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1.0 INTRODUCTION 

This report estimates potential radiological doses associated with the demolition of 
Building 403 of the Niagara Falls Storage Site (NFSS) located in Lewiston, New York. Building 
403 is scheduled for demolition due to its poor structural integrity and the potential hazards 
associated with continued structural decay. The report includes the identification of the 
radiological source term and potential exposure pathways, and an estimate of potential 
radiological doses to workers involved in demolition activities and to the general public. Dose 
assessment results are then compared to typical dose limits used at comparable radiologically 
contaminated sites. 

2.0 SITE BACKGROUND 

NFSS consists of a waste containment structure, several buildings, and open areas. The 
site was originally part of the Lake Ontario Ordnance Works (LOOW) which was established for 
the production of TNT during World War II (WWII). The facility received contaminated 
materials generated at a number of facilities that were part of the atomic energy program. The 
primary use of the site in the early 1940s was for the storage of uranium ore processing residues 
from Linde Air Product Division in Tonawanda, NY, the Middlesex Sampling Plant in 
Middlesex, NJ, and Mallinckrodt Chemical Company. From the late 1940s to the early 1950s, 
the site was used to store contaminated equipment and materials from other facilities that were 
used for similar operations during WWII. Remedial activities were conducted at the site in the 
1970s, 1980s and 1990's. Remedial activities consisted of the construction of an on site 
engineered containment structure and decontamination of portions of Building 403. Many of the 
original buildings were demolished when the containment structure was built. Since then, the 
site has been placed in caretaker status. 

The regional setting of the NFSS is shown in Figure 1. The site is located at 1397 
Pletcher Road, Lewiston, NY and has security fences around its perimeter. The location of the 
Building 403 is illustrated in Figure 2. Building 403 is a wood and steel frame structure on a 
concrete slab with a total floor space of270 m2

• The building was once used as a firehouse but is 
currently in poor physical condition and is scheduled for demolition to remove threats associated 
continued loss of structural integrity. 

A survey to determine the radiological status of Building 403 (and others) was completed 
in March of 1996. Some areas of contamination were remediated in 1998 and additional surveys 
were completed. No measured radiation levels from the most recent Building 403 remediation 
effort exceeded the average or maximum Department of Energy (DOE) guidelines as outlined in 
DOE Order 5400.5 (BNI 1998a). 



3.0 RADIOLOGICAL SOURCE AND EXPOSURE PATHWAYS 

It was determined by the 1996 and 1998 survey reports that the primary radiological 
contaminant at Building 403 is uranium and that the uranium guidelines in DOE Order 5400.5 
apply (BNI 1998b ). Figure 3 shows the layout of Building 403 and indicates the areas above 
guidelines from the 1996 surface scans (SAIC 1998). Table 1 shows the maximum surface scan 
for various areas within the building as of 1998. Note that some of the results listed in Table 1 
are no longer applicable as the referenced material or equipment has already been removed from 
the building. Material/equipment that has been removed is listed in Table 1 for completeness but 
has been highlighted for ease of reference. 

The DOE Order 5400.5 guidelines for uranium are 5,000 disintegrations per minute 
(dpm) per 100 cm2 averages over a 1-m2 area, or a maximum of 15,000 dpm per 100 cm2

. Table 
1 shows that no maximum value exceeds the criterion. 

3.1 CONTAMINATION ASSESSMENT 

This section summarizes the 1996 and 1998 surveys and evaluates potential exposure 
pathways. Table 1 shows the maximum activity levels identified in each room of Building 403. 
These maximum levels were conservatively used to estimate the dose to potential receptors. The 
exposure model was developed using the dimensions measured from the drawings of the 
building in BNI 1998b. The following assumptions were made in developing the source term: 

• The maximum activity recorded on a surface was assumed to represent the entire surface; 
• The volume of material containing elevated activity was assumed to represent the entire 

volume of building material (i.e., mixing with non-impacted materials was not considered); 
and 

• The building is a frame structure and an average of only 25% of the structure was assumed to 
be solid material. 

