Radiation and Radiological effects fror
natural, cosmic and human made
backgrounds including nucleaeapons

P. Lubin

Gamma and Neutron Radiation for Low Altitude Airburst
Radiation Effects in Humans vs Yield and Slant Range from Detonation
Some fromGlasstoneand Dolan (Effects of Nuclear Weapons 1977, 202Bap 8)
https://atomicarchive.com/resources/documents/effects/glasstedelan/chapter8.htmi



Radiation Units

A Curie(Ci)= radiation decay rate from $§°Ra, (Radium)
A 1Ci= 37 billion decays/s (1 g Ra at Beginning of Life (BOL))
A Marie Curiec first woman to receive Nobel prize (Physics 1903)

A First woman to be a professamivParis (1906) 1903 Nobel Prize‘in A
A Second Nobel Prize (Chemistry 1911) recognition services they e
A 226R6!38 A 222RI]36 () of the extraordinary have 8

A22Rgs (") 1,=1599yA 2Ry (M) _,,=3.82 dA 2%Pqy, rendree;eeda?ghg]seiorr{mm
A Radon is a gasone of the leading causes of lung cancer the radiation phenomena

A Important to have a well ventilated roonegpbasement) disliovere;l by Proflessor Marie and Pierre Curie1904
. . . . . . . . enri Becquerel." e
A Roentgen (historical unig X Ray ionization in air) 1911 Nobel Prize"in

A Defined now as 1R = 2.58x1Coulomb/kg tLeecggCgfg‘e‘rﬂehniroieg;"if;f;fy
A Becquerel Bg) = 1 decay/s Ti=37GBg,1nCi=37Bd37 decays/s) byI thediscovg_ry of th:
. . elements radium an
A RADrad (Radiation Absorbed Dose) = 100 erg/g = 0.01 J/kg polonium, by the isolation of
A (1 erg=10J) radium and the study of the

nature and compounds of this
remarkable element.”

A REMrem (Roentgen Equivalent Marbio damage)
A A Typ50% lethality (50% chance of death) is ~ REM = 5S&
A 0.055% increase in cancer per REM (5%po/
A Recommended limit is 1a@rem/yr (1 mSvyr) not including medical-ray
A Typnatural background is ~ 308rem= 3mSv
A Recommended limit for nuclear workers is 5rgm{50mSwyr)
A Ex: Inside US Capitol building ~n8&nm/yr (0.85mSvyr) due to radiation from Granite


https://en.wikipedia.org/wiki/Ionizing_radiation

Radiation and Biological Damage

ARelationship between RAD and REM depends on radiation particle
A REM = RAD * QF where QF = quality factor QF ~ 1 bayd,gamma, QF ~ 120 alpha,
QF ~ 110 neutrons -
A1l Gray Gy) = 100 RAD (1 RAD = 0®) &
A1 Sievert$y = 100 REM (1 REM = 09£10mSv)

ABEDc Banana Equivalent Dose (150 gram banana)
ARadioactivity Primarily From radioactive Potassitfid Vo
A0.0117% of natural K is isotof (,,,=1.25Gyr 31Bgg(of total K))
ABanana has ~ 0.5g of totalAK~ 15Bgfrom 4K ou areradioactive) \
ATotal dose when eategA Y Of dzRS & 358 dAPREMI~O.4C w m
A Human body regulate®¥K so youdo not accumulate it

A Typhuman has 2.5 g/kg of total K or about 175g in 70 kg pertbisié Potassium from al
sources you egt

A Radiation from*K in person (70 kg) = 175g *Blyg(of total K) ~ 540@q (decay/s) ~150
NnCi~ 400 bananas

A Committed effective Dose = net radiological effect from 50 years of exposure

A US EPA calculates f8K in our bodies about 5.085VBgover 50 year$y 5.02nSvVBqg*
31Bg/g(total K)*0.5 g~ 78Sv~0.1>Sv

A The above assumes you come to metabolic equilibrium with bananas

=



lonizing radiation related quantities

Quantity Unit Symbol Derivation Year Slequivalent
becquerel Bqg Sl 1974 Sl unit
Activity (A) curie Ci 3.7x1010 s> ™ 1953 3.7x10'°Bq
rutherford Rd 106 M 1946 1000000Bq
cr:r?ulombperknoqra C/kg Ckgp "of air 1974 S| unit
ExposurgX) —
rontgen R %/ 0.001293g0f 4998 2.58x10F "Clkg
Gray= 100 RAD Gy Ikgp M 1974 Sl unit
Absorbed dos€D) ergper gram erg/g ergtgb ™ 1950 1.0x10° "Gy
rad rad 100ergtgh ™ 1953 0.010Gy
Sievert=100 REM Sv kg W We 1977 Sl unit
Equivalent dos . ' .
. &) :gg;ge” equivalent ., 100ergigh "W, 1971 0.010Sv
sievert Sv Jkgp W W x W, 1977 Sl unit
Effective dos€b) ) . .y
Mx
rontgen equivalent em 100ergg> ™ Wg x 1971 0.010SvV

man W5


https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Specific_activity
https://en.wikipedia.org/wiki/Becquerel
https://en.wikipedia.org/wiki/Curie_(unit)
https://en.wikipedia.org/wiki/Rutherford_(unit)
https://en.wikipedia.org/wiki/Radiation_exposure
https://en.wikipedia.org/wiki/Coulomb
https://en.wikipedia.org/wiki/Kilogram
https://en.wikipedia.org/wiki/Roentgen_(unit)
https://en.wikipedia.org/wiki/Statcoulomb
https://en.wikipedia.org/wiki/Absorbed_dose
https://en.wikipedia.org/wiki/Gray_(unit)
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Erg
https://en.wikipedia.org/wiki/Rad_(unit)
https://en.wikipedia.org/wiki/Equivalent_dose
https://en.wikipedia.org/wiki/Sievert
https://en.wikipedia.org/wiki/Sievert#Calculating_protection_dose_quantities
https://en.wikipedia.org/wiki/Sievert#Calculating_protection_dose_quantities
https://en.wikipedia.org/wiki/Effective_dose_(radiation)
https://en.wikipedia.org/wiki/Sievert
https://en.wikipedia.org/wiki/Sievert#Calculating_protection_dose_quantities
https://en.wikipedia.org/wiki/Sievert#Calculating_protection_dose_quantities

Sources
of
Radiatiol
In your
Life

Sources of Radiation Exposure

Industrial < 0.1%
Consumer 2%
Terrestrial 3%

Occupational < 0.1%

Internal 5%
Space 5%

Computed Tomography 24%

Medical Background

Nuclear Medicine 12% Radon & Thoron 37%

Interventional Fluoroscopy 7%

Conventional Radiography/Fluoroscopy 5%

Average Annual Radiation Dose
s Radon &
ources Thoron

Units
mrem (United States) 228 mrem 147 mrem 77 mrem 43 mrem 33 mrem 33 mrem 29 mrem 21 mrem 13 mrem 0.5 mrem 0.3 mrem
mSv (International) 2.28 mSv 1.47 mSv 0.77 mSv 0.43 mSv 0.33 mSv 0.33mSv 0.29 mSv 0.21 mSv 0.13 mSv 0.005 mSv 0.003 mSv

(Sotirce' National Cotuncil on Radiation Protection & Meas<tirements Report No 160)



RELATIVE DOSES FROM RADIATION SOURCES

All doses from the National Council on Radiation Protection & Measurements, Report No. 160 (unless otherwise denoted)

millirems millisieverts
(mrem) (mSv)

Whole body CT

(single procedure)

