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Review: What are Radioisotopes?
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Review: What are Radioisotopes?

But some are either
found or created by
man outside the band
80 of stability.
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Source: Geoff Forden, based on http://www.phy.ornl.gov/hribf/science/abc/
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Review: What are Radioisotopes?

Example decays:
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nucleus

But some are either
found or created by
man outside the band
of stability.
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Uses of Radioisotopes:

* Medical
* Imaging (diagnostic)
* Cancer Treatment

* Industnal
* Nuclear reactor start-up
* Well Logging
* Material/Structural Inspection

Detector

* Elemental Composition Determination /,,

e Sterilization Riadli o
e Research Cource
* From Basic to Applied

* Image source: SNL, https:/ip.sandia.gov/files/files/ul46/0f1020_Medical Isotope Data_Sheet SAND 2010-1108P.pdf
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Source: https://computation.llnl.gov/casc/well _log/NWL.html
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Examples of Isotope Uses: Cobalt 60 (°°Co)
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Examples of Isotope Uses: Cobalt 60 (°°Co)

Food preservatlon

Gamma Therapy
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Examples of Isotope Uses: Molybdenum-99

Source: G. Forden based on information from http://www.phy.ornl.gov/hribf/science/abc
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} Some of these radioisotopes are

very short lived:

Molbdenum-99 1s a very common medical 1sotope—>but it has a lifetime
of less than 3 days
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Source: G. Forden based on information from http://www.bnl.gov/bnlweb/pubaf/pr/1998/bnlpr101698.html I.abﬂratﬂ"es
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#)ne of the reasons why more and more countries are

starting to produce their own radioisotopes:

44 Nations have 1sotope production facilities using 84 reactors

Sandia

National
Source: IAEA, http://www-naweb.iaea.org/napc/physics/research_reactors/database/rr%20data%?20base/datasets/utilization/isotope_prod.html @ Laboratories


http://www-naweb.iaea.org/napc/physics/research_reactors/database/rr%20data%20base/datasets/utilization/isotope_prod_list.html
http://www-naweb.iaea.org/napc/physics/research_reactors/database/rr%20data%20base/datasets/utilization/isotope_prod_list.html
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esearch Reactors—with their high neutron
fluxes—are ideal for producing these isotopes:

\ Effective “cross section”

for neutron absorption

<— Nucleus

Increasing the neutron flux,
increases the number of reactions

\ I per second.

The probability of a reaction \
occurring is the cross section (how ©
“big” the target is) times how many A
neutrons are impinging per second. O—> o
o—
o > 0——>
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A
* Radioisotope Production: Types of

Production Mechanisms

* Neutron Capture
o« NX +n=>»MX+vy Usually, these reactions use slow (or thermal
neutrons) Also known as “(n,y)”

) 1
* Example: Pcoton— Lo +y

« NX+n=>NIX+y=2>»N1Y + [ Here the final product, MY, can
be separated out chemically. Here too thermal neutrons are mainly

used. Also known as “(n,y) = ”
* Example: “ITes,n's Te+y

ATt 5§+ 21

« NX +n = NIX + y=» N*17Z +p These reactors usually use “fast”
neutrons; neutrons with more energy than some threshold

S8NT: I, 58~ 1 Sandia

* Example: %Ni+n'- ;;Co+,p @ National
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Isotope production reactions (continued)

* Neutron Capture (con’t)
* Multistage reactions: repeated absorption of a neutron by the
same nucleus; these require much longer 1rradiation times.

Me

* Fission Products /f K | /
o 235U + n =» fission products + neutrons /

)
AT

o W= 10 \L.LO/TSO

MASS NUMBER
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Fissioning U nuclei break into one large and one “small”
nuclei:

* Source: DOE Fundamentals Handbook: Nuclear Physics and Reactor Theory DOE-HDBK-1019/1-93



Radioisotope production/use sequence:

Package target .
element: Irradiate target

Irradiating different Insert target into the
elements can change core through a variety
their physical of possible channels
characteristics

1)  http://www.ornl.gov/ornlhome/print/feature_print.cfm?FeatureNumber={20101228-04;
2)  https://www.lInl.gov/str/Dec07/libby.html;
3)  neutrons.-ornl.-gov/-facilities/-HFIR/-experiment.-shtml

Transporting product

Ispmatric IBustration of the HFIR pnoumatic fecllity in VEF-7
-

The irradiated target can be
transported by pneumatic
tube directly from the
reactor or transported in a
canister (by hand)
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Radioisotope production/use sequence (con’t):

Processing irradiated

Quality Control of product
- B

Proper disposition of waste
produced

kl = L
i
1
i
A
Image sources: 1) https://inlportal.inl.gov/portal/server.pt?open=>514&objID=1269&mode=2&featurestory=DA_62145 Sandla
2) http://troopers.ny.gov/forensic_science/Lab_Sections/TOXICOLOGY/ National
3) http://www-naweb.iaea.org/napc/physics/research_reactors/database/rr%20data%20base/datasets/utilization/isotope_prod.html I.abﬂrato"es

