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ABSTRACT

The U.S. Environmental Protection Agency’s (EPA}iblaal Homeland Security Research
Center (NHSRC) is helping to protect human heatith the environment from adverse impacts
resulting from accidental and intentional releasfeagdiological materials, including terrorist
incidents such as a radiological dispersal devkial¥) or “dirty bomb”. In order to prepare for
such an event, NHSRC is conducting performanceauatiahs of commercial, off-the-shelf
radiological decontamination technologies, sucthase originally developed for the nuclear
power industry and the DOE complex. Desirable demnination technologies must not only be
effective in removing threat contaminants from ¢gpibuilding materials, but must do so
without being destructive to building surfaces. elda the large areas likely to be affected by
such an event, the time required to perform effeatiecontamination and the cost of
deployment are significant issues as well. An easphon “low-tech” methodologies led to the
selection of simple, low cost, easy to use techyiebowhich can be transported and deployed
quickly, requiring only minimal support servicesiofrastructure. In FY2010, NHSRC tested the
performance of nine chemical-based decontamingtioducts for their effectiveness in the
removal of radioactive cesium (Cs-137) from thdae of unpainted concrete. Six-inch square
concrete coupons were contaminated at a levelgapnately 1 microCurie (L Ci) per coupon,
measured by gamma spectroscopy. The coupons varedoin a test stand designed to hold
them in a vertical orientation to simulate the vedlh building. The coupons were then
decontaminated using the product according to theuiacturer's recommended procedure. The
decontamination efficacy attained by the product determined by calculating an average
decontamination factor (DF) and an average peregnbval (%R) for each product. Important
deployment and operational factors, such as tleeatatvhich each product could be used to
decontaminate a vertical surface, the amount afrsary waste produced, and the degree of any
surface degradation, were also documented andtegbor his data will be presented and the
various technologies will be discussed.

INTRODUCTION

EPA has evaluated commercially available techne®fpr their ability to remove radioactive
cesium-137 from the surface of concrete buildingemal according to a test plan developed for
this evaluation. The test procedure was designathulate a cleanup scenario that included
decontamination of the outside of a concrete bugdiontaminated as a result of a notional
radiological dispersion device. The concrete ub@ihg the evaluation was standard Portland
type building concrete positioned in a verticakotation. The cesium-137 was applied to
concrete coupons and measured to confirm an actexiel of approximately 1 microCurie
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(uCi). The contaminated coupons were then postian a 9ftx 9ft test stand in a vertical
orientation to simulate the wall of a building. i¥kimulated wall was then decontaminated
using one of the technologies selected for evalnatirhe program evaluated nine different
technologies (or products) from five different ver&l These methods were selected based on
wide availability, applicability to radiological dentamination, and anticipated deployment cost
and difficulty. Six technologies were sprays arfowashes, two were strippable coating
technologies, and one was a decontamination galowing application of the decontamination
technology, the residual activity on the coupons weasured. The decontamination efficacy
was determined from the difference in activity sefand after application of the
decontamination technologies. In addition to démmmnation efficacy, qualitative factors such
as amount of secondary waste, cost, ease of appfiGand removal, and health and safety issues
were documented during the evaluation.

EXPERIMENTAL METHODS
Concrete Coupons

The concrete coupons were prepared in a singlé lofittoncrete made from Type Il Portland
cement. The concrete was poured into 0.9 m square plgwoons and the surface was
“floated” to bring the smaller aggregate and cenpaste to the top, and then cured for 21 days.
Following curing, square coupons were cut to thardd size with a laser guided saw. For this
evaluation, the “floated” surface was used as theking surface to minimize the possibility of
chemical interferences due to mold release agérits.coupons were approximately 15 cm x 15
cm x 4 centimeters (cm) thick, with a surface finisat was consistent across all the coupons
and that was representative of concrete structypgsally found in an urban environment. The
edges of the coupons were sealed with epoxy andadasith an impervious tape to ensure that
the contaminant would be applied only to the wagksarface of the coupon. These coupons
were used for both the contaminated samples asawéfie clean, uncontaminated, control
samples.

Coupon Contamination

Each coupon selected for contamination was spikdd2:6 milliliters of an unbuffered, slightly
acidic aqueous solution containing 0.26 mg/L Cs;1@Ych corresponds to an activity level of
approximately 53 pCi/fp or about 1 pCi per coupon. The liquid spike delvered to each
coupon using an aerosolization technique. Thesaédelivery device was constructed of two
syringes. The first syringe had the plunger rerdcaed a pressurized air line attached to the
rear of the syringe. The second syringe contaihecdqueous contaminant solution and was
equipped with a 27 gauge needle which penetratedgh the plastic housing near the tip of the
first syringe. Air was supplied at a flow rateagfproximately 1 - 2 liters per minute creating a
turbulent flow through the first syringe. The lidwspike in the second syringe was introduced
and became nebulized by the turbulent gas flowe rElsult was a very fine aerosol ejected from
the tip of the first syringe, creating a controlbatl uniform spray of fine liquid droplets
deposited over the entire coupon working surface.
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Measurement of Activity on Coupon Surface

