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ABSTRACT 

Decontamination activities from the cleanup of the Three Hile Island 
Unit 2 Reactor Building are genera�ing a variety of waste �treams. Solid 
wastes being disposed of in C!lll111erclal sh.tllow land burisl include trash and 
rubbish, ion-exchange resins (Epicor-Il) and strippablP- coatings. 

The radwaste streams arising fro111 cleanur activities currently under way 
are characterized and classified under the waste classification scheme of 10 
CFR Part 61. It appears that much of the Epir.or-ll ion-exchange resin being 
disposed of in coomerical land burial will be Class B and require stabiliza
tion if current radionuclide loading practices conttnue to be followerl. Some 
of the trash and rubbish fro.n the cleunup of the reactor building so far would 
be Class 8. 

Strippable coatings b2ing u�eo at THI -2 were tested for leachability of 
rarlionuclides and chelating agentb, thermal stability, radiation stability, 
stability under immersion and biodegradability. Actual coating samples from 
reactor building decontamination testing were evaluated for radior.uclide 
leaching and biodegradation. Results indicated that both ra�ionuclide con
tamination and chelating agents leac<. fron strippable coating waste. It 
swells and partially dissolves upon imMersion !.n wat•r and organic liquids, 
biodegrades readily in soil and, upon irradiation, gen erates gas, principally 
hydrogen. The coating is thermally stable up to at least lOOOC and is not 
an un acceptable flame and smoke hatard. The strippablc co<>tlng samples from 
the THI-2 reactor building deconta�ination testing containPd significant 
strontium-90 and cesium-137 rontamtnation and would be Class 8 under 10 CFR 
Part 61. 
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1. INTRODUCTION 

EVALUATION OF THE THREf. MILE ISLAND UNIT 2 
REACTOR BUILDING DECONTAMINATION PROCESS 

It has been more than ]-1/2 years since the M�rch 2R, 1979 .• ccldent at 
the Three Hlle Island Unit ') Nuclear Generating Plant which left the reactor 
cnrc• damaged and the reactor building contaminated with fission products. 
During this time plans(l-7) have b>en made and effort<B-12) expended to 
cleanup anJ recover TMI-2. These efforts are directed tow . .rd decontaminating 
tlw reactor buil ding, removing the nuclear fuel from the damaged core and de
contaminating the reactor coolant system and connected systems. Decontamina
tion <'f the reanor building wll l initial l y  focus on those aree.s needed for 
defuellr:g. These area:>, as show n in Figure!.!, Include the 30S-ft. level, 
the 147-ft. level (th•' operating floor) .md the polar crane. The reactor 
coolant system water must also be cl�aned up to reduce the conccntratto� of 
dissolved fission products prior to defueling. 

Majer milestones(l3) in the cleanup and recovery effort have Included 
the follo�ing events: 

(!) Venting to atmosphere of the 1,4,000 Curies of the fission product 
g.1s krypton-85 which was released In the recoctor buil ding during the 
accident. This was done between .June 28 and July 11, 1 980. 

(2) Rcmoval of dissolved ftss!on product activity from the 565,224-gal 
of tritiated accident water In th� Auxiliary and Fuel-Handling 
Building (AFHB). The fission product activity was removed by ion ex
change (I::picor II*) betwe"n November 1979 and Dec�ember 1980. The 
highl y loaded ion-exchange resins are being transferred to the 
Department of Energy (DOE) for dl sposal. The tritiated accident 
w:.ter (<1 pCi/cm3) is being stored for reuse at TMI. 

(3) Removal of the dlssolverl fission product activity from more than 
600,000 gal of tritiated accident water which fl ooded the basem>nt 
(282-ft el evation) of the reactor bu il ding. The fission product 
activity was sorbed onto zeolite deminerallzer beds in the Submerged 
Deminerallzer System (SDS) between September 23, 1981 and March ">, 
1982. The tritiated water effluent fr001 the SDS was polished (i.e., 
the small amount of fission product activity not sorbed onto the 
zeoli te• was removed) us lng I: pic or- I I ion-exchange res in. The 
highl y l oaded zeolites are being transferred to DOF. for disposal. 
Activity levels In thP Eplcor-II polishing resins were witloin the 
Hanford, Washington, cornmetdal land burial site limit (<1 cCi/g) 

*Proprietary !oq-excha�e system of Eplcor, Incorporated. 
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for disposal in the dewatered f orm and withoJl solidification. The 
tritiattd accident water (<1 �t/cm3) is being stored for reuse at 
TML 

(4) The Gross Decontamination Experiment was performed between 
October 29, 1981 and March 26, 1982. This effort was directed to
ward reducing radiation levels on the 305-ft. elevation and above 
and towarrl determining the relative decontamination effectiveness of 
the several techniq ues selected for testing. 

(5) Gross Decontamination of the reactor building including the 305-ft. 
elevation and abovP. started September 17, 1982. The effort was de
signed to reduce smearabl� levels of contamination to the point that 
workers will be able to remove much of the bulky protect ivc clothing 
and the respirators. 

(6) Removal of fission product activity from the 88,000 gallons of water 
in the reactor coolant system (RCS) using the SDS has been attempted 
hut has not been co<opletely successful. Stront ium-90 frO!ll the fuel 
dcbri• apparently Is dissolving into the cleaned water and restoring 
the strontlum-90 activi ty to ncar its ir.1tia1 level. This phenome
non may influence the RCS cleanup plans which were not fin .tized as 
of this writing. 

Major events(l2-16) in the cl�anup and recovery yet to occur include: 

(7) Defuel!ng cf the reactor. Plans for removing the fuel from the re
actor await de�ailed inspection of the core. This inepection began 
with the "Quick Looks"(l 3,14) Into the reactor vessel with a re
mote TV camera anrl will continue \lhen the reactor vessel head is 
remove:!, which is scheduled for sometime In mid 1983. It is hoped 
that fuel removal fro m the core ran be completed by late 1985.(15j 

(8) Decancaminatlon of tl1e reactor coolant syste·� a11d �onnccted systems 
which have been contaminated by fue 1 debris. The decontam! nat ion 
techniques and procedures tc be used for this cleanup will not be 
decided upon until studies being p erformed by the Electric Power 
Rese,1rch Institute {F.PRI) recommend appropriate techniques. (12) 

(9) Clc.anup of the ref•,.,ling canal during and after reactor clcfucling. 
Transfer of the core debris from the reactor to a packaging f acUlty 
may result in substantial soluble and particulate contamination of 
the refueling canal. 

(10) Hands-on decont amina tion of the 305-ft. elevation and above. This 
is Intended to return the working environment in this part of the 
reactor buildine to near noPoal ( i.e., pre-accident) conditions. 
This effort will start som<>t.ime after Gross Decontamination, llem ). 

2 
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Figure l.t Vertical cross-sectional schematic of the �I-2 reactor buildir� sho�ing the flo�r 
levels in cOilpariso:t to the major component!5 of the nucle:1� sted:n supply systt"m. 



{11) 

(12) 

Decontamiolation of the 282-ft. evaluation. ThP. 600,000 gallons of 
highly contaminated water, Item 3, filled this part of the reactor 
to a depth of about 8 ft. This elevation has much higher radiation 
fields th3n the upper portlo�s of the reactor building. 

Disposal of the more than 1-mlllion gallons of tritiated accident 
water, Items 2 and 3. 1l11 is unde r specific NRC order06) not to 
release any of the accident water. In add it !on to the considera
tions oi 10 CFR Part 20 with regard to this ua t c r, the l\'RC and the 
State uf Maryland are conducting studie s on potential socioeconomic 
Impacts of various alternatives for disposal of the Hccl dcnt wa ter. 

Flushing with both low and high pressure water spray l1as be en the princi

p al decontamination method for removal of as much loos e dd>rls and 'mcat.oble 

and soluble activity as possible. The tritiated accident wate r ((1 �Ci 11-3 
per mL) i s  being used for the water flushing decontaminat ion activi ty. It Is 

routed through floor drains from the upper leve ls in the reactor building to 

the baseMent (282-ft. elevation) from where it is then sent co the SLJS f or 
cleanup and return to tank storage for reuse. The Gross Decontamination 

Experiment (GDE) alao tested, in small sc ale, detergent (Turco '•324 NP-10%) 
and phosphoric acid (Turco 4512-,\ 10% Normal) solt•t\ons In conjunctlun with a 
floor scrubber.(IO) These t"sts ••e re conducted on two 128 ft2 areas , one 
for each solution, on the floor of th� 347-ft e l evation . The liq uid wa stes, 
approximately 26 gallons for each solution, were wet vacummed iuto 55-gal 
drums and then transferred to storage . The storage container is an 8000-gal 
tank at THI ir. which all liquid was tes are combined for storage. Strippable 
coatings were a lso tested during the GDK. These coatings are applied as 
liquids. After drying to a rubbery film, the coa d n�� s arc t.1en l"'eled of f for 
disposal. This results in only solid waste which Is then d rummed f•>r dis
pos al . Problems assoclcoted "ith the processing of radioactive "aste pr o duc .• ,<l 
by decontamination methods other t hdn water flushing have provided a major 
Inhibition to their use at THI-2. 

The cle anup activities listed aloove are generating a larg" •tu,lnt.ity o f  
radioactive waste. S ome o f  this •Jaste i s  uniq ue - such as the dam;tp,cd core . 
S-:>rne of the waste con ta 1 ns exceptionally large 01moun t. s of de t i vi ty and is not 
suitable for disposal In commercial lao j bur ial. Disposdl of these wn • tcs i• 
provided fo r in the Memorandum of Understanrling(l7) ('IOU) between tloe NRC 
e.nd the Department of �:nergy (DOE). 1'he HOU states t ha t nor. nay, '"' an R and 
D or reimbursable Msis, take pos cssion of the nuclt�ar fuel .:tncl tho!<ie radi•)

active wastes from nn-2 which are not suitable for Hsposal in co1un�rcfal 

land burial. Hol.'ever, a large amount of waste w il l go to t:O!nncrci al land 
burial. (18,1�) 

The radionuclides of concern in the cleanup w.-...;f:es are long-l ive d fisslon 

products - principally Cs-137 and Sr-90, rather tha n neutron <lctivdtlon prod
ucts (e.g . ,  Co-60) associated with n•actor "crud". Fu�l debris from the r,•ac-· 
tor core will also contain transurar,k (1'RU) cont.,minat ton. ln wasto•s from 



cl<><lnup of th<> RCS aP.d possihly th<> 282-ft t>lcw•tion, th(' 1'Rl' cont.8I"imtlon 
may he of nost concern. The stripp�lhle coa.t:fnrs heinr usC'cf in thf' C'lt ... anur 
C't)Ot<lin chelntinr, apC'nts. 

�incc the> clt."'anup of Till-� will continue "''Pll int0 the> lat t Pr 1�.1lf of tht.� 
decadP, much of thC' WrtstP r(>nertltf"d \-Jill f.nll undPr lh«' Tf'?ulntion of 1r fFR 
Part 61, ''Licenslnr. Rt'fJuf T<'fllC'nts for Llnd f'isposnl of PaCionct ive> \.'.1�t (', " Ti�C' 
activitl<>s of alpha-<'lnlttinp: TRU ,,nd the lonr-livP<1 fl,slon product" C:s-137 
.1nd Sr-90 arC' used in 10 CFR P.art f1l to (')ns�ify r;Hh.·,,�tr for cti�po�nl pur

p')SC's. Tht"' wt=tstc- classification S.C'C'tion of tht> r£>guLHion, 10 CFP. P:1rt f.}.'i.';, 
is nttach('d .1s Appc>ndix A. Thf> t:Rc h.1s cont r.1cted nrookhnvC'n �a.t.ion:t1 l.al->ora
t<'ry (llNL) und£>r FIN A-3162. Ta�k 7, '"r:valu.Hion of th<' Thr<'<' �:11., T�land llnit 
2 RC'actor Ruildinp l'ccont.::tnin.1rion Procr!=>s," for tC'C'hnic�11 �s�istancf' in char
actcrizinr, these decont.1minati(\n , . ..., �tf'.s. F\':tluntion of tht' strippahlc co.·H

tnr:s hidnr, u�C'd in tlH' dC'contaMincttion C'ffort is .spffificnll_\, incltH'l:£>ci in tllis 
task. t.va]uarion of thc>st• \.',1StC's for co�pli:tncl� h'ith thf' pro\'ision� of 10 CFP 
p,,rt f,} is ;::, p.1rt of this ch.1r:tctcri?.ntion. 

Thf' dl'!cont:tmin.1tion \..',1St<·� hl"·in.r.: �!crlC'r.Jtcd in the ,·}<'anur of thr. Ttll-:> 
rc�1rtor h�lilcHnr,, tts of thf� l.•ritin,r, arl' rlC'.scrihed .1nd their pprforr1.11X'<' 

undC'r 10 CFH P:1rt 61 is C'Valuated. Str 1 ppahl<' f'f'.1ting pro�H·rtiC'5 and usC's .1rc> 
prPsC'ntC'd .1lonr t··ith thC' rrsults of lt'sling for r:HHo1mcli�c :tnrl rhC'l<Jtin).' 
.:tp.;cnt lc.1ch.1hility, thC'tl'"lal stnhility, l'-iodq�r.-ubl�ilit�·. aPd rndiation stahil
ity. The .activity th.1t �tripp;th]c contfnr: \·M�lf' fr0D T�:t-:.' f"1i'\!'' contain arC' 
('$tfrn.1t<'d from s.1mp.lC's ()f coatinr- fror tlu.., (;ros . ..; n(YOnt.1.r:lin.1lit�n Fxpcrin('nt. 



2. WASTE MANAGEMENT FOR THI-2 REACTOR BUILDING CLEANUP 

2.1 Reactor Building Decontamination Planning 

Reactor building decontamination �lanning is based on the alternatives 
outlined in the Final Programmatic Environmental Impact Statement 
(PEIS).(3,16) The specific technologies chosen have been based on effec-
t! veness, waste "Danagement, and other considerations. The appt·oximately chro
nological listing in Section l of major events in the THI-2 �leanup also pro
vides a basis for categorizing the various streams of radioactive waste being 
generated in the reactor building cleanup. Items l-4 have been completed and 
item 5 is �cheduled for completion no later than the end of January, 1983.* 

2.2 Decontamination Wastes 

Waste stream characterization for various decontamination ar>d wa�te pro
cessing a\ternatives has been estimated in some detail in the PEls.(:>} The 
wastes ge1erated from the activities of Items 2 and 3, Section l, consisted of 
SDS zeo l i t �s, Epicor- l l  ion-exchange resins, and general trash. The SDS zeo
lite waste and the Epicor-ll •·aste were highly radioactive and DOE has agreed 
to tske possession of thes" under the HUU. An estimate of the Classification 
that these •astes would have had under 10 CFR Par t  61 (d raft version) is 
available.(.!O) DOE is using sc.me of the Eplcor-II wastes, I tem 2, and the 
zeolite wastes, Item 3, in various rest>arch programs relined to radioactive 
waste and tl.e rest is being disposed of .1� "special waste" on a one-tl;oe 
disposal basis.(20,21) The entire reactor core from the defuellng opera
tion, Item 7, wil l be taken by OOE.(l7 ) Wastes •: ont arninated by TRU cc:>cen
trations !n excess of the levels authori?.ed for c o.nmercial burial may also be 
accepted by OOE.(17} Some wastes from (Section I) lt<'ms 8, 9, an<1 11, ""'Y 
be trans fer red to DOE under the MOU provision cited in the preceeding sen
tenC'-'· The 1}11-2 lic ens ee , General Public Utilities, is disposing of thE' low 
l eve l waste 3rlsing from the cleanup operations at the Hanford, Washington, 
commercial radioacitve waste land bur ial s l te . ( l8) The waste being shipped 
to the Hanford c om mercial burial site Is simi l a r to wastes being routinely 
generated at other nuclear power facilitlt>s. 

Characterization of 11'11-2 radwaste is accomplished usi� gamma m easure
metlls from which radlonuc lide Inventories arE' estlrnated.(22, . 3 ) Tw<> cate
gori•' s of radwaste have been defined in the rt>actor building cleanup so far: 
(l} Norm.•l Unit-2 ra d•Mstt> an d (2) Makeup and purlfic�llon (MUP) system rad
waste. Normal Unlt-2 radwaste Is being generated by c leanup activities on the 
30�-ft elev,.tion l'lnd above. The activity in norm�t l Unit 2 radwaste has .1 
specified f-•ct i<lr>d compositlo'l of 0.471 Cs-1 37 and 0.0234 Sr- 90. The re
m�lnder consists of the Ba-137m and Y-90 dau ghters of Cs-137 and Sr- 90 plus 
sooe Cs-134. The MUP system, which is loc.Hed on the 281-ft l eve l of the 
AFIIB, consl•ts of ion exchange resin b.-d dt•mlnerallters and he>it exchan gers . 

*Person.1l communication between n. Pou)\lwrty (BNI.) and n. l.elf�r, Bechtel 
N<�t l•>n-11 Corp,>ration, at Tl-11, December 14, l9A2. 
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This system is co .. nccted directly to the reactor coolant system. It is sched
uled to be dec ontaminated as part of the RCS cleanup. As of this writi n g no 
)lUI' radwastc l1<1s been ��e n erated . MUP rad waste has been specified t o  have the 
following Isotopic fractional distribution: 0.176 Cs-137, 0.134 Sr-90, and 
plus 2.7t. x to-� TRU· The TRU �ontent limits the fission pro.luct activity 
In A co nt-liner to avoid exceeding the 10 nCi/g limit imposed by the Hanford 
buri.ll site. The container activity limits necessary to avoid ex Neding the 
TRU limit of LO nCi/g arc listed In Re ference 22. The activity inventory in a 
waste cont••lner Is esti mated for both categories of radwaste using the follow
i ng eq liA tlon, 

Cont.1lner Activity (mCi) � (C.F.) (Average lleasured Dose Rate (mrem/h)) 

In which C.F. Is a con version factur �tlch depends on the container and 
whether the .1ct ivity In the wast(' Is no mal or MUP. Three types of con
t.,lners, each wlth its own C. F., <1ro> used at Hil-l for solid waste disposal. 
These .ue compacted 1nd non-ca:npacted 55-gal drums .1nd 98 ft3 LSA boxes. 

Volume reduction capability for solid radwaste at TMJ-2 consists of 'I 
30,000 psi compactor for 55-!\111 drums <IS ot the wrlling ' ' this report. A 
5-gph "vaporator Is ;wailable for liquid wastes but, as of this writing, has 
twver heen uscd.02) This small evaporAtor w.1s to be tested on chemicAl 
dccorrtamlnatlon liquids but there were no pl�ns to pla�e the evaporator in 
s�rvlce In the foreseeable future.• There Is no solidlflcatior facility at 
n!l-2. A f.1clllty for solidifyin g  wast<> In C<,ment Is avail�blc .1t TMl-1, but 
It ts n ot allc..,ed to be used for TMI-2 wastes. A 30-gph evaporator w.1s con
<idered for in;t<'llatlon In 1979, but has not been purchased. lnclneratlon 
w.1.s also ;t. considered option for volume rertuctlon, but an incinerator has not 
b�._,t::�n ,Htrc.hased. ( J 2, 2:.) 

