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1.0 PURPOSE

This calculation estimates the external gamma radiation dose rates at the Niagara Falls

Storage Site NFSS Lewiston New York see Figure durmg calendar year 2000 CY2000
Dose rates from external gamma radiation to hypothetical members of the public are calculated

from dose measurements taken by tissue-equivalent thermoluminescent dosimeters TETLD
located at the perimeter of the NFSS facility and the waste contamment structure WCS see

Figure

2.0 ASSUMPTIONS

Calculations for the external gamma radiation dose rate to residence-based and off-site

worker-based receptors are incorporated using the followmg assumptions

Distance from each TETLD above the source the ground is feet if
Distance from the TETLDs to the nearest resident is 3600 if

Distance from the TETLDs to the nearest off-site worker is 1020 if

Length of the western TETLD monitoring lme perimeter fence is 2766 if

Length of the eastern TETLD momtonng lme East of Campbell Street is 2700 if

3.0 TETLD DATA

The TETLD measures gamma radiation from gamma-emitting site contaminants and

from sources of background radiation The relevant sources of background radiation can be

divided into three categones including cosmic radiation terrestrial radiation and to an

msigrnficant extent man-made sources NCRP Report 93 states that average levels of cosmic

and terrestnal radiation in the United States are 27 milhrem per year mremlyr and 28 mrem/yr

respectively These background doses can be measured by the TETLD and are subtracted to

estimate the net dose from site-related contaminants if any

Gamma radiation was measured at the NFSS during CY2000 using TETLDs located at

the facility perimeter boundaries and the perimeter of the WCS The TETLDs were placed at the

momtormg locations approximately ft meters above the ground surface mside

housing shelter The TLDs were collected semi-annually and sent to an off-site vendor for

analysis

Gamma radiation momtormg was performed at NFSS during CY2000 at eleven locations

around the perimeter of the site and six locations around the WCS see Figure Tn addition to

these locations three background locations were monitored to compare on-site and background

exposures In January 2000 two environmental TETLDs were placed at each momtormg
location The program utilizes two TETLDs at each monitoring location for each monitoring

period to provide additional quality control of monitoring data



TETLD monitoring data for CY2000 is found in Table Monitoring data reported from

the vendor was summed for all monitoring periods throughout the year and reported as

uncorrected gross including background TETLD data The uncorrected gross annual TETLD

data was corrected for shelter absorption and normalized to one-year exposure Net monitoring

results average normalized location reading minus average normalized background reading that

are less than zero are assumed to be zero more detailed description of CY2000 TETLD

results is presented in Attachment

Table External Gamma Radiation at NFSS

Uncorrected Gross Corrected Gross CY2000 Net

Monitoring Location Monitoring Station TETLD Dataa TETLD Datab TETLD

mrem/yr mrem/yr Data

mremlyr

NFSS Perimeter 64 70.1 0.0

65 71.2 0.7

60 65.8 0.0

58 63.6 0.0

11 59 64.7 0.0

60 65.8 0.0

12 60 65.8 0.0

12 59 647 0.0

13 59 64.7 0.0

13 57 62.5 0.0

15 66 72.3 1.8

15 69 75.6 5.1

28 65 71.2 0.7

28 72 78.9 8.4

29 64 70.1 00

29 65 71.2 0.7

36 62 68.0 0.0

36 61 66.9 0.0

122 62 68.0 0.0

122 62 68.0 0.0

123 61 66.9 0.0

123 59 64.7 0.0

WCS Perimeter 57 62.5 0.0

60 65.8 0.0

10 58 636 0.0

10 61 66.9 0.0

18 60 65.8 0.0

18 58 636 0.0

21 57 62.5 0.0

21 59 64.7 0.0

23 64 70.1 0.0

23 66 72.3 1.8

24 59 64.7 0.0

24 63 69.0 0.0



Table External Gamma Radiation at NFSS Contd

Uncorrected Gross Corrected Gross CY2000 Net

Monitoring Location Monitoring Station TETLD Data3 TETLD Datab TETLD

mremlyr mrem/yr Datat

mrem/yr

Background 105 574 629

105 576 631

116 540 592 --

116 590 647

120 800 877

120 780 855

Average Background 64 70

Mi data reported from the vendor was summed to calculate uncorrected gross results

Uncorrected gross data are corrected for shelter absorption s/a 075 to account for the shielding properties of the shelter

around the TETLD and normalized for the length of the year compared to the length of TETLD exposure 365 days/358

days BNII 1992

Net data are corrected by subtracting the average corrected background value

40 ASSESSMENT METHODOLOGY AND RESULTS

Gamma radiation exposure measured at the perimeter fenceline represents doses to

hypothetical receptor that would be at the same locations 24 hours/day 365 days/year Off-site

dose to the nearest member of the public is significantly affected based on their proximity to the

gamma source and amount of time spent at the affected site more realistic approach to project

dose is to evaluate members of the public as either residence-based or off-site worker-based

receptors residence-based off-site exposure assumes 100 percent occupancy rate at given

location An off-site worker exposure assumes that workers occupancy rate is 23 percent

based on an hour/day day/week 50 week/year Thus realistic assessment of dose can be

performed usmg conservative assumptions of occupancy rate and distance from the source

4.1 NEAREST RESIDENT

For the dose calculation to the nearest resident the line of TETLDs along the western

perimeter fence are used The TETLDs along this side of the facility include NFSS perimeter

fence momtormg locations 11 13 15 29 and 36 and WCS perimeter fence momtonng
locations and 10 The two WCS locations are added due to their close proximity to the western