The asbestos worker was assumed to be exposed to the surface activity inside the 
building during the removal of asbestos materials. The demolition and maintenance workers 
were assumed to be exposed to volumetric activity during demolition and during the removal of 
the rubble pile. The off-site receptors are assumed to be exposed to volumetric activity released 
in air during demolition activities. 

Average volumetric concentration of Uranium-234, U-235 and U-238 was estimated to 
be 0.56 pCi/g, 0.026 pCi/g, and 0.56 pCi/g, respectively, using the surface activity data shown in 
Table 1. Volumetric concentrations were estimated using conservative averaging techniques that 
likely produce overestimates of receptor doses. 

2 



3.2 EXPOSURE PATHWAYS 

Exposure pathways evaluated in this assessment include dust ingestion and inhalation. 
While the assessment generally uses assumptions that are conservative (that tend to overestimate 
exposures), the assumption that the dust ingestion and inhalation pathways are considered is very 
conservative given that asbestos workers will employ respiratory protection and dust suppression 
measures. These measures are not incorporated into asbestos worker dose estimates but were 
considered in demolition worker estimates given the need to control asbestos hazards. The 
external gamma pathway was assumed to be negligible for thin layers of potential uranium 
activity on building surfaces. 

4.0 RADIOLOGICAL DOSE ASSESSMENT 

4.1 ASSESSMENT METHOD 

Doses to asbestos, demolition, and maintenance workers were evaluated using the 
equations from NUREG/CR-5512 Volume 1 and NUREG-1640. The following assumptions 
were made to estimate the exposure duration for asbestos workers within the building: 

• 

• 

• 

Asbestos tile is present in the laboratory, the west office, the north storage room, the 
bathroom, and the east office; 
Removal of asbestos from the exterior would produce negligible doses given the shielding by 
the building walls (potential activity is interior to the building); 
The worker's inhalation rate is 15.3 m3 per day; 
The resuspension factor is 5.00E-5 m·1

, and 
The worker spends 5.0 hours in each of these rooms while removing asbestos and 5 hours in 
the garage area to stage activities (personal communication C. Rieman). 

The inhalation and ingestion dose factors (mrem per pCi of uptake) were taken from the 
RESRAD computer code version 5.95. Additional assumptions and exposure parameters 
including those for demolition and maintenance are listed in Appendix A and Appendix B. 

Appendix C provides an assessment of off-site dose using the CAP88-PC model and the 
source term developed in Appendix B. Because of the possibility of entrainment of dust from 
the building during demolition, CAP88-PC program was used to determine the dose to the 
nearest off-site worker and/or nearest resident. It was assumed for the CAP88-PC calculations 
that only 10% of the scan locations included removable contamination. This assumption is based 
on a review of the 1996 survey data. It was further assumed after reviewing the data that 
approximately 1 0% of the fixed contamination is removable at those sites where removable 
contamination was identified. 
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4.2 ASSESSMENT RESULTS 

The dose estimates are designed for a screening-level assessment using conservative 
assumptions to assure that doses are likely overestimated. If doses using this conservative 
approach are above criteria, some of the assumptions could be reviewed and the doses 
recalculated to produce a still conservative, but more realistic dose estimate. If doses using this 
conservative approach are below criteria, the levels of activity in Building 403 are assumed to 
pose no significant threat to workers or members of the general public. 

The inhalation dose to a worker removing asbestos from the interior of the building is 
estimated to be 3.8 mrem. The ingestion dose is estimated to be 0.26 mrem. Due to shielding by 
the building structure there would be a negligible dose from removal of exterior shingles. The 
total dose of 3.8 mrem is considerably below the 25 mrem/yr standard for unrestricted release 
[10 Code of Federal Regulations (CFR) Part 20.1402] and only a small fraction of the 100 
mrem/yr standard for members of the general public (10 CFR Part 20.1301 and DOE Order 
5400.5). The asbestos worker dose calculation is presented in detail in Appendix A. 