Solid waste Is packaged In 55-ga l drums <'nd �8-cu. ft. L.s.A. boxes for 
storage, shipment, 3nd disposal. Compactible �·astes can be volume reduced by 
conpaction into 55-gal dn.�ms. As :t general rult:�. C\.n.paction of Wa$le ls per
Corned to the maximum extent possible. However , waste that would exceed the 
LSA classlflc<'llon under cunpactlon and waste whose activity is such that the 
c.:omp.1.ctor oper�1tors would receive too large a dose dfC not compacted. That 
waste sultahle for land burial is shipped to Hanford, Washington, commeric.1\ 
burial site for dlsposi'l (18) In placarded , exclusive use trucks. Shipments 
.1re now averaging ;tbout two per month•• a l though they were more freque nt 
when r.1dW.1Ste s'1ipments from nl!-2 started In November 1979. A fully loaded 
trailer holds 20 LSA boxes (1960 rt3 ) or appr oximatel y 150, 55-gal drums 
(\lOO ft3) or .1 mixtur(' of the t"O• Till shipment n umber Rs-82-028-II, 
Aprll 29, 1982, m.1y be representative vf typical radwaste shipments from 

--·--------- - - ---

•rersonat com;nunicat ton between 
at TMI , December 17, 1982. 

**Personal communica.t lon between 
TMl, September 8, 1982. 

o. Dougherty 

D. Doughert y 
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(BNL) and P. Carmel (Bechte l )  

(BNL) and T. Moslak (NRC) at 



TH1-2.* This shipment contained 6 LSA boxes and 68 d rums. Five of these 
d rums labelled "compacted t rash" would be Class 8 under 10 CFR Part 61 for the 
S r-90 content or the Sr-90 p lu s  Cs-137 content. 

Gros s decontamination of the 347-ft eleva tion was pe rformed with wa t e r  
spray and a mechanica l floor scrubbe r using a non-abrasive pad a n d  water. The 
contaminated wa t e r  is c leaned up using the SOS and Epicor-11 systems. The 
activity loading of the zeolites in the SDS from this cleanup is �ot known. 
The activity l oading of the Epicor-II resins i s  determined by monitoring 
activi t y  levels of the influent to tnd effluent from the Epicor-11 syst em. 
The loading i s  limited to <1 �Ci/g. The Hanford license** states that rPsins 
having activities less than 1 �Ci/��3 with half- lives great e r  than 5 years 
can be disposed of in the dewa tered condition. Since dewa t e red Epicor-11 
resin ha� an apparent densi t y  of approxima tely 0.7 g/cm3, the 1 �Ci/g load
ing a t  TH1 is below that a l l owed by Hanford ( i.e. , 1 �Ci/cm3 l 0.7 g/cm3-
1.4 �Ci/g). Hence , spent resins have been dewatered and shipped to Hanford 
for disposal. 

The Epicor-11 sys t em fo r poli shing the SDS effluent has three sections: 
the pre-fi l t e r  stage ( PF) , the first s t age (K fi l t e r) and the second stage ( 2K 
fil t e r). Through 1982 42-PFs , 8-K and 7-2K fil t e rs had been used.*** Of 
the�e totals 23-PFs, 5-Ks and 6-2Ks were stored a t  THI awaiting disposal. The 
PFs tere loaded to approximately 1 �Ci/g whil e the K and 2K fil t e rs were 
loaded to leRser a c ttvities. PFs are shipped in shielded casks for disposal , 
2K fil t e rs d o  not requi re shielding for shipment and K fil t e rs a re shielded or 
not on a c�se by case basis. Disposal cos t s  have led to s t udie3 of the cost 
effectiveness of continuing p r esent procedures. An a l t e rnative cur ren t l y  
beinjl consi<lered i s  to il\cr.,ase the activity loading on the Epicor-Il resins 
fo lluwed by solidification prior to disposal.**** 

By way of il lustration, the 10 CFR 61 c l a ssifications that F.picor-II 
ra<!wa s t e  wou ld have if loaded to l 11Ci/g with a ctivity of Norm.1l Unit-2 and 
HUP radiois� topic f ractional compositions are calcul ated. The fractional 
activities of f•-137 and Sr-90 in No rma l Unit-2 Radwaste are 0.471 and 0.023 4 ,  
respective l y  ih<! cumu laUve fraction unde r 1 0  CFR Part 6 1  from Table 2 of 
Appendix A, us::.g the gravimetric loading limit of l 1•Ci/g and the apparent 

*Copies of the shipping papers for this shipment were forwarded to BNL 
from a reque st for inforuation on a typical so lid waste shipment fo r 
commercial land burial. 

**The State of Washing ton,  Radioactive Materials l.lcense �N-1019 -2 , 
Amendment No. lS in accordance wi th renewal app licatl•>n dated October 28 , 
1981 , expi ration date November 30, 1985. 

***Personal communication between D. Dougherty (BNL) and T. Hos lak ( NRC) at 
TMl, Decembe r 17 , 1982. 

uuPersonal communication between D. Dougherty (BNL) and R. Hahn (GPU) at 
TMI, Apr!l 27 , 1983. 
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density of approximatel y 0.7 g/cm3 for dewatered E;>icor-II n'sin is 

o. !<) 1 
-·---�-- --- ---

) 1.0 �.Ci/crn 
0,0214 J ·- ---------- X 1 J•Ci/R x 0, 7 r./cm 

f), 04 "Ci 1 .·m J 
0.74 

Performing the same calculation using the HUP radwaste fractional cont<!nts for 
Sr-90 and Cs-137 lends to a value of 4.2. These numbers mean that if the 
radlonuclide fractional �omposltions in normal and MUP radwaste are carried 
through in the SDS effluent to the Epicor-ll system, then a l ;.Ci/g loading 
would be Class A for the normal Unit-2 radw�st<> radlonuclide composition and 
Class B for the HUP fractional distribution. ln actuality, any radionuclide 
composition effluent from the SDS has a larger strontium fraction than the 
influent. This is because cesium ls held up on the SDS demineralizer beds 
tJuch more than is strontium, as shown l,y the SDS d;na presentee! in Table l ancl 
Figure 3, R'!ference 11. Specifically, th" dccOI;tAmlnatlon f.1ctors listed in 
Table l, Reference 11, for processing the reactor building su�p water arc 
140,000 for Cs-137 and �90 for Sr-90. The ratio of Sr-90 to Cs-137 activities 
in the influent to and effluent from the SDS were 0.04 and 10.2, respectively. 
lt is therefore likely that all of the Epicor-11 resins loaded to even a 
modest fraction of 1 •Ci/g will be Class s. 

Gross decontamination of the 305-ft elQVation is being performed with 
water spray and a mechanic.•! floor scrubber, as was done on the 347-ft levo!l. 
Phosphoric acid solution (Turco 4512-A 10%) will also be used on parts of the 
305-ft level. The phosphoric add radwaste •olution is to be neutralized and 
combined with other liquid waste in the holding tAnk at THJ, 'iince Tifi-2 has 
n o  evaporation and solidification facilities for liquid wastes, they are 
stored. These stored liquid wastes may be solidified by vendors with mobile 
facilities called in for specific jobs. This was done once as part of a dem
onstration of the Dow solidification system but there are no specific plans 
for disposal of the stored liquid wastes as of this writing. 

Strippable co.1tings are heing used on some decontaminated sections of the 
305- and 347-ft elevAtions and the polar crane to provide a protective barrier 
against recontAmination. Except for the GDE te�ting, these coatings have not 
been used for decontamination on the upper part of the reactor building. 
These protectiv" 1.1yers of coating are scheduled to rC1llain in place until 
after the reactor head lift "hlch is planned for Spring, 1983. The activity 
that these coatings contAin will depend on both how much conta�lnation they 
remove from th<! gross d<!contamin.It<!d surfAce and how much they receive from 
contamination of the top surface. The classification of the protective coat
ing waste under 10 CFR Part 6 1  cannot be reasonably estimated until it Is 
peeled from the surfaces and as•ayed prior to disposal. 

Cleanup of the RCS water, Item 6 ,  is generating highly l oaded SDS zeolite 
and pre-filter radwaste. The pre-filters will also c ontain TRU activity from 
s uspended fu�l debris. These wastes will be taken by DOE. 
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Items, 7, 8, and 9 are interrelated to the extent that DOE will take the 
nuclear fuel end may take other TRU contaminated radwaste (in excess of the 
10 nCi/g limit of the Hanford commercial burial site). It is uncertain if DOE 
will accept wastes having TRU activities in excess of 10 nCi/g. It is also 
uncertain if the 10 CFR Part 61 TRU limit of 100 nCi/g (Table 1, Appendix A) 
will be applied- Since much of the core has been reduced to rubble, the 
amount of fuel particulate contamination in radwaste resulting from thebe 
cleanup activities may be large. Therefore, SDS pre-filters from these 
cleanup activ�ties may contain TRU contamination. The SDS zaolites from water 
cleanup in Items 7 ,  8, and 9 will be highly loadeo with fission products and 
DOE will take th�se. Epicor-II polishing resins are loaded so as not to ex
ceed 1 vCi/g in the dewatered form. This allows disposal of these wastes at 
the Hanford commercial dispos.l site without solidification. When 10 CFR Part 
61 takes effect, this resin waste will requirL solidificatton if loaded to 
near 1 vCi/g, as is the practice as of this writing. 

The decontamination procedures to be used in the hands on decontamina
tion of the TMI-2 reactor building have not been deterMined as of this writ
ing. Therefore, the waste streams that will be generated from this activity 
have not yet been defined. The Cross Decontamination has involved removing 
smearable contamination without significant surface penetr�tion. There is some 
evidence that paint removal by abrasion, grit blasting or similar methods may 
ultimately be needed for complete decontamination.(8,25) toss of coolant 
accident (LVCA) tests have shown that epoxy painted surfaces do not decontami
nate readily after a LOCA.(25) Results frou the CDE indicate that about 10% 
of the contamination remains in epoxy painted surfaces efter gross decontami
nation. The activity remaining in floor surfaces averaged approximately 
0.5 �Ci/cm2 for Cs isotopes after GDE.(8) 

There are no firm plans for the decontamination of the 282-ft elevation, 
Item 11, as of this writing. The wastes resulting from cleanup of this area 
of the reactor building are anticipated to contain very high levels of fission 
product activity and may contain significant TRU activity. 

Waste management at THI-2 is evolving as the waste streams from the vari
ous cleanup activities are proc�ssed. For wastes to be disposed of by commer
cial burial, e fforts have been made to limit activity to LSA limits. Wastes 
which do not meet the LSA criterion are stored at THI since, as of this 
writing, there are no procedures for packaging and shipping wastes which do 
not meet the LSA criteria.(26) These non-LSA wastes include some solid 
waste plus the chemical Hquid wast<'S in holding storage at nn-2. The 
llquids m.1y be solidified by contractors brought in for these speclflc jobs, 
but this hns not been planned as of this writing. 



3 . STiUPPABLE COATINGS - GENERAL 

1.1 lntroduotion 

Strippable coatings are film-forming cmpositions which are d p plled as 
liquids and which, after drying, .ore peeled from the surface. The great ad
vantage of strlppable coatings for radio� ctiv e decont11mination Is that only 
solid \Mste is produced. They have been found to be usefu�. for removing loose 
dehrls and s mcarable oontaminntion(9,l7-33) .1nd for signiflcantl" decrt!as-
lng th� level of partl�ulates in the al r.t9 ) The coatings ar� so useful 
.1s .1 barrier to protect cleaned s urfaces [rum recont<tminntion. Lf the protec-
tive lay er is contru•inated, it can be removed and replaced or, preferdbly , a 
< econd layer of coating can be appli� trapping the contamination betwen two 
layers of film before stripping. They l1ave a lso been used to immobilize loose 
coot· lnatlon on equipment to allow n·ovlng i t  without sr-'·1dlng contarnina
tlon., 30) Strlppable coatings are most effective on smo··� surfAces. 
Thicker applications, multiple appli<:ati.ons, one on top of the other, and/or 
reinforcem ent with a matrix, such as che esecloth, �3Y be required to s uccess
fully stri,> from porous, pitted or corroded surfaces. The coating may not ad
here to SOL!le s urfaces, s uch as Teflon, or to oily s urLH.:es. Dee:ontaminatlon 
factors (DF) of 10 arc routinely obtain"'! with one .1ppl!cation of strippable 
co:Iting, which comp.tres f<1vor.1bly "'llh IJF obtained using liquid decontamina
tion agcnts.(29) 

Chemically, s tripp.1blc coatings C<)nsist of a fill'l fanning .1gcnt, usually 
in colloidal suspension, In a solvent. Other chemicals are added to the mix
ture to improve tlu"' dccontaminatlo!l or phy sic<ll ch<:Hactcristlcs . Several 
striS�.1ble coatf.ng fo t-, u lations have heen d�s crlbNI in th<> lttt!rature. 
One< l uses polyvinyl alcohol as the filming .1gent. Another(28, 32) uses 
prevulcanizcd rubber latex. A fast drying c omposition(33) uses a solution 
of copolymers of polyvinyl chloride and vinyl acetate. Although the filming 
age nt alone is effective In removing loose c ontam l ttatl on, the addition of che
l.lting "f\ents such as >:!lT,\ and NT,\ can slg niHcantly Increase the decontru:tln;l
tlon efft>ctiveness of these formulatlons.(28,31,32) 

A typical formulation for poly vinyl alcohol based �.oati ngs(31) was 
given as follows: 2-10% po lyvinyl <tlcohol in water, 1% F.DTA, IS-2m; ethanol, 
0.02% sodium carbonate and 1-2% glycerine or ethylene glycol. This formula
tion consists of only 4-13� solids with the remainder being S<-lvent which 
evaporates to leave the rubbery strippable film. The ethanol (optional) is 
Included to aid the welting of the sur:ace. The sodium carbonate raises the 
pH .1nd helps fix ions such as strontium and barium in the set co:tting. Glyc
erin or ethy lene glycol acts as a plastlclser to keep the texture of set coat
Ing elastic and easily peelable from the surface. 

The prevulcanizcd rubber latex strippable coating<2",32) c omes in liq
uid form as an alk.1 l  1 stabilized emulsion with water. The formulation, ...tlich 
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i ncorporates an alka l i ne complexi ng de t e rgent ,  i s  cal led Detex ( fo r  D e t e rgent 
l a t ex ) .  F i ne pumice can be added t o  De t e x  t o  obtain the added bene f i t  of ab·· 
racion whe n  the coa t i ng i s  appl i ed w i t h  sc rubbi ng . 

A f a s t  d • y i ng p l a s t ic s t ri ppable coa t i ng of copolymeric polyvi nyl chlor
ide ( 83-85%) and vi nyl ace tate ( 1 5- 1 7 % )  i s  c la imed to f i lm on contact and to 
be removable af t e r  only 3 m i nu tes d ry i ng t ime . The rapid f i lm i ng a l lows this 
coa t i ng �o be s prayed onto ver t ical surfaces w i t hout runni ng .  Howev e r ,  vola
t il e  organic solve n t s  whid. al low tl-te rapid drying c11n cau se vent i l a t ion and 
f lammabi l i ty problems . 

The chara c t e r i s t i c s  that s t r ippabl� coa t i ngs produce only s o l i d  was t e  in 
rel a t iv e l y  sma l l  volumes and can be used for both decontam i na t ion and for pro
tect i ng c lean surfaces make them useful for radioact ive decontaminat ion . At 
least three v e ndors

* 
i n  the U n i t ed S t a t es of f e r  s t r ippable coat ings for this 

use .  

*
Impe r ial Prof e s s ional Coatings Incorpora t ed ,  New Orleans , LA ; Turco Prod
uc t s ,  Carson , CA ; RAD Service s ,  Incorpora t ed ,  P i t t sburgh, PA. 
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4 .  STRIPPABLE COATINGS AT 'llH -2 

4 . 1  I n t r�duction 

The str ippable con t irg being used I n  the c lo>anu p  of th<' D1I-2 reac t o r  • building is Imperial AJjffiA 1 146 Decon . ( Two st rippable coating 
fonnu L. tions -Imperial 1 146 and 1 148- we re tes t •'<� in the Gross Decontnmlnat lon 
�:xperiment but only the 1 146 coating was recomrr.ended for US<' because of prob
l et'ls encoun t e red I n  strippi ng t he 1 148 coating . )  Imper ial ,\J.ARA 1 146 Decon I s  
a wa te rborne , v.nyl c�oposition incorporat ing che lat ing agen t s . A technica l 
data shee t ,  pt•.t out by Imperial , o n  the prop e r t i�s of the 1 146 coating i s  re
prodcced in Appendix B .  The ident i t ies and qua n t i t ies o f  che l a t ing materials 
i n  1 146 a re conside red proprietary by Imperial . (34) According to the dat a  
sheet ,  the coating decontaminates a surface both physica l l y  and chemic a l l y ;  i t  
abso rbs and �heroic a l l y  binds heavy metal iso to��s wh ile  w e t  and , upon curing , 
me�h11nica l l y  locks t hese absorbed contaminAnts plus smearable and loose con
t 11111inalion into a po lyme r m a t rix . I t  is a l so clA imed t o  be use ful for pro
t e c ting c lean surfaces , for Inhibiting airborne contamination and for shield
ing agains t be ta emi t te rs .  ( A  typical 2 5-mil thickness of 1 146 coating wou ld 
provide e f fe c t iv e  shielding for low energy beta emit ters ,  up to  approximat e l y  
0 . 3  Mev . (3 S) Howev e r ,  t h i s  2 5-ml l  t hickness wou l d  be almost comp l e t e l y  In
e f fective for shielding the 2 . 2  MeV beta e l e c t ron from the Y-90 daugh t e r  of 
S r-90 . )  

Imperial 1 146 s t rippable coating was t e s t ed on the floor of 305- f t  
elevation of th<' TIII-2 reactor build ing a s  part o f  the Gross DecontamlnBt ion 
F.xperiment (GOE ) .  Th i s  surf ace( ! )  c oM i s ts M a concrete subR t rate finished • •  wi th K and L 7 1 07 epoxy primer and K and L 747 5  e poxy pain t .  ( A l l  c f  the 
conc rete surfaces in the reac t o r  bui l ding a re finished wi t h  K and L 7 1 07 a nd 
76 7 5  epoxy primer and pain t ;  refe rence 1 ,  Table 4 . 1 . )  For tes t !  �( 10) in 
� ;,� GllE , the 1 146 coat ing was appl ied to  an Approxima t e l y  SOQ-- f t'- A rea of 
the 305-f t .  eleva t ioil in the northwest quadrant north o f  the open sta l �wel l .  
This appl lca t ior fo l lowed low pressure wa ter f lushing of the areA to remove 
loose d ebris •• J water soluble contamin a t ion . A descript ion of this test  o f  
the 1 146 stt l ;•pA b le coa t i� includ i ng t he vo lume and an est ima t ion of the Ac
t ivi t y  o f  the radwaste produced is included in Refe rence 1 0 .  ( This in forma
t ivn is d e tail ed in s�ct ion 4.3 of this report along wi t h  other "xpe rimental 
resul ts on TMI st rippable coat ings from the GDE . )  

Tests were performed on Al.ARA 1 146 coating purchased fro"' ImperiAl Pro
fessional Coating s ,  I ncorpora ted , and on sampl<>s of ALARA l l46 from the GDE 
testing on the 305-f t .  e l evation f loor of tlw TIII- I I  reac tor bu ilding .  Cha r
a c t e c l z a t lon of ALARA 1 146 is based on test results fo r leachabi l i ty o f  C o ,  

* Imperial Professional CoA t ings , Incorpora t ed ,  P . O .  Box 297 7 ,  New Orleans , 
I.A , 7tH 8 9 .  

