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In Ma¥ 1988, contamination arrl. elevated radioactivity in a storage 
pool were detected at the Decatur, Georgia, facility of Radiation 
sterilizers, Inc. (RSI). 'Ihe contamination arrl. p::x:>l activity were 
traced to the 137es capsules which were used at the facility to 
sterilize canmercial products by irradiation. Since the p::x:>l arrl. 
facility were not designed or licensed for harxilinJ unencapsulated 
material, an inunediate project was initiated to stabilize arrl. clean 
up the facility. One of the first tasks of the project was to 
identify arrl. remove the one or more 1~ capsules, each of which 
containe:l approximately 30,000 ci of 137es. 

While there was some difficulty in determining exactly which 
capsules were releasing radioactivity, arrangements for the off­
site transportation of a lilnited number of capsules were made in 
parallel with the leaking source identification effort. Shipnent 
off-site was necessa:ry in order to allow evaluation of the capsules 
to determine the nature arrl. cause of the leak, as well as to assist 
in the stabilization arrl. recovery operations. 

'IHE SEARal FCR A P~ 

'Ihe search for a preferred package concept concentrated on firrling 
a package design that would meet all regulatory requirements, 
includ!Dg overall contents lilnits on activity, fonn (nonspecial 
fonn 137es as cesimn chloride), arrl decay heat loading 
(approximately 200 W per capsule). Additionally, the maximum 
allowable package diameter was limited to approximately 65 in. due 
to the size of the roof opening through which the package had to be 
lowered. A great preference was given to package designs that 
would not require arnerrlments to their U.S. Nuclear Regulatory 
Ccrnmi.ssion (NRC) Certificates of catpliance (CoC) since time was 
critical. Also ilrportant in the package selection were: expected 
ease of cperations in a 20-ft deep p::x:>l, availability of 
packagings, arrl cost-effectiveness. 

A review team was fonned to provide expertise in package design arrl 
certification, capsule harrll.ing, logistics, arrl. transportation 
operations. 'Ihe team identified several options rut concluded that 
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JD p:w M7 cJesi96 existEd vith saibble certificat:ioo to sbip 
tbe C"2p511les 1dttwall first- placing t:be «4NJle im:o m+'(W k. 

'ftJe use of tbe Q1esaJ Electric JbJpl fiOO cask vas D"¥** e•hl amd 
'iwpleaa• aJ. 'ftJe 1ft :t;;qa cJesi91 cga:c:NCil. vas suffici,.,...J;y .~mal to 
inClude the • 4s•les, }DJrided tbid: tJJey liE!I':e -. :c '"ailEd in a metal 
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testecJ fir l.eak ti-;ld•ess..* 'Die pw"Lw.Je vas also suitable di0*1&­
i('DI11y, vas «p1alic&~11y suit:ed to IJldenlaltel:: lC'AitiDJ, ani cme 
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IEU'S&*IY }DJrided t11at a saibble e•4H•Jaticm an:J. band1ing 
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allcw dlyiDIJ m the «4Nile Wile the syst:ea was 1DJeuiat:er. 
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D'q'lic...,....,_ vas c:me af J.Ki"'iE!£ atle ia] selecticu aal dlyiDIJ af tbe 
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fiw:ility Clld tbe UIIDE!rta:id:y af •>4s•Je cxnliticu IJL s •at a 
•·wt~ of cJesi91 ctanaqs.. 'BE desi91 effi::a:L e••wa"'&J. not: c:ml¥ 
tbe llpJptaJ en '* •a• • cr • 4'51•1e m~ (m) fir tbe S'Ep"¥ t 
SIJIIIi2, bul: also the syst::e. fir p:Eptc img them fair" mip•e••. 

