 

0.14 

o.oo 

o.n 
0.08 

0.147 

3.89 

2.03 

o.oo' 

1.73 

1.41 

·0.43 

0.88 

O.;OO 

1.00 

0.72 

o~oo 

1.4J _ 

136 

2.58 

H-34 

0.00 
.• 

0.41 

0.00 

0.52 

0.21 

0.00 

0.00 

0.00 

0.00 

0.09 

0.00 

0.20 

0.14 

0.269 

0.00 

0.00 

0.00 

o.os 
0.00 

0.00 
\ 

0.00 

OJ}O 

0.00 

0.00 

o.oo 
o.oo 

0.01 

0.010 

0.26 

0.29 

o.oo 

0;32 

0.30 

0.09 

0.00 

0.0() 

0.19 

0.12 

30.87 

0.2S 

3.27 

• 6.21 

. 
' 

0.00 

1.40E-08 

0.00 

0.006 

0.00 

0.00 

0.00 

.. ·<too 

0.00 

0.00 

0.00 

<too 
0.01 

0.001 not 
significant 
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Tables 

~otal P~ject~ RadioactivitJ.: RemaJning on South Field after.License :,I'erminition 

Accum. Activity Accum. Activity Accum. Activity Accum.Activity 
' in Silt & Septic in Soil Total All Paths Total All Paths 

@Year'2013 @year2013 @year2013 @Year2013 
: Nuclide ~ mm men {uCi/acre)* 

Mn-S4 0.26 . 0.26 - 0.14 . 
Co-60 19.68 21.83 41.Sl 21.85 
Zn-6S r 0.42 0.42 0;22 
Cs-137 119.03 1S4.74 273.78 144.09 
Cs-134 0.04 

.; 0.04 0.02 . . 

· • The total activity is assumed to be spread on the 1.9 acre South field to gqierate the uCi/acre value. 

Table6 

All Pathway Critieii.1 Organ/Whole Body Dose Conversion. Factors 

pdionoeiide 
Mn-54 
Co-60 
Zn-65 1 

Cs-137 

IncJmduaVQrgan 

I Revision~ Date 

Adult/GI-W 
Teen/Lung -. -
Child/Liver 
Child/Bone 

1/11/02 

During~yY Control 

Critlcal Organ 
· Dose Factor 
(mrem/yr per 

I 

u.Ci/acre) 
3.7SE-04 
7.17&04 
J.62&-02 
2.66E-03 

H-35 

Whole Boll)' 
Dose,., 
(mrem/yr per 

ucyaqe) 
1.93:E-04 
S.31&04 
t03.E-02 
7.02.E-04 

.... ~ .. 

PostYX Control 
lmtmdcr·Scenario) 

Critical Organ 
DoseFactor 
(mremlvr TH!!' 

u.c-rtam> 
1.02E-02 
3.19&02 
1.89E.02 
6.98E-03 

Whole Body 
Dose Factor 
(mrem/yr per 

ucilacre} · 
3.12E-03 
9.09E-Q3 

. 1.2SE-02· 
. 3.85E-03 
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Table 7 (Scenario n 

Dose bnpact f~m·Past Septic and Silt Spread ... g Oil-Sou~ '.B'ield (as of 7/15/9'J) 

Coatral Sc:cn.vlo: 
ADOllicr 

Spreadinp Maxim\llllO!pi Wholcllody Maximum Whale Body 
RalHJ!i: ToDarc DoseFacror Daa:Facllllr OrpnDose ~Se 

a-> MJTe) (rmm/ylfpCi/9) (mn:m/'PrfaCilel (lllffllllvr} <=m'Yt'! 
. Mll.,$4 o.a, C>.20 3.75&M l.m-o4 7.35E-0$ 3.78E,<J5 
CHO s:n . 6.86 7.17£.0il 5.31S04 4.92&43 3..64E-Ol 
ZD-65 ·,OEI Q.23 . l.QE.02. l..Q3E-02 3.77E.o3 2.40E~ 
0.137 30.17 31.92 

. 
2MiE-m ·• 7.DZE-G4 1.49!!.()2 2.24E.02 

TalllDasa; J.37E-Dl ·.1 WE--02 
Dosel.imil: 1 1 

-: %oCIJmit 9.37% 2.85% 

IDtnuJao ls!gtr155 
ADOCmr .Al:dvfl.y OD Pfot 

Speadlngs DeaaycdlD Max.inwm Orpn Wllolc.Bady Mmdmmn Wbol~Body 
Half-Life ToI>atc Yw2D13 DmcFm:.tar DalCFactar C)zplDosc Dase 
(Year!} (uCilacn:l (uCl/asE) (mrem/yffllCl/pl (mmn/yrluCllacre} (lll!ellllm (mrmnfvr) 

Mli-54 0.15 0.20 l.JIB-06 l..fJ2&,02 3,12E-Q3 2.361H)8 7.22'E..Q9 
CD,,60 5.21 &.86 l.os&l-00 3.19&01 'Jl9B-03 3.4Q!.Q2 9.85E.Q3 
ZH5 G.67 0.23 , I.J!S.07 1.J9B.Ut 1.am.m 2..17E-09 l.43E-09 

.-. es.137 30.17 3i.92 2311:t-Ol 6.98E-03 3.ISCD 1.62,B-Ol UlE4l 
· ToCl!Dma: ·I 136&01 9.90E.o2 

Dolllltimit 5 s 
-%ofLfmiJ: 3.92% 1.98% 

I 
Iabla I f§cenmo m 

Dose Im.pact from Past Septic/Silt Spreading and Single 25.5m3 Soil Disposal 

C!!!!tnll Scenario: All SpradlDp Maxhmml()spn Whol~Body Mmmum WholeBocly 
Halt'-1.J:fo tDDmD" Dose~ DoseFICfOr OrpaDosc Dose 
(Years} (uCUacre} (mrem/p/pCflame} (mmnlyp'uCl/lllllll) {ffll'BfflM'} {mrmv'~' 

M;;.-54 c.= Atrt~ ........ A• LY""lE-44 'i.3Sii.OS 
.. 

3.7BE..QS v.&iPU ~.,~ . 
Cci,QJ 127 7.70 7,l?E-04 5.JJB.M 5.526-03 4.09E-03 
Za-65 0.67 o.233. l.62E42 l..QJE.01 3.77£.03 2.4DE.03 
er~t11 J0.17 ~7,.19: . 2.65!,03 7.mE-04 . U!»E.o2· Z.6iE-Ol 

·TOIBlDmc: !.O_SE-Ol ., 326F· 
DascLlmil: -1 · : 
%~ 111.13% 3.26% 

J!tnnler S-.rlt.1~ All Spradinp ldN'ity on .Plot Maximum Orpn WJmlc;Bady Maximmn Whale Body 

1 
HalU.lre co~ l>=IJi:d ID 2013 DoscF-=r Doscfmor O:pnDo.,c Dc~c 

t'lmn ~~ ,~rt:a=e) {mm/yjUCl/el (pnmlyn'uCi/llCIII} (mmn/yr') • (mremlw 

Mn-S4 G.16 D.195 2.31E.c6 LIJ2E.Cl2 3.12E-Ql 2.3S08 7.22'E.09 
CHO s:1.1 7.70 l.22E-HIO 3.l!Ml1 9.09'&03 188E-OZ J.llE-02 
Za.-65 061 0.233 1.1~7 L89E-02 l.l!&CD 2.1'7£.49 l.43E..Q9 

C.137 30.17 37,19 2.701:f01 SSSE-03 3.85E-G3 1.186-01 I._04E.Ol 

Tola?Dose ,. ~i I 1.1SE;ol 

Dose lJmit: • ·s 5 

%ofJ.Jm5t 4.54% 2.30% 

I 
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UNITED STATES 
NUCLcAR REGULATORY COMMISSION 

· Mr. saiii1,1el L Newton 
Vice President, Operations 

WASHINGTON, D.C. ~ 

June-15, 2000 
N:V'f .00-58 

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, 19991 as supplemented on January 4 1 2000, you submitted a request 
to amend a previously,approved application granted by the Nuclear Regulatory Commission -
(NRC) pursuant to 1 O CFR 20.2002 (previously 10 CFR 20.302) to allow the addition of slightly 
contaminated soil.and soiVsand materi~ to the list of already approved materials·(i:e., septic 
waste and cooling toV'ler silt) for on-site disposal via land spreading on designated fields. 

We have completed our review of yo~ proposal and find It to be· acceptable because the 
previously approved bounding conditions will·continue to be meL . -

Pursuant to the provisions of 10 CFR Part 51, the NRC has published an Environmental 
Asses$ment and Finding of No Significant Impact in the Federal Register on June 15 , 2000 
( 65 FR 37583 ). • . -

-
Docket No. 50-271 

Enclosure: Safety E~luatJon 

cc w/encl: See next page 

Revision 29 Date 1/11/02 

.Snee!~ £llQ ~ . .. -

- ~ \._ - · kl o· JQhn.\l\~ zwolms , ,rector 
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation . 
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Vermont Yankee Nuclear Power Station 

cc: 
~ 

. Regional Ackn_inlstrator~ Region 1·. 
U. s.·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 Department of Pubffc Service 
112 State Street 
Montpelier, VT 05820-2601 

Mr. Michael H. Dworkin~ Chairman 
Public Service Board , . 
State of Vermont 
112 State S~eet 
MontpeRer. VT «?5~20~2701 

Chairman, Board of Selecbnen 
Town of Vernon 
P.O. Box 116 
Vernon, VT 05354-0116 

Mr. Richard E. McCullough 
Operating Experience Coordinator 
Vermont Yan~ee Nuclear Power Station 
P.O. Box 157 
~ovemor Hunt Road 
Vernon, VT 05354 

. . 
G. Dana Bis~ee. Es_q. 
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 
Box83 
Shelburne Falls, MA 01370 

Revision .l2._ Date l/l l/02 

Mr. Raymond N. McCandless 
Vermqnf Department. of Health 
Division of Occupational 
and Radfological Health 

108 Cherry Street 
Burlington, VT 05402 

Mr. Gautam Sen 
Licensing Manager 
Vermont Yankee Nuclear Power 
Corporation 

185 Old Ferry Road 
P .o. Box 7002 .. 
BrattleboroJ VT 05302-7002 

Resident Inspector . 
Vermont Yankee Nuclear Power Station 
u. S. Nuclear Regulatory Com.mission 
P.O. Box 176 . 
Vernon. VT-05354 ·· 

Director, Massachusetts Emergency 
Management Agency • 
ATTN: James Muckerheide 
400 Worcester Rd. 
Framingham, MA 01702-5399 

Jonathan M. Block, Esq. 
Main Street 

... P. 0 ... Box 566 
. Putney, VT 05346-0566 
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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON. O.C. ~1 

SAFETY E_VALUAJlON BY THE 

OFFlCE OF NUCLEAR-REACTOR .REGULATION 
I • 

VERMONT YANKEE NUCLEAR 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 1 o CFR 20.2002 

· (preViously 10 CFR 20,302) to allow the addition of slightly contaminated soU a:nd 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 designated fields. · 

l • 

11'.11S89, purs~ant to 10 CFR 20.30~ (current 10 CFR 20.2002), the licensee received approval 
from the NRC to routinely dispose of contamina~d _septic waste in designated on-site areas. In 
1997, lhe NRC amended the appro~ed on-site clispo~al appDcation to·also·lnclude contaminated · 
cooling tower snt 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 cf on an annual basis until the expiration of the plant's operating license 
in 2013. The 25.5 cubic meters of contaminated soU were generated es a result of on-site 
construction activities. The anticipated 28.3 cubic meters of solVsand material will be generated 
from the annual Winter spreading of sand on roads and walkWay~ at the plant site. The licensee 
has performed a comprehensive radiological evaluation that includes all of the anticipated 
materials (I.e., the current 25.5 cubic meters and the 28.2 cubic meters generated annually 
iiiereafter). Tne Ucensee•s evaluation shows that the soil/sand can be managed on-site in the 
same manner as the. septic waste and cooling tower sHt (i.e., by land spreading on designated 
fields);_. · · · · · 

2.0 EVALUATION 

The licensee will dispose of the soil and future soil/sand material usfng a land spreading 
technique consistent with its current commitments for on-site disposal of septic waste and 
cooling tower silts previously approved l;>y the NRC. The licensee will continue to use the 
designated and approved areas of their property (approximately 1.9 acres in size) which 
currenUy receives the septic waste and cooling tower silts. Determination of the radiological 
dose Impact of the new materiaJ has been made based on the same dose assessment models 
and pathway assumptions used in the previously approved submittals . 

Revision .12... Daie--1L!.!.!!!6 
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The licensee will procedurally control and maintain records of all disposals. The following 
infonnatlon will be recorded; . - ~ . 
1. The radionuc6de concentrations detected in the material (measured to racllatton levels ... 

consistent with the licensee's radiologlcaJ environmental monitoring program). 

2. The total volume of material disposed. 

3. The total radioactivity in the disposal operation as well as the total radloactiVity 
accumulated on each disposal plot at the time of spreadin". 

4. The plot on which the material was applied. 

5. [?ose calcul~tions or maximum allowable accumulated activity determinations required 
to tlemonstrate that the dose condition values imposed (i.e.1 imposed by this 1 o CFR 
20.2002 application) on the land spreading operation have. not been exceeded. 

Toe bounding dose concfltions for the on-sue disposals are as follows: 

1. The annual dose fo· the whole body or any organ of a hypothetical maximally exposed 
indMduaJ must be less than 1.0 mrem: 

.2. Annual doses ~o ·the whole body and any organ of an inadvertent intruder from the 
probable pathways of exposure must be less than 6 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 radioactiVity Will not exceed 
the bounding dose conditions, for each new spreading operation the licensee will ~lculate an 
estirnate of the total radioactivity applied to the designated disposal plots. These calculated 
estimates will include all past disposals of septic waste, co91ilig tower sift. soil and soiVsand 
material on the designated disposal plots. This will be compared with the bounding dose 
concfrtion value or equivalent radioactivity value on a per acre basis. In ~ddition, con cent.ration 
iiinits wiii be applied to the aisposed material to restrict the piacement of small volumes of 
materi~ Iha~ may have. relatively high radioactivity concentrations. 

. . . . . 

· T.he llcerisee assessed the dose that may be-recelved .. bythe maximally ~xposed.indMdual 
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 septic waste and cooling tower silt 
disposals. The dose models are·based on the guidance in NRC Regulatoiy Guide 1.109~ 
Revision 1 (1977). 

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 mre'!l for 

. the time period of active site con~ot. • 
I I Rcvision.ll._ Date~ I , , H-40 , 
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2. Total annual doses to the. whole body andcritlcal organ of an Inadvertent intruder from 
· the probable pathways of exposure were estimated to be 0.7fl7. mre~.and 1.17 mrem. 
These ·~ues are 1eS$ than the prescribec;t annu~I dose condition' valµe of s~·o mrem for 
the time period 'after active site c::ontrot · · · 

3. The dose calculatlons are based on projecting the maximum potential impact of all 
cfisposals (past and future) en the designated disposal plot of land. 

3.0 CONCLUSION 

Toe staff finds the licensee's proposal to dispose of the low-level radioactive soil and sell/sand 
material. pursuant to 1 o CFR 20.2002,· in the same rrianner, location, and within the bounding 
dose conditions as the materials (i.e., septic waste and cooling tower silt) preyiously approved 
by the NRC to be acceptable because the bounding conditions will continue to be met 

Principal ~ntributoi:: S. KJementowicz 

Date: June 15, 2000 
I ' 

.... 

: 
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Appendb:I 

1. "Request to Amend Previous Approval Granted Pursuant to 1 OCFR20.2002 for 
Disposal of Conta!:ajnated _Soif', d~d Septemb_er 11111

, 2000, BVY 00-71 
. . 

2. Vennont Yankee Nucl~ Power Station- Saf~ Evalµation fur an A~endmen.t to 
an Approved 10CFR20.2002 Application (TAC No. MA9972)", dated June 26111

, 

2001, NVY 01·66 
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VERMONT YANKEE 
NUCLEAR POWER CORPORATION 
185 OLD FERRY ROAD, PO BOX 7002, BRA'ITLEBORO, VT 05302~7002 
(802) 257-5271 

SeptentberJi,2000 
BVY00-71 

United States Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, DC 205SS 

References: 

Subject: 

(a) Letter, VYNPC to USNRC, .. Request to Amend Previous Approvals 
, . - Granted under 10 CFR 20.302(a) for Disposal of Contaminated Septic 

Waste and Cooling Tower Silt to Allow for Disposal of CQntaminated 
Soil,'' BVY 99-80, dated Jl,lJle 23, 1999. 