**Keeler �nd l."ng , Incorpora t e d ,  Watertown , CT . 
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S r ,  a nd Cs radi o nuc l i d es a nd cli<,la t i ng agents a nd o n  t. ests f o r  s tabi l i t y  to
ward i r�ad i a t i o n ,  b i o d egrad a t i o n ,  imm e r s i o n  a nd h ea t . Sc o p i ng t � s t  resu l t s  o n  
t h e  pu rch a s <'d ma t e r i a l  a re present<'<! i n  S ec t i o n  4 . 1  wh i l e  t es t  resu l t s  o n  t h e  
samples o f  t h e  ac tua l THI-I I c oa t i ng a r e  presented i n  Sec t i o n  4 . 2 .  

4 .  2 . 1  Sco.l'.!_ ne T es t s  

4 . 2 . 1 . 1  Sampl e P r epara t io n  

Sam p l es of ALARA 1 14 6  c oa t i ng w e r e  prepared accor� i n g  t o  d i rec t ions 
i n  t h e  t ech ni c a l  d a t a  sheet , Append i x  B .  Th e shelf l i f e  of l iqu i d  coat i ng m i x  
i s  4 months accordi ng t o  Append i x  8 .  T h e  l iquid c oa t i ng mix was u s ed w i t h i n  1 
month o f  i t s  a r rival i n  t.ccorda nc e  w i t h  v e ndor recommend a t i o ns . Th <!  l iqui<! 
ma t er i a l  was s t i r r ed befor� a nd d u r i ng appl i c a t i o n  and >Jas s p r ead evenly over 
a surfac e to c u r e  f o r  a t  l ea s t  2 days ( fu l l  c u r e) before s t r i p p i ng .  The 
c:oa t i ng was s p read w i t h  a groved T e f l o n  sheet I ns t ead of b e i nr, s pray ed o r  
a pp l i ed w i t h  a rol l er a s  i s  suggested i n  t h e  t ech ni c a l  d a t a  sheet . Sprayi np, 
a nd ro l li ny. were imprac t ic a l  o n  t h e  labora t o ry �ca l e o f  these t e s t s ,  and as 
l o ng a s  the c oc. t i ng is merely spr<'a d  a nd not m echa n i c a l l y  sc rubb ed , th<' method 
of a pp l i c a t i o n  shou l d  not ma t t e r .  The s u r fac es on wh i c h  t h e  c oa t i ng was . * s p read i nc lu d e<i Luc i t e  sheets a r.d  sma l l  pa i nt ed forms " f  r.onc r e c e a nd s t eel 
s i m i l a r  to t h e  epoxy pa i nt ed s u r fa c e s  i n  t h e  TH I -ll reac t o r  bu i ld i ng .  The 
s t ri pped c o a t i np, uh'<l i n  a l l  of t h <'  scopi ng t es t s  "'as 1 8  + 2 m i l s t h i c k .  For 
t h e  rad i o nuc l i d e  l ea c h  t es t !' , 40 mL of c oa t i ng m i x  was s piked w i t h  0 . 2  mL o f  
a n  a q u eous s o lu t i o n  c o n t a i ni ng 20 1• C i  C s - 1 3 7 , 40 1• C i  Sr-85 a nd  4 0  1• C i  Co-6C . 
S p i k ed  sam p l es f o r  l <'ach t es t i ng w<>re prepa red t h i s  w.•y r a t h e r  t h a n  by con
t ,.ni na t i nr, t h e  �ur fac es w i th t h e  5 p i k e ,  a l lowi nR i t  t o  d ry a nd t h e n  app l y i nr. 
t h <' c oa t i nr, i n  order t o  avoid contami M t l o n o f  t h e  pa i n t ed samp l es a nd t o  
p r <>pa r<' t h e  c o ntam i na t ed c oa r ·: ,.,,. such t h a t  t h l'  a c t i v i t y  wou l d  h e  h e l d  i n  t h <>  
c o a t i ng a s  f i rm l y  a s  ross i h l e .  Th i s  "au ld t h <' n  prov i d e rad i o nuc l i d e  l mc h  
d n t a  wh i c h  shou l d  b e  a m pa s u r e  o f  t h <'  b e s t  performa nc e ( I . e . ,  l ow<'s t l <'ach 
rat es) that c ou l d  b e  expec t ed of c oa t i ng u s <'d f o r  ac t u a l d PC o n t an i na t l o n .  
There wa s no <l e t ec t a b l e  a c t i v i t y  rema i n i ng o n  t h e  epoxy pa i n t <'d f o ms ,1 f t H  
t h e  c oa t i �  was s t r i pped i nd i c a t i ng t h a t  t h e  d i s t r i b u t i o n  c o ef f ic i ent h etween 
t h e  c oa t i ng a nd epoxy pa i n t ed s u rfac es is large a nd in favor of the c oa t l np, 
f o r  t h e  rad i o nuc l l d <'s a s  t es t ed .  The s p i k <>d c oa t i ng m i x  wa s s t i r r<'d f o r  f i v e  
m i nu t es before b e i nr, a ppl i ed t o  t h e Y a nd L epoxy pa l nt <>d s p ec l n ens for c u r e .  

Sc op l " r- t es t samp l e s  o f  AI.ARA 1 1 4 6  spik<'J w i th r.s- 1 37 , Sr-85 and 
Co-(.'"1 were pr<'pared as d e s c r i b ed I n  S<'C t i o n  4 . 2 . 1 . 1 .  Ha l f- I nc h square t es t  

s p ec l n ens - t h r<'e each f rom t h e  K a nd L pa i n t ed s t P e l  .1 nd pa l n t <'d c o nc r e t <'  

* Sp � l m cn f o rms f u r n i s h ed h y  t h e  K e <' l <' r  a nd Lonr Cnrporat i on ( K  and L )  
l nc lud<'d 2x4x l /4 - i n .  c a rhon s t eel c oupon• p r i M ed a nd pai n t ed \l i t h  654 � / 7 107 
epoxy primer a nd E - l - 7 4 7 5  epoxy enam<'l and 2x4x2- i n .  c o nc r r t <' b l oc k s  
f l n l shl'd wi t h  4 1 2 9  <>poxy c onc r.,t e c u r i n):! c oMpound , 6 5 4 1\ S  <'poxy su r fa c er 
a nd r - 1 - 7 4 7 5  <'pnxy enanrl . 
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forms - w e r e  c u t  f rom t h £>  s p i k ed c oa t i ng wh i c h  had b e en peel ed f rom t h e  
pa i nt <'d s u r fac ee . T h e s e  s p ec i mens wer£> t h £>n l £>a c h ed i n  3 2 . 3  m L  d £> i on i z ed 
wa t £>r f o r  a l <>a c h a nr volune t o  s p £>C i m e n  sur fac e a r ea ra t i o  o f  1 0 . 0  c n .  
Leacha n t s  were c ha nged a nd t h e  a c t i v i t y  rm.l l ni ng i n  £>ach o f  t h e  t es t  s p ec i 
me.,s wa s c ounted a t  I, 2 ,  3 ,  b ,  8 ,  9 ,  1 1 ,  1 5 ,  a nd 1 8  da ys . A GeL! d et ec to r  
wa s u s ed f o r  pamma c ou n t l ns .  Cou n t �  werl! i nt cp ra t ed over S o r  1 0  m i nu t l'-s ,  a 
d ec a y  c o r r ec t i o n  a p p l i ed f o r  Sr-RS , a nd th<> m £>a s u r ed ac t i v i t y  conpa red t o  t h H t  
i ni t i a l l y p resent i n  t h r  sampl e .  F i •u r e  4 . 1  shows a p l o t  o f  l ea c h ed a c t i v i t y  
a t  eac h  o f  t h e  poi nt s o f  "'e.1 s u r em ent s t a t ed .1bov e .  The ac t i v i t y  l ea c h ed was 
c a l c u 1 a t ecl a c c o rd i ng to Eq . ( 4 . 1 )  for ea c h  i sc t o p <' • 

Ac t i v i t y  Leached ( 7. )  � ( 4 .  1 )  

Co a nd C i a r c  t h e  i ni t i a l  ac t i vi t y  a nd the a c t i v i t y  a t  day I ,  r e s p £>C -
t l v £>! y ,  measur<'d I n  a t es t  s p ec i m e n .  T h e  s t a nd a rd d ev i a t i o n  o f  t h e  S r  measurc
mPnt s ( s i x t es t  s p ec l n e n s )  I s  i nd i c a t ed by t h e  error bar a t t a c h ed to each d a t £>  
poi nt . Th£> s t a nd a rd d ev i a t i o n  f o r t h £>  C o  a nd C s  d a t a  w e r e  a l l  l es s  t h a n  t h e  
�<i d t h  o f  t h £>  symb o l s  and a r c  not show n .  

" < 

0 
N 

0 
0 

• • 
• • 

' , 

I I 5 1 0  
T i m e  ( f! .'1 y S )  

• 

6 0  G o  
8 5  S r  

1 3  7C s 

• • 
• • 

. f 

• 

• 

F i gu r e  '" I P£>rc £>nt a c t i v i t y  l o s s  vs t i !'l e  f o r  l "' p £>r i a l  1 1 4 6  s t r l ppab l e  c oa t i ng 
l ea c h ed  I n  d d on l z ed wa t er .  
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The data i n  Figure 4. 1 i nd i c a t e  that Cs and Co le ached read i l y  from 
the coating upon con tact with wa t e r .  All of the Cs a c t i v i t y  leached from the 
coa ti ng wi thin four days w i t h  ove r 95% be ing released i n  the f i r s t  leach vol
ume . The behavior of Co pa r a l le led that of Cs except that the coa t i ng re
t a i ned about 4% of the ini t ia l  Co act ivi ty . The behav ior of S r  was more com
plex and •:aried considerably between t l' s t  spec imens , as indicated by the mag
n i tudes of the e r ror bars . About 5% of the S r  ac t iv i ty l eached imme d i a t e l y .  
However , the curve shows that a longEcr period o f  contact w i t h  wa t e r  wa s n eeded 
to release the major part of the Sr act ivi ty from t he coating . Abou t hal f  o f  
Sr a c t ivi ty was re leased read i l y  and then t h e  r a t e  of releas e  s lowed ma rked l y .  

The rad ionuc l ide leaching o f  the coa t i ng measures the combined result 
o f  at least two e f fe c t s :  ( i )  the ef fect of the che l a t ing ag�nts in the coating 
an d , ( ii)  the prope r t i e s  of the coa t i ng ma t e r i a l  i t self. Chelating agen t s  
t e nd  to so lubi l i z e  m e t a l  ions and wou ld be expe c t ed to enhance leachab i l i ty 
whereas radionuc l i de s more s t rongly bound to the coat in g  mi1 t e r i a l  leach less 
read i l y .  The rel a t ive q ua n t i ty of chela t ing agent to radionu, lide metal ion 
g�nerally i s  very l a rgE and not a l im i t ing fac tor . *  On e may s pe r.ula t e  from 
Figure �. 1 that the Cs and most of the Co may be held in the set coat ing in 
the chela ted form whereas most of the S r may be bound pre feren t i a l l y  to the 
coat ing . 

The AI.ARA 1 146 s trippable coat ing <.ontainn chela t l ng :�gents the 
iden t i �ies �nd quAn t i t ies of whtch a r e  consi dered confident i a l  by I mperia l. ** 
Accord i ng to the de f in i tion in 1 0  CFR P·. r t  6 1. 2 ,  "Che la t ing Age n t "  means 
amine polyca rboxy lic a c i d s  ( e . g . , EDTA , DTPA ) ,  hydroxy-ca rboxy lic ac ids , and 
po lyca rboxylic acids ( e. g. , d t ric acid , c� Hbol l c  acid , and glnci nic acid ) .  
10 CFR 20.3llb requires that radioact ive was t e  con taining more than 0. 1% by 
weight of chela ti113 agen t s  be id en tified on the shippinp. man � f e s t  and that 
the we ight percentage of che lates in this waste be e s t ima t e d . As p a r t  o f  an 
agreemen t ( 30 ) betwe e n  Imperial Profes sion Coa t ing Corporation and BN L ,  
Imper i:�l di sclosed the id e ntit i es and quan t ities o f  ch€lating agen ts in the 
ALARA 1 146 compos i tion to BNL. Bas ed on this information from Imperial , BNL 
pe r formed standard analyses for the chelating compounds in lea cha t� samples 
f rom le ach ing ALARA 1 1 46  coa t ing I n  de ion i zed wa t e r. The resul t s  from t hese 
t e s t s  on che lates leached from the coating were con s ist.-n t wi t h  the qu.1 n t  lt les 

* The qua n t i t ies , t "  gram a toms ( o r  mole s )  pe r ·�C i  of ac t iv i ty , of the 
radionuclide of concern a r e :  Cs-137 � 8. 4 x l 0- 1 , Sr-90 � S . l x l o-1 1 , 
Co-60 � l . Sx l o- 1 1 . Chelating age n t s  gene rally have molecu l a r  we igh t s  in 
the range of about one hundred to s eve ral hundred. Aosumin g ,  for purposes 
of cons e rvat ive calcu l a t ion , a mo lecula r  weight of 1000 and .1 co•1C. e a t r a t io n  
o f  0. 1 %  by weight res u l t s  in lxlo-6 moles o f  che lA te per gram o f  mater i a l .  
Therefo re , f o r  a n  act iv i ty l oad i ng  on the ord e r  of 1 l• C i /g i n  our hypo
thet ical example , there wou ld be more than 1 0 ,000 che late  molecules fo r 
e ach rad ionuc lide ion . 

**Pe r son al c om�onication between R. Taylor ( lmper lal) and R .  Ba r l e t t A  
(BNL) , June 7 ,  1982. 
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of chelates wh ich were i nd ic a t ed by Impe r i al to be present in the ALAR;. 1 1 46 
c�mpos i t ion . A s  'uch , t h e  concentrat ion o f  chela t i ng agents in t h e  c oa t i ng 
wa s tes d � e s  not req u i r e  iden t i f ic a t ion on the s h i p p i ng ma n i f e s t .  

Imme rsion tes t s  were conducted t o  de t e rm i ne changes wh ich m ight be ex
pec t ed wh<'n s t r i ppable coa t i ngs are contacted w i t h  f ive l iquids that a re be-
l i eved to bound the range of l iquid compos i t ions that may be found i n  shal-
low land buri a l  envi ronmen t . These i n c luded a comme r c i a l l y  prepared l i U i d  
s c i n t i l la t ion coun t ing ( LS C )  cockt a il , t o luene , xylene, de ionized wa t e t· ,  and 
de i o n i � e d  wa t e r  satur3 t ed w i th xylene and tolu�ne . The LSC cock ta i l  forms a 
two-phase suspension w i th wa t e r  so t h i s  m i x t u r e  was not tes ted . The res u l t s  
f o r  wa t e r  a n d  the water s a t u ra ted w i th toluene and xylene a r e  the more r e l e
vant to cond i t ions expected i n  a bur ial env i ronme n t . 

One-i nch squa re coa t i ng s pe c imens were we ighed and immersed i n  50 mL 
of the l i q u id s .  Four samples were exposed to each l iq u i d .  Weight ga i n  was 
measured as a fun c t ion of t ime 3t 1 ,  2 ,  6 ,  8 ,  9 ,  1 3 ,  1 7 , and 34 �ays of imme r
s ion . t.H a  were c a l c u l a t ed a s :  

Wi - Wo Weight Ga i n  (% ) = x 100 
wo 

( 4 . 2 )  

"here Wi i s  the weight of the satrple a t  t ime i and W0 i s the weight of the 
sample before imme rs ion . These d a t a  are shown i n  F i gures 4 . 2  and 4 . 3 .  

A f t e r  34 days o f  immers ion , the samples were reooved from t he l i q u id s  
t o  a i r  d r y  i n  the laboratory . Samples were we ighed a f t e r  1 ,  2 ,  3 ,  4 ,  a nd 7 
days and percent "e i ght changes c alcula ted w i t h  r e s pe c t  to the pre-immersion 
we igh t s .  These da t a  are shown i n  the plot s i n  Figures 4 . 4  and 4 . 5 .  ( The 
points a t  day •ero i n  F i gures 4 . 4  and 4 . 5  are the same as those at day 34 in 
Figures 4 . 2  and 4 . 3 ,  respe c t iv e ly . )  

Dimensions of the i n i t ia l l y  l - i n .  " l - i n .  s amples were measured f o l
lowing the immersion phase and aga i n  fol lowing the d ry ing ph.1se . The immer
s io n  l i q u i d �  were a l so evapo r a t ed and the resid aes weighed . These d a t a  a r e  
l i s t�d i n  Tabl<' 4 . 1  along w i t h  co.uputed v.1lues f o r  the volume g a i n  based o n  
the obs e rved weight g a i n  and t h e  dens i ty o f  the immers ion l iquid . 

These da t a  ind ic a t e  that AI.ARA 1 1 46 c o a t ing i s  af fected by exposure 
to water And the organic l iq u i J s  t e s �ed . The c oa t ing swe l l s  upon imm., r s i on 
and shr inks u po n  d r y i ng .  A p a r t  of the coat ing d i s so lves upon imme rs i o n ,  a s  
e v l d <'nced by the presence o f  a res idue upon eva;·ora t l on o f  the imme r s ion l iq
u i d . Fo r water and wa t e r  sat,nated w i t h  toluene and xylene , t he r e s i d ue is a 
d ry powd e r .  For toluene and xylene the res idue i s  a v i scous o i l .  I n  water 
a nd  t he water solu t ion s a t u r a t ed  "ith toluene a nd xy lene, the sum o f  the f inal 
weight ( it f t e r  d ry i ng )  and the res idue weight i s  less than the i n i t i a l  we i gh t , 
a s  shown in Table 4 . 1 ,  Wh e reas fo r toluene and xylene, t he f inal weight plus 
the r e s idue we i ght is grea t e r  than the i n i t i a l  we ight by approxima t e l y  10% , 
Th i s  may sugge s t  that toluene and xylene react w i th some cons t i tue n t  of the 
c oa t i ng .  
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4 . 2 . 1 . 5  Biodegradat i on Scoping Tes t s  

The biodegrrJabi l i ty o f  ALARA 1 1 46 s t r i p pable coa t ing was d e t e rm i ned 
two way s .  The rate o f  biodegrada t ion in soi ls from the Barnwel l ,  SC, and 
Hanf o rd , WA , shal low land burial s i tes was quan t i t a t iv e l y  monitoreJ by measur
ing the co2 produced f rom m i c robial respi ra t ion . H l c robtal co2 production 
in soU was monitored u s ing t he s pe c i a l  f lasks and procedure d�;sc ribed by 
Bartha and Prame r . ( 36 )  Biodegradation in sot l ( 37-41 ) I s  controlled by the 
inherent biodegradabi l i ty of the material p l u s  rel a t ed  s o i l  factors inc luding 
moi st u re a nd nutrient mineral content , temperature and mic robe types and 
pop ulat ion . In ad d i t io n  an evalua t ion of the abi l i ty o f  m i c robes to u t i l ize 
the coat ing as a food source was performed using the ASTH t e s t s  G2 1 ( Determin
i ng  Res is tance of Syn t he t ic Po lymeric Ma terials to Fungi ) and G22 (De t e rm i n i ng 
Re s i s tance of Pla s t ic s  to Bacteri a ) .  The Branch Technical Pos i t ion o n  Waste 
Form ( 2 D4 . 1 . 5/TCJ / l / 5 /83 , February 1 4 ,  1983 ) � pe c l. f ies the use of G2 1 and G 2 2  
for te s t ing res i s tance t o  biodegrada t ion of waste forms which f a l l under 1 0  
CFR Part 6 1  Class B o r  C .  I n  G2 l and G2 2 ,  a n  ideal envi roment of mo i s ture , 
t empera ture , and nut r i e n t  minera l s  i s  provided ; these tes t s mea sure the 
inherent biodegradabi l i ty ( i . e . ,  abi l i ty to be used as a food source) of a 
ma t e r i a l  to ihe m i c robes s pe c i f ied in the t e s t s .  

For biodegrada t i on o f  Imperia l 1 1 4 6  s t r i ppable coa t i ng i n  so i l ,  the 
1 1 4 6  coa t i ng was cut into s t rips approxima t e l y  1 / 2  x 2 i nche s .  F i f teen to 
twenty of these s t r i ps wi t h  a total weight of approxima t e l y  1 2  g were used for 
each sample . Each of t hese sampl e s  was m ixed i n  a s pe c i a l  f lask wi th 1 00 g 
mo i s t  s o i l  ( the moi s t u re content was ad justed un t i l  the so i l  was wet but s t i l l  
porous and not muddy) from e i ther the Ba rnwe l l  o r  Hanford shal l ow land burial 
s i te . Two sampl e-i n-so i l  tests were run for both of the burial s i t e  soils to 
provide an est ima t ion of t he reproduc i bi l i ty of the resul t s .  One sample plus 
1 5  mL wa t e r  was loaded intu a f lask without soil and two more f lasks conta in
i ng 100 g of the moi s t  so i l  f rom t he Barnwe l l  and Hanford s i t es were used as 
contro l s .  The d i f fe rence between the co2 produced i n  the f lasks containing 
soil p_lus sample and the control cont a i n i ng soil only i nd i ca t ed s ample b!odeg
<adat lon (more CO� from sampl e  f lasks ) ,  inertness ( no d i f ference in C02 
produc t ion) or toxici ty ( dec reased C02 produc t ion) . A s t and a rd potass ium 
hydroxide ( KOH) solution, 0 . 100 H, was used to absorb any co2 produced in a 
f la sk .  When the KOH solut ion absorbed C02 , less acid was req ui red for 
t i t ra t ion of the solution t o  the phenolphtha l e i n  Indicator end point . To 
obt a i n  the amount of C02 genera t ed , t he KOH solut ion was removed f roo t he 
f lasks and t i t rated w l . n  0 . 0500 H HC l solut ion . The amount of acid needed t o  
t i trate the rema ining KOH i s  rel a t ed  to the COz abso rbed by 

C0 2 (mg) � ( B-V )NE 

where B • m.L IIC l to t i t ra t e  the so il cont ro l ,  V � mL HCl to t i t ra t e  the sample 
In the soi l ,  N � norma l i t y  of the HCl and E • 22 ( the equ ivalent weight of 
C02 ) .  The t ime i n t e rval be t\ie en t i tra t ions is d e t e rm i n ed  by the rate of 
C02 ge nera t ion so as to not expend more than 2 / 3  of the KOH in absorbing 
Co2 • 
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l' <· o; u l t s  f r om t h e  h t o d c-y. rada t t on s  I n  R a r nwe l l  s o i l ,  r. l a nd R2 , a nd I n  
!Ia n f o rd so i l ,  Il l a nd 1! 2 ,  a r e  shown I n  t' i gu r e  4 . 6  a nd l t s t <>d I n  Tab l e 4 . 2 .  
F l � u r e  4 . b  s hows t h e t o t a l  q u a n t  t t y  o f  C02 r e n<>ra t ed b y  eac h  o f  t h <'  fou r 
sac>p l <•s 1 d t h  t i ne .  Tab l e 4 . 2 l i s t s  d a t a  f o r  c•ac h  l nc l ud l nf! t h e  q u a n t i t y  o f  
C02 i'<• n Ha t <·d a nd s am p l e w c l r, h t s  b ,· f o re a nd a f t Pr t h <>  2 2 0  d a y �  o f  b l od e� ra -
d a t  i o n .  Tl><• amount o f  b t od <'p. ra da t l o n  t h a t  h a s  or r u r rd I s  <' S t l ma t ed f roM 
t h <' S <' rla t a .  C a r b o n  d i ox i d e g e nera t i o n  monl t o r<'d a f t er t h e  sampl es 1 • e r e  re
movr·d f r o:n t h <• s o i l s  i nd i c a t ed t h a t  n l c roh l a l  a c t i v i t y  c o nt i nu ed at a l ev e l  
s i v n ! f i c a nt l v  il b O V <'  t ha t  i n  t h e  s o i l  c o n t ro l s  h u t  �<a s d N' r ea s i nl! s t ea d i l y  w i t h  
t f r:w . 

fJ B 1 

0 B 2  

+ H 1  .·· 
.. 1\ 1 1 2  .. 

.. 

. · ' ,  

.· 

.· 
-· 

.. . · . 

. · 

. . . "< ' L' 
i . ! � . ' 

Fir,t 1re 4 . 6  B i od eg rada t l vc C0 2 gas <'Vo l u t i o n f rom s c o p i ng t es t s o n  
I m p e r i a l  1 1 4 6  c- oa t l np, I n  Br r nwc l l  a nd Ha nford soi l s .  
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Sample 

B l  
82 
Hl 
H2 

Cont rol 

Table 4 . 2  

Scop i ng T�s t Res u l t s  on the Biodegrad a t ion of 
ALARA 1 1 46 S t ri ppable Coa t i ng in Soi l s  From 

the Barnwe l l ,  S C ,  and Hanf o rd ,  � .  Shal low Land Burial S i te� 

lni t ial F i nal Bioge n ic a l l y  Carbon Lost a 

Weight We ight Genera t e d  x c" wo - wf 
wo ( g) we (g) 002 (mg ) % c o.6 Wo 

1 2 . 1 1  1 1 . 2 5  87 5 .  5 3 . 7 7  6 . 28 7. I 0 
1 1 . 97 1 1 .05 961 . 0  4 . 19 6 . 98 7 . 69 
1 1 . 2 4  1 0 . 3 1 1094 . 5  5 . 08 8 . 4 7  8 . 27 
1 1 . 24 1 0 . 48 1 189 . 5  5 . 52 9 . 20 6 .  7 6  
1 1 . 7 4  1 2 . 18 nil -3 . 1  sd 

)( l ODe 

--------- --------- ----
aFrom t he bioge n ic a l ly generated 002 da t a  a•� the measured 52 . 3% C content 

of the coa t i ng used in thPse t e s t s .  
br h i s  i s  the est ima ted u ppe r  li m i t  o f  biodegra<l a t i.,n ba s ed o n  this C02 

gene rat ion data and publi shed observa t i ons , RL f � renceH 39 and 40 , that as 
l i t tl e  as 60% of the ava i l able carbon may be evolved a s  co2 du r i ng  
biodegrada t ion. 

CPercent biodegrad a t ion f r om  t he i n i t ial and f i nal weight fo l l owing 220 days 
of biodegradation in s o i l  a t  20-24oc .  

dThe sample d id not d e t ec t ab l y  b iodegrade i n  the absence of so i l . The weight 
l nc rease should not be due to retained wa t e r  since a l l  samples were d r ied both 

. , f o re a nd a f t e r  the tes t s  i n  the saoe euv i ronment . 

Carbon dioxide moni to� ing prov i d e s  a lowe r lim i t  to the amount of 
biodegrad a t ion that has occurr�d. This is so for two reasons. F i rs t , a s  
l i t t l e  a s  60% o f  t h e  biodegradable carbon i n  a subs t r a t e  may be evolved a s  
co2 ; ( 39 ,40) t h e  rema i n d e r  i s  incorporated i n t o  add i t ional m i c robe mass o r  
excreted as metab o l i c  w a s t e  other than CO z .  Second , o n l y  c a rbon met abol i sm 
i s  measured by t h i s  t���n i q ue ;  thu s ,  ne i t he r  the me tabol ism of hydrogen and 
oxygen to produce wa t e r  nor other transformat ions ( e . g . , s u l f a t e  o r  n i t ra t e  
me tabol i sm) which may occur in the subst rate a r e  accounted f o r  i n  t h i s  met hod . 
Howeve r ,  C02 mon i t o r i ng does prov ide a quant i t a t ive measure of b i odegrada
t ion and a l lows measurement of changes in the rate of biodegrada t ion w i t h  
t it!!e . 

Compa r i so n  of i n i t ial and f i nal sample w e ig h t s  sho u l d  be a d i rect 
measure of the amount of biodegradation that has occurreJ. D i f f i c u l t ies in 
sep a r a t i ng t ightly bonded s o i l  f rom t he coa t i ng ,  the loss of v e ry sma l l  
amounts o f  coa t i ng w i t h  the s o i l  removed from the coa t i ng surface and contri
butions from mic robe cass r e t a i ned on the coa t ing c om p l i ca ted t he i n t e rp r e
t a t ion of t h i s  data . The weight added by reta ined s o i l  and mic robe mass is 
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o f f s et t o  sorne d cr, r e c  by c oa t i 1 1g r <'l11oveu wi t h  s o i l .  A g r ea t e r quant i t y  o f  
s o i l w a s  i nc o rpo ra t ed I nt o  t h e  c oa t i ng than c oa t i nr wa s sc ra t, ed o f f  wi t h  t h e  
so i l  ( w i t h  t h e  probab l e  exc ep t i o n  o f  8 2  wh ic h I s  t h e  o n l y  sampl e for w h i c h  t h e  
b i o d ep,rad a t i o n  n: ea s u r ed b y  w e i r.h t c h a ng e  d i d  no t l i e  wi t h i n t h e  ra ng e o f  p rob
ab l e  b i o d pg rada t f o n  a s  d e t e rm i ned b y c a rbo n d i ox i d e moni t or i ng ) . These fac t 
ors r o ns l d e r P<I t og e t h e r  l ed u s  t o  c o n.- J ud e  t h a t  t h e  f i na l  wcirh t s  o f  t h e  sam
p l es i n  s o i l  ( I . e . ,  B l , B2 , HI a nd 11 2 )  �:�ay b !' ea c h s l l r.ht l y  h i g h ,  p erha p s by 

a s  nuc h <l S ,  b u t  c er t a i n l y  not more t ha n ,  a f f'\..' t en t h s  o f  a r- r a n .  

T h e r e  a t <• s ev e r a l  pr01:1 ! nent f ed t u res i n  F i gu r e  4 . (> .  Two o f  t h es e f ea 
t u r e s , t l1 e  1 0-da y  i n i t i � l  p a r t  o f  t h e c u rves w i t h  v e ry l o w  rat es o f  C02 � en
c ra t i o n  a nd t h e  " k i nks " i n  t h e  c u rvt's f rom day 8 4  t o  a p p ro x i ma t e l y  day 9 4 ,  re
su l t ed f r om u np l a .lned oc c u r renc es d u r l "g t h e  t es t s .  The i ni t i a l r eg i on o f 
eac h  of t h e  c u rves i s  c h a ra c t er i z ed hy a l ow ra t e  o f  COz evo l u t i on f o l l owed 
by t h e  o ns e t , a t  d a y  1 0 ,  of nuch h i gu e r  ra t es of b i od eg ra da t i o n .  Th i s  was 
probab l y  c a u s ed b y  c o l d  t emp .. r a t u res ( 4 5 - 5 7°F d a y t l n e ,  c o l d er at n i g h t ) d u e  
t o  fa i l u r e  o f  a s t eam va l ve wh ich supp l i ed h ea t  t o  t h e  l a b .  From d a y  1 0  o n ,  
l ab t C!Tip e ra t u r e  wa s ma i nt a i ned b e tween 6 R  a nd 7 4 or .  The r cp, i o n  o f  reduc ed 
C02 evo l ut i o n ,  wh i c h  I s  e s p ec i a l l y  not i c eab l e  i n  sam p l es � I  a nd 1! 1 ,  f rom d a y  
84 t o  a b ou t  day Y4 wa s c a u s ed b y  a n  a c c i d ent o n  d a y  8 4  I n  wh i c h  s o m e  a l ka l i ne 
s o l u t i o n  wa s s p i l l ed i n t o  some o r  a l l  o f  t h e  samp l es .  The m i c robes recov erPd 
f rom t h i s t rauma a nd t h e  ra t es of C02 r,enera t l o n  ret u r ned t o  p r e-acc i d ent 
l evel s w i t h i n  1 0 da ys . 

A d i f f e r e nc e i n  t h e  wa y t h e  c oa t l np samp l es were m i x ed wi t h  t h e  s o i l s  i s  
probab l y  t h e  c a u s e  o f  r e l a t i v e  d i f f e r e nc e i n  t h e  B l , B2 a nd Il l ,  11 2 c u rves . 
Sam p l e B l  wa s  l'l l xed wi t h  s o i l  such t ha t  I t had a p p rox i ma t e l y 50% mo r e s u r f a c e  
a r ea i n  d i rec t s o i l  c o ntac t .  S p ec i f i c a l l y ,  t h e r e  was l e3 s o v e r l a p p i n:.l o f  
c oa t i ng s t r i p F  i n  n l  t ha n  i n  R 2 , H l ,  a nd H 2 . B l  I ni t i a l l y  'l l od eg ra d es s i r.
n i f i c a nt l y  f a s t e r  tha n B2 wherea s ,  t h e  ra t es f o r  Ill a nd H2 w er l' v<>ry s i �:� i l a r  
t o  <>ach o t h e r . I t  appears t h a t  b i od eg ra d a t i o n o f  t h i s  !'la t e r l n l  proc eeds 
fa s t e r i n  H a n f o rd s o i l ,  a l l  o t he r t h l n!< S  b e i ng equa l .  The ra t <>s of C02 g e n
era t i o n  f rom a l l  four s a rn p l  's a r e  e s s ent i a l l y .  <'q ua � f rom about da y flO t o  1 20 ,  
at wh i c h  po i nt t h e  ra t <' o f  C02 genera t i o n i n  Bl s l ows s l p, n i f i c a n t l j . The 
r <•a s on f o r  t h i s  s l ow i ng I s  not c l ea r .  I t  shou l d  not have h ee n  c au s ed by t h e  
a c c i d en t  a t  d a y  8 4  s i nc e t h <>r e  was a c o!P p l et e recovery i n  C0 2 p,enera t i o n  a nd 
no s i m i l a r  s l ow i n?. oc c u rred i n  Il l which was a l s o  s ev er<>l y a f f ec t ed by t h e  
a c c i d e n t . A l t hough C02 genera t i o n  f rom a l l  o f  t h e  s am p l e s  wa s g radua l l y  
s l ow i ng ,  t h i s  ef f ec t  i n  B l  was muc h more p ronou nc ed . 

Th e sam p l ec were f<'l'loved f ran t h e  so i l s  o n  d a y  2 20 o f  t h e  exper i me n t . 
C02 produc t i o n  f r om t h e s e  s o i l s  m i nus s a m p l es d ec r ea s ed s i g ni f i c a n t l y  h u t  
d i d  not r e t u r n  t o  back grou nd . Th i s  may h e  d u e  t o  t h e  sma l l  quant i t i es o f  
c oa t l np a d h e r l np, t o  t h e  so l i  i n  d i rec t c o ntac t wi t h  t h e  sam p l es a n<i pos s i b l y  
due t o  a so l u b l e  f rac t i o n  o f  t h e  c o a t l np: ,  a s  I s  I nd i c a t ed b y  t h e  immers i o n  
t es t i ng ( S ec t i o n  4 . 1 . 4 ) ,  r ema l nl fll! w i t h  t h e  s o l i .  The ra t e  o f  C02 � e n era
t i o n  I n  t h e  s o i l s  a f t e r sam p l e r <'mova l g radua l l y  d ec r ea s ed toward b a c kg round 
wi t h  t i m e .  
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The ASTH t es t a  G2 1 a nd  G22 were run on coa t i ng  s amples approxima tely 
1 x 1 in.  in s i z e . G 2 1  ( f ungi ) showed no growt h ,  i . e . , a growth ra t i ng of 
zero on a sca l e  of 0-4 in the tes t .  G22 ( ba c t e r i a) was po s i tive for bacterial 
growth on the coat i ng spec imen . (There i s  no quan t ia t ive scale in G 2 2 ,  
resu l t s  a re reported a s  growth o r  as no growt h . ) 

4 . 2 . 1 . 6 Rad i a t ion Tes t i ng 

The stabi l i ty o f  ALARA 1 1 46 s t r ippable coat ing to ioniz i ng rad ia t ion 
was tes ted u s i ng coating specimens sealed into Pyrex tubes both in an a i r  
atmosphere and und e r  vacuum. Gamma i rrad i a t io n  was c a rried out in the Co-60 
i r radiat ion fac i l i t y  at BNL · Data inc luded pre ss ure measurements for the 
tubes bot h be f o re and a f t e r  i r rad i a t ion and mass s pe c t roscopic anal y s i s  of the 
gas in the tubes a f t e r  i rrad i a t i on .  The c o a t i ng generated ga s when exposed t o  
ioniz ing rad i a t io n ,  a s  wa s expect ed ,  s ince chem i ca l l y ,  i t  is an organic sub
s t ra t e , ( 4 2 , 43 ) I t  also was changed phy s i c a l l y  by the i r radiat ion , becoming 
much s t if f e r  and s t rong e r  w i t h  increas ing dos e .  This change cou l d  a l s o  be an
t i c ipated s ince the polyme ric coa t i ng would be expected to c ross- l ink upon ex
posure to ion i z i ng rad i a t ion . ( 43 , 4 3 ) 

The measured da ta from t he sealed tube i r rad i a t ions in a i r  and vacuum 
are shown in Figure 4 . 7 .  Three experimen t a l  conf ig••ra tions , as d i f ferent iated 
by the symbols , were used in the 20 cm3 sealed tube s :  squares - 0 . 5-g coat
i ng in a i r ;  t riangles - 5 . 0  g coating in a i r ,  and c i rc les - 5 . 0- g  coa t ing in 
vacuum. The ve rtical ba rs through the cen t e r  of each symbol represent the 
s t andard deviat ion of the four measurements at each data po i n t . The 0 . 5-g 
sample i r r ad i a t ions were performed f i rs t  to guide the select i<>n of po i n t s  for 
further s t ud y .  A prel iminary gas analys i s  indicated that the nega t ive slope 
o f  the l i ne de f i ned by the square da ta po i n t s  up to abou t 1 08 rad wa s caused 
by oxygen deplet ion . A t  doses grea t e r  than 108 rad , rad iolytic ga s genera
t ion became dominant . The line de f ined by the square da t a  po i n t s  at 5 x 
108 rad and 1 x to9 rad indicate a G value for gas generation of 1 .  3 . 

The quant i t y  o f  gas gene u t ed pe r gram of coat ing was l e s s  i n  the 
sealed tubes contain ing 5 . 0  g of coat ing t han in the prellminary tes t s  " s i ng 
0 . 5  g coat ing . This i s  probably due to the higher pressure s ,  as l i s ted i n  
Table 4 . 3 ,  produced i n  tubes wi th the la rge r amoun t o f  coat ing . The higher 
pressures would increase the extent o f  back rea c t ion ( i . e . ,  the c oa t i ng would 
react w i t h  the rad i olys i s  gas and red uce the net amount of g a s  produced ) and a 
lower apparent G value . The pressure in the tubes containing 0 . 5  g o f  sample 
i r rad i a t ed  to 1 x 109 rad was slightly less than 2 a t m .  