The dose to a demolition worker is estimated at 0.68 mrem. This dose estimate includes 
0.35 mrem/yr from U-234, 0.015 mrem/yr from U-235 and 0.31 mrem/yr from U-238. Using 
similar exposure assumptions, the maintenance worker dose was estimated to be 0.068 mrem. 
These doses are well below the 10 CFR Part 20 and DOE Order 5400.5 standards. The 
demolition worker and maintenance worker dose estimates are presented in Appendix A. 

The CAP88-PC results in Appendix C show that the dose to the nearest off-site worker or 
resident would likely be much less than 1.0 mrem/yr. Estimated doses are, therefore, much less 
than the most stringent limits in 10 CFR Part 20 and DOE Order 5400.5. Appendix C contains 
copies of the CAP88-PC Synopsis Report and the Dose and Risk Equivalent Summaries. 

4.3 ASSESSMENT CONCLUSIONS 

This assessment demonstrates that the potential radiological doses during the demolition 
of Building 403 are much less that limits specified in 10 CFR Part 20 and DOE Order 5400.5. 
Therefore, it is concluded that radiological activity in Building 403 pose no significant threat to 
workers or members of the general public. 
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Figure 1. Regional Setting of the Niagra Falls Storage Site 
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Table 1. Maximum Surface Scan Results as of 1998 

Location ~ y dprn/1 00 cm2 Location ~ y dprn/100 
cm2 

West Tool 
Storage Roof Exhaust 2228 
Walls 2076 Port 
Floor NW corner 12000 Fire House 
Floor SE corner 6000 Tower 
Ledge on Lower 5200 Floor 5000 
Wall Floor drain 8000 
South Wall 7200 Drain Pipe 12000 
(lower) North Wall 2915 
Ceiling 14000 South Wall 4158 
North Storage .West Wall 4543 
Walls 723 East Wall 3365 
Women's Garage 
Showers Floor 1950 
Floor 1590 Walls 729 
Walls 3338 East Louvers 429 
Floor drain 2281 West Louvers 6044 
Men's Showers Overheads 472 
Floor 1390 West Office 
Walls 1999 Floor <Lc 
Boiler Room Walls 1683 
Floor 1439 Old HP Office 
Walls 645 Walls 2076 
Brick Walls 1489 East Office 
Heating Vent 1325 Floor 447 
Duct Walls 596 
Laboratory Men's Restroom 
Walls 620 Walls <Lc 
Walls at Fume 7900 Floor 
Hood 
Fume Hood Top 814 
Fume Hood Walls <Lc 
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Table A-1. Inhalation Dose Estimate for the Asbestos Worker 

Constant 
Resuspension Factor (RF) 

Breathing Rate (BR) 

Conversion factor (CF) 

Dose Factor 234U (DF4) 

Dose Factor 235U + D (DF5) 

Dose Factor 238U + D (DF8) 

Location 

Laboratory 
West Office 

Storage 
Men's Bathroom 
East Office 
Garage (staging area) 
Total 

Value 
5.00E-05 

15.3 

24 

0.132 

0.123 

0.118 

Exposure 
Duration (ED) 

(hrs) a 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
30 

• Assumed duration, although actual will value likely be shorter 

Units 
-m 

m3/day 

hrs/day 

mrem/pCi 

mrem/pCi 

mrem/pCi 

Concentration (C) 
(pCi/m2) b 

14000 
25900 
16300 

0 
12500 
24700 

b Area-weighted "average" from wall and floor measurements using maximum values 

Reference 
IAEA 1970 

EFH, average male 

Not applicable 

RESRAD Version 5.95 

RESRAD Version 5.95 

RESRAD Version 5.95 

CEDE 
(mrem) c 

0.6 
1.1 
0.7 
0.0 
0.5 
1.0 
3.8 

c Committed effective dose equivalent (CEDE) calculated as follow (NUREG/CR-5512 Volume 1): 

CEDE= ED (hrs) * RF (m-1
) * BR (m3/hr) * L: {OF (mrem/pCi) * C (pCi/m2

)} 

=ED* RF * BR/CF * [(DF4) + (0.046 * DF5) + (DF8)] * C 

Equations provided by NUREG/CR-5512: Residual Radioactive Contaminationfrom Decommissioning 