'ftJe Q:JC Il"picha•s ~ i .. epeted to agily to tJJe m 1l1be:!l it 
vas pda ted lli.thin tbe *del fiOO cask. 'Jbe leak ti'!ldle& 
Il"pitHIE'' vas inte•pet:ed to liEIBI1 hfl)le-ti'!l¢. .MSI: B4.5 
iidicaf es tbat: tbe del a t icu sensitiv.ity of a hfl)le test is in tile 
••..,- of 11E-3 to liE-4 ai'/s, tqaatimg CD test puatefpts.. 

Al.tb11'41 not: a QlC rapire•a•, the 1&: :op'Cified in its D!Viar 
tbd: tbe cJesi91 slxuld inclntle psit::De cl•s•ce devices Oll all 
P"*"' rat iC'I!IS ad tla::i:e stwmld be J:k•4a:t iQ!I af tt.ese cJerices fnm 
•e lw•icaJ assac]t:_ 

qeal iQ!Jiil] desi9" criteria included ~ tJrat: (1) the m 
IJa!l to be JH•Cely banDed, J•ated ad cl(J51F'd lliiJdeJr1iater; (2) tbe 
m bad to be paged af 1liilter anl dried; (3) tbe vented 'ftli:lter, ill!d 
plssJibl;y st&Hm. bad to be • • •4 ailEd in a shiJ.:pable canister sinre 
tbis effluent; was pc4"e' ja]Jy ow .. ;micehd; ard (4) all. culfaiJEI!!"S 

bad to be sealed aol testaJ for 1f'BlarF mj]e ~- Of 
cunse, radiation safety 1BS a cur;!al!•:: cJesic_p ormr;;jdaat:iCJ!ll 
II au •+.:111 ul: tbe effia:L 

.sy.stea Dsi«J» 

'Die sjSleii cxms;istaJ of: them: the ,,,,...,csate trap; ad the 
wnjfpl«ting, vaJ.viDg, ......,iDJ, 1:lla1s cui an:i11ary apipa• 
D!qliD!d t:o mate it al1 1\4• :1 icu _..,.ow:d p:w CB'tJn es lieD! also 
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part of the system. '!be test pressure of the overpack was 150 psig 
vs the calculated in-transit thermal accident pressure of 98 psig. 
'!be test pressure of the trap was 50 psig vs and operating pressure 
would be only slightly above atnospheric. The peak design 
te.nperature for the overpack was 6QQ0p. 

'!be en was designed to accept one cesium capsule. 'lbe canister 
body consisted of a 4-in. OD x 0.180-in. wall x 24-in.-long tube 
welded to a 6-in square x 0.25-in.-thick base plate. Welded to the 
upper end of the tube was a 6-in. Conflat (or Del-Seal) flange. 
'!be overpack closure or lid consisted of a mating 6-in Conflat 
blank flange with two penetrations and a crinp-sealing device for 
each penetration. '!be drain penetration was a dip tube extending 
to the overpack bottom with a vent penetration only extending 
through the closure flange. Handling and closure protection 
appliances were fixed to the closure and body as appropriate. All 
overpack construction, except for the seal, bolts, and crilrping 
lines, was 300 series stainless steel. 

'!be Conflat flange uses sixteen 5/16-24 UNF bolts; however, tests 
indicated that eight unifonnl.y spaced bolts would provide 
sufficient seal loading; two of the available holes were used for 
guide pin nounting. '!be Conflat comes from the vacuum i.ndust.Iy and 
uses a guillotine principle for sealing. Circular knife-edges on 
the mating flanges embed themselves into a non-reusable copper 
gasket when the flange bolts are tightened, thus forming a bubble­
tight (or better) seal. 

'!be crinp-sealing devices of the initial en design were unique. 
Each of the closure penetrations had a 0.25-in. soft copper tube 
section coupling it, via swagelok fittings, to the flexible 
polyethylene tubing used to interconnect the various system 
c::onp:>nents. Each copper tube section passed through a crimper that 
consisted of an anvil and a movable double knife-edge assembly. A 
bolt drove the knife-edge assembly onto the tube, crilrping it in 
two locations about l-in. apart; the tube was supported by the 
anvil. Sixty ft-lb of torque was sufficient to effect a crilrp 
seal that was, at a miniinurn, bubble-tight. 