(b) Letter, VYNPC to USNRC, "Supplement to Request t.o Amend Previous 
Approvals Granted under 10 CFR 20.302(a) to AJ!ow for Disposal of 
Contaminated Soil." BVY 00-02, dated January 4, 2000. 

(c) Letter, USNRC to VYNPC, "Vennont Yankee Nuclear Power Station. 
Request to-Amend Previous Approvals.Granted under 10 CFR 20.302(a) 
to Allow for Disposal of ¢ontaminated Soil (TAC No. MAS9SO)t 
NVY 00-58, dated June 15, 2000. 

(d) Letter, USNRC to VYNPC, "Revised Safety Evaluation - Approval 
Pursuant to 10 CFR 20.2002 for Onsite Disposal of Cooling Tower Silt­
Vennont Yankee Nuclear Power Station (TAC No. M96371)," 
NVY 97-85, dated June 18,1997. 

Vermont Yankee Nuclear Power Station 
LiceDSe No. DPR-28 (Docket No. S0-271) 
Request to Amend Previous Approval Granted Pursuant to 
10 CFR 20.2002 fol' Disposal of Contaminated Soll -

In accordance with 10 CFR 20.2002 (previously 10 CFR 20.302(a)), Vennont Yankee (VY) 
subm_its this applic~ion to amend the previously. granted approval. to dispose of ~lightly 
contaminateq soil. This application expands the allowable wast~ stream· to ··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 apprqval to dispose of approximately 2S.S m3 of 
accumulated soil that was generated due to construction .activities. In addition, it WB:S requested 
that VY be allowed to dispose of approximately 28.3 m3 ohoil that is spread annually on station 
roads and walkways during the winter. NRC acceptance is documented in Reference (c). 

This application specifically request$ approval to dispose of contaminated soU that is created due 
to other on-site construction related activities including but not limited to design change 
implementation and land maintenance. 

Revision .12... Date -1L11.lll2. I-2 
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BVY Oo.71/ Page 2 of2 

In addition, VY requests that NRC's review recognize that. although VY indicated in Reference 
(b) that the so~h.disposal field (~pproximately 1.9 acres .in sim} is currently expected to be used 
for disposal. of .the subject material, VY is also a~thorized tcf use. the alternate. north disposal field 
(approximately 10 acres in size). Approval to use both the north and south ftel4s for disposal was 
granted in Reference (d). VY's radiological impact ~essments 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 activity spread, from approximately 283 m' of soil generated 
each year, to within the limits assumed in the radiological assessment previously submitted in 
Reference (b). · 

A radiologicaJ Jl§Sessment 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 actiyity. 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 limiB of detection. 

The results of all disposal operations will be ~ported in the Annual Radioactive Effluent Release 
Report. The combined radiological ·impact, for all on-site disposal operatiops. wt11 contbme to be 
limited to a total body or organ dose of a maximaliy exposed member of the public of less than 
oiie mtem/year during·the period of active VY control.of the site. or less than five mrem/year to 
an inadvertent intruder after tennination of active site control. 

Upon receipt of your approval, this ~quest as welt as the basis for approval will be incorporated 
into the Off-Site Dose Calculation Manual. 

We trust that the infonnation contained in the submittal is sufficient However, should you have 
any questions or require further information concerning this matter. please contact Mr. Jim • 
DeVincentis at 802-258-4236. 

cc: USNRC Region I Administrator 
USNRC Resident Inspector - VYNPS 
USNRC Projcc:t Manager - VYNPS 
VT Department of Public Service 

Revision .22.. Date 1/11/02 

Sincerely, 

Vermont Yankee Nuclear Power Corporation 

~~.h 
/Gautam Sen . 7' 

Licensing Manager 
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SUMMARY OF. VERMONT YANKEE COMMITMENTS 

BVY NO.: -00-71 

ilie following table i~entlfies commitments made in tlµs document by. Vermont· Yankee.· 
Any other actions 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 
reguiatory commitments. Please notify the Lleensini Muager or any questions regarding 
this documenJ or any associated commitments. 

-
COMMITMENT 

. .. - None 

. 

.. 

I COMM.I'l IED DA TE 
OR "OUTAGE" 

.. 

' 

VY APF OOS8.04 
AP 00589 Revision 1 
Page 1 ofl 
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: I 'I !<,vision .22.._ Date 1/11/02 
I-4 

Page 337 of 401 

I 



! ' 

: . ., 

UNITED STA TES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-00D1 

June 26, 2001 
Mr. Michael A. Balduzzi NVY 01-66 
Vice President Operations 
Vermont Yan~ee Nucle!=lr Power Corporation · 

. 185 Old ·Ferry Road. .. 
P.O. Box 7002 
Bratueboro, VT 05302~7002 

-··---- -

SUBJ~CT: VERMONT YANKEE NUCLEAR POWER STATION· SAFETY EVA(UA1ION 
FOR AN AMENDMENT TO AN APPROVED 10 CFR 20.2002 APPLICATION 
(f AC NO •. MA9972) . 

Dear Mr. Balduzzi: 

The U.S. Nuclear Regulatory Commission (NRC} staff~ completed its review of 1he Vermont 
Yankee Nuclear Power corporation (VVNPC) request dated September 11, 2000. to amend an 
approved 10 CFR 20.2002 (previously 1 o CFR 20.302} apP.lication dated June 23, 1999, as · 
supplemented on January 41 2000. The licensee requested NRC a,pproval to allow the addition 
of slighUy contaminated soil resulting from on-site construction-related acUv1ties, Including but 
not limited to. design change·implementation and land main~nance. to the-list of already 
approved materials (I.e •• septic waste, cooling tower silt and soiVsand 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 wm continue to be met The ·enclosure .to this letter provides·our 
safety evaluation of VYNPC's application. · · . 

Pursuant tQ the provisions of 1 o CFR Part 51, ~e NRC has published an Environmental 
Assessment and finding of No Significant Impact in the Federal Reglsteron June 14, 2001 
(66 FR 32399). · . 

Docket No. 50-271 

Enclosure: Safety Evaluation 

cc w/end: See next page 

1. Revision 29 Date 1/11/02 

V I 20 IO r\t"\CKr'\ 

Sin~. 
"::i A. Zwolinski, Director 
~t~on c:,f Licensing Project Management 

. Office' of. Nuclear Reactor Regulation. · 
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Vermont Yankee Nuclear Power station 

cc: . 
.. 

Regional Administrator, Reglon I 
U. S. NucIE!ar Regulatory Commis$ion 
475 Allendale Road 
King of Prussia, PA 19406 

Mr. David R. lewis 
Shaw, Pittman, Potts & Trowbridge 
2aoo N Street, N.W. 
Washingtcm, DC 20037-1128 

Ms. Christine s. Salembler, Commissioner 
Vermont Department 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 05620-2701 

Chairman, Board of Selectmen 
Town of Vernon 
P.O. Box 116 
Vemon, VT 05354-0116 

Mr. Richard E McCullough 
Operating Experience Coordinator 
Vennont Yankee Nuclear Power Station 
P.O. Box 157 . 
Governor Hunt Road 
Vemon. vr 05354 

. . 

~- D~a Bisbee, Esq. 
Deputy Attorney General ·; 
33 Capitol Street 
Concord, NH 03301-6937 

Chief, Safety Unit 
Office of the Attorney General 
One Ashburtcm Place, 19th Floor 
Boston, MA 02108 

~R-eVI-·s-io_n_29--D-at_e __ 11_1 _11_02_. ---:---'I 

Ms. Deborah B. · ~tz. · ·. 
'.Box83· · . 
Shelburne Falls, MA 01370 

Mr. Raymond N. McCandless ..,. 
Vennont Department of Health 
Division of Occupational 
and Radiologlca1 Health 

108 Cheny Street , 
BurlingtonJ VT 05402 

Mr. Gautam Sen 
Licensing Manager 
Vermont· Yankee Nuclear Power 

· Corporation 
185 Old Ferry Road 
P .o. Box 7002 
Brattleboro, VT 05302-7002 

Resident Inspector . 
Vermont Yankee Nuclear Power Station 
U. s. NuC,ear,Regulatory Commission 
P.O. Box 176 
Vernon. VT 05354 

Director. Massa,chusetts Emergency 
Management Agency 
ATTN: James Muckerhelde 
400 Worcester Rd 
Framingham, MA 01702-5399 

Jonathan M. Block. Esq. 
Main Street 
P •. o. Box 566 . . 
Putney, vr ·0534e-:oses. 
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UNITED STATES 
NUCLEAR 'REGULATORY COMMJSSION 

WASHINGTON, D.C. 2055$,CIOD1 

"SAFETY EVALUATION BY THE OFACE OF NUCLEAR REACTOR REGULAT(ON 
- '-·· 

VEAMONTYANKEENUCLEARPOWERCORPORATION 

VERMONT YANKEE NUCLEAR POWER STATJON 

COCKE[ NO. 50-271 

1.0 JNTRODUCTION 

.,. 

By letter dated September 11, 2000, Vermont Yankee Nuclear Power CQrporation (VYNPC/ 
licensee) submitted a request to amend,,a nue 1 o of the Code of Federal Regulations (1Q CFR) 
Section 202002 (fonner 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 soi1 resulting from on-site 
construclion-,related activities, Including but not fimited to, design change implementation and 
!and maintenance. to the list Qf already approved materials (i.e., septic waste, cooling tower silt 
and solVsand from roads and walkways) for on-site disposal via land spreading on deslgn~ted 
disposal fields. 

·1n 1989, pursuant to 10 CFR 20.302 (current 10 CFR 20.2002), the ilcensee received approval 
from the NRG to routinely dispose of contaminated septio waste in designated on~site areas~ .. Jn 
1997t the NRC amended the approved on-site disposal application to also include contaminated 
cooling tower silt material. In 2000, the NRG amended the approved on-site disposal 
application to also include a one-time disposal of sllghUy contaminated soil and an- annual. 
disposal of 28.3 cubic meters of slightly cont~minated soWsand material. 

In this 10 CFR 20.2002 amendment application, the licensee requested that slighUy 
contaminated soil resulting from on-site construction-related activities be disposed of on-site on 
an annual basis until the end of the-plant's operating license in 2013. The anticipated annual 
volume of son generated by on-site construction. as identifil!d by the licensee, combined with 
the sotVsand generated from the annual winter spreading of sand on roads and walkways at the 
p~~t site wlll not exceed 28.$ c4bic meters. _ "f1-iis volume i~. ~e same vc;,1ume that was 
approv~d in .the January 4, 2000, request. The lice~see -performed a <;<>mp~ehenslv~. _ -
radiological evaluation which included the annua! disposal of 28.3 cubic meters of son and 
soiVsand materials. and shows that these materials can be managed on-site rn the same 
manner as the septic waste and coonng tower silt (i.e., land spreading on designated fields). 

2.0 EVAWATION 

The licensee will dispose of the future soil material using a tand spreading technique consistent 
with the current commitments for on-site disposal of septic waste, co~lrng tower silts and 
sandfsoU material previously approved by the NAO. The licensee will continue to use the 
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designated and approved areas of their property which include approximately 1.9 acres, which 
currently receive the septic waste, cooling tower snts and soiVsand material, and approximately 
1 o acres which have not been previously used for disposal. Detenninati9n of the radiological 
dose impact of the new material ti~ been made based on the same dose assessment models 
an_d p~hway assumptions u~ed in the previ9usly approYed subm~ls. . . · . 

The Dcensee will procedurally control and maintain records of all disposals. The foUowfng · 
information wlll be recorded: 

.... 
1. The radionuclide concentrations detected in the material (measured to radiation levels 

consistent wilh the licensee's radiological environmental mol'_1itoring program); 

2. The total volume of material disposed; 

3. The total radioactivity In Ule disposal operation as well as the total radioactMty 
accumulated on each d"15posal plot at the time of ~pread1ng; 

4. The plot on which the material was appli~i 

5. Dose caJculatlons or maximum allowable accumulated activity detenntnations required 
to demt;)nstrate that the dose condition ~es imposed ~.e., imposed by the appi:oved 
1 O CFR 20.2002 application dated June 23, 1999) on the land spreading operation have 
not been exceeded. 

;,i\: The bounding dose ·conditions for the on-site disposals are as follows: 

I·~. •s (. 
. ~ ·.:. 

1. The annual dose to 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 inadvertent intruder from the . 
probable pathways of exposure must be less than 5 mrem. 

3. Disposal operations must be at one of the approved on-site locations. 

4. Total annual combined volume of soil and soil/sand materlals must not exceed 28.3 
cubic m~ters. 

T_o ensure"that the addition of new material containing low_Jevels of.radioactivity will not exceed 
U,e bounding dose conditiorn;, for each new spread"&ng operation the Jic~nsee will calculate an . 
estimate of the total radioactivity that includes all past disposals of septic waste, cooling tower. 
snt, and soiVsand and soi1 material on the designated d"isposal plots. This will be compared with 
the bounding dose condition value or equivalent radioactMty value on a per acre basis. 

The licensee a~ssed the_ dose from soil and soil/sand material that may be received by the 
maximalfy exposed lndMduat 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 
septic waste and cooling tower silt diswsals. The dose models are based on the guidance in 
NRC Regulatory Guide 1.109, Revision 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 rriaximaJly 
· exposed ind~ual were estimated to be 0.1-15 mrem and 0.403 mrem respectively • 
. These values are less than' the pr~sqn1>ed annual ~se conditio~ vatu~ of 1.0 mrem for 
the ti~~ p~riod of ~ctive sit~ con~9.I.· · 

2. Total annual doses to the whole body end critical organ cf an inadvertent intruder from 
the probable pathways of exposure were estimated to be 0.757 mrem ;md 1.17 mrem. 
Th~e values are less than the prescribed annual dose concfltion value of 5.& mrem for 
the time period after active site control. 

3. The dose calcu1atioris are based on projecting the maximum potential impact, ~f an 
disposals (past and future) on ttJe approved disposal site. 

3.0 CONCLUSION .. 
The staff finds the licensee's proposal to dispose of the low-level radioactive soil material, 
pursuant to 10 CFR 20.2002, in the same manner, location; and within the bounding dose 
concfltions as the materials (i.e., septic waste, cooling tower silt and soWsand from roads and 
walkways)" previously approv~d by the NRC to be acceptable. 

The licensee has committed to permanently Incorporate this modification Into their Off site Dose. 
Calculation Manual. 

Principal Contnbutor: A. Hayes 

Date: June 26, 2001 
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APPENDIXJ 

1. "Request to Amend Previous Approval Granted Pursuant to 10CFR20.2001 for Increase 
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• ~Entergy 
Entergy Nudear NorthE 
Entergy Nuclear Operations. Inc. 
VennontYankee 
185 Old Ferry Rd. 
P.O. BaxSOO 
Brattleboro, VT 05302 
Tel 802-257-5271 

October 4, 2004 

Docket No. 50-271 

BVY04-110 
\ 

Attn:DocumentControlDesk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 

References: 

a) Letter, VYNPC to USNRC, ~Request to Amend Pr.evious Approval Granted 
Pursuant to 10 CF.R 20.2002 for Disposat of Contaminated Soilu, BVY 00-71, 
dated Septem~r 11, 2000. 

b) Letter, USNRC to VYNPC, "Vennont Yankee Nuclear Power Station - Safety 
Evaluation for an Amendment to an Approved 10CFR 20.2002 Application (TAC 
No. MA9972t, NVY 01-66, Dated June 26, 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 Vennont Yankee Nuclear Power 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 10CFR20.2002 (previously 10CFR20.302(a)), Entergy Nuclear 
Operations, Inc. (ENO) submits this application 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 pennission to spread the current inventory 
of approximately 528 cubic meters of soil as described in Attachment A In a one-time 
spreading ~lvily following receipt of your approval. 

ENO will continue to limit the total activity spread each year to remain within the Omits 
specified in the radiological assessment previously submitted in Reference (c). 