Relative Doses from Radiati
Sources In your Life

Upper
gastrointestinal
X-ray
(single procedure)
Radon in average
U.S. home /
(annual) ,/
e | 750 7.50 :
228 mrem |
228 mSv \

1

Cosmic radiation

living in Denver

(high elavation)
(annual)

£ Head CT
¢ N (single procedure)
\

5.0 Mammogram
\ (single procedure)
\ From ICRP 2007
Cosmic radiation \ /
living at sea level \
(low elevation) \ /
(annual) \ | /
\ \ /
i
‘\. “ ’\‘
\ \
\ | / Radiation in
A o o (annual)
Terrestrial V| 250 2.5 ; .
radioactivity \ [ /] 29 mrem
(annual) T / / 0.29 mSv
\. ‘,4' ./.'
21mrem  \ ) Ol '
0.21 mSy N XY A
\ / Chest X-ray
Living near a \
nuclear power \
station <
(annual)

(single procedure)

J 10 mrem
& 0.1 mSv
] 0
<1 mrem
<0.01 mSv

Sources:

Mational Council on Radiation Protection & Measurements (NCRP), Report No. 160 (4

International Commission on Radiological Protection, Publication 103 (4
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Figure 1. Variability of natural uranium concentrations observed in drinking water



Summary of
worldwide
annual doses
(MSy

Note
Inhalation of
Radon is
significant
Contributor
to lung
cancer

Average

Dose range

Source dose (mSv) (mSv) Comment
Natural sources of exposure
Inhalation (radon) 1.26 0.2-10 The dose 1s much higher in some dwellings.
External terrestrial 0.48 03-1 The dose 1s higher in some locations.
Ingestion 0.29 02-1
Cosmic radiation 0.39 03-1 The dose increases with altitude.
Total natural 2.4 03-1 Sizeable population groups receive 10-20 mSv.
Artificial sources of exposure
The averages for different levels of health care range
Medical diagnosis from 0.03 to 2.0 mSv; averages for some countries are
N 0.6 0 - several tens |, . = S
(not therapy) higher than that due to natural sources; individual
doses depend on specific examinations
Atmospheric 0.005 Some higher doses around test sites still occur. The
nuclear testing - average has fallen from a peak 0of 0.11 mSv mn 1963.
Occupational ) The average dose to all workers 1s 0.7 mSv. Most of
L 0.005 -0 - 20 the average dose and most high exposures are due to
I radon 1n mines.
In 1986: ~150 mSv to more than 300,000 recovery
workers and > 10 mSv to more than 350,000 other
Chernobyl accident 0.002 individuals The average in the northern hemisphere has
decreased from a maximum of 0.04 mSv in 1986.
Thyroid doses were much higher.
Nuclear fuel cycle 0.0002 Doses are up to 0.02 mSv for critical groups at 1 km
(public exposure) ' from some nuclear reactor sites.
0 - several Individual doses depend primarily on medical
Total artificial 0.6 treatment, occupational exposure and proximity to

tens

test or accident sites




Radon ¢,Rn) and Radiumg,Ra)

ARadon inhalation is a significant source of radiation exposure
ARadon is a significant contributor to lung cancer

AALL isotopes of Radium known are radioactive
AMost stable isotope (}, ~ 1600yrs) of Radium ig;22°Ra

APrimary Radon isotope of concern 4s22Rn from alpha decay of;22°Ra
A s 22Rn(ty, ~ 3.8215 d)

Main isotopegJ Decay Main isotopegH Decay
Isotope abun half- mode product Isotope | aburdance half- mode product
dance | life (tv2) life (t12)

Ra trace 11.435d h

| 4% 75
224Ra trace 3.632d N E—

Rn synth 2.4h B 96% 206p

RN synth 14.6h i "72.6%

211At

“Ra trace 14.8d j_" 2257 At
h 4] 2215, . h 27.%% 207pg

il RN trace 55.6s h 2160,
Ra trace 1600y h 22201 - 216pg
228 Rn trace 3.8215d 2180,

Ra trace 5.75y || b 2280 ¢



https://en.wikipedia.org/wiki/Radium#cite_note-NUBASE2020-3
https://en.wikipedia.org/wiki/Radioactive_decay
https://en.wikipedia.org/wiki/Natural_abundance
https://en.wikipedia.org/wiki/Half-life
https://en.wikipedia.org/wiki/Radioactive_decay#Types
https://en.wikipedia.org/wiki/Decay_product
https://en.wikipedia.org/wiki/Radium-223
https://en.wikipedia.org/wiki/Trace_radioisotope
https://en.wikipedia.org/wiki/Alpha_decay
https://en.wikipedia.org/wiki/Radon-219
https://en.wikipedia.org/wiki/Radon-220
https://en.wikipedia.org/wiki/Beta_minus_decay
https://en.wikipedia.org/wiki/Actinium-225
https://en.wikipedia.org/wiki/Radium#cite_note-Ra-225-4
https://en.wikipedia.org/wiki/Radon-221
https://en.wikipedia.org/wiki/Radium-226
https://en.wikipedia.org/wiki/Radon-222
https://en.wikipedia.org/wiki/Actinium-228
https://en.wikipedia.org/wiki/Radon#cite_note-NUBASE2020-4
https://en.wikipedia.org/wiki/Radioactive_decay
https://en.wikipedia.org/wiki/Natural_abundance
https://en.wikipedia.org/wiki/Half-life
https://en.wikipedia.org/wiki/Radioactive_decay#Types
https://en.wikipedia.org/wiki/Decay_product
https://en.wikipedia.org/wiki/Synthetic_radioisotope
https://en.wikipedia.org/wiki/Alpha_decay
https://en.wikipedia.org/wiki/Polonium-206
https://en.wikipedia.org/wiki/Beta_plus_decay
https://en.wikipedia.org/wiki/Astatine-210
https://en.wikipedia.org/wiki/Astatine-211
https://en.wikipedia.org/wiki/Polonium-207
https://en.wikipedia.org/wiki/Trace_radioisotope
https://en.wikipedia.org/wiki/Polonium-216
https://en.wikipedia.org/wiki/Radon-222
https://en.wikipedia.org/wiki/Polonium-218
https://en.wikipedia.org/wiki/Polonium-216

Element and Isotope Library Badiacode

https://mwww.radiacode.com/spectrusisotopeslibrary
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To J>o T To Do

Ra226, Radiur226, Natural R d D y EX pl

h s | 3 NJ'FQ)\l'CI)\Q)/ a Ium eca am e
Half_life: 1600 years — RadiaCode v. 1.41.00/ 4.06 — Bi-214: 1765 keV [1755 keV]

Lines 46, 78, 186, 242, 295, 351, 609, 1120, 1760, 2200 A L — @ cChainRa226

Radium226 (Ra226) is a naturally occurring radioactive  JIARE:=EESTSENTHE - S W B b IR OE A

isotope of radium, part of the uraniw38 decay series. It 02:50:42 S : 02:50:42 £
has a haHife of approximately 1,600 years and decays by E Ao D Un. Aol by Ln
emitting alpha particles, eventually forming rad@@2, a Ra226 Ra-226

radioactive gas. R226 also emits gamma radiation, makings
it detectable by gamma spectrometry. Due to its
radioactivity, Re226 is both a radiological hazard and a
valuable tool in specific applications. ,
Ra226was historically used in luminescent paints for watcg
dials, instrument panels, and other devices, though this
practice was discontinued due to health risks. Today2 e
is employed in medicine for cancer treatment, particularly
brachytherapy, where its strong radiation is used to target
tumors. Additionally, it is used in calibration sources for
radiation detection instruments and in some research
applications.