Table 4 . 3 l i s t s  the gas genera t ion da t a  fo� doses o f  1 08 rad and 
greate r ,  for the poi n t s  indicated by c i rc l e s  and t r i angles i n  Figure 4 . 8 , 
i . e . ,  f o r  the 5 . 0-g s amples i rrad i a t ed  i n  a i r  and unde r vacuum. The pressure 
in these tubes at the end of the i r radiat ion i s  also l i s t ed .  Fo r reference , 
the compos i t ion of d ry normal a i r  a t  sea leve l and a gas ana l y s i s  fo r an un i r
rad iated 5 . 0  g sample sealed from a i r  a re a l so l i s t e d .  The sensi t iv i t y  o f  the 
gas anal y s i s  i� in the range of 0 . 05% by v olume fo r de tect ion . The data show 
that oxygen is scavenged from a i r  over the samples and that hydrogen is the 
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primary r ad i olys i s  product be i ng genera t ed . Carbon d i oxide , hydrocar�ons in
c l uding methane , e thane , propane , butane plus o t h e r s  and a small amount o f  
c a rbon monoxide account fo r the rema i nd e r  of the g a s  produced by r ad i o ly s i s  o f  
t h e  coa t i ng .  Rad i o l y t i c  ga s generation causes a l so the coat ing t o  b l i s t e r ,  aa 
s oown in Figure 4 . 8  f o r  a piece of c oat ing i r rad i a ted to 1 x 1 09 rad . 

The gas anal y s i s  of tl.e sample which was sealed i n  a tube bu t  not 
i r radia ted wc s surpri sing - the coat ing appears to sc avenge oxygen and l i ber
a t e  ca r bon di oxide , carbon monoxid e ,  a nd a sma l l  amount of hydrogen spont an
eously a t  room temperat·.re . The unirradiated sample remained sealed for 7 
weeks pr i o r  to anal ys i s .  I t  seems un l ike l y  that bioJPgrada t ion c ou l d  be re
s pons i b l e  f o r  the oxygen uptake and COz generation in the sealed tube based 
on the COz hlo n i t o r i ng resul t s  of Sect ion 4 . 1 . 5  on the mois tened coa t ing not 
i n  so i l .  Also , there was no moi s t ure i n  the sea led tube to support biodegra
d a t io n ,  and carbon monox id e ,  wh i c h  was produced in the sealed tube , i s  a prod
uc t of decompo s i t ion , �ot biodegradation.  

Figure 4 .  7 

- - -- - - - - . .  ---�-- - - - - - - -- ---

j .. i .  , . ,  
: r  r . - ' •  d r , ' , ( r . • · l · ) 

Plot of gas genera t ion vs Co-60 g.:tmma dose fo r ALARA 1 1 4 6  s t r ir 
pable coa t i ng .  Three sample conf igura t i ons were used i n  2 0  em 
sealed tubes : squa res - 0 . 5-g coa t i ng i n  a i r ;  t r lange s - 5 . 0-g 
coa t i ng i n  a i r  and ; c i rc l es - 5 . 0-g coa t i ng ! ·1 vacuum. 
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Table! 4 . )  
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7 8 . 1 20.9 0 . 9) o. ol' 
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.a n v  ... gr.uu ot "l.AKA 1 1 46 coating were i rradiated in aealed tubea vlth a total volUIIe of 20 c::. 3 .  The plenu• vol\18te te l6 c:a3 "'-••d 
..Ja th..- 1 . 2  .. g/c111.3 den. tty of the coatln& u can be detet"'S!nad fra�. apecl f tcat1?na ln the A.l..ARA 1 1 4(, Technlc.al Data abeet, Appt:ad.h 1. 

:.· • •  :-:::.t l  • 1 r  .. t •ea l�vel exe:lu1lve! of v a t e r  vapor. 
::,..:..,  f r -.c  ,. a.tll?lt' tube that vaa not lrradlat«< . I t  vaa aealed at the aame tilte •• the tubea £or 1rrad1at1oo and the Nd vaa brolrAD 

: J �  •n.aly�1• 7 v�e�a l � t e r ,  when all of the analyaea w�re perfo r-ed • 
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F igure 4 . 8  Ef fect of rad i olys i s  on ALARA 1 1 4 &  coa t i ng ( lef t) vs 
un i rrad i a t ed s pec imen ( right ) .  

The thermal res i stance of ALARA 1 1 46  s t r ippable coa t i ng has been 
tes ted according to ASTH E84- 7 7  (Surface Burn i ng Charac t e r i s t i c s  of Bui ld i ng 
Ma t e r i a l s) . (44 ) Th i s  test  was pe rfo rmed to document the compl iance of the 
1 146 cva t ing to NRC Dra f t  Regula tory Guide 1 . 120,  " F i re Protection Guidel i nes 
for Nuc lear Power Plants" (Rev i s ion 1 ,  Novembe r 1 9 7 7 ) .  ASTH E-84 compares the 
burning charac ter i s t ic s  of a t e s t  material to those of a sbes tos cement board , 
which i s  nonf lammable , a nd to  red oak wood panel i ng .  Tes t  result s  a re s t a ted 
nume r ic a l l y  on a scale of 0-100 i n  which the a sbestos cement board res u l t s  
def i ne ze ro and t r e  red oak wood panel i ng results d e f ine 1 00 on t h e  scale . A 
20-25 m i l  t h ickness of the 1 14& coat ing had a f lame s p read rat ing of 20 and a 
3Q-3 5 m i l  thickness was rated at  40.  The NRC Draf t Regula tory Guide 1 . 1 20 
l im i t s  the flame spread behavi or t o  a value o f  50 for use in  nuc lear plan t s . 

To determine the e f fe c t  of heat on the coa ting , without burning , 1 x 
1 i n .  p ieces of coa t i ng were sea l ed into  g la s s  tubes a t  a tmospheric pressure 
and then hea ted for 24 h at  5 0 , 100 and 2oooc .  there were n o  visible c h  .. nges 
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i n  the coa t ing eaaples heated to 50 a nd  lOOOC whereae the zoooc sample 
became darker in colo r .  Table 4 . 4  liate the re&ults of gaa analyses on the 
a tmos phere• in the tubes . The final pres eure in al l of the tubes was reduced 
to a sma l l  fraction of the i n i t i a l  pressure of approximately 0 . 9  atm, which i s  
normal f o r  this proced ure. * The disappearance o f  �oat of the oxygen from 
the a i r  over the saaplee provides addit ional evidence that the 1146 coating 
scavenges oxygen from a i r .  Speci fical l y ,  i t  was previously observed ( c . f ,  
line 2 ,  Table 4 . 3) that oxygen was d isappearing from the a i r  over a piece of 
1 146 coating in a sealed tube at room t emperature . Ra i s ing the temperatur e ,  
a s  has been done in the thermal test s ,  would be expected t o  increase the rate 
of reac t ion. Likewi se , the generation of carbon dioxide , hydroge n ,  a nd carbon 
monoxide was ant i � i pated plus some pyroly s i s  a t  higher temperatures to produce 
various organic decom po s i t ion produc t s .  The absence of the n i t rogen and 
argon, as indicated by the low final pressure , as well as the gas analysis was 
surpri sing s i nce these gases are inert unde r the thermal t e s t ing cond i t ions 
used ( a rgon is chemic ally inert under all cond i t ions ) .  A possible explanation 
may be that some of the oTganics generated by thermal decompo s i t ion have sig
n i f icant vapor pressure at elevated temperatures but not at room temperature 
coupled with a leakage of gas from the tube a t  eleva ted temperatures and high 
internal pressure s .  One could then also expect condensate in the sealed tube 
a f t e r  cooling . Although non� was obs e rved , no effort was made to de termine 
the possible presence of condensate a t  the t ime of the experiment and a 
colorle s s ,  t ransparent film could have escaped obs e rv a t ion. The explanation 
for the low final pressures in the tubes following the thermal tests is based 
only on specula t ion and these res ults should remain suspect un t i l  
independently ve rif ied b y  addit ional experiment s .  

*The heat from seal ing the break-seal tubes used in these procPdure s ,  a s  
wel l  a s  i n  the irrad i a t ion tes t s ,  normally reduces the pr es sure i n  the sealed 
tubes to approxima tely 90% of ambient pressure . 
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Tab l e  4 . 4 

Gas Ana l y s i s F r�m t h e Ther�a l Tes t i n? , ,  
AIARA 1 1 4f>  St ri ppab l e  Coa t l nga 

� - � - - - - - - - - - - --- - - - - - - - - - - - - - - -- -- -- -- - - · -- - - - - -- ----- -- - - - - ------

T e s t  f i na l  Gas ( X  by V o l um e )  
T ('rl p t· r a t  u r t.: 

( "C )  
P r f· s s u r .:  

- - ·-- ----- - - --------·- - - ------------------ - - -,.-- -

( a t m )  � 2 02 COz 1170 ll 2 CO l!yd roc a rbonsb Tot a l  

5 0  0 . 0 1  - - - - - - - - - - - - - - - - - - - - - no t m �a s u r�d - - - - - - - -- - - - - - - - - -
1 (\(1 0 . 0 1  37 . 3  1 . 4  L l . 7 36 . h  0 . 9  2 . o  99 . 9  
2 00 0 . 07 I ! .  3 0 .  5 7 4 . 5  h . 9  4 . 3  2 . e 1 00 . 3  

"Tes t s '-'<' «' pe rfo rr.1 cd o n  I x I l n .  p i ec es of c oa t i rlj! weiphi ng --{) . )  P, 
wh i c l1 w e r e  s ea l ed I nt o  20 C M )  g l a s s  t ub es a t  a t m o s ph e r i c  p r es s u re a nd 
h ea t ed t o  t h e  i nd i c a t ed t roperatt.. r c  f o r  2 4  h .  

bTI1 e hydroca rbons d c t ec t c·d i nc l uded ll' e t h a n e p l u s  h i � h e r  a l ka ne s  a nd 
h � n z e n u .  A l c ol1o l s  w e r �  a l so d e t ec t ed . 

- - - .. - - · ·- - - - -· - - - -- ------- - - · · - .... - - - - - - - - - - - -- - - - - - -- -- - ----- - ----- -- --- - - - -- - - - ---- ---

The res u l t s  of the scop l ng t e s t s  on ALARA 1 1 46 s t r i ppable c oa t ing , a s  
presented i n  Se c t ions 4 . 1 . 2  t h r ough 4 . 1 . 7 ,  a re summ a r i z ed below . 

e Rad i on uc l ' de leach t e s t ing in d e i o n i z e d  wa t e r  showed t h a t  Cs 
leaches read i l y and c om p l e t e l y  f r om  t he c oa t i ng ;  C o  leaches 
read i l y exc e p t  f o r  a sma l l  amount t e t a i ned by the coa t i n g  wh i l e  Sr 
leaches f r om the c oa t i ng much more s l ow l y  and w i th la rge va r i a
t i ons i �  leach ra t e  between d i f f e re n t  c0a t ing pieces . 

• Che l a t e  leach t e s t i ng indicated t h a t  t he che l a t i ng age n t s  con
t a i ned in t he 1 146  c oa t ing leach i n  de i o n i z ed wa t e r .  Howeve r ,  t he 
quan t i t y  o f  che l a t ing agent contai ned i n  the c o a t i ng i s  l e s s  than 
0 . 1 %  by weight .  

e Imme rs ion tes t i ng  s howed t ha t  the 1 14 6  c o a t i ng  i s  a t tacked by 
wa t e r  and the seve r a l  organic l iquids t e s t ed .  I t  absorbed liquid , 
a s  i nd i c a t ed  by we igh t g a i n  and swe l l i ng dur ing immers io n .  Addi
t iona l l y ,  �art of the coa t i ng d i ssolved a s  indica ted by we ight 
los s u po n  dryi ng and residues rema i n ing u po n  evaporat ion of the 
imme r s ion l iq u id r .  

33 



• Biodegrada t ion t e s t s  showed that the coat ing biod.Jgrades read i l y  
i n  moi s t  soi l .  I t  appeared t o  biodegrade faster in Hanford aoi l 
than in Barnwe l l  soU . The amounc of b i odegrad o t iun measured by 
monitoring C0 2  produced from microbial respiratio�:  was conf irmed 
by weight l o s s  .-easurl!llle n t s  ou the biodegraded <!O J t i ng sampled . 
The biod�gradation i s  probably caused by bac t e r i o  and not fungi as 
indicated by the resul t s  of ASTM t es t s  G21 a nd Gll . 

e Rad i a t ion s t abi l i ty r est ing showed that the c•>a r l ng generates .: a s ,  
prima r i l y  hydrogen with lesser amounts of ca rb�r d ioxide , hydrc� 
ca rhona , and ca rbon monoxid e ,  111 th a c�value f·H total gas of 
approxima tely 1 . 3 .  I t  a l so con•umes oxygen. Rad i a t i on improve& 
the phy s i�al charac t e r i a t ic s  of s t r e ng t h  and toJghness of the 
coa t i ng and may enhance the r e s i s t ance to chem ical and biodegrada
t ive a t tack. In sum, t he 1 1 46 coa t i ng  showf!d no meaningful radi
a t ion damage , except for gas genera t ion , to doses of 1 09 rad . 
Ga s  genera t ion becomes sig n i f ic a n t  ( i . e . , t he vo lume of gas gen
erated i s  approxima tely equal •o the coa t i ng Vjlume) above 1 08 

rad . 

• Thermal s t abi l i ty tes t ing showed that ALARA 1 1 46 i s  only mo�P r
a te l y  f lammable and is not grea t l y  a f fe c t ed by heat up to t00°C 
fo r short pe r iods of t ime . I t  sc avanges oxygen from t he a i r  ev�n 
a t  room t emperat ure . Some pyrolys i s ,  as ind i ca t ed by the genera
t ion of hyd roca rbons , occurs at t em pe ra ture$ as low a s  t 00°C . 

4 . 2 . 2  Test ing the S t r ippable Coating From THI-2 

4 . 2 . 2 . 1  TMI-2 Coating Sampl es 

Samples of s t r i p pable coat ing f rOID the reacLor bui l d i ng Gros s Decon
taminat ion Experiment were sent to BNL for characteri z a l ion . The Till coa t i ng 
samples obt a i ned cons i s ted of f ive pieces i nd ividua l ly packaged i n  numbered 
p l a s t i c  bag s .  A summary o f  dat& on the coa t i ng piecer received from THl in� 
e luding the 08g numbe r ,  we igh t ,  dimensions , and a gamma-ac t iv i ty measurement 
at approximately 5 em is l ! •l ted in Table 4 . 5 .  

The large � i f f e rcnces i n  the measured gamma a c t i v i t ies l i s ted i n  
Table 4 . 5  agree w i t h  previous observations ( t , 8 )  that the contami nation in 
the reactor �u i ld i ng is d i s t ributed inhomogeneou s l y .  There were no obvious 
d i f fe rences between coat ing s pecimens from di f fe rent bag s ,  such as d i f fe r i ng 
amounts of debris incorporated i n to coa t i ng samples w i t h  grossly d i f f e r i ng 
act ivi t ies . In fac t , s ince the surface to wh ich the ALARA 1 1 46 coa t i ng  was 
appl i ed had been f lushed w i t h  wa t e r  prior to a p p l ica t i o n ,  very l i t t l e  debris 
was observed on any of the coat ing p ieces . Due to the i nhomoge n i e ty o f  the 
a c t i v i t ies on the d i f fe rent coat ing piece s , there i s  nc· way of knowing whether 
t hi s  batch i s  cepresentative of the averag., ac t ivi ty fo r i.he s t r ippabte coa t
ing radwaste produced in the Gross Decont amina t i on Experiment or whe ther i t  

Cla y  provide a n  . • s t ima te fo r expected a c t iv i t i es o n  s t r i ppable coa t i ng radwa s t e  
whkh may be produced i n  decontaminat i ng o t h e r  pa r t s  of the rea c t o r  bu i l d i ng . 
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5 0  
5 1  
)2 

1 6 2  
16 3 

To t .1 1  

Tab lo> 4 . �  

S t r i ppable Coa t i ng  Samples from t he DI I -2 R e ac t o r  Bu i l d i ng 

Gr os s De cont a� i na t i on Te s t i ng 

(The ba g  numbe rs we re on the pl a s t ic bags c on t a i n i ng 
t he i nd i v i d u a l c oa t i ng s am p l e s  a s rec e i ved ) 

Samp l e  
l.'e l :�h t ( g )  

7 . 7 7  
6 . 9 5  
( . 5 0 
s .  9'· 
4 .  1 3  

29.-29 

Sam p l e  
Wi d t h  (m) 

9 . 0  
9 . 0  
9 . 8  
8 . 5  
s . s  

Samp l e  
Leng t h  ( e m )  

1 7 . 5 
1 9 . 0  
1 5 . 2  
1 6 . 5  
1 1 .  5 

Ac t i v i t y  at 5 em 

(mrem / h )  

3 . 5  
2 3 0  
1 5 0  
2 5 0  

4 . 0  

The nn c � a t i ngs "e re t e s ted for rad i onuc l i de leac h i ng and fer b l o
•k!: r ad a t lo n .  Tlw r<ld i onuc l ! d e  leach t �s t s ,  i n  wh ich C s - 1 3 4 , 1 37 were moni
t o red , "'·e r e  pc r f o rmed t o  c or:1p.1 rc re s u l t s  f rom t hese d e c o n t a m i na t i o n  co1 t i np, s  

i n  which l lll� cont. <lrn i n il t i o n  wa s r enoved f ran a s ur f a C' e  w i t h  t he seep i ng t e s t  
r e s < � l t s  I n  wh i ch t h e  r.ld i,,nnd i d c s  we re a d d ed t n  th<" l i q u i d  c o . r l ng I n an 

.1 que ous s pi k e . Fo l l owi <lf, t h b  l each t es t i ng ,  t he l"acha l e  and t he l " ached 
c o a t i rtg s pec i men Yere sent to a c ommerc i a l  � n a l ys t s  l abo ra t o ry ( �AI. Corpora
l i o n * ) f o r a na l ys i s fo r Sr an .. l Pu c o nt en t . B i ode'lr"d a t ion t �s t s I n  so i l  w<> r <>  

ru11 on these c oa t i ngs to c l a r i f y t he d i f f c reltces i n  h i odeg rad a t i o 11 that we r e  
sup,�<' S l ed  b y  t h e  sc op l ng bl ode p, rdd a t ion t es t s . 