A radiological ass.essment of the i~pact of spreading the current inventory of soils and 
sediments located at VY Is provided in A~achment A The assessment concludes that 

" 
a) There is significant capacity remaining in the South Disposal Plot to continue to 

accept additional earthen materials for land spreading without exceeding 
established dose limitations. 
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BVY 04-110 I 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 di~posal field. 

c) The continued use of the South Disposal Plot will not exceed the limiting dose 
criteria established in fhe VY Offsite Dose Calculation Manual. 

d) The approved dose impact methodology used to determine compliance wilh 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 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 field area. Existing limi!s on the concentration of 
radioat:iivity in waste media provides protection from smali volumes of "hot• or 
high specific activity materials from being spread qn the disposal field. 

The results 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 llmlted 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 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 infonnation concerning ·this matter, please 
contact me at (802) 258-4236. 

Sincerely, 

$)??~~~ 
~~. DeVincentis · 

Manager, Licensing 
Vennont 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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Attachment to BVY 04-110 
Dockel No. 50-271 

Assessment of On-Site Disposal of Contaminated 
Stored Soils by Land Spre.ading 

) 

Entergy Nuclear Operations, Inc. 
Vermont Y ank.ee Nuclear Power Station 
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APPENDIX J (Continued) 

1.0 EVALUATIONOBJECI'IVE 

Current restrictions on the annual volwne of slightly contaminated soil (1000 ft3 or 28.3 m3
) that can 

be disposed of on-site (ODCM, Appendix I, Reference l), coupled with several plant facility 
construction projects in recent years, has resulted in the accumulation of a back-log of low level 
contaminated earthen material that 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 fonnal 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 
o#ler earthen type materials (Reference l ), 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 accwnulation of 
low-level 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: 

• The dose to the whole body or any organ of !l 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 io the whole bot;ly and any prgan of an ~advertent inttuder follow.mg 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 on~ of the approved on-site locations. 

1.1 Background 

In 1989, Vermont Y~ee Nuclear Power Corporation requested from the NRC pennission to 
routinely dispose of slightly contaminated septic waste in designated on-site areas in accordance 
with l OCFR20.302(a). Approval ftom the NRC was granted on August 30. 1989. provided that the 
request and analysis be permanently incorporated into the plant's Oft'site Dose Calculation Manual 
(ODCM). Revision 9 to the ODCM (Appendix B) incmporated 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 im1icipated to be generated as part of routine system maintenance. For purposes of 
demonstrating that future addition of waste materials could be added to the disposal plots, the 
radiological analysis projected an annual gen~on rate of about 18,600 gallons of sewage 
containing about 1400 kg of solid materials that might require on-site 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 JOCFR20, Appendix 
B, Table ll, 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. V ennont Yankee requested from the NRC that the previous authorimtion for on-site 
disposal of septic waste be amended to permit the on-site disposal of slightly contaminated Cooling 
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APPENDIX J (Continued) 

Tower silt material. The application analyzed the expected radiological impact from bQth the 
existing inventory at that time of about 14,000 ft 3 (-396 m3

) of accumulated silt, along with an 
operating cycle (18 months) generation rate of about 4000 ft 3 (-113 m3 

). The NRC returned their 
safety evaluation, dated March 4, 1996, granting approval for the pro~sed sih disposal. 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 all past disposal operations) and radionuclide 
concentration limits are satisfied. The soil concentration limits (for any sample) were based on 
limiting external annual dose to. 25 mrem assuming continuous·occupaney on an infmite 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 l9 the proposed action have prior NRC staff approval. 

In 1999 (with a supplemental filing in 2000), Verrtiont Yankee fil~ a third request under 10 CFR 
20,2002 with the NRC to amend the previously approved applications for on-site land disposal of 
sligbdy contaminated earth~ materials (septic sludge anp Cooling Tower silt) to include 
approximately 900 ~ (25.S m ) of accumulated contaminated son generated during construction 
activities withi,:a the VY Protected Area. Sampling of the soil revealed low levels of radioactivity 
that were similar in radionuclides and activity levels to the sep1ic waste and Cooling Tower silts 
previously encountered. The request to the NRC for this additional material also indicated that 
additional amounts of contaminated soil I sand associated with road sweepings folio~ winter 
sanding of road and walkways in the Protected Area _could result in an estimated 1000 ft per year 
(28.3 m 3 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 ifVennont Yankee intended 
to use the 20.2002 soil disposal application for approval to dispose of potential future volumes (i.e., 
notjust a one-time disposal application) of low level contaminated soil in the same manner as 
already approved for septic waste and Cooling Tower sm. Vennont Yankee revised its :llpplication 

\ by adding an analysis for a projected annual volume of 1000 ft3, or equivalently 28.3 m3
, 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 soll(Ces (septic waste, Cooling Tower silt and soil / salid mixes) on the disposal fielp was 
evaluated for both the dose impact to the critical receptor at the end of the control period and the 
assumed intruder. These dose ~mpacts were fQund acceptable when compared against the original 
on-site spreading dose acceptance criteria of 1 mzem/yr (Control Period) and 5 mrem/yr (Intruder 
Scenario). The 1000 ft3 (28.3 m3

) annual generation rate of soil was based on plant staff emmates 
that approximately that amount of soil and sand is collected from road and walkway swe.epings 
ioside the Protected Arca following each year's winter clean-up as part of routine maintenance. This 
is the only type of earthen materials that bas a specific annual volume limit associ~ 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 

Theevalua.tion'ofthe radiological impact ofall past, accumulated storage inventory, and projected 
futme waste spreading operations on .a single disposal plot (1.9 acres at South end of site) have 
indicated the following results and conclpsions: 

• All past spreading of septic waste, Cooling Tower silt. and soil/sand mixes through the end 
of2003 have resulted in a maxim11m organ dose to a critical receptor (control Period use) 
that accounts for only 13.7% of the I mrem/year limit. With respect to the Intruder dose 
limit of S mrem/year, all past spreadings through the end of2003 account for only 7.2% of 

· the maximwn organ dose to the limiting receptor at the end of plant license. 

• The impact from the projected spreading of the existing waste materials in storage is 
estimaied to account for only 5.3% of the I mrem/y~ 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*1te end of November 2003). The maximum Intruder organ dose from all 
past spreading and stored materials is 0.456 mremlyr, 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 :fi~Jd. · 

• Assuming th~ same annual average generation rate of radioactivity in waste materials 
(s~e/silt/soil) that has been observed over the last fourteen years is added to all past 
waste spreadings and stored soil commitments, the projected dose at the end of the current 
plant licensing period (year 2013) yields a limiting maximum critical receptor dose (for 
either the ce>ntrol period or inadvertent intruder) equivalent to only 2S.3% of the most 
restrictive annual dose limit (associated with the I 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 additjon of 18,653 ft3 of slightly contaminated soil cUJTently in 
storage, will not exceed the approved limiting dose criteria established in the ODCM. 

• The dose impact methodology used to determine compliance with the on-site spreading dose 
limits arc 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 $J>eCific activity 
materials from being spread on the disposal field 
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APPENDIX J (Continued) 

3.0 METHOD OF EVALUATION-

The method of evaluating the impacts R9m the on-site spreading is the same as used and approved 
in the original exemption request made to ~e NRC under IOCFR20.302 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 
l.109 (Reference 2) are employed in perfonning the ·radiological dose impact assessment. The 
application of the dose models begins with the characterization of the waste materials that are to be 
subject to the dose evaluation. 

3.1 Waste Characteri7.ation 

The existing accumulated soil / sand that.has created a backlog of accumulated material over the last 
several years is identified on Table J, along with the estimated volume and origination of material. 
The soil materials were primarily derived from excavation activities 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/ 5;11Dd 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 dwnp trucks for 
transport to the temporary storage area located between the Cooling Towers where it was deposited 
on the ground surface and QOVered to prevent erosion. This location was se~ected because it was 
away from areas routinely occupied by plant staf( and could easily be controlled. The most probable 
source of the low levels of radioactive contamination is due to the presence of below detm:table 
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 f,ime to low-level detectable concentrations. Down wash 
and deposition of particulate activity released from th_e plant's Primary Vent Stack as.part of routine 
gaseous emissions may ~o have con1n"buted to the low levels of detectable activity. 

For potential fiJtW'e disposal volumes of sand and soil, the cwrent volwne limit (I 000 ft' [28.3 m 3], 
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 I sand between the Cooling Towers includes approximaiely 
18,653 t\3(528 m3> ofmaterial of which only 3.3% or 616 tt3 (17.4 m3

) 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. 
Currcn~y. only soils / sand mixtures have an annual on-site disposal limit equal to- 1000 ft3 (28.3 
m3). 
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Table I 
Inventory of Contaminated Soil Piles 

In Storage 
(December 2003) 

Overall Overall Max 
Pile description Length width Height Estimated Volume 

ft 

(1) 2002-01: Security Fence Upgrade 75 
(2) 2002-02: Seauity Fence Upgrade 75 
(3) 2002-03: Security Fence Upgrade 39 
(4} S&lid Sweep1111JB (lnlllde prvtecl8d 11111s) 16 
(5) 2001 HWC Solis Excavallon 38 
(8) 1996 Soll Remnants from Fenoe Upgrade 24 

ft Inches 

21 44 
28 60 
22 42 
11 42 
11 42 
6.4 84 

totat Vol. (ll'-3) = 

11"3 

4,679 
9,000 
2,457 

616 
931 
870 

18,853 

3.2 Soil Disposal and Administrative Procedure Requirements 

The method of soil/sand disposal of the existing baclclog inventory will use the technique of hind 
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 Vennont Yankee ODCM (Reference)). The accumulation of radioactivity on the disposal plot 
for this proposed soil spreading operation will be treated as if Cooling Tow~ 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 3 (S28 m3

) of soil and all annual projected futme disposals of septic 
waste, Cooling Tower silt, and low-level contaminated soil volumes through the end of the plant's 
cwrent 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 
YanJcee 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 o~ site. Incidental 
pieces of asphalt and large stones that are picked up with the soil will be ~ned out before the 
soiUsand 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/SW1d (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 accwnulated on each 

disposai plot at the time of spreading 
(d) the plot on which the soil was applied, and 
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(e} dose calculations or maximum allowable accumulated activity detenninations 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 wiU include all past disposal operations of 
septic waste, Cooling Tower silt and soiVsand decay-corrected to the date of the latest spreading 
placed on the designated disposal plots. In addition, c:oncentration limits applied to ~e disposal of 
earthen type materials (dry soil) restrict the placement of small volumes of~terials that have 
relatively high radioactivity concen1rations. 

Any farmer leasing land used for the disposal of soU will be notified Qfthe applicable restrictions 
placed on the site due to the spreading of 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 applicable Vennont Y allkee procedures to 
maintain doses as low as reasonably achievable and within the specific dose criteria as previously 
approved for septic and Cooling Tower silt waste disposal. 

3.3 Disposal Plot Characteristics 

All designated disposal sites (six different plots) are located on the Entergy Nuclear Northeast 
Vennont Yankee plant site and are within the site boundary security fence. The Southfield consists 
ofapproximately 1.9 acres and is ceiltered approximately IS9() feet South of~e Reactor Buil(lblg. 
This field bas been the only one of the NRC approved fields that has actually been utilized for this 
pwpose to-date. It is anticipated that future disposal operatio~ 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 throu~ 19) persist to the end of the plant license in 2013. 

In aadition 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 assemnents have demonstrated 
that a single plot of about 2 acres is sufficient to meet routine or expected disposal needs. Therefore 
the northern site could be subdivided into S_plots if additionaJ capacity was needed. 

3.4 Radiological Impact Methodology 

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 boundaiy conditions (see Section 
1.0above). 

To assess the dose received (after the spreading of the existing 18,653 ft3 [S28 m3
] 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 inlruder after plant control of 
access ends (reference year of2013), the same pathway modeling, assumptions and dose calculation 
methods as approved for septic waste, Cooling Tower silt and past soil / sand disposals are used. 
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APPENDIX J (Continued) 

These dose models implement the methods and dose convel'8ion factors as provided in Regulatory 
Guide 1. I 09 (Reference 2). 

The following six potential pathways were identified and included in the analysis: 

(a) Standing on contaminated ground, 
(b) Inhalation of resuspended radioactivity, 
(c) Ingestion of leafy vegetables, 
( d) Ingestion of stored' vegetables, 
(e) Ingestion of meat, and 
(f) 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: 

(a) 

(b) 

(c) 

(d) 

(e) 

Direct exposure to ground contamination and inhalation of resuspended radioactivity 
from the ground by movement of air is for a period of 104 homs per year during the 
Vermont Yankee active control of the disposal sites and continuous thereafter. The 
104-bour interval is representative of a farmer's time spent on a plot of land (4 hours 
per week for 6 montbs). The resuspeµnon factor for soil materia,l on the ground back 
into the air is taken as l.O~S based on an assumption that the disposal field will 
display characteristics similar to semiarid grassland experimental results. [NUREO,. 
75/014; WASH-1400."Reactor Sefety Study", Appendix VI, Table VI E-3; USNRC, 
October 197S] 

For tlie purpose of proj~ng and illustrating the magnitude of dose impacts over the 
remaining life oftbe plant. it is assumed that future disposals of septic, silt and soil 
material will be placed annually on the same field aJ the annual average radioactivity 
levels observed for these waste streams over the p~ fourteen years. The ~ 
disposals will also consist of the annual average radioactivity content observed in the 
accumulated soiVsand 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 fuJm 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 a~tive control 
of the disposal sites until 2013, no plowing is assumed to take place and all dispersed 

1 radioactive material remains on the surface forming a source of unshielded direct 
radiation. 

The crop exposure time was changed from 2160 hows to O hours to reflect the 
condition that no radio~ve material is dispersed directly on crops for human or 
animal conswnption. Crop contamination is only through root uptake. 

The deposition on crops of resuspended radioactivity is insignificant 
I , 

10· 

r-11 
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(f) 

(g) 

(h) 

APPENDIX J (Continued) 

Most of the pathway data and usage factors used in the analysis are the same as those 
used in the Vennont Yankee's ODCM assessment of off-site radiological impacts 
from routine releases. The fraction of stored vc2etables 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 
exposwe time to account for buildup was changed from thi;, standard IS )'efµ"S (given 
in Reference 2) to 1 year. 

It is conservatively assumed that Vermont Yankee relinquishes control of the disposal 
site!! after the current operating license expires in 2013 (i.e., the source tenn 
accumulated on a single disposal plot applies also for the inadvertent intruder at that 
time). 

For the analysis of the impact after Vermont Yllllkee control of the site is 
relinquishec( the radioactive material is plo~ed under and- forms a unifonn mix with 
the top six inches of the soil, but, nonetheless. undergoes resuspension in the air at the 
same rate as the 1D1pfowed surface contamination. However. for direct gro1D1d plane 
exposme 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 insignificani contributor to the dose. Restrictions on the 
placement ofthe disposal plots put them at significant distances from wet lands, potable well 
supplies, and surface waters (CoIU1ectfout River). Therefore, the liquid pathway is not considered 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 in R,eference 1 (Appendixes Band F). Table 18 pres~ 
the radioactivity that currently exists on the South field after the lest spreading event. which 
occum,d on November 4, 2003. Table 18 also indicates the residual radioactivity that would remain 
on South field at the end of the plant operating period (2013) ifno additional disposals were to take 
place. 
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APPENDIX J (Continued) 

4.0 ~UMPTIONS AND INPUTS 

1) The volwne of the accwnulated soil/ sand currendy in storage between the Cooling 
Towers (as of December, 2003) was estimated from field m~ents of,length. width. 
height and general shape of each pile taken in 2003. The estim~ volume ofeach pile is 
SUDUilam.cd on Table I. 

2) The radioactivity content of each pile was determined by averaging the numerious grab 
samples (typically 30 samp_les per pile}collectedfor cluuacteri7.ation of the soil material 
collected. Appendixes A through F provide the individual .results of positive analysis for 
plant related radionuclide& Laboratory analyses wen, performed either by Vennont 
Yankee or the ARBV A-Framatome (formerly the Y~ Atomic/ Duke Engineering) 
Environmental laboratory with samples counted with respect to the NRC environmenfal 
LLD requirements as indicated in the VY OOCM. 