Ra226is found in trace amounts in uranium ores, such as
pitchblende, and contributes to natural background
radiation. It may also be present in groundwater and soil i
areas with high natural uranium content. Due to its long-hd
life and radioactive properties, 26 is subject to strict
regulation and careful handling to minimize environmental

§,35m -

and health risks. B e  PaSaiee




To Too Too T To Do

o

R ey Radon Decay Example

Half-life: 3.8 days

Main emission lines: Decmain: Re226 = RadiaCode v. 1.41.00/ 4.06 = Bi-214: 1765 keV [1755 keV]

Lines 47, 78, 242, 295, 351, 609, 1120, 1760, 2260 i ) Stk el

Decayproduct of uranium thorium or radium. Always present with garan AR I - - St W B e E #E# &

emitting decay products. The spectrum is almost identical to that of Ra.Cl 02:50:42 O : 02:50:42 &b

226 or natural uranium. 311kcpm
Radon222 (Rn222) is a radioactive isotope of radon with a Hf of Lol ok Uk
approximately 3.8 days. It is part of the uranh288 decay series, formed

a decay product of radiufi26. RR222 undergoes alpha decay to producqs

polonium218, emitting alpha particles during the process. While2R? 1
itself does not emit significant gamma radiation, its decay products (sud
lead-214 and bismut214) emit gamma rays at characteristic energies,
making radon and its progeny detectable using gamma spectrometry.
gamma emissions are widely used in monitoring radon levels in the
environment.

Historically radon was used in radon therapy, where patients inhaled rag
gas in controlled environments, though this practice has largely been
discontinued due to health risks. Modern applications primarily focus o
role as a tracer in geological and environmental studies, such as tracki
and groundwater movement.
Rn222occurs naturally as part of the uraniu288 decay chain. It is found
soil, rocks, and groundwater in areas with high uranium or radium conte
can accumulate in enclosed spaces like basements and buildings, whe
a significant contributor to natural background radiation. High levels of
radon in homes and workplaces are considered a health hazard due to
radioactive decay products, which can attach to dust particles and be
inhaled. Monitoring and mitigation measures are often implemented in
regions with elevated radon levels to minimize health risks

https:// www.radiacode.com/isotope/bR14?lang=en

:  3l.lkcpm
12,0 pSv/h £0.2% LN
i Ra-226

1x Filter;1 =——@®

https:// www.chemlin.org/isotope/leae?14



https://www.radiacode.com/isotope/bi-214?lang=en
https://www.chemlin.org/isotope/lead-214

Bgm?3 pCiL

1~0.027

100.27

1002.7

1,00027

10,00C270

100,000s2240]6
1,000,000za4e]eole;

~5.54x 10 el

Radon Concentration Implications

Occurrence example

Radon concentration at the shores of large oceans is typic@ltyri3. Radortrace concentration
above oceans or iAntarcticacan be lower than 0.Bgm3, with changes in radon levels being u:
to track foreign pollutants

Mean continental concentration in the open air: 10 toBdm3. AnEPAsurveyof 11,000 homes
across the USA found an average oB4fins.

Typical indoor domestic exposure. Most countries have adopted a radon concentrationcof 20
400Bg/m?3 for indoor air as an Action or Reference Level

Very high radon concentrations (>10B/m3) have been found in houses built on soils with a h
uranium content and/or high permeability of the ground. If levels are 20 picocuries radon per
of air (800Bgm?3) or higher, the home owner should consider some type of procedure to decr
indoor radon levels. Allowable concentrations in uranium mines are approximately
1,220Bgm? (33 pCiL)

The concentration in the air at the (unventilatedisteinHealing Galleraverages
43 kBgm?3 (about 1.2nCiL) with maximal value of 16kBgm? (about 4.3nCiL).

About 100,00Bgm?3 (2.7nCiL) was measured in Stanl@yatras'sbasement

Concentrations reaching 1,000,0Bg/m? can be found in unventilated uranium mines.

Theoretical upper limifRadon gas’{?Rn) at 100% concentration (1 atmospheréQ);
1.538x10° curies/gram 5.54x10'° Bg/ms3,


https://en.wikipedia.org/wiki/Antarctica
https://en.wikipedia.org/wiki/Bad_Gastein#Spa_and_Therapy

Radon Concentration in US over limit and near to Uranium M

fraction

H coo
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Uranium 238 (99.3% Abundance) Decay Chain
A Common Sourad Radium 226

Uranium

Protactinium

Thorium

Astatine

Polonium

Bismuth

Lead

Thallium

Mercury



Decay Chain of U 23§ {t- 4.47Gy1), 235 (0.7@5y) and Thorium 232 (18yi)

Note that Radium and Radon Isotopes are different for each decay chain

Uranium series = Actinium series Thorium series
“U—5%Pb “U——"Pb “Th — “Pb Uranium
Protactinium
$ Actinides Thorium
| Alkali Metals
Alkaline Earth Metals Actini
Halogens ctinium
Metalloids
Noble Gases Radium
Post Transition Metals
Transition Metals Francium
Radon
Astatine
Polonium
Bismuth
Lead
Thallium
A B C Mercury




Some people thought Radiation is Good for Health
Revigator

Ahttps:// en.wikipedia.org/wiki/Radium ore Revigator

AbhCAftf 21N SOSNE YyAIKIDP S5NAY]l FNB
average eight or more glasses daity

Amarketed as a healthy practice which coald. INE itthSsges
includingarthritis, flatulence andsenilityé 1
A Carnotite K,(UQ,),(VQ,),-3H,0 (Uranium, Vanadium, Arsenic, Lead) -£

' —

REVIGATOR
AProduced Rad WATER JAR

“Tor Every Tome

Ahttps://www.nist.gov/newsevents/news/2010/01/whatwere-they-drinking
researchergnvestigateradioactivecrockpotsoninfused water to drink

AEpstein, M.S.; al. (2009)."What Were They Drinking? A Critical Study of i
Radium OrdRevigatot. Applied Spectroscop§3(1406):1406c1409 j



https://en.wikipedia.org/wiki/Radium_ore_Revigator
https://en.wikipedia.org/wiki/Arthritis
https://en.wikipedia.org/wiki/Flatulence
https://en.wikipedia.org/wiki/Senility
https://en.wikipedia.org/wiki/Carnotite
http://www.opticsinfobase.org/abstract.cfm?URI=as-63-12-1406

Glowing Beauty andadium?

htt]

ns://en.wikipedia.org/wiki/Radium

November 10, 1915

12 New York Tribune
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Radiation
Doses

Radiation Dose Chart

Thiz is a chart of the ionizing rodiation dose o person can obsorb from various sources. The unit for absorbed dose is “sievert” (Sv), ond megsures the effect o dose of radiation
will have on the cells of the body. One sievert (all ot once) will moke you sick, ond too mony more will kill you, but we safely obsorb small amounts of notural rodiction doily.
Note: The same number of sieverts obsorbed in a shorter time will generally cause more damoge, but your cumulative long-term dose plays a big rale in things like cancer risk.

m Living within 58 miles of o nucleor
B power plaont for a year (8.89 pSv)

B Eating one banana {B.1 pSv)

B Living within 58 miles of o coal
power plant for a vear (8.3 pSv)

Arm E-ray

Using @ CRT monitor
{1 psv)

for o year {1 psv)

Extra dose from spending one day in
an area with higher-than-overage
notural background rodiation, such
as the Colorodo ploteau (1.2 psv)

Dental x-ray (5 Wv)

Bockground dose received
by on averoge person over
one normal day (18 WSy

Airplane flight from MNew York to LA (40 pSv)

Using @ cell phone (A pSvi-o cell phone’s tronsmitter does
not produce ionizing radietion® and does not couse cancer.