The nn � oa t i lljl,  s a m p l e  f r OOI  b.1 g lli2 ( T a b l e  4 . 5 ) W� S l e ached I n  de l on
i l e d  �.l. t � r  f o r  4 3  d a y s  and t hetl t he l eacha te a nd t he l eached c o a t i ng re s l dtle 
..,..f" f t' sf' n t to E :\L  C o rp • •  a C (G tne rci .1 1  anal y s i s  l ab o ra to ry , for f u r t he r  rad i o nu
� l i d P  ��,� l y � l s .  F i gu re 4 . 9  shows the t l �e i �l t P rva l s  a t  wh ic h th� l e acha t e  �as 

c h.H··f.C'd .l.nd t he cu;r;u la t ive C s - 1 3 7 . 1 34 a c t iv i ty l c acht_� f ro:J t he silm p l t  .. .  Each 
1 (  ;:;. c h.t t C'  \',) lurae .... As coun t ('d fo r a c � i v l t y  ln a g.1mnA s pe c t rorn() t e r . The a c t lv

l l f  "'·' s <jua n t l f l ed u s i ng  l d e n t l c .1 l  vo l ur.Je s wi t h  known ac t i v l l l e s of t he s p<> 
c i f i c rad i onuc l i des i n  aq tleous sol u t ion . N o  gAmm."l ('ml t ters o t he r t han 
C<-! 3 4 , 1 3 7  and t h e  B�- l 3 7 m d,1ugh t e r  w<>re unamb i guous! y d <> t ec: t ed in the leMh
.1 t <" ·  :\o Cs rema i n ed in l e a c hed c oa t in g sampl e  and no o t h e r  gam:n.• eml l t .:> r s  
••e T <' un ambi guou sl y d e t ec t ed i n  t he le ached co.1 t i ng s .1:n p l <' • Sat'!p l e  1 6 2  had 
1 4 0 � rn 2  S ll r f a c �  ( one s i d e ) ; t l1c leachant vol tlme 'tsed W A S  7 0  cml f o r  A 
\" f'du""l (' - � ("'1- !; u r f :l l t."" r .1 t i.t"'' of 0 � �  CPl · ( Thf'o use of ;t r ol t ifl of 1 0  a s  the lAF.A 
r t' f 0� � P ll d �  � � s  tlOt prac t i r � l  becA\ISe of t l1r  l a r�e vo l tlGC of l � acl1� t e  t h A t  

• r  A l  , :nrpot .1 l  i o n ,  R l ch::�ond , CA, p e r f  o n.> ed r�d t or h �"' l c .1 l  �n�l y s � s f o r  Sr- 90 
x : .:� i'll - : .3 9 , 240 ,)n bot h t h t"  l (� � l� h a t t:' .� net t h£' l e<tched c o f\ t i ng r .:? s i d ue . 
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wou l d  be produced . S i nce the total amoun t of l e achate was to be sent out for 
analys i s ,  the t o t a l  volume was l im i ted to less than 2 L .  A f t e r  gamma coun t · ·  
ing , t he leachate w a s  a c id i f ied t o  about 2 N w i t h  n i t r i c  ac id and combined 
with previous specimens i n  a polyethylene bot t l e .  The a c i d i f ied leachate 
volume plus the wash ( pe rformed at EAL Corp) from t he po lyethylene bot t l e  in 
which the leach coat ing was shi pped a f t e r  the coa t i ng was removed for ana lysis 
totaled 1 37 0  mL . The total volume of d e ionized �a t e r  leachant was 1 050 mL for 
a cumu l a t ive volume-to-surface r a t i o  of 7 . 5  em . 

Table 4 . 6 l i s t s  the data on the a c t i v i t ies o f  Cs- 1 3 4 , 1 3 7 , Sr-90, and 
Pu-2 39 , 240 from t he leachate and residue of the THI coa t ing s am p l e  from bag 
1 6 2 .  

The a c t i v i t i es l i s ted i n  Table 4 . 6  are for the THI sample wi t h  the 
highe s t  ac t iv i ty ,  a c cord i ng to the gamma coun t ing resul t s  l i s ted in Table 4 . 5 .  
Assuming that the Cs and Sr a c t i v i t i e s  in the f ive coat ing pieces are d i s t rib
u t ed  proport ional ly accord i ng t o  the total s in Table 4 . 6  and the gamma counts 
in Table 4 . 5 ,  the t o tal a c t iv i t y  of the f < ve coa t i ng p i eces cons i dered a s  a 
batch can be calcula ted . 

To tal Cs-1 37 a c t ivi ty e 52 �Ci Cs- 1}_� ( 3 . 5  + 2 30 + 2 5 U  + 1 50 + 4 . 0 ) mren 
2 50 mrem 

Total Cs- 1 37 act i v i t y  • 1 30 � C I  

To t a l  S r-90 a c t i v i t y • 2_�2_8_ yCI ..?_�:::_�O ( 3 . 5  + 230 + 1 50 +2 5 0  .,. 4 . 0 )  mrem 
2 � 0  mrc:;; 

Total Sr-90 a c t i v i ty 

These e s t i ma t ed tot a l  ac t i v i t ie s  a l ong " l t h  the c o r r e s p0nd i ng s pec i f i c a'ld 
v · · 1 u;:w t r l c ac t i v i t ie s  a re l i s ted in Tab h> 4 . 7 .  

The l i m i t s  fo r C l � s s  A r�lva s t e  In 1 0  CFR P a r t  6 1 , Tab l P  2 ,  a re 
I o · C I /cml Cs- 1 3 7 an� 0 . 04 �CI / cm3 S r - 9 0 .  The e s t ima t e d  vo l u me t r i c  a c t i v i 
t i es i n  Tab l e  4 .  7 exceed t he s e  l l rnll s  fe r b<1t h o f  t he s e  rad i o n ,: c l l d e s . I f  
t hes<' a c t i v i t i e s  a p p roxima t e  tho s<> of the s t r l ppable c oa t ing , rad,.> s t e  f rom 
(;[)!' , I t  wou ld be C l a s s  B und e r  1 0  CFR P a r t  6 1  ,, nd h e n c e  wou l d  r eq u l  r c  
s t ab l l i ta t ion . 

The d a t a I n  Tab l e  4 . 6  and 4 . 7  we r e  used tn c a l c u l a t e  t h e  expe r ted 
d os e  that a S S-gal drum o f  the TH I  c oa l l np, c ons ide r ed  as ,, �H ch c ou l d  be <>.x
pe c t ed t o  rec e i ve . Th i s  c a l c u l a t ion , wh i ch f n \ lows the procedures presPnt ed 
I n  Refe rence 4 5 ,  I �  s hown in ApjX'nd l x  C .  The cumu l a t ive d o s e  i s  e s t lma t "i t o  
b e  approxlna t e l y  2 � r ·� I n  3 0 0  yt s .  

36 



rr. c:.. 
L 

{.. 0 •• 
� 

0 8 -.---------------------------------------------------------, 

-� 
.f� 

c 
-� . � 

;:; 

Cs-137 

�,�8��o�o�o--------47-------�-----------c 

; ·t• t : l l  .\c t i v i t "  

I.t.•;t c h :1 t l' . .  - . . . - - . 
r s - 1 3" ; � . r  : .C i 

:: .:. c � - l \ -'� ! . 3 J i  � " -

"0 �' , . () 
ro � 
>. � 

> 

"' � r -CiO ! . -� ) . .  r i 

r u - -� v• , .' ·.o O , OOh nCi 

0 
g 

Cs-1 34 
" 

ooo . . -<) 000 o- . . 000 . . . . . . . . .  {) - . . . . . . .  _. o- . . . . . . . .  - • •  - -o 

0 

,. !------,, --.,------.---.------r----.:-:----:1 75 1 5 0  225 30 0  :rtf> 45.0 00 
Time (days} 

l " i " t i J ( :� . �• I , _ ·;1f h r cs r  t'(•.s n l t s  f t) r  .1 T � l l  s t r i rp.:lh l t• <'0a t i nr, s:tn p l f' .  

CHr. u l tl t i \' (' ) (•,": C h t>d ,1 (' f i \· i t v  f 0 r  (' s - l l. 7  .1 nd r s - � 3 '· O f f'  
1 , l , • t  t ed v s  r f r:> c .  l\1 t a  rc, f n t .s  i rd i �.: .1 t (� ) ("<l<' h<H <' c h.1 nr(' 

i nt P r \' .l 1 � .  T h t' t nt ;l l  ) (•,l dl l"(i .1 c t i v i t i <'s for r s.- 1 3 7 ,  
c � - 1 3 1� .  � r - Q () ,1,"-f l'u - 2 Jil , } L. O  .l r f'  l i s t C'd • 

. l l 



'-' 
'"' 

Table 4 . 6  

Ac t i vi ty Di s t r ibu t ion8 B e twe e n  Leachate and Coa t i ng f o r  
a Sample Coa t i ngb From t h e  TMI - 2  Cros �  Decontaminat ion Expe riment 

Ac t i vi ty Total S peci f i c Volume t ric 
Ac t iv i ty i n  Rema i n i ng i n  Act ivi ty Ac t ivi ty Act ivi ty 

Rad ( onuc l i  de I..each:l t e I..e a c h ed Coa t i np; 1 "  Sample i n  Samplec in Sampled 

Cs-1 34 4 . 3  uCi n i l  4 . 3  uCi o. 73 uC i /g 0 . 9 1  uC i /cm3 
Cs - 1 37 52 . 0  uCi n i l  5 2 . 0  uCi 8 . 7  u C i /g 1 0 . 8  uCi /cm3 

Sr-90 1 .  2 3  u C i  1 . 05 uCi 2 . 28 u Ci 0 .  38 u C i / g  0 . 4 7  u C i  /cm3 
nCi/cm3 Pu- 2 39 , 2 40 0 . 006 n C i  0 . 0 2  n C i  0 . 026 nCi 0 . 004 nC i /g o . oo s  

8The Cs- 1 34 , 1 37 a c t ivi t ies we re de t e rm i ned by gamma spe c t ros c opy a t  BNI... 
The Sr and Pu a c t i vi t ies were dete rmined by gAr.. Corp . Richmond , CA. 

�he samp l e  came from ��g 1 6 2  as l i s t ed i n  Table 4 . 5 .  The coa t i ng i s  AI..ARA 1 1 46 Decon , product 
of Imper i a l  Profess i o n a l  Coa t i ngs Corp . , New Orleans ,  !..A . 

"Total ac t ivi ty d i vided by t he sample we igh t of 5 . 94 g .  
Js�ec 1 f i c  � c t i vi t y i n  uni t s of uC i lg mu l t i p l i ed by t he dens i t y  of the s e t  coa t i ng i n  g/cf!' 3 .  

The dens i ty used i s  1 . 2 4  g/ cm3 a s  calcu l a t ed f rom t he Phy s i c a l  Propert ies f a c t  sheet for 
Al..ARA 1 1 4 6 .  



Tab l e  4 . 7  

The E s t ima t ed Ac t iv i t i es3 of Cs-1 37 and S r-90 i n  
the F ive THI Coat ing Pieces Considered as a Ba t ch 

R ,1d ionuc l ide 

Tot a l  
Ac t iv i ty 

( Es t i ma t ed ) 
Sped f i e  
A c t  i v i t yb 

Volume t r i c  
A c t  i v l t yc 

Cs- 1 3 7  
Sr-90 

1 30 

5 . 8  � C i  

4 . 5  � C i / g  

0 . 2 0 � C i /g 
5 . 6 � C i /cm3 

0 . 2 5  � C i /cm 3 

3Es t \ Qa t ed a s s um i ng a propo rt ional di s t r i bu t i o n  i n  t h e  f iv e  TM I  
sa�p l e s  l i s t ed I n  Tabl �  6 . 5  to the measured a c t i v i t i e s  i n  samp l e  1 6 2 
as l i s t ed I n  Tab l e  4 . 6 .  

hro t a l  a c t i v i t y  d i vided b}' the ba tch w<> ight o f  2 9 . 29 g .  
c spec l f ic ac t ivi ty i n  � C i / g  t imes the dens i ty ( 1 . 2 '• g/cm3 ) of 

the AI.ARA 1 1 46 coa t i ng as c a l cu l a t ed fro:n t he Phys i c a l  Prope r t ies 
fact she e t . 

Biodeg r ad a t ion of TM I  s t r i p pa b lc c oa t i ng s am pl e s  i n  back f i l l so i l s  
f rom the Barnwe l l  and H3nford land bur i r l  s i t e s  \MS mon i t ored by C02 genera
t io n .  The exp<' rirnental p r ocedures u s i ng t h e  s pe c l · l  f l a sks ( 36 ) were the 
same as those In the scop l ng t e s t s  of Sec t i on 4 . 1 . 5 .  The sample s i ze in these 
t e s t s  wa s g r ea t l y  reduced to a s s u r e  un i fo rm mix i ng of sAm p l e s  wi t h  so i l  and 
equal sampl e s u r f a c e  areas exposed to d i re c t  so i l  contac t i n  each t e s t . Each 
ni l coa t i ng s ample cons i s ted of 1 0  p i eces , ·e ach 1 cm2 , cut fr<J<!\ t he s pe c i me n  
I n  hap, '> 2  ( Tab l e  4 . 5 ) .  Sampl e s  w e r e  m i xed w i t h  1 00 g o f  moi s t  so i l  from the 
Barnwe l l  and Hanf o rd land hu r l a l  s i t es and loaded i n to the s pe c i a l  f l a sks . 
Sol\ c ont ro l s  of 100 g of each of t he same soi l s  and a sanple cont rol mo i s

t ened w i t h  1 -ml. w:t t e t  were al so prepa red . The so i l  mo i s ture content s "'e re 
r.1 ! s e �  t o  1 2 . 5% for the Han ford soi l and to 9 . 8t for the Barnwe l l  soi l f rom as 
rece ived va l ue s  of 8 . 9'1; a nd 4 . 2l: , respect ive l y . ( 4 6 ) ( The lo.,e r r.10 i s tu r e  
holding .1 bl l i t y o f  t h e  Barnwe l l  so i l  appea red t o  be a resu l t  of I t s  coarse 
t ex ture a nd s andy c ha rac t e r i s t ic s . )  

Resu l t s  of t he TH I  bi odegrad a t ion t e s t s  a re l i s t ed I n  Table 4 . 8  and 
shown In F i gures 4 . 10- 4 . 1 2 .  F I Fu r e  4 . 10 shows the C02 genera t ion (mg) vs 
t lr.Je from t he sam ples I n  Barnwe l l ,  B, a nd H"nf o rd , 11 , so i l s . Figures 4 . 1 1  And 
4 . 1 2  show the C02 gen e r a t ion e x pr<'ssed as perc<'nt c.1 rbon tn the samp l e .  
(The value o f  '> 2 . 3% C rn<'asured f o r  the purchA sed 1 1 4 6 c oa t ing u sed i n  the 
s ,·op i ng t e st s vas a l s o U S <'d i n  these t e s t s .  The a c t u a l  nn coa t ing samples 
we r e  not anal y zed for to t a l  carbon . )  Th<> shaded a rea in these f igures rep•· e

sent the range of probable biodegradat i on based on the da t a ,  which i s  t h e  
l owe r hnunda ry , a nd t he curve produc ed by d i v i d i ng each d a t il  po i n t  va l ue by 
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0 . 6, wh ich d e f ines the u p pe r  boundary. Thi s  probable range i s  based on obser
va t ions ( 39,40) that as l i t t le a s  60% of the carbon I n  a ma t e r i a l  unde rgoing 
biodegrad a t ion may be evolved as C02, t he rena ind e r  be i ng i ncorporated into 
increased microbe ma s s  or excre ted as me tabo l i c  waste produc t s  other t � n  
C02 • Table 4.� summa ri z e s  the d a t a  for the biodegrad a t ion ex periment moni
tored by C02 gene rat ion plus data on the weight loss that occur red during 
the 208 days of the tes t .  Biodegrad a t ion measured by we ight loss fal ls in the 
range o f  expected biodegrada t ion from the C02 measurements . 

Table 4 . 8 

Biodegrad a t ion Te s t  Result s  fo r S t r i ppablc Coat ing Samples F rom 
the THI-2 Reac tor Bu i l ding Gross Deconlamination Expe riment 

B iogen ic a l l y  
Generated 

C02 
Sample 

I n i t i a l  
Weight 

Wo 
( g) 

Final 
Weight 

Wf 
(g) (mg) �ca 

xcb 
0.6 llo W wf x 1 00 

0 

B 
H 
Con t ro l  

0. 544 
0 . 5 5 4  
0.5 5 4  

0.526 
0 . 505 
o.  546 

48.62 
94.86 
None 

4 . 65 
8 . 92 

0 

7 . 7 5 
1 4 .87  

0 

3 . 31 
8 . 84 
I. 44  

-- - - - - - --------·------ ------

aF rom t he biogenic a l l y  generated 002 d a t a  and the measured 52.3% C content 
of the coat ing used in the scoping t e s t s , Sect ion 4 . 1 . 5 . 

hrhe es t ima ted uppe r l i m i t  of biodegrad a t ion b.� sed on 002 genera t ion and obse r
vat ions , References 3 9  and 40, that as l i t t le as 60% of the ava i lable ca rbon may 
be evolved a s  .;o2 dur i ng biodegrada t ion . 

c percent biodegrada t ion from the i n i t i a l  and f inal weight fol lowing 208 d3ys o f  
biodegrada t ion i n  so i l  a t  2Q-240c .  

- -- - ------ - - - - ----- -------------- - - - - - - - - - ----

These resul t s  support the res u l t s  obt a ined in the scoping biodegrada
t ion t e s t s  that the ALARA 1 146 s t r i ppable coat ing used at THI biodegrades 
read i l y  in so i l . The ra te of biodegrad a t io n  is i n i t i al l y  r a p id and decreases 
w i th t ime . The biodegradat ion of thi s mat e r i a l  proceeds f a s t e r  in Hanford 
so i l  than in Barnwe l l  s o i l  unde r the cond i t ions of these t es t s .  The di f fe r
enc e s  may be due to the grea t e r  moi s t u re holding abi l i t y  o f  Hanford soi l rela
t h·e to Barnwe l l  so i l ,  or i t. may b e  rel a t ed  to the hct tha t  Hanford soil con
ta ins more soluble i ons , ( 46) and there fore , presunably more o f  the requi red 
t race mi neral s needed for mic robe growth ,  or i t  may be a combinat ion of these 
plus other fac tors . The biodegradab i l i t y  o f  the ALARA 1 146 coat ing a s  re
f l e c t ed  by these t e s t resul t s  shovs tha t ,  under 1 0  CFR Part 6 1 ,  Cla s s  B or C 
s t r i ppable coa t i ng radwas t e  would have to be isolated f rom the bur i a l  trench 
envi ronment to preve n t  m i c robe a t t ac k .  
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4 . 2 . 2 . 4  Summary of TMI St rippable Coating Sample Tes t s  

Leach tes t ing o f  the sample o f  ALARA 1 146 coat ing f rom t h e  �II-2 GDE 
showed that Cs leaches f rom the coating immediate ly upon contact with wat e r .  
The Sr act iv i ty was por t ioned more o r  l e s s  equal ly between the coat i ng and the 
leachate whereas , only about a quarter of the Pu act ivi ty was leached . These 
r es u l t s  are cons i stent With  the scoping rad ionuc lide leach test i ng resu l t s  and 
added the knowledge that Pu tends to be retained on the coat ing , a t  least for 
the low a c t ivi ty leve l s  measured here . 

The THI coating s amples biodegraded read il y  i n  Barnwe l l  and Hanford 
land buri a l  backfi l l  soi l s .  This suscept ibi l i ty t o  mic robe a t tack d i ctates 
that coa t i ng radwa s te c l�ssed as B or C unde r 1 0  r.FR Part 6 1  woul d  requi re 
s tabi l ha t ion .  

Decontamina t i on u s i ng the ALARA 1 14 6  s t r i ppable coa t ing was shown to 
be ef fect ive ( DF about 100) on the epoxy pa inted f l oor of the THI-2 reactor 
building . ( 9 , 10) I t s  e f fec t i veness in removi,g debris following low pressure 
wa ter f lushing was the bes t  of the decontaminat ion me thods tes ted . Use of the 
s t rippable coa t i ng generated about 0 . 6 4  f t 3 of solid compact ible was te per  
1 00 f t2 of appl ica tion . Compact ion would al l ow coat ing wa s te from decon
taminat ing 2000-2500 f t2 to be disposed of in one 55-ga l  d rum . 