NFSS perimeter fence These TETLD locations are shown Figure and were provided

previously by Bechtel National Inc BNI 1997 Net dose rates corrected for shelter

absorption and background for these TETLDs are summed and divided by the total number of

observations 14 for CY2000 This value represents the dose at the site perimeter

Dl mrem/yr for CY2000 The site perimeter dose is then used the following equation

for line source

D2 D1 hl/ ArcTanL/h2/ArcTanL/hl



where

D2 dose calculated at the residence from the lme source the site

Dl dose at the site perimeter as descnbed above

hi the distance of the TETLDs from the source ft for CY2000
h2 the distance of the resident from the fence line 3600 ft for CY2000

half the length of ime of TETLDs measurmg the lme source 1383 ft for

CY2000

This yields dose of 1E-04 mrem/yr at the residence

4.2 NEAREST OFF-SITE WORKER

For the dose to the nearest off-site worker the TETLDs in line closest to the eastern

perimeter fence Castle Garden Road are used The TETLDs used include momtormg locations

28 and 123 These TETLDs are located along an interior fence East of Campbell Street

Their locations are shown in Figure and were provided previously by Bechtel National Inc

BNI 1997 There are no WCS perimeter fence monitoring locations close proximity to

those along the lme East of Campbell Street therefore none are mcluded the dose

calculations Net dose rates corrected for shelter absorption and background for TETLD

momtonng locations 28 and 123 are suimned and divided by the total number observations

for CY2000 This represents the dose at the site perimeter Dl mremlyr for CY2000

Usmg the equation above and correction factor for off-site worker occupancy 2000

hours/8760 hours the dose to the nearest off-site worker is 7E-04 mremlyr

5.0 REFERENCES

Bechtel National Inc BNI 1997 1996 Public External Gamma Dose 14501-158-CV-03l

Rev Oak Ridge TN

BNI 1992 Attenuation Factor for TLD Weather Housings 14501-19l-CV-014 Rev Oak

Ridge TN
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Attachment

CY2000 External Gamma Radiation Dose Rates Niagara Falls Storage Site

TETLD Dose Rate

Monitoring Total Corrected Above

Location Background

mrem mrem/yr5

WCSh 57 62.5 0.0

Perimeter 60 65.8 0.0

10 58 63.6 0.0

10 61 66.9 0.0

18 60 65.8 0.0

18 58 63.6 0.0

21 57 62.5 0.0

21 59 64.7 0.0

23 64 70.1 0.0

23 66 72.3 1.8

24 59 64.7 0.0

24 63 69.0 0.0

TETLD Dose Rates

Background 105 57.4 62.9

105 57.6 63.1

116 54.0 59.2

116 59.0 64.7

120 80.0 87.7

120 78.0 85.5

Average

Background 64 70.5

TETLD Tissue-equivalent thermoluminescent dosimeter There are two TETLDs
per monitoring location

Monitoring locations are shown in Figure

Reported values axe the
average chip reading per

TETLD There are five chips in each TETLD

TETLD readings are corrected for shelter/absorption factor a/s 1.075 and normalized to one-year exposure

Corrected yearly exposure
TETLI reading 1.075 365 days/number of days of exposure

Example Location First TETLD 64 mrem 1.075 365 days per year/358 days 70.1 mrem/year

Average background corrected is subtracted from corrected yearly exposure

Above-background exposure corrected yearly exposure
corrected

average background

Example Location First TETLD 70.1 macrn/year -70.7 mremfyear -0.6 mremfyear

mrem-milluem

mrern/yr millirem per year

Monitoring locations along the perimeter of the waste containment structure WCS
The average dose rate was calculated summing the corrected TETLD measurements and dividing by the total number of TETLD measurements

If the above background dose rate is negative then it is assumed to be zero for calculational purposes

Nearest Resident Dose Calculations 3600 feet Southeast of NFSS

NFSS Perimeter Monitoring Locations 11 13 15 29 and 36

WCS Perimeter Monitoring Locations and 10

hi feet distance of TETLD from the source

h2 3600 feet distance of resident from the TETLDs

1383 feet half the length of the line source West perimeter fence

dl 0.5 mrem/yr average dose rate at the TETLD monitoring locations

d2 0.000 mrem/yr resident dose rate at 3600 feet from the TETLD

Nearest Off-Site Worker Dose Calculations 150 feet East of Castle iarden Road

NFSS Perimeter Monitoring Locations 28 and 123

Off-Site Worker Receives 8-Hour Dose per Day

hl feet distance of TETLD from the source

h2 1020 feet distance of off-site worker from the TETLDs

1350 feet half the
length

of the line source Campbell Street

dl 1.6 mrem/yr average dose rate at the TETLD monitoring locations

d2 0.0007 mrem/yr off-site worker dose rate at 1020 feet from the TETLD 8-hour day

TETLD Dose Rate

/yt

Monitoring Totaf Corrected Above

Location Backgrounde

mrem1 mrens/yr5 mrem/yr5

NFSS 64 70.1 0.0

Perimeter 65 71.2 0.7

60 65.8 0.0

58 63.6 0.0

11 59 64.7 0.0

60 65.8 0.0

12 60 65.8 0.0

12 59 64.7 0.0

13 59 64.7 0.0

57 62.5 0.0

15 66 72.3 1.8

15 69 75.6 5.1

28 65 71.2 0.7

28 72 78.9 8.4

29 64 70.1 0.0

29 65 71.2 0.7

36 62 68.0 0.0

36 61 66.9 0.0

122 62 68.0 0.0

122 62 68.0 0.0

123 61 66.9 0.0

123 59 64.7 0.0
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