3) Appendix G provides the total accumulated radioactivity on the South disposal Plot (1.9 
acres) decayed to the date of the last spreading of.WBSII: materials of November 4, 2003. 

4) Dose Conversion Fuctors (DCF) specific to the )and spreading of materials at Vermont 
Yankee were taken from the VY ODCM. Appendix F, Tables 11 and I"2 (Reference l). 
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 i~lusion in the ODCM as Ap~ix B. Sec;tion 3.2 of this calculation provides an 
outline of the key aspects of the dose modl:'il and assumptions used. The following·(Tables 
2 & 3) listing notes these site specific dose conversion factors for both the Control-Period 
and the Intruder scenario for the nuclidcs detected es positive in one or more of the sample 
analyses. 

Tablel 
Site Specific Control Period Dose Conversion Factors 

MaicOrgan 

Isotope lndlvldual/Ofgan DCFCQntrol 

(mremlyr-
pCi/aav) 

Mn-84 Adult/GI-LU 3.75E-04 
Co-60 Teen/Lung 7.17E-04 
Zn-65 Chlldn..lver 1.64&02 

C&-134 Childlliver 3.18E-03 
C,S.137 ChDcf/Bone 2.66E-03 
Ce-141 Teen/lung U4E-04 
Ce-1<14 Teen/Lung ~OOS-04 

12 
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Whole Body 

DCFCon1rol 

(mremfyr-· 
JICileae} 

1.93E-04 
5.31&-04 
1.03E.Q2 
1.28E-03 
7.D2E-04 
1.50E-c>5 
2ME-OO 

Half.Ure Decay 
Constant (A) 

dB!(S Yr-1 

3.12SE+-02 8.113E-01 
1.926E-f03 1.3161:-01, 
2.'438E+-02 1.038Ef00 
7.631E+02 3.356601 
1.102E+o4 2.290E.Q2 
3.250E-+01 7.788E+OO 

234.8 8.888E-01 
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APPENDIX J (Continued) 

Teble3 
Site Specific Intruder Dose Conversion Factors 

Max Organ 
Isotope DCFlhbuder 

(mrem/yr-s.iCl/acre) 

Mn-54 Teen/Lung 1.02E-02 
Co-60 Teen/Lung 3.19E-02 
Zn-85 Chllcl/Liver 1.89E-02 

Cs-134 Child/Liver 1.21E-02 
Cs-137 (;hild/Bone 6.98E-03 
Ce-141 Teen/Lung 1.21E-02 
C&-144 Teen/Lcmg 5:00E--02 

13 

X-lb 
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Whole Body 
DCF Intruder 

(mrem/yr-1,1Cl/scre) 

3.12E-Oa 
9.09E-03 
1.25E-02 
9.36E-03 
3.85E-03 
3.44E-04 
1.62E..o3 
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APPENDIX J (Continued) 

S.O EVALUATIONS 

In order to demons1ratc compliBDCe with the boundary dose conditio~ as stated in the ODCM. the 
critical organ and whole body dose from all pathways to the maximally exposed individual diuing 
Vennont Y ankcc Control Period and to the Inadvertent In1ruder (for time periods following the end 
of the cum,nt operating plant license scheduled for 2013) were calculated for several scenarios (case 
studies) or combinations of disposal options. The dose cal~ons were performed using the site­
specific dose factors for detected radionuclidcs as presented in Tables 2 and 3 ( obtain from the VY 
ODCM, Appenwx F, Tables I l and 12). The objective is to demonstrate that the addition of the 
existing soiUsand materials currendy 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 
futwe annual di~sals of septic waste, cooling tower silt and excavated soils/roadway sand 
containing the observed historical levels of plant related m.dionuclides are also placed on the same 
disposal plot. 

S. l Case Study I (Past Smeading Impacts) 

The fint case study (Case I) evaluated the spreading related dose impact associated with the past 
septic. Cooling Tower silt ancl soil spreadi1_1g activity only. Table 4 shows the annual history and 
total emo\ntt of radioactivity in septic. silt and soiVsand waste materials by radionuclide that lnls 
been ~ad on the South field f<>r the past 14 years (last spreading oli 1 l/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 total accumulated 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 last spreading on 
November 4, 2003, as well as the Intruder Dose projected to 2013 fiom aU 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 margin in comparison to the Comrol Period and Intruder dose limits stiU 
available for the South disposal plot. 

5.2 Case Stud,yll{Stoi'ed Soil/Sand Inventory Impacts} 

The second case study (Case Il) looks at the SpICading dose impact (Control Period and the Intruder 
impact at the end of plant license) first from the radioactivity associated with the existing soil in 
stomge (18.653 ft3 as indicated on Table I) ~en the Cooling Towers. and then in combination 
with all past spreadings in order to demonstnste that the single south disposal plot can accommodate 
the cummt backlog of soil now being stored if it weie all spread on top of all past disposals. 

Table 18 inwcatcs the total accumulated septic, silt and soil activity per radionuclide remaining on 
the wsposal 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 alt existing soi] being held in storage, and to the projected end of 
the CUttCnt pJant license in 2013. 

Tables 8, 9, 10 and I 1 provide the estimate of radioactivity content in each of the storage piles of 
soiVsand beiog 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 
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APPENDIX J (Continued) 

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 deteamined by including in the average the 
minimum detectable concentration (MDC) of each radionuclide because most of the samples 
indicated a positive concentration for Cs-13i This slightly biases the assessment towards a 
conservative upper bound estimate ofthe,patential 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 radiCinuclides (Co-60. Zn-65 and Mn-54), this biasing of the data was not applied 
since the oceWTence of positive values only represented a small fraction of the total number of 
samples taken. The total activity detennination for each pile is then calculated by taking the avemge 
measured ooncentration 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 asswned 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 fur all six piles currently in 
storage. The estimated average concentration for each of the four detected radionuclides is decay 
conected from the date of the sample collection to June 1, 2004, as the reference date for estimating 
d~se impacts from the proposed disposal of the accumulated material in storage. Table 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 Jntruder dose impact at that 
time. Table 20 combines the radioactivity content of all soil/sand materials stored between tM' 
Cooling Towen with all remaining activity previqusly spread on the South disposal plot, decayed to 
2013 fur use in detennining 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 dispoS&ll 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 ston:d 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 material results in a maximum organ 
dose of only 17. 7 % (0.177 mrem/yr) of the 1 mrem/yr Control Period dose limit. The maxbnwn 
Intruder organ dose is estimated to be 0.456 mrem/yr or 9.1 % of the 5 mrem/yr Intrucll3r scenario 
dose limit. For cort1parison, Table 25 indicates that the maximum organ dose during the Control 
Period from only the inventory of l 8,6S3 ft3 of soil/sand is estimated to be O.OS26 mrem/yr, or 5.3% 
of the l mrem/yr dose limit 

5.3 Case Study m (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, soil/sand mixes) wouJd be based on 
historical records, combined with the existing 18,653 ft' (528 m3

) of material in st~rage, in order to 
detennine 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, res~ve)y; This data breakdown is used in this disposal case 
study to predict future disposal rates to be applied to the South disposal plot. Table Jj provides a 
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APPENDIX J (Continued) 

summary ofthe buildup offutme spreadings over time after 2004 from all three waste streams 
(Septic waste, Cooling Tower silt, and soil/sand mixes), which could be projected to accwnulate on 
the South disposal plot by 2013. The annual disposal quantity 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 dmle streams (septic waste, Cooling Tower silt, and soil/sand) is 
taken to be representative ofthe future generation rate for each year from 2004 until 2013. The last 
column ofTable 13 indicates the d~y con-ected accumulated activity on the South disposal plot 
from only 84ditions 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/soil mix, Cooling Tower silt and septic~). The buildup equation used in Tables 13 through 
18 accounts for both annual additions to the :field as weJJ as decay over this in--growth period is given 
by: 

Where: 
Acti(t)= 

Act; (a)= 

E "' 

= 

At = 

Act1 (t) = Acti (a)• (I- EC"'11),(l - E) 

the total activity of radionuclide "i" (uCi) remaining at the c,,nd of the buildup 
period, t (years). 

the annual mdioact;ivity addition of nuclide "i" to the disposal plot in uCi. 
The values for projected fu~ additions are based on the wmual average 
value observed for that nuclide for the specific dispo~ stream (i.e., septic 
waste, cooling tovw=r slit. soil/sand). 

exp(;.1..,At) 

is the decay constant for the sefected radiomwlid~ "i" (I/year} 

time interval between applications = I year. 

In addition, Case Study II above evaluated the radiological impact from the disposal of the existing 
jnventory 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 ~004. plus subsequent decay to 2013. 

Table 26 combines the site-specific dose conversion factors from Tables 2 and 3 for the Control 
Period and Intruder scenario, respectively, with all previously spread radioactivity on the South 
disposai 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 
annual generation rate (Tables 1.3 through 17). Table 19 provides a summary of accumulated 
radioactivity cin the South field ftom the past spreading, materials in $tomge 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) refleets the maximum expected impact 
from all past and future disposals being placed on the South disposal field. 
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APPENDIX J (Continued) 

6.0 RESULTS/ CONCLUSIONS 

The evaluation of the radiological impact of all past. accumulated storage inventory, and projected 
future Y.'8Ste spreading operations on the 1.9 acre South disposaJ plot ,.ave shown that the existing 
field is being operated within the previously approved dose limit criteria. The specific rmdings 
include: 

1. For Case Study 1 (Past Spreading Impacts). Table 21 shows that after 14 years of spreading 
septic waste, Cooling Tower silt. and soil/sand mixes on the a single, I. 9 acre disposal plot 
the committed dose impact results in a maximum 01'8Bll dose to a critical rec.eptor (Control 
Period use) that ~owits for only 13.7% of the I mrem/year limit. With respect to the 
Intruder dose limit of 5 mrem/year at the end C>f assumed active property control (i.e., end of 
plant license assumed for dose projection pwposes), Table 22 indicates that all past 
spmu:lings through the end of2003 account for only 7.2% of the maximum organ <lose 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 ·accep,1 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 ft' of 
soil/sand material in storage is estimated to account for only 5.3% of the 1 mrem/yeaf 
Control Period dose limit. or only 17.7% ofthe same limit when all past spreadings are 
combined with the materials curreotly in storage (as of the end ofNovember 2003). The 
maximum Intruder organ dose from all past spreading and stored materials is calculate<I to 
be 0.456 mrem/yr (Table 24), or 9.1% of the S mrem/yr Intruder scenario dose Jimil These 
results indicale that the existing inventory of waste materials in storage can be placed on the 
South disposal plot without exceeding dose impact limits previ~usly established for a single 
disposal field. or using a significant proportion of the South disposal plot's ~city 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 has been observed over the last 14 years is added each year through 
20U 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 
either the control period or inadvertent intruder) equivalent to only 25.3% of ~e most 
restrictive annual dose limit (associated·with ~ 1 miem/year limi~ for the maxiinum organ 
during the Control Period). This finding demonstrates that the continued use of the South 
disposal plot, even with the addition of 18,653 it' 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 disppsal 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 
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placed on the same field area. 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. 
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Table4 

R--.1 of SeplJc I Coallfll! T_, SIi i Conarudlon Soll Rallloacll¥o Mlll8rlal Spreading 

Each Yur an Ilia Salllll Dlapaul Fll'l!4 

Vur Spiudlng Malallal loh-54 Co,«) ~ Ce-134 Ca-137 
Dall! ~ (uCIIKnl) (UCltacnt) (&aacnt) (uCl.'llcn) (uCVIIGnl) 

111911 1Clt31190 Sepgge D 3.89 D 0 D.28 
111201911 Sliplegl! 0.17 2,03 .0.41 D D.29 

1991 - 0 D 0 0 0 

11192 1WH119Z SaplllSIO o:i1 t.73 0,t52 o.os D.32 

11193 10.,14193 Sapb:lge o.os 1.41 D.21 0 0.3 
1111N oat14'M Septaee o.oe 0.43 0 0 OJl9 
11186 IJ8l2MS Seplage 0 o..ea 0 0 0 
1998 none 0 a a a a 
1997 OEll'tM/11 . 8aplagl! 0.12 1 0 D 0.111 
111911 07.130,'1111 Sapblge 0.14 0.72 0.09 0 0.12 

0911811l8 CTSII i) 0 0 0 30.87 
111911 O'l/16199 8"'*98 0,11 1.47 02 .D 0.25 
2000 OBIOIIIOD ..,... 0 0 0 D D 

tOIZIIQO CTSII 0.117 0.88 0 0 0 

1CJ.1241DO 8o&ISand ·o 0,11112 0 0 3.698 
2001 IJ8.20.01 Sapblge 0 4.07ll 1.088 0 0.168 

Cl9/2SI01 8oW8and 0 0 0 0 fA 

2002 1111121/02 Seplage 0.01 0.04 0 0.001 O.D1 
11111'°2 SGlllSand 0 0 0 0 1.37 

2G03 071111m &lptagl! 0 1.03 .0 0 0 
1~ Septage 0 0.12 0 0 i) 

1111J,,WS SoillSand_ 0 0 0 0 1.84 
11/04/03 CTSII Cl 0.266 0 0 0 

A-.Al:M.vl'lr 
(uCl/acnl): 0.116 1.<15 0.1a 0.0036 2.IIO 

(Oftr 14 rirar-apreadlng hillay) 
Awriige lldivly 

(uCllyl) 0.12'3 2.71 11.342 CUI07 6.52 
clllpoaed of on 1.11 

- fillld lladl l/'1181' 
·No~~ In aplcwllllle Alllpll!s. 

19 
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~141 
(uCilllln) 

D 
1..coe-oa 

0 
D.II06 

0 
0 
0 
D 
0 
0 
0 
0 
D 

0 
0 -

0.089 
0 
0 
0 
D 

0 
0 
0 

0.01 

0.013 
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Yeer Sprudillg Maletta! 
Data· Type 

1990 10/31,'90 _Seplage 

11/20l80 SalltBila 
1991 none 
1992 10/111192· Seplsge 

1993 1Ql1""8a Seplsge 

1994 08/1""94 Sepfqe 
1995 Oll/29,'95 Seplaga 

1998 none 
11197 1111118197 SlplagD 
1198 0713C1198 s.ptage 
19119 07/151119 Sepmge 
2000 OIWSIIOO s.p1qe• 
2001 CJ6.20,01 Septagu 

2002 ~/02 Septage 

2Q03 01IOU03 sept;ige 
1Dl25/03 Sspta;e 

Awriige Mlvly/tp 
(uCI/SQV); 

(Over 14 year ipll!ldlng lllltory) 

Aveiage ecMy 
(UCifJJ) 

cllspoled d OIi 1.11 
IIICftl llelcl each )'911" 

APPENDIX J (Continued) 

TableS 

ReCOld af 5eptic waste Ora!y fvr RadloactiYe Matelial Sprllad!ng 

Eadl Year on the SOUIII Olsposal Fleld 

Mn-64 ~ Zn-85 CS-134 
(u<W~) (uCVaaa) (uCUacnt) (UCUacra) 

0 3.89 0 0 
D.17 2.03 0.41 0 

0 0 0 D 
0.11 1.73 0.52 0.05 
0.05 1.41 021 0 
0.08 o . .cs 0 0 

0 0.88 0 0 
0 0 • D 0 

0.12 1 0 0 
0.14 0.72 O.ll!I 0 
0.1, 1A7 0.2 0 

0 D 0 0 
0 4.078 1.0B8 0 

0.01 o.oc 0 0.001 
0 1.os' D 0 
D 0.12 0 0 

.. 

0.08 1.34 0.18 0.004 

0.107 2.1511 0.342 Q.007 

Cs-137 
(uCllac:n,) 

0.28 
0.2t 

0 

0.32 
0.3 

D.08 
0 
0 

0.19 
0.12 
0.25 

0 
0.156 
0.01 

D 
D 

0.14 

0.27 

• No radioadivlly ~ In seplJc waste 118111ples. 

Ty 1-1 
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C&-141 
(uCllac:re) 

·o 
1.40608 

o· 
o.ooe 

0 
0 
0 

~ 
0 
0 
0 
0 

0.089 
- 0 

D 
0 

0.01 

-
0.013 
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Table6 

ReQORf of Cao&ng T-S.1tWesle Only for~ Motenel Spreading 

Eadl Year on tllB SOulll Dlspo!IIII Field · 

Spreadilg Material 
.. 

Mn-64 Co.«) Zn-65 Cs-134 Year Data . Type. (uCifacm) .(uCi.lac:re) (IICUacni) (UCU-) 

1998 09/18198 Sil 0 0 0 0 

2000 10l24/00 sat 0.117 D.68 0 0 
2003 - 11AWA>3 Sit 0 0.256 0 0 

-
Awiage Adttllyl,r 

(uCilllCIV) 0.004 0.030 0.000 0.000 
(31 year sit geneldon hlstoly) 

AVIQ99 .adlvly 

(uC:Vyl) OJI07 0.061 0.000 0.000 

. dlspoood of on 1.11 eae leld 

Nale: Caall119T-r,eaily1Mng91i!! 0Vllf31 rMNofop$tdan ldnC11ttheflrslcll8poaal In 1898 
!ncllldad al accumulated lllllllllal P1CB plantswtup 

Table7 

Record of COnstnlcllon $oll/S11nd Waal!I Only for Rlldloaelhle ll'aertal Spreading 
Each Year on 1M SOIIIII DltfiOsal Field 

Yell 
Spreading ,,. .. , Mn-st Cc>«I Zit«; C.134 

Data. Type (uCl.laere) (UCU-) (u<Wal:nt) (uCl/acre) 

2000 101241DO Soll/Sand 0 0.802 0 0 

2001 ~5I01 Sol/Sand 0 0 0 0 

2002 11111/02 SolllSancl 0 0 0 0 
2003 111041113 Sol/Sand 0 0 0 0 

AY«rl09 JdwiJl'p 
(UClllli:le): 0.00 0.15 0.00 0.00 

Average actlvly 

(UClfyr) dllposecl of 0.00 0.29 0.00 0.00 
on 1.t.cnfiellf P91'yur 

Nale: SolL' road aand yq -.1s owr cmfv 1h11 4 years of ilperalian slN:e that h tho perlGd of 

ITIIIWial colllcllon. 

21 

CS-137 C:..141 
(uCUaae) (uCl/acle) 

30.87 0 •, 

0 0 
0 0 

0.996 0.000 

1.11112 0.000 

C.-137 Co-141 
(uCVacRI) (uClfm:n!) 

3.693 0 
1.4 0 
1.3.7 D 
1.34 0 

1.95 o:oo 

3.71 o.oo 

Appendix J Original 
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Table8 

Cesium -137 In storage Plies after Last Spreading 2003° 

PIie de!crlpllon 

2002:01: Securtty Fence Upgrade 
2002-02: Securtty Fence Upgrade 
Pll11c Lot SWeep ~nafde protected 
area) 
2001 HWC Solla E:xcavatlon 
1998 Remnlll1ts( mixed cantam. + 
nclKOIII) 
2002-03 Secutlty Fence Chunks & 
soltmix 

totals m 

Estimated 
Volume 

.fth3 

4,679 
9,000 

616 

931' 
970 

2,467 

18.653 

Dal.& of 
Analyala 

05IOM)2 

08/04IO'l 
11Jml01 

10/22/01 
04/13195 

1V1M>2 

• Note: Soil analysis data provided in Appendlxe$ A througl\ F. 

OecayUme Aver. Cs-
to811/04 137Conc.(W 

/LLD) No 
decay 

vears -UCVRIII · 

2.08 7.12E.{)8 
2.00 4.18&08 
2.68 4.802.{)8 

2.58 5.41E-oa 
8;13 9.22E-08 

1.54 4.11E-08 

Average a 6.81E.Q8 

22 

,, 
Acllvlty decayed to 08/0111)4 

Me1111Ul8d TotalCI- Aver.Ce• Cs-137 %Cl-137 
density 137 137 applied to of total 

{decayed) Ccnc.(W/ 1.9scre 
(WILLD) LLD) fleld 

decayed 
gin/cc uCI . uCl/sm uCl/acre 

1.07 9.62E+o0 6.79E-OS 6.07E+o0 31.48% 
~ 1.11 1.13E-t01 3.99£.08 5.94E+OO 38.95% 

1.643 1.23E+o0 4.52E.OS - 8.46E-01 4.03% i 1.057 1.42E+OO 5.10&08 7.465-01 4.85% 
1.7 3.57E..00 7.85E.OB 1.88E-t-OO 11.69% 0 

~ 
1.24 3A2E-t«I S.97E-08 1.80E+o0 11.20% .... -(') 

0 
total= ·3.06E+01 5.341:-08 1.61E+01 100.00% g. 

c 
CD 
0. 
'-' 
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Table9 

Coban -60 In Storage Piles alter Last Spreading rn 2003• 

PIie desaipllon Estfma!lld Dateof Decay Aver.Co-80 Measured 
Volume Analysis time to Conc.,no danalty 

811/04 decay 

1t'3. years . uCl/9m, gm1= 

2002-01: Security Fem:e Upgrade 4,679 05I06/02 2.08 0.00E+OO 1.07 
2002-02: Security Fence Upgrade 9,000 08/04I02 2.00 O.ODE+oO 1.11 
Park Lot Sweep (Inside pmec:tsd area) 616 11/02JD1 2.58 8.72E-o9 1.58 
2001 HWC Solig Excavation 931 10l22/D1 2.68 O.OOE+OO 1.057 
1996 Remnanl!( mixed comam. + non- 970 ,04/131115 8.13 2.14E.OS 1.7 
cont) 
2002.()3 Security Fence Chunk& & soil 2.457 12/16/02 1.54 O.OOE+OO 1.24 
ml!I_ 

totals"' 18,653 average11 5.02E.(l8 total= 

• Note: Soil analysis data provided in Appendbces A through F. 

23 

Activity decayed to 08/01/04 

Tol!ICo-80 Awr.Co-80 Co-60 %Co-60 
(decayed) Cone., decayed applied ID 1.9 of total 

acre field 

uCI uCVgin UCl/a~ 

O.OOE+OO D.OOE+OO O.OOE+OO 0.00% 
O.OOE+oO o:ooe..oo O.OOEl<JO 0.00% 
UBE-01 8.221:-09 8.90E-02 33.01% ~ O.OOEfOO D.OOE+oO O.OOE+OO 0.00% 
3.43&01 1.7BE-08 1.81E-01 66.99% "'C 

~ 'O.OOE+OO O.OOE-+CO O.OOE+OO 0.00% 
$'.< 

6.12E,()1 4.33E-09 2.70E-01 
.... 

100.00% ,-.. 
C") 
0 g. 
C: 
2. 
'-' 



~< 
~ § TahlelO 
..... 0 
ex, ::s 
)> .... 
::c ~ Zinc -65 In Storage Pi1eB after Lett Spreading In 2ooa• 
m @l 
::0 ~ 
::0 8 Pile de!eltplton Estimated Dateof Decay Aver.Zn-

~ Voiuma Analyala time to 65Conc., 
() 

611'°4 nod!ICAY 

[ tt'3 ~rinl uCl/gm 
"C 

~ 2002..01 : Sec:uifty FfllCa Upgrade 4,6711 05IDEIAJ2 2.08 O.OOE-IOO 
2002.o2: Security Fence Upgrade 9,000 08JGW2 2.00 3.87E-119 

~ Plllk Loi sweep (lnlldtl pratected erea) 616 11A>2/01 2.58 0.00E+OO 
00 2001 HWC SOll9 Excavation 931 10J22l01 2.158 2.0!E-o9 -a 1998 Remnanlll( mbclld conlem.. + non- 970 04/13/95 8.13 O.OOE-+00 
g· cent) 

2002-03 Security Fence Chunka & soil 2,4157 12/1EW2 1.64 O.OOE.00 
mix 

y 
' totala• 18,853 Avemge., 8.92E-10 
~ 

• Nete: Soll mmlysls data pnmded in Appendixes A through F. 

"CO> 
Jll ~:g 
Cl> 00 Cl> 
N,..•::S 

.... 0. 
-.l n ~· 

~~o 
-.l Cl> ::i 

&: 0ef 
24 

() . 

1::.a 
~-

"ti g I» 
tC 

~ CD 
w 

~ O> 
(0 

a -
8 ..... 

AdMly decayed to 08/01/04 

Meauured TolslZn-85 Aver.Zn-116 
denelly (cfeeayed) Cone., 

d11Cay9d 

gm/or; uCI uCUgm 

1.07 O.OOE+oo O.OOE•OO 
1.11 1.0SE-t-00 3.70E.OO 
1.56 O.OOE..00 O.OOE+oo 
1.057 5A8E-02 1.96E-o9 
1.7 O.llllE.00 O.OOE+OO 

1.24 O.OOE+oo O.OOE+OO 

to1al• 1.10E+oo 9.43E-10 

Zn-65 
11pp!led 10 
1.9IICNI 

field 
uCl/aa'e 

O.OOE+DO 
6.60£..01 
O.OOE+OO 
2.87E-G2. 
tl.OOE+OO 

O.OOE+OO 

6.79E~1 

%Zn.es 
of total 

0.00% 
95.04% 
0.00% 
4.98%' 
0.00% 

0.00% 

100.00% 

~ 
~ 
~ ...... 
n 
0 a s· 
~ ,e, 

--1 
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Table 11 

Mn-54 In Stcrage PRes eftsr last Spreading In 20113° 

Pile descrip11on 

2002-01: Security Fence Upgl8de 
2002..Q2: S!ICU!ity Fence Upgrade 
Pad< Loi SWeep {lnalde proleeted area) 
2001 HWC Solla Excavatlon 
1998 Remnants (mixed cont.am.+ non­
canl) 
2()02-03 Sec:u1iltFe11~ Chunks hoD mbc 

lolsls" . 

Estimated 
Volume 

ft.A.3 

4,879 
9,000 
618 
931 
970 

2,457 · 

18,853 

Dateof 
Anelylla 

05Jll8/02 
D6I04I02 
11/D2JD1 
10/22/01 
04/1319!5 

12/18.1112. 

• Note: Soil analysis data provided In Appendixes A through F. 

Decay Av«. Mn-54 
d111eto Cone., no 
8/1/04 decay 

.ml!_ .UCI/B!!! 

2.08 2.09E.Q9 
2.00 O.IJOE,tOO 
2.68 4.77E.Q9 
2.58 O.OOE400 
8.13 O.OCE+oo 

•. 1.54 O.OOE400 

Avnges 1.14E-09 

2S 

Acllvlty decayed to De/D1.tl4 

Measured TotelMn-54 Aver.Mn-54 
density (decayed) Cone., 

decayed 

gm/cc UCi UCl/gm 

1.07 2.82E.Q1 1.991:-09 
1.11 O.IJOE,tOO O.OOE+OO 
1.68 1.22E.01 4.60E-o9 
1.057 O.OOEtOO O.OOE400 

1.7 O.OOE+OO O.OOE+OO 

1.24 O.OOEtllll o.ooe.oo, 
total a 4.05E-01 1.08E.()9 

Mn-54 
appiedb 
1.9aae 

field 
_UCUaCffl 

1.49E-01 
O.OOE-tOO 
. 8.44E-o2 
O.OOE+OO 
O.OOE+OO 

0.DOE+OO 

2.13E-Ot 

%Mn-54 
oflotel 

69.78% 
0,00% 
30.22% 
0.00% 
0.00% 

0.00% 

10!().00% 

-1 

?; 
"d 

~ 
~ ..... 
-.. n 
0 a s· 
s= 
CP ,e, 

-J 



APPENDIX J (Continued) 

- Table 12 

Soll/Sand In Storqe Total AciMtyto be spread on8/1bt and decayed lo2013 

AaDf6/1J04 

Isotope lllmda 1/yr Qs (uCifacnt)• 

Mn-64 0.8113 0.213 
Co-60 0.1315 0.270 
Zn-65 1.D382 0.578 

Ca-134 0.3368 0.000 
Cs137 0.0228 18.1 
Ce-141 7.7883 I 0.000 

Decayllme to 

!111/2013 (yrg) 

8 
II 
9 
9 
9 
9 

.. 
Aaof2013 . 

Qa 
uCilarm)_ - --~-
1 ME-04 

5 
0. 
1. 
o. 

8.27E-02 
.l11E-05 
OOE+OO 
31Et01 
00E4()0 

• Noto: Qa valuca from Tablo 8 (Cs--131), 'table 9 (CHO); Table JO(Zn-65), and Teblo 11 (Mn-54) 

Table 13 

ProjeQtion of AdditiOnal Septic, silt, and sofUaand at Current Generation 
. RateG to 2013 ' 

Annulll 9epllc 
Addition 

IBotDpa lamda 1/yr Qa (UCVscre) 

Mil-54 0.8113 0.056 
Co-60 0.1~15 1.345 
Zn-85 1.0382 0;180 

Ca-134 C:,.3356 0.004 
<:8137 0.0229 0.142 
Ce-141 7.7883 0.007 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

AnnualSllt 
' Addlllon . 

Qa (uCl/aclu) 

--

0.0038 
0.0302 
0.0000 
0.0000 
D.9958 
0.0000 

26 

Annual" Annual Additional. 
Soll/Sand Total Accunwlallon el 
Addilion Additl?nS end of 9 ]l'B8III 

Qa (uClfacfe) Qa Qe·(uClfaore) 

0.043 
0.174 
0.116 
0.000 
4.782 
0.000 

(UCilac:r&l 

0.103 0.185 
1.648 8.183 
0.296 0.458 
0.004 0.012 
5.919 "43.767 
0.007 0.007 
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r 

lsotooe 

Mn-M 
Co-60 
Zn-85 

C&-134 

Ca137 

C.141 

Isotope 

MIMi4 

Co-60 
Zn-65 

Ca-134 

Cn137 

Ce-141 

Isotope 

Mfl;.54 

C060 

zn..85 

C.134 
Ce137 
Ce-141 . 

APPENDIX J (Continued) 

Table 14 
Projection of Additional Sand/Soil Mix 

At Historical Generation Rates To Year 2013 (9 years after 2004) 

I . 
. Projected Aiui'lial 
SoiUSand Additions Accumulaled Sand/Soll 

to Field at end af 9 years 
lamda 1/yr ' - Qa (UCl/acrel ... ae ~ilacre) ____ . 

0.8113 ,4.26E.Q2 7.65E-o2 

0.131S 1.7E-01 8.21E--01 

1.o382 1.16E-01 1.79E-01 

G.33SfJ O.OOE+OO O.CIOE..00 
0.0229 4.78E+GO 3.6CE-t01 

: 7.7883 O.OOE+oo O;OOE.f-00 

Table 15 
Projection of Additional Cooling Tower (CT) Sik 

At Historical Oeneratlon Rates To Year 2013 (9 years after 2004) 

Projected Annual er Al.cumulated CT siit at 
Silt Additions to Field end of 9 yeans 

lamda1/yr ' Qa (uCI/IIQU)' Qe (uCi/SCIQ) 

o;a11s 3.77E--03 8.785-03 
0.131S 3.026-02 1.59E-01 '' 

1.0382 0.00E+O() O.OOE+OO 

o:3356 O.OOE+oo O.OOE-t-00 
0.0229 9.985-01 7.381:+oo 
7.7863 o.ooe.oo O.OOE+oo 

Table 16 
Projection of Additional Septic Waste . 