The contaminat ion taken up by the coa t i ·•& applicat ion i n  the decon
t am inat ion tes t produced wa ste wh ich ,  i f  compacted to f i l l  a 5 5-ga l drum , 
would have a contact rad iat ion reading o f  less than 5 rem / h , ( lO ) Equat ion 
2 . 1  and t he appropriate C . f . ( 22 , 2 3 )  for a compacted 5 5-ga l drum o f  Normal 
Un i t  2 Radwaste a l l ows c alculation of the act ivity  contained In the hypo t h e t i
c al drum . 

Act i v i ty � ( 0 . 557 mCi h/mrem) ( 5000 mre�/h ) 

Act iv i ty a 2800 mC i 

This  ac t iv i ty i n  a 5 5-gal drum ( 2 10 , 000 cm3) res u l t s  in an ac' ; v t ty dens ity 
of 1 3 . 3 11C i /cm3 , or 1 0 . 7  11C i /g bas�d on the 1 . 24 g/cm3 dens i ty for the 
c oa t ing .  This ac t ivi ty is cons i stent wi t h ,  t hough higher than, the measured 
activi t ies in Tables 4 . 6  and 4 . 7 .  

The measured a c t iv i t y  on the s t r ippable coat ing radwaste used for d�
contaminat ion in the GDE provides evidence that such decont aminat ion appli ca
ti ons may be expected to result in Class B radva s t e  order 10 CFR Part 6 1 .  As 
of this  writing ,  i t  is not known whe the r the coa t i ng wi l l  be used for dec on
taminat ion a c t i v i t i e s  beyond i t s  evalua t ion in the GDE test ing .  It i s  be ing 
used as  a prot ect ive co .. t l ng ove r  c leaned surfaces in the npp<>r pa rt of the 
reac tor bu ild i ng Inc luding the 30S <>nd 34 7 - f t  e l evAt ions •nd the po lar c rane . 
C la s s  B s tr l ppable c oa t ing radwa s te wou ld requi re s t .. bl l l za t ion unde r 1 0  CFR 
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Part 6 1 . Impe r i a l  Profess ional Coa t i ng has expe r imental s o l i d i f ic a t ion sys* terns f o r  t h i s  purpose ; howeve r ,  these so l id t f i c a t ion syst ems have not yet 
been evalua t ed for c om p l i ance w i t h  tho> s t .1b ! l l .ty prov i s ions of 1 0  CFR P a r t  6 1 .  

•r.,rson.1l cm:mn i c a t  i<'n h£>tw., e n  J ,  Adams (IINL) and H .  LOT:\asncy ( I r:�p., r i a l ) ,  

J u l y  3 0 ,  1982, " So l i d i f i c .H i l'n S y s t f'rns for S t r i ppab l C"  Coat i ng s . � �  

I r ! I 
�� ) ··v 
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d 1spos;al S1fo before they leave the •11e 
bound dry. 

§ 6t.S4 AlternaUve requlrtmtnla lor 
dealgn and operallon1. 

'fhe Cumrni�sion mn;', upon reque11 or 
on its own init iative. authorize 
provialon• other than those set forth In 
I I Gl.�J through 6UJ for the 
'''Rll'C..IIIon und duoposal of wastr und 
for the Jcs•�n and opera t ion of a land 
disposal (ac&lity on a specific basil, H it 
fuu.h reo�surwl.le u uurunce uf 
t:omphJ:nle wi1h the pNformance 
uojccl ives of Suoparl C of lhis pari. 

§ 6t.S5 Waste clasaificallon. 
(.1) Cl ... cs•f&cotlon of was te for near 

surface c..l 1sposul. 
\1) Considerations. Ucterrninahon of 

the dassif&calion of radioactive waste 
invoiH'!I two considerations. First. 
con-,idl'f<lllon must lw given to I he 
coru.:entr.d1on uf long · l •vcd 
r.:u.lionuclu.Jcs (i..lnd their �hortcr-livcd 
precursors) whose potential hatard wm 
pt>rsist lonr. after suc.h precautwns as 
ln<olltul lunal t:ontrols. unprO\ICd WilSie 
b11n, und Jet' per c.JislJ05i..l l h<.�vc ccuscd 
to Le �trccllve. These vrccau ! ions delay 
the time when long-lived radionuclide5 
could cause t)l.posurcs. In add1tian. the 
lllil}.!lllludc of the puh:n t• a l Jose as 
l111u tcJ hy tlu..• conu.:nl l d llon und 
avru laLda ty of the radwnuchde a t the 
t ime of exposure. Second. consideration 
must lH! s;•vt·n to the c.oncen tro tion of 
�horiN-11\:I'd r,HI •onud iJcs for which 
rt·qum.'nlcnts on in� h tutiuna l controls. 
waste form. and d isposa l methods are 
dfccli\'C. 

121 C/usSL•s of waste. lil Class A was le 
i� Wll&tc that is usunlly scgrcMated from 
other waste classes a t  the disposa l site. 
The physical form Bnd characterislics or 
Clas<o A waste must meet the minimum 
H.'ljUUCffit'nls set forth in § 61.56(u). H 
Class A waste also meeU the stab•hty 
requirement<o set  forth in t 6t.56(b), it is 
not neces,ary to segregate the waste (or 
disposol. 

(ai)  Cluss U wus tc is was te that must 
meet more rigorou!l requirements on 
waste form to ensure stability after 
disposal. The physical fonn and 
characteristics of Class B waste must 
met• I Ooth the mmimum and stability 
rc4uircmcnts set forth in § 61.50. 

(iii) Class C wa ste is waste that not 
on!;• must meet more rigorous 
req�;irements on waste form to ensure 
stabality but also requires additional 
measures a t the d isposal racility to 
protect aga inst inad\·ertcnt intrusion. 

The physical form and .;haracteristics of 
Clon�s C wustc must mccl l.Joth the 
minimum .ontl stabilaty rtquircmcnts  set 
forth in § 61.!16. 

lov) Waale lhat is not �encrally 
acceptable for near-aurface dispou.l Ia 
waste for which wute form und 
d itpoul melhoda must be different. om! 
i n  general more strmgent, than those 
tpecilied for Clau C waste. In the 
aba,.,nce of specific requirements In this 
part, propooalt for di!posal of lhla waole 
may be tubmilled lo lhe Commloslon for 
opprovu l . putsuunl lo t 61 .58 ol this 
pari . 

(3) Clanif•cation de termined Ly !ong· 
lived radionuchde 5. If wd •ouclive wuste 
contain9 only radionuclidt•! H stl'd in 
Table t,  clauif• calion ��.all be 
determined 81 rollows. 

I ii ii I he concentra l ion does nol 
�xcccJ 0.1 t imca thc value 1n TiJl>!e 1. 
I he waste Is  Class A. 

(\l) ll \he toncen\ra\ion cxcerds 0.1 
times the value in Table 1 l>ul doe a not 
C)(tced the value in Table 1, the waste is 
Class C 

(ui) I( the cohct·nlralion C)I.Cet.•Js the 
value in Table 1, the waste IS not 
generally acceptable [or near-surface 
disposal. 

(•v) For w;.��lt•s t.ont.�ininu mi )t fu rcs of 
rudionuc: idcs li!alt•J in TuLle 1. the total 
concentration �>hall he t.letcrmined by 
the 8Utn of fnctions rule dt.•scnbed in 
paragraph l•ll71 of I his secllon. 

C-U 
C- 1 ,.  on &ClnoltN rr.rut 
N1-�i .-. 1<\11<11.-:l mtW 
t�94 II'\ ·�lro-11..:1 ""ttat 
lt·H ·-·� 

TAflll 1 

� •mm..-.g b&"'WW'ar>oc nuclo(JC.I •·'"' N.H ��• 
!7NI .. � lto,· \1111 

F\t-2� 1 �2d ... 

"""''� "''"""' 
"""'' ... 

'""" 
rr-olor 

• 
00 

210 
• •  
' 
. ..  

' '"" 
'l.SOO 

• "' 000 

14) Clossilicalicn delermined by short· 
lived radionutl ides. ll radioactive wasrc 
doe a no\ ton\ain any o( the 
radaonuclidea l is  led in Table 1 ,  
clauifico t lon eholl b e  d('termined based 
on the cuncentra tions shown in Table Z. 
However. as specified in paragraph 
(a}(6) of lhia tection, if radioaclive 
waate does not contain nny nuchdea 
listed in either TuLle 1 or 2. it is C!;.au A. 

(i} If  the concen tra tion docs not 
exceed the value in Column 1. the waste ;s cla .. A. 

Iii) If the conccnlralion exceeds lhe 
value in Column t. but does not exceed 
the value in Column 2. tt.e waste Is 
Class B. 

(iii) If the concentration exceeds the 
voluc in Column 2, but docs not exceed 
the value in Column 3. the Wi:ISie is 
Cl•uC. 
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(lv) If the toncentrulion excetot.h the 
value In Column 3, the woute is not 
generally accept able (or ne:sr-surfacc 
d i Sposa l. 

(v) For wastes con luining mixtures of 

lhc nudodea lis led in Tal>le 2. lhe lola I 
concentration shall be de lermined O\' 
lhe sum of fracliont rule descrobed in 
paragraph la}(7l of lhla section. 

T .ABLE 2 
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(5) Closs1 fica t:on JctNmincJ hy lwth 
long· und short-lived radionuclidcs. H 
radioactive waste con tains a mi.\turc of 
radionuc1iUes, &orne o( which nre hs1t•U 
In Tublc 1. ont.J some or wluth arc t•�t...- d 
in Table 2. cl�:.�•fication sL;.Ill Lc 
determined as (ollvws: 

Iii ii  the concenlration of a nudoJc 
lis ted in Tublc 1 docs nol exceed 0.1 
HnH!'l \he vuluc lish�!.l \n T<.�b\c 1. the 
class shall Le thot determined by the 
concentration of nuclides listed in TJ.blc 
2 . 

(ii) If the conccn trallon of 01 n uclHIC' 
listed in TaLic 1 exceeds 0.1 times I he 
value listed \n Table 1 bu\ does not 
exceed the value in Tablt: 1 .  the waste 
•hall be Class C. provided the 
concentration of nuclides listed in T.1!.1� 

2 docs not exceed the va lue shown in 
Column 3 of Table 2. 

16) Clanilica1ion o! wastes with 
radionuclidu other than those listed in 
TuLles 1 ar.d 2. If radioactive waste 
does not contain any nuclides listed in 
e ither Table 1 or 2, it is Class A. 

171 The sum of lhe fraclions rule lor 
mixturi:!s of rad\onud\de'\. For 
deiNmining classification for wa<olc th.at  
conta ins a mbdure of radionucl ic.Ju. at I S  
necessary to determine the sum or 
fracl ions by dividing each nudide's 
concentration by the appropriale limit 
and adding lhe resulting values. The 
appropriate limilt mutt all be Ia ken 
from the same column of lhe same Ia hie. 
The sum or the Cractions Cur the column 
must be leas than 1.0 iC the wuslc cl;1s::. 
is lo be delermined by lhot column� 
Examp\c: A wus\e con,uins St·OO in a 
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concentration of 50 Cl/m ' ond Cl·l37 In 
a concentration ol U CJ/m• Slnr.o lhe 
concentration• both eJttecd the values 
In Column I, Table Z. they must be 
compared Ia Column 2 valur1. For Sr·OO 
lracllon 50/150=0.33; lor Cs·137 
fraction. 22/44 •0.5; the eum of the 
fractions • 0.83. Since the sum Is leu 
than t .o. the waste II Cla11 B. 

(8) Determination of concentrations in 
wastes. The concentration of a 
rodlonucllde may be determined by 
lndirect methods "uCh 81 U!\C of 11Coling 
faclotl which relate the inferred 
concentration or one radionudide lo 
another thal li measured. or 
radionucllde mBierial accountabllity. II 
there is renson.ablc auurance that lhe 
indirect method• can be correlated wilh 
actuol meuuremcnl!. The concentration 
of a radlonud l�e ma) \11:! averaged over 
the volume of the wosle, or weight ol the 
waste i!  the units arc cxprcs�cd n 
nonocurlcs per gram. 

1 61.56 Wute charatltrltttca. 
(a) The following requirement• are 

minimum requirements for all classes of 
waste and arc Intended 10 fucilito tc 
handling ot lhe dis paul sllc and pro\·idr 
protection of health ond solely of 
llN'lonncl at  the disposnl site. 

{ 1 )  'A'nslr mu 'l l not he> packns;:rtl fnr 
d isposal in cardboard or fiberboard 
boxes. 

(2) Liquid waste must be sol idified or 
pa.cknged In sufficirnt absorbent 
material to ab.!orb lwicc the vohame of 
the l iquid. 

(3) Sol id waste containing liquid ohall 
contain B!l l ittle free standing and 
noncorrosive liquid as is rcol!tonably 
nchiC\'nblr. hut 1n no cosc sh:1l 1 1he 
l 1quid exceed 1% of the \'olume. 

(4) Waste must not be readily capable 
of dl"tonation or of explos ive 
df'cc.mposlliOn or reaction at normal 
prc9sures and trmperntures. or of 
l'xplosive react1on Wi th Wel ler. 

(5) Was te must not contain. or be 
cnp.able of genera ling. quantities of loxic 
�asrs, vapors. or fumes ham1fu) to 
pPrsons transporting. handhng. or 
tll�po!ling or the waste. 1 hi !I does not 
opply to radioact ive gaseous wash� 
packaj:�:ed in accordance with paragraph 
(•)(7) ol lhis section. 

(G) \\faste must not be pyrophoric. 
Pyrophoric materials contained in waste 
shall be l!t·Jted. prepared. and packAg<'d 
to be nonflamma!Jic. 

(7) Was te in a gaseous rorm must bC' 
pa:...kaRCd at a pressure that does not 
exceed 1.5 atmospheres at zo·c. Total 
nch\'ily must not exceed 100 curies per 
coniHinPr. 

(0) \\'aqtr conta ining hn7 .. uJous. 
hiologietJI. pathor,f'nic. or infecti0u<> 
m.11en3l must br treated to reduce to the 

mnr.lmum extent r,racticab1o the 
pottntlal hozard 'om tl1c non· 
rodioloJ:Ictll material,. 

(IJ) 1·tu' rcquirrm('nl!i In thi5 ar«.:tioh 
ore Intended to provide ot•bility ol lhe 
wostc. Stability it intended to enswe 
that the waste does not olructur>lly 
d•grado and alfcct overall otability ol 
lhe olle through slumping, collapse, or 
other loll we ol the dispooal unit and 
thereby lead to water infiltr•llon. 
Stobility lo olio A foetor In limiting 
exposure to on in11 d�ertcnt intruder. 
11ince I I  provides o rccoRnizoble r�nd 
nondispersible waste. 

(1) Waste must have structural 
stabili ty. A atructurolly stable waste 
rorm will �t"nernlly mumlain its physical 
d imension it ond Hs form , under the 
expected disposal conditions auch as 
welsh I of overburden and compaction 
equipment, the prcsrncc of moisture. 
ond microbln l octivily. and internal 
factors auch as radio lion eHects and 
chrrnicol changes. Structural stability 
can be provided by the waste form 
i l!wlf, processing the waslf' to a s table 
form. or placing the wJstc in a di�posal 
container or structure that provides 
stability after d isposal . 

(2) Nolwith�tnndins:: the provi t; ion!t in 
§§ t,l.�f,(n)  PI nntl (:J), Iup1id wa!'lh�5. or 
WJ!UC9 t:ont,l inins,: li4l11d, OlllS I be 
conver ted into a form that contains as 
little ftce standing and noncorrosive 
liquid as is rc:.�onnbly achievable. but 
lu no cnsc �hall the l iqu itJ l'XC£'Cd 1% of 
the volume of the w.:1cotc when the waste 
is in a disposal contamrr designed to 
ensure 5tabih ty. or 0.5% uf the volume of 
the waste for waste procf'ssC'd to a slabiC' fornL 

(J) Void spaces within the waste and 
between the waste and tis packa�e must 
be reduced to the extent practicable. 

§ 61.57 Labeling. 
En<h pJckng<' of wash• flJUSI bf' 

clearly labeled to idenhfy h'hethrr it is  
Class A wastr. Class IJ  waste. or clas' C 
\vastc in nr.c.ordanr.c with § ft1.55. 
1 6 ,,58 Altc-mMive reQuirements lor waste 

claSSihcatJon enel characteristics. 

1 he Commiss ion may. upon requf'SI or 
on i t!\ own ini t la l iV(', nuthonzr. othC'r 
provi!!.ions for lhC' classihc11tion ond 
chAractcnst iCs of w.Htc on a spccihc 
bas1s. if. after evHiuatton. of the speciftc 

cheractcristtcs of the w.1-.1e. dtspo�;al 
s ite. nnd mrlhod or dt�pns.ll. i t fmds 
reasonable assuromce of comphantC' 
with the performance ohiCCII\"C� in 
Subpart C or this pari . 
§ 61.59 lnsti\'·Uonal requ1rtmtnts. 

(.1j l.nnd (J\\'II('fSI/1{1. Dl�po!>al or 
rJulumdi\'l' \•,::tSIC' u·u'l\"f'tl from olhrr 
persons may b� pNmtllt•d only on land 

owned In fee by the l'cderal or a Stole 
�ovcrnml'nl. 

(h) ltut!tulionol wnlrol. The lond 
uwnrr �r CU!Itorlinl n�tcnty thHII r.ury 
out un lns1itutionnl control progr,tm to 
physica lly control access to the di&posol 
•ilc following transfer of control of the 
d11posal site from the disposal situ operator. The institutional control 
program must also Include, but not be 
limited to. carrying out an 
r.nvlronmentnl monitoring progr3m a l  
t h r.  dispo"ol aile, pcriotl ic eurvcill<.tncc. 
minor custodi.:tl cure. und other 
requirements as determ ined by the 
Commission; und administration of 
funds to COVer the CO,t!'ll ror thi'SC 
oclivi l iu. The period of lnstitulionul 
controls will be determ ined by the 
Commission. but Institutional controls 
may not be relied upon for more than 
100 years following tronsfer or con trol of 
the d isposa l site to the owner. 

Subpart E-Financlal Assurances 
f &1.61 Applicant quaHncallons and 
assurances. 

F.ach applicant shall show that it 
either possesses the necessary runds or 
ha!!i reasonable assurAnce of obta ining 
thr. Of'CC's�:uy fund!!, or by o 
comhin:ation o[ tlJe IWO, IO COV('f !h(' 
£'slimatN.I cos!! of conducting all 
licensed activities over the planm•d 
operating life of the project, including costs of construction and disposal. 

§ 61.&' Funding for dls.pos31 alte closure 
and stlbllizatlon. 

(a) The applicant shall provide 
nssurance th:at sufltcirnt fund� will be 
avuilahle to ClHTY out c.J i'>posal site 
closure and stabilization. including: (1) 
lJecontaminatioo or dismantlement of 
Land disposa l facility structures . and (2) 
closure and st::Lihzalion or the d aspos3l 
�IIC 10 that following transfer of the 
d1sposal sile lo the s1te owner, the need 
for ongoing a clive maintenance is 
eliminated to the exter.t pract icable and 
onlv minor custod1al car('. su rvf' illancC', anri rnomloring MC rcqutrcd. Thl'Sc 
:.1ssuranccs shal l be ba sed on 
Commission-approved cost estimates 
r.·ncclinp the Commission-apprO\'f"d 
pl 11n for l'!sposal site closure and 
stabilization. The a ppl icon1 '5 cosl 
l'st imatcs mu!lt take mto account total 
capital costs that would be incurred if  
an indrpcndcnt contractor were h1red to 
perform the closure .and slalllhllJIJOn 
work. 

