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i
Dear Pamela;

Enclosed is our Environmental Assessment of our field plot at Stine-Haskell Research Center to renew our
Nuclear Regulatory Commission License No. 07-13441-02. Per your request, we have followed the
guidelines in the Sample Environmental Assessment you sent us plus the example reported in the Federal
Register: Environmental Documents, April 11, 2001 (Volume 66, Number 70) Nuclear Regulatory
Commission [Docket No. 030-32714]. Hopefully, this assessment will satisfy your requirements for
preparation of an environmental assessment in accordance with the procedures and criteria in 10 CFR Part
51, “Environmental Protection Regulations for Domestic Licensing and Related Regulatory Functions.”

If there are any questions, please contact the site Radiation Safety Officer, Norman W. Henry at (302-366-
5250).

Sincerely,
, A
e 9 % O
seph Montovino

acilities Manager
Stine-Haskell Research Center
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Stine Haskell Research Center 3/14/02 RBD

Site Characteristics

The Stine Haskell Research Center (SHRC) is located on Elkton Road, in Newark, Delaware. The
SHRC is situated on a five hundred thirty five (535) acre site at approximately 39 degrees and 40 minutes
north latitude and 75 degrees and 45 minutes west longitude. Of this, 267 acres of open fields and
woodlands are in Cecil County, Maryland, with the remaining 268 acres of fields, woods, and all buildings
in New Castle County, Delaware. There are no radiological activities carried out in the portion of the site
located in the State of Maryland.

Currently, numerous laboratories and greenhouses are located at the site which are used only for
toxicology and safety testing, and research and development of agricultural products and pharmaceuticals.
Agricultural fields surround these structures and are used for testing experimental herbicides and pesticides
under natural climatic conditions. The site currently employs approximately 800 personnel.

The site is bounded to the east and south by woodlands, homes, light industry, and businesses, and
to the north and west by the Baltimore & Ohio Railroad tracks. Topographically, the site is at an
approximate elevation of 120 feet above mean sea level, although the western portion of the site rises
topographically to an elevation of 170 feet above mean sea level.

The site lies within the drainage basis of the Christina River. Surface drainage patterns at the site
are controlled by an unnamed tributary of the West branch of the Christina River, which bisects the site and
flows in a southerly direction connecting with the West branch south of the property boundary. The East
branch of the Christina River meanders briefly through the northeast corner of the site, flows eastwardly
before turning southwardly, joins the West branch and discharges into the Delaware River. Surface-water
intake from the Christina River is located near Smalley's Pond, approximately 8 to 10 miles downstream of
the site. This intake is operated by the Wilmington Suburban Water Authority as a potable-water source
for the nearby communities. Surface drainage patterns are controlled regionally by the Delaware River.

Radiological tests are conducted in a small test plot, 24.2 meters X 30.5 meters, for studies of
metabolism, stability, and environmental fate of agricultural chemicals and associated products. The test
plot application does not exceed ten (10) milliCurie of byproduct material. The plot is surrounded by a four
(4) foot high fence. Figure 1 shows the location of the test plot area within the facility.

Environmental Impacts of the Proposed Action

The location of the closest off-site human dwelling is approximately 182 meters away from the
test plot. The maximum radjoactivity released in one year is 10 mCi. Using this information, impacts to
water supplies and the dose to the maximally exposed individual is calculated. The radiological impact
from the performance of field studies with radiolabeled materials at the Center has been calculated using
both the EPA’s Gaussian Dispersion model, SCREEN 3, and the EPA's COMPLY model.
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Impact on Food Chain

The plants grown in radiolabied studies will not be available for incorporation into the food chain.
The test area is enclosed by a 4-foot tall chain link fence, and wire mesh or bird netting will be used to
restrict bird and small rodent access to the plot. All plant material generated will be used for laboratory
research purposes or disposed of as radioactive waste. Soil will be removed from the plot to a level where
the soil radioactivity is at background. Removed soil will be disposed of per appropriate regulations.
Due to the precautions taken during application, the physical barriers in place to prevent wildlife access,
and the removal of all soil and plant materials at the conclusion of the study, it is not reasonable to assume
that the radiolabeled plant material will enter the food chain by the ingestion process.

Groundwater Impacts

The procedure for application results in a very low potential for overspray and contamination of
soil. For plants in pots, a plastic bag is placed over the entire setup. The spraying is conducted through a
slit in the plastic bag. For plots, plastic is wrapped around stakes, which are placed at each corner of the
plot. Any drift will be contained by the plastic.

At the conclusion of the testing, all vegetation is removed and disposed. Core soil samples are
taken to depths of 18" and analyzed for C-14. Soil is removed from the plot to a level where the soil
radioactivity is at background.

Given the application procedure, and the soil testing at the conclusion of the test, it is not
considered likely that the radiolabled material from plot will contaminate the groundwater.

Surface Water Runoff

An unrealistic worst case of radioactivity that could be released by surface runoff can be predicted
based on a severe rainfall event which washes all of the applied activity from the plant or soil. A release of
all of the applied activity could occur only if the crop was completely loaded and washed from the plot with
the soil. The maximum activity to be used per application is 10 mCi and per year is 10 mCi, also. The
annual average rainfall in Newark, Delaware, is 45 inches. The largest monthly rainfall from 1972 to 2000
in Newark, Delaware, occurred in July 1989, and was 13.58 inches. The plot area plus the surface
drainage area immediately around the plot is approximately 109 meters by 91 meters. If 13.58 inches of
rain fell over the 109 meter by 91 meter area, a volume of 2.567 X 10® ml would runoff the immediate
surface area. If 100 % of a 10 mCi application were lost to surface runoff during this rainfall, the activity
concentration of this surface runoff would be 3 X 10" uCi/ml, below the C-14 water effluent limit of 3 X
10 uCi/m! for C-14. In actuality, the runoff from the area would be significantly diluted, as the complete
site drainage area into the tributary is large. Consequently, it is reasonable to assume that significant
dilution would occur.
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Dose to Maximally Exposed Individual

The EPA SCREEN Model employs worst case scenario parameters, including worst case
meteorological conditions, to estimate potential concentrations of C-14 at a specific receptor, the nearest
oft-site residence, positioned in the downwind direction from the test plot area. In the modeling, it is
assumed that the maximum amount of C- 14 applied in one year is 10 mCi. The specific activity value for
C-14 of 4.5 X 10° uCi/gram (from 10 CFR 71, Appendix A, Table A-1) was utilized. Utilizing the
SCREEN model, a worst case annual concentration of 4.872 X 107 ug/m® (2.19 X 1072 uCi/ml) is
predicted for an individual at the nearest off site receptor location (182 meters). This value is a fraction of
the 10 CFR Part 20 limit of 3 X 107 uCi/ml.

The COMPLY model was also used to evaluate dose to the general public. This computer
simulation calculates the maximum dose to an individual residing outside of the facility and considers dose
from all pathways including inhalation, ingestion of contaminated food, immersion, and ground deposition
to estimate worst case calculations. With the assumption that 10 mCi of C-14 was released over one year,
at a distance of 182 meters to the nearest residence, the COMPLY program, level 2, calculated the
maximum effective whole body dose for the maximally exposed individual to be 0.045 mrem/yr, an
amount well below and in compliance with the regulatory limit of 100 mrem/yr.

Endangered Species

Due to the precautions taken during application, the physical barriers in place to prevent wildlife
access, and the removal of all soil and plant materials at the conclusion of the study, it is considered
unlikely that there would be an impact.

Alternatives to the Proposed Action

As required by Section 102(2)(E) of the National Environmental Policy Act (NEPA) [(42 USC
4322(2)(E)], possible alternatives to the final action have been considered. One possible alternative to the
field studies is the treatment of greenhouse grown plants with the radiolabled research chemical. However,
this alternative is not feasible certain studies required must evaluate the behavior of agricultural chemicals
under normal agriculture conditions. Greenhouse studies provide an unnaturally stable environment void
of normal weathering field condition, which traditionally leads to non-representative metabolic profiles.
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03/01/02
15:19:40
*** SCREEN3 MODEL RUN **~
*** YERSION DATED 96043 **~*

Plot

SIMPLE TERRAIN INPUTS:
SOURCE TYPE AREA
EMISSION RATE (G/{S-M**2)) .947900E-13
SOURCE HEIGHT (M) = .0000

I

LENGTH OF LARGER SIDE (M) = 30.5000
LENGTH OF SMALLER SIDE (M} = 24.4000
RECEPTOR HEIGHT (M) = 2.0000
URBAN/RURAL OPTION = RURAL

THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED.
THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED.

