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MNuclides

Hydrogen
Helium
Lithium
Berylium
Boron
Carbon

Auminum
Silicon
Phosphorus
Sulfur
Chlarine
Argon
Potassum
Calcium
Scandium
Trtanium
Vanadium
Chromium
Manganese
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Isatape Color o 1 2 3 [ O P 7 s 5
# Dacay Type .
Half Life
e
oo . & Fluarine{F-22) Dats -
- -
=
- u F-22
—
— e Atomic Number 5
o maaie 12 Atomic Mass : 22.002999
Malf-Life : 1.23 5
Nuclides
Hydrogen a | E EY : 4+, (34)
Helium sn : 5230 Kev
Lithium sp : 12557 KeV
Beryllium &
Boron 1
Carbon 3
» Possible Parents
Parent Fraction (¥)  Decay Mode
0 23 31 bn
o-22 100 b

Decay Praducts

Daughter Fraction (§)  Decay Mode
Me 22 100 b

Emission Products

of Rlphas 0
of Betas 7
of Gammas 14
of ¥-Rays 2

Neon
Sodium 2
Magnesium
Aluminum
Silicon N
Phosphorus

Sulfur

Chilorine

Argon =
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@ Flucrine-(F-27) Dats [E=]r=]
- Basic Information -
F-22
Atomic Number 9
Atomic Mass : 22.002999
Half-Life : 1.23 s
p 4+, (34)

Sn 5230 Kev
sp 12557  KeV

Possible Parents

Parent Fraction (%) Decay Mode
0-23 31 b-n
0-22 100 b-

Decay Products

Daughter Fraction (%) Decay Mode
Ne-22 100 b-

Emission Products

Number of Alphas : 0
NMumber of Betas : 7

Number of Gammas : 14

Number of ¥-Rays 2

v Alpha |l
> Beta

v Gamma

Basic Information cud g Ogignl Oledbl ioled o, 17 IS

AV 51 71 aseies i
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Alpha Ceed -Y-Y-£

350 w355l ooy i1 )0 00t e T ledbl 53,5 o somlive ¥ S5 5l a5 shslon Alpha Ceond )

"‘9‘“"(5" 0alo LJ‘“"L"" QTJ"“""?M)QﬁLg))"‘W"}J")‘Ja"

& Fluarine- {F-22) Data

felfa =]

v

Basic Information

~

Alpha

Gamma

1y K3 K3 K9

X Ray

Reference

Alpha cwnd g Cggpl Sledbl yisles o,z 1V s
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AY 31 7Y asieo 104
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Beta cod ~Y-Y-5

a5 590 sl oibly o o S slalty Sledbl 53,5 o somlive A S5 5l a5 shilen Beta Coond )

09....:‘540 0ol u.MJLQJ uTNdbﬁMu\a@)ésd)ﬁ‘W))

& Fluorine- (F-22) Data o |[=]|[=

v Basic Information

v Alpha

~ Beta
3395 96.0000e-01 b
3476.9 13.0000e-01 b
44728 77.0000e-01 b
5176.7 18.0000e+00 b
5204.8 59.3000e+00 b-
7460.8 34.0000e-01 b-
9543.46 70.0000e-02 b-

v Gamma

v X Ray

v Reference

AY 31 FF asdeo
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@ Fluorine-(F-22) Data ===
v Basic Information

v Alpha

v Beta

v Gamma

= X Ray

A 75.0000e-07
849 14.5000=-06 Ne Kal

> Reference

X Ray coond g 0gigpn! Oledbl jioled oy 1Yo IS0

AV 3178 asio

X Ray Coond ~0-Y-§
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& Flucrine-(F-22) Data (==
v Basic Information
v Alpha
v Beta
v Gamma
v X Ray
~ Reference

Nuclide Reference Source:

All nuclide data was extracted from the:
Evaluated Nuclear Structure Data File (ENSDF)
National Nueclear Data Center,
Brookhaven National Laboratory,
Upton, NY 11973-5000
http://www.nndc.bnl.gov/

The ENSDF data files were retrieved from the WorldWideWeb site of:
NNDC Online Data Service
http://www.nndc.bnl.gov/~burrows/nndconl . html

The ENSDF version information website at:
http://www.nndc.bnl.gov/htbin/getver. cgi
Stated the ENSDF data files were 'Updated 12-Apr-2002'
The text based ENSDF files were reformatted to Borland Delphi record
for use in this RadDecay application.