'!be Condensate Trap (cr) was designed to collect the water and 
condensed vapors vented from the en and pennitted them to be 
monitored for the presence of radioactivity. If monitoring showed 
small amounts of activity, the effluent could be discharged to the 
pool ion-exchange cleanup system. If large amounts of activity 
were detected, the cr could also be used Cis a shipping canister. 
'Ihe cr had a built-in heater that pennitted evaporative removal of 
the water, thus leaving dry cesium behi.rrl. When the contents were 
dry, the cr could be loaded into the Mcx:iel 600 cask and shipped for 
disposal. 

'Ihe condensate trap construction was 300 series stainless steel 
with the exception of three copper penetration connection tubes. 
'lbere was no removable closure; rather, the cr was all welded. 'Ihe 
body was an 8-in. schedule 40 pipe section x 8 in. long. Top and 
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bottom heads were 10-in. square x 0.25 in. thick plates. A heater 
well entered the body from the side along a radius close to the cr 
bottc:m ani contained a replaceable 500 W cartridge heater. 'Ihe top 
head had three penetrations, one with a bottom dip tube. One of 
the penetrations was a CO effluent/gas inlet, the dip tube was a 
liquid discharge, ani the third was a gas discharge. All three 
penetrations had cr:i.np-seal devices, as previously described. 

Fabrication ani 'l'est.inJ 

'Ibe co ani the cr were fabricated following gocd industry 
practices. Certificates accartq?anied the materials, welding was 
performed by experienced craftsmen, ani the welds were liquid 
penetrant tested. 'Ihe co was hydrostatically tested at 150 psig 
arrl air bubble tested at 50 psig. 'Ihe cr was hydrostatically 
tested ani air bubble tested at 50 psig. 

'Ibe basic steps for loading arrl drying of the capsules were 
relatively straightforward ani included 

1. 'Ihe system was assembled arrl tested for leak tightness before 
being placed in the pool. 'Ihe co closure was rem::wed prior to 
placement in the pool. 

2. 'Ihe co body (with a new gasket) and the cr were placed on an 
undm:water starxi ani were keyed to it to prevent rotation 
during tightening and crirrping operations. 'Ihe suspected 
leaking cesium capsule was placed into the co using a long­
harrlled tool. 'Ihe closure was installed with a long-handled 
tool, ani the closure bolts were uniformly tightened to 15 ft­
lb using an extension wrench. 

3. 'Ihe co was then pressurized with nitrogen, forcing the 
contained water into the cr. D.lring this operation, the 
Conflat flange gasket was leak checkerl visually for bubble­
tightness. Prolonged purging in conjunction with the decay 
heat load assisted in the drying process. 'Ihe cr was isolated 
from the CO by closing the appropriate valves after the 
effluent transfer ani purge operations. 

4. When the co was dry, the crirrping devices were actuated and 
checked for leakage using a pressure decay methcx:l calculated in 
accordance with ANSI Nl4.5. Following crirrp leak tightness 
verification, the outboard sections of copper tubing were 
broken free arrl the CO became available for transfer to the 
Model 600 cask. 

5. 'Ihe cr could be processed as previously described depending on 
the amount of activity contained in the effluent it collected. 
In actual practice, no radioactivity was detected in the cr arrl 
its contents were discharged to the pool ion-exchange system. 
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'!he fundamental activities described above were detailed in a 15-
page procedure that was developed to assure that the correct 
tooli.rq and personnel were available and to minimize the risk 
associate1 with han:lli.rq a leaki.rq capsule. '!he procedure was 
rigorously followed throughout the loading process. Modifi­
cations to the system and procedures were made as experience was 
gained and operational requirements changed. For example, after 
the first shipment, two <X>s were mounted on a single base plate arxi 
shipped in the Model 600 cask. 

