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An ldeal Scaled Source Life Cycle
J. Andrew Tompkins

Problem

In the lase 40 vears, barriers o compliant and tnely disposinon of tadioacive sealed sources have become
apparent. The story stares with the explosice growrh of nuclear gauging technologies m the 1960s.
Dozens of companies in the LS. manufactured sources and many more created nuclear solutions 1o
ndustrial gauping probiems. Today we do notyer know how many Cart 1, 2, or 3 soucces there age in the
LS There are, ao munimumn, teos of thousands of soutces, perhaps hundreds of thousands of sources’
Affordable tanspormuon solutons to consolidate all of thewe svurces and dispositon pathways for these
sources do not ex:

The root problem seems 1o be a lack of necessary regilatory tramework that has allowed all of these
probiems to accumulate o with no national plan for solving the problem. In the 19605, Pu-238 displaced
Pu-239 for moss neutron @ zource applicanons. In the 19705, the avadabibity of inexpensive Am-

LLHU lgl ‘
241 resulted in @ proliferation of low encrgy gamma sources used in nuclear gauging, well logping,

pacernakers wad Xoray fluorescence applications tor examiple. In the 19805, rapd expansion of worldwide
petralenm exploraton resulted fn the expansion of Am-241 sources into international locatons.
Improvements of wehinology and regulation resulied in a chasge tn isotopie distribudon as Am-241 made
Pu-239 and PPu-238 obsolere. Many early auclear gauge wechnologies have been made obsolete ax they
were replaced by non-auclear weehnologies. With uncerraintics in sovree end of life dispositon and
increased regurrements for sealed source security, nuclear gauging technology 1s the last chotce for modern
process engineering pauging solulions.

Over the same peniod, much was ]muud about licensing LEW disposinon facilities os cvident by the Comment [JMG1]: Stould define all

the first time ey . e

closire of cady disposinon fact ke Maxey Ulars. "The currenr dificulties inseaied source disposition il
stact with adopuon of the LAY policy act of 1983, which created the state 11 compact syswem we
Lins regulution created a new regulus

Lave roday

sy framework seen as pronusing ar che tme. However,

uow we recopnizes thar, despuie the good inensions, the NTLWEPABS has not solved any souree
disposition probic

Uhe answer s ro these scaled source disposinon problems is to adopra phiosophy to correet these

regulatony esues, derernune an fnterim solation, excecute that solutton unal there iz a mirumal backlog ot
sources to deal wirh, and then 1

ave created solve this probiem into the foresceable
Tuture

he primary philosophical tenet of the ideal scaled source lite eyele follows: You do not allow che creaton
orimporaton) of any source whose use cannot be justified, which cannot be attordably shipped, or that
does not have a well-delineated and aftordable disposivon pathway.

Salution

I'he path torward dicrates thar we fix the problem by embracing the 1deal Souree Life evele. In figure | we
can see some of the elements of the wdeal source lite eycle. Vhe life eycle is broken down nto four
portions, manufacture, use, consobdanon, and disposiuon,

<< INSERT FIGURLE )

Y Transportarion Safets Risk for Soirce Recovery w. Comsequence of Leaving Rudivaciive Sources in Pluce and Vulnerable
Oue 1o Limired Transpori Options or Denial of Shipmenr, Griffin, J.M. Leonard, L.E., PATRAM 2007. Oclober 21-26.
2007, LA-UR-07-6961.
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These four arbitzary elemeats allow us 1o focus on the ideal life cycle phases that every source showd go
throush benwveen manufacture and linal disposition. As we examine the various phases of the scaled
soarce life eycle, we will pick speetiic examples and explore the adopton of the ideal life cycle model.

MANUFACTURE, DESIGN, AND DISTRIBUTION

Special Form Records: Starting with the manufucturing phasce, we can see the design, tesang, and
evaluation of sources with respect to nattonal standards™ is very important, Uhe sceond element is
remstraton of sources as special form with the USDOLT. It 4 source contaming an (acrvity greater than A,
quannty) needs to be shipped as speaal form internatonally thea USDOT (PEHIMSA) needs w evaluate
test data and issue a Certificate of Competent Authoury (COCN). Onc aspect of this commercial acavity
15 thar soutces that were never shipped inrernatonally may sall be shipped domesucally in the TLS. ax el i-
cerufied speca! Torm sources. [f the manufacturer goes our of busimess then the testing records thar were
«das the basis of self-cernncanion ave lost. The solurion s simple. alt special form test data must
e wath DO, whether or nota COCN isassued, o adesignared Tyvpe B contamer that is afTordable
must be avallable 1o ansport this model of sealed sowee. Many of the problems with s