The level of gamma radiation emanating from théaser of the concrete coupons was measured
both before and after application of the decontatnim technologies to evaluate their
decontamination efficacy. These measurements macde using an intrinsic, high purity
germanium detector which was regularly calibrateer ahe course of testing using standard
instrument calibration procedufes

Test Stand

In order to evaluate the performance of the decomation technologies in an environment
representative of an actual urban setting, a laegecal surface (simulating a building wall) was
fabricated of stainless steel which held three rofstiree concrete coupons embedded and
evenly distributed across the surface. Figure Ivshitbe concrete coupons mounted in the
assembled test stand which was approximately 33nmx

Figure 1. Loaded Test Stand

Technology Descriptions and Application

Nine different decontamination technologies frowefdifferent vendors were evaluated. Six
technologies were sprays or foam washes. TheydedRad-Release | and Rad-Release Il from
Environmental Alternatives, Inc. (EAI), a liquidéa foam from Radiological Decontamination
Solutions (RDS), ND-75 and ND-600 from INTEK, De€l 1101 and DeconGel 1108 from
CBI Polymers, and Argonne Gel (AG) from ArgonneiNiaal Laboratory. The EAl and INTEK
technologies were sprayed onto the concrete, ringthdde-ionized water using a hand-held
spray bottle, and removed using a wet vacuum. Bwhiquid and the foam products from RDS
technologies were sprayed on and then wiped dfie CBI DeconGel products were applied as
a gel using a paint brush and after curing wereuabypeeled from the surfaces. The Argonne
Gel was applied as a gel and removed using a veetwa. Prior to the actual test, each of the
technologies was used in a “dry run” to determipprapriate application techniques and
durations. Following the application of the tecluges to both the contaminated and the
control coupons, the coupons were removed frometstestand and the residual activity on the
surfaces of the coupons was measured. Comparigbe activity level following use of the
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decontamination technologies to that measured fwitheir application provided the means to
calculate the decontamination efficacy.

Calculation of Decontamination Efficacy
The decontamination efficacy calculated for eacthefcontaminated coupons is expressed in
terms of percent removal (%R) and decontaminatetof (DF) as defined by the following
eqguations:
%R = (1-A/A,) x 100%
DF = AJ/A¢
where A is the radiological activity measured on each ooulpefore application of the

decontamination technology and i8 radiological activity of the coupon after agpgliion. The
DF is reported in Table 1 followed by a narratiwscription of the results focused on %R.

RESULTS AND DISCUSSION

Decontamination Efficacy

Table 1 presents a summary of the results of takiation in terms of the activity levels on the
coupons before decontamination and after applicaifdhe decontamination technologies, as
well as the calculated %R and DF for each technoldgach cell in the table represents the
average and standard deviation of eight replicatemete coupons.

Table 1. Decontamination Efficacy Results (Average Standard Deviation, N=4)

Pre-Decon Post-Decon
Decontamination Activity Activity

Technology nCi / Coupon | uCi/ Coupon %R DF
Argonne Gel 1.03+£ 0.01 0.28+ 0.05 73+5 3.8+ 0.7
Decon Gel 1101 1.10+ 0.03 0.60+ 0.09 49+ 7 1.9+0.2
Decon Gel 1108 1.07+£0.02 0.36% 0.09 67+9 3.2+ 0.9
EAI Rad-Release | 1.11+£0.04 0.34+0.14 71+13 3.9+ 15
EAI Rad-Release I 1.02+ 0.08 0.15+ 0.03 85+ 2 7.0+1.1
INTEK ND-75 1.12+ 0.05 0.60+ 0.04 47+ 6 1.9+0.2
INTEK ND-600 1.08+ 0.03 0.52+0.12 52+ 12 2.1+04
RDS Liquid 1.10+ 0.03 0.52+ 0.09 53+7 2.1+ 0.3
RDS Foam 1.02+0.11 0.49+ 0.07 51+8 2.1+04

The results of this evaluation indicate that tive filecontamination technologies tested produced
a wide range of decontamination efficacies, ran@iagn nominally 85 %R to 50%R. Overall,

the repeatability of the results was very goodhasstandard deviations of the %R were
relatively small with respect to the average %Rpalred t-test was performed to determine any
significant differences between the data sets9&% confidence interval. The t-test analysis
revealed that the Rad-Release Il produced %Rswhia significantly higher than most of the
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other technologies, with the exception of Rad-Re#dawhere there was no statistically
significant difference. The Argonne Gel and DeGmi 1108 products generated statistically
similar efficacies which were significantly hightsan the remaining products. