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ABSTRACT

Decontamination activities from the cleanup of the Three Mile Island
Unit 2 Reactor Building are generating a variety of waste streams. Solid
wastes being disposed of in commercial shallow land burial include trash and
rubbish, fon-exchange resins (Epicor-II) and strippuable coatings.

The radwaste streams arising from cleanup activities currently under way
are characterized and classified under the waste classification scheme of 10
CFR Part 61. It appears that much of the Epicor-II ion-exchange resin being
disposed of in commerical land burfal will be Class B and require stabiliza-
tion {f current radionuclide loading practices continue to be followed. Some

of the trash and rubbish from the c¢leanup of the reactor building so far would
be Class B.

Strippable coatings ba2ing used at TMI-2 were tested for leachability of
radionuclides and chelating agents, thermal stability, radiation stability,
stability under immersion and biodegradability. Actual coating samples from
reactor building decontamination testing were evaluated for radionuclide
leaching and biodegradation. Results indicated that both radionuclide con-
tamination and chelating agents leaci.. from strippable coating waste. It
swells and partially dissolves upon immersion {n water and organic liquids,
biodegrades readily in soil and, upon irradifation, generates gas, principally
hydrogen. The coating is thermally stable up to at least 100°C and is not
an unacceptable flame and smoke hazard. The strippable coating samples from
the THI-2 reactor building decontamination testing contained significant
strontium-90 and cesium-137 contamination and would be Class B under 10 CFR
Part ol.
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EVALUATION OF THE THRE¥. MILE USLAND UNIT 2
REACTOR BUILDING DECONTAMINATION PROCESS

l. INTRODUCTION

It has been more than 3-1/2 years since the March 28, 19?9 .ccident at
the Three Mile Island Unit 7 Nuclear Generating Plant which left the reactor
core dawnaged and the reactor building contaminated with fisston products.
During this time plans(1‘7) have b2en made and effort(s‘lz) expended to
c¢leanup and recover TMI-2. These efforts are directed towird decontaminating
the reactor building, removing the nuclear fuel from the damaged core and de-
contaminating the reactor coolant system and connected systems. Decontamina-
tion of the reactor building will {nitially focus on those areas needed for
defueling. These arcas, as shown in Figure 1.1, Include the 305-ft. level,
the 147-fr. level (the operating floor) and the polar crane. The reactor
coolant system water must also be cleaned up to reduce the concentration of
dissolved fission products prior to defueling.

Majcr nilestones{(13) {4 the cleanup and recovery effort have lncluded
the following events:

(1) Venting to atmosphere of the 44,000 Curies of the fission product
gas krypton-85 which was released in the reactor building during the
accident. This was done between June 28 and July 11, 1980.

(2) Re¢moval of dissolved fission product activity from the 565,224-gal
of tritiated accident water In the Auxiliary and Fuel-Handling
Building (AFHB). The fission product activity was removed by ion ex-
change (Epicor IT*) betweon November 1979 and December 1980. The
highly loaded ion-exchange resins are being transferred to the
Department of Energy (DOE) for disposal. The tritiated accident
water (<1 uCI/cm3) is being stored for reuse at TMI.

(3) Rewoval of the dissolved fission product activity from more than
600,000 gal of tritiated accident water which flooded the basemant
(282-ft elevation) of the reactor building. The fission product
activity was sorbed onto zeolite demineralizer beds in the Submerged
Demineralizer System (SDS) betwecen September 23, 1981 and March 9,
1982. The tritiated water effluent from the SDS was polished (i.e.,
the small amount of fission product activity not sorbed onto the
zeolites was removed) using Lpicor-I1 fon-exchange resin. The
highly loaded zeolites are being transferred to DOFE for disposal.
Activity levels ia the Epicor-11 polishing resins were within the
Hanford, Washington, commei~cial land burial site limit (<1 =Ci/g)

*Proprietary fon-exchange system of Epicor, Incorporated.



for disposal in the dewatered form and withoat solidification. The
tritiated accident water (<1 uCt/cm3) is being stored for reuse at
™I.

(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 toward determining the relative decontamination effectiveness of
the several techniques selected for testing.

(5) Cross Decontamination of the reactor building including the 305-ft.
elevation and above started September 17, 1982. The effort was de-
signed to reduce smearable levels of contamination to the point that
workers will be able to rcmove much of the bulky protective 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
but has not been coapletely successful. Strontium-90 frowm the fuel
debris apparently i{s dissolving into the cleaned water and restoring
the stroatium-90 activity to near its irnltial level. This phenocue-
non may influence the RCS cleanup plans which were not fin:ilized as
of this writing.

Ma jor events(12-16) {4 ¢he cleamuip and recovery yet to occur include:

(7) Defueling cf the reactor. Plans for removing the fuel from the re-
actor awalt detailled inspection of tne core. This ingpection began
with the "Quick Looks"{}3,14} jnto the reactor vessel with a re-
oote TV cawera and will continue when the reactor vessel head 1is
removed, which 1is scheduled for sometime in mid 1983. 1t is hoTed
that fuel removal from the core can bhe completed by late 1985, (15)

(8) Decontamination of the reactor coolant systen and connected systems
which have been contamtnated by fuel debris. The decontamination
techniques and procedures tc be used for this cleanup will not he
decided upan until studies being performed by the Electric Power
Research Institute (EPRI) recommend appropriate techniques.(lz)

(9) Clcanup of the refueling canal during and after reactor dcfueling.
Transfer of the core debris from the reactor to a packaging facility

may vesult in substantial soluble and particulate contamination of
the refueling canal.

(10) Hands~-on decontamination of the 305-ft. elevation and above. This
1s {ntended to return the working environment in this part of the
reactor building to near normal (i.e., pre-accident) condftions.
This effort will start somerime after Gross Decontamination, Item 5.
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(l11) Decontamination of the 282-ft. evaluation. The 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 radiattfon
fields than the upper portions of the reactor building.

(12) Disposal of the more than l-million gallons of tritiated accident
water, Items 2 and 3. TI 1is under gpecific NRC order(16) not to
release any of the accident water. 1In addition to the considera-
tions or 10 CFR Part 20 with regard to this watcr, the NRC and the
State of Maryland are conducting studies on potential socloeconomic
impacts of various alternatives for dispogal of the accident water.

Flushing with both low and high pressure water spray has been the princi-
pal decontamination method for removal of as much loosc¢ debris and swmearable
and soluble activity as possible. The tritiated accident water (<l uCi -3
per mL) is being used for the water flushing decontamination activity. It {is
routed through floor drains from the upper levels in the reactor building to
the basement (282-ft. elevation) from where it is then sent ¢o the SUS for
cleanup and return to tank storage for reuse. The Gross Decontamination
Experiment (GDE) also tested, in small scale, detergent (Turco 4324 NP-107%)
and phosphoric acid (Turco 4512-A 10% Normal) solutions in conjunction with a
floor scrubber.(10) These tests vere conducted on two 128 ft2 areas, one
for each solution, on the floor of the 347-ft elevation. The liquid wastes,
approximately 26 gallons for each solution, were wet vacummed into 55-gal
drums and then transferred to storage. The storage container is an 8000-gal
tank at TMI ir which all liquid wastes are combined for storage. Strippable
coatings were also tested during the GDi. These coatings are applied as
liquids. After drying to a rubbery film, the coatings are taen peeied off for
disposal. This results in only solid waste which is then drummed for dis-
posal. Problems assoctiated with the processing of radioactive waste produced
by decontamination methods other than water flushing have provided a major
inhibition to their use at TMI-2.

The cleanup activities listed aliove are generating a large quantity of
radioactive waste. Some of this waste is unique - such as the damaged core.
Some of the waste contains exceptionally large amounts of activity and is not
suitable for disposal in commercial land burial. Disposal of these wastes is
provided for in the Memorandum of Understanding{17) (MOU) betwecen the NRC
znd the Department of Energy (DOE). The MOU states that DOFE may, on an R and
D or reimbursable basis, take posession of the nuclear fuel and those radio-
active wastes from TMI-2 which are not suttable for disposal In comnercial
land burial. However, a large amount of waste will go to commercial tand
burial.(18,19

The radionuclides of concern in the cleanup wastes are long-lived fisslon
products - principally Cs-137 and Sr-90, rather than neutron activation prod-
ucts (e.g., Co-60) assoclated with reactor "crud”. Fuel debris from the rcac-
tor core will also contain transuravic (TRU) contamination. In wastes from

Pa)



cleanup of the RCS and possihly the 282-ft eclevation, the TRU contarination
may be of most concern. The strippable coatings heinp used in the cleanup
contain chelating agents.

Since the cleanup of T™MI-2 will continue well inte the latter half of the
decade, much of the waste penerated will fall under the repulation of 10 CFR
Part 61, "Licensing Requirements for Land Nisposal of Padioactive Waste.” The
activities of alpha-umitting TRU and the long-lived fissfon products Cs-137
and Sr-90 are usced in 10 CFR Part Al to c¢lassifyv radwaste for disposal pur-
poses. The wastce classification scction of the repulation, 10 CFR Part 61.55,
is attached as Appendix A. The MRC has contracted Prookhaven Natfonal lLabora-
torv (RNL) under FIN A-3162, Task 7, "Fvaluation of the Three Mile Tsland Unit
2 Recactor Ruilding DNecontaninationr Process,” for tcechnical assistance in char-
acterizing these decontaminaticn wastes. Fvaluation of the strippahle coat-
inps heing used in the decontamination cffort is specifically included in this
task. Lvaluation of these vastes for compliance with the provisions of 10 CFP
Part 6l is a part of this characterization.

The decontamination wastes heing pencerated in the cleanuy of the TMI-2
reactor huildine, as of thic writing, arce descrihed and their performance
under 10 CFR Part 61 is cvaluated. Strappahble ceating propertics and uses are
prescented alonp vwith the results of testing for radionuclide and chelating
agent leachahility, thermal stabilfity, biodepradability, ard radifation stabil-
fty. The activity that strippable coating waste from TMNI-2 may contain are
estimated from samples of coating fror the Gross Decontamination Fxperiment.



2. WASTE MANAGEMENT FOR T™I-2 REACTOR BUILDING CLEANUP

2.1 Reactor Building Decontamination Planning

Reactor building decontamination planning 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-
tiveness, waste management, and other considerations. The approximately chro-
nological listing in Section 1 of major events in the TI-2 cleanup also pro-
vides a basis for categorizing the various streams of radioactive waste being
generated in the reactor building cleanup. 1Items 1-4 have becn completed and
item 5 is echeduled for completion no later than the end of January, 1983.*

2.2 Decontamination Wastes

Waste stream characterization for varfous decontamination and waste pro-
cessing alternatives has been estimated in some detail in the PEIS.(3) The
wastes geterated from the activities of Items 2 and 3, Section 1, consisted of
SDS zeolfites, Epicor-1I fon-exchange resins, and general trash. The SDS zeo-
lite waste and the Epicor-II vaste were highly radioactive and DOE has agreed
to take possession of these under the HuU. An estimate of the Classification
that these vastes would have had under 10 CFR Part 61 (draft version) is
available.(:'0) DpoOE is using some of the Epicor-II wastes, Item 2, and the
zcolite wastes, ltem 3, in various research programs related to radioactive
waste and tle rest is being disposed of as "special waste” on a one-tiac
disposal basis.(20,21) The entire reactor core from the defueling opera-
tion, Item 7, will be taken by 00E.(17) yastes contanminated by TRU ccacen-
trations Iin excess of the levels authorized for commercial burial may also be
accepted by CE.(17) Some wastes from (Section 1) ltems 8, 9, and 11, nay
be transferred to DOE under the MOU provision cited in the preceeding sen-
teace., The ™I-2 licensee, General Public Utilities, is disposing of the low
level waste arising from the cleanup operations at the Hanford, Washington,
conmercial radioacitve waste land burial site.(18) The waste being shipped
to the Hanford commercial burial site is similar to wastes being routinely
generated at cther nuclear power facilities.

Characterization of 1MI-2 radwaste is accomplished using §amma measure-
meats {rom which radionuclide inventories are estimated.(22,23 Two cate-
gories of radwaste have been defined in the reactor building cleanup so far:
(1) Nor al Unit-2 radwaste and (2) Makeup and purificetion (MUP) system rad-
waste. Normal Unit-2 radwaste is being generated by cleanup activities on the
305-ft elevation and above. The activity in normal Unit 2 radwaste has a
specified f-actional composition of 0.471 Cs-137 and 0.0234 Sr-90. The re-
mainder consists of the Ba-137m and Y-90 daughters of Cs-137 and Sr-90 plus
some Cs-134. The MUP system, which is located on the 281-ft level of the
AFIIB, consists of fon exchange resin bed demineralizers and heat exchangers.

*personal communication between D. Dougherty (BNL) and D. Geif2v, Bechtel
National Corporation, at TMI, December 14, 1982,



This system is counccted directly to the reactor coolant system. It is sched-
uled to be decontaminated as part of the RCS cleanup. As of this writing no
MUP radwaste has been generated. MUP radwaste has been specified to have the
following isotoPlc fractional distribution: 0.176 Cs-137, 0.234 Sr-90, and
plus 2.74 x 107 TRU. The TRU ~ontent limits the fission product activity

in a container te avold exceeding the 10 nCi/g limit Imposed by the Hanford
burial site. The container activity limits necessary to avoid exce2eding the
TRU linmit of 10 nCi/g arc listed in Reference 22. The activity inventory in a
waste container is estimated for both categories of radwaste using the follow-
ing equation,

Container Activity (nCi) = (C.F.) (Average Measured Dose Rate [mrem/h])

ifn which C.F. is a conversion factor which depends on the container and
whether the activity {n the waste is normal or MUP. Three types of con-
tainers, each with its own C.F., are used at ™I-2 for solid waste disposal.
These are conpacted i1nd non-compacted 55-gal drums and 98 ft3 LSA boxes.

Volunme reduction capability for solid radwaste at ™I-2 consists of a
30,000 psi ccmpactor for 55-gal drums as ot the writing »t this report. A
5-gph evaporator is avallable for liquid wastes but, as of this writing, has
never heen used.(12)  This small evaporator was to be tested on chemical
decontamination liquids but there were no plans to place the evaporator in
service {n the foresceable future.* There is no solidificationr facility at
™I-2. A facility for solidifying waste In cement is available at ™I-1, but
it {s not allcwed to be used for TMI-2 wastes. A 30-gph evaporator was con-
sidered for installation in 1979, but has not been purchased. Incineration
was also a considered option for volume reduction, but an incinerator has not
been purchased.(lzv 4

Solid waste is packaged in 55-gal drums and Y8-cu. ft. L.S.A. boxes for
storage, shipment, snd disposal. Coapactible wastes can be volume reduced by
conpaction into 55-gal dvums. As a general rule, compaction of waste is per-
formed to the maximum extent possible. However, waste that would exceced the
LSA classification under compaction and waste whose activity is such that the
compactor operators would receive too large a dose ate not compacted. That
waste suftable for land burial is shipped to Hanford, Washington, commerical
burial site for disposal(ls) ifn placarded, exclusive use trucks. Shipments
are now averaging about two per month** although they were more frequent
when radwaste s“ipments from TMI-2 started in November 1979. A fully loaded
trailer holds 20 LSA boxes (1960 €t3) or approximately 150, 55-gal drums
(1100 ft3) or a mixture of the two. TMI shipment number Rs-82-028-11,

April 29, 1982, may be representative of typical radwaste shipments from

*Personal communication between D. Dougherty (BNL) and P. Carmel (Bechtel)
at TMI, December 17, 1982.

**personal communication between D. Dougherty (BNL) and T. Moslak (NRC) at
T™I, September 8, 1982.



™I-2.* This shipment contained 6 LSA boxes and 68 drums. Five of these
drums labelled “"compacted trash” would be Class B under 10 CFR Part 61 for the
Sr-90 content or the Sr-90 plus Cs-137 content.

Gross decontamination of the 347-ft elevation was performed with water
spray and a mechanical floor scrubber using a non-abrasive pad and water. The
contaminated water i8 cleaned up using the SDS and Epicor-II systems. The
activity loading of the zeolites in the SDS from this cleanup is ot known.
The activity loading of the Epicor-1I resins is determined by monitoring
activity levels of the influent to ind effluent from the Epicor-II system.
The loading is limited to <1 uCi/g. The Hanford license** states that resins
having activities less than 1 uCi/cad with half-lives greater than 5 years
can be disposed of in the dewatered condition. Since dewatered Epicor-11
resin has an apparent density of approximately 0.7 g/cm3, the 1 uCi/g load-
ing at ™I 1is below that allowed by Hanford (i.e., 1 uCi/cm3d : 0.7 g/cmd =
1.4 uCi/g). Hence, spent resins have been dewatered and shipped to Hanford
for disposal.

The Epicor-1I system for polishing the SDS ef fluent has three sections:
the pre-filter stage (PF), the first stage (K filter) and the second stage (2K
filter). Through 1982 42-PFs, 8-K and 7-2K filters had been used.*** Of
these totals 23-PFs, 5-Ks and 6-2Ks were stored at TMI awaiting disposal. The
PFs tere loaded to approximately 1 uCi/g while the K and 2K filters were
loaded to lesser activities. PFs are shipped in shielded casks for disposal,
2K filters do not require shielding for shipment and K filters are shielded or
not on a case by case basis. Disposal costs have led to studies of the cost
effectiveness of continuing present procedures. An alternative currently
being considered is to increase the activity loading on the Epicor-Ii resins
fol}owed by solidification prior to disposal.*t*k

By way of {llustration, the 10 CFR 61 classifications that Fpicor-II1
radwaste would have if loaded to 1 uCi/g with activity of Normal Unit-2 and
MUP radioisotopic fractional compositions are calculated. The fractional
activities of C<-137 and Sr-90 in Normal Unit-2 Radwaste are 0.471 and 0.0234,
respectively The cumulative fraction under 10 CFR Part 61 from Table 2 of
Appendix A, usi.g the gravimetric loading limit of 1 1:Ci/g and the apparent

*COpies of the shipping papers for this shipment were forwarded to BNL
from a request for information on a typical solid waste shipment for
commercial land burial.

**The State of Washington, Radioactive Materials License ~WN-1019-2,
Amendment No. 15 in accordance with renewal application dated October 28,
1981, expiration date November 30, 1985.

***personal communication between D. Dougherty (BNL) and T. Moslak (NRC) at

™1, December 17, 1982.

Personal communication between D. Dougherty (BNL) and R. Hahn (GPU) at

T™I, April 27, 1983.
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density of approximately 0.7 g/cm3 for dewatered Eplicor-II resin is

0.471 v 3 0.0234
—emememse— X 1 Ci g x 007 glem” 4 -2 ] Ci/e x 0.7 p,/cm3 = 0,74

1.0 1.Ci/cm 2.04 uCi/ - m

Performing the same calculation using the MUP radwaste fractional contents for
Sr-%0 and Cs-137 leads to a value of 4.2. These numbers mean that 1if the
radionuclide fractional -~ompositions in normal and MUP radwaste are carried
through in the SUS efflueat to the Epicor-11 system, then a 1 uCi/g loading
would be Class A for the normal Unit-2 radwsste radionuclide composition and
Class B for the MUP fractional distribution. 1In actuality, any radionuclide
coaposition effluent from the SDS has a larger strontium fraction than the
influent. This is becausce cesium {s held up on the SDS demineralizer beds
nuch more than i{s strontium, as shown by the SDS data presented in Table 1 and
Figure 3, Reference 11. Specifically, the decontamination factors listed in
Table I, Reference 11, for processing the reactor building sump water are
140,000 for Cs~137 and 590 for Sr-90. The ratio of Sr-90 to Cs-137 activities
ifn the influent to and effluent from the SDS were 0.04 and 10.2, respectively.
It 1s therefore likely that all of the Epicor-II resins loaded to even a
modest fraction of 1 1Ci/g will be Class B.

Gross decontamination of the 305-ft elevation 1s being performed with
water spray and a mechanical floor scrubber, as was done on the 347-ft level.
Phosphoric acid solution (Turco 4512-A 10X) will also be used on parts of the
305-ft level. The phosphoric acid radwaste solution is to be neutralized and
combined with other liquid waste in the holding tank at TMI. Since TMI-2 has
no cvaporation and solidification facilities for liquid wastes, they are
stored. These stored liquid wastes may be solidified by vendors with mobile
facilities called Iin 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 coatings are being used on some decontaminated sections of the
305- and 347 -ft elevations and the polar crane to provide a protective bdarrvier
against recontamination. FExcept for the GDE testing, these coatings have not
been used for decontamination on the upper part of the reactor building.
These protective layers of coating are scheduled to remain in place until
after the reactor head lift which is planned for Spring, 1983. The activity
that these coatings contain will depend on both how much contaaination they
remove frum the gross decontaminated surface and how much they receive from
contamination of the top surface. The classification of the protective coat-
ing waste under 10 CFR Fart 61 cannot be reasonably estimated until {t {s
peeled from the surfaces and assayed prior to disposal.

Cleanup of the RCS water, Item 6, is generating highly loaded SDS zeolite

and pre-filter radwaste. The pre-filters will also contain TRU activity from
suspended fuel 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 these
cleanup activities may be large. Therefore, SDS pre-filters from these
cleanup activities may contain TRU contamination. The SDS zecolites from water
cleanup in Items 7, 8, and 9 will be highly loaded with fission products and
DOE will take these. Epicor-II polishing resins are loaded so as not to ex-
ceed 1 yCi/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 requir. solidificattion if loaded to
near 1 uCi/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 Gross Decontamination has involved removing
smearable contamination without significant surface penetration. There is some
evidence that paint removal by abrasion, grit blasting or similar methods may
ultimately be needed for complete decontamination.(8:25) Loss of coolant
accident (LOCA) tests have shown that epoxy painted surfaces do not decontami-
nate readily after a LOCA.(25) Results froo the GDE indicate that about 10%
of the contamination remains in epoxy painted surfaces after gross decontami-
nation. The activity remaining in floor surfaces averaged approximately
0.5 uCi/cm? 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 resgsulting 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 TMI-2 is evolving as the waste streams from the vari-
ous cleanup activities are processed. For wastes to be disposed of by commer-
cial burial, efforts have bcen made to limit activity to LSA limits. Wastes
which do not meet the LSA criterion are stored at TM! 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 liquid wastes in holding storage at ™I-2. The
liquids may be solidified by contractors brought in for these specific jobs,
but this has not been planned as of this writing.



3. STRIPPABLE COATINGS - GENERAL

3.1 Introduction

Strippable coatings are film-forming compositions which are applied as
liquids and which, after drying, .re pceled from the surface. The great ad-
vantage of strippable coatings for radioactive decontamination is that only
solid waste {s produced. They have been found to be useful for removing loose
dehris and smearable zontamination(9:27-33) 4nd for significantY* decreas-
ing the level of particulates in the atr.(9)  The coatings are so useful
as a barrier to protect cleaned surfaces from recontamination. f the protec-
tive layer {s contaminated, it can be removed and replaced or, preferably, a
second layer of coating can be applied trapping the contamination betwen two
layers of film before stripping. They have also been used to immobilize loose
cont - Inatfon on equipment to allow noving it without sr-~ading contamina-
tion.30) Strippable coatings are most effective on smou .1 surfaces.
Thicker applications, multiple applications, one on top of the other, and/or
reinforcement with a matrix, such as cheesecloth, may be required to success-
fully strip from porous, pitted or corroded surfaces. The coating may not ad-
here to some surfaces, such as Teflon, or to oily surfaces. Decontamination
factors (DF) of 10 are routinely obtained with one application of strippable
coating, which conpares favorably with DF obtained using liquid decontamina-
tion agents.

3.2 Description

Chemically, strippable coatings consist of a film forming agent, usually
in colloidal suspeunsion, in a solveat. Other chemicals are added to the mix-
ture to fmprove the decontaminatlon or physical characteristics. Several
strngable coating formulations have been described in the literature.
one(31) uses polyvinyl alcohol as the filming agent. Another(28,32) ,ges
prevulcanized rubber latex. A fast drying composltlon(33) uses a solution
of copolymers of polyvinyl chloride and vinyl acetate. Although the filming
agent alone is effective In removing loose contamination, the addition of che-
lating agents such as EATA and NTA can si%nif{cantly increase the decontamlna-
tion effectiveness of these formulations.(28.31,

A typical formulation for polyvinyl alcohol based coatings(3l) was
given as follows: 2-10% polyvinyl alcohol in water, 12 FDTA, 15-20% ethanol,
0.02% sodium carbonate and 1-2% glycerine or ethylene glycol. This formula-
tion consists of only 4-132 solids with the remainder being sclvent which
evaporates to leave the rubbery strippable film. The ethanol (optional) {s
ifncluded to aid the wetting of the surlace. The sodium carbonate raises the
pH and helps fix fons such as strontium and barfum Iin the set coating. Glyc-
erin or ethylene glycol acts as a plasticiser to keep the texture of set coat-
{ng elastic and easily peelable from the sutface.

The prevulcanized rubber latex strippable coatlng(zq'32) comes in liq-
uid form as an alkal): stabilized emulsion with water. The formulatiom, which
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incorporates an alkaline complexing detergent, is called Detex (for Detergent
latex). Fine pumice can be added to Detex to obtain the added benefit of ab-
racion when the coating i1s applied with scrubbing.

A fast drying plastic strippable coating of copolymeric polyvinyl chlor-
fde (83-85%) and vinyl acetate (15-172) is claimed to film on contact and to
be removable after only 3 minutes drying time. The rapid filming allows this
coating to be sprayed onto vertical surfaces without running. However, vola-
tile organic solvents whick allow the rapid drying can cause ventilation and
flammability problems.

The characteristics that strippable coatings produce only solid waste in
relatively small volumes and can be used for both decontamination and for pro-
tecting clean surfaces make them useful for radioactive decontamination. At
least three vendors* in the United States of fer strippable coatings for this
use.

*Imperial Professional Coatings Incorporated, New Orleans, LA; Turco Prod-
ucts, Carson, CA; RAD Services, Incorporated, Pittsburgh, PA.
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4. STRIPPABLE COATINGS AT TMI -2

4.1 Introduction

The strippable coatirg being used in the cleanup of the T™I-2 reactor
building is Imperial* ALARA 1146 Decon. (Two strippable coating
fomul..tions ~Imperial 1146 and 1148- were tested in the Gross Decontamination
Experiment but only the 1146 coating was recommended for use because of prob-
lems encountered In stripping the 1148 coating.) Imperial ALARA 1146 Decon is
a waterborne, v.nyl couposition incorporating chelating agents. A technical
data sheet, put out by Imperial, on the properti~s of the 1146 coating is re-
produced in Appendix B. The identities and quantities of chelating materials
in 1146 are considered proprietary by Imperlal.(3“) According to the data
sheet, the coating decontaminates a surface both physically and chemically; it
absorbs and chemically binds heavy metal isotopes while wet and, upon curing,
mechanically locks these absorbed contaminants plus smearable and loose con-
tamination into a polymer matrix. It is also claimed to be useful for pro-
tecting clearn surfaces, for inhibiting airborne contamination and for shield-
ing against beta emitters. (A typical 25-mil thickness of 1146 coating would
provide effective shielding for low energy beta emitters, up to approximately
0.3 Mev.(35) However, this 25-mil thickness would be almost completely in-
effective for shielding the 2.2 MeV beta electron from the Y-90 daughter of
Sr-99.)

Imperial 1146 strippable covating was tested on the floor of 305-ft
elevation of the TMI-2 reactor building as part of the Gross Decontamination
Fxperiment (GDE). This surface(l) conaists af a concrete substrate finished
with X and L** 7107 epoxy primer and X and L 7475 cpoxy paint. (All cf the
concrete surfaces in the reactor building are finished with K and L 7107 and
7475 cpoxy primer and paint; reference 1, Table 4.1.) For testi q(lo) in
the GNDE, the 1146 coating was applied to an approximately 500-ft¢ area of
the 305-ft. elevation in the northwest quadrant north of the open stairwell.
This applicatior followed low pressure water flushing of the area to remove
loose debris ar i water soluble contamination. A description of this test of
the 1146 stri,.pable coating including the volume and an estimation of the ac
tivity of the radwaste produced is included in Reference 10. (This informa-
tiun is detailed in Section 4.3 of this report along with other experimental
results on TMI strippable coatings from the GDE.)

§

4.2 Testing ALARA 1146 Strippable Coating for Characterization as Radwaste

Tests were performed on ALARA 1146 coating purchased from Imperial Pro-
fessional Coatings, Incorporated, and on samples of ALARA 1146 from the GDE
testing on the 305-ft. elevation floor of the TMI-II reactor building. Char-
acterization of ALARA 1146 is based on test results for leachability of Co,

*Imperial Professivnal Coatings, Incorporated, P.O. Box 2977, New Orleans,
LA, 70189.
*#*yceler and tong, Incorporated, Watertown, CT.
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Sr, and Cs radionuclides and clielating agents and on tests for stabiliity to-
ward {rvadiation, biodegradation, immersion and heat. Scoping test results on
the purchased material are presented in Section 4.1 while test results on the
samples of the actual TMI-II coating are presented in Section 4.2.

4.2.1 Scoping Tests

4.2.1.1 Sample Preparation

Samples of ALARA 1146 coating were prepared according to directions
in the technical data sheet, Appendix B. The shelf life of 1iquid coating mix
is 4 months according to Appundix 8. The 1iquid coating mix was used within 1
month of its arrival in cccordance with vendor recommendations. The liquid
material was stirred before and during application and was spread evenly over
a surface to cure for at least 2 days (full cure) before stripping. The
ccoating was spread with a groved Teflon sheet instead of being sprayed or
applied with a roller as is suggested in the technical data sheet. Spraying
and rolling were impractical on the laboratory scale of these tests, and as
long as the coating is merely spread and not mechanically scrubbed, the method
of application should not matter. The surfaces on which the coating was
spread included Lucite sheets and small painted forms® of concrete and steel
similar to the epoxy painted surfaces in the TMI-I1 reactor building. The
stripped coating uscd in all of the scoping tests was 18 + 2 mils thick. For
the radionuclide leach tests, 40 mL of coating mix was spiked with 0.2 ml. of
an aqueous solution cortaining 20 uCt Cs-~137, 40 uCi Sr-85 and 40 uCi Co-6C.
Spiked samples for leach testing were prepared this way rather than by con-
taninating the surfaces with the spike, allowing it to dry and then applying
the coating in order to avoid contamination of the painted samples and to
prepare the contaminated coatinp such that the activity would be held in the
coating as firmly as fossihle. This would then provide radionuclide leach
data which should be a measure of the best performance ({.e., lowest leach
rates) that could be expected of ceating used for actual decontamination.
There was no detectable activity remaining on the cpoxy painted forms after
the coating was stripped indicating that the distribution coefficient between
the coating and epoxy painted surfaces is large and In favor of the coating
for the radionuclides as tested. The spiked coating mix was stirred for five
minutes before being applied to the ¥ and L epoxy painted specimens for cure.

4.2.1.2 Radionuclide Leach Tusting for Sr, €s and Co

Scopinp test samples of ALARA 1146 spiked with Cs-137, Sr-85 and
Co-£0 were prepared as described in Section 4.2.1.1. Half-inch square test
specimens - three each from the K and L painted steel and painted concrete

*Spacimen forms furnished by the Keeler and Lonp Corporation (K and L)
fncluded 2x4x1f4-1in. carbon stecl coupons primed and painted with 6548/7107
epoxy primer and F-1-7475 epoxy cnamel and 2x4x2-in. concrete blocks
finished with 4129 epoxy concrete curing compound, 6548S epoxy surfacer
and £-1-7475 epoxy enanel.
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forms - were cut from the spiked coating which had been peeled from the
painted surfaces. These specimens were then leacked in 32.3 ml deionized
water for a leachant volume to specimen surface area ratio of 10.0 cn.
l.ecachants were changed and the activity remaining in each of the test speci-
mens was counted at 1, 2, 3, &, 8, 9, 11, 15, and 18 days. A Gel.i detector
was used for pamma counting. Counts were inteprated over 5 or 10 minutes, a
decay correction applied for Sr-R5, and the measured activity compared to thst
fnitially present in the sample. Fipure 4.1 shows a plot of leached activity
at each of the points of measurement stated above. The activity leached was
calculated according to Eq. (4.1) for each isctope.

Activity lLeached (%) = ¥ Co -~ €4 «x 100 (4.1)
i Co

Co and Cy are the initial activity and the activity at day i, respec-

tively, measured in a test specimen. The standard deviation of the Sr measure-
ments (six test specinens) is indicated by the error bar attached to cach date
point. The standard deviation for the Co and Cs data were all less than the
width of the symbols and are not shown.
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Figure 4.1 Percent activity loss vs time for Imperial 1146 strippable coating
leached in defonized water.
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The data in Figure 4.1 indicate that Cs and Co leached readily from
the coating upon contact with water. All of the Cs activity leached from the
coating within four days with over 95X being released in the first leach vol-
ume. The behavior of Co paralleled that of Cs except that the coating re-
tained about 42 of the initial Co activity. The behavior of Sr was more coam-
plex and varied considerably betwecen test gpecimens, as indicated by the mag-
nitudes of the error bars. About 5% of the Sr activity lcached immediately.
However, the curve shows that a longer period of contact with water was needed
to release the major part of the Sr activity from the coating. About half of
Sr activity was released readily and then the rate of release slowed markedly.

The radionuclide leaching of the coating measures the combined result
of at least two effects: (1) the effect of the chelating agents in the coating
and, (ii) the properties of the coating material itself. Chelating agents
tend to solubilize metal ions and would be expected to enhance leachability
whereas radionuclides more strongly bound to the coating material leach less
readily. The relative quantity of chelating agent to radionuclide metal ion
generally is very large and not a limiting factor.* One may speculate from
Figure 4.1 that the Cs and most of the Co may be held in the set coating in
the chelated form whereas most of the Sr may be bound preferentially to the
coating.

4.2.1.3 Jhelate Leach Testing

The ALARA 1146 strippable coating contains chelating agents the
fdentities and quantities of which arc considered confidential by Imperial.*#
According to the definition in 10 CFR P<rt 61.2, “"Chelating Agent™ means
amine polycarboxylic acids (e.g., EDTA, DTPA), hydroxy-carboaxylic acids, and
polycarboxylic acids (e.g., citric acid, carbolic acid, and glucinic acid).
10 CFR 20.311b requires that radioactive waste containing more than 0.17%7 by
weight of chelating agents be identified on the shipping manifest and that
the weight Bercentage of chelates in this waste be estimated. As part of an
agreement(3 ) between Imperial Profession Coating Corporation and BNL,
Imperial disclosed the identities and quantities of chelating agents in the
ALARA 1146 composition to BNL. Based on this information from Imperial, BNL
performed standard analyses for the chelating compounds in leachat2 samples
from leaching ALARA 1146 coating in defonized water. The results fron these
tests on chelates lecached from the coating were consistent with the quantities

i i e e e i e

*The quantities, in gram atoms (or moles) per uCi of activity, of the
radionuclide of concern are: Cs-137 = 8.&x10‘il, Sr-90 = 8.1x107!1,
Co-60 = 1.5x10°11, Chelating agents generally have molecular weights in
the range of about one hundred to several hundred. Assuming, for purposes
of conservative calculation, a molecular weight of 1000 and a conceatration
of 0.1% by weight results in 1x1076 moles of chelate per gram of material.
Therefore, for an activity loading on the order of 1 :Gi/g in our hypo-
thetical example, there would be more than 10,000 chelate molecules for
each radfonuclide ion.

**personal communication between R. Taylor {Imperial) and R. Barletta
(BNL), June 7, 1982.
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of chelates which were indicated by Imperial to be present in the ALARA 1146
compesition. As <uch, the concentration of chelating agents in the coating
wastes does not require identification on the shipping manifest.

4.2.1.4 TIxnersion Testing

Immersion tests were conducted to determine changes which might be ex-
pected when strippable coatings are contacted with five liquids that are be-
lieved to bound the range of liquid compositions that may be found In shal-
low land burial environment. These included a commercially prepared 1 juid
scintillation counting (LSC) cocktail, toluene, xylene, delionized water, and
deionized water saturated with xylene and toluecne. The LSC cocktail forms a
two-phase suspension with water so this mixture was not tested. The results
for water and the water saturated with toluene and xylene are the more rele-
vant to conditions expected in a burial environment.

One-inch square coating specimens were weighed and immersed in 50 mL
of the liquids. Four samples were exposed to each liquid. Weight gain was
measured as a function of time at 1, 2, 6, 8, 9, 13, 17, and 34 days of immer-
sion. ©UTata were calculated as:

Weight Gain (2) = !l“:_gﬂ.x 100 (4.2)

o

where Wy is the weight of the sarple at time 1 and W, is the weight of the
sample before immersion. These data are shown in Figures 4.2 and 4.3.

After 34 days of immersion, the sanmples were removed from the liquids
to air dry in the laboratory. Samples were weighed after 1, 2, 3, 4, and 7
days and percent welght changes calculated with respect to the pre-immersion
welghts. These data are shown in the plots in Figures 4.4 and 4.5. (The
points at day zero in Figures 4.4 and 4.5 are the same as those at day 34 in
Figures 4.2 and 4.3, respectively.)

Dimensions of the initially l-in. ¥ 1-in. samples were measured fol-
lowing the immersion phase and again following the drying phase. The immer-
sion liquids were also evaporated and the resid:ites weighed. These data are
listed in Table 4.1 along with cowputed values for the volume gain based on
the obscrved weight gain and the density of the immersion liquid.

These data indicate that ALARA 1146 coating is affected by exposure
to water and the organic liquids tes%ed. The coating swells upon Iimmersion
and shrinks upon dtying. A part of the coating dissolves upon immersion, as
evidenced by the presence of a residue upon evaroration of the immersion 1liq-
uid. For water and water saturated with toluene and xylene, the residue is a
dry powder. For toluene and xylene the residue is a viscous oil. In water
and the water solution saturated with toluene and xylene, the sum of the final
welght (after drying) and the residue weight 1s less than the initial weight,
as shown in Table 4.1, whereas for toluene and xylene, the final weight plus
the residue weight 1s greater than the initial weight by approximately 10X,
This may suggest that toluene and xylene react with some constituent of the
coating.
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4.2.1.5 Biodegradation Scoping Tests

The biodegrriability of ALARA 1146 strippable coating was determined
two ways. The rate of biodegradation in soils from the Barnwell, SC, and
Hanford, WA, shallow land burial sites was quantitatively monitored by measur-
ing the COj produced from microbial respiration. Microbtal CO, production
in sofl was monitored using the special flasks and procedure described by
Bartha and Pramer.(36) Biodegradation in 3011(37”Ag) i8 controlled by the
inherent biodegradability of the material plus related soil factors including
moisture and nutrient mineral content, temperature and microbe types and
population. In addition an evaluation of the ability of microbes to utilize
the coating as a food source was performed using the ASTH tests G21 (Determin-
ing Resistance of Synthetic Polywmeric Materials to Fungl) and G22 (Determining
Resistance of Plastics to Bacteria). The Branch Technical Position on Waste
Form (204.1.5/TCJ/1/5/83, February 14, 1983) specifies the use of G21 and G22
for testing resistance to biodegradation of waste forms which fall under 10
CFR Part 61 Class B or C. In G21 and G22, an ideal enviroment of moisture,
temperature, and nutrient minerals 18 provided; these tests measure the
inherent biodegradability (i.e., ability to be used as a food source) of a
material to che microbes specified in the tests.

For biodegradation of Imperial 1146 strippable coating in soil, the
1146 coating was cut into strips approximately 1/2 x 2 inches. Fifteen to
twenty of these strips with a total weight of approximately 12 g were used for
each sample. FEach of these samples was mixed in a special flask with 100 g
moist soil (the moisture content was ad justed until the soil was wet but still
porous and not muddy) from either the Barnwell or Hanford shallow land burial
site. Two sample-in-soil tests were run for both of the burial site soils to
provide an estimation of the reproducibility of the results. One sample plus
15 mL water was loaded into a flask without soil and two more flasks contain-
ing 100 g of the moist soil from the Barnwell and Hanford sites were used as
controls. The difference between the COj produced in the flasks containing
soil plus sample and the control containing soil only indicated sample biodeg-
vadation (more CO; from sample flasks), inertness (no difference in CO,
production) or toxicity (decreased COp production). A standard potassium
hydroxide (KOH) solution, 0.100 M, was used to absorb any COj produced in a
flask. When the KOH solution absorted COj, less acid was required for
titration of the solution to the phenolphthalein indicator end point. To
obtain the amount of CO; generated, the KOH solution was removed froa the
flasks and titrated wi.n 0.0500 M HC1l sclution. The amount of acid needed to
titrate the remaining KOH is related to the CO; absorbed by

00, (mg) = (B-V)NE

where B = ml, C1 to titrate the soil control, V = mlL HCl to titrate the sample
in the soil, N = normality of the HCl and E = 22 (the equivalent weight of
COz). The time interval between titrations is determined by the rate of

COy generation so as to not expend more than 2/3 of the KOH in absorbing

Coj.
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Pesults from the bliodepradations {n Barnwell sofl, Bl and R2, and in
Hanford soil, Hl and H2, are shown in Figure 4.6 and listed in Table 4.2.
Figure 4.6 shows the total quantity of COp pencrated by each of the four
samples with time. Table 4.2 lists data for cach including the quantity of
€Oy penerated and sample weights boefore and after the 220 days of biodepra-
dation. The amount of blodepradation that has occurred is estimated fronm
these data.  Carbon dioxide generation monfitored after the samples vere re-
moved from the soils indicated that microhbial activity continued at a level
sipafficantly above that in the soil controls but was decreasing steadily with
tine.

. . e e e
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A H2 v .
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Figure 4.6 Biodegradative COy gas evolution from scoping tests on
Imperfal 1146 coating in Brrnwell and Hanford soils.
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Table 4.2

Scoping Test Results on the Biodegradation of
ALARA 1146 Strippable Coating in Soils From
the Barnwell, SC, and Hanford, WA, Shallow Land Burial Sites

c

Initial Final Biogenically Carbon Lost?
Weight Weight Generated X ch o~ Y . 100
Sample W, (8) We (8) 00, (mg) X C 0.6 Yo
Bl 12.11 11.25 875.5 3.77 6.28 7.10
B2 11.97 11.05 961.0 4.19 6.98 7.69
H1 11.24 10.31 1094.5 5.08 8.47 8.27
H2 11.24 10.48 1189.5 5.52 9.20 6.76
Control 11.74 12.18 nil -—-= - -3.75d

8From the biogenically generated C0j data aml the measured 52.3X C content
of the coating used in these tests.

bThis is the estimated upper limit of biodegradation based on this CO,
generation data and published observations, Refcrences 39 and 40, that as
little as 60X of the available carbon may be evolved as CO during
biodegradation.

CPercent biodegradation from the initial and final weight following 220 days
of blodegradation in soil at 20-24°C.

dThe sample did not detectably biodegrade in the absence of soil. The welight

!ncrease should not be due to retained water since all samples were dried both

~fore and after the tests in the sane enviromment.

Carbon dioxide monitoring provides a lower limit to the amount of
bilodegradation that has occurred. This is so for two reasons. First, as
little ae 60X of the biodegradable carbon in a substrate may be evolved as
Coz;(39:40) the remainder is incorporated into additional microbe mass or
excreted as metabolic waste other than C0;. Second, only carbon metabolism
is measured by this tuchnique; thus, neither the metabolism of hydrogen and
oxygen to produce water nor other transformations (e.g., sulfate or nitrate
mctabolism) which may occur in the substrate are accounted for in this method.
However, CO, monitoring does provide a quantitative measure of biodegrada-
tion and allows measurement of changes in the rate of biodegradation with
tive.

Comparison of initial and final sample weights should be a direct
neasure of the amount of blodegradation that has occurred. Difficulties in
separating tightly bonded soil from the coating, the loss of very small
amounts of coating with the soil removed from the coating surface and contri-
butions from microbe mass retained on the coating complicated the interpre-
tation of this data. The weight added by retained soil and microbe mass is
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offset to some degree by coating removed with soil. A greater quantity of
soil was {ncorporated into the coating than coating was scrajed off with the
soil (with the probable exception of B2 which is the only sample for which the
biodegiradation reasured by weight change did not lie within the range of prob-
able biodegradation as determined by carbon dioxide monitoring). These fact-
ors considered together led us to conclude that the final welghts of the sam-
ples in sofl (i.e., Bl, B2, Hl and H2) may be each slightly high, perhaps by
as nuch as, but certainly not more than, a few tenths of a gran.

There aie several prominent features in Figure 4.6. Two of these fea-
tures, the 10-day initial part of the curves with very low rates of COp pen-
eration and the "kinks” {n the curves from day 84 to approximately day 94, re-
sulted from unplaaned occurrences durinug the tests. The initial region of
cach of the curves {s characterizea hy a low rate of COp evolution followed
by the onset, at day 10, of much higier rates of blodegradation. This was
probably caused by cold temperatures (45-57°F daytime, colder at night} due
to failure of a steam valve which supplied heat to the lab. From day 10 on,
lab temperature was maintained between 68 and 74°F. The region of reduced
COp evolution, which is especially noticeable in samples Rl and Hl, from day
84 to about day 94 was caused by an accident on day 8 in which some aikaline
solution was spilled into some or all of the samples. The microbes recovered
from this trauma and the rates of COp seneration returned to pre-accident
levels within 10 days.

A difference in the way the coatinpg sanples were mixed with the soils is
probably the cause of relative difference in the Bl, P2 and Hl, H2 curves.
Sample Bl was mixed with soil such that it had approximately 507 more surface
area in direct soil contact. Specifically, there was less overlapping of
coating strips in Bl than i{n R2, H1l, and H2. Bl inftialiy “iodegrades sig-
nificantly faster than B2 wvhereas, the rates for Hl and H2 were very similar
to each other. It appears that biodegradation of this material proceeds
faster {n Hanford soil, all other things being equal. The rates of CO gen-
eration from all four sampls are essentially. equa! from about day &0 to 120,
at which point the rate of CO generation in Bl slows significantly. The
veason for this slowing 1s not clear. 1Tt should not have been caused by the
accident at day 84 since there was a complete recovery in COj peneration and
no similar slowing occurred in Hl which was also severely affected by the
accident. Although COp generation from all of the samples was gradually
slowing, this effect in Bl was much more pronounced.

The sampler were removed from the soils on day 220 of the experiment.
C®y production from these soils minus samples decreased significantly but
did not return to background. This may be due to the small quantities of
coating adhering to the soil 1n direct contact with the samples ana possibly
due to a soluble fraction of the coating, as is indicated by the immersion
testing (Section 4.1.4), remaining with the soil. The rate of COy genera-
tion in the soils after sample removal gradually decreased toward background
with time.
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The AST™M tests G21 and G22 were run on coating samples approximately
1 x 1 in. in size. G21 (fungl) showed no growth, 1.e., a growth rating of
zero on a scale of O-4 in the test. G22 (bacteria) was positive for bacterial
growth on the coating specimen. (There is no quantiative scale in G22,
results are reported as growth or as no growth.)

4.2.1.6 Radiation Testing

The stability of ALARA 1146 strippable coating to ifonizing radiation
was tested using coating specimens sealed into Pyrex tubes both in an air
atmosphere and under vacuum. Gamma irradiation was carried out in the Co-60
irradiation facility at BNL. Data included pressure measurements for the
tubes both before and after irradiation and mass spectroscopic analysis of the
gas in the tubes after irradiation. The coating generated gas when exposed to
ionizing radiation, as was expected, since chemically, i1t 18 an organic sub-
strate.(%2,43) 1t also was changed physically by the irradiation, becoming
auch stiffer and stronger with increasing dose. This change could also be an-
ticipated since the polymeric coating would be expected to cross-link upon ex-
posure to ionizing radiation.(%43,

The measured data from the sealed tube irradiations in air and vacuum
are shown in Figure 4.7. Three experimental configurations, as differentiated
by the symbols, were used in the 20 cm3 sealed tubes: squares - 0.5-g coat-
ing in air; triangles - 5.0 g coating in air, and circles - 5.0-g coating in
vacuum. The vertical bars through the center of each symbol represent the
standard deviation of the four measurements at each data point. The 0.5-g
sample irradiations were performed first to guide the selectivn of points for
further study. A preliminary gas analysis indicated that the negative slope
of the line defined by the square data points up to about 108 rad was caused
by oxygen depletion. At doses greater than 108 rad, radiolytic gas genera-
tion became dominant. The line defined by the square data points at 5 x
108 rad and 1 x 109 rad indicate a G value for gas generation of 1.3.

The quantity of gas generated per gram of coating was less in the
sealed tubes containing 5.0 g of coating than in the preliminary tests using
0.5 g coating. This is probably due to the higher pressures, as listed in
Table 4.3, produced in tubes with the larger amount of coating. The higher
pressures would increase the extent of back reaction (i.e., the coating would
react with the radiolysis gas and reduce the net amount of gas produced) and a
lower apparent G value. The pressure in the tubes containing 0.5 g of sample
frradiated to 1 x 109 rad was slightly less than 2 atm.

Table 4.3 1l1sts the gas generation data for doses of 108 rad and
greater, for the points indicated by circles and triangles in Figure 4.8,
1.e., for the 5.0-g samples irradiated in air and under vacuum. The pressure
in these tubes at the end of the irradiation is also listed. For reference,
the composition of dry nommal air at sea level and a gas analysis for an unir-
radiated 5.0 g sample sealed from air are also listed. The sensitivity of the
gas analysis is in the range of 0.05% by volume for detection. The data show
that oxygen 18 scavenged from air over the samples and that hydrogen 1is the
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primary radiolysis product being generated. Carbon dioxide, hydrocarbons in-
cluding methane, ethane, propane, butane plus others and a small amount of
carbon monoxide account for the remainder of the gas produced by radiolysis of
the coating. Radiolytic gas generation causes also the coating to blister, as
shown in Figure 4.8 for a plece of coating irradiated to 1 x 109 rad.

The gas analysis of the sample which was sealed in a tube but not
irradiated wes surprising - the coating appears to scavenge oxygen and l{iber-
ate carbon dioxide, carbon monoxide, and a small amount of hydrogen spontan-
eously at room temperature. The unirradiated samplc remained sealed for 7
weeks prior to analysis. It seems unlikely that biodegradation could be re-
sponsible for the oxygen uptake and CO; generation in the sealed tube based
on the COp wonitoring results of Section 4.1.5 on the moistened coating not
in sofl. Also, there was no moisture in the sealed tube to support biodegra-
dation, and carbon monoxide, which was produced in the sealed tube, 18 a prod-
uct of decomposition, not biodegradation.

dnat g —

Figure 4.7 Plot of gas generation vs Co-60 gamma dose for ALARA 1146 strlg-
pable coating. Three sample configurations were used in 20 cn
sealed tubes: squares - 0.5-g coating in air; trianges - 5.0-g
coating in air and; circles - 5.0-g coating i1 vacuum.
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Table 4.)

Cas Composition Analysis Fram Co-60 Camma Irradfated Tests of
ALARA 1146 Strippable Coaling in Adir and Uander Vacuum®

Irradiation Ces (I by Yolume)
Dose Infcial Presaure Other 4
(red) Eavironament (acm) N2 02 Ar €Oy Ha co iy Cag CyMg Cqlyo Hydrocarboas
obd ——— 1.0 78.1 20.9 0.9 0.03¢ 29.904
e atr 0.9 2.5 1.8 0.90 10.8 0.25 3.7 99.9%
S x 108 atr 4.8 133 12.6 65.4 2.0 2.1 0.7 2.2 1.1 0.6 100.0
b ox 109 atr 7.3 6.6 0.2 14.8 70.3 1.8 2.3 1.0 1.8 0.8 0.5 100.1
1 x 108 vacuua 0.7 0.09 12.3  76.8 2.0 1.9 0.6 2.5 2.7 1.2 100.09
1 x 108 vacuun 4.0 0.4 11.? 78.3 2.0 2.1 0.9 2.3 1.7 0.4 99.8
s x 108 vacuua 6.1 0.2 15.0 5.1 1.6 2.6 1. 2.0 1.0 0.5 100.1

4¥ive grase Of ALARA 1146 coating were icradisted (n sealed tubea with a totel volume of 20 ca’. The pleaua voluae 18 16 cal based
23 the 1.2+ g/cad density of the coating as can be deterzined from specificatisne in the ALARA 114( Technical Data aheet, Appendix 3.

Sy ,r=al afr ot sea level exclusive of vater vapor.
Lete frum a sample tube that wes not irredlated. It was sealed ot the same tise as the tubea for ircadiatioo and the sesal vas broken

o7 analysis 7 weeks later, when all of the snslyses were perforumed.




Figure 4.8 Effect of radiolysis on ALARA 1146 coating (left) vs
unirradiated specimen (right).

4.2.1.7 Ihprmal;{gg&{n&

The thermal resistance of ALARA 1146 strippable coating has been
tested according to ASTM EB84-77 (Surface Burning Characteristics of Building
Materials).(44) This test was performed to document the compliance of the
1146 coating to NRC Draft Regulatory Guide 1.120, "Fire Protection Guideliaes
for Nuclear Power Plants” (Revision 1, November 1977). AST™ E-84 compares the
burning characteristics of a test material to those of asbestos cement board,
which 1s nonflammable, and to red oak wood paneling. Test results are stated
numerically on a scale of 0-100 in which the asbestos cement board results
define zero and tte red oak wood paneling results define 100 on the scale. A
20-25 mil thickness of the 1146 coating had a flame spread rating of 20 and a
30-35 mil thickness was rated at 40. The NRC Draft Regulatory Guide 1.120
limits the flame spread behavior to a value of 50 for use in nuclear plants.

To determine the effect of heat on the coating, without burning, 1 x
1 in. pleces of coating were scaled into glass tubes at atmospheric pressure
and then heated for 24 h at 50,100 and 200°C. there were no visible chenges
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in the coating samples heated to 50 and 100°C whereas the 200°C saaple

became darker in color. Table 4.4 lists the results of gas analyses on the
atmospheres in the tutes. The final pressure in all of the tubes was reduced
to a small fraction of the initial pressure of approximataely 0,9 atm, which is
normal for this procedure.* The disappearance of wost of the oxygen from

the air over the samples provides additional evidence that the 1146 coating
scavenges oxygen from air. Specifically, it was previously observed (c.f.
line 2, Table 4.3) that oxygen was disappesring from the air over a plece of
1146 coating in a sealed tube at room temperature. Raising the temperature,
as has been done in the thermal tests, would be expected to increase the rate
of reaction. Likewvise, the generation of carbon dioxide, hydrogen, and carbon
monoxide was anti:ipated plus some pyrolysis at higher temperatures to produce
various organic decomposition products. The absence of the nitrogen and
argon, as indicated by the low final pressure, as well as the gas analysis was
surprising since these gases are inert under the thermal testing conditions
used (argon 18 chemically inert under all conditions). A possible explanation
may be that some of the organics generated by thermal decomposition have sig-
nificant vapor pressure at elevated temperatures but not at room temperature
coupled with a leakage of gas from the tube at elevated temperatures and high
internal pressures. One could then also expect condensate in the sealed tube
after cooling. Although none was observed, no effort was made to determine
the possible presence of condensate at the time of the experiment and a
colorless, transparent film could have escaped observation. The explanation
for the lowv final pressures in the tubes following the thermal tests is based
only on speculation and these results should remain suspect until
independently verified by additional experiments.

*The heat from sealing the break-seal tubes used in these procedures, as
vell as in the irradiation tests, normally reduces the pressure in the sealed
tubes to approximately 902 of ambilent pressure.
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Table 4.4

Gas Analysis From the Thermal Testing .
ALARA 1146 Strippable Coatingd

Test Fipal . Gas (% by Volume) e
Temperature Pressure :
(°C) (atm) Ny 0y COp M0 Hp CO Hydrocarbons? Total
50 0.01 - not measured----------=-----—--
100 0.0] 37.3 1.4 1.7 36.6 0.9 - 2.0 99.9
200 ¢.07 11.3 0.5 74.5 - 6.9 4.3 2.8 100.3

ATests were performed on 1 x 1 in. pieces of coating welphing ~0.5 g
which were scaled into 20 cm3 glass tubes at atmospheric pressure and
heated to the indicated temperature for 24 h.

bThe hydrocarbons detected included rethane plus higher alkanes and
henzene. Alcohols were also detected.

4,2.1.8 Scoping Tests Summary

The results of the scoping tests on ALARA 1146 strippable coating, as
presented in Sections 4.1.2 through 4.1.7, are summarized below.

e Radionuclfde leach testing in deivnized water showed that Cs
leaches readily and comnpletely from the coating; Co leaches
readilv except for a small amount tetained by the coating while Sr
ieaches from the coating much more slowly and with large varia-
tions in leach rate between different coating pleces.

@ Chelate leach testing indicated that the chelating agents con-
tained in the 1146 coating leach in deionized water. However, the

quantity of chelating agent contained in the coating is less than
0.1%2 by weight.

o Iummersion testing showed that the 1146 coating is attacked by
water and the several organic liquids tested. It absorbed liquid,
as indicated by weight gain and swelling during immersion. Addi-
tionally, part of the coating dissolved as indicated by weight

loss upon drying and residues remaining upon evaporation of the
immersion liquide.
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e Blodegradation tests showed that the coating biod.:grades readily
in moist soil. It appeared to biolegrade faster iu Hanford soil
than in Barnwell soil. The amounc of biodegradatinn measured by
monitoring COy produced from microbial respiration was confirmed
by weight loss reasurements ou the biodegraded couting samples.
The biodegradation is probably caused by bacteris and not fungi as
indicated by the results of AST™ tests G21 and G22.

® Radiation stability testing showed that the coaring generates uas,
primarily hydrogen with lesser amounts of carbor dioxide, hydrc~
carbons, and carbon monoxide, with a G-value fo.: total gas of
approximately 1.3. It also consumes oxygen. Radiation improves
the physical characteristics of strength and toughness of the
coating and may enhance the resistance to chemical and biodegrada-
tive attack. In sum, the 1146 coating showed no meaningful radi-
ation damage, except for gas generation, to doses of 10’ rad.
Gas generation becames significant (i{.e., the volume of gas gen-
erated is approximately equal to the coating vilume) above 108
rad.

e Thermal stability testing showed that ALARA 1146 {s only moder-
ately flammable and is not greatly affected by heat up to 100°C
for short periods of time. It scavanges oxygein from the air even
at room temperature. Some pyrolysis, as indicated by the genera-
tion of hydrocarbons, occurs at temperaturesc as low as 100°C.

4.2.2 Testing the Strippable Coating From TMI-2

4.2.2.1 TMI-2 Coating Samples

Samples of strippable coating from the reactor building Gross Decon-
tanination Experiment were sent to BNL for characterization. The TMI coatiung
samples obtained consisted of five pleces individually packaged in numbered
plastic bags. A summary of data on the coating plecer veceived from TMl in-
cluding the bag number, weight, dimensions, and a gamma—activity measurement
at aporoximately 5 cm is8 l:sted in Table 4.5.

The large <differcnces in the measured gamma activities listed in
Table 4.5 agree with previous observations(1,8) that the contamination in
the reactor building is distributed inhomogeneously. There were no obvious
differences between coating specimens from different bags, such as differinpg
amounts of debris incorporated into coating samples with grossly differing
activities. In fact, since the surface to which the ALARA 1146 coating was
applied had been flushed with water prior to applicatioa, very little debris
was observed on any of the coating pleces. Due to the inhomogeniety of the
activities on the different coating picces, there is nc. way of knowing whether
this batch is representative of the averag: activity for ihe strippable coat-
ing radwaste produced in the Gross Decontamination Experiment or whether it
ray provide an 'stimate for expected activities on strigpable coating radwaste
which may be produced in decontaninating other parts of the reactor building.
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Table 4.5

Strippable Coating Samples from the TMI-2 Reactor Building
Gross Decontamination Testing
(The bag numbers were on the plastic bags containing
the individual coating samples as received)

Bag Sanple Sanple Sample Activity at 5 cm
No. weizht (g) Ridth (cm) Length (cm) (arem/h)

50 7.77 9.0 17.5 3.5

51 6.95 9.0 19.0 230

52 .50 9.8 15.2 150
162 5.94 8.5 16.5 250

163 4.13 8.5 11.5 4.0

Total 29.29

The ™I ccatings were tested for radionuclide lcaching and fer bio-
degradation. The radionuclide leach tests, in which Cs-134,137 were moni-
tored, werce performed to compare results from these decontamination coatings
in which the contamination was removed from a surface with the scoping test
vesults In which the radionuclides were added to the liquid coating In an
aqueeous splke. Following this leach testing, the leachate and the leached
coating specimen were sent to a commercial analysis laboratory (FAL Corpora-
tion*) for analysis for Sr amd Pu content. Blodegradation tests in soil were
run on these coatings to clarify the differences in blodegradation that were
sugrested by the scoping biodegradation tests.

-

»2.2.2 leach Testing and Radionuclide Analysis on THI-2 Coating

The ™I coating sample from bag 162 (Table 4.5) was leached in deton-
ized water for 43 days and then the leachate and the leached coating residue
wetre sent te EAL Corp., a cammercial analysis laboratory, for further radionu-
clide analysis. Flgure 4.9 shows the time Intervals at which the leachate was
charged and the curulative Cs-137,134 activity lcached froa the sample. FEach
leachate volune was counted for activity in a gamma spectrometer. The activ-
ity was quantified using fdentical volumes with known activities of the spe-
cific radionueclides In aqueous solution. No gamma emitters other than
C<-134,137 and the Ba-137m daughter were unambiguously detected in the lcach-
ate. %o Cs remained in leached coating sanple and no other gamma cmitters
were unambiguously detected in the leached coating sample. Sample 162 had
140 ¢m? surface (one side); the leachant volune used was 70 cnd for a
voluae=-to-surface ratio of 0.5 e¢m. {The use of a ratio of 10 as the IAFA
recomzends was not practical because of the large volume of lcachate that

YA corporation, Richaond, CA, performed radiocheaical analyses for Sr-90
and Tu-239,240 on both the leachate and the Yeached coating rvesidue.
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would be produced. Since the total amount of leachate was to be sent out for
analysis, the total volume was limited to less than 2 L. After gamma count-
ing, the leachate was acidified to about 2 N with nitric acid and combined
with previous specimens in a polyethylene bottle. The acidified leachate
volume plus the wash (performed at EAL Corp) from the polyethylene bottle in
which the leach coating was shipped after the coating was removed for analysis
totaled 1370 ml.. The total volume of deionized water leachant was 1050 ml for
a cumulative volume-to-surface ratio of 7.5 cm.

Table 4.6 1lists the data on the activities of Cs-134,137, Sr-90, and

Pu-239,240 from the leachate and residue of the ™I coating sample from bag
162.

The activities listed in Table 4.6 are for the TI sample with the
highest activity, according to the gamma counting results listed in Table 4.5.
Assuming that the Cs and Sr activities in the five coating pleces are distrib-
uted proportionally according to the totals in Table 4.6 and the gamma counts
in Table 4.5, the total activity of the five coating pleces considered as a
batch can be calculatad.

Total Cs-137 activity = 52 vCi Cs~137 (3.5 4+ 230 + 250 + 150 + 4.9) mren
250 mrem

Total Cs-137 activity = 130 uCt

Total Sr-90 activity = 2:28 uCl Sr-9C (3.5 4 230 + 150 4250 + 4.0) mrem
250 nrem

Total Sr-90 activity = 5.8 uCi

These estimated total activities along with the corresponding specific and
volumetric activities are listed in Tadle 4.7.

The linits for Class A railwaste in 10 CFR Part 61, Table 2, are
1 +Ci/cm3 Cs-137 ané 0.04 1C1/cm3 Sr-90. The estinated volumetric activi-
ties in Table 4.7 exceed these limits for both of these radionaclides. If
these activities approximate those of the strippable coating, radwaste from
GDF, it would be Class B under 10 CFR Part 61 and hence would regquire
stabilization.

The data in Tabie 4.6 and 4.7 were used to calculate the expected
dose that a 55-gal drum of the T™I coating considered as a batch could be ex-
pected to recelve. This calculation, which fnllows the procedures presented
in Reference 45, {2 shown in Appendix C. The cumulative dosce {s estimated to
be approximately 2 Mrad In 300 yrs.
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Activity Distribution? Between Leachate and Coating for

Table 4.6

a Sample Coatingb From the TMI-2 Crosc Decontamination Experiment

T T AP EE R R e e

Activity Total Specific Volumetric

Activity in Remaining 1in Activity Activity Activity

Radionuclide Leachate Leached Coating in Sample in Sample€ in Sampled
Cs-134 4.3 uCt nil 4.3 uct 0.73 uCi/g 0.91 uCi/cm3
Cs=137 52.0  uCi nil 52.0 uCi 8.7 uCll/g 10.8  uCi/cm3
Sr-90 1.23 uCt 1.05 uCi 2.28 ucCt 0.38 uCi/g 0.47 uCi/cm3
Pu~239,240 D0.006 nCi 0.02 nCi 0.026 nCi 0.004 nCi/g 0.005 nCi/cm3

3The Cs=134,137 activities were determined by gamma spectroscopy at BNI..
The Sr and Pu activities were determined by EAL Corp. Richmond, CA.
?The sample came from bag 162 as listed in Table 4.5.

of Imperial Professional Coatings Corp., New Orleans,

CTotal activity divided by the sample weight of 5.94 g.
Japectfic activity in units of uCi/g multiplied by the density of the set coating in g/cm
as calculated from the Physical Properties fact sheet for

The density used is 1.26 2/cm3

ALARA 1146,

The coating is ALARA 1146 Decon, product

LA.




Table 4.7

The Estimated Activities?® of Cs-137 and Sr-90 in
the Five TMI Coating Pleces Considered as a Batch

Total
Activity Specific Volumetric
Radionuclide (Estimated) Actlvityb Activity¢
Cs-137 130 uci 4.5 ucCli/g 5.6 uCi/cm3
Sr-90 5.8 uCi 0.20 uCi/g 0.25 uCi/cm3

3Estimated assuming a proportional distribution in the five ™I
sanples listed in Table 4.5 to the measured activities in sample 162
as listed in Table 4.6.

brotal activity divided by the batch weight of 29.29 g.

Cspecific activity in uCi/g times the density (1.24 g/cm3) of
the ALARA 1146 coating as calculated from the Physical Propertles
fact sheet.

4.2.2.3 Biodegradation Yestfug of TMI Strippable Coating

Biodegradation of T™I strippable coating samples in backfill soils
from the Barnwell and Hanford land buriel sites was monitored by CO; genera-
tion. The experimental procedures using the speci-l f1asks(30) vere the
same as those In the scoping tests of Section 4.1.5. The sample size in these
tests was greatly reduced to assure uniform mixing of samples with soil and
equal sample surface areas exposed to direct soil contact {n each test. Each
™I coating sample consisted of 10 pleces, "each 1 cmz, cut frun the specimen
{n bag 52 (Table 4.5). Samples were mixed with 100 g of moist soil from the
Barnwell and Hanford land burial sites and loaded into the special flasks.
Soil controls of 100 g of each of the same sofls and a sanple control mois-
tened with 1-ml. water were also prepared. The soil moisture contents were
raised to 12.5% for the Hanford soil and to 9.8% for the Barnwell soil from as
received values of 8.9% and 4.2%, respectlvely.(66) (The lower moisture
holding ability of the Barnwell soil appeared to be a result of its coarse
texture and sandy characteristics.)

Results of the ™I biodegradation tests are listed in Table 4.8 and
shown in Figures 4.10-4.12. Figure 4.10 shows the CO, generation (mg) vs
time fron the samples in Barnwell, B, and Hanford, H, soils. Figures 4.11 and
4.12 show the CO, generation expressed as percent carbon i{n the sample.
(The value of 52.3% C measured for the purchased 1146 coating used in the
scoping tests was also used in these tests. The actual T™I1 coating samples
were not analyzed for total carbon.) The shaded area {n these figures reprve-
sent the range of probable biodegradation based on the data, which is the
lower boundary, and the curve produced by dividing each data point value by
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0.6, which defines the upper boundary. This probable range is based on obser-
vations(39,40) that as little as 60X of the carbon in a material undergoing
biodegradation may be evolved as CO7, the remainder being incorporated into
increased microbe mass or excreted as metabolic waste products other thesn

CO2. Table 4.8 summarizes the data for the biodegradation experiment moni-
tored by C0, generation plus data on the weight loss that occurred during

the 208 days of the test. Biodegradation measured by weight loss falls in the
range of expected biodegradation from the CQ, measurements.

Table 4.8

Biodegradation Test Results for Strippable Coating Samples From
the TMI-2 Reactor Building Gross Decontamination Experieent

Initial Final Biogenically
Weight Weight Genecated b
o V¢ €0 xC W, ~ W
Sample (8) (g) (ng) 1ca 0.6 Qo x 100
B 0.544 0.526 48.62 4.65 7.75 3.31
H 0.554 0.505 94.86 8.92 14.87 8.84
Control 0.554 0.546 None 0 0 1.44

e —— _ - —— - —— —-—

8From the biogenically generated (0 data and the measured 52.3% C content

of the coating used in the scoping tests, Section 4.1.5.

bfhe estimated upper limit of biodegradation based on CO; generation and obser-
vations, References 39 and 40, that as little as 60 of the available carbon may
be evolved as .0 during biodegradation.