'1HE F'IRST SHIIMENl' 

D.lring preparation for the first shipment, several areas of concen1 
were identified that had to be resolved before the shipment could 
be aa:::cmplished. 'Ihese included: {1) containing the potentially 
contaminate1 en effluent under water, {2) ensuring that the water 
was removed from the overpack, {3) verifying that the overpack was 
sealed, and {4) ensuring that the system could be operated 20 ft 
under water. Several tests of individual cotrpOnents and the 
complete loading system were completed to give operating personnel 
experience and to prove the equipment would operate as designed. 
In addition to the detailed procedures that were developed to guide 
the operators, a detailed Packaging and Transportation Plan was · 
developed to explain the overall activities. '!his plan proved 
invaluable in identifying the functions necessary to acc.onplish the 
transportation and served as the basis for allocating 
organizational responsibilities. It also served as a foundation 
for a schedule of the activities and as a checklist to monitor 
progress. A detailed approach was needed to infonn the state arxi 
federal agencies of exactly was going to happen and to obtain their 
concurrence. 

leak testing the cri.rrp seals involved applying a known pressure 
{100 psi) to the seal for a given period of time (65 min) with the 
other side of the seal at approximately atm::>spheric pressure. The 
pressurized side of the seal was monitored for a pressure decay of 
no more than o. 5 psi in the 65-min period. 'Ihis proved to be a 
very small pressure change over a considerable period of time arxi 
was difficult to reproduce reliably. SUitable test equipment was 
difficult to obtain {a digital, calilirate1 pressure transducer was 
needed); the flexible lines used tended to exparrl over time, 
providing volume increases that could be interprete1 as indications 
of leakage; and the time required to be in the pool area {which was 
very wann and required anticontamination clothing). Since two 
crinps had to be tested for each en, the total time required was 
considerable {including several test failures due to leakage at 
fittings, expansion of the flexible tubing, etc.). 

When water was found in the overpack as the capsule was rerroved at 
oak Ridge National Laboratory {ORNL), an investigation was 
undertaken to detennine the cause. It was puzzling that the water 
was in the en after prelimi.nal:y cold testing had proven the 
equipment and procedures were adequate for purging it. While no 
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single cause was positively identified, several possible rrechanisms 
were identified, including: water remaining in the flexible lines 
after the drying operation (which subsequently drained back into 
the CD prior to crimping) ; insufficient drying tiire; and the 
possibility of a leakin:;J CD seal that could have allowed water to 
reenter the CD after drying but prior to loading into the transport 
cask. 

'Ihe final resolution to the probleJTIS encountered in the drying was 
to develop a vacuum drying system to both dry and leak test the CD. 
'!he NRC agreed that a vacuum system would adequately address the 
problems that had occurred and would provide sufficient leak­
testing. 

Problems encountered in the transportaton operations of the 
shipnent included the coordination of activities between the 
various contractors on-site (including the scheduling of riggers 
and a nnbile crane, media notifications, final vehicle preparation, 
and shipping pa:per preparation) . '!he attention afforded by local 
media interest and the assurances required by the regulatory 
agencies added a dimension not nonnally encountered in making 
similar material shipments. 

Once the carrier's equipment and driver was on-site, some minor . 
descrepancies required correction (e.g., a discharged fire 
extinguisher) but the transportation was without further incident. 

DESIGN AND OPERATIONAL IMPRO\TEMENI'S 

'!he primary improvement implemented prior to the second shipment 
involved the addition of the vacuum system to :perfonn final drying 
and to verify that the CD was dry. '!his was accomplished by adding 
a third line from the CD to a vacuum system capable of supplying a 
vacuum of less than the vapor pressure (VP) of water at the pool 
water tenperature. By applying vacuum less than the VP of water, 
holding for a short tiire to allow the water to evaporate, and then 
isolating the system of interest from the vacuum ptiiTp, it was 
possible to quickly obsel:ve the system pressure and any pressure 
rise. If the pressure did not rise, the overpack was dry. '!his 
also served to identify any leaks in the system since any in­
leakage of water would also have resulted in a pressure rise. 