Decay Modes

12¢ = Carbon 12 Emission

14C = Carbon 14 Emission

a Alpha Emission

b- Beta Emission

b+ Positron Emission

b-b- Two Betas Emission

e Electron Cap (EC)

e e = Double Electron Capture (ECEC)
IT = Isomeric Transition

n = Neutron Emissien
Proton Emission
Spontaneocus Fission

L]
[

Reference co.d 5 ogighnl Oledbl isled oy 1VY G

AY 31 ¥V asio
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& C-14 Chain i | |
@& Nitrogen-(N-14) Dsta = -
[ Basic Information I I
N-14
14 Atomic Number 7
C Atomic Mass 14.0030740052

Half-Life stable

Abundance : 99.630 %
Jp 1+

Sn 10553.4  Kev

sp 7550.56  KeV

Possible Parents

Parent Fraction (%) Decay Mode
o-14 100 + e
c-14 100 b-

Decay Products
Daughter Fraction (%) Decay Mode

Emission Products

Number of Alphas 0
Number of Betas i)

Number of Gammas 0 m
Number of X-Rays 0

v Alpha L

> Beta

v Gamma @

[
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Dol oo gzl (Bbly g G955 (b

Gilw blas colwo 5o solawl 090 Joloso GluS y guled 6 9,5 Wuly -Y

s NIST .LANL Rad Toolbox MINNI MSL PNNL slapl 4 Jatwe albuls cas 5l 0,8 Ll ol
5 Laluls 51 G ye bl b o plas 1) (818 Lol ol 51 ST gles VE SCs Lol ooy |SCes ASTM
ools Lyioles Gledlbl o 53 (gl 090 o 00l ol o,z o )] Wledlbl Jla5 0,90 paie 59, » 33,5 SUS Lgo
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Library.
© PNNL MsL
) MINNI ) RadToolbox
LANL NIST
ASTM

Composition

ALSOTEP E
Acetone
Acetylene =

Alanine
Aluminum
Aluminum Oxide
Aluminum, Alloy 202¢
Aluminum, Alloy 209(
Aluminum, Alloy 300:
Aluminum, Alloy 404:
Aluminum, Alloy 508¢
Aluminum, Alloy 606
Aluminum, Alloy 707¢
Ammonia (Liquid st T
Anthracene
Argon
Asphalt
Asphalt Pavement
Bakelite
Barium Fluoride
Barium Sulfate
Benzene
Beryllium
Beryllium Carbide
Beryllium Oxide
Bismuth
Bismuth Germanate {
Blood (ICRP)
Bone Equivalent Plast
Bone Equivalent Plast
Bone, Compact (CRU
Bone, Cortieal (ICRP)
Boral (65% Al-35% B<
Boral (Aluminum 10%
Boral (Aluminum 5%
Borax -
i '

Save Data

Air (Dry, Near Sea Level ml
Formula = - Molecular weight (g/mole) = -
Density (g/cm3) = 0.001205 Total atom density (atoms/b-cm) = 4.988E-05
The above density is estimated to be accurate to 4 digits. L inti t adds d.
The following data were calculated from the input weight fractions.
C 6000 6000 0.000124 0.000150 0.000000
N 7014 7000 0.755268 0.784431 0.000039
o 8016 8000 0231781 0.210748 0.000011
Ar 18000 8000 0.012827 0.004671 0.000000
Total 1.000000 1.000000 0.000050 I
MCNP's Neutrons Form
6000 -0.000124 0.000150 10.000000
7014 -0.755268 0.784431 0.000039
8016 -0.231781 0.210748 0.000011
18000 -0.012827 0.004671 0.000000
MCNP’s Photons Form
6000 -0.000124 0.000150 0.000000
7000 -0.755268 0.784431 0.000039
8000 -0.231781 0.210748 0.000011
18000 -0.012827 0.004671 0.000000 L
CEPXS Form
C 0.000124
N 0.755268
0.231781
Ar 0.012827 -
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Neutron | Gamma | Electron | Proten | Alpha |

Elernents | Kerma | Multi Group Neutron-Gamma Coupled

Library
@ MCNP.
© ENDF

Elements List
Ag-107
Ag-109
Al-27
Am-241
Am-242
Am-243
B-10
B-1L
Be-g
c
ca
cd
ca113 =
al

Cm-241
cm-242
Cm-243
Cm-2a4
cm-245
Cm-246
Cm-247
cm-248
Co-59
cr-s50
cr-s2
cr-s3
Crs4
Cs133
Cs-134
Cs-135
Cs-137
Cu-63
Cu-65
Dy-160
Dy-162
Dy-163
Dy-164
Er-166
Er-167
Eu-155
F-19

Data | Data Plot
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Neutron | Gamma | Flectron | Proton | Alpha
Elements | Kerma | Multi Group Neutron-Gamma Coupled