Table A-2. Ingestion Dose Estimate for the Asbestos Worker 

Constant 
Transfer Rate (TR) 

Dose Factor 234U (DF4) 

Dose Factor 235U + D (DF5) 
Dose Factor 238U + D (DF8) 

Location 

Laboratory 
West Office 
Storage 
Men's Bathroom · 
East Office 
Garage (staging area) 
Total 

Value 
1.00E-03 

2.83E-04 

2.67E-04 
2.69E-04 

Exposure 
Duration (ED) 

(hrs) a 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
30 

• Assumed duration, although actual will value likely be shorter 

Units 
mlhr 

mrem/pCi 

mrernlpCi 
mrem/pCi 

Concentration (C) 
(pCi/m2) b 

14000 
25900 
16300 

0 
12500 
24700 

b Area-weighted "average" from wall and floor measurements using maximum values 

Reference 
Healy 1971 

RESRAD Version 5.95 

RESRAD Version 5.95 
RESRAD Version 5.95 

CEDE 
(mrem) c 

0.04 
0.07 
0.05 
0.00 
0.04 
0.07 
0.26 

c Commited effective dose equivalent (CEDE) calculated as follow (NUREG/CR-5512 Volume 1): 

CEDE= ED (hrs) * TR (m2/hr) :L {DF (mrern/pCi) * C (pCi/m2
)} 

=ED* TR * [(DF4) + (0.046 * DF5) + (DF8)] * C 

Equations provided by NUREG/CR-5512: Residual Radioactive Contamination from Decommissioning 



DEMOLITION AND MAINTENANCE WORKER DOSES 

Potential radiological doses to a construction worker and maintenance worker during 
building demolition were evaluated after consulting NUREG-1640. The dose factors published 
in NUREG-1640 for crushing scrap concrete over a seven-day period would be similar to worker 
exposure during building demolition. The 95th percentile dose factors were used in the 
calculations. Other exposure parameters were chosen to be consistent with the asbestos worker 
scenario evaluated in this report. These include the following estimated concentrations: 0.56 
pCi/g for U-234 and U-238, and 0.026 pCi/g for U-235. The demolition worker dose assessment 
using the NUREG-1640 approach is presented below, followed by the maintenance worker 
assessment: 

U-234: 
(170 J.!Sv/yr/Bq/g) x (3.7E-3 mrernlyr/pCi/g per J.!Sv/yr/Bq/g) = 0.629 mrernlyr/pCi/g 
(0.56 pCi/g) x (0.629 mrernlyr/pCi/g) = 0.35 mrernlyr 

U-235: 
(160 J.!Sv/yr/Bq/g) x (3.7E-3 mrernlyr/pCi/g per J.!Sv/yr/Bq/g) = 0.592 mrernlyr/pCi/g 
(0.026 pCi/g) x (0.592 mrernlyr/pCi/g) = 0.015 mrernlyr 

U-238: 
(150 J.!Sv/yr/Bq/g) x (3.7E-3 mrernlyr/pCi/g per J.!Sv/yr/Bq/g) = 0.555 mrernlyr/pCi/g 
(0.56 pCi/g) x (0.555 mrernlyr/pCi/g) x = 0.31 mrernlyr 

Total Dose= (0.35 mrernlyr) + (0.015 mrernlyr) + (0.31 mrernlyr) = 0.68 mrernlyr 

The development of the dose factors assumes that water is sprayed on the dust to contain 
it and that workers near the site typically wear respirators. The source term used in this 
calculation was calculated using the maximum concentrations from each room and does not 
consider mixing from non-contaminated building materials. 