MODEL ESTIMATES DIRECTION TO MAX CONCENTRATION

BUOY. FLUX = .000 M**4/8**3; MOM. FLUX = . .000 M**4/5**2,

*** FULL METEOROLOGY ***
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*** SCREEN DISCRETE DISTANCES ***
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***x TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES ***
DIST CONC U10M USTK MIX HT PLUME MAX DIR
(M) (UG/M**3) STAB (M/S) (M/S) (M} HT (M) (DEG)
182. .4872E-06 6 1.0 1.0 10000.0 .00 21.
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**x* SUMMARY OF SCREEN MODEL RESULTS ***
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CALCULATION MAX IST TO TERRAIN
PROCEDURE : 3 (M) HT (M)
SIMPLE TERRAIN .4872E-06 - 182, 0.
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COMPLY: V1.6. 3/ 172002 3:43

40 CFR Part 61
National Emission Standards
for Hazardous Air Pollutants

REPORT ON COMPLIANCE WITH
THE CLEAN AIR ACT LIMITS FOR RADIONUCLIDE EMISSIONS

FROM THE COMPLY CODE -~ V1.6.

Prepared by:

DuPont

Rick Drazich
(302)-695-9303

Prepared for:

U.S. Environmental Protection Agency
Office of Radiation and Indoor Air
Washington, DC 20460



COMPLY: V1.6.

SHRC Plot

Release Rate’
Nuclide (curies/YEAR)

3/ 1/2002

Distance from the source to the receptor is 182 meters.

Default mean wind speed used (2.0 m/sec).

Input parameters outside the "normal® range:
None.

RESULTS:

Effective dose equivalent: 4.5E-02 mrem/yr.

*x* Comply at level 2.

This facility is in COMPLIANCE.

It may or may not be EXEMPT from reporting to the EPA.

You may contact your regional EPA office for more information.

*xkxxxkx*% END OF COMPLIANCE REPORT ******¥**x
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‘Year
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

- 1970
* 1971
('}1372
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Jan Feb Mar Apr
-99.99 -99.99 -99.99 -99.99
6.23 4.15 2.51 3.03
2.10 3.28 5.30 1.69
3.62 3.87 3.49 2.47
5.31 2.78 5.41 7.17
5.96 2.87 5.99 4.67
1.98 1.03 4.30 2.67
0.41 3.08 4.51 2.91
2.61 3.21 4.72 2.70
1.91 2.13 2.23 3.90
3.93 4.79 6.77 5.30
2.15 1.87 3.19 2.29
3.04 4.00 1.42 4.23
2.25 3.43 3.77 4.60
2.51 3.76 2.86 4.31
1.93 2.02 4.46 0.93
4.09 2.48 1.63 5.00
2.23 2.81 3.17 1.96
2.91 3.43 1.61 3.26
1.97 1.28 4.07 2.80
1.47 1.09 5.21 1.97
1.76 1.69 1.12 2.24
1.06 1.77 3.20 4.80
2.35 6.32 2.00 2.06
2.61 4.74 2.60 5.13
1.55 3.38 3.70 6.51
2.94 1.54 3.91 2.91
4.49 2.76 4.45 2.98
5.02 1.26 1.36 2.11
1.75 1.12 5.27 3.54
7.81 1.05 4.79 1.58
8.86 5.63 2.06 3.66
2.43 0.77 5.89 4.25
0.56 3.01 1.26 3.81
4.40 2.62 2.17 5.25
2.15 2.93 6.73 8.91
0.88 4.69 6.10 3.74
1.97 2.35 1.83 0.68
4.25 -99.99 1.42 2.56
4.76 1.17 2.29 3.25
1.50 4.17 1.93 3.11
2.25 3.30 4.50 2.99
4.81 1.86 2.32 3.94
3.70 1.21 4.69 3.21
1.18 1.97 4.74 1.62
2.83 3.25 7.30 5.42

http://www.udel.edu/leathers/64 10p.fil

May Jun
-99.99 -99.99
4.35 1.79
3.35 3.27
4.05 4.33
6.45 2.66
6.13 2.03
2.75 0.56
1.19 6.84
1.83 4.99
1.67 4.27
3.79 5.16
1.44 3.70
5.40 2.25
2.86 4.03
1.80 4.02
-99.99 2.73
0.54 0.72
1.07 1.35
4.70 0.87
3.93 2.51
4.80 1.76
3.63 3.92
1.33 6.82
5.01 3.07
3.45 7.83
5.67 6.33
5.00 3.87
5.08 6.81
4.41 3.74
1.39 4.49
6.64 3.30
4.22 3.06
3.04 4.62
5.55 4.56
4.61 5.18
6.28 3.61
5.14 5.49
4.43 2.75
0.98 2.32
3.79 2.04
7.51 1.10
6.62 7.37
8.63 5.37
1.93 2.70
4.98 4.16
1.64 5.37

Jul
~99.99
.80
.48
.29
.60
.28
.48
.23
.59
.78
.38
.69
.85
.09
.25
.65
.24
.33
.01
.19
.34
.08
.21
.21
.93
.36
.43
.66
.24
.84
.61
.10
.54
.14
.66
.58
.65
.79
.69
.10
.99

N WO 0O N NP QNN END R WU WOS =N BRI WERE OOR i Wbd

5.26
4.06
6.06
2.78

WWWAMDUMND B WNDNOWKRNDMAGL JPDONDANDEFE WWNENRENDRNWWER U WM R WRWNDNNWW

.13
.64
.20
.61
.47
.87
.92
.00
.04
.72
.90
.56
.87
.02
.20
.88
.59
.52
.33
.42
.90
.36
.17
.90
.08
.86
.79
.06
.56
.85
.61
.88
.02
.26
.85
.69
.81
.20
.77
.17
.38
.31
.47
.75
.78
.12

N DO ORPUTONWDEBREARR RO DR ADNDNONNDNWWE OWNOGO WER N W W

.21
.10
.65
.49
.05
.78
.51
.42
.28
.67
.55
.60
.16
.46
.27
.75
.80
.23
.82
.41
.76
.24
.14
.64
.70
.47
.36
.18
.91
.38
.73
.78
.82
.80
.12
.81
71
.18
.52
.46
.62
.42
.37
.42
.46
.07

NP—‘}—‘NU’\NI\)WNwLnt\)wwatbG)LAJNNWO\NHN.HU'\M}—'OHNNﬁWNMbbNWOt\)Mwb—-l

Oct

.86
.82
.60
.68
.70
.53
.47
.08
.86
.99
.64
.36
.96
.24
.76
.29
.27
.76
.20
.93
.47
.74
.13
.53
.72
.21
.19
.59
.50
.68
.46
.89
.62
.00
.04
.23
.00
.13
.91
.08
.13
.00
.35
.39
.62
.94

Wi NN IO E ONWNRNEBEONKFFONBEWRHEWNNPREREREDUMNRENDWWGHRWREWUOONDPE

.63
.18
.32
.71
.74
.95
.88

.34

.73
.81
.09
.96
.86
.37
.40
.62
.76
.26
.44
.08
.54
.74
.89
.90
.54
.84
.25
.97
.01
.48
.88
.69
.17
.77
.37
.55
.06
.05
.10
.32
.21
.19
.22
.28
.33
.75

iblblbmol—'l'—'G\l—-‘}—'mNbOb—‘U‘lcﬁ!—'NU’!\lU’lD—-‘NO‘\N#’QI—‘U’\P—'NNNI&HU‘IWOWMWU’IHUJLFA

Dec

.35
.27
.98
.82
.21
.88
.00
.17
.69
.90
.30
.48
.42
.88
.64
.72
.13
.25
.04
.96
.62
.16
.90
.22
.37
.87
.14
.15
.64
.49
.41
.51
.80
.05
.05
.89
.98
.09
.55
.66
.03
.38
.56
.19
.96
.23
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1994
1995
1996
1997
1998
1999
2000
2001
2002

[SCI S o N W R S R N

.06
.45
.15
.18
.07
.11
.39
.67

BN W W D

.83
.24
.78
.75
.56
.62
.32
.75

U1 Q0 b i Ut

.17
.54
.96
.40
.51
.87
.38
.91

oW w NN G0N

.97
.10
.17
.47
.80
.54
.51
.74
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.41
.13
.18
.74
.33
.21
.41
.23

WU s W e

.61
.39
.05
.31
.12
.77
.36
.19

W oW o

.21
.71
.55
.22
.23
.55
.95
.67

Loy bW oW

.34
.48
.71
.54
.47
.74
.90
.12

=

.01
.38
.72
.53
.48
.01
.60
.10

OO WNKEOIO

.67
.55
.52
.60
.65
.64
.50
.81

NN W W

.84
.92
.49
.84
.39
.03
.34
.45

b W R N

.37
.74
.24
.76
.16
.27
.62
.21
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Year

1894
1895
1896
1897
1898
1899
1900
1501
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937

Jan

.71
.63
.25
.90
.10
.96
.00
.38
.35
.97
.73
.04
.55
.55
.05
.72
.58
.45
.72
.74
.00
.42
.22
.95
.20
.60
.13
.09
.23
.25
.65
.03
.83
.00
.81
.87
.90
.96
.12
.80
.50
.08
.94

 CWHR O OCOOORORRPHHEHEHNOROPOHHFEODOOKRMEOREPORENREREORRR

Feb

.15
.67
.55
.00
.38
.30
.82
.90
.10
.40
.08
.05
.15
.23
.00
.50
.95
.90
.00
.81
.30
.00
.44
.65
.30
.20
.31
.23
.36
.20
.30
.90
.75
.35
.94
.76
.70
.86
.99
.90
.29
.02
.97

O MO OOCOROROORINHRPHEROORPNORIPOORRPRORRERPRERPORRENRERDLW

Mar

.50
.02
.50
.58
.00
.95
.25
.10
.95
.15
.45
.30
.10
.55
.40
.13
.60
.34
.37
.70
.90
.25
.38
.54
.60
.06
.81
.30
.94
.00
.20
.60
.88
.65
.04
.80
.42
.20
.25
.75
.26
.80
.42

OP—‘I—‘O}—‘N&—‘}—'}—'OOOHHO)—‘ON}—‘OP—‘I—‘OONNO}—‘HOHNH)—'OHHOHOONH

Apr

.81
17
.40
.34
.47
.53
.80
.05
.40
.95
.65
.14
.55
.17
.87
.88
.50
.27
.55
.92
.84
.40
.70
.51
.51
.07
.90
.19
.51
.25
.27
.70
.67
.20
.70
.35
.17
.95
.70
.13
.34
.17
.44
.00

N)—’}—‘)-'}—'OOHI\JHI»-‘OONNOHON}—‘!—'OH!—'HOI—‘HOOHNHOONNOOO!—‘OI—‘}-‘
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At =hr He 75

May

.05
.62
.26
.12
.00
.12
.20
.70
.90
.50
.95
.70
.00
.11
.07
.53
.57
.85
.02
.47
.92
.02
.75
.06
.09
.57
.94
.24
.10
.45
.37
.37
.65
.65
.72
.49
.00
.55
.11
.42
.38
.92
.13
.78

Oi—‘i—‘HHHHHOOOOH}-‘OI—‘I—‘O)—'HPOHOHHOOONMHOOOOOHOHNHOnﬁ

Jun

1.35
1.26
1.38
0.67
0.89
0.36
1.70
0.80
1.50
0.90
1.33
1.15
1.25
1.80
1.78
0.76
2.25
1.80
1.35
0.45
0.40
1.87
1.
1
1
1
2
1
1
0
1
0
0
1
1
1
1
1
2
0
2
1
0
1

40

.94
.59
.37
.26
.06
.62
.30
.34
.82
.94
.57
.40
.09
.20
.88
.41
.43
.04
.67
.79
.29

Jul

.34
.32
.17
.02
.15
.86
.30
.90
.76
.79
.82
.60
.48
.30
.84
.56
.25
.75
.90
.14
.50
.62
.72
.60
.70
.57
.97
.78
.98
.12
.03
.27
.19
.58
.15
.58
.30
.24
.10
.25
.98
.91
.19
.63

C O OCMNENHRFORNMNWNNNORRWONRFONRPRPENRPWRENRRENDREORRRWREEO

S € e er o~ -

Au

Nl\)l—-‘I\JW}—’MOLJJI\JI\JOO)—'l—‘i—'b—‘I—‘NI—'NO}-‘OHOLJHHNHHHNHHWONI—‘OOHM

g

.02
.08
.34
.86
L1
.52
.75
.00
.00
.50
.28
.40
.97
.82
.20
.84
.30
.95
.55
.93
.93
.90
.20
.12
.12
.75
.14
.39
.19
.83
.49
.63
.52
.90
.38
.31
.65
.05
.75
.60
.18
.06
.08
.03

Sept

.15
.39
.75
.96
.19
.20
.20
.37
.97
.60
.48
.07
.28
.50
.80
.78
.95
.20
.83
.01
.39
.16
.32
.08
.61
.63
.05
.40
.92
.59
.42
.19
.62
.99
.94
.38
.38
.15
.62
.06
.67
.00
.35
.90

B RPN EPE R R RO HMEPNRPOPR HERNEPOORNREPNRENOFWORREREOSORONN

l—‘}—')—‘HONOONOHOHONOOOOON}—'OHHNHNOONHH}—‘HNOH!—'HHO!—'N

Oct

.15
.39
.95
.10
.10
.08
.05
.75
.50
.70
.93
.70
.67
.00
.60

.10
.30
.55
.58
.80
.89
.20
.89
.47
.85
.40
.50
.57
.72
.05
.48
.88
.55
.76
.02
.51
.91
.37
.95
.50
.24
.41
.34

.34

—

Nov

.97
.10
.04
.57
.48
.62
.00
.60
.90
.81
.42
.10
.80
.02
.00
.64
.73
.83
.04
.90
.60
.75
.93
.41
.00
.13
.85
.66
.30
.01
.17
.05
.26
.25
.40
.68
.38
.36
.83
.80
.28
.33
.34
.04

NOwHOl—‘OOHONHNHHOOHNHOOOHONHHOHWOD—‘HOONHOHD—'HOO

Dec

.91
.67
.35
.90
.12
.82
.15
.30
.55
.52
.40
.45
.30
.32
.20
.20
.99
.08
.63
.31
.76
.10
.43
.00
.09
.12
.24
.17
.02
.32
.96
.34
.09
.10
.61
.12
.80
.05
.90
.12
.06
.72
.94
.63

O ORI OPRPPFRFONKROORMEPREPPREERRERERRPRONNRERKROPRERNDRPEORROOH

NWWNWNN;&W;&NWNNNHNNUHI\J}—‘NNNNWNNMWNHL»NMLAHN[\JLU.N'W

Greatest

.15
.67
.02
.00
.52
.96
.00
.50
.19
.48
.73
.55
.04
.84
.20
.95
.95
.83
.37
.50
.30
.72
.89
.64
.57
.26
.13
.62
.12
.42
.27
.19
.90
.15
.31
.38
.24
.41
.60
.67
.33
.08
.04
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1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1871
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

OB OPRPNNKRMHOOHMOFHOORNKHMOOHOKHROOHOOOQOROROKRRRERORRERREREKRO

.75
.53
.07
.01
.15
.15
.50
.36
.46
.00
.56
.26
.80
.16
.93
.50
.60
.23
.74
.83
.12
.87
.80
.08
.60
.67
.26
.84
.80
.24
.61
.50
.47
.18
.69
.46
.11
.81
.53
.04
.12
.01
.00
.24
.62
.05
.04

l—‘l—'}—‘OON}—'OOOONI—'l—‘OOOONI—‘HOOHHOH!—'P—‘HOHHHOOOOOOOOD—'OO!—‘O

.90
.40
.99
.81
.38
.68
.58
.13
.97
.96
.76
.76
.79
.03
.90
.06
.87
.07
.13
.51
.83
.60
.06
.13
.92
.83
.01
.18
.29
.80
.97
.68
.82
.76
.62
.01
.33
.76
.64
.96
.36
.17
.40
.80
.36
.62
.38

PN HE O R OWRNONHERE OORPONNORRERREHORNORIPORPRIEPHEHEPOOHRORRERONREO

.61
.16
.09
.72
.62
.08
.38
.58
.32
.82
.60
.03
.30
.47
.61
.29
.96
.34
.65
.81
.75
.16
.72
.17
.19
.01
.42
.20
.58
.63
.06
.82
.18
.86
.81
.98
.27
.01
.66
.22
.11
.90
.38
.69
.05
.31
.48

O—'NF—‘OHHI—‘I—‘OP—'HHP—‘)—'NOOD—'OOOOHNI—‘OHHP—'OO)—‘HOOOHNOO)—'!\JOD—'N[\)O

.65
.02
.61
.42
.58
.03
.02
.90
.65
.98
.49
.69
.67
.91
.16
.15
.91
.89
.06
.67
.91
.54
.34
.56
.16
.81
.97
.42
.89
.00
.97
.51
.39
.81
.18
.15
.27
.60
.49
.23
.42
.37
.08
.80
.23
.13
.22

http://www.udel.edu/leathers/24precip

HM!\JNOONON}—'OHb—')—‘ONN)—’HOOOI—‘OHHHI—'OOOHNHOHI—‘#N)—‘O)—‘)—‘OP—’OO

.94
.26
.36
.49
.15
.85
.62
.06
.01
.49
.83
.65
.91
.40
.01
.11
.74
.83
.64
.43
.50
.01
.07
.80
.23
.57
.16
.58
.22
.60
.35
.02
.43
.62
.49
.35
.85
.88
.29
.55
.06
.96
.66
.00
.16
.06
.41

R NP PRPORNPRNNEBRNBRNFEFRERFRFOOORMHMOONINBPBPONOREKEREOONRNREREREORONK

.77
.07
.78
.11
.75
.29
.85
.38
.50
.28
.08
.46
.93
.26
.86
.07
.20
.67
.78
.23
.43
.44
.62
.80
.74
.55
.72
.95
.55
.66
.75
.80
.23
.22
.35
.21
.54
.39
.33
.11
.78
.15
.72
.96
.45
.72
.94

)—‘I—‘P—'O)—'MMOI—*NO)—'OMHWO}-—‘HNNOONNHNOWOONO\HONOHND—’OON)—‘OO}——‘

.51
.46
.94
.83
.90
.75
.62
.93
.32
.34
.38
.32
.79
.98
.24
.16
.74
.13
.52
.64
.51
.73
.47
.47
.68
.97
.33
.84
.32
.10
.77
.21
.55
.56
.98
.17
.84
.71
.65
.60
.94
.42
.18
.76
.23
.52
.17

OONI\)ONN}—-‘}—‘I—‘}—‘}—‘OQHHOUOOOHOHHNNNHQNHOHHI—‘I—‘I—‘NO'\WONO)—‘WL\J

.08
.95
.45
.81
.20
.55
.10
.53
.19
.24
.48
.05
.26
.17
.90
.03
.05
.00
.62
.36
.02
.23
.24
.66
.52
.31
.69
.56
.56
.08
.82
.36
.64
.11
.17
.70
.11
.33
.05
.92
.15
.51
.47
.05
.37
.84
.46

ONI—‘I—-‘OI—‘I—‘OHI\)H[\JO(JJOU\OON!—')—‘HHHWNI—‘NOOPNI—‘ONHOOMM&OOOHOM

.49
.45
.21
.55
.98
.15
.21
.20
.60
.53
.63
.32
.29
.70
.13
L1
.15
.89
.87
.01
.16
.19
.62
.70
.96
.97
.42
.06
.12
.96
.80
.37
.53
.24
.60
.08
.64
.48
.06
.38
.51
.96
.90
.95
.04
.79
.68

’—‘HHO(\JHO’—‘Hl—-‘l—-‘b—‘NWNOHOWOOOOOHHNO!—'OHNO)—'HHONOOOP)—'OOP—‘O

.73
.64
.89
.95
.25
.78
.95
.73
.67
.11
.59
.13
.48
.37
.35
.94
.12
.82
.87
.91
.01
.02
.43
.65
.64
.21
.66
.96
.88
.86
.72
.64
.33
.74
.21
.37
.77
.68
.82
.45
.64
.47
.56
.74
.52
.79
.19

R P OO ROHROROONRKFREROMOOOMNHEORREPEFOWOHFRHNNNORWONNRKOOROO

.93
.52
.10
.98
.90
.76
.03
.25
.50
.29
.47
.44
.16
.32
.18
.17
.53
.68
.83
.59
.09
.46
.01
.82
.46
.96
.22
.27
.63
.84
.12
.65
.19
.84
.44
.20
.40
.50
.39
.65
.84
.58
.96
.29
.43
.74
.57

O O R OO R N NMHEREEERERRFRFORPNORPPLPOROHORRORLRRPORPRPERPBPROORORRERRERNDOOR

.33
.59
.91
.12
.25
.27
.05
.12
.00
.76
.99
.76
.64
.82
.30
.47
.13
.16
.18
.01
.66
.08
.15
.87
.21
.75
.53
.93
.14
.61
.67
.22
.23
.94
.52
.82
.43
.22
.13
.06
.64
.49
.26
.34
.91
.91
.52

I—‘l\)t\)NNNWNK\)N}—'I\Jbb;!:-NU’!l\)wwt\)l\)t\)I-‘l\.)U\bJNNM;&NNO\NNNNQNO\WM-NNNWQ

.17
.95
.61
J12
.90
.03
.21
.53
.19
.49
.08
.32
.76
.32
.24
.94
.05
.00
.83
.36
.75
.23
.62
.56
.96
.96
.33
.84
.88
.08
.35
.37
.39
211
.35
.21
.11
.71
.29
.22
.94
.51
.56
.05
.47
.79
.48
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1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

NOHRHRRHEHOHPBPOOMKRDO
13
wn

COFRFQOORFPFPOODODORKR OOO

.85
.66
.98
.18
.83
.60
.26
.73
.40
.26
.85
.50
.54
.18
.87
.78

ORPPHPOCORPRPNPFPFOOKOOCOCO

.38
.52
.49
.87
.32
.88
.95
.26
.27
.32
.80
.85
.17
.05
.70
.78

HFPRPOFPFOORPRORFFOODOORO

.11
.26
.88
.97
.15
.86
.55
.69
.35
.89
.74
.38
.46
.02
.06

http://www.udel.edu/leathers/24precip

N OOOO R IONEFNRFFEOON

.39
.94
.91
.11
.68
.72
.90
.15
.40
.78
.68
.60
.26
.91
.23

R HEFOMNORPRPORNRERFEFOONO

.35
.38
.75
.12
.00
.09
.41
.20
.59
.05
.40
.00
.98
.90
.59

QR == PN RO WE W

.02
.67
.37
.08
.63
.43
.78
.01
.13
.57
.36
.93
.38
.19
.45

FRNRPPRPEPONRFEORNRR

.07
.26
.66
.31
.89
.97
.60
.52
.02
.69
.50
.27
.31
.94
.79

COOKFRRORPRERNRRERREREN

.04
.45
.37
.09
.81
.55
.03
.96
.85
.89
.39
.07
.79
.67
.29

PPRPROPNOOOOORPFPEHEEFEO

.88
.99
.04
.41
.27
.92
.76
.45
.69
.54
.48
.74
.75
.30
.23

COOPRPRFFONMODORORKRRMKFEKH

.21
.26
.13
.27
.60
.25
.82
.13
.02
.76
.27
.28
.90
.68
.69

HF OONOOKRREOOOD OO

.64
.87
.66
.31
.55
77
.27
.50
.22
.89
.74
.09
.56
.31
.15

QBN RN RN NN N.OYWN N W

.02
.38
.66
.08
.63
+43
.60
.15
.27
.57
.48
.09
.31
.51
.29
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10 CFR 71, Appendix A, Table A-1 -- A, and A, Values for Radionuclides