Library Cross Seotion for Ag-108 -
MCNP
ENDF E = Neutron kinetic energy, (MeV)

Mt L Total cross setion {barn)
Flements List MT 27 = Total absorption cross section (barn)
MT 2 Elastic cross section (barn)

Ag-107 MT 301 = Average heating number
Agr109 MT 102 = Radiative capture XS {barn)
Al-27
Am-241
Am-242 Loading ... Please wait!
Am-243 1
B-10 =
Bl LOOE-L1 4536403 4526403 12501 681E+00 4526003 |,
Be9
c L15E-11 4536403 4526403 125E+01 6EIE+00 4526403
ca 131€-11 4.226+03 421E+03 117E+01 681E+00 4.21E+03
:: 13 162E-11 3.96E+03 395E+03 110E+01 681E+00 395E+03
c 193611 3576403 3566+03 994E+00 681E+00 356E+03
cm-241
Pt 223611 3276403 3266403 9156400 681E+00 3066403 i
cm-243 254611 3036403 3026+03 853E+00 [ 302603 b
cm-244
con o | v | mee | swmm | emmw | zewe
Cm-246 347ELL 2696403 2686403 7BLE00 [ 268E+03
Cm-247
cn R T e T )
Co-59 470611 2248403 224803 646E400 6B1E+00 2246003
50
P 532611 2096+03 2096203 6076200 6816200 2096203
53 594611 1976403 L96E+03 575E+00 6B1E+00 196E+03
crsa
o mm lome e oo ool T ome
5134 841E-11 169E-03 160E-03 506E-00 680E+00 160E-03
1135
e Fmm | ame [ ooe | oo [ o=k || e
cu-63 LO9E-10 LABE-03 LAGE-03 4506400 680E+00 146E-03
€65
Dy160 133610 1386403 1376403 429400 680E+00 1376403
Dy-162 158E-10 124E+03 L24E+03. 398E+00 6.80E+00 124E403
Dy-163
i 183E-10 1146403 1146403 375E+00 GA0E+ 00 114E+03
Er-166 208610 106E+03 L06E+03 3586400 680E+00 L06E+03
Er-167
Futss 257E-10 9976402 993E+02 344E400 680E+00 993E+02
F19 o 306E-10 B96E+02 BI3E+02 3236400 6.80E+00 BI3E+02 -
Save Data Data | Data Plot
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1| Etements | Kerma | Mult Group Newtron-Gamma Caupied |