It is possible that a site maintenance worker will be exposed to building contaminants 
during demolition activities. This worker may continue normal mowing or other general 
maintenance activities in the vicinity of the building, or could be asked to support utility-related 
activities. Given this scenario the maintenance worker's exposure could be similar to the 
demolition worker's, only to a lesser extent. To support the conservative screening-level 
estimate, it is assumed that the maintenance worker is exposed to the sample level of 
contamination under the same working conditions, but is only present at 10 percent of the time 
that a demolition worker would be present. The dose to the maintenance worker is, therefore, 
conservatively estimated to be (0.1 x 0.68 mrernlyr) = 0.068 mrernlyr. 
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Table B-1. Building 403 Scan Results and Concentration Estimates 

Location • Ply Maximum ply Maximum Length Width Height Area Volume Area-Weighted 
(dpm/100cm2) (pCi!m2) EW NS (ft) (A) (V) (mJ) U-238 (C) 

(ft) (ft) (m2) (pCi!m2) 
West Tool Storage 
Walls 2076 46800 7.5 14.8 8 33.1 3.8 31600 
Floor NW comer 12000 270300 7.5 14.8 8 10.3 1.5 56800 
Floor SE comer 6000 135100 7.5 14.8 8 
Ledge on Lower 5200 117100 7.5 14.8 8 
Wall 
South Wall (lower) 7200 162200 7.5 14.8 8 5.6 0.6 18500 
Ceiling 14000 315300 7.5 14.8 8 

Room Totals 49.0 6.0 106900 
North Storage 
Walls 723 16300 14.4 5.6 8 29.7 3.4 16300 

Room Totals 29.7 3.4 16300 
Women's Showers 
Floor 1590 35800 29.8 5.6 8 15.5 2.3 8100 
Walls 3338 75200 29.8 5.6 8 52.6 6.0 58100 
Floor drain 2281 51400 

Room Totals 68.1 8.4 66200 
Men's Showers 
Floor 1390 31300 8.4 29.8 8 23.3 3.5 9100 
Walls 1999 45000 8.4 29.8 8 56.8 6.5 31900 

Room Totals 80.1 10.0 41000 
Boiler Room 
Floor 1439 32400 12.6 11.6 8 13.6 2.0 8900 
Walls (3 walls) 645 14500 12.6 11.6 8 26.6 3.1 7800 
Brick Wall (1 wall) 1489 33500 12.6 11.6 8 9.4 1.1 6300 

Room Totals 49.6 6.2 23000 
Heating Vent Duct 1600 36000 
Laboratory 
Walls 620 14000 17.4 22.6 8 59.5 6.8 14000 
Walls at Fume Hood 7900 177900 
Fume Hood Top 814 18300 
Fume Hood Walls <Lc 

Room Totals 59.5 6.8 14000 
Roof Exhaust Port 2228 50200 
Fire House Tower 
Floor 5000 112600 7.83 7.5 35 5.5 0.8 5900 
Floor drain 8000 180200 
Drain Pipe 12000 270300 
North Wall 2915 65700 7.83 7.5 35 25.5 2.9 15900 
South Wall 4158 93600 7.83 7.5 35 25.5 2.9 22700 
West Wall 4544 102300 7.83 7.5 35 24.4 2.8 23700 
East Wall 3365 75800 7.83 7.5 35 24.4 2.8 17600 

Room Totals 105.3 12.3 85800 
Garage 
Floor 1950 43900 40 31 20 115.2 17.3 13300 
Walls 729 16400 40 31 20 263.8 30.3 11400 
East Louvers 429 9700 
West Louvers 6044 136100 
Overheads 472 10600 

Room Totals 379 47.6 24700 



Table B-1. Building 403 Scan Results and Concentration Estimates (cont'd) 

Location • J3!y Maximum J3/y Maximum Length Width Height Area Volume Area-Weighted 
( dpm/1 00cm2

) (pCilm2
) EW NS (ft) (A) (V) (m3) U-238 (C) 

(ft) (ft) (mz) (pCilm2
) 

West Office 
Floor <Lc 14.4 15.2 8 20.3 3.0 0 
Walls 1683 37900 14.4 15.2 8 44 5.1 25900 

Room Totals 64.3 8.1 25900 
Old HP Office 
Walls 2076 46800 
East Office 
Floor 447 10100 14.4 10.2 8 13.6 2.0 2700 
Walls 596 13400 14.4 10.2 8 36.6 4.2 9800 

Room Totals 50.2 6.2 12500 
Men's Restroom 
Walls <Lc 14.4 8.4 8 33.9 3.9 0 
Floor 14.4 8.4 8 11.2 1.7 0 