At Historic:a1 Oencrution Rates To Year 2013 (9 yeani aJh,r 2004) 

lemda 1/yr 

0.8113 

0.1315 
1.0382 
o.3358 
O.cm9 
7;7883 

27 

Projeded Annual Septic Aocumulated Sepllc 

Additions to Rold Waste at end of 9 years 
Qa (uCUacre) ' Qe (uCl/acm) 

5.64E-02 1.01E-01 

1.34E+OO 7.10E+OO 

1.80E-01 2,78E-01 

3.64E-OS 1,19E.Q2 

1.'42E-01 1.09:+00 
6.79E-,03 6.79E-03 

Appendix J Original 
Off-Site Dose Calculation Manual 
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V ennont Yankee Nuclear Power Station 
W2018ARERR Page 372 of 401 



APPENDIX J (Continued) 

Table 17 

Projected 1 Yr Septage + SIil Spreading for 6/f1D4 &!1.! d£!Cl!Y8d to~-

AaofB/1/04 Decay Time to As of 2013 
lsolooe I lamda 11yr Qa (uCllacre} B1ttml3 Qa i~~acraL 

Mn-54 0.8113 0.060 9 4.06E-05 
Co-60 0.1315 1.375 9 4.21E.01 
Zn-65 1.Q382 0.180 9 1.67E-05 
Cs-134 ·o.3356 0.004 9 1.78E-04 
Cs137 0.0229 1.138 9 9.26E.()1 
Ce-141 7.7883 0.007 9 2.45E~ 

Table 18 

Current Total Spreadings as of 11/4'03 and How much Remains at811/04and 2013 

As of 11/41D3 

isotope lamda Qa (uCYacre)" 1/vr 

Mn-M 0,8113 0.241 
Co«) 0.1315 16.33 
Zn-65 1.0382 1.47 

Cs-134 0.3356 0.00063 
Cs137 0.0229 38.18 
C.141 7.7883 8.SOE-10 

• Da1a Taken from Plant Disposal 

Records 

Vennont Yankee Nuclear Power Station 

VY 2018 ARERR 

Decay Time to 

6M/04(yrs) 

0.6753 
0.5753 
0.5753 
0.6753 
0.5753 
0.6763 

28 

Asof8111D4 Decay Time lo Asof2013 
Qa 2013(yrs) Qa 

luCllecre) (uCi/aav) 

0.151 9 1.02E-04 
15.140 9 4.84 
0.809 9 7.08605 
0.001 9 2.53E-05 
37.68 9 30.66 

1.0E-11 9 3.BOE-42 

----
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....--~------------------~-----------~----------------------

Isotope 
Mn-64 
Ce>G) 

Zn-e5 
C.134 
C.137 
Ce-141 

Notos: • 
•• 
••• 
•••• 

APPENDIX J (Continued) 

Table 19 

current Spreacing To1afs Plua Total ProjeCled Fwire Spreaclngs to 2013 

Cumn Field Act. Stmed Soll/aand 

Deca~ lo 2013• Decll)'(ld to 
-- 2013" 

(UCllacre) (UCifacre) 
1.G2E-04 U4E-04 

4.QG 8.27E4l 

7.08E.OS 5.G7&05 
2.53E-05 D.DOE+OO 

30.68 13.10 

3.80Eo<t2 O.CIDEtOD 

Activity Concentration from Table 18. 
Activity Concentration from Table 12 . 

1 Yr 
Sepmge+ala 
Decayed to 

2013"" 
(uCUacre) 
4..IJ8E.G5 

0.421 

1.57605 

1.78&04 

Cl.8Z8 
2.45E-33 

Activity Concentration from Table 1 s. 16 and 17 . 
ActivityConeci'ltratlon from Table 13 and 14 . 

Table·20 

·--·-- ---AH 
Fulwe Total el.Adlvly Spreading 

. Decayedto 
Decayed lo 2013 :lg!Z'9" __ ---·---.. ·-·-

(UCUacre) (uCilacre) 
0.185 1.85E-01 
8,183 U3E+01 
OAS8 4.61SE-o1 
0.012 1.21E-02 

43.787 8,85Et01 
O.D07 G.79E-03 

Radioactivity Content ,rrom E>cf&ting Materials (Past Spreadlf198 & Stored Materials Only) 

Isotope 

Mn-54 
Co«> 
Zn,85 

Gs-134 
C&-137 
Ce-141 

End Plant Opel'ldlons for Intruder Daee: 
End DIiie 

Dees)' duration to end of Pla!lt 
Operallons: 

Total ActMly on Total Aclivily ~ 
south Field decayed to 

plus storage year2013 
pile& (uCUacre)* (uCl/acre) 

ffi/1/04\ 
0.364 2A6E-G4 
15.41 4.72E+OO 
1.388 1.21E.oc 
0.0()1 2.53E-05 
53.78 4.38E..01 

1.0E-11 3.f30E.;l2 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

29 

811'2013 811'2004 

9yeam 

Past Material Stored TotalPast+ 
CWrent Spread only Maferial to be Material 

up to 11/4/03 
Spread 

decayed to decayed to decayed to 2013 2013 2013 (uCitacn,) 

tUCUacntl lUCi/ac:rel 
1.02E--04 1.44E-04 2.46E-04 
4.64e.oo 8.27E-02 4.72E-t00 
7.0SE-45 6.07E-05 1.21E-04 
2.53E-o5 o:ooe+00 2.53E-05 
3.06E+01 1.31E+01 4.38E+01 
3.606-U 0.091:;~ ~~ ·-
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Isotope 

Mn-54 
Co-60 
zn-65 
Cs-134 

: Cs-137 
Ce-141 

APPENDIX J (Continued) 

Table21 
Past Spreading Control Period Dose,s 

As of 11/04/03 
(No Stored Material or FubJre Additions Included) 

IGOtope 

Mn-54 
Co-80 
ZA-«i 

C&-134 
C.-137 
Ce-141 

: 

~------·-- --
' TotalActivity MaxOrgan WholeBody 
Remelnlnsl on Existing Material Existing Material 
South Field 88 fn>mPaat from Past 

of11AHI03 Spreading Spreading 
ucuacre Mrer,ilyear Mremlvear 

D.241 8.04E-05 •U5E,05 
18.33 1.176-02 8.87E-03 
1.47 2.41602 1;51&02 

0.00083 2.00E-OS ' 8.06E..()'7 
38.18 · 1.oae-01 2.68&02 

B.aE-10 1.38E-13 1.326-14 
-

T01a1Dose= 1.37E-01 5.D7E-02 
Dose Unit per ' 

field= ' 1 1 

%Gf0ou 13.7% 6.1% rimtt 

Table22 
Past Spreading Intruder Period Doses 

At End of Plant License in 2013 
(No Stored Material or Future Additions Included after I 1/4103) 

Total AGtlvlt)' Tolal.AcllVlty 
Remaining on R91tlamingon 
Soulh Field aa South Field 
o1·11~ decayed 

COITeGled to 
.2013 

uCl/acnt uClfacnt 

0.241 1.02E-04 
16.33 4.836 
1.47 7,08E-05 

0.00063 2.53E-05 
38.18 30.68 

8.BE-10 3.eoE-42 

Total09se= 
Dose Umlt per 

field= 
%ofDose&mH 

30 

MaxOrgan VVholeBody 
EJdsling Maturial Existing Material 

fromPast from Past 
Spreading Spreading 

Mremfyear Mramfyear 

1.04E.CJ6 3.18&07 
1.48E-01 4.21E.Q2 
1;34E-G6 8.85E-07 
3.07E-07 2.37E-07 
2.141:-01 1.18E-01 
4.38E-+J 1.24E-45 

3.62E-01 1.80E-01 
5 6 

7.~ 3.2% .. --~-· 
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I 

Isotope 

Mna 
eo.eo 
2n,6S 

C&-134 
Cs-137 
Ce-141 

To1a1Dose= 
DoseUmlt 
.pertleld • 
%of Dose 

Hmlt 

laolope 

Mn-54 
CcH!O 
Zn-65 

CSl-134 
CS-137 

, C&-141 

Max()igan 
Exldng 

Material from 
Pest 

Spteadlng 
Mremlyear 

6.67E-05 
1.09E-02 
1.33E.Q2 
1.651:-08 
1.00E-01 
1.646-15 

1.2.4E-01 

1 

12.4% 

APPENDIX J (Continued) 

Table23 
Control PerlOd Dose: Past 

Spreading & Current Stored Son 
Inventory (as of 6/1/04) 

WholeBody Max Organ WhcileBody 
Elddrlg StoNld Material from Material to be Storad Material 

Pest Spread to be Spread 
Spreacing 
Mrem/Year ~-_M_~eaI.__ 

2.mE-05 7.89E-05 4.11E--05 
8.04E-o3 1.94E-04 1A3E-04 
8.33E-03 9.50E-o3 5.96&03 
6.65E-07 O.QOE+OO O.OOE~ 
2.65E-o2 4.28E-o2 1..13E-o2 
1.6'Es18 O.ooEtOO O.OOE+OO 