lf:zm [ M7=1 GIMT=2 [ MT=27 [ MT=102 [ MT=301 xais [log = vads [leg -

ENDF

[—— Total —— Elastic —— Absorption |
Elements List 5

10 3 T T T T T T T T T T
ag-107 3
Ag-109 F
ALz
Am-241
am-242
am-243
810

pe | Energy (MeV)
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Neutron| Gamma | Electron | Proton | Alpha
lements | Composition | Kerma | Multi Group
Unit Cross Sectian Cross Section for HYDROGEN
© bam O cmr2/g
E = Enoton Energy, Mev
ements st Scat-co = Scattering Coherent b/atom
ements Lis Scat-Inco = Scattering Incoherent b/atom
g -] Bhoto-AB = Bhoto Electric Absorption b/atom
Helium PairN = Pair production in muclear field b/atom
Lithium PairE = Bair production in electren field b/atem
Berylium Total-co = Total attenuation with coherent scatt b/atom
Boron Total-Inco = Total attenuation without coherent scatt  b/atem
Carbon
Nitrogen
ygen
Fluorine B
ol L 100003 | ssose01 | sazae0z | ra41e-or | ooooeroo | ooooecoo | rzoresor | risse-or |
Sodium 1500603 | 4085601 | 1650601 | 2932600 | 0000£+00 | 0000E-00 | 359500 | 3097E-00
Magnesium 2000603 | 4141601 | 2478e01 | 111te-00 | 0000e«00 | o0000E-00 | 1773ee00 | 13soE-00
Aluminum
Siicon 3000603 | 2764601 | 3s22601 | 2806601 | 0000£s00 | ooove-00 | e3saeor | ssase-0r
Pm‘i"’hw“s 4000603 | 1ssteor | ae7seor | vosacor | ooooeeo0 | oocoe-00 | 7eooe01 | s7aseor |
Chiorine 5000:03 | 1341601 | sasreor | 4907602 | 0000es00 | ooove-00 | 7owoeor | seveeor
drgon 7 600003 | oosse02 | ssoseor | 2627602 | ooooceo0 | ooooeeo0 | s7sscor | szsecor
Potassium
Calcium 800003 | 6126602 | 5sd0e01 | 9816603 | 0000£+00 | 0000E-00 | 6ssior | sesseor |
i:'r"::‘:n'" 100002 | 421602 | seese0r | 4assee03 | ooooes00 | ooove-o0 | sesieor | sosge-or
Vanadium 1500602 | 1043602 | 6095601 | 1128603 | 0o00e-00 | ooooe-00 | 6301601 | 6aoee-01
chromium 2000602 | 1119602 | Gosseor | 4us2e04 | ooooes00 | ooove-o | sisseor | so2e0r
Manganese
Tron 3000e02 | soeze03 | sezaeor | 1032604 | ooooceoo | ooooeeo0 | sezeor | soaseor
cobat 40005-02 | 2866603 | 5759601 | 382305 | 0000e00 | 0000E-00 | s7sse-01 | s7sse-01
Copper 5000602 | 1840603 | 597601 | 1771605 | 0000Es00 | 0000E-00 | 5615601 | S5597E-01
é'a"ﬁmm 6000£-02 | 1280603 | 5444601 | 9455606 | 0o000es00 | o0ooee00 | sasre0r | sasse-01
Germanium 800002 | 7211604 | 566601 | 3523606 | 0000£«00 | 0000E-00 | 517301 | SiseE0r
i 100001 | 4619604 | 4323601 | 164406 | 0000£s00 | 0000E-00 | 4szme0r | asase-or
Bromine 1SO0E01 | 2055604 | 4435601 | 4176607 | O0000E.00 | 0000E-00 | 4437E01 | 443se0r
Ezybp"d‘?:m 2000601 | 11see-04 | a0ese-0r | 1611607 | ooooe-00 | ooo0e-00 | aoeseor | aosae-o1
Strontium 300001 | 5139605 | 3535601 | 4414608 | 0000£:00 | 0000E-00 | 353601 | 3535601
Yutrium 4000501 | 2801605 | 316801 | 185808 | 0000e00 | 0000E-00 | 3aese-01 | 3iese-01 u
Zirconium
Niobium 500001 | 1850605 | 2893601 | 9927602 | 0000£s00 | o0000E-00 | 289301 | 2893t01
so00e01 | 1osse0s | oereem | aisar0a | oooor.on | oomre00 | oerer0r | oareron -
™) sy XCOM Data | XCOM Plot | NIST Data] NIST Plot
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Neutron | Gamma | Electron | Proton
Elements | Composition
Elements List Cross Section for SODIUM B
Hydrogen 2]
Helicen E electron kinetic energy, Mev
Lithiem sTOP(c) stopping power collision,  MeV cm2/g
Benliom STOP(x) stopping power radiative,  MeV cm2/g
i STOP(t) stopping power total, MeV cm2/g
Baron csda = cada range , g/ cm2
Carbon rad.yield = radiation yield,
Nitrogen density density effect delta
Oxygen
Fluorine
Neon
Magnesium LO0E-02 168E+01 5.586-03 168E+01 346E-04 180E-04 168E-04 —
;'I“‘C'Z'r:'“'“ 125602 142601 567603 142601 508604 217604 231E.02
Phosphorus 150602 1246401 5726-03 1246401 6I7E-04 253604 301E-04
uifur 175602 110801 577603 111E01 S11E-04 287E-04 37904
Chiorine I
Argon 200602 99900 580603 100E+01 115603 220602 265608 |©
Petassium 250£-02 8465400 582603 8468400 170603 283602 65802
Calcium i
scandium 300602 739400 587603 7396400 233603 443E.02 B79E.0 L
Thanium 350602 659E+00 5906-03 660E+00 305603 5.00E-04 113603
vanadium L
Chromium 400602 598£-00 592603 599500 284E.03 556E-04 140603
"‘r"::ga"ese 450£-02 5502400 594603 5506400 472603 609E-04 170603
Cobalt 5.00E-02 5106400 596£-03 5116400 566603 660E-02 202603
Nickel
Copper 550602 A77EL00 597603 ATTEL00 667E-03 710E.04 236E.03