CPercent biodegradation from the initial and final weight following 208 days of
biodegradation in soil at 20-24°C,

- - — s - —— e —_— —— ——— - —

These results support the results obtained in the scoping biodegrada-
tion tests that the ALARA 1146 strippable coating used at TMI biodegrades
readily in soil. The rate of biodegradation {s initially rapid and decreases
with time. The biodegradation of this material proceeds faster in Hanford
soil than in Barnwell sofl under the conditions of these tests. The differ-
ences may be due to the greater moisture holding ability of Hanford soil rela-
tive to Barnwell soil, or it may be related to the fact that Hanford soil con-
tains more soluble lons,(46) and therefore, presuwnably more of the required
trace minerals needed for microbe growth, or it may be a combination of these
plus other factors. The biodegradability of the ALARA 1146 coating as re-
flected by these test results shows that, under 10 CFR Part 61, Class B or C
strippable coating radwaste would have to be isolated from the burial trench
environment to prevent microbe attack.
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4.2.2.4 Summary of TMI Strippable Coating Sample Tests

Leach testing of the sample of ALARA 1146 coating from the TII-2 GDE
showed that Cs leaches from the coating immediately upon contact with water.
The Sr activity was portioned more or less equally between the coating and the
leachate whereas, only about a quarter of the Pu activity was leached. These
results are consistent with the scoping radionuclide leach testing results and
added the knowledge that Pu tends to be retained on the coating, at least for
the low activity levels measured here.

The T™I coating samples biodegraded readily in Barnwell and Hanford
land bturial backfill soils. This susceptibility to microbe attack dictates
that coating radwaste classed as B or C under 10 CFR Part 61 would require
stabilfization.

Decontamination using the ALARA 1146 strippable coating was shown to
be effective (DF about 100) on the epoxy painted floor of the T™I-2 reactor
building.(gnlo) Its effectiveness in removiag debris following low pressure
water flushing was the best of the decontamination methods tested. Use of the
strippable coating generated about 0.64 ft3 of solid compactible waste per
100 ft2 of application. Compaction would allow coating waste from decon-
taminating 2000-2500 ft2 to be disposed of in one 55-gal drum.

The contamination taken up by the coati.ug application in the decon-
tamination test produced waste which, if compacted to fill a 55-gal drum,
would have a contact radiation reading of less than 5 rem/h. (10) Equation
2.1 and the appropriate c.F.(22,23) for a compacted 55-gal drum of Normal
Unit 2 Radwaste allows calculation of the activity contained in the hypotheti-
cal drum.

Activity = (0.557 wCi h/mrem) (5000 mrem/h)
Activity = 2800 nCi

This activity in a 55-gal drum (210,000 cm3) results in an ac’ ivity density
of 13.3 uCi/cm3, or 10.7 1uCi/g based on the 1.24 g/cm3 density for the
coating. This activity iIs coasistent with, though higher than, the measured
activities in Tables 4.6 and 4.7.

The measured activity on the strippable coating radwaste used for de-~
contamination in the GDE provides evidence that such decontamination applica-
tions may be expected to result in Class B radwaste order 10 CFR Part 6l. As
of this writing, it is not known whether the coating will be used for decon-
tanination activities beyond {ts evaluation in the GDE testing. It {s being
used as a protective coating over cleaned surfaces in the upper part of the
reactor building including the 305 and 347-ft elevations and the polar crane.
Class B strippable coating radwaste would require stabilization under 10 CFR
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Part 61. Imperial Professional Coating has experimental solidification sys-

tems* for this purpose; however, these solid{fication systeams have not yet
been evaluated for compliance with the stability provisions of 10 CFR Part 61.

®personal communication between J. Adams (BNL) and H. Lomasney (Imperial),
July 30, 1982, "Selidification Systems for Strippable Coatings.”

_,
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57174

disposal site before they leave the site
boundary.

§ 61.54 Alternalive requirements for
design and operalions.

‘fhe Comrnission may’, upon request or
on ils own initiative, authorize
provisions other than those set forth in
§§ 61.51 through 61.53 for the
scgregotion and dispossl of waste end
for the design and operation of a land
disposal facility on a specific basis, il it
finds reasuneble assurance of
vomphisnce with the peiformance
objectives of Subpart C of this part.

§ 61.55 Waste classification.

(a) Classification of waste for near
surface disposal.

{1) Considerations. Determination of
the classification of radioactive waste
involves lwo considerations. First,
considcrahon must be given to the
concentration of long-hived
radionuclides (ond their shorter-lived
precursors) whose potential hazard will
persistlonp after such precaulions as
instituhanal controls, inproved waste
form. und deeper disposal have cessed
to be etfective. These precautions delay
the time when long-lived radionuclides
could cause exposures. In addition, the
magnitude of the putential dose s
limited Ly the concentigtion and
availability of the radionuclide at the
time of exposure. Second. consideration
must be given to the concentration of
shorter-lived radionuclides for which
requirenients on institutional controls,
waste form, and disposal methods are
effective.

(2) Clusses of waoste. (i) Class A waste
is woste that is usually segregated from
other waste classes at the disposal site.
The physical form end characteristics of
Class A waste must meet the minimum
requirements set forth in § 61.56(a). If
Class A waste also meets the stabitity
requirements set forth in § 61.56(b), it is
not necessary lo segregate the waste for
disposal.

(11) Cliass 13 waste is waste that must
mcel more rigorous requirements on
wasle form to ensure stability after
disposal. The physical form and
characteristics of Class B waste must
mcet both the minimum and stability
requirements sct forth in § 61.56.

(iii) Class C wasle is waste that not
only must mcet more rigorous
requirements on waste form lo ensure
stability but also requires additional
measures al the disposal facility to
protect against inadvertent intrusion.
The physical form and .:haracteristics of
Cliss C waste must meet both the
minimum and stability requircments set
forth in § 61.56.

Federal Rc;,lslcr / Vol. 47, No. 248 / Muml.ny December 27, 1982 / Rules and l(truldlwns

(tv) Waste that is not 3encrally
acceptable for near-surface disposel is
waste for which waste form und
disposal methods must be different, and
in general more stringent, than those
specified for Cluss C waste. In the
sbsrnce of specific requirements in this
parl, proposals for disposal of this waste
may be submitted to the Commission for
approvel, pursuant to § 61.58 of this
part.

(3) Classilication determined by long-
lived radionuclhides. If radioaclive wauste
conlaing only radionuclides listed in
Table 1, classificalion s'.all be
determined as follows.

(i) If the concentration does nul
excecd 0.1 times the value in Tuble 1.
the wasteis Class A.

(1) {f the concentration excecds 0.1
times the value in Table 1 but does not
exceed the value in Table 1, the wasle is
Class C.

(0ni) Iif the coricentration exceeds the
value in Table 1, the wastc is not
generally acceptable {or near-surface
disposal.

(1v) For wastes containing mixtures of
radionuciides histed in Table 1, the total
concentralion shall be determined by
the sumn of [iaclions rule descnbed in
paragraph (8](7} of this secuon.
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(4) Classificaticn dctermined by short-
lived radionuclides. ! radioaclive waste
does not contain any of the
radionuclides listed in Table 1.
classilicatlon sholl be determined based
on the concentrations shown in Table 2.
However, as specified in paragraph
{a)(6) of this section. if radioaclive
waste does not contain any nuclides
tisted in either Table 1 0r 2. it is Class A.

(i) if the concenlration does not
exceed the value in Column 1, the waste
is Clase A.

(i1) If the concentration exceeds the
value in Calumn 1. but does not exceed
the value in Column 2, the waste is
Class B.

(iii) I the concentration exceeds the
value in Culumn 2, but does nol exceed
the value in Column 3. the waste is
ClassC.
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(iv) If the concentration exceeds the
value in Column 3. the waste is not
gencrally acceptable for near-surface
disposal,

(v) For wastes conlaining mixtures of
the nuclides listed in Table 2, the total
concentration shall be determined by
the sum of (ractions rule described in
paragraph (a){7) of this section.
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(5) Classification determined by bioth
long- and short-lived radionuclides. If
radioaclive waste conlains a miature of
sadionuclides, some of which are histed
In Table 1. and some of wiich are fisted
in Table 2. clusssfication sbail be
determined as follows:

{i) If the concentration of a nuclide
listed in Table 1 does not exceed 0.1
timies the vetue listed in Table 1. the
class shall be that determined by the
concentralion of nuclides listed in Table
2.

(ii) If the concentration of a nuchde
listed in Table 1 exceeds 0.1 times the
value listed in Table § but does not
exceed the value in Table 1. the wasle
shall be Class C, provided the
conccentration of nuclides listed in Table
2 docs not excced the value shown in
Column 3 of Table 2.

{8) Classificasion of wastea with
radionuclides other than those listed in
Tubles 1 ard 2. If radioaclive waste
does not contain any nuclides listed in
either Table 1 or 2, it is Class A,

(?) The sum of the [raclions rule for
tixtures of radionuclides. For
determining classification for waste th.t
conlains a8 mixture of radionuclides, it 13
necessary to determine the sum of
fractions by dividing each nuclide’s
concenlration by the appropriate limit
and adding the tesulting vatues. The
appropriate limits must all be taken
from the same column of the same table.
The sum ol the fractions {ur the column
must be less than 1.0 if the waste cliss
is to be determined by thal column.
Exumple: A waste contuins St.90in o
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concentration of 50 Cl/m?® end Cs-137 In
a concentration of 22 Ci/m?* Since the
concentrations both excecd the values
in Column 1, Table 2, thecy must be
compared to Column 2 values. For Sr-90
fraction 50/150=0.3); for Cs-137
fraction, 22/44=0.5; the sum of the
fractions =0.8). Since the sum Is less
than 1.0, the waste is Class B.

(8) Determination of concentrations in
waostes. The concentration of a
radionuclide may be determined by
indirect methods such as use of acoling
factors which relate the inferred
concentration of one radionuclide to
another that Is measured. or
radionucllde material accountabllity, if
there is reasonablc assurance that the
indirect methods can be correlated with
actual measurements. The concentration
of a radionucllde may be averaged over
the volume of the wastc, or weight of the
waste if the units are expresscd as
nanocurics per gram.

§61.56 Waste characteristica.

{o) The following requirements are
minimum requirements for all classes of
waste end are intended to fucilitate
handling at the disposal site and provide
protection of health and safety of
personnel at the disposal site.

{1) Waste must not he packaged for
disposal in cardboard or fiberboard
boxes.

(2) Liquid waste must be solidified or
packaged in sufficient ahsorbent
material to absorb twice the volume of
the liquid.

(3) Solid waste containing liquid shall
contain as little free standing and
noncarrosive liquid as is reasonably
achievable. but in no cosc shalt the
liquid exceed 1% of the volume.

(4) Waste must not be readily capable
of detonation or of explosive
decomposiion or reaction at normal
pressures and temperatures, or of
vxplosive reaction with water,

(5} Waste must not conlain, or be
capable of generating, quantities of loxic
gases, vapors. or fumes harmful to
persons transporting, handling, or
disposing of the waste. This does not
apply to radioactive gaseous wasle
packaged in accordance with paragraph
(a)(7) of this section.

(G) Waste must not be pyrophoric.
Pyrophoric materials contained in waste
shall be treated. prepared. and packaged
to be nonflammable.

(?) Waste in a gaseous form must be
patkaged at a pressure that docs not
exceed 1.5 atmospheres at 20°C. Total
achivity must not exceed 100 cuties per
confamer.

{B) Waste containing hazardous.
biological. pathogenic. orinfectious
material must be treated to reduce to the

mazlmum extent practicablo the
potentiol hazard Eom the non.
radiological maicrials.

(b) The requirements In this section
ore intended to provide stability of the
waste. Stability is intended to ensure
that the waste does not structuraslly
degrade and affect overall stability of
the site through slumping, collapse, or
other lallure of the disposal unit and
thereby lead to waler infiltration.
Stability in alsn a factor in limiting
exposure to on inadverient intruder,
since it provides a recoguizable and
nondispersible waste.