# Unless it's a bananaphane.

B = {B.05 pSv)

= o{2A psv) =

= o {1 5v)

X
m Sleeping next to someone (A.85 pSv) \J

-8 ALl the dozes in the blue
BB chart combined {~68 pSv}

g Extro dose to Tokvo in weeks following
B Fukushima accident (48 uSv)

pe Living in a stone, brick, or concrete
BB hyilding for a yvear {78 pdv)

Averoge total dose from the Three
Mile Island accident to someone
living within 1A miles (B8 pSw)

Approximgte total dose received at
B Fukushima Town Haoll over two weeks
following accident (188 pSy)

EPA yearly release
limit for a nuclear
pover plant (258 pSv) o

Year Ly dose from
natural potossium in
5 the body (398 pSw)

HMammogran
(400 pSv)

Mexcimum
external dose
from Thres
Mile Island
accident

(1 m3v)

EPA wearly limit on
radiation exposure
to a single member
of the public

{1 mSv=1 B80Sy

Typical dose over
two wesks in Fuku-
shima Exclusion
Zohe {1 mSv, but
areqs northwest sow
far higher doses)

Normal wearly background
dose. About 85X is from
notural sources. Mearly
all of the rest iz from
medical scons {~4 m3v)

B Chest x-: 20 WS EPA wearly releose target for
st xoray (20 W) B0 5 huclear pover plant (38 pSvy

Dose from spending an
hour on the grounds at
the Chernobyl plont in
2016 (6 mSv in one spot,
but. varies wildly)

Chest
CT scon
(7 m3v)

Haxinum yearly dose permitted for US rodiation workers (58 mSv)

Ten minutes next to the
Chernoby | reactor core after
explosion and meltdown (58 Sv)

-
Radiation worker B
ohe-year dose
limit {58 mSvy §
Approximate total dose at ALl doses in  Lowest one-yeaor dose
_— one station at the north- resn chart. clearly linked to
= o (18 nSv} west edge of the Fukushimg g onbined increased cancer
exclusion zone (48 n3v) B (~75 nSv} risk (188 nav) 58
Dose received by two Fukushimg Dose causing symptoms of
plont workers (~188 mSv) radiation poisoning if
received in a short time
EPa guidelines for emergency (408 m3v, but wories)
situations, provided to
ensure quick decision-moking: Severe radiation
Dose Llimit for emergency O poisohing, in
workers protecting valuable some cases fatal
property (188 nSv) (2088 mSv, 2 Sv)
[elzlala’alalalalu'a) .
EEEEEEEEEE E Doze limit for emergency
0ooogoooog workers in lifesoving Usually fatal rodiotion
0000000000 PR H
operations (258 m3v) poisoning. Survival occo-

Sources:
R WA €00 ¥ 2 adin G- A0 2-Colle cHanE. CAF /P ar t0Z0.*

WHw.NEmaNE o technological dose-kmits. htm

Rttps #wirie.deq.idahe.gov-/inl_awer sight ~radiation Adose_calculatar.cém

Inttpis . wiew. deq idaho gov<inl_oversights/radiation radiation_guide.cfm
hAtps Amitnze com.”

R RS A Win brl. gow. b el /RDF A O3SER /Chapher 2. pdf

RAtps A dels-oldnas e de 5 P brE /e fofinalpdf

AT PR OpIE P 82 T2 U T MEMANIE A Fadiation.ntm|

AR TIPS, OF T A Wik A Siguar T

Iittpis’blog wornaskotti.com A2010,/07 /15 inta=the-zone-chernobyl-pripyat

ttps S wrenee.govreading-rm
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Fatal dose, even with treatment (8 Sw)
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sionally possible with
prompt treatment (4 Svi

lots of mistokes; it's for general education only. If you're bosing rodiotion sofety procedures on an internet PNG imoge and things go wrong, wou have no one to blame but yourself.




Rad Dose relative to
Aircraft Flight Hourdh)

Typical commercial aircraft flies
at 10km altitude

Chest x-ray

Living in a stone or brick building

0.07 mSv
Sleeping next to someone
0.02 mSv

Dental x-ray (panoramic)

0.01 mSv

0.1 mSv 0.004 mSv

Smoking cigarettes
1/2 pack per day
0.18 mSv

Mammogram
0.4 mSv

Arm x-ray

0.001 mSv (15 flight-minutes)
Crowns or false teeth
0.0007 mSv (10.5 flight-minutes)
Living near coal generating station
0.0003 mSv (4.5 flight-minutes)

Eating one banana
0.0001 mSv (1.5 flight-minutes)
Living near nuclear generating station
0.00009 mSv (1.3 flight-minutes)
Household smoke detector
0.00008 mSv (1.2 flight-minutes)
Public dose limit One hour of sun exposure
1 msv 0.00004 mSv (33 flight-seconds)
One airport x-ray full body scan
0.00001 mSv (9 flight-seconds)

Background radiation in Toronto, CA

Brain CT scan
2.0 mSv

Background radiation -
Worldwide average
2.4 msv

Flight crew
3.0 mSv

Background radiation
in Winnipeg, CA
4.0 mSv

Pelvic or Chest CT scan
6.0 mSv

Barium enema or Abdominal CT scan
8.0 mSv

Dose from natural sources
(annual dose unless otherwise noted)

Dose from medical x-ray
(average effective dose per exposure)

1 hour of air travel

Radiological exposure from daily life

1.6 mSv
Astronaut on 6 month mission on
International Space Station
72 mSv
Lowest acute dose known
to cause cancer
100 mSv Radiation worker
dose limit
50 mSv
Coronary
angiography
Average Fukishima 16 msv
recovery worker
12 mSv v o
fh = flight-hours 10,000 m

Dose from human activity Limits, thresholds and comparisons A ¥
(annual dose unless otherwise noted) (annual dose unless otherwise noted) . .

Radiological dose can be expressed in
Dose from medical CT scan Dose from medical intervention flight-time: the time spent in an airplane
(average effective dose per exposure) (average effective dose per exposure) required to receive an equivalent dose.



Quality Factor for

Neutron In Tissue
REM=QF*RAD

https://www.nrc.gov/readinggm/doc-
collections/cfr/part020/part02a1.004 . html

a Value of quality factor (Q) at the point where
the dose equivalent is maximum in a 30-cm
diameter cylinder tissue-equivalent phantom.

b Monoenergetic neutrons incident normally on a
30-cm diameter cylinder tissue-equivalent
phantom.

Neutron energy (Mey

2.5x 10
1x 10
1x10°
1x10°
1x 10
1x 10°
1x 10
1x 10
5x 10
1

2.5

5

7

10

14

20

40

60
1x 16
2 x 16
3x16G
4x1G

Qualityfactor? (Q)

N N N DNDN

Fluenceper unit dose
equivalent
(neutrons cn? rem 1)

980 x 16
980 x 16
810 x 16
810 x 16
840 x 16
980 x 16
1010 x 18
170 x 16
39 x 16
27 x 16
29 x 16
23 x 16
24 x 16
24 x 16
17 x 16
16 x 16
14 x 16
16 x 16
20 x 16
19 x 16
16 x 16
14 x 16



https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#table-2-ftna
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#table-2-ftnb
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#N_2_201004
https://www.nrc.gov/reading-rm/doc-collections/cfr/part020/part020-1004.html#N_3_201004

REM vs RAD conversion factor (Quality Fqc@or QF)

https://www.nuclearpower.com/nucleaengineering/radiatiosprotection/equivalenidose/roentgerequivalentmanrem-unit/

Radiation type and energy range Radiation weighting factor, wr
Photons, all energies 1
Electrons and muons, all energies 1
Meutrons, energy <10 keV 5
Meutrons, energy 10—100 keV 10
Meutrons, energy = 100 keVV-2 MeV 20
MNeutrons, energy = 2-20 MeV 10
MNeutrons, energy = 20 MeV/ 3
Protons, other than recoil protons, energy = 2 MeV 5

Alpha particles, fission fragments, heavy nuclei 20




REM vs RAD conversion factor (Quality Fg&or QF)
Neutron Energy FitsRadiation Weighting FactaiR=Q

https://www.nuclearpower.com/nucleaengineering/radiatiofprotection/equivalenidose/roentgerequivalentmanrem-unit/

25 T I TTETTE T T UTHTN L] crroreTm TT THFETE L TEra
Radiation type and energy range Radiation weighting factor, wR I l T
Photons, all energies -'g L0 I S —— -
Electrons and muons, all energies ‘i
Protons and charged pions 2 =
=
Alpha particles, fission fragments, heavy nuclei 20 f=
@
a continuous function of =
Neutrons c
neutron energy (see below) L=
o
. .ﬂ ®
2.5+ 18.2¢ I E/S B < | MeV i
wrp =< 5.0+ 17.0e" 0 CEI6 | MeV < E, < 50 MeV 0 el ‘
2.5 4+ 325¢ [In -Zl:].lf]-lf:',,l:'..-'ﬁ‘ E” ~ 50 MeV 0.001 0.01 0.1 1 10 100

Neutron energy (MeV)



£0.005 mrem i Sleeping next to someone (per night)
R d D £.009 mrem i Living within 30 miles of a nuclear power plant for a year
a OS€ x.01mremi Eating one banana
Acute dose=short time /.03 mrem i Living within 50 miles of a coal power plant for a year
Chronic dose=long time& mrem i Average daily dose received from natural background
&2 mrem i Chest X-ray
A mrem i A 5-hour airplane flight
High doses tend to Kilfls0 mrem i mammogram
cells, while low doses& 00 mrem i Dose limit for individual members of the public, total effective dose
tend to damage or  per annum

change them. Low /865 mrem i Average yearly dose received from natural background
doses spread out ovef530 mrem i Chest CT scan

t 2y 3 LIS N 24R080 miedh Y Qédtage yearly dose received from a natural background in

cause an immediate Rgmsar, Iran

problem to any body % 000 mrem i single full-body CT scan

organ.The effects of %7 500 mrem i annual dose from natural radiation on a monazite beach near

low radiation doses  Guarapari, Brazil.

occur at the cell level, 500 000 mrem 7 Dose that kills a human with a 50% risk within 30 days (LD50/30)

and the results may if the dose is received over a very short duration.
not be observed for

many years.
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Radiation Background Rate

Nuclear Employee Rate Limit
Smoking a pack of cigarettes a day

Living in Kerala Coast, India
Living in South Dakota (Highest) vs Florida (Lowest)
Average in US (Includes typical medical X-rays)

Average in US (Natural)

Having a pacemaker powered by plutonium

From body (typical)

Cosmpegg%(gﬁifg awfﬁ\‘l%}mula as opposed to breastfeed

Living in a stone, brick, or concrete building
US Limit on drinking water

Living at elevation(per 1,000 feet)

Nuclear Weapons testing fallout

Having crowns/false teeth

50 miles from coal power plant

Havingva smoke detector in your house
earing a watch with an LCD

Using camping gas lanterns

50 miles from nuclear power plant
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Radiation Background Dose

Whole body CT scan

Typical Nuclear Medicine

Head CT scan

VP AR ey

Chest X-ray

Flying 1000 Miles

X-rays of hands/feet

Eating a banana

Sleeping next to someone

Airport security

Sitting 1 hr next to someone




Nuclear Weapons Radiological Effects

For additional Materials See My Nucl&rapons Class

https://www.deepspace.ucsb.edu/classes/phydib8-nuclearweaponsphysicsand-policyfall-2025



https://www.deepspace.ucsb.edu/classes/physics-150-nuclear-weapons-physics-and-policy-fall-2025

First Nuclear DetonationTrinity 6 kg Pu 239July 16, 194§ Alamogordo NM
Map shows Fallout across continental US from Trinity + 93 Nevada AtmospheriBdesls (

/

Deposition density [Bg/m?] g

1 1 1 1 4
10° 10' 10% 103 10% 10° 10° 107 10® 10° 10%'° 10! 102 10?3

A map depicting composite deposition of radioactive material across the contiguous U.S. from the Trinity test in New Mexico and from 93 atmospheric tests in Nevada.




World wide nuclear fallout from above ground test

AEarly Spike$1940s1960s):The most dramatic increases in atmospheric radioactivity occu
during the peak of nuclear testing, with significant peaks in the early 1960s fromyliaide
atmospheric tests.

ADecay Radioactive isotopes decay at different rates {iaks).
A Shortlived: lodine-131 (8day halflife) decaysquickly.
A Longlived: Cesium137 (30year halflife) and Strontiurd0 remain in the environment and are tracked tod

A Global Distribution Northern Hemisphere tests injected more fallout into the atmosphere,
leading to higher concentrations there than in the Southern Hemisphere, with a time lag
mixing.

ATreaty Impact The 1963 Limited Test Ban Treaty significantly reduced new atmospheric f;
causing dajio-day radiation levels to fall dramatically.

AModern LevelsCurrent background radiation levels from testing are generally very low, of
below detection limits, but longerm monitoring (like EPARadNe% continues to track
background radiation and specific isotopes.

AModern LevelsCarbon14 produced from atmospheriéN neutron capturetsN+m, 4C+p

AG14-5730yr half life ¢ G12 is stablec ratio of G14 to G12 used in Carbon dating of dead
organismsas organisms (when alive) exchanges Carbon through breathing.

ACosmic ray production4Cis also produced by cosmic rays fragmenting nuclei irk4\nénd
producing neutrons with sameN+m 4C+p