Symbol of Element and atomic A, (TBq) | A, (Ci) A, A, (CI) Specific activity
radionuclide number (TBq) (Tba/q) (Ci/g)
Ac-225 Actinium (89) 0.6 16.2 1x10-2 [0.270 2.1x103 [5.8x10%
Ac-227 40 1080 2x10°5  [|s.41x1074 ||2.7 7.2x10%
Ac-228 0.6 16.2 [0.4 10.8 8.4x10% [l2.2x10%
Ag-105 Silver (47) 2 54.1 2 54.1 1.1x10°  [3.0x10%
Ag-108m 0.6 16.2 0.6 16.2 9.7x10°! [l2.6x10!
Ag-110m 0.4 10.8 0.4 10.8 1.8x10°  [l4.7x103
Ag-111 0.6 16.2 0.5 13.5 5.8x103 |1.6x10°
Al-26 Aluminium (13) 0.4 10.8 0.4 10.8 7.0x10°% [l1.9x10°2
Am-241 Americium (95) 2 54.1 Ix107% 5.41x10°3 [1.3x10! 3.4
Am-242m 2 54.1 2x10%  f5.41x1073 [3.6x10°! f1.0x10!
Am-243 2 54.1 2x10"%  [[5.41x1073 |7.4x10°3 }2.0x101
Ar-37 Argon (18) 40 1080 40 1080 3.7x103 li9.9x10%
Ar-39 20 541 20 541 1.3 3.4x101
Ar-41 0.6 16.2 0.6 16.2 1.5x10% lla.2x107
Ar-42 0.2 5.41 0.2 5.41 9.6 2.6x102
As-72 Arsenic (33) 0.2 5.41 0.2 541 6.2x10% |[l1.7x10%
As-73 40 1080 40 1080 8.2x 102 [2.2x10%
As-74 1 27.0 0.5 13.5 3.7x103  [l9.9x10%
As-76 0.2 5.41 0.2 5.41 5.8x10*  |11.6x10°
As-77 20 541 0.5 13.5 3.9x10% [1.0x10°
At-211 Astatine (85) 30 811 2 54.1 7.6x10% 12.1x106
Au-193 Gold (79) 6 162 6 162 3.4x10% 19.2x10°
Au-194 27.0 1 27.0 1.5x10%  [4.1x10°
Au-195 10 270 10 270 1.4x10% [[3.7x103
Au-196 54.1 2 54,1 4.0x10° [l1.1x105
Au-198 81.1 0.5 13.5 9.0x103 [2.4x10°
Au-199 10 270 0.9 24.3 7.7%x103 2.1x105
Ba-131 Barium (56) 2 54.1 2 54.1 3.1x103 (8.4 x10%
Ba-133m 10 270 0.9 24.3 2.2x10% l6.1x10°
http://www.nre.gov/reading-rm/doc-collections/cfr/part07 1/part07 | -appa-table-al .html 3/1/2002
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Ba-133 3 81.1 3 81.1 9.4 2.6x102
Ba-140 0.4 10.8 0.4 10.8 2.7x10°  [7.3x10%
Be-7 Beryllium (4) 20 541 20 541 1.3x10* [I3.5x105
E—lo 20 541 0.5 13.5 8.3x10™* [2.2x10°2
Bi-205 Bismuth (83) 0.6 16.2 0.6 16.2 1.5x10°3 [l4.2x10%
Bi- 206 0.3 8.11 0.3 8.11 3.8x10° |l1.0x10%
Bi-207 0.7 18.9 0.7 18.9 1.9 5.2x101
Bi-210m 0.3 8.11 3x10°% [0.811 2.1x10°5 ||5.7x10"%
Bi-210 0.6 16.2 0.5 13.5 4.6x103 |1.2x10°
Bi-212 0.3 8.11 0.3 8.11 5.4x10°  |[1.5x107
Bk-247 Berkelium (97) 2 54.1 %1074 5.41x10° 3 I3.8x 1072 [|1.0
Bk-249 40 1080 8x1072 [|2:16 6.1x101 [1.6x103
Br-76 Bromine (35) 0.3 8.11 c.3 8.11 9.4x10% §2.5x10%
Br-77 3 81.1 3 81.1 2.6x10% |[7.1x10°
Br-82 0.4 10.8 0.4 10.8 4.0x10%  [[1.1x10°
C-11 Carbon (6) 1 27 0.5 13.5 3.1x107 18.4x108
C-14 40 1080 2 54.1 16x10-t [4.5
Ca-41 Calcium (20) 40 1080 40 1080 3.1x10"3 |[8.5x1072
Ca-45 40 1080 0.9 24.3 6.6x10% [1.8x10*
Ca-47 0.9 24.3 0.5 13.5 2.3x10%  [6.1x10%
Cd-109 fCadmium (48) 40 1080 1 27.0 g6xio! I2.6x103
Cd-113m 20 541 9x10 2.43 8.3 2 9%102
Cd-115m 0.3 8.11 0.3 8.11 9.4x10% [12.5x10%
Cd-115 4 108 0.5 13.5 1.9x10* {5.1x10°
Ce-139 Cerium (58) 6 162 6 162 2 5%x102 16.8x103
Ce-141 i0 270 0.5 13.5 1.1x103 1f2.8x10%
Ce-143 0.6 16.2 0.5 13.5 2.5x10% [6.6x10°
Ce-144 0.2 5.41 (0.2 5.41 1.2x102  |3.2x103
Cf-248 Califormium (98) 30 811 3x10°3  |[8.11x10°2 ||5.8x10% |1.6x103
Cf-249 54.1 2x10"*  lI5.41x1073 |l1.5x10° [4.1
Cf-250 135 5x10"*  1.35x10°2 4.0 1.1x102
Cf-251 54.1 2x10°%  [[5.41x1073 |5.9x1072 1.6
Cf-252 0.1 2.70 1x10°3  [12.70x10°2 2.0x10! ||5.4x102
Cf-253 40 1080 l6.x102 ||1.62 1.1x103  [2.9x10%
Cf-254 3x1073 8.11x10" [l6x10°4 |l1.62x10°2 3.1x10% |8.5x103
2

Cl-36 Chlorine (17) 20 541 0.5 13.5 1.2x10°3 [3.3x10°2
Cl-38 0.2 5.41 0.2 5.41 4.9x10% |l1.3x108
Cm-240 Curium (96) 40 1080 2x10-2 [0.541 7.5x10% {2.0x10%
Cm-241 2 54.1 0.9 24.3
hitp://www.nrc.gov/reading-rm/doc-collections/cfr/part07 1/part07 I -appa-table-al .html 3/1/2002
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6.1x10% [[1.7x10%
Cm-242 40 1080 1x102 ||0.270 1.2x102  |{3.3x103
Cm-243 3 81.1 3x10%  [8.11x10°3 [1.9x10°3 |5.2x10?*
Cm-244 4 108 4x10"*  [|1.08x10°2 3.0 8.1x10!
Cm-245 2 54.1 2x10%  5.41x1073 [|6.4x10°3 |[1.7x10°!
Cm-246 2 54.1 2x10%  |5.41x107 3 [[1.1x1072 ||3.1x10°!
Cm-247 2 54.1 2x10°%  [5.41x10°3 [3.4x10°® {9.3x10°5
Cm-248 4x10°2 1.08 5x10°5  [11.35x1073 [[1.6x10°% [4.2x1073
Co-55 Cobait (27) 0.5 13.5 0.5 13.5 1.1x105 |I3.1x108
Co-56 0.3 8.11 0.3 8.11 1.1x103  |3.0x10
Co-57 8 216 8 216 3.1x10% [8.4x103
Co-58m 40 1080 40 1080 2.2x10° [5.9x10°
Co-58 1 27.0 1 27.0 1.2x10%  |[3.2x10%
Co-60 0.4 10.8 0.4 10.8 4.2x10%  [1.1x103
Cr-51 Chromium (24) 30 811 30 811 3.4x103 |9.2x10%
Cs-129 Cesium (55) 4 108 4 108 2.8x10% [i7.6x10°
Cs-131 40 1080 40 1080 3.8x10° [l1.0x10%
Cs-132 1 27.0 1 27.0 5.7x103  [1.5x10°
Cs-134m 40 1080 9 243 3.0x10° |8.0x10°
Cs-134 0.6 16.2 0.5 13.5 4.8x10!  [1.3x103
Cs-135 40 1080 0.9 243 4.3x10°5 [l1.2x1073
Cs-136 0.5 13.5 0.5 13.5 2.7x103  [7.3x10%
Cs-137 54.1 0.5 13.5 3.2 8.7x10%
Cu-64 Copper (29) 135 0.9 24.3 1.4x10° |3.9x106
Cu-67 243 0.9 24.3 2.8x10% |[7.6x10°
Dy-159 Dysprosium (66) 20 541 20 541 2.1x102 |s.7x103
Dy-165 0.6 162 0.5 13.5 3.0x10° |8.2x10°
Dy-166 0.3 8.11 0.3 8.11 8 6x10° [2.3x105
Er-169 Erbium (68) 40 1080 0.9 24.3 3.1x103 |8.3x10%
Er-171 0.6 16.2 0.5 13.5 9.0x10% [2.4x10%
Es-253 Einsteinium (99)? 200 5400 2x10°2  |5.41x10°!
Es-254 30 811 3x103  [18.11x1072
Es-254m 0.6 16.2 0.4 10.8
Es-255
Eu-147 Europium (63) 2 54.1 2 54.1 1.4x10% [3.7x10*
Eu-148 0.5 13.5 0.5 13.5 6.0x10%  [i1.6x10%
Eu-149 20 541 20 541 3.5x102 |9.4x103
Eu-150 0.7 18.9 0.7 18.9 6.1x10% [|1.6x10®
Eu-152m 0.6 16.2 0.5 13.5 8.2x10% [2.2x108
Eu-152 0.9 24.3 0.9 24.3 6.5
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1.8x102

Eu-154 0.8 21.6 0.5 13.5 9.8 2.6x102
Eu-155 20 541 2 54.1 1.8x10'  }4.9x102
Eu-156 0.6 16.2 0.5 13.5 2.0x10° |5.5x10%
F-18 Fluorine (9) 1 27.0 0.5 13.5 3.5x10% [l9.5x107
Fe-52 Iron (26) 0.2 5.41 0.2 5.41 2.7x10% 7.3x106
Fe-55 40 1080 40 1080 8.8x10! [2.4x103
Fe-59 0.8 21.6 0.8 21.6 1.8x103 |5.0x10%
Fe-60 40 1080 0.2 5.41 7.4x10% {2.0x1072
Fm-255 Fermium (100)2 40 1080 0.8 21.6

Fm-257 10 270 8x10°3 |2.16x107!

Ga-67 Gallium (31) 6 162 6 162 2.2x10% |l6.0x105
Ga-68 0.3 8.11 0.3 8.11 1.5x10° |l4.1x107
Ga-72 0.4 10.8 0.4 10.8 1.1x10% [3.1x105
Gd-146 Gadolinium (64) 0.4 10.8 0.4 10.8 6.9x10% |1.9x10%
Gd-148 3 81.1 3x104  f8.11x10°3 |12 3.2x10!
Gd-153 10 270 5 135 1.3x102 ||3.5x103
Gd-159 4 108 0.5 13.5 3.9x10% |l1.1x10
Ge-68 Germanium (32) 0.3 8.11 0.3 8.11 2.6x102 {7.1x103
Ge-71 40 1080 40 1080 5.8x10°  [1.6x10°
Ge-77 0.3 8.11 0.3 8.11 1.3x10° }3.6x10°
H-3 Hydrogen (1) See T-

Tritium

Hf-172 Hafnium (72) 0.5 13.5 0.3 8.11 4.1x10! |1.1x103
Hf-175 3 81.1 3 81.1 3.9x10% |1.1x10%
Hf-181 2 54.1 0.9 24.3 6.3x10%2 (1.7x10%
Hf-182 4 108 3x1072 [[0.811 8.1x10°% [2.2x10™*
Hg-194 Mercury (80) 1 27.0 1 27.0 1.3x10* |35
Hg-195m 5 135 5 135 1.5x10% J4.0x10°
Hg-197m 10 270 0.9 24.3 2.5x10?  |l6.7x10°
Hg-197 10 270 10 270 9.2x103  [2.5x10°
Hg-203 4 108 0.9 24.3 5.1x102  |1.4x10%
Ho-163 Holmium (67) 40 1080 40 1080 2.7 7 6x101!
Ho-166m 0.6 16.2 0.3 8.11 6.6x10°2 [1.8
Ho-166 0.3 8.11 0.3 8.11 2.6x104  [7.0x10°
1-123 Todine (53) 6 162 6 162 7.1x10% |l1.9x10°
1-124 0.9 24.3 0.9 24.3 9.3x103 [[2.5x10°
1-125 20 541 2 54.1 6.4x102 {1.7x10%
1-126 2 54,1 0.9 24.3 2.9x103 |8.0x10%
1-129 Unlimited  JUnlimited [Unfimited [Unlimited g 5x10°6 [l1.8x1074
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[-131 3 81.1 0.5 13.5 4.6x10° [1.2x105
1-132 0.4 10.8 0.4 10.8 3.8x10° [1.0x107
-133 0.6 16.2 0.5 13.5 4.2x10% [l1.1x108
I-134 0.3 8.11 0.3 8.11 9.9x10° [[2.7x107
1-135 0.6 16.2 0.5 13.5 1.3x10°  {3.5x10°
In-111 Indium (49) 2 54.1 2 54.1 1.5x10% lla.2x10°%
In-113m 4 108 4 108 6.2x105 |l1.7x177
In-114m 0.3 8.11 0.3 8.11 8.6x122 [12.3x144
In-115m 6 162 0.9 24.3 2.2x10%  |6.1x10°
Ir-189 Iridium (77) 10 270 10 270 1.9x103 [5.2x10%
Ir-190 0.7 18.9 0.7 18.9 2.3x10° [6.2x10%
Ir-192 1 27.0 0.5 13.5 3.4x10% [l9.2x103
Ir-193m 10 270 10 270 2.4x10° §6.4x10%
Ir-194 0.2 5.41 0.2 5.41 3.1x10* {8.4x10°
K-40 Potassium (19) 0.6 16.2 0.6 16.2 2.4x10°7 }6.4x10°6
K-42 0.2 541 J0.2 5.41 2.2x105  6.0x108
K.43 1.0 27.0 l0.5 13.5 1.2x10° [3.3x10°
Kr-81 Krypton (36) 40 1080 40 1080 7.8x10™% [2.1x1072
Kr-85m 6 162 6 162 3.0x10° [8.2x106
Kr-85 20 541 10 270 1.5x10!  }3.9x102
Kr-87 0.2 5.41 0.2 5.41 1.0x10% [2.8x107
La-137 Lanthanum (57) 40 1080 2 54,1 1.6x10°3 l4.4x10°2
La-140 0.4 10.8 l0.4 10.8 2.1x10* §5.6x10°
Lu-172 tutetium (71) 0.5 13.5 0.5 13.5 4.2%x103 f1.1x10°
Lu-173 8 216 8 216 5.6x101 [|1.5x103
Lu-174m 20 541 8 216 2.0x102 [5.3x103
Lu-174 8 216 4 108 2.3x10'  [6.2x102
Lu-177 30 811 [0.9 24.3 4.1x10°  [1.1x10°
MFP (mixed fission
products)®
Mg-28 Magnesium (12) 0.2 5.41 0.2 5.41 2.0x10° [I5.4x106
Mn-52 Manganese (25) 0.3 8.11 0.3 8.11 1.6x10% ll4.4x105
Mn-53 Unlimited [[Unlimited [Unlimited ||Unlimited |5 .8x10°5 [1.8x103
Mn-54 1 27.0 1 27.0 2.9x10% |[7.7x103
Mn-56 0.2 5.41 0.2 5.41 8.0x105 [[2.2x107
Mo-93 Molybdenum (42) 40 1080 7 189 4.1x102 |11
Mo-99 0.6 16.2 0.5 13.5¢ 1.8x10* [l4.8x10°
N-13 Nitrogen(7) 0.6 16.2 0.5 13.5 5.4x107 [1.5x10°
Na-22 Sodium (11) 0.5 13.5 0.5 13.5 2.3x102 l6.3x103
Na-24 0.2 541 0.2 5.41 3.2x105 |8.7x108
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Nb-92m Niobium (41) 0.7 18.9 0.7 18.9 5.2x10° {1.4x105
Nb-93m 40 1080 6 162 8.8 2.4x102
Nb-94 0.6 16.2 0.6 16.2 6.9x103 [1.9x10°!
Nb-95 1 27.0 1 27.0 1.5x103  |3.9x104
ND-97 0.6 16.2 0.5 13.5 9.9x10° [[2.7x107
Nd-147 Neodymium (60) 4 108 0.5 13.5 3.0x103 [8.1x10%
Nd-149 0.6 16.2 0.5 13.5 4.5x1010%[1.2x107
Ni-59 Nickel (28) 40 1080 40 1080 3.0x10°3 |l8.0x10°2
Ni-63 40 1080 30 811 2.1 5 7x101
[ni-65 0.3 8.11 0.3 8.11 7.1x10%  {1.9x107
Np-235 Neptunium (93) 40 1080 40 1080 59%10 [11.4x103
Np-236 189 1x10°3  [2.70x1072 [4.710-47* 1.3x10°2
Np-237 54.1 2x10"%  [5.41x1073 l2.6x10°% |7.1x107¢
Np-239 162 0.5 13.5 8.6x10° |2.3x10°
0s-185 Osmium (76) 27.0 1 27.0 2.8x10%2 [[7.5x103
Os-191m 40 1080 40 1080 4.6x10% }11.3x108
0s-191 10 270 0.9 24.3 1.6x103 [l4.4x10%
0Os-193 0.6 16.2 0.5 13.5 2.0x10% 15.3x10°
0Os-194 0.2 5.41 0.2 5.41 1.1x101  {3.1x102
p-32 Phosphorus (15) 0.3 8.11 10.3 8.11 1.1x10% [2.9x105
P-33 40 1080 0.9 24.3 5.8x10° [1.6x10°
Pa-230 Protactinium (91) 54.1 0.1 2.70 1.2x10% 13.3x10%
Pa-231 0.6 16.2 6x10°5  [1.62x10°3 [|1.7x10°3 [4.7x1072
Pa-233 135 0.9 24.3 7.7x10%2  |2.1x10*
Pb-201 Lead (82) 1 27.0 1 27.0 5.2x10% l1.7x10®
Pb-202 40 1080 2 54.1 1.2x10% [3.4x10°3
Pb-203 3 81.1 3 81.1 1.1x10% [3.0x10°
Pb-205 Unlimited  [[Unlimited Unlimited [Unlimited (4. 5x10°¢ [1.2x10%
Pb-210 0.6 16.2 9x10°3 [0.243 2.8 7.6x101
Pb-212 0.3 8.11 10.3 8.11 5.1x10% [11.4x10%
Pd-103 Palladium (46) 40 1080 40 1080 >8x103 [7.5x10%
Pd-107 Unlimited  [Unlimited jUnlimited [Unlimited ||1 9x10°5 ||5.1x10™%
Pd-109 0.6 16.2 0.5 13.5 7.9x10% [2.1x108
PmM-143 Promethium (61) 3 81.1 3 81.1 1.3x102 #3.4x103
Pm-144 0.6 16.2 0.6 16.2 9.2x10% [2.5x103
PM-145 30 811 7 189 5.2 1.4x102
Pm-147 40 1080 0.9 24.3 3.4x10! [9.3x102
Pm-148m 0.5 13.5 0.5 13.5 7.9x10% [2.1x10%
Pm-149 0.6 16.2 0.5 13.5 1.5x10% [4.0x103
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Pm-151 3 81.1 0.5 13.5 2.7x10%  7.3x105
Po-208 Polonium (84) 40 1080 2x10°2 0.541 2.2x10'  [I5.9x102
P0-209 40 1080 2x10°¢  J0.541 6.2x10°* {1.7x10!
Po-210 40 1080 2x10°2  [[0.541 1.7x10%  [l4.5x103
Pr-142 Praseodymium (59) 0.2 5.41 0.2 5.41 4.3x10* |[1.2x1068
Pr-143 4 108 0.5 13.5 2.5x10° l6.7x10%
Pt-188 Platinum (78) 0.6 16.2 0.6 16.2 2.5x103 |6.8x10%
Pt-191 3 81.1 3 81.1 8.7x103  12.4x105
Pt-193m 40 1080 9 243 5.8x10%  [l1.6x10%
Pt-193 40 1080 40 1080 1.4 3.7x101
Pt-195m 10 270 2 54.1 6.2x10%  |l1.7x10%
Pt-197m 10 270 0.9 24.3 3.7x10° [[1.0x107
Pt-197 20 541 0.5 13.5 3.2x10* [I8.7x10°
Pu-236 Plutonium (94) 7 189 7x10°%  1.89x10°2 }2.0x10' |5.3x102
Pu-237 20 541 20 541 4.5x102 [1.2x10*
Pu-238 189 2x10°4  |5.41x1073 [6.3x10°! [1.7x10?
Pu-239 541 2x10*  [5.41x1073 [2.3x10°3 [6.2x10°2