Room Totals 45.1 5.6 0 
Building 403 Totals 979.9 120.7 416300 

Constant Value Units Volumetric Estimates 
(pCilg) 

J3!y per U-238 decay 2 U-238 6 0.56 

dpm perpCi 2.22 dpm/pCi U-235 c 0.026 

m2 per 100 cm2 0.01 m2/100 cm2 U-234 c 0.56 

m2 per ft2 0.0929 mzl~ 

Thickness, Walls 0.115 m 
Thickness, Floors 0.15 m 
Solid Fraction (FS) 0.25 
Material Density (D) 1.5 g/cm3 

cm3 per m3 (CF) 1000000 cm3/m3 

• Locations not included in calculations were removed or would not reasonably pose a risk from exposure (e.g., 
louvers and drains) 

b (C-total *A-total* SF) I (V-total * D * CF) 

c U-235 assumed to be present at 0.046 times U-238 concentration; U-234 assumed to be in equilibrium with U-
238 
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Facility: 
Address: 

City: 
State: 

C A P 8 8 - P C 

Version 2.00 

Clean Air Act Assessment Package - 1988 

S Y N 0 P S I S R E P 0 R T 

Non-Radon Individual Assessment 
Dec 27, 1999 10:41 am 

Niagara Falls 

Lewiston 
NY Zip: 

Source Category: stationary 
Area Source Type: 

Emission Year: 1998 

Comments: Niagara Falls Storage Site (NFSS) -
Building 403 

Dose to Nearest Off-Site Worker & 
Nearest Resident 

Effective Dose Equivalent 
(mrem/year) 

4.16E-04 

At This Location: 385 Meters Northeast 

Dataset Name: NFSS Bldg 403 
Dataset Date: Dec 27, 1999 10:41 am 



Wind File: C:\CAP88PC2\WNDFILES\IAG0905.WND 



Dec 27, 1999 10:41 am 
SYNOPSIS 

Page 1 

MAXIMALLY EXPOSED INDIVIDUAL 

Location Of The Individual: 
Lifetime Fatal Cancer Risk: 

385 Meters Northeast 
5.48E-09 

ORGAN DOSE EQUIVALENT SUMMARY 

Dose 
Equivalent 

Organ (mrem/y) 

GONADS 7.01E-07 
BREAST 8.75E-07 
R MAR 1.26E-05 
LUNGS 3.37E-03 
THYROID 6.71E-07 
ENDOST 1.79E-04 
RMNDR 1.59E-05 

EFFEC 4.16E-04 



Dec 27, 1999 10:41 am 
SYNOPSIS 

Page 2 

RADIONUCLIDE EMISSIONS DURING THE YEAR 
1998 

Nuclide Class Size 

U-234 y 1. 00 
U-235 y 1. 00 
U-238 y 1. 00 

Source 
#1 TOTAL 

Ci/y Ci/y 

3.4E-07 3.4E-07 
1. 6E-08 1.6E-08 
3.4E-07 3.4E-07 

SITE INFORMATION 

Temperature: 
Precipitation: 
Mixing Height: 

11 degrees C 
88 cm/y 

1000 m 



Dec 27, 1999 10:41 am 
SYNOPSIS 

Page 3 

SOURCE INFORMATION 

Source Number: 1 

Source Height (m) : 0. 
Area (sq m): 270. 

Plume Rise 
Pasquill Cat: A B c 
G 

0. 

Meat 

0.000 

1. 000 

0.000 

Zero: 
0. 

0.008 

0 . 0. 0. 

AGRICULTURAL DATA 

Fraction Home Produced: 

Fraction From Assessment Area: 
0.992 

Fraction Imported: 
0.000 

D E F 

0 . 0 . 

Vegetable Milk 

0.076 

0.924 

0.000 

Food Arrays were not generated for this 
run. 

Default Values used. 