https://www.google.com/search?q=Early+Spikes&oq=world+wide+radiation+plot+vs+time+from+nuclear+testing&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRirAjIHCAYQIRifBTIHCAcQIRifBTIHCAgQIRifBTIHCAkQIRifBdIBCTE2MjMxajBqNKgCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfClgc51A3Sb8vzV7CEVpnA2d0Tm9kc62CzwnnOwxd-kWf-DGoMtJD_Xq_JJNB4egtDS9SadzdEIQMxUEgEKxG6YJY-LyuS-l1bfnzxWTGaj9srsoLYDQVirQ3vyv2ay9r6Gjsd8qE1GZnn2nFfBw4cKG6zHZFQ07elKKQZXZ6qq1rPi3zMfMq1GAULvEraYI4p9&csui=3&ved=2ahUKEwiLnvOJs-uRAxVhLkQIHY1dLMkQgK4QegQIAxAB
https://www.google.com/search?q=Decay&oq=world+wide+radiation+plot+vs+time+from+nuclear+testing&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRirAjIHCAYQIRifBTIHCAcQIRifBTIHCAgQIRifBTIHCAkQIRifBdIBCTE2MjMxajBqNKgCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfClgc51A3Sb8vzV7CEVpnA2d0Tm9kc62CzwnnOwxd-kWf-DGoMtJD_Xq_JJNB4egtDS9SadzdEIQMxUEgEKxG6YJY-LyuS-l1bfnzxWTGaj9srsoLYDQVirQ3vyv2ay9r6Gjsd8qE1GZnn2nFfBw4cKG6zHZFQ07elKKQZXZ6qq1rPi3zMfMq1GAULvEraYI4p9&csui=3&ved=2ahUKEwiLnvOJs-uRAxVhLkQIHY1dLMkQgK4QegQIAxAD
https://www.google.com/search?q=Global+Distribution&oq=world+wide+radiation+plot+vs+time+from+nuclear+testing&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRirAjIHCAYQIRifBTIHCAcQIRifBTIHCAgQIRifBTIHCAkQIRifBdIBCTE2MjMxajBqNKgCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfClgc51A3Sb8vzV7CEVpnA2d0Tm9kc62CzwnnOwxd-kWf-DGoMtJD_Xq_JJNB4egtDS9SadzdEIQMxUEgEKxG6YJY-LyuS-l1bfnzxWTGaj9srsoLYDQVirQ3vyv2ay9r6Gjsd8qE1GZnn2nFfBw4cKG6zHZFQ07elKKQZXZ6qq1rPi3zMfMq1GAULvEraYI4p9&csui=3&ved=2ahUKEwiLnvOJs-uRAxVhLkQIHY1dLMkQgK4QegQIAxAH
https://www.google.com/search?q=Treaty+Impact&oq=world+wide+radiation+plot+vs+time+from+nuclear+testing&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRirAjIHCAYQIRifBTIHCAcQIRifBTIHCAgQIRifBTIHCAkQIRifBdIBCTE2MjMxajBqNKgCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfClgc51A3Sb8vzV7CEVpnA2d0Tm9kc62CzwnnOwxd-kWf-DGoMtJD_Xq_JJNB4egtDS9SadzdEIQMxUEgEKxG6YJY-LyuS-l1bfnzxWTGaj9srsoLYDQVirQ3vyv2ay9r6Gjsd8qE1GZnn2nFfBw4cKG6zHZFQ07elKKQZXZ6qq1rPi3zMfMq1GAULvEraYI4p9&csui=3&ved=2ahUKEwiLnvOJs-uRAxVhLkQIHY1dLMkQgK4QegQIAxAJ
https://www.google.com/search?q=Modern+Levels&oq=world+wide+radiation+plot+vs+time+from+nuclear+testing&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRirAjIHCAYQIRifBTIHCAcQIRifBTIHCAgQIRifBTIHCAkQIRifBdIBCTE2MjMxajBqNKgCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfClgc51A3Sb8vzV7CEVpnA2d0Tm9kc62CzwnnOwxd-kWf-DGoMtJD_Xq_JJNB4egtDS9SadzdEIQMxUEgEKxG6YJY-LyuS-l1bfnzxWTGaj9srsoLYDQVirQ3vyv2ay9r6Gjsd8qE1GZnn2nFfBw4cKG6zHZFQ07elKKQZXZ6qq1rPi3zMfMq1GAULvEraYI4p9&csui=3&ved=2ahUKEwiLnvOJs-uRAxVhLkQIHY1dLMkQgK4QegQIAxAL
https://www.google.com/search?q=Modern+Levels&oq=world+wide+radiation+plot+vs+time+from+nuclear+testing&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRigATIHCAIQIRigATIHCAMQIRigATIHCAQQIRigATIHCAUQIRirAjIHCAYQIRifBTIHCAcQIRifBTIHCAgQIRifBTIHCAkQIRifBdIBCTE2MjMxajBqNKgCALACAA&sourceid=chrome&ie=UTF-8&mstk=AUtExfClgc51A3Sb8vzV7CEVpnA2d0Tm9kc62CzwnnOwxd-kWf-DGoMtJD_Xq_JJNB4egtDS9SadzdEIQMxUEgEKxG6YJY-LyuS-l1bfnzxWTGaj9srsoLYDQVirQ3vyv2ay9r6Gjsd8qE1GZnn2nFfBw4cKG6zHZFQ07elKKQZXZ6qq1rPi3zMfMq1GAULvEraYI4p9&csui=3&ved=2ahUKEwiLnvOJs-uRAxVhLkQIHY1dLMkQgK4QegQIAxAL

Alpha- Beta- Gamma Emission
Neutrons are also dangerous but generally reactionawci®ar and nokonizing

& - & Y

Alpha particles come from Beta-emitters are most Gamma rays are often

the decay of the heaviest hazardous when they are emitted along with alpha or
radioactive elements, such as inhaled or swallowed. beta particles during
uranium, radium and radioactive decay.

polonium.



Above and Underground Testing vs Year
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World wide nuclear fallout from above ground test

10 % of thel*C dose commitmentorrespondgo the truncated effective dose commitment in the year 2200 (by which time most of the ot
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Carbon 14, Radiological Dating

AGood summaryttps:// en.wikipedia.org/wiki/Carboti4
A2 Aa (UKS 4Gy 2 NX I dnétradigadive 2 RIS aludancd ND 2 Y
AL3C is another stable but rare isotope of carbon ~ 1% abundance

Al4C is a radioactive isotope with a hifé of 5700 (30) years
A Discovered 1940 UC Berkeley radiation (cyclotron) lab (now LBNL)
A Beta decays inté*N ¢ NO gamma BUT electron can bremsstrahlung in material inéy X
A Generally thédorem X ray production is small and NOT generally a line unless inner shell
A TOTAL decay energy (not all goes into electron KE) iKeMBgith mean into beta of 4&eV
A Range of with 156KeVmax into eis about 0.22m (air) and 0.27mm in body tissue
A Beta does not generally penetrate skin

A14C is very useful for radiological dating (Carbon dating) of biological materials
At KS 1D'£" a2y Aa O0KIFIG oAz2f23A0I T aeé a¥cluMibdeathamd
then the'“C decays away. 14 14 - =
A Sea level abundance is ~ pg& (1012 60— N*+e +V,+0.1565 MeV
A2 Attt NR [A00& RSOUSt2LISR daOIFINb2y RIFIGAYy3IE A
ABYCRSOIrEe NXYOS AY GOFNDB2Y AY FUGYZALIKSNRARO Sl



https://en.wikipedia.org/wiki/Carbon-14

14C production from Neutron bombardment'él

A AY 9 NIKQa FFdY2aLKSNB Aa 3ISYSNI

atmospheric“N

ANeutrons that bombard“N come from cosmic rays (CR) that breakup air and liberate
neutrons

AMax production rate of4C at 915 km altitude 14 14
Alw N}YGS Aa Y2RAFASR o 7N*N— cC*p+0.020MeV 5
A NI KQa YIFIYySIUAO FASER Y2RdzZ i1Sa OKI NEH
A1: Formation otarbon14 from nitrogenl4
2. Decay of carboi4

3: The "equal” equation is for I|V|m:ggan|sm@® ° 0 ® ®Q @ ..

Aandthe unequal one is for deanrganisms

A in which the €14 then decays N E NP o oNRT
in whi
AlIn atmospheric equilibrium for every e~ —
A4C molecule there are ~3molecules'2C & &
AIF pure“C then 1655Bdg or 4.46 Cilg Vol " — 107 Mopic
ANormal Carbon in equilibrium ~ 0B2yg Vol e = 10" Mol

@
ACorresponding to 1.@pt sea level equilibrium abundance TN



+“C Production Neutron Cross Section ComparisefiNprC,*’'O
Note large*N Cross section for thermal neutrons

14Cproduction route

Cross section fo

Parent isotope abul\r|1adt;rr1?:le 0% thermal neutron Reaction
’ capture(barns)
14N 99.634 1.81 N(n,p}C
13C 1.103 0.0009 13C(n! 18C

170 0.0383 0.235 170(nh ¥C


https://en.wikipedia.org/wiki/Neutron_cross_section
https://en.wikipedia.org/wiki/Barn_(unit)

“C In atmosphere from Abo@oundNuclearlesting
Weapon neutrons bombard AtmospheHdl producing 14C

1000

900 +

800 A

700 o

600 -+

S00 ¢

AYCO, (%o0)

400 9

300 +

200 H

100 +

0

1950 1960 1970 1980 1990 2000 2010
Year AD

Measurements from Baring Head, New Zealand®

Measurements from Vermunt, Austria and Jungfraujoch, Switzerland?