Pu-240 54.1 2x10°%  [5.41x1073 [l8.4x1073 [2.3x10°1
Pu-241 40 54.1 1x10°2 0.270 3.8 1.0x102
Pu-242 2 54.1 2x10%  [I5.41x10°3 Jl1.5x10"* |3.9x10°3
Pu-244 0.3 1080 2x10°%  5.41x1073 |l6.7x1077 |1.8x10°°
Ra-223 Radium (88) 0.6 54.1 3x1072 0.811 1.9x103 I5.1x10%
Ra-224 0.3 8.11 6x10% [1.62 5.9x10° [1.6x10°
Ra-225 0.6 16.2 2x1072  [0.541 1.5x103  [3.9x104
Ra-226 0.3 8.11 %102 [0.541 3.7x10°2 [|1.0
Ra-228 0.6 16.2 4x10°% [[1.08 1.0x10'  {2.7x102
Rb-81 Rubidium (37) 2 54.1 0.9 24.3 3.1x10° [I8.4x10%
Rb-83 2 54.1 2 54.1 6.8x10% f1.8x10%
Rb-84 1 27.0 0.9 24.3 1.8x103  [4.7x10%
Rb-86 0.3 8.11 0.3 8.11 3.0x10° l8.1x10%
Rb-87 Unlimited Unlimited fUnlimited fUnlimited ||3 2x10°° [8.6x10°8
Rb {natural) Unlimited Unlimited [[Unlimited fUnlimited g 7x10% [1.8x108
Re-183 Rhenium (75) 5 135 5 135 3.8x102 [1.0x104
Re-184m 3 81.1 3 81.1 1.6x10% [4.3x103
Re-184 1 27.0 1 27.0 6.9x10%  [1.9x10%
Re-186 4 108 0.5 13.5 6.9x103 |l1.ox105
Re-187 Unlimited  jjUnlimited jUnlimited [Unlimited }1 ax10°° [3.8x10°8
Re-188 0.2 5.41 0.2 5.41 3.6x10% [[9.8x10°
Re-189 4 108 0.5 13.5 2.5x10% |6.8 10°
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Re (natural) Unlimited  Unlimited jUnlimited jUnlimited {2 4x10°8
Rh-99 Rhodium (45) 2 54.1 2 54.1 3.0x103  [8.2x10%
Rh-101 4 108 a4 108 4.1x10%  {f1.1x103
Rh-102m 2 54.1 0.9 24.3 2.3x102  |6.2x103
Rh-102 0.5 13.5 0.5 13.5 4.5x10'  j1.2x103
Rh-103m 40 1080 40 1080 1.2x10%  |3.3x107
Rh-105 10 270 0.9 24.3 3.1x10* |8.4x10°
Rn-222 Radon (86) 0.2 5.41 4x10°3 0.108 5.7%x103 1.5x10°
Ru-97 Ruthenium (44) 4 108 4 108 1.7x10% l4.6x10°
Ru-103 2 54.1 0.9 24.3 1.2x103  ||3.2x10%
Ru-105 0.6 16.2 0.5 13.5 2.5x10° [l6.7x105
Ru-106 0.2 5.41 0.2 5.41 1.2x102 3.3x103
S-35 Sulfur (16) 40 1080 2 54.1 1.6x10° [4.3x104
Sb-122 Antimony (51) 0.3 811 (0.3 8.11 1.5x10% [4.0x105
Sb-124 0.6 162  |0.5 13.5 6.5x10% Jl1.7x10%
Sb-125 2 54.1 flo.o 24.3 3.9x10' |1.0x103
Sb-126 0.4 10.8 0.4 10.8 3.1x103 llg.4x10%
Sc-44 Scandium (21) 0.5 13.5 0.5 13.5 6.7x10°  1.8x107
Sc-46 0.5 13.5 0.5 13.5 1.3x103  [3.4x10*
Sc-47 9 243 0.9 24.3 3.1x10% [8.3x105
Sc-48 0.3 8.11 0.3 8.11 5.5x10% {11.5x10%
Se-75 Selenium (34) 3 81.1 3 81.1 54%x102 |1.5x10%
Se-79 40 1080 2 54.1 2.6x10°3 |[7.0x1072
Si-31 Silicon (14) 0.6 16.2 0.5 13.5 1.4x10%  [3.9x107
Si-32 40 1080 0.2 5.41 3.9 1.1x102
Sm-145 Samarium (62) 20 541 20 541 9.8x10! [[2.6x103
Sm-147 Unlimited  jUnlimited junlimited Unlimited ' |lg 5x10-! 12.3x10°8
Sm-151 40 1080 4 108 9.7x10°! [2.6x10?
Sm-153 108 0.5 13.5 1.6x10%  [4.4x10°
Sn-113 Tin (50) 108 4 108 3.7x10%  |l1.0x10%
Sn-117m 162 24 54.1 3.0x10° |18.2x10%
Sn-119m 40 1080 40 1080 1.4x102 |I3.7x103
Sn-121m 40 1080 0.9 24.3 2.0 5 4x101
Sn-123 0.6 16.2 0.5 13.5 3.0x10°% |I8.2x103
Sn-125 0.2 5.41 0.2 5.41 4.0x10% [1.1x105
Sn-126 0.3 8.11 0.3 8.11 1.0x1073 [2.8x10°2
Sr-82 Strontium (38) 0.2 5.41 0.2 5.41 2.3x103  l6.2x10%
Sr-85m 5 135 5 135 1.2x10% {3.3x107
Sr-85 2 54.1 2 54.1 8.8x10% {2.4x10%
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Sr-87m 3 81.1 3 81.1 4.8x10° |1.3x107
Sr-89 0.6 16.2 0.5 13.5 1.1x10° [[2.9x10%
Sr-90 0.2 5.41 0.1 2.70 5.1 1.4x102
Sr-91 0.3 8.11 0.3 8.11 1.3x10° [3.6x106
Sr-92 0.8 21.6 0.5 13.5 4.7x10° |1.3x107
T Tritium(1) 40 1080 40 1080 3.6x10% [9.7x103
Ta-178 Tantalum (73) 1 27.0 1 27.0 4 2x10%  |l1.1x108
Ta-179 30 811 30 811 4.1x101  fl1.1x103
Ta-182 0.8 21.6 0.5 13.5 2.3x10% |6.2x103
Th-157 [Terbium (65) 40 1080 10 270 5.6x10°! ||1.5x10?
Tb-158 1 27.0 0.7 18.9 5.6x10°! [1.5x10?!
Tb-160 0.9 24.3 0.5 13.5 4.2x102  {1.1x10*
Tc-95m [Technetium (43) 2 54.1 2 54.1 8.3x102 f[2.2x104
Tc-96m 0.4 10.8 0.4 10.8 1.4x10% [i3.8x107
Tc-96 0.4 10.8 0.4 10.8 1.2x10%  }3.2x10°
Tc-97m 40 1080 40 1080 5.6x102 f1.5x10%
Tc-97 Unlimited  [[Unlimited JUnlimited [[Unlimited |5 2x10-5 [l1.4x10-3
Tc-98 0.7 18.9 0.7 18.9 3.2x107° [8.7x107%
Tc-99m 8 216 8 216 1.9x10° ||5.3x10°
Tc-99 40 1080 0.9 24.3 6.3x10* [1.7x102
Te-118 Tellurium (52) 0.2 5.41 0.2 5.41 6.8x103 [1.8x105
Te-121m 135 5 135 2.6x10% }7.0x103
Te-121 5.41 2 5.41 2.4x10%  [6.4x10%
Te-123m 189 7 189 3.3x10%  8.9x103
Te-125m 30 811 9 243 6.7x10% |1.8x10%
Te-127m 20 541 0.5 13.5 3.5x10%2 [9.4x103
Te-127 20 541 0.5 13.5 9.8x10* [2.6x10°
Te-129m 0.6 16.2 0.5 13.5 1.1x103 [3.0x10%
Te-129 0.6 16.2 0.5 13.5 7.7x10°  [2.1x107
Te-131m 0.7 18.9 0.5 13.5 3.0x10* [8.0x10%
Te-132 0.4 10.8 0.4 10.8 1.1x10% [8.0x105
Th-227 Thorium (90) 9 243 1x10°2 0.270 1.1x10° [[3.1x10%
Th-228 0.3 8.11 4x104  [|1.08x10°2 ||3.0x10! [[8.2x102
Th-229 0.3 8.11 3x10°5  [8.11x10°%4 |7.9x10°3 {2.1x107!
Th-230 2 54.1 2x10"%  [5.41x10°3 [|7.6x107* [2.1x1072
Th-231 40 1080 0.9 24.3 2.0x10% [5.3x10%
Th-232 Unlimited  {Unlimited [[Unlimited |Unlimited [l4 ox10°9 [1.1x10°7
Th-234 0.2 5.41 0.2 5.41 8.6x102 [2.3x10%
Th (natural) Unlimited  unlimited [[lUnlimited |Unlimited [lg 1x10°% [2.2x10°7
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Ti-44 Titanium (22) 0.5 13.5 0.2 5.41 6.4 1.7x102
TI1-200 Thallium (81) 0.8 21.6 0.8 21.6 2.2x10%  6.0x105
TI-201 10 270 10 270 7.9x10%  |2.1x10%
T1-202 54.1 2 54.1 2.0x10° |5.3x10%
TI-204 4 108 0.5 13.5 1.7x10!  [4.6x102
Tm-167 Thalium (69) 189 7 189 3.1x10°  [8.5x104
Tm-168 0.8 21.6 0.8 21.6 3.1x102 [8.5x103
Tm-170 108 0.5 13.5 2.2x10% |6.0x103
Tm-171 40 1080 10 270 4.0x10%  [1.1x103
U-230 Uranium (92) 40 1080 1x10°2 [0.270 1.0x10° [2.7x10%
u-232 3 81.1 3x10°%  [8.11x1073 |8.3x10° [2.2x10?
U-233 10 270 1x10°3  [[2.70x10°% 3.6x107* [9.7x10°3
U-234 10 270 1x10"3  [[2.70x10°2 )2.3x107* }6.2x10"3
u-235 Unlimited  jjUnlimited [JUnlimited Unlimited {g 0x10°8 [[2.2x10°°
U-236 10 270 1x10°3  2.70x10°2 [[2.4x10°® [6.5x10°°
U-238 Unlimited  {Unlimited [[Unlimited fUnlimited {1 2%x10°8 [3.4x1077
U (natural) Unlimited [jUnlimited JUnlimited [[Unlimited |5 6x10°8 [7.1x10°7
U (enriched 5% or Unlimited Unlimited [jUnlimited jUnlimited (See tabl
less). A-3)