(b) In c·rder to avoid unnecessary 
dupl ica t ion and expens(', thl"' 
Comm iSS ion wall uccept rmnncial 
�,a,�ttl'S 1h'lt ha\'r been consolidated 
.. ..,·,th c.1rm.:nkcd fmancial or surety 
Arrangements es tAbl ished to meet 
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DESCRI PTION: One package, waiN borne. strippdble coating. 

HECOl\11\I ENIJED USES: J)p,·ontarninating radioactiv<· polluted an·as. Apply over contaminat <·d stt·el, ron· 
crete. wood, aluminum, or painh•d !'iurfaces via spray or roll. Can hl- usPd for sealing (fi x i ng) potentbl airhorne 
l'ontaminants. for protfftion of pl•rsonnel from "smearahle" contatninants. Also usPful with hf'ta rmittt•l s for 
"shi<'lding" purposes. llt•t·ausc this product produces a n  <•asily compoct,•d (solid) waste, lh<• workload on rad
waslt• pron.•ssing facilit it•s can ht• suLstant iaiJy r!'duced. 

I'HOHUCT IJESIGN FU NCTION: 

1. ,\pply matNial on•r contatninatf'd surface. \\'hilc matt•: 1al i s  wet it att raets. ::�bsorh� and cnemiraH_v hinds 
ht·avy metal isotop('s. Duri nJ! upp)iration the coat i ng: mig:ratt•:-; into mino void� of surfan• to ront art con
t a m i nants. Upon l'UH'. t h•_· product ••;••rhanically locks t ht> contaminants into a polymt•r mat r i x  St r ipping: 
tht• fiim dff'l"ti\'£•ly rlt•ans t he suhst ralt· and produ<.'l'S a solid wastt•. 

2. Apply ·nall•rial O\'l'r dt·an surfacl' to provtd€' protPclin• layN against futurt' nHl t am i n a t ion. 

3. Apply mah•ria1 O\'N pn•viously contarninatt>d surfacrs whih• �t ill WPl lo inh ib it potun ial  airborm· l"ontami
nat ion during dry·out. 

CAUTION: /)() /\'OF Flll-.. �1-.. 'lE Consult l mp('r ia l for SJWt.·ific instruction" eonn-rning high humidity applira· 
t ions . Hd(·r to l'hart on rt.'\'<.>rsC'. 

I'II Y S I C A L  I'IIOI'EHTIES: 

TYI'E 

COLOH 

FI.A S I I  1'01 NT 

1\ lJ � I B E H  OF CO�I I'O� E 1\TS 

I'OT Ll FE <ic 75 ' F  

I J H Y I 1\(; T I �I E  li.< l r> " F  A :>: I J 7 ;,•; Hl l  

S I I E I. F  LI FE 

A .  TO TO l i C I I  ! FOOT T H A F F W I  

I I .  T O  F l l l . l .  C l J IH: 

1\ E T  \\' E ) ( ; J I T · l 's 
!"J 's 

I ' E HCENT VOI . l i \I E  SOLI DS 

H ECO�I M E N i l E i l  I J H Y  F l l .�l T I I I C K :>: ESS 

T I I EOHETI C A L  ('0\' E H M a·: AT �: •. o �I I I .S 

T I I I N :'\ E H  

TE\I I 'E H ATliHI-: H E S I ST,\ :>:C E  

F I H E  llATA IASTM-t·: R-t - 7 7 1  Ci <  :!O :!:, �I I I .S 

C l l  A HCOA I .  Fl LTE H 

I J ECO:'\TA�I I N ATI01\ F,\CTOH 

Vinyl 
Yt>llow 
� l A  

One 
� -' A  

:!·1 hours 
� days 
·t mont hs 
9.0 poUIHb 
-t :dl pounds 
·1 :!(i 
�0 :w mils 
�7 "I It 't:al 
\\'atPr 
l :!O"'F 
'2 0  (flanu•l. '2:1 ({ud!. '2::, (',.tnokt.•l 
��� � -� · �  efricil·m·y ahn 2 hr�. (rz -10FP\1 
f;u·" loading lnwt h_vl iodidC"I 
;Jtl . J OO h·aril'."' w i t h  �uh<.,t ratd 



A I' PLICA 1'10!'1 E(/li i i'M E!'IT H ECO�I �lEN ! l A T IONS: 

I . t\ irlt>�s Standard industrial �prc.ty l'ttu ipnwnt b.;t a i nlt·�s !-t t•t·l part .. dt·�iH•(II such a s  ( i raro or Bink s, using 
a :m: J pu m p ratio \\· i t h  Ml (iO Jl"i i nhou 11d prt·�..,u rt• and a Ol l "  to .0:?!"," fluid t i p  w i t h  rt'\'('rsihh.• dt·tmint: 
lw;nl 

� Holll'r 1 � . .  lamb-. \\ ool \\: i t h  pbt·rwli(' rort·. 

SAFETY E(j l i i i '.\I E:"'T H EUI\I �I ENI I,\'J IO,'I:S: # I  J .l!i ;, fr"" uf "'h'l'nl' and toxic rna t <·ria ls. A Jl"r· 
t irult�tt·  lf�autd I IW"k i o... rt·(·ornuH·nd t·d to prt·\'t·nt 1 1 1halatwn of 0\'l'f'!---pr<t.\'. Consult �1atHi<tl So.1ft't)' Data Sh(•£• t .  

A 1 ' 1 ' 1 .  H' A T l  0:'\ 1'110(. E I l l '  H E: 

1 .  Flu..,h all  t•quiplllt ' l l l  \\ J I I 1 ftt ·  ... t. Witlt •r prior to u -..t· .  

. , St ir  l l l i ttt ·rial t horou1:hl!· lwfort· a n d  t hroughout application . 

l )o not t hi n  t•xt·t·pt (or \\ o r k ahiluy. and t lu·n w i t h  no mort• t ha . 1 0 ' �, by n1lunw v. i t h  fn·�h wah·r. 
·1. Flu"h all t·quipmt•nt im nwdialt'ly aftt·r ll"l' w i t h  frt·-"h w;ltt'r. l l �p butyl  <·l'llo�oln• or sill l i lar �ohTnt for final 

l h·aning 

STO i t .-\ 1 ; 1-; ( '0:'\111 110:->S: 

I l l  t o  \ti l '  F. I H l  \OT F H I·TZE 
r r '"'" 

:.L 1 . 1 1  
.... z 

•.•>� r t . l l  I 

,\ I '  I 'I{( •X I \t ,\Tf: • 

I l l ! \  I I \1E \'S A \ ! H i r \"1 CO'.:J ) I TIO� 

-----�·----------- r----- ------b----------4-----

HOI liS �I I'  '1 0 I l l \ T i l  :.1 �> I I  \1 1 1 .� \\ 1·,"1 

• ! In t mw \ ,H i< " •  " ' t h  ;HI j ]"" r . l l t • _  l i l l < l" ' ' ·diH<' ,  ro · l .t l l \ 1 '  

h i ' ! ! H d • l  \ .  f l l r n  th !r�  IH'�'- . ind " 1 1 \ l" l l .l l \ '  1 • • r , d r t l!IIL" 

L' ' " 

:\()1 1-: I !;,• ��·d,rJ" ..J! 1f<JtoJ fr, uu�Jd J{ I' rr1n <ltl./ II< , ,,,,lfl' tP tho •  l•1•q P/PIIf � 'h<l• h-d}:o' }.-pr, n ,.,_ n" }:'''J rurrt•••· o{ur c11r<Jc\· 1 •  Ki•  I"Tl u r 1 m ·  
pltni n·,. ,l;'I•Urtl'lftl'  P I • '  l''''d''' � � '" I ··nl<>r•rr , , .  /m;•t  n u / {),,1/Jt\" Cuntr<lf St<ll/durd� u·,. ( J"'"n'' n" '•  'J'PI1 '11!dltll ' for " '  hundlrnJ:. 11\f', 
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APPEND'.X C 

CUMULATIVE DOSE CALCULATIONS FOR THE 
AURA 1 1 4 6  STRIPPABLE COATING SAHPLF.S FROH THE 

THI - 2  REACTOR BUILD ING GROSS DECONTAH INATION F.XPERI HENT 

TI1e p r o c ed u r es i n  t h i s  Append i x ,  which a r e  b a s ed on the a na l y s i s  g i v e n  i n  

Appe nd i x A ol R ef e renc e 4 2 ,  ou t l i ne t h �  t.tethods ••sed t o  c a l c u l a t e  cumu l a t i v e  
abso rbed d o s e  a s  a f u nc t i o n  o f  t i m e .  

Tab l e  C . l  l i s t s  t h e  radi onuc l i d es a nd pert i n e n t  d ec a y  param e t e r s  u s ed f o r  
t h e  c & lc u l a t l o ns . A wa s t e c o n t a i ner i s  a s s umed t o  b e  a 55-gal d rum t h e  a p p ro x i 
ma t e  d i me ns i o ns o f  uhiclo  a re rad i us � 2 5  e m  a nd h e i g h t  1 00 e m .  The ac t i v i t y  i s  
a s sumed t o  b e u ni f o nn l y  d i s c r ibut ed t hroughout t h e  volume o f  t h e  d rum . The ac

t i v i ty d e ns i t i es u s ed a t e f t om Tab l e 4 . 6  and 4 . 7 .  

Rad i o nuc l i d e  

Tab l e C . l  

Nuc l id e s  a nd Re1 eva n t  D ec a y  Da t a llsed i n  
Calcula t i on o f  Dos e  t o  St ri ppab l e  Coa t i ng 

). t l / 2 [a 
( y r- 1 ) ( y r )  HeV 

ra 
( rad c m2h- l mc i - l )  

----- --- · ·-·-----· 

Sr-90 0 . 0 2 5  
( Y- 9 0 ) b ( 9 5 )  
C s- 1 3 4 0 . 3 3  
Cs- 1 3 7  0 . 02 3  
Pu- 2 3 9  

------·--·-·-
a Ref e r enc e 1 .  

28 
( . 00 7 3 )  
2 .  1 
30 
2 4 , 1 00 

0 . 200 
( 0 . 9 3 1 )  
0 . 1 5 2 
0 .  1 9 5  
5 . 1 9 

no � 
( no � )  
f/. . 7  
3 . 3  
no y 

hoaugh t e r  o f  Sr-9 0 ;  f o r  t h e  purpose o f  c a l c u l a t i o n ,  Y-90 wa s a s sumed 
t o  d ec a y  c o i nc i d e nt w i t h  p� r e nt d ecay . 

The dos e d e l i v e red by b et a  d ecay wa s c a l c u l a t ed f rom t h e  f o l l owl nl! equa
t i ons . The d o s e  d e l i v e r ed by the a l pha d ec a y  of t h e  Pu-2 3 9  �as c a l c u l a t ed u s i nf 
t h e  same f o rmu l a t i o n  a s  f o r  b e t a  d ec a y .  The i ni t i a l  b eta d o s e  ra t e  o f  t h e  i t h 
rad i o nuc ! i d e ,  D l • i s :  
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AI'I'EI\DJ :: C ,  Co nt l nued 

Cllfi UI.ATIVE !lO S E  CA!.Cl!I.A T I OI\S FOR TIIF 

ALAR A 1 1 4 6  STR I PI'  ABLE C0ATi tiG �ANI'I.ES FROI� TilE 

TI1 1 - 2  R I:ACTOR lll1 1 l.lll riG CROSS N:COI'iTAH I !iAT J O r  E X PI'R I ! ! r i:T 

C t  f s t h e• :tc t i v i t y  d t· n s f t y  o f  t h P i t h rad i o nuc l i ( h• ,  �: 1 i s  t la• a v P r<I J� <· h l' t .l 
(' IH 'rgy a nd A l s  .t p ropo r t i o na l i t y c o n s t a n� . �h t•n :i J �  i �  rtC f /cmJ :tnd �:" f 
i s  I n  He\' , A "lll,l i s  7 . 1  x \ 0 1  rad C<") �lc•V I h I �:>CI and l • ;  I s  oh-
t .1 i n ('d i n  ra d p (;' r  h .  Th P t o t ;l ] .1 h s (l r b t:·d h t·t a d o s <• d u e  t o  t h e  ci <·c H y  o f  t lu� f t h  

rad l o nu.c l i d t:' ,  ll j ( · ) ,  i s  

• I· 
Di K 8 . 7 &  X 1 0 1 l1 ' y r- 1 

- - - �) f ---- - - � 

t...rht�I" ('  }, i i. s  t h t· rl ti.' <i )'  r ons t ctnt of t h P  i t h  utrl i o nur l i d e  i n  y t •<t rs- 1 .  T h e>  }J l' l il  
dosC> o bs o rb t'd n t  a nv L i M P  may t h c• n  h £>  C <l l c u l a t Prl h y  

T h P  d o s P  d (• l i v t.>r <•d h y  garnm<l d r'C a y  ''·':I S P.s t i n.1 t Prl f rom t h t• f o l l ow i n p f'q ua

t i o ns . ·nl l· r,anma d o s e  ra t <• i s  

w}H_'TP \ i i s  t l l (' f�arnma r(1y c o n s t <� n t  o f  t h e> i t h rad i o nuc l  i d P  a nd r i s  <1 P. C'OMC' t -
r i c  fac t o r , wh i r h  3 S s u m ps t i s s u t.> L't. p d v.-d l•nc v .  · i h a .s  t i ! C'  u n i t s  

r.:1d c m 2t1C i � I h - l , �)� ha s t b t· u n i t n·1- l . 
-

T h l' v a l \ J f '  o f  �t = l ) () �.oo·a s t .lkf>n f r nn t h f> t ah l e of va ] u l'.S of ��. P. i v P n  i n  
R Pf C' r c'nc c 2 f o r a C )' l i nrl e r o f  rad i u s :-: 7 1  cr1 a nd h P i p.h l  = 100 r m  • 

. , 
Thl· t o t  <1 1 �·_:lmr:�a a b s o rh C'd d o s e ,  fl i  ( · ) 1 i s  

� .d 3 
n 1 (. ) = ':'.L."_�_ "  1 0  t. · y r- 1  

A j  

a nd t h ('  c urn u l a t i ve · gamm.1 d o s e  \..'.1 S oh t .1 i rwd f 1·orn 

The t o t a l  c umu l a t i ve ah s o rb ('d d o s l' f o r  o1 l l  nuc l e>i .1 nJ ci t:'<� <ty t y p C'S i s  � h ot..• n  
i n  Tab l t:'  C . 2 .  
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APP!lNDIX C ,  Coot i nucd 

CUHIJLATIVE DOSE CALCULATIONS FOR TIIP. 
AI.ARA 1 1 4 6  STRI PPARLE COATING SAHPLP.S FROH TIIF. 

TH I - 2  ltEACTOR B U I LDING GROSS DECONTAMI NATION EXPERI H�: NT 

Tab l e  C . 2  

To t a l  Abs o r bed Dose to t he Average TH I  S t r l ppable Coa t i ng I n  
300 Yea r s  Assumi ng a 5 5-Gal Drum and the A c t i v i t y  Dens i t i es I n  

Tables 4 . 6  a nd 4 . 7  

Radl onuc l l d e  
Ac t i v i ty 

De n f s t � 
( p C I / c m  ) 

� 
Dt ( 300) 

( rad ) 

y 
Dt ( 300) 

( rad ) 
- - - - - - ------- - - -- - - ------- ----- - - - - - --

References 

Sr-90 
Y-90 
Cs- 1 34 
C s - 1 3 7  
Pu- 2 39 

0 . 2 5  
0 . 2 5  
o .  4 7 
5 . 6  

2 . 6  x 1 o-6 

To t a l 

To t a l  

3 . 6  X 1 011 
1 . 7  X 1 0 �  
3 . 9  X J 03 
8 . 7  x 1 0 5 

7 5 

t . 4  x to4 

9 . 5  x 1 0 5 

1 . o s  x 1 06 + 9 . 6  x r o5 

2 . 0 4  x r o6 r.1d 
--- - - ----------- - - --------

1 .  Bureau o f  Rad i o l og i ca l  Hea l t h  and t he Tra i n i ng I ns t i t u t e ,  F. nv i ronme n t a l  
Con t ro l  Admi n i s t ra t i o n ,  Rad i o logi c a l  Hea l t h  Handbook , U . S .  Government 
Pr hot l og Of f i c e ,  Hash i ng t o n ,  D . c .  ( 1 9 7 0 ) .  

Z .  G .  J .  l l i ne and c .  L - Brownel l ,  Rad i il t ion Dos i me t r y ,  Acad e m i c  P r es s ,  I n c .  
New York ( 1 9 56 ) .  
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B u i l d i ng Decontami na t i on Proc ess 

1 AUT ttOHISI 

D. Do ugher ty • J L'i�_M_ams 

Brookhaven Na t i ona l L a borJ tOI'I 
Upton , N Y 1 1973 

U i v i s i on of l-.'a � t e  ! 1u r r d�)' 1 : .c n t  
Of f i ce o f  llu c l e o r  i 1 a t t> r i a l s  S a f t' l y  .1nd S af e 9 u a r d s  
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I l f I t� NO 

(\ 3 ) (, "  

Deconta m i n,J t i o n  a c t i v i t i e s  fl·on1 the c l eanup o f  t h e  T h ree Ni l e  I s l a n d  U n i t 'I 
Rea c to r  f1 u i l d i ng a re generat i n g a va r i e ty u f  wa s t e s t reams . S o l i d  wa 5 te s  be i n g  
d i s po s ed o f  i n  COllllUllet'C i a l  s ha l l ow l a nd bu r i it l  i nc l ude t r a s h  a n d  r u b b i s h ,  i on 
excha nge 1 es i n s ( E p i c o r - 1 1 )  a n d  s t r i pp a b l e cod l i ngs . 

The radwd s te s t reams a r i s i ng f nHn c l eanup a c t i v i t i e s  c u r re n t l y  u n d e r  way 
a n• c ha r· a c t e •· i zed and c l a s s i f i ed u n d e •· Uw was t•• c l a s s i f i c a t i on s c he111e of 10 CI R  
Pa1·t  6 1 . I t  a p p e a r s  t h a t nn�< h o f  t h e  f. p i c u 1 · - J J  i on - e x c h a n g e  1·es i n  lJe i n �  d i s po s ed 
o f  i n corm:�er< i a l  l a nd btw i a l  w i l l  be c l a s s  (; arrd requ i re s t a b i l i l c1 t i on . 

S t r i ppa b l e  coa t i ngs b e i ng u s �ed <l t 111 1 - 2 wt r e  tes ted fo1· l eu c h a b i l i ty o f  
ra d i on u c l i des a n d  c he l ,1 t i n g age n t s , t h e rma l s t a b i l i ty ,  rad i a t i o n  s t a b i l i ty ,  s t a 
b i l i ty l l l ldf'r· i nll:P r s i on d nd bi ode y r.lda b i l i ty .  Res u l t s i nd i ca ted tha t b o t h  •·a d i u 
n uc l i de c on t a111 i n a t i on a nd c he l a t i ny aqen t s  l ea c h  frorr1 s t r i ppab l e  coa t i n g was t e .  

Decontami n a t i on . P.tdwa s te , J o n - e x c l1 a n gP res i n ,  
S t r i pp a b l e c oa t i ngs , Was te c l o s s i f i c a t i ol l  

I ' ,  I '•l H l i ' ! 1)1\<., 

· ---- - -- ·-· - --- · · --· ---- -- - - -- - - ·  

1 8  .\V I\. I t A f\ l l i T �  S I .\ T f \� ! 'li l  

Un 1 i m i  ted 
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