The "C levels in the Northern and Southern Hemispheres. Nuclear testing resulted in the large “spikes” in the early 1960s.
BE OUKS Moy nasz YEhadbeeFabsofies inth the oceads and land biota, leaving slightly eleva
levels in the atmosphere. Yet atmosphefi€ levels continue to decreaggow because of C@missions from fossi
fuel burning. Fossil fuels are millions of years old, laanke extremely lowAC



Human radiological annual dosey from above ground testingl9452010
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Organs/tissues in adults receving Organs/tissues in adults receiving

Radionuclide  Half-life greatest dose via ingestion greatest dose via inhalation
8gr 50.6d Bone surfaces, Colon, active marrow Bone surfaces, Colon, active marrow, lung
o o Mgr 289 a Bone surfaces, Colon, active marrow Colon, bone surfaces, active marrow, lung
Rad I 0 n u CI I d e VS 9y 64.1 h Stomach wall, colon Stomach wall, colon, lung
Ngr 965h Colon Colon, lung
] Ny 585d Colon Colon, lung
H aIFI Ife an d O r an 78r 266h Stomach wall, colon Stomach wall, colon, lung
Py 354h Colon Colon, lung
- Py 102 h Stomach wall, colon Stomach wall, colon, lung
Tzr 16.7 h Colon Colon, lung
Aﬁe Cted VI a “’Nb  72.1 min Stomach wall, colon Stomach wall, colon, lung
Mo 66.0 h Colon Colon, lung
- - - “mTe  6.0h Stomach wall, thyroid Lung, colon
D I g eStI 0 n an VI a "Ry 392d  Bladder wall, stomach wall, colon, ovaries, active marrow, uterus Colon, lung
1%5mRh 56.1 min Stomach wall, colon Lung, stomach wall
u "Ry 44h Colon, stomach wall Lung, colon
I n h al atl 0 n '"Rh 354h Colon Lung, colon
%R0 372d Stomach wall, colon Colon, lung
1327 3.20d Bone surfaces, colon, thyroid, ovaries Bone surfaces, colon, thyroid
| 230h Thyroid Thyroid
1311 8.03d Thyroid Thyroid
. 133 208 h Thyroid Thyroid
139 6.58 h Thyroid Thyroid
Simon et al 2022 = &
1404 12.8d Bone surfaces, colon, ovaries Colon, lung
140 o 1.68d Colon Colon, lung
e 392h Stomach wall, colon Stomach wall, colon, lung
e 91.1 min Stomach wall, colon Stomach wall, colon, lung
1430e 330h Colon Colon, lung
pr 136d Colon Colon, lung
14 e 285d Colon Colon, lung
¥pr  17.3 min Stomach wall Stomach wall, lung
14py 598h Stomach wall, colon Stomach wall, colon, lung
“Np 236d Colon Colon, lung

Pu 24,100 a Colon Lung




Little Boy U (Hiroshima) neutron Spectra outside weapon
Prompt fission (inside) and Weapon Leakage (outside cSprgg017)

1.E+02

1.E+01
1.E+00

1.E-01

1.E-02

1.E-03

=Fission
1.E-04

Normalized Spectrum (neutrons/MeV)

—lLeakage
1.E-05
1.E-06
1.E-07
1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02
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Figure 5. This is a plot of the neutron spectra (normalized to 1 neutron) that was used to
estimate the residual radiation source term for the Hiroshima detonation. The average
neutron energy of the prompt fission spectrum was 1.46 MeV and the average neutron
energy of the leakage spectrum was 0.31 MeV. The prompt fission spectrum was used to
estimate the fission-product yield curve, which is used to determine the radionuclides in the
fission product source term. The leakage spectrum was used to calculate the air-activation
source term and the ground-activation source term.



Fat Man (Pu implosion) and Little Boy (U gun) Weapon Gamma Spectra
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Figure 3: Gamma spectra for Fat Man and Little Boy. The total Little Boy output (sum
over all angles) is shown along with the 40 individual segment tallies scaled up to the full
sphere. The segment tallies illustrate the two-dimensional variation of the output.



Fat Man (Pu implosion) and Little Boy (U gun) Weapon Neutron Spectra
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Figure 2: Neutron spectra for Fat Man and Little Boy. The total Little Boy output (sum
over all angles) is shown along with the 40 individual segment tallies scaled up to the full
sphere. The segment tallies illustrate the two-dimensional variation of the output.



Fat Man (Pu implosion) and Little Boy (U gun) Weapon Gamma vs Angle
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Figure 5: Gamma output variation with angle. Segment tallies have been scaled up to the
full sphere. Note that the Fat Man value has been reduced by a factor of 10. As with
neutrons, the output is suppressed toward the nose (0°) and tail (180°), though these
directions represent a small solid angle and the average is heavily weighted toward the
values near the waist (90°).
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Figure 4. Thermonuclear neutron spectra with energies greater than 0.1 MeV



ThermonucleaGammeaSpectra (per KT yield)
Outside WeaporDTRA 2017

10!
___ DNA 4267F (Low Yield
Thermonuc lear)
—|_|—‘—_ DMNA 4267F (Henre)

" J
. 107
B
=
Ul —
3 L | -
5
D
& ]
v 107
3
Ny

10 -

1072 101 10° 10*

Photon Energy (MeV)

Figure 6. Photon spectra from thermonuclear sources



Gammas from Weapon

AaoLyadlyialyS2dzaé DIFYYFI Q& | N LINZF
almost entirely absorbed by the dense nuclear material during
the fission and fusion process. Most do not leave the weapon

At N2 YLIO DIF YY I Q& -1D0%k dfter Hefonakiod 2 dzi ™

ADelayed Gammas come as the weapon expands into the air/
ground/vacuum as the vaporized (plasma) weapon material
density rapidly decreases

Aln addition to the gammas from the weapon, there is also
neutron capture in the air (Nitrogen primarily) that emits a
radiative capture (of n) and produces more gammas

Alf the detonation is near the ground, the neutrons induced
radioactivity in the ground (and air) that can produce gammas.



Time
Dependence
of Gamma
Radiation
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Nuclear Isomer is a nuclear
metastable state usually short lived
which then decays usually emitting
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Figure 8.14. Calculated time dependence of the gamma-ray energy output per kiloton
energy yield from a hypothetical nuclear explosion. The dashed line refers
to an explosion at very high altitude.
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Figure 8.33a. Slant ranges for specified gamma-ray doses for targets near the ground as
a function of energy vield of air-burst fission weapons based on 0.9 sea-
level air density. (Reliability factor from 05 to 2 for most fission

weapons.)
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Figure 8.33b. Slant ranges for specified gamma-ray doses for targets near the ground as
a function of energy yield of air-burst thermonuclear weapons with 50

percent fission yield, based on 0.9 sea-level air density. (Reliability factor

from 0.5 to 1.5 for most thermonuclear weapons.)