(1) Waste must have structural
stabilily. A structurally stable waste
form will generally maintain its physical
dimensions and its form, under the
expected disposal conditions such as
weight of overburden and compaction
equipment, the presence of moisture.
ond microbial activity, and internal
factors such as radiation effects and
chernical changes. Structural stability
can be provided by the waste form
itself, processing the waste to a stable
form. or placing the waste in a disposal
contginer or structure that provides
stability after disposal.

(2) Notwithstanding the provisions in
86 LLSG{n) [2) and (3), hguid wastes, or
wastes containing quid, must be
converted into a form that contains as
little fice standing and noncorrosive
liquid as is reasonably achicvable. but
it no casc shall the liquid exceed 1% of
the volume of the waste when the waste
is in a disposal container designed to
ensure stability. or 0.5% of the volume of
the waste for wastc processed to a
stable forny

(3) Void spaces within the waste and
between the waste and its package must
be reduced to the extent practicable.

§61.57 Labeling.

Each package of waste must be
clearly labeled to identify whether it is
Class A waste, Class 13 waste. orclass C
wasle in accordance with § 61.55.

$161.58 Alternative (equirements for waste
classitication end characteristics.

The Commission may. upon requé st or
on its own initiative, authonize other
provisions for the classification and
charactenistics of wastc on a specific
bas:s. if, after evaluation, of the specific
cheracteristics of the waste, disposal
site, and method of disposal. it finds
rcasonable assuriance of comphance
with the perlormance objectives in
Subpart C of this part.

§61.59 Instivtional requirements.

(a) Land ownerstup. hisposal of
tadionctive waste recened from other
persons may be permitted only on land

ownedinfee by the Federal or a Stale
government,

(W) Institutional control. The Iand
owner or custodinl agency shall carry
oul un institutinnal control program to
physicully control access to the disposal
site following transfer of control of the
disposal site from the disposal sit¢
operator. The institutional control
program must also include, but not be
limited to, carrying out an
environmental monitoring program al
the disposal site, periodic surveillance.
minor custodial care, und other
requirements as determined by the
Commission; end administration of
funds 1o cover the costa for these
activities. The period of institutional
controls will be determined by the
Commission. but Institutional controls
may not be relied upon for more than
100 years following transfer of control of
the disposal site to the owner.

Subpart E—~Financlal Assurances

§61.61 Applicant qualifications and
assurances.

Each applicant shall show that it
cither possesses the necessary funds or
has reasonable assurance of obtaining
the necessary funds, or by a
combination of the two, to cover the
estimated costs of conducting all
licensed activities over the planned
operating life of the projecl, including
costs of construction and disposal.

§61.62 Funding for disposal site closure
and slabliization.

{a) The applicant shall provide
assurance that suflicient funds will be
avuilazble to carry out disposal site
closure and stabilization. including: {1)
Decontamination or dismantlement of
land disposal facility structures. and (2)
closure and stzbilization of the disposal
site 80 that following transfer of the
disposal site to the site owner, the nced
for ongoing active maintenance is
eliminated to the extent practicable and
only minor custodial care. surveillance,
and momtoring are required. These
assurances shall be based on
Commission-approved cost estimates
reflecting the Commission-approved
plun for (tisposal site closure and
stabilization. The applicant’s cost
estimates must take into sccount total
capital costs that would be incurred if
an independent contractor were hired to
perform the closure and stabshzation
work.

{b) In c.rder to avoid unnecessary
duplication and expense. the
Commussion will accept financial
surenes that have been consolidated
with earmarked financial or surety
arrangements cstablished to meet
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DESCRIPTION: One package, water borne, strippable coating.

RECOMMENDED USES: Decontarminating radioactive polluted areas. Apply over contaminated steel, con-
crete, wood, aluminum, or painted surfaces via spray or roll. Can be used for sealing (fixing) potential aitborne
contaminants, for protection of personnel from ‘smearable’” contarinants. Also useful with beta emitters for
“shiclding®* purposes. Because this product produces an easily compascted (solid) waste, the workload on rad-

waste processing facilitics can be substantially reduced.

PROIDNUCT DESIGN FUNCTION:

1. Apply material over contaminated surface. \WWhile mate:ial is wet it attracts, absorbs and enemically binds
heavy metal isotopes. Duringz application the coating migrates into micro voids of surface to contact con-
taminants. Upon eure. the product sizechanically locks the contaminants into a polymer matrix Stripping
the fiim effectively cleans the substrate and produces a solid waste.

2. Apply ‘naterial over clean surface to provide protective layer against future contamination.

3. Apply materias over previousle contaminated surfaces while still wet to inhibit potential airborne contami-
A I

nation during dry-out.

CAUTION: DO NOT FREEZE Consult Imperial for specific instructions concerningg high humidity applica-

tions. Refer to chart on reverse.

PHYSICAL PROPERTIES:
TYPE
COLOR
FLASII POINT
NUMBER OF COMPONENTS
POT LIFE @ 7%5°F
DRYING TIME @ 75°F AND 75 RH

ATOTOUCHAFOOT TRAFEFIC)

B.TO FULL CURE
SHELF LIFE
NET WEIGHT - 1's

5's
PERCENT VOLUME SOLIDS
RECOMMENDED DRY FILM THICKNESS
THEORETICAL COVERAGE AT 25.0 MILS
TIHINNER
TEMPERATURI RESISTANCE
FIRE DATA (ASTM-E-84-77) ¢r 20-20 MILS
CHARCOAIL FILTER

DECONTAMINATION FACTOR

Vinyl
Yellow
N/A
One
N'A

2.4 hours

2 days

4 months
9.0 pounds
45.0 pounds
42

20 30 mils
27 sq ftgzal
Water
120°F

20 (flamed, 20 (fuelh, 25 (smoke)

99,37 efficieney after 2 hrs. @@ 0FPM
face loading (tmethyl iodide)

30100 {varies with substrate)




APPEYNDIX B, Continued
#1146 - Page Two
APPLICATION EQUIPMENT RECOMMENDATIONS:

1. Airless - Standard industrial spray cquipment (stainless steel part s desired) such as Graco or Binks, using
a4 30:1 pump ratio with 50 60 p<i inbound prescure and a 0217 to 0207 fluid tip with reversihle eleaning

lli‘t‘l(l
2 Roller ' lambe wool with phenolic core,
SAFETY EQUIPMENT RECOMMENDATIONS: #1146 is free of solvents and toxic materials. A par-
ticulate (rauze) mask i recommended to preventimhalation of overspray. Consult Material Safety Data Sheet.
APPLICATION PROCEDURE:
1. Flush all equipment wath frech water prior to use,
2 Sur material thorouphly before and throughout applicaton,
4 Do not thin except for warkability, and then with no more tha . 1040 by volume with fresh water.
4 Flush all cquipment immediately after use with fresh water. Use huty] cellosolve or similar solvent for final
cleaning,
STORANGE CONDITIONS:
107 o v DO NOT FREEZE

=)

Tao | b t

APPROXINTATE®
DRY TINE VS AMBIENT CONDITION

PERCENT RELATIVE HUMIDITY

4

HOL RS SEETO TOUCHE 00 50 MILS WEY

*hiry e vanes with aur finw rate. tompesature, relane

henedity, Bilen thick nescand cabatrate canditions

NOTE The techmucol dang furrindicd ac true ared aocnrate 1o the best ofour knouledge Eouerer. no guearantee ofacciracy te g en orim.
K [ K

plicd We guurante otir products to conform todmponal Quatity Control Stardards We acsurne no rospoaidnlities for tts handhing, use,

sturage. the resedis obtaoied ar uny gy or damere residtingy from ity use
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APPEND'X C

CUMULATIVE DOSE CALCULATIONS FOR THE
ALARA 1146 STRIPPABLE COATING SAMPLES FROM THE
TMI-2 REACTOR BUILDING GROSS DECONTAMINATION EXPERIMENT

The procedures in this Agpendix, which are bBased on the analysis given in
Appendix A ot Reference 42, outline the wethods used to calculate cumulative
absorbed dose as a function of time.

Table C.1 lists the radionuclides and pertinent decay parameters used for
the calculations. A waste container is assumed to be a 55-gal drum the approxi-
mate dimensions of which are radius = 25 cm and height 100 cm. The activity {is
assumed to be uniformly discributed throughout the volume of the drum. The ac-
tivity densities used are fiom Table 4.6 and 4.7.

Table C.1

Nuclides and Reirevant Decay Data Used in
Calculation of Dose to Strippable Coating

Radionuc 1ide X t1/2 E3 ra
(yr'1) (yr) MeV (rad cm?h~lmci~1)
Sr-90 0.025 28 0.200 no y
(Y-90)b (95) (.0073) (0.931) (no v)
Cs-134 0.33 2.1 0.152 8.7
Cs-137 0.023 30 0.195 3.3
Pu-239 24,100 5.19 no y

dReference 1.
bDaughter of Sr-90; for the purpose of calculation, Y-90 was assumed
to decay coincident with parent decay.

The dose delivered by beta decay was calculated from the following equa-
tions. The dose delivered by the alpha decay of the Pu-239 was calculated using
the same formulation as for beta decav. The initial beta dose rate of the ith
radionuclide, Dy, {is:

R _
Di = A CiEi
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APPENDIY C, Continued

CUMULATIVE DOSFE CALCULATIONS FOR THF
ALARA 1146 STRIPPABLE COATING SAMPLES FRO! THE
TM1-2 REACTOR BRUILDING CGROSS DECONTAMINATION EXPERIMENT

Ci{ Is the activity density of the ith radionuclide, kl is the averape beta
cnerpy and A is a proportionality constant. VWhen €y §s in mCi/cm? and Ej

is fn McV, A equals 2.1 x 103 rad cm3 eyl h"lmCi-{ and Ty is ob~

tained {n rad per h. The total absorbed beta dose due to the decay of the {th
radionuc lide, Dj(+), is

ti QIA
DyC-) = Py x 876 x 100 hoyr”!

B

where 3y Is the decay constant of the fth radionuclide in yvnrs". The heta
dose absorbed at anyv time may then be calculated by

f f -
DyCL) = D) (1-e ' thy.

The dose delivered by gamma decay vas estimated from the following equa-
tions. The ganma dose rate is

. _
Dy = Ci7ye

H

where 1y is the gamma ray constant of the ith radionuclide and £ is a rcomet-
ric factor, whirh“assumcs tissue cquivalency. 7 has the units
rad cmszi”lh%], g has the unit en”]

The value of p = 136 was taken from the table of values of # piven in
Reference 2 for a cvlinder of radius = 25 ¢m and heipght = 100 cm.

¥
The total gamma absorbed dose, Dy(r ), is

D\il(.) = ﬁ} X 8.76 X l()3 h’yr-]
A

and the cumulative gamnma dose was obtained from

-3
e it

PyCE) = Di(+) (1 - )

The total cumulative absorbed dose for all nuclei and decay types is shown
in Table C.2.
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APPENDIX C, Continued

CUMULATIVE DOSE CAL.CULATIONS FOR THE
ALARA 1146 STRIPPARLE COATING SAMPLES FROM THE
T™I-2 REACTOR BUILDING GROSS DECONTAMINATION EXPERIMENT

Table C.2

Total Absorbed Dose to the Average THMI Strippable Coating in
300 Years Assuming a 55-Gal Drum and the Activity Densities in
Tables 4.6 and 4.7

Activity

Radionuclide Denist Df(300) DZ(300)
(nCi/cm3) (rad) (rad)
Sr-90 0.25 3.6 x 10" ———
Y-90 0.25 1.7 x 10? ———
Cs-134 0.47 3.9 x 103 1.4 x 104
Cs-137 5.6 8.7 x 10° 9.5 x 10°
Pu-239 2.6 x 10-6 75 e

Total = 1.08 x 100 + 9.6 x 105

Total = 2.04 x 106 rad
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