4) http://www.etec.energy.gov/history/Major-Operations/Support-Ops/RMHF-History.html


http://www.etec.energy.gov/history/Major-Operations/MajorOpsImages/RMHF/RMHF4621MixedWasteStorage.jpg

Radioisotope production/use sequence (con’t):

Use of radioactive
sources Take back/recovery of old

Package produced source radioactive sources

VB o 2Aopctitn: @ggg

Q------ﬂ!n o~ |,\,‘J"ﬂﬁ§

Unless radioactive
sources are properly
disposed of they can end
up in society and harm
people

1) http://www-naweb.iaea.org/napc/physics/research_reactors/database/rr%20data%20base/datasets/utilization/isotope prod.html Sandla
2) http://radioisotopes.pnnl.gov/about.stm National
3) http://www.arb.ca.gov/cap/manuals/cntrldev/baghouse/301baghouse.htm I.abﬂratones

4) http://www.epa.gov/rpdweb00/source-reduction-management/sources.html



#\dependent regulatory agency helps keep all

these steps Safe, Secure, and Safeguarded.

Is the reactor being run in a
safe and secure fashion? Is
it fulfilling its international
obligations?

Are the end users
licensed? Do they
regularly account for

Is the production facility properly ~ their sources?
ventilated? Are the operators
properly trained?

1) https://inlportal.inl.gov/portal/server.pt?open=514&objID=1269&mode=2 & featurestory=DA_62145 ﬁaagdla I
2) hitps://www.lInl.gov/str/Dec07/libby.html labt?rg?oﬁes

3) http://www.epa.gov/rpdweb00/source-reduction-management/sources.html



Production Details and Reactor Parameters

Things that effect the production of radioisotopes:

* The “cross section” for the reaction—how likely
the reaction is to happen

* The neutron flux—how many (thermal) neutrons
are 1n the reactor at any given moment

* The amount of material in the target/time spent
being irradiated

http://www.ncnr.nist.gov/AnnualReport/FY2003_html/RH2/
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Reactor Power

Many things influence the neutron flux:
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any things influence the neutron flux

Position inside the core

Inner Fuel Element

QOuter Fuel Element

Control Region

NEUTRON FLUX {neutrans/em® - sec )

Large Vertical
Experiment
4 Facility (VXF)

The highest flux occurs at
the center of the core, but
this is fairly small and the
number of targets you can
place there 1s low.

T i ‘: i :"; = ———— THERMAL FLUX, CLEAN CORE —f——
Tt .Q‘ T THERMAL FLUX, 21-doy CORE
uu' 1 | — l o TOTAL NONTHERMAL FLUX I
T | mm———l L]
ey P‘\— }.\—‘.—»0.921 WMy |
1 ] I
i ] i
,-"‘\ ——
1 l.-‘—-.._|._._,__ k A it 112
,? =|‘\\\'|=' = : .o \\\ e == —
[BAY | N7 AT Y -~ — }
! ot N N Y = ]
T i SN T ", ~
Il - NN ™
Mg || 1 g X <.
| 3 |5 N\ | ‘Q
=z gz‘%ﬁfgzi‘% A =N
— 2 Nosf—=s11lao 4 = 1 S
:,%’:ri'“.‘:'—i‘.:ﬁ — g T— s N : L'%i
[ __|§__|54_+§ — o _L_ﬁgjﬁg- e N 11
I HINEHEL S - A =N AN AN
,j;ﬁ e THET 33152 N N
R A - 1 s -
NN NN F
LG | 1 1 | LN N ‘\I
1] 4 8 12 16 20 24 28 32 3G 40 44 48 2 56 &0

RADIAL DISTANCE FROM CORE CENTER {cm)

1) http://www.ornl.gov/~webworks/cppr/y2001/pres/124343.pdf; 2) http://www.ornl.gov/sci/rrd/images/hfir6.gif
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For a given production reaction...

...an equilibrium 1s established between production and

decay of the desired 1sotope:

. s
Example: The remaining ~°Co

(nuclei that have not been
transmutated) are starting
to disappear and those
60Co that have been

I reduced are decaying.

Co +n = 9Co + v -
%0Co has a lifetime of 5.3 yr

400+

10"'n,fcrnz.«’ sec

Argentina’s reactor, with
a flux of 2x10'4, is used to

irradiate for 18, 24, or 36
months.

300

200

For times very small
compared to the lifetime 109

of the product, the /7 ,
specific activity

increases almost linearly 0 20 30 @ ﬁgﬂgﬁm
With ﬂU.X. IRRADIATION TIME {\IIEARS} * Source: IAEA-TECDOC-1340 labl]rat(lﬂes
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Considerations before starting a
radioisotope production program:

« Economics of indigenous production

— Does it make sense to import or produce
(medical/industrial) isotopes indigenously?

— Are there local industries that might use
radioisotopes?

» Outreach programs to educate local industries on
potential benefits of radioisotopes

« Human capabilities and infrastructure

— develop the human infrastructure to produce and
use radioisotopes
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_ Questions?

Thank you for your attention!
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