st

res
pecial form
entation that we see today ace the wesult of changes i regulanon berween 1970 and 1974
when spuectal form sources becarie a neeessity for acnvities preater than the A\ value

charactier docur

Ihe other azpect ot this spectd torm problem s the recommended working hre (RW) ) o a source. E the
mnasnitctures bas an RWEHL of 15 vears fora source, then the regulator (DO is oning o avold classifving

ed

period 1 a special forns source 15 going, to become normal form, a deciston needs ro be made as to when

a source us »pectal form when the manutacrurer s statung the soucee should only be used for

to renire the source from service The license for the source should require that sources

serving beyond
the RWLL have a known and ltordable wanspoctauon opriorn. The ercor here s not making the icensce
make a decision betore the source becomes normal torm and extraordinary acuons are needed 1o move a

single source

SSDR The sealed source and device regixeey (SSDR) evaloation of sources and devices 1s one part of the
wdeal ffe cvde philusophy thar tunctions well. The purpose of the SSDR system 12 10 justify the use for
source or device, o evaluate fuacnon, and w document the basic informadon. s a written tecord thut
sumarizes periinent date on sources and devices. The records are avadable to governmenral users on-
hine. "The only rwo improvements that could be made follow: Qne miner piece of informanon the S8R i
missing pertaing 1o the spectal form character of the source. IHven though it is the 12O s responsibihiny to
ssue a COCN, the NRC7: SSDR evaluadon should document the special form characrer of the source
(under prototype Lestng) if 1t exasts.,

SSDR damabase. Afeer the
9/11 uittacks onlv overnmenial enaties retained aceess o this informaton. There are times when a
rormation abour other manutacturers’ products. 1 the purpose o the SSDR
exclusion 1+ o keep madivacuve matedal abusers from using the infommation o facilitate their actvites,

Another problem ig that soutce and device manufacturers need access to the

manutacturer needs

then Twould submat that most soutce manufacturers (Cut 1, 2, and 3) could be counted on to use the - Comment [IMG2]: Pupers shiould avaid ths
inionmanon for approved purposces. ETIAL pecyon Ly we, b w iy

Matcrial Registration. Once non-nuclear aspect of the end of lite for scaled sources s the origin of the
ridioacuve material. This is ot prave consequence when considenng a final disposiuon ot a adioacnve
.

matenad e that most disposal sires are very concerued about inorganic, non-radioacuve impucioes in
source marerial. This consideranon is caused by the potenwal use of Resource Conservation, and Recovery

S ANSIHPS, N43.6-1997 Sealed Radioactive Sources - Classification
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Aot RCRA) authort

source of the paracu

to repudate radioactive waste dispositon sites. When matenal is purchased from a
arsotwpe then a certtficare of origin of the material needs to be recorded, filed, and
maintained as a record to chminare this muach after the tacr ssuc

Weurh rhe demise nons of the U8
of A 241, Ca 137, and Co-60 from ofl
needs m be wecelved and recorded from the toreien enuty distnbuting the sotwpic material. This

of por eaied source INAustry we are now Importing & mificant quanuties

shore. Tt the materdal s imporred, the RCRN Comeent infonmation

informanan will ool be needed at the disposition phase of the 1deal source bfe cvele
] I ;

Manufacturing Records: When a sealed source is manufactured, a record is typically gencerated that

log. When the sealed source 15 sold, w source cerdticate accompanies the source during the distributon
phase. These manufacturer’s records are of incaleulable value in the final disposiuon pnasc of the bfc
cvcle  As long #s the manufacturer s in business, access to these records is aot a rypically not a problem.
However, when the manufactuier gocs out of business, these primacy records sublimace like snow in the
desert. The regulatory eatity must cupture these records to facibtate final disposigon. If you canaot cerufy
what a source 15, where it came {from, and who made it then how can you otfer any final disposition for
these radivacrve scaled sources. What a wonderful world it would be if the source eertficates and

production logs from Monsanto Research Corporation had been caprured durning the license weeminatog

yhase ol that business i the 1930x
I

Inventory: Only whea a state and ultimately a nagonal inventory of radioacuve sealed sources cxist can
we, @ ¢ nation, pretend to manage our sealed sources. The USNRC has begun the work of assembling #
L5 nventory of scaled sourees und deviees (Cat 1and 23 By 2010, they should have a fauly compleic
wventory tor Cat 1 and 2 devices. Now if they only knew the model number and manufacturer or those
devices or tor all Car 1, 2, and 3 sources this would be a perfecr part of the bte evele. Management of
sources by leensed device allows evaluanon of the adequacy of means of tansport and determines
whetber we can afford to make obsolere older shpping packages or o allow DO COCA for special form

charicter to 1(1‘;::«'

Sceurity: ‘Uhe recent implemcntuation of sccunty protocols has decrcased relanive tisk ac some licensee
Facilities wad pready imercased the demand tacatfordable munsportand disposinon of marginally cinployed
ipes has

Cat 1and 2 devices, "Phis purocolae regulatore stress coupled with the loss of many “Type B pac!

ared the sealed dispasinon issue i the 1150 as oo other recent oceurrence could. Sccunty
swith nisk (threat) tor continued storage or transpoct should always be a considerauon of
sovrce and device distiburion.

st

Distribution: if the source was manufactured, then it can be assumed that there will be a need to
distribute the source or device. Many larger devices have unigoe characreristics; size, weipht, shape.
actvity that allow the use 6F only one or two shupping packages The avalability and affordabiliny o these
slippie packages must be mainrained if we really believe chat there will be a final disposidon of these
devices (sources) in the future.

Phe Desiga, Manutacrering, and Distibution side of soucce production will only support the disposi Zoa
side ot thedeal bie eyelet informadon is collecred and retained in wavs designed to support final
dispostnon. The avalabity of good documentation will always wotk to the advantage of final dizposiiion,
' ek of good documentation will always cause uncerninty and increase oisk (cost), which dizectly

eots wliordability. Atfordabdity is always the barrier to appropriate disposition. If we do not manage
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the regulatory life cvcle and provide appropriate disposinon pathways, uncertainey will always increasce
: L S
costs and creare a barrier 1o aftordabiity.

SOURCE U

E

Scaled sources have beca i wse i the LS, since the 1920°¢, when radium ncedles made thetr first
appearince. The licensing of sealed source use 18 well repulated and documented. When | request source
records from regulators 1 typically get licenses, inspections, notices of violaton, anything but 4 source
record.

Records Retenton: When we collect sources trom a licensced’s sitec only about 5%% have a file with a
source eernficate. Retennon of soutce records by Heensees needs o be mandarory.

Financial Surety: This particular wopic is tvpically invoked when dealing with source manufacturing sites
where the potential for cdeanup costs at the end of corporare life could casily exceed the value of the
commercial property char cemains. There 1z anorher potential aspect of surety that could be applied to the
end of an ideul source life cycle. "The concept of surety is bang used in many countrics to mean that the
disposinon
ed source take back programs are scen in developed

( fee (850 fora
source or 53k for a teletherapy head); society can insure that the cost of consolidagon and final disposttion

government which regulates licensees and disposal sites also will solve the radioacnve matecia

problem by whking your source for a fixed price. Sea

{runce) and developiag countries the world over. The idea of take back is that, for a smal

are known to all and will not ahibit the heensee from responsibly dispositioning his sources and devices. |

have been told that we will not do this in the U8 Um just not sure why removing the uncertainty, and
lowenng the expense 1s not a good 1dea.

CONSOLIDATION
Need for Consolidators: Consolidation is a necessary part of source dispostoon in that the more sources
that arc available for disposal at one timie, the lower the unic cost of the final disposigon widl be.

In ten vears of scaled source recovery, OSR Project has recovered 20,000 sources. It cvery one of those
recoveries had been limuted to 2-3 sources ata ame, we would have only recovered a few thousand from a
cost and manpower perspecave

Return to Manufacturer: The fucr that some manuracturers will accent their obsolete devices {sources)
It 1s impossible to sell new uairs it vou will not recover the old,
However, the accumulanion of old nuclear gauges tv a corporate financial Habitioe it there is no disposal

tor consolidaton 1s of business necessi

manusacturers were no longer accepting combination soutces (AmBe/Cs-137 in onc capsule, known as a
combi-source). When we questioned the practce the manufacturers pointed out that they had reached the
limit of corporate Hability for that one tvpe of source, and that when the government provided an outler
for their combi-source inventorics they would resume combi-source consolidation. Over the next year,

path. T'his was tHustrated quite succinetly in 2003 when we discovered that moisture density gauge

OSR Projecr developed a plan and began dealing wirh these problem sources.

Packuging: In ao ideal world we maxamize the number or activity ot sealed sources per disposal packag
This is done ro minunize the per unit cost for dispositon. Packaging for disposition is optimal when it ix
performed one time to keep dosex ALARN and Lubor cost to the absolute mintmum. 1o package for

disposition, it Is pecessary to know the Waste Aceeptance Criteria of the disposition site and the needs of

" Health Physics Society Discussion Paper, " Actions Needed 1o Better Secure Vulnerable Radioactive Sources: A
Contemporury Report”, Sept. & 2003.
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rhe wiste certification official for the disposition package. Optimal performance in this arca lends iselt to

well established dispositon pathways

Affordability: The take back programs of the South Amencan nations are a torcign example of

atfordubilicy. When 1inguired about pricing with one of my colleagues [ was told S50 for a simple gauge
and scveral thousand for a teletherapy head. T'o my mind. this was the mostabsolute bare bones example
of affordability. The costs are not excessive; they do not create a barrier to disposition. It is i the public
interest for health, satery, and sccurity that sources move down the disposinon pathway when they are no

longer needed.

Guaranteed Disposition: Why would vou license a source for manufacture, distribution, and useaf you
do not know for cerrain what the distribution pathway entads. Jfor transuranic scaled sources, thexe was
no pathway for disposition from 1985 — 2001, when the Oft-Site Saurce Reeovery Project began regular
recoveries of Pu-239, Am- 241, and Pu-238 scaled sources. Other than recyele of large AmBe sources for
the well logamg industry (> 5 Ci), there is no other ULS. disposinon pathway for these sources. What was
found 1 1990-2000, was that inventories of excess TRU sources languished all over the country because
of a luck of dispositon.

Transportable: [f the sealed source world were teuly adeal, all scaled sources owners of less than A, or A,
quantitics of activity would be able to sclf ship these units to a consolidation site. However, that would
reyuire that at the end of life 2 source or device the source must be shippable, by whatever method got i
to the customer to stact with, 11t costs S100,000 to move a $20.000 sclf-contatned wradiator, thea the
device s not shippable. See Affordability above.

This means that paor to relinquishing spectal form COCA on sourees or malang Type B containcrs
obsulere, the regulator needs to ask irselt how many units are being stranded in the public sector that will
now cost exorbitant sums w rransport — much less disposition. See need for current sealed source
Inventory above ot sources and devices by manufacturer. Even better i€ a hcensee hold a source whose
transportability 13 about to be terminated, pechaps ey should be informed of such, this would tequire a
much more interactive relationship with licenscees and transport regulators than currently exists.

Documentation: The need for documuentation ts not new. With the hitigious natuze of our sociery, it is
that enuties accepting radicactve sealed sources for dispostgon need papenworle After all
paperis a form of shielding (for bugation) "The waste aceeprance criteria of various disposal sites vary

NOT sULPLising

from the rigorous visual exanunarion and acceptable knowledge pracrices of NNSAT (WIPP) 1o the simple
cernbication of content for Ra-226 disposal. Modern RCRA avoidance argues for a modicum of

kriowiedge about the source or device model and mackings. This paper teail should be maiarained at least
10 vearsafter the source 1s e the ground or the disposal site closed.

Comnsolidation Pathway to Disposition: The consolidation of sealed sources really only works well when
the conditons of acceptance tor consolidanon and tinal disposition are known. Fiveryone will recopnize

the opportunity for creation of a legacy of sealed sources with no disposition pathway. Off-site source
recovery is prohibited from accepting sources that are not dispositionable.

DISPOSITION

A arge spoke in the wheel of an ideal sealed source life cvele is the availability ol atfordable final
dispusidon. Just like Consolidation above, Disposidon tequires documentation, packaging, transportation,
and an affordable disposal site that is licensed ior the pargeular sealed sources needing disposition. Since

Peer Review report on Documentation for Acceptable knowledge for of TRU scaled Sourees.