4.29E-02 6.28~ 1,7SE-02 

1 1 1 

4.3% 5..3% 1.7% 

Table24 

MaxOrga11, 
ADPasl 

Spreading 
Plus Stored 

Inventory 

~~~--

1.37E-OI 
1.10E-02 
2.28E-02 
1.65E.()!l 
1.43E-01 
1.54E-16 

1.77E-01 

1 

17.7% 

Past Sprading & Stored Soil Inventory (No Future Additions) 
lnttuder Dose at Bnd of Plant License in 2013 

MaxC>rilan Whole~ Max Organ WholeBody MaxOrgan-

Existing Exisllng Stored stonid All Past 
Material from MatedaJ flllm Material to be Material ta be Spreading 

Past Past Spread Spread Plus Stared 
SpreadiJ1D Spreading 1nventotY 
Mremfyear . Mremlyear Mimnlvear 

1.04E-06 3.18E-07 1.47E-o& 4A8E-07 2.50E-06 
U8E-01 4.216-02 2.64E-03 7.52E-04 1.61E-01 
1.34E-06 8.85E-07 9.BSE-07 6.33E-07 2.30E--06 
3.07E-o7 2;37E.()7 O.OOE+oo O.ODE+OO 3.07E-07 
2.14E-01 1.18E.:01 9.14E.o2 5.D4E-02 3.0SE-01 
4.38&44 1;.241:-46 O.OOE+OO O.OOE-+00 4.36644 

.WholeBody 

All Peat 
Spreeing 

Plus Slored 
Inventory 

-~--
7.03E-05 
8.18E-03 
1.43E.()2 
6.65E-07 
3.78E-02 
1.605-18 

8.03E-o2 

1 

8.~. 

Whal a Body 
Pest 

reading 
Stored 

nvenlory 
remfyear 

All 
Sp 

Plus 
I 

M 

7. 66E-o7 
.29E.Q2 

2E-06 
7£..(11 

BE-01 

.. 
1.5 
2.3 
1.6 
1 .25E-CS ·- . 

-- i • ··--··-···-- -- ··-- - -·· -·~·-

Total Dose= 3.62E-01 1.60E-01 
Dose Umlt per 5 5 field• 

%of Dose 7.2",(, 3.29' limit 

Vermont Yankee Nuclear Power Station 
W2018ARERR 

9.41E-02 

5 

1.8% 

31 

5.12E.(12 4.58E..01 

5 5 

10% 9.1% 

2.11 E-01 

5 

4 .2% 
- ----·-
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Table25 
Dose Impact from Spreading of CUITent Inventory or Stored Material 0nty• 

. Total Stored Waste Max Organ Wha111Bodi, MaxOrggn 
Aetlvlty 

!Gotope A4 of 08l01t<W- Conln>I (06/01/04) Control (08/01/04) lnbuder {2013) 

(UCl/acre) mremlyear ml'lll!/year mrem,\tear 

Mn-64 2.13E-01 7.99E-OG 4,11&05 Vi7E-08 
Co,60 2.7QE.01 1.9E-04 1.43&04 2.64E-oa 
Zll-65 6.78E-01 9.ISOE-03 5.96E.()3 9.58E-07 
C&-134 O.DOE+OO O.OOE+OO ·O.oae+oo O.OOE+OO 
C&-137 1.81E+D1 4.2.8602 1.13£.02 9.14E-02 
C•1•41 O.O()E,1,00 D.OOE+oo O.OOE+OO O.QOE+OO 
Ce-144 0.00E+OO D.OOE+QO O.OOE+CMI O.OOE+DO 

Total Dose• 6.26E-02 1.76E-02 9.411:-0'l 
Dose limit a 1 1 5 

% .of Dose Umtt 5.3% 1.7% 1.9% 

• includes only Storad solllsand. materials col!ecled as or end of 2003 (See Table 1) 
.. Total Activity values from Table 12. 

32 

·-···----~ 

Whole Body 

Intruder (2013) 

mremtyr 

4.48E-07 
7.52E-04 

, 8.33E-07 

O.OOE-tOO 
5.04E-02 

· O.OOE..00 
O.IJOE.tO!I 
-S.12E-QZ 

5. 
• 1.0% 

" Contnbullon 
Max organ 
bylsotape 

lnbuder Dose 

0.00% 
0.25% 
0.00% 

D.01l00% 
8.7% 

~.0000% 
0.0000% 

8.9%" 

% ConlrtbuOon Max 
organ 

by Isotope 

Control Period Oo8I 

0.032% 
0.077% 
3.760% 

0.0000% 
17.0% 

0.0000% 
0.0000% 
20.8% 

~ 
"'d 

~ 
t::I 
~ 
...... -n 
g 
a· 
C: s 



APPENDIX J (Continued) 

Table26 

TO!alWaste Max.Organ Whale Body Max.Organ WhaleBody % 'l6 ContiiJurioii 
Activity Con1ribullan ' Max organ 

Maxoivan 
Isotope In 2013"" Control ConllDI mlruder lnll'Uder by isotope IJyllotope 

(UCl/aa'e) rnremyear nnniyear mremlyear ~ ll1lnlcfst Dose Conlrol Pelfod 
Dose 

Mn-64 1.BliE-01 B.IME-06 3.67E-CJ5 1.89E-03 6.77f.04 0.18% o.curi. 
eo.ao 1.33!:401 9.64E-03 7.06E-G3 4.241:-0! 1.21E-01 40.30'Ki 3.776% 
Zn-435 4.68&01 7.61~ 4.'72E,03 1.88&03 5.73E-03 0.82% 2.9749' 
C.-134 1.21E.02 3~ 1.~ 1.A8604 1.136-04 0.0139'11, 0.0162% 
C.-137 l.85E-I01 2.35£.01 6.21&02 8.185-01 3.41E-C)1 68.7% 93.2% 
Co-141 8,71IE-03 USE-OB 1.0'lE-07 B~ 2.34S48 0.0078% 0.0004% 
Ce-1"'4 O.OOE+oo O.OOE+oo O.OOEiOO O.OOE+OO O.OOE+OD O.oooo% 0.000()% 

Total Dolle"' 2.53E-01 7AOE-m ,.ose..ao 4.68E-01 100.0'll, '100.0% 

DoseUmlt• 1 1 15 5 

% of Doee Umll 26.3% 1.,% 21.1% 9.4% 

I 
• 1ndudes all paat sp,eedklgs, 80!1 altrid Between Cooing Towera (as of 11141D3),and·all eMual p,oJecled 

additions af septage/lllf/al • 
.. Total Adlvit)' vaus ffll!ll lallt column of Tabla 1e. 

V emiont Yankee Nuclear Power Station 
VY 2018 ARERR 
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APPENDIX J (Continued) 

REFERENCES 

(1) Vermont Yankee Off site Dose Calculation Manual (ODCM). Revision 30, including the 
following appendixes: · 

(i) Appendix B, "Approval of Criteria for Disposal ofSlighdy Contaminated Septic 
Waste On-Site at Vcnnont Yankee" (Included NRC approval letter da,ted August 30, 
1989, VY request for approval dated June 28, 1989 with Attachments I and IL) 

\ . 

(ii) Appendix F. "Approval Pursuant to JOCFR20.2002 For Onsite.Disposal of 
Cooling Tower Silt" (Included NRC approval lc:ttea- dated March 4, 1996, VY 
Request for Approval dated August 30, 199S.) · 

{iii) Appendix H, "Request to Amend Previo11$ Approvals Granted Under 
10CFR20302(a) for Disposa1 ofContaminated Septic Waste and Cooling Tower Silt 
to A)low for Disposal of Contaminated Soil" dated June 23, 1999, with supplements 
dated January 4, 2000, and June IS, 2000. 

(2) USNRC Regulatory Gui@ 1.109, R.ev •. 1; "Calculation of Annul Doses to Man from Routine 
Releases ofRcaetor Bftluents for the Pmpose of Evaluating Compliance with 10 CFR Part 
40, Appendix I," dated October 1997. 
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Sample Cs137 
1ocat1on• detected 

(UCl(gm) 

38 5.78E-08 
3F 1.16E-07 
4A 7.76E-08 
4B 6.82E-08 
4D 4.81E--08 
4F 1.15E-07 
5A 8.95E-08 
5D 1.84E-07 
5F 1.72E-07 
1A 
18 
1C 
10 
1E 
1F 4.18E-08 
2A 
28 
2C 
.20 
2E 
2F 
3A 
3C 9.S9E-08 
3E 5.65E--08 
4C 
4E 
58 
5C 4.53E-08 

Wt' 4.06E--08 
Positive 
A'Ve."' 

Posltlva & LLD ave. "" 

APPENDIX J (Continued) 

Appendix A 

~ Fence Upgrade 
Soll 

Pile #2002-01 

Soll Analysis Data 
Cs-137LLO Mn{S4 detected (uCl/gm) 

reported 
(UCi/gm) 

5.S6E-o8 
3.93&08 
5.97E-D8 
2.92E-08 
7.39E-08 
3.65608 

6.836-08 
8.53E-OS 
4.S8E-08 
4.1BE-OS 
3.43E--08. 
4.756GB 
8.35&08 

4.44E-08 
9.37E--08 
7.23E-D8 

averages 
Density 

Density 
7.12E.oa 

A-I 

Density from samples data 
Volume (c:c) wetwelght -

(gm) 

1200 1268 
1200 1062 
1200 1393 
1200 1512 
1200 1483 
1200 1137 
1200 1390 
1200 1194 
1200 1051 
1200 986 
1200 1335 
1200 1188 
1200 1355-
1200 1686 
1200 1294 
1200 1240 
1200 1043' 
1200 1171 
1200 1420· 
1200 1304 
1200 1360: 
1200 1189 
1200 1348 · 
1200 1073 
1200 1486 
1200 1057 
1200 1428 
1200 1551 

1200 1285.75 
1.07 gm/cc 

1071.46 kg/m3 
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APPENDIX J (Continued) 

Appendix B 

Security Fence Upgrade Soil 
Pile ## 2002-02 

Soff Analysis data Density from Sample 
Data 

Sample 
location 

# 

A3 
M 
M 
AB 
A7 
M 
B1 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
cs 
C4 
C5 
C6 
C7 
07 

wtd 
positive 
ave. 

Cs137 
delected 
(uCilgm) 

3.98E..OS 

2.13E-OS 

4.0&E-08 

5.09E-CJ9 

Positive & LLD ave. = 

Cs-137UD 
reported 

.(UCifgm} 

6.93&08 
4.~E-98 
4 .• -08 
4.04E-OS 
7.29E-OS 
4.0&E-08 
3.02E-08 
4.0BE-oa 
3.34E-08 
3.38E-OS 

4.24E-08 
S:73E-,08 
3.BOE--08 
4.25E-08 

4.14E-08 
4.6DE-08 
3.22E--08 

4.18E-08 

Vennont Yankee Nuclear Power Station 

VY 2018 ARERR 

Zn-65 detected (uC!lgm) Volume wet 
(mi) 

7.73E-08 

B-1 

. 

density 

weight 
(gm) 

1200 1388 
1200 1221 
1200 1278 
1200 1249 
1200 1335 
1200 1274 
1200 1392 
1200 1404 
1200 1313• 
1200 1230 
1ioo 1241: 
1200 1299 
1200 1297 
12® 1475 
1200 1696· 
1200 1329 
1200 1318 
1200 1230 
1200 1335 
1200 1284 

1200 1329.9 

1.11 gm/c:c 
1108.25 kg/m3 
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APPENDIX J (Continued) 

Sample Cs137 Cs-137LLD 
location# delacted reported 

(uCUgm) (uCllgm) 

1 3.00E-08 
2 3,,46E-08 
3 : 2.58E-08 
4 3.72E-08 
6 3.84E-DB 
6 4.58E-08, 
7 3.14E-OS 
8 4.29E-08 
9 5.42E-08 
10 5.00E-OS 
11 5.68E-oa 
12 4.62E-OS 

wt positive 3.2E.oe 
aver.= 

Positive & LLD ave . .. 4.11E-OS 

Vermont Yankee Nuclear Power Station 
VY 2018 ARERR 

Appendix C 

Security Fence Upgrade 
Soll 

C-1 

Pila# 2002-03 

average 
density 

Density from samples data 
vorume(ml) . Wetwafght 

(gm) 

1000 1348 
1100 1424 
1100 1410 
1100 1410 
1000 1DM 
1200 1108 
1000 1528 
1000 1532 
1000 1086 . -
1000 1289 
1000 1165 
1000 1135 

1041.67 1290.58 
1.24 gm/cc 

1238.96 kg/m3 
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Sample Cs137 
locatio detecled 
n# (uClfg~) 

1 6.55E-OB 
2 
3 
4 I 

5 
6 
7 1.96E-OB 
8 
9 3.11E-08 
10 6.09E-08 
11 4.07E-OB 
12 4.75E-08 
13 7.14E-08 
14 4.04E-08 
15 
16 4.20E-08 
17 4.69E-08 
18 5.05E.0B 
19 6.45E-08 
20 6.25E-0B 

wt 3.17E-OS 
positive 
avu ... 

Positive & LLD 
ave."' 

APPENDIX J (Continued) 
'\ 

AppendlxD 

2001 Protected Area Road Sweeping Pile 

Soil Analysis Data Density from Sample 
Data 

Cs-137LLO Co,60 
reported detecled 
(uClfgm) (uCi/gm) 

3.43E-08 
2.91E-08 
4.83E-08 
6.S7E-08 
3.67E;.()8 

3.13E-08 
I 

6.05E-08 
4.63E-08 

e.65E-08 

., 

3.62E-OB 

8.72E-09 

4.80E-08 

C<MIOLLD . Mn44 vo1ume(ml) wet 
reported detected weight 
(uCi.lgm) (uCi/gm) (gm) 

5.36E-08 1000 1435 
4.24E-OS 1100 1763 
3.03E.CJ8 1000 1550 
4.95E-08 1000 1815 
7.83E-08 1000 1857 
4.10E-OB 1000 1609 

1000 1565 
1000 1650 

2.26E-OB 1000 1439 
1005 1762 
1000 1421 

2.35E-08 1.23E-08 1000 1454 
4.30E-08 1000 1561 
3.22E-08 1000 1659 
6.47E-08 5.92E-08 1000 1503 
3.73E-08 1000 1607 
S.136-08 1000 1536 
6.211:-0B 1000 1594 
5.59E-08 1000 1474 

2.38E-08 1000 1427 

4.77E-09 average 1005.2 1563.5 

density 1.56 gm/cc 
4.43E-08 1555.4 kg/m3 

D-1 

-1-fl 
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APPENDIX J (Continued) 

Appendix B 

200 I HWC Soil Excawtions 

Soll Analysis Data 
Cs137 C&-137UD 

Sample detected reported 
location# tuCl/am) (uCUgm) 

1 4.09E..OS 
2 6.11E-08 
3 6.04E..08 
4 4.78E-08 
5 5.30E-OS 
6 5.77E-08 
7 5.94E-08 
8 4.75E-08 
9 6.0SE-08 
10 6.16E-08 
11 5.54E-08 
12 6.SOE-08 
13 3.44E-OB 
14 5.67E-08 
15 5.26E-08 
16 5.SOE-08 
17 5.58E-08 
18 5.29E-08 
19 6.B6E-08 
20 5.20E-08 

wt 
positlVe 
ave.::, 1.95E-D8 

Positive & LLD ave,"' 5.41E-OB 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR 

E-1 

Zn-65 
detected 
tuCflaml 

na 

Densitv from Samnle data 
wet 

Volume weight 
Cml) taml 

1000 1099 
1000 1043 
1000 1007 
1000 1008 

- 1000 1103 
1000 1025 
1000 956 
1000 957 
1000 976 
1000 1050 
1000 1043 
1000 1128 
1000 1141 
1000 997 
1000 1105. 
1000 1190 
1000 1040 
1000 1141 
1000 1050 
1000 1073 

-

average= 1000 1056.6 

density= 1.0565 gmfcc 
1056.5 kg/m3 

Appendix J Original 
Off-Site Dose Calculation Manual 
Page42of57 

Page 384 of 401 



APPENDIX J (Continued) 

Appendix F 

1996 Soil Remnants Analysls-8eeurity Pence Upo,ado 

The aaadled lq,ort ("Radioactivity Analyses for Soil Piles ~rod Bclween Cooling Towers". RECJ.l 151Wi. dated July 15, 
1996) lndicatm that two soil piles totaling 4000 tt'wero c:olloc:ted in 1995 and ~rod ~ the Coofmg Towers. Bven 
thouah the larger of tho two plies (3100 ft') did not indicate any clotoctable plant rolmd radioactivity, lho two piles wero 
eventually combined with portions disposed ofby land spreading on tho Sol.Id) disposal j>lot as lillnual disposal volume limits 
for soil/sand mixes permitted. The remnants of the piles currently contain about 970 ft' of material. For lhe estimated 
concentration ofCs-137 in the combined piles. coneenlralion values from Tables I and 3 were averaged in proportion to there 
volumes as shown: 

Cs-137: 900 ft' man average concentration of328 pCl/kg 
3100 ft' with no deteclablc ectivily (11.vcimge amolute Ylllue • 11 ~ 

Ave,qe concentration (weighted avo.)., 900 tr • 328,Cflq +. :urn,ft' • II pCl/q 
900ft3 + 3100 

82.33 pCllkg (dry) 

Theid'ore, on • wet weight basis applicable to the measun:d voliime of the remaining pile of soU between the Cooling 
Towers, the weighted average concenlnltlon for Cll· 137 is: ·· 

82.33 pCilkg • I lcg/1000 g • I E-06 uCi/pCi * 1.12 wet/dry volume ratio 

9.22 B--08 uCi/gm (wet) for Cs-J37 

19.15 pCi/kg 

On a-wet weight ba.1is epplieable co the measured volume of the remaining pile 'of soil between tho Cooling Towers, the 
weighted average toncentmllon fer Co-60 is: 

19.SpCilkg * llcg/lOOOg *IE-06uCUpCl • 1.12 wetfdryvolumer&tio 

= 2.14 B-08 uCilgm (wet) for Co-60. 

Vennont Yankee Nuclear Power Station 
\N 2018 ARERR 
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APPENDIX J (Continued) 

~USM, July 15, J996 
Pap2 

R.. Man.,aJJo 
P.l.itdefi.td 
M. MAiian 

Vermont Yankee Nuclear Power Station 
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APPENDIX J (Continued) 

Tabte 1 
vennonc Yank- SoD Anadysis 

E-Lab coll dara for 3100 fr~ l!IOR marltad aa 
·Fenee· line consnu"'lon ma1erta1 

Sampre Cone. 
I.D. 

1•1.4 9 
2-4.1 33 
3-8.8 33 

' 4-9.S ..g 
&-12.3 20 
6-16.0 Ui 
7.17.8 -41 
8.20..& -e 
9-23.2 .fJ 
10-26.0 17 
11-28.7 11 
,12-31.4 •14 
13-34.2 -12 
14-311i.9 22 
16-39.6 ·12 
19-42.4 15 
17-4&.1 12 
18-47.B 17 
19-60.6 -33 
20-63.3 -42 
21-66.0 26 
22•68,8 26 
23-61.6 30 
24-84.2 18 
25-87.0 28 
211-89.7 48 
27-72.4 33 
28-7&.2 48 
29-77.9 37 
30-80.e 9 

Aven,gu 11 
M•x.valuo: 411 
Min. vlllue: -42 
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C.137 
lr,Cinrg *YI 
•· sjgma 311igma 

21 63 
22 66 
26 78 
23 69 
21 63 
19 &7 
2& 78 
21 83 
33 99 
23 69 
us 48 
21 83 
21 63 
18 li4 
22 86 
18 54 
28 84 
21 83 
zo 60 
23 89 
36 108 
27 81 
26 76 
25 7& 
28 78 
23 69 
23 89 
23 09 
26 75 
29 87 

23 70 
36 108 
16 48 

MDC 

78 
74 
89 
91 
73 
69 

110 
88 

120 
80 
60 
82 
83 
69 
87 
64 
98 
77 
84 
94 

130 
83 
86 
89 
89 
73 
76 
70 
84 

100 

86 
130 

&9 
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Sample ,.o. 
,-1.4 
2-4.t w.a 
4-8~8 
6-12.3 
G-1G.O 
7.17.8 
8..20.& 
9,,23.2 

10-26.0 
11-28.7 
12-31.4 
13-34.2 
14-39.8 
16-39.6 
16-42.4 
17 •• 1 
18-47.8 
UM50.G 
20-53.3 
-21-66.0 
U•58.8 
23-61.15 
2'4-84.2 
2&-ft7.0 
26-89.7 
27-72.4 
28-75.2 
29-77.8 
30-80.8 

Av-..ge: 
Max. 'lialue: 
Min. -k&e= 

APPENDIX J (Continued) 

Tabla 2 
Vermant Vann• SoU An;,lvafs 

E-l.ab .all dalta fof 3100 ft3 -,a marked M 
"Fence• line construction Rlalarial 

(:o-80 
&>Cilklll div) 

Cane. • -.iuma 

10 18 
-12 23 
·11 21 
39 30 

1 21 
32 18 

-&o 26 
18 16 
43 28 

_, '7 23 
-13 21 .... 20 
-2. 17 
4 26 

-1& 24 
-39 2B _,.,. 

23 
-t4 29 

.g 1B 
37 22 
17 27 

6 30 
7 28 

-10 19 
27 27 

I 29 
16 21 
e 2& 

·8 32 
-27 23 

0 24 
43 32 

-60 16 

F-5 

3 8'gnla 

64 
ea 
83 
90 
63 
64 
76 
46 
84 
69 
63 
80 
51 
76 
72 
84 
69 
87 
&4 
86 
81 
90 
84 
57 
81 
87 
83 
7& 
96 
69 

71 
98 
46 

MOC 

70 
100 
97' 

,oo 
88 
&7 

120 
58 
91 
97 
93 
84 
76 
98 

100 
12D 
100 
130 

82. 
72 

14'0 
120 
110 
90 
88 

120 
79 
98 

130 
110 

97 
140 

6G 
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(1 ::r. 
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0 e?.. s. 
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~ 
-..+,. 
~ 

•ample ,.o. 
1-1., 
2•3.3 
3-8.S 
4-7.7 
6-8.9 

8-12.1 
7•14"3 
8-Ut.5 
9-18,7 
10-20.B 
11•2.0 
12-4.2 
13-8.4 
t4-8.e 

1&-10,8 
18-13 

17-115.2 
18-17.4 
19-19.8 
2o-21,8 

Aveiwge: 
-Mme. value: 
Min, value: 

Table3 
Vennam: Yankee Soil A1111ly1ls 

Fx.lb Analy919 of IDll f1:om 900 ft3 pile lnltfal malkect "repaving dltt" 

Cs-137 
(pCl/lcg dryl Po.it!ve Ao,, 

Cana. ,to• sigma 3 tl;ma > 3 al;111a 

234 
822 
337 
291 
348 
139 
107 
222 
180 
289 
110 
378 
810 
378 
331 
263 
1!50 
247 
328 
236 

328 
810 
101 

63 
117 
43 
29 
&1 
2e 
24 
44 
37 
11 
11 
31 
18 
24 
2.2 
33 
12 
ao 
Ill 
~2 

39 
88 
12 

1S9 poaftlye 
171 poaltlve 
U.9 poeltlve 
87 posltlvti 

1153 positive 
78 'pCllltms 
72 poalllw 

132 polltlve 
111 p~ 
1&3 poeltlve 
153 009ldve. 
114 l)Oa!tlw, 
191 poa(tfn 

72 poaltll,o 
88 poaldve 
99 po.sltfve 
38 PG8ltlve 
RO poaftlye 

1BS poaltlft 
98 poaltlve 

F-6 

Co-60 
roc11110 d,yJ 

Cane. .... algma 

48 38 
143 2.9 

37 21 
111 17 
47 29 
73 23 
82 111 

140 28 
92 21 

11& 31 
114 21 
108 21 

. 124 2.7 
82 13 
87 12 

15 22 
157 9 

1011 17 
114 40 

100 23 

815 23 
143 40 

11 9 

3 al;ma 

114 
87 
83 
51 
87 
69 

·45 
84 
63 
93 
63 
83 
81 
39 
315 
66 
27 
51 

120 
89 

Positive Ac:t 
> 3 1lgma 

ND 
P01ltlv11 

NO 
pD1ftlva 

ND 

~ pa11t1v11 
poah:lva 
PDlltlYII 