'!he system developed for the secorrl shipment included two overpacks 
and required valving to enable the loading and shipment of two 
capsules in one Model 600 package. Also added to the processing 
system was an additional gas/liquid separator to prevent 
contamination from coming to the top of the pool and rroni tored 
filters at pool level to identify probleJTIS before they became 
critical. Cleek valves were added in several locations to prevent 
backflow of contamination to pool level and a procedural change 
made to ensure that the lid seal remained in place. Because of 
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the additional valves ani lines in this system ani the requirement 
to operate 20 ft below water, it was necessacy to fabricate ani 
install coiled lines on the system to reduce the length of lines 
floating in the pool that might h.i.OO.er the operators. '!he revised 
system is depicted in Fig. 1. 

MUA 
nuu LEGEND 

PI - PRESSURE INDICATOR 
V - VALVE 

CV - CHECK VALVE 
""'"- POLY UNE 
- - HARD UNE 
jQl - COILED UNE 
SV - SEAUHG VALVE 
RV - REUEF' VALVE 
RE - RADIATION ELEWEHT 

v-• 

MUA 
ri.Tta 

Fig. 1. Revised loading/drying system layrut. 

Because of the major changes required to the procedures to 
in::orporate additional equit=ment ani equipnent changes, a procedure 
summary was developed ani a potential prc:blem analysis prepared in 
consultation with the operators to identify potential areas, 
preventative actions, ani contingency actions. '!his document was 
invaluable in training the operators who used the new system arrl 
three levels of testing were corrpleted before operations began. A 
test to prove the drying capability of the vacuum system, a full­
scale test outside the pool operating area, arrl a catplete test of 
the procedure in the pool using a durmny capsule were also 
performed. 

'llle 'Ihixd Shipient 

D.lring preparations for the third sh.ipnent, discussions with the 
operators led to requests for changes to the procedures arrl 
equipnent design to make the operation SlOClOther and to :rem:::we the 
potential for sare harxlling mishaps. '!he dip tube that had been 
connected to the overpack lid was relocated to the side of the 
cyli.rrler to prevent the possibility of m::wing or damaging the soft 
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cx:pper gasket on the top of the overpack during lid errplacement. 
Also added was a gasket protector funnel which guided the capsule 
during loading into the 00. 'lbe metal bellows valves used in the 
secorxl shipment to replace the crilrpers had been nounted to the lid 
and were rroved to the side of the overpack for the third shi:r;xnent. 

'Ibis greatly reduced the amount of flexible line floating in the 
water since the lines were no longer connected to the lid. 'lbe 
m::xlified 00 design is shown in Fig. 2. 

- CA.PSUL€ 0/EePA.C.K 

c~~ 

Fig. 2. Modified capsule overpack design. 

Since the equipment and procedural m:xlifications were not major arrl 
experienced operators were used for the third shipment, training 
involved only a review of procedures, flowsheets, and the problem 
analysis. As familiarity with the equipment and procedures on the 
part of contractors, OOE, and regulatory agencies increased, 
operations and regulatory approvals began to ocx:::ur with much 
greater ease and confidence. 

'!he logistics and transportation operations preparatory activities 
were the same as the secorxi shi:r;xnent. However, a delay in the 
planned shipping date was encountered when the nobile crane was not 
available. It was not deemed desirable to change to another crane 
and crf!M since the personnel used in the past were trained in the 
operations to be perfonned. Transport operations went as planned 
except for same last minute difficulties resulting from the 
unexpected use of a new driver and tractor. Minor repairs were 
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