DISTANCES (M) USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

385 1100 



C A P 8 8 - P C 

Version 2.00 

Clean Air Act Assessment Package - 1988 

D 0 S E 
M M A R I E S 

A N D 

Facility: 
Address: 

City: 
State: 

R I S K E Q U I V A L E N T 

Non-Radon Individual Assessment 
Dec 27, 1999 10:41 am 

Niagara Falls 

Lewiston 
NY Zip: 

Source Category: stationary 
Area Source Type: 

Emission Year: 1998 

Comments: Niagara Falls Storage Site (NFSS) -
Building 403 

Dose to Nearest Off-Site Worker & 
Nearest Resident 

Dataset Name: NFSS Bldg 403 

s u 

Dataset Date: 
Wind File: 

Dec 27, 1999 10:41 am 
C:\CAP88PC2\WNDFILES\IAG0905.WND 
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ORGAN DOSE EQUIVALENT SUMMARY 

SUMMARY 

Organ 

GONADS 
BREAST 
R MAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

Selected 
Individual 

(mrem/y) 

7.01E-07 
8.75E-07 
1.26E-05 
3.37E-03 
6.71E-07 
1.79E-04 
1.59E-05 

4.16E-04 

PATHWAY EFFECTIVE DOSE EQUIVALENT 

Pathway 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

Selected 
Individual 

(mrem/y) 

1.09E-05 
4.05E-04 
7.06E-12 
2.40E-07 
4.16E-04 
2.40E-07 

4.16E-04 
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NUCLIDE EFFECTIVE DOSE EQUIVALENT 
SUMMARY 

Nuclide 

U-234 
U-235 
U-238 

TOTAL 

Selected 
Individual 

(mrem/y) 

2.15E-04 
9.37E-06 
1. 91E-04 

4.16E-04 
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CANCER RISK SUMMARY 

Cancer 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

PATHWAY RISK SUMMARY 

Pathway 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

1. 44E-11 
9.50E-12 
1. 83E-13 
2.36E-12 
5.41E-09 
1.13E-12 
1.47E-12 
1.09E-12 
7.30E-13 
3.40E-11 
8.93E-13 

5.48E-09 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

5.76E-11 
5.41E-09 
1. 64E-16 
5.52E-12 
5.47E-09 
5.52E-12 



TOTAL 5.48E-09 
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NUCLIDE RISK SUMMARY 

Nuclide 

U-234 
U-235 
U-238 

TOTAL 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

2.82E-09 
1.25E-10 
2.53E-09 

5.48E-09 
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INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE 
(mrem/y) 

(All Radionuclides and Pathways) 

Distance (m) 

Direction 385 1100 

N 2.5E-04 4.3E-05 
NNW 8.4E-05 1.9E-05 

NW 1.5E-04 2.8E-05 
WNW 1.9E-04 3.3E-05 

w 3.2E-04 5.2E-05 
WSW 1. 9E-04 3.4E-05 

sw 1.9E-04 3.4E-05 
ssw 1. 3E-04 2.5E-05 

s 2.0E-04 3.6E-05 
SSE 1.8E-04 3.3E-05 

SE 2.8E-04 4.7E-05 
ESE 2.5E-04 4.4E-05 

E 3.0E-04 5.1E-05 
ENE 2.8E-04 4.8E-05 

NE 4.2E-04 6.7E-05 
NNE 2.8E-04 4.7E-05 
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Direction 

N 
NNW 

NW 
WNW 

w 
WSW 

sw 
ssw 

s 
SSE 

SE 
ESE 

E 
ENE 

NE 
NNE 

385 

3.3E-09 
1.0E-09 
1.9E-09 
2.4E-09 
4.2E-09 
2.4E-09 
2.4E-09 
1.6E-09 
2.6E-09 
2.3E-09 
3.7E-09 
3.3E-09 
4.0E-09 
3.7E-09 
5.5E-09 
3.6E-09 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

1100 

5.1E-10 
1.9E-10 
3.0E-10 
3.8E-10 
6.3E-10 
3.8E-10 
3.9E-10 
2.7E-10 
4.1E-10 
3.7E-10 
5.6E-10 
5.1E-10 
6.0E-10 
5.7E-10 
8.2E-10 
5.5E-10 