U (enriched more than 10 270 1x10°3  I>.70x10°2 (See Tabl
5%). A-3)

U (depleted) Unlimited Unlimited jUnlimited junlimited ‘(AS-(;()& Tabl
V-48 Vanadium (23) 0.3 8.11 0.3 8.11 6.3x103 [1.7x10%
V-49 40 1080 40 1080 3.0x102 |[8.1x103
W-178 Tungsten (74) 1 27.0 1 27.0 1.3x10° #3.4x10%
w-181 30 811 30 811 2.2x10%  [6.0x103
W-185 40 1080 0.9 24.3 3.5x102 [9.4x103
W-187 2 54.1 0.5 13.5 2.6x10% [7.0x105
w-188 0.2 5.41 0.2 5.41 3.7x10%  |1.0x104
Xe-122 Xenon (54) 0.2 5.41 0.2 5.41 4.8x10% [l1.3x10°
Xe-123 0.2 5.41 0.2 5.41 4.4x10°  [j1.2x107
Xe-127 4 108 4 108 1.0x103 |2.8x10%
Xe-131m 40 1080 40 1080 3.1x10° [8.4x10%
Xe-133 20 541 20 541 6.9x103 l1.9x10°
Xe-135 4 108 4 108 9.5x10* [2.6x10°
v-87 Yttrium (39) 2 54.1 2 54.1 1.7x10% lla.5x105
Y-88 0.4 10.8 0.4 10.8 5.2x102 [1.4x10%
Y-90 0.2 5.41 10.2 5.41 2.0x10% |[5.4x10%
Y-91m 2 54.1 2 54.1 1.5x10% lla.2x107
Y0-91 0.3 8.11 0.3 8.11 9.1x102 M2.5x10%
http://www.nre.gov/reading-rm/doc-collections/cfr/part07 1 /part07 L -appa-table-a L html 3/1/2002



10 CFR 71, Appendix A, Table A-1 -- Al and A2 Values for Radionuclides

Page 11 of 1]

Y-92 0.2 5.41 IO.Z 5.41 3.6x10° [9.6x10°
v-93 0.2 541 Jo.2 5.41 1.2x105  [3.3x108
Yb-169 Yterblum (70) 3 81.1 3 81.1 8.9x10%2 [2.4x10%
Yb-175 2 54.1 2 54.1 6.6x103 [|1.8x10°
Zn-65 Zinc (30) 2 54.1 2 54.1 3.0x102 [[8.2x103
Zn-69m 2 54.1 fo.5 13.5 1.2x10°  #3.3x10°
Zn-69 4 108 fo.s 13.5 1.8x105 [l4.9x107
Zr-88 Zirconium {(40) 3 81.1 3 81.1 l6.6x102 §1.8x10%
Zr-93 40 1080 0.2 5.41 9.3x10°5 }2.5x10°3
Zr-95 1 270 Joo 24.3 7.9x102  [2.1x10*
Zr-97 ‘fo.3 '8.11 l0.3 8.11 7.1x10% l1.9x106
2International shipments of Einsteinium require multilateral approval of A, and A, values.
bInternational shipments of Fermium require multilateral approval of A, and A, values.
cFor mixed fission products, use formula for mixtures or Table A-2
420 Ci for M0o99 for domestic use.

’ \ 3 3
http://www.nrc.gov/reading-rm/doc-collections/cfr/part07 1/part07 | -appa-table-al.html 3/1/2002
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