6 LA-UR-09-# i
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LR sealed sou ace cuctently befng disposidoned az the NNSA WIPP sire, we will not discuss thas
pathwsy in deral Tasread, we will tocus on dhe Tow-level waste pathway ror beta/zamma sesled sourees,
Since 1945 wod the adapuon of pabhc law 94-240 (Nanonal low Level waste Poliey Acr), we have had a
sestem of state participant waste compacts tesponsible for siong new LW disposal arcas. "To date no new

dispos=al siies cast ot the Mississppl nver have been sited.

The ondy new disposal site is In Texas with 2 very nuted compact (Texas and Vermong) and Fedesa)
Apeney wse The 34 eaviern stares lefo wathout an L1LW pathway for cheir radioactve sealed sources. 11
wlter 24 yeary, we do not surmuse (har something is wrong with the regulatory tramework, then pechaps we
are russing ehe point Wirhout a known and rebable dispostiion pathway, an ideal sealed hife cvcle cannot

esint Licensees will hold sealed sources unul they o banksipr or disposioon pathwiys become avadable
as the Federal poveramient moves o recover and dispnsc o anwanied sources, as a rigk reducoon

mease

Fhe correns OSI Projees extsts becaose the Conyress specificatiy desienated che Department of Fnerges 5:
the dispaser ot G neer- ey Class-C TCC! racioncave material and TRU sealed sources were the st
and most obvicous of those vonecdiep help However, what about Cs-137 .50-90, and Co-0U sealed
somreess Should Federl « wees be expended on conschdiaon and disposinon of betay/ samin seaied

sources (larpe and somall)

B vow believe in e sdea? sealed souree tite ovcle, then the answer s emphaoeally, “yest™ Towall be many

yica i the enmre LS has access 1o hcensed LEAW ot GUCC disposal. [n the tntenm, so thie
resnonsinliy of povernment te guarantee the Gnal disposition of radioactive sealed sources that are
licensed for wee 1 the pablic sectorn

IF D001 NS A

2 be expected o recover, cunsolidate, transport, and disposiaon all bera/pamuma

soutces i e LS usimg Fedenil resourees, then they shoutd be speafically authorized and funded by the
Congress for thisacuwny. Todav, rhere are administrators in the ULS. povernment congerned that INNSA
wonot Dol authiorized tor tis acovig. Phis inenm pathway ceeds 1o be made explicie untd a poiat in

fune when the seae compact system 5 mannally functional. A now 13O1 GTTCC disposal taciite 15 bewng
wouted ay the tinal soluton o sealed source dispositon. Towil! be many vears o, 2015-2020) belore o
new disposal are s avaduble.

The same renets thar applicd o ransportaten and consolidauon above Row down to Disposition
Aftordablic, docuwmentuble, tansportable, consclidarable, nne nime packaging, known, puarantecd
disposition pudveay wre all part of the ideal kife cyche. Whether e is @ state licensed disposal sice ora

Fede ol cosource meed as an e measure, 10 makes no difference o rhe beensee or mose state re ularors
as fone as e soutces move e proper location when they ave unwanted. The only people it rrule makes

adurerence oare Stie LLW Compacts erying o colleet export fees on LI for whach they do not intend

10 patlway.

SUMMARY

I cwrmary, rhe ideal sealed sgurce Wite eyde demands only one basic enet. “Do notallow the

13

wd divriboton of sealed sources for which, the repulatory framework v not complete TE
eoasrem thar exas oday docs ot seem Videal

’

then ehange the regulatony fomework © a commeon
sanch thar has known pathways, with known and affordable coses.

(e proce af vacertain iy oo these sealed source control pathways i hogl "The price of cakaneswn
dipesnon tespurees will eventually catch up with our abiliey w coatrnl these necessary but havardons

s Uhe mne w acr s now. The ehanges needed are well undersood  veryone wants 2 “eradie

7 LA-UR-(e g Man g
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grave sciled source life eycle,” but who will be che fgse to make all of the changes necessary to make the
world sate from sealed sourees tor us and our posterity

The biggest part of the U8, scaled source problems how to compel heensing, tansportaton, and

s toantegeate thew requirements and work together. Only when all ciements

dispasinion regularory elemer
cegulunng sealed sodrees in the U5 are wotking toward the samue goal, will we achieve an ideal sealed

source life cvele
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