Table 8.41

] ]
S h Ie I d I n g APPROXIMATE EFFECTIVE TENTH-VALUE THICKNESSES FOR FISSION PRODUCT AND
NITROGEN CAPTURE GAMMA RAYS

Thickness for

FISSIOn PrOd UCt' Density Tenth-Value DxT Tenth-Value DxT
(Ibfcuft)  Thickness (inches) (lb/sqft) Thickness (inches) (lb/sq ft)

Material
andNitrogen eel (o) 41
Concrete 146 11 134 16 194
N e Utron Captu rE Earth 100 16 133 24 200
Water b62.4 24 125 39 201

Gam ma EmiSSi{ Wood 40 38 127 63 210

Glasstoneand Dolarg Chap 8
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Figure 8.47. Percentage of initial gamma-radiation dose received as a function of time
for 20-kiloton and 5-megaton air bursts.
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Neutrons from Weapons

ANeutrons carry a relatively small fraction of weapon yield
ATyp~1%

APrompt Neutrons Come withinris after detonation
ANeutrons come from both fission and fusion process

ADelayed Neutrons come from Fission products
ADelayed Neutrons are < 1% of total neutrons §

Al 26 SOSNI] GKS RSt &SR ysq NEBY R2asS
FTNRY OGKS oflad ¢l @S ofSaa AN I a
~1km from high yield weapon (MT range) the do se from delayed neutrons
can exceed the dose from prompt neutrons

AMajority of delayed neutrons come within 1 minute
ADue to scattering on weapons materials, casing, air the neutron spectrum (# vs

energy) at observer is quite different (softer spectrum) than inside the weapon (at
moment of detonation/ creation)

ANeutron from fission aréyp ~ 1Mevwhile those from fusion arg/p ~ 1214 MeV
(peak of spectrum outside weapon)

A a
A
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Figure 8.64a. Slant ranges for specified neutron doses for targets near the ground as a
function of energy yield of air-burst fission weapons based on 0.9 sea-
level air density. (Reliability factor from 0.5 to 2 for most fission
weapons.)
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Figure 8.64b. Slant ranges for specified neutron doses for targets near the ground as a
function of energy yield of air-burst thermonuclear weapons with 50
percent fission yield, based on 0.9 sea-level air density. (Reliability factor

from 0.25 to 1.5 for most thermonuclear weapons.)



Clinicak Medical Response to various Radiation Loa
Glasstonend Dolan 197¢ Chapter 12

For consistency, the data in Table 12.108 are the doses (ir
rems) equivalent to the absorbed doses (inads) in tissue
at the surface of the individual. For gamma rays, these
absorbed doses are essentially equal to the exposures In
roentgens (8 8.18). For nuclear weapon radiation, the
midline tissue doses for average size adults would be
approximately 70 percent of the doses in the table.



https://www.atomicarchive.com/resources/documents/effects/glasstone-dolan/chapter8.html#%C2%A78.18

Summary of Clinical Effects of Acute Radiatitable 12.108 GD 1977

100 to 1,00 rems
Therapeutic range

Over 1,000 rems
Lethal range

0 to 100 rems
Range Subclinical
range 100 to 200 rems 200 to 600 rems 600 to 1,000 rems 1,000 to 5,000 rems Over 5,000 rems
Clinical surveillance Therapy effective Therapy promising Therapy palliative
Incid f .
nci Ielnce 0 None 100 rems: infrequent 300 rems: 100% 100% 100%

vomiting 200 rems: common
Initial Phase
Onset — 3 to 6 hours 1% to 6 hours 14 to ¥ hour 5 to 30 minutes . . -
Duration — <1day 1to 2 days < 2 days <1day Almost immediately
Latent Phase
Onset — = 1day 1 to 2 days < 2 days =1 day* . . "
Duration — = 2 weeks 1 to 4 weeks 5 to 10 days 0 to 7 days” Almost immediately
Final Phase
Onset — 10 to 14 days 1 to 4 weeks 5 to 10 days 0 to 10 days . . -
Duration — 4 weeks 1 to 8 weeks 1 to 4 weeks 2 to 10 days Almost immediately

Gastrointestinal tract

Leading organ Hematopoietic tissue Central nervous system

Characteristic signs | None below 50 Severe leukopenia; purpura; hemorrhage; infec- Diarrhea; fever; disturbance of Convulsions; tremor;

Moderate leukopenia

rems tion. Epilation above 300 rems. electrolyte balance. ataxia; lethargy.

Critical period post-

P P — — 1 to 6 weeks 2 to 14 days 1 to 48 hours

exposure

Therapy Reassurance; hematologic | Blood transfusion; Consider bone marrow Maintenance of electrolyte .
Reassurance . o . v Sedatives

surveillance. antibiotics. transplantation. balance.

Prognosis Excellent Excellent Guarded Guarded Hopeless

Convalescent period | None Several weeks 1to 12 months Long —

Incidence of death None None 0 to 90% 90 to 100% 100%

Death occurs within | — — 2 to 12 weeks 1to 6 weeks 2 to 14 days <1 day to 2 days

Cause of death Respiratory failure;

Hemorrhage; infection .
brain edema.

Circulatory collapse




Shielding
Thickness f
Gamma anc
Neutrons

Glasstoneand Dolarg Chap 8

Table 8.72

DOSE TRANSMISSION FACTORS FOR VARIOUS STRUCTURES

Structure [nitial Gamma Rays Neutrons

Three feet underground 0.002-0.004 0.002-0.01
Frame House 0.8-1.0 0.3-08
Basement 0.1-0.6 0.1-0.8
Multistory building (apartment type):

Upper stories 0.8-0.9 0.9-1.0

Lower stories 0.3-0.6 0.3-0.8
Concrete blockhouse shelter:

9-in. walls 0.1-0.2 0.3-0.5

12-in walls 0.05-0.1 0.2-0.4

24-in walls 0.007-0.02 0.1-0.2
Shelter; partly above grade:

With 2 ft earth cover 0.03-0.07 0.02-0.08

With 3 ft earth cover 0.007-0.02 0.01-0.05



S h - Id = Table 8.72
I e I n g DOSE TRANSMISSION FACTORS FOR VARIOUS STRUCTURES

T h i C kn e SS Structure Initial Gamma Rays Neutrons

Three feet underground 0.002-0.004 0.002-0.01
fo r Frame House 0.8-1.0 0.3-0.8
Basement 0.1-0.6 0.1-0.8

Multistory building (apartment type):

Gal I ” I la Upper stories 0.8-0.9 0.9-1.0

Lower stories 0.3-0.6 0.3-0.8
Concrete blockhouse shelter:

and s o102 0305

12-in walls 0.05-0.1 0.2-0.4

24-in walls 0.007-0.02 0.1-0.2
N e u t ro n S Shelter, partly above grade:

With 2 ft earth cover 0.03-0.07 0.02-0.08
Glasstoneand Dolarg, With 3 ft earth cover 0.007-0.02 0.01-0.05

Chap 8



Stable and Unstable Isotopes
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Chart of nuclides (isotopes) by binding energy, depicting the valley of stabilihe diagonal

line corresponds to equal numbers of neutrons and protons. Dark blue squares represent
nuclides with the greatest binding energy, hence they correspond to the most stable nuclides.
The binding energy is greatest along the floor of the valley of stability.



Stable and Unstable Isotopes
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Stable and Unstable Isotopes
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Stable and Unstable Isotopes

Example: The uranius238 series (greylinehy & | aSNASa 2F h é6b yR % S
less 1, Z plus 1) to nuclides that are successively deeper into the valley of stability. The series
terminates at leaeR06, a stable nuclide at the bottom of the valley of stability.