Zinc £.00E-02 4496400 599603 450E+00 775603 7.59E-04 272603
Gall
R 7.00E-02 A04E-00 604£-03 A05E+00 101E-02 BS0E-02 251E.03
Germanium
Arsenic 800E-02 3706+00 6.08E-03 371E00 1276-02 941E-04 437E-03
Selenium
Bromine 9.00E-02 3438400 613£-03 3448400 155602 103603 520603
Krypton 100E-01 321E400 619603 3226400 185€-02 111€-03 628E-03
Rubicium 125601 2818400 635603 2826400 269E-02 131603 £98E-03
Strontium
rium 150601 2548400 653E-03 2548400 262E-02 149E-03 1206-02
Zireanim 175601 234£100 672603 23500 465602 167E-03 1526-02
Niobium
Molybdenum 200601 2206-00 694603 2206-00 5756-02 163603 1856-02 U
Technetium 250£-01 1995400 740603 200E+00 B14E-02 215603 257E-02
Ruthenium
Rhodium - 300601 186£-00 792603 187E+00 1076-01 245E-03 322602
[ save pata ESTAR Dats | Differential Data | ESTAR Piot.
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Neutron | Gamma | Electron| Proton |Alpha
lements | Compos
Elementslist Cross Section for HYDROGEN
T Proton kinetic emergy, Mev
5T0P(2) = electronic stopping power, M=V cm2/g
5TOP(n) = nuclear stopping pover, eV cm2/q
STOR(c) = total stopping power, eV cm2/q
RANGE (c) = csda range , g/en
RENGE (p) = projected range, glem2
DETOUR detour factor
100E-03 TATE+02 2.26E+02 973E+02 1.09E-06 9.05E-07 08293 -~
150603 9.14£+02 173602 109E.03 157606 134606 08528
200603 1066403 141602 1206103 201606 175806 0869 |_
250803 1186403 1206402 1306103 241606 213606 0881
300£.03 1296403 10502 140E.03 278606 248E.06 05903
e 400£:03 1496403 845E+0L 15803 346606 31206 09039
Tungsten 5006-03 1676-03 712601 174E-03 406506 371606 09136 .
Piatium 6.00£-03 1836403 61601 18903 461606 425606, 0921
Lead 70003 19803 S ATE-O0L 203603 512606 474E.06 09267
uranium 200£03 2116403 4926+01 2166103 5.606-06 521506 09315
90003 2245403 448801 2286403 605806 566806 09354
100602 2366403 412601 24003 647606 6.08E-06. 03388
125602 2596403 3436401 2626403 747606 7.06E-06. 09454
150602 278E+03 286401 281603 533606 797606 09504
175602 294E+03 2616401 2976+03 925606 88305 09543
200602 308603 233601 311603 101605 96506, 09575
225802 3216403 211601 323E:03 109605 10405 09602
250802 3326403 104401 334E:03 116805 112605 09625
275602 3416403 179E.01 343E:03 124605 119205 09625
300602 3496403 16601 3516103 131605 127605 03653
350602 3626403 146E0L 363603 145605 140605 09692 U
400602 3716403 13001 37203 1.58£-05 15405 03716
450602 3776403 118E:01 378£:03 172605 167605 09736 R
[ savepata PSTAR Data | PSTAR Plot
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Neutron | Gamma | Electron | Proton| Alpha
Elements | Composition
Library Cross Section for HYDROGEN .
© ASTAR
e e——— T Proton kinetic energy, Mev
STOP(2) = electromic stopping power, M=V cm2/g
Flements List STOR(n) = nuclear stopping pover, MeV em2/g
—rr—— SToR(c) = total stopping power, eV cm2/g
g RANGE(c) = csda range , a/cmz
Helium BANGE(p) = projected range, ofem2
Eerylium DETOUR = detour facter
Carbon
Nitrogen
Oxygen
Neon
Aluminum 100E-03 2.126-02 10503 1266403 748E-07 6.85E-07 oot |
Z‘l‘;g: 150603 27502 9.26E+02 1206403 115606 1.06E-06 09203
Titanium 200603 332602 831602 1166-03 158606 146606 09233
fron 250603 383602 757602 L14E403 201606 186605 0925 |
Copper
Germanium 3.006-03 43102 697E-02 1136403 245606 228606 09285
Krypton 400603 510602 604602 1126403 33406 312606 09327
Wolybdenum
Silver 5.006-03 5.99E+02 5.376+02 1146403 423606 3.96E-06 09363
Tin 6.00£-03 674£:02 484802 1166403 510606 479606 09303
Xenon
Gadolinium 7.006-03 745602 443602 119603 56606 561E-05 0922
Tungsten 800603 812602 408E-02 1226403 579606 54LE-05 09443
Platinum
Gold 9.00E-03 876E-02 370602 1266+03 760506 7.19E-06 09264
Lead 100E-02 937E-02 3556-02 129E-03 838606 7.956-06 09483
Uranium
125602 1086403 307602 1396403 103605 9.766-05 09523
150602 1226403 271602 149603 120605 L1605 09552
175602 1.34£+03 24402 1596+03 136605 130605 09581
2006-02 1476403 222602 169E+03 151E05 145605 09603
225602 158603 204E-02 178603 165805 L60E-05 09622
250602 1696403 169602 188E+03 179605 L7305 09638
275602 1.80£+03 1766-02 1076-03 192605 186605 09653
30002 1.906+03 1656-02 207E-03 205605 198605 09665
350602 21003 1486-02 22503 228605 221605 09638 U
400802 229603 1336402 242E-03 249805 242605 09705
450602 246603 1226402 25%+03 269605 262605 09721
™) sy Data [ Data Plot
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Gamma | Neutron