~ PHltlve 
po-lftlvo 
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ND a po1ltlv• Er poeltive 

[ ND 
POlitlv• '-'· 



APPENDIX J (Continued) 

AppcndfxO 

Record for Last Spn:adings (2003) on South Disposal field 
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APPENDIX J (Continued) 

Totl!II Recorded Spreading Datu for 2003 

Serial# Spreading' Media MO:.S4 

Date Type (uCl/acre) 

2003-01 7-1-3 ,Seotlc -
2003-02 I0-2S-03 Septic -
2003-03 11-4-03 Sand/!i0il -
2003-04 - 11-4-03 CT.Silt -

Total -

Vermont Yankee Nuclear Power Station 
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Co-60 

(uCi/acre) . 

1.03 

0.12 

-
0.256 

. 1.41 

0-2 

Zn-6S 

(uCilecn,) 

-
-
-
-
-

Cs-134 ~137 Cc-141 Ce-144 

{uCi/acro) (uC'a/~) (uCilacre) {uCrlucre) 

- - - -
- - - -
- 1.34 .,.. -
- - - -
- 1.34 - -
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APPENDIX J (Continued) 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION t} tL.~ 

Mr. Michael Kanslar 
President 
Entergy Nuclear Operations, Inc. 
440 Hamilton Avenue 
White Plains; NY 10601 

,. 
WASHINCITON, D.C. 211555-G001 l _ __, 

July 19, 2005 

l'lv../ oS - o,o 

SUBJECT: SAFElY EVALUATION OF REQUEST TO AMEND PREVIOUS APPROVALS 
GRANTED PURSUANT TO 10 CFR 20.2002 - VERMONT YANKEE NUCtEAR 
POWER STATION (TAC NO. MC5104) 

Dear Mi'. Kansler: 

By letter dated October 4, 2004, as supplemented on January 17, 2005, Entergy Nuclear 
Operations, Inc. (Entergy) submitted a request to the Nuclear Regulatory Commission (NRC) to 
modify previous approvals granted pursuant to Trtle 10 of the Cods of Fedsral Rfilf}ulations 
(1 o CFR) Section 20.2002 (previously 1 O CFR 20.302(a)), for on-site disposal of slightly 
contaminated material at Vem10nt Yankee Nuclear Power. Station. Specifically, Entergy 
requested an increase of the current approved annual volume limit of 28.3 cubic meters of 
solVsand to a new annual volume limit of 150 cubic meters of solVsand. In. addition, Entergy 
has requested a one-time approval for on-site disposal of the current backlog inventory of 
approximately 528 cubic meters of so!Vsand. 

The NRC staff has completed ~ review of the request and has determined that the proposed 
changes are acceptable as documented In the enclosed Safety Evaluation. 

Pursuant to the provisions of 1 O CFR Part 51. the NRC has published an Environmental 
Assessment and Finding of No Significant Impact In the~ Register on July 19, 2005 
(70 FR41440). 

Docket No. 50-271 

Enclosure: As stated 

cc w/encl: See next page 

Vermont Yankee Nuclear Power Station 
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Richard B. Ennis, Senior Project Manager, Section 2 
Project Directorate I 
DMsion of Licensing Project Management 
Office of N_uclear Reactor Regulation 
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APPENDIX J (Continued) 

Vermont Yankee Nuclear Power Station 

cc: 

Regional Administrator, Region I 
u. s. Nuclear Regulatory Commission 
475 Allendale Road 
King of Prussia. PA 19406-1415 

Mr. David R. Lewis 
Pillsbury, Winthrop, Shaw, Pittman, LLP 
2300 N Streat, N.W. 
Washington, OC 20037-1128 

Ms. Christine S. Salembler, Commissioner 
Vermont Department of Public Service 
112 State Street 
Montpelier, VT 05620-2801 

Mr. 'Michael H. Dworkin, Chainnan 
Public Service Board 
State of Vermont 
112 State Street 
Montpeller, VT 05620-2701 

Chairman, Board of Selectmen 
Town·of Vernon 
P.O. Box 116 
Vernon, VT 05354-0116 

Operating Experience Coordi&itor 
Vermont Yankee Nuclear Power S1atlon 
320 Govemor Hunt Road 
Vernon, VT 05354 

G. Dana Bisbee; Esq. · 
Deputy Attorney General 
33 Capitol Street 
9oncord, NH 03301-6937 

Chief, Safety Unit 
Office of the Attorney General 
One Ashburton Place, 19th Floor 
Boston, MA 02108 

Ms. Deborah B. Katz 
Box83 
Shelburne Falls, MA 01370 

Vermont Yankee Nuclear Power Station 
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Ms. Carla A. WhJte, RRPT, CHP 
Radlologfcal Health 
Vennont Depamnent of Health 
P.O. Box 70, Drawer #43 
108 Cherry Street 
Burlington, VT 05402-0070 

Mr. James M. DeVincentls 
Manager, Licensing 
Vennont Yankee Nuclear Power Station 
P.O. -Box 0500 
1~ Old Feny Road 
Brattleboro, VT 05302-0SOO 

Resident Inspector 
Vennont Yankee Nuclear Power Statton 
U. S. Nuclear Regulatory Commission 
P.O. Box 176 , 
Vernon, VT 05354 

Director, Massachusetts Emergency 
Management Agency 
ATTN: James Muckerhelde 
400 Worcester Rd. 
Framingham, .MA 01702-53Q9 

Jonathan M. Block, Esq. 
Main Street 
P.O. Box566 
Putney. VT 05346-0566 

Mr. John F. McCann 
Director, Nuclear Safety 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 
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APPENDIX J (Cpntinued) 

Vennont Yankee Nuclear Power Station 

cc: 

Mr. John T. Herron 
Sr. VP and Chief Operating Officer 
Entergy Nuclear Operations, Inc. 
440 Hamilton Avenue 
White Plains, _NY 10601 

Mr. Danny L Pace 
Vice President, Engineering 
Entergy Nuclear Operations, Inc. 
440 Hamil.ton Avenue 
White Plains, NY 10601 

Mr. Brian O'Grady 
Vice President, Operations Support 
Entergy Nuclear Operations, Inc. 
440 Hamilton Avenue 
White Plains, NY 1oeo1 

Mr. Michael J. Colomb 
Director of Oversight 
Entergy Nuclear Operations, Inc. 
440 Hamilton Avenue 
White Plains, NY 10601 

Mr. John· M. Fulton 
Assistant General Counsel 
Entergy Nuclear Operations,· fnc. 
440 Hamilton Avenue 
White Plains, NY 10601 

Mr. Jay K. ~r · 
Site Vice President 
Entergy Nuclear Operations, Inc. 
Vermont Yankee Nuclear Power Station 
P.O. Box0500 
f85 Old Ferry Road 
Brattleboro, VT 05302-0500 

Mr. Kenneth L Graesser 
38832 N. Ashley. Drive 
Lake Villa, IL 60046 

Mr. James Sniezek 
5486 NithSdale Drive 
Salisbury, MD 21801 
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Mr. Ronald Toole 
1282 Valley of Lakes 
Box R-10 
Hazelton, PA 18202 

Ms. Stacey M. Lousteau 
Treasury Department 
Entergy Se1Vices, Inc. 
639 Loyola Avenue 
New Orleans; LA 7011 a 
Mr. Raymond Shadis 
New England Coalition 
Post Office Box 98 
Edgecomb, ME 04556 

Mr. James P. Matteau 
Executive Dlrect'or 

. Windham Regional Commission 
139 Main Streat, Suite 505 
Brattleboro, VT 05301 

Mr. William K. Shannan 
Vermont Department of Public Service 
112 State Street 
Drawer20 
Montpelier, VT 05620-2601 
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APPENDIX J (Continued) 
( 

~-c,.,. 
~,fi . ---r~ UNITED STATES 

~~;,. fi ', . s Ii . . !I 
~- . i! 
. # rr,.., . . ~o_ . 

) **** .... 

NUCLEAR REGUµTORY COMMISSION 
WASIINBTON, o;c, 2055IMl001 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

ENTERGY NUCLEAR OPERATIONS, INC. 

VERMONT YANKEE NUCLEAR POWER STATION 

DOCKET NO. 50-271 

1.0 INTRODUCTION 

By letter dated Optober 4, 2004, as supplemented on January 17, 2005, Entergy Nuclear 
Operations, Inc. (Entergy or the licensee) submitted a request to the Nuclear Regulatory 
Commission (NRC) to modify previous approvals granted purauant to Tille 10 of the Code of 
Feders/ Regulallons (10 CFR) Section 20.2002 (prevlousfy 10 CFR 20.302(a)), for on-site 
clleposal of slightly contaminated material at Vermont Yankee Nuclear Power Station (VVNPS). 
Specifically, Entergy fE1quested an Increase of the current approved annual ~lume limit of 28.S 
cublcmetera of solVsand to a new annual volume limit of 150 cubic meters of soil/$Blld. In · 
addition, Entergy has requested a one-time approval fot on-site disposal of the current backlog 

· Inventory of approximately 528 cubic meters of 6011/sand. 

-2.0 REGULATORY EVALUATION 

As described In 1 o ~R 20.2002, "Method for obtaining approval of proposed disposal 
procedures," licensees are ~'!ired to obtain NRC approval of proposed procedures, not 
otherwise authorized in the ragulatfons, to dispos~ of licensed material generated in the 
li~nsee's activities. 

Previous NRC approval for VYNPS on-site disposal of various slightly contaminated waste 
materials is dooumented in letters dated August 30, 1989, March 4, 1998, June 18, 1997, 
June 15, 2000, and June 28, 2001. Based on these previous approvals, the licensee is 
currently authorized to dispose, in designated on-site areas, the following materials: (1) septic 
waste; (2) coollng tower ellt; (S) solVeand generated from the annual winter spreading on roads 
and wall~ways; and (4) son resultlng from on-site construction-related actl!tltles. Disposal of 
septic waste and cooling tower silt material Is not limited by an annual volume, but by a total 
dose impact related to the radiological content of the material and the concentration of 
radioactivity contained within it. The combination of the solVsand 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 volume Omit of 28.3 cubic meters. The licensee's 
application dated October 4, 2004, proposed to Increase this annual volume llmft for the same 
materials (I.e., solVsand) to 150 cubic meters. In addition, the application proposed a one-time 
disposal of the current backlog Inventory of approximately 528 cubic meters of soiVsand. 

The current restrictions on the annual volume of sllghtly contaminated soiVsand that can be 
disposed on-site coupled with several plant faclllty projects In recent years, has resulted in the 
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APPENDIX J (Continued) 

-2-

accumul~tion of a backlog of low-level contaminated earthel") material that Is awaiting disposal 
by land spreading on previously-approved on-site disposal areas. The current approved annual 
volume Omit of 28.3 cubic meters of soiVsand for disposal was based on licensee estimates of 
~II and sand collected from road and walkway sweepings Inside the .Protected Area following 
each year's winter cleanup (i.e., current annual limit doe~ not account for. future site excavation 
and construction activities). 

3.0 TECHNICAL EVALUATION 

The licensee proposes to dispose of the current backlog Inventory of solVsand and the future 
so!Vsand material using a land spreading technique consistent with the current commitments for 
on-site disposal of slightly contaminated material previously approved by the NRC. The 
licensee will continue to use designated areas of Its property approved for this waste material. 
Detenninatlon of the radiological dQSe 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 ali disposals. The following 
lnfonnation will be recorded: · . 

1. the radionuclide concentrations detected In the material; 

2. the total volume of material disposed; 

3. the total radioactivity in the disposal c;,peratlon as well as the total radioactivity 
accumulated on each disposal plot at the time of spreading; ' . 

4. the plot of land on wlli.~ the material was applied; and 

5. dose calculations or maximum allowable accumulated activity determinations required to 
demonstrate that the dose values have not been exceeded. 

The licensee's application states that the existing NRC..approved bounding dose conditions for 
the proposed ori-stte disposals will continue to be applied without change. The bounding dose 
conditions for the on-site disposals are as follows: 

1. 

2. 

3. 

the annual dose to the whole body or any-organ of a hypothetical maximally exposed 
individual will be less than 1.0 milllrem (rhrem) (during the period the licensee has active 
control over the disposal sites, i.e., during the current operating license period); 

annual doses to the whole body and any organ of an Inadvertent intruder from the 
probable pathways of exposure will be less thali 5 mrem (following the period the 
licensee has active control over the disposal sites); and · 

disposal operations will be at an approved on-site location. 

To ensure that the addition of new waste m.aterlal will not exceed the bounqlng dose.conditions 
for each new spreading operation, the licensee's total radioactivity and dose calculation will 
include all past disposals of septic waste, cooling tower silt, soil and soiVsand material on the 
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-3-

deslgnated disposal plots. In addition, concentration llmlts wlll be applied to the disposed 
material to restrict the placement of small volumes of material that may have relatively high 
radioactivity concentrations. 

VYNPS Is currently authorized to dispose of licensed material, pursuant to 10 CFR 20.2002,'ln 
two designated locations both within the site boundary security fence. The South field 
(approximately 1.9 acres In size) Is centered approximately 1500 feet south of the reactor 
building~ -The North field (approximately 1 o acres In size-) Is centered approximately 2000 feet 
northwest of the reactor buHding.1' The South field has been the only field utilized for disposal of 
licensed material to date. The licensee's application states that It Is anticipated that-future 
disposal operations wlll also use the South fteld since sufficient.margin In comparison tc, the 
approved dose limit criteria still exists for anticipated waste disposal of the existing backlog of 
material now In ·storage, plus all expected future disposals of material, assuming the same 
observed generation rates. 

The licensee performed an ~uation of the radiological impact of all past, accumulated 
storage Inventory, and projected future waste spreading c,perations on the South field. The 
llcensee 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 
control ends using the same pathway modeling. assumptions, and dose calculation methods 
that ware previously approved by the NRC for the waste material. The close m~els are based 
on the guidance In Regulatory Gulde 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, et the end of the current plant ncense 
period, based on the combination of all past disposal of waste materials, disposal of the current 
backlog inventory of waste material and projected annual disposal of waste materials. The 
results .are summarized as folJ~ws: 

lndMdual lndMdual ln1ruder Intruder 

Organ Dose Whole Body Dose Organ Dose Whole _Body Dose 
(mrem/year) (mremlyear) . (mrem/year) (mrem/year) 

To~IDose 0.25S 0.074 1.05 0.468 

Do_se Limit 1 1 5 5 

% of Dose Limit 25.3% 7.4% 21.1% 9.4% 

Based on the above calculated dose rates, the NRC staff concludes that the proposed Increase 
of the current approved annual volume limit of 28.3 cublo meters of sqlVsand to a new annual 
volume limit of 150 cubic rneters of soJVsand and a one-time approval for on-site disposal of the 
current backlog inventory of approximately: 528 cubic meters of soiVsand would result in dose 
rates within the bounding dose conditions for on-site disposal previously approved by ttie NRC. 
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4.0 CONCLUSION 

The NRC staff finds the licensee's request for disposal of a new annual volume Omit of 150 
cubic meters of solVsand and a one-time approval for on-site disposal of the current backlog -
Inventory of approximately 528 cubic meters of solVsand, pursuant to 10 CFR 20.2002, In the 
same manner,. location, and within the bounding dose conditions es previously approved by the 
NRC, to be acceptable. 

Principal Contributors: S. Klementowicz 
R. Ennis 

Date: July 19, 2005 

Appendix J Original 
Off-Site Dose Calculation Manual 
Page 57 of57 

/ 

Vermont Yankee Nuclear Power Station 

VY 2018 ARERR Page 399 of 401 

I 
I , 
! 
l 

I 



APPENDIX I-RADIOACTIVE LIQUID, GASEOUS, AND SOLID WASTE TREATMENT SYSTEMS 

Requirement 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 W AS1E 

Requirement 

Response 

W2018ARERR 

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. 

There was one on-site disposal spreading during 2018. The. 
spreading date was Octooer 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 
Mn-54 
Co-60 
Zn-65 

Cs-134 
Cs-137 

Activity (Ci) 
' 1.03E-09 

6.53E-06 
1.64E-10 
2.4SE-10 
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 penod 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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