ANS | RANKERN | OAK | Rad Toolbox | NSWC | 8ETTIS | wooTEN

Type

© Exposure

©) Energy Absorption

) GP Exposure

©) GP Energy Absarption

Materials List

Beryllium
Boron
Carbon
Nitrogen
Oxygen
Sodium
Magnesium
Aluminum
Silicon
Phosphorus
Sulphur
Argon
Potassium
Calcium
Iron
Copper
Molybdenum
Tin
Lanthanum
Gadolinium
Tungsten
Lead
Uranium
Water
Air
Concrete
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Gamma | Neutron
ANS | RANKERN | OAK | Rad Toolbox | NSWC | BETTIS | WOOTEN
Type Exposure Buildup Factors for Beryllium
Exposure
Energy Absorption
= B Energy points [MeV] --->
GP Exposure i
GP Energy Absorption |
I
Materials List v
Boron
Carbon 117 128 125 129 131 135
Nitrogen
Oxygen 131 145 149 159 165 174
Sodium 156 176 191 213 227 25
Magnesium
. 178 207 228 261 284 322
Aluminum
Silicon 199 237 264 207 239 391
Phosphorus 219 265 299 353 394 461
Sulphur
Argon 239 293 333 398 448 53
Potassium 258 32 366 443 501 5
Calcium
276 346 3299 486 554 669
Tron
Copper 212 3.97 462 572 659 807
_';“"Yb““”m 395 519 613 7.79 914 115E+01
n
Lanthanum 472 633 756 978 116E+0L 149E+01
Gadolinium 545 743 893 L17E+01 141E+01 1.83€+01
Tungsten
Lead 617 848 L03E+01 1.36E+01 164E+01 2.16E+01
Uranium 699 943 116601 155E+01 188E+0L 249E+01
Water 78 103E+01 1.28E+01 172E+01 2108+01 282E+01
Air < " »
Concrete
D Save Data
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NSWC

Materials List Exposure NEUTRON BUILD UP FACTOR Aluminum
Iron MFP ——————— =
Lead Energy points [MeV]
Water |
Polyethelene !
v
Concrete

[] savepata Single Scatter | Total
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RANKERN | Brockhofi-Shultis

Materials List
Water
Concrete
Iron
Lead
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RANKERN | Brockhoff-Shultis
Materials List

Concrete
Iron
Lead

[] savepata

Albedo by Chilton and Huddleston for Water

ZAlbedo = [CxBxle26 + C']/[1 + (cosBo/ cosf)]
B = .S5xrefxpix[l + p? - px(1 - (cos8s)?)]
re = 1/[1 + (Eo/mexc?)x(l - cos@s)

Cos@s = sinBoxsin@xcosy - cosBoxcosé

-0.0187+0.0027

0.1327+0.0054

0.0309:0.0047 | 00253200034

0047000053 | 0.0151:0.0025

00995200068 | 0.0058:0.0010

0.1861=0.0107 | 0.0035=0.0005
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Gamma | Neutron
Brockhoff-Shultis

Type
® Ambient Dose Equ.

) AP Geometry
) Henderson

Materials List

Concrete
Iron
Lead

[[] savepata

Approximation of the Differential Neutron Dose Albedo Factor for Water

Albedo = [E(kl,CosBo )= H(k2,Cosf)x SUM[i:
K1 (Eo,0,8) = SUM{1:0:2 , (Cos6)~i] x SUM{1:0:2 , Bij x(Cosfo)~q]
E(k, p) = [& + Bk + Cp + Dp® + Ep3]/[1 + Fk + ok? + Ek® + Ip]

a= 0.075272288 B=-0.063133359 Cc= 0.021092012
D=-0.026070382 0.009381680 3.179278300
G= 3.485739800 1.294988700 0.005750418

N, BixPi({Cos8s)}] / [1+ K1(ED,80,8)/Cos8]

00129219 00203124 00203507 00133489 00052986 00005921
0.018454 0.0243669 0.0266709 00175327 00064331 00004416
00115668 0.0166603 0.0147648 0.0076651 00021182 -0.0005477
0018203 00269427 00237484 00142403 000046316 00001613
0.0141696 0.0166203 0.0180389 0.0098593 00023972 -0.0005659
00164421 0.0207049 00215597 0.009266 00007758 -0002037
0.02268%6 00313381 00291665 00135662 00003836 -0.0025622
0.016537 0.0238119 0.0210479 00106129 00034434 00010876
0014364 00201575 00163847 00111439 00051654 00010073
0.0149725 0.0203694 00171314 00105427 00065417 00029309
0.0371479 0.025843 0.0307108 0.0308909 00317781 00326513
00128763 00209132 00192572 00143676 00111819 00087258
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Decay | Dose Caleulation | Shield Thickness | Internal Dosimetry | Dosimetry | Ingestion Dosimetry |

Isotope Decay =
Source Information
Source Library  Source: [ac2s -] Calculation Type: © Activity  ©) Time
© 13 HalfLife 22m Tnitial Date and Time: | 10/19/2014 1200 A [a]
A Initial Activity: 1 Final Date and Time: n

Result

Final Activity: 53.2521E-02

Chain Decay

Source Information

© ICRP 38 )

i Half e 22m Lrs | 2om | 10 [as] :
Atomic Fraction: o0 %
Initial Activity 1 o~

Initial Data and Time: | 10/19/2014 1200 AM_[®

Final Date and Time: 10/19/2014 12:02 AM ‘l

Calculate

Result

Ac-223 22m 5.33E-01
A2-215 0.1ms 5.336-01
Bi-211 214 m 342E-01
Fr-219 21 ms 5.33E-01
Po-211 05165 9.55E-04
TI-207 477 m 5.58E-02 |
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Dose Calculation | Shield Thickness | Internal Desimetry | Inhalation Dosimetry | Ingestion Dosimetry |

Source Information

Source Library Source: ol v
© IcRP 38

ook Gamma Constant: 1.1556E-08 Ac-223 22m 18756608 | 40 |igm)
Rad Decay sz % ‘Cu—bﬂl 5271y I}.Gﬁ(mEﬂ?I 60 l.

Dose Calculation without Shield
Shield Property

Il Actvy ]| B <] naivseandtme [ a]

Calculate
Result
Eoowreroe [ |
Eonre L 1

Dose Calculation with Shield
Shield Property

Cosfficient
oeteen Target Dist of Source: m - Shield Material:  [Air =
© Attenuation (v] i
) Attenuation = Build Up Intiol Actiy ] J[ea - Shield Thickness: o
) Energy Absorption (ven) | InitolDateandTime: [ - [a] vl Brinerd) s

Calculate

Result

Dose ot L 1
pese L 1

Exposure Rate:

Exposure:
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Decay | Dose Calculation | Shield Thickness | Internal Dosimetry | Inhalation Dosimetry | Ingestion Dusimetry|

Calculation by Isotopes Data

Source Information
Source Library
© ICRP 38
) JAERT Half Life: 335m Ac-223 22m 20

Source:

 Rad Decay Atomic Fraction: 1 % [ac22s [ 20 | 30 [a@s

Shield Data
Coefficient
_ ; A -
©) Attenuation (u) Shield Material: ir

Calculate

Result

Dose without shield:

SiTidoess [ ] cm

Calculation by Gamma Energy Data

Source Information
Coefficient

: Aluminum -
@ Attenuation (1) Gamma Eneray: MeV Shield Material: [Aiuminum+]

Attenuation + Build Up Dose without shield: [swn~] Shield Step: [ Jem

) Energy Absorption (uen) Dose with shield: [sem <] Target Dist. of Source: I:l
Calculate

Result

Shield Thickness: [ Jem
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Decay | Dose Calculation | Shield Thickness | Internal Dasimetry | Inhalation Desimetry | Ingestion Dosimetry |

Calculation by Isotope Data
Source Information

&

Source: =]
Physical Half Lfes | 5.271 v

Atome Fraction:

Source Organ: Aatrenals =

*

Localize Fraction %

Biological Ha Lfe: [

U

[ coculate |

Results (rad/hr)
| 2oeios fasoeon | 20eor | avoeeor | eoeo | soseon | ssceuco | seoeoca f rsoeon | aocecr | s
390601 | 260601 | 5406400 | 1406402 | 130E<01 | 970401 | L70£400 | 420600 | &50e-00 | 330601

Results (rad)

| ssoeeos | 3aze.on | asseecz | saveeco | usoe-02 | ssoecz | aoueeon | ssoeocs | smeeca | zesecz |

2mge02 | 183ee02 | 3s0ee01 | 1016403 | 93sen | 7ooeeoz | 1236001 | 3m3ce;n | azeeon | zzse.0z

Caleulation by Gamma Energy Data
Source Infermation

Sourca Oraan aorsis  -| 8

It actity: L [e -] aorenats | 3noe-to [rooee0] 3 [am)
Gamma Energy: 1 MeV (0.01-4)

number of partices: [ 2 # fdecay

o |

Results (rad/hr)

9g56+03 | 5536000 | 2796001 | 6ase0n | 1esemn | zo3eemn | sa3eeco | 2306e02 | esseeor | 4mere0r
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@ ICRP Biokinetics EI@
oo & B
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ICRP Publication 67 models H

Hydrogen

Carbon

Strontium

Zirconium
Niohium

Molybdenum

Technetium

Rutheniurm
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[ ICRP Biokinetics EEr=]
& B

Hide: Back

Dptions

Contents | index | Gearch|

7] Cortents

Biokinetic data for hydrogen (taken from Publication 56)

145 SaGatYE I0 \yEw I8b/ES 17 & R wiBdTw

Tritiated water

Distribution (%) Biological half-time (days)
Bady tissue Body tissue
Age Comp. A Comp. B Comp. A Comp. B
3months 97 3 3.0 8
1 year a7 3 3.5 15 t
Syears 07 3 4.5 19
10 years 97 3 57 26
15 years 97 3 7.9 a2
adult a7 3 10.0 40

Itis assumed that tritiated water is distributed instantaneously over the total body without addifional nuclear ranstormations within the: stomach (Publication 67)

The concentration in uring is assumed to be the same as intotal body water. Urinary excration will not result in a significant additional dose to the bladder wall
which is assumed to receive the same dose as other tissues (Publication 67)

Organically bound tritium

Distribution (%) Biological half-time (days)
Bady tissue Body tissue

Age Comp. A Comp. B Comp. A Comp. B

3 months 50 50 3.0 8

1 year 50 50 3.5 15

Syears &0 50 4.6 19

10 years 50 50 5.7 26

15 years 50 50 7.9 32

Adult 50 50 10,0 40
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[ ICRP Biokinetics (= =]=]
e 2 & O
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[ Hconterts

Generic biokinetic model

‘Compartment A

T

Promot Transter Prompt
Bladder <~ cretion Compartment xcretion u

l

vine

Note, Prompt Excretion is not relevant in cases where
the sum of the depositions in all companments is 100% Faeces
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| ocay | Dose Cololation | st Tickness | nternal Dosmety | Inhalain Dosimetsy |ingestion Dosimetry |

Saurce Information
Source Drgan: Be-7 - subject Intake Routes
Age at Intake. Absorption Type  Aerosol Size [AMAD)
Ad 5 years old Fast 0001 microns ) 003 microns @ 10 microns ) 10.0 microns
i5yearsold ()1 years old © Maderste 0003 micrans 0 0L microns ) 3.0 micrans
10yeas oid O 3 months old Slow 00Lmicrans ()03 microns 50 micrans
Caleulate |

Results {Sv)
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Decay | Dose Caculation | Shisld Thickness | Internal Dosimetry | Inhalaticn Dosimetry | Ingestian Dosimtry

Source Infarmation
Source Organ: | -3 forgamically bound tribum)__+]  Subject Age atIntake

‘Occupational Adult 10 years old
O o e

Public 15yearsold (5 years oid

Caiculate

Results (Sv)

1years okd
3 manths old
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eF: PAIR PRODUCTICH TOTAL ATTENUATION

33 SCATTERING m

EP ) PHOTO-ELECTRIC  NUCLEAR  ELECTRON  COMERENT  COHERENT

45 ENERGY  COMERENT  INCOMER,  ABSCRPTION FIELD FIELD SCATT. SCATT.

7 o.001 0.5805 0.08424 1r.41 0 0 12.07 1149

35 0.0015 0.4985 0165 2,932 0 0 3.598 3.007

38 0.002 0.4141 0.2478 1111 0 o 1,773 1.355

40 0.003 0.2784 0.3822 0.2808 o o 0.9352 0.6628

41 0.004 0.1881 0.4678 0.1083 o o 0.7409 0.5728

42 0.008 0.1341 0.5187 0.04807 o o 0.7019 0.s678

15 0.006 0.09988 ©0.5503 0.02627 0 o 0.6764 a.5766

14 0.008 0.06126 0,594 0.00%815 0 il 0.6551 0.5938

15 0.01 0.04121 0.5993 0.004558 0 0 0. 6451 05099

45 0.015 0.01843 0.5095 o.o01128 0 0 0.6301 0.6106

47 o.m2 0.01118 0.6068 0.0004182 0 0 0.618% 0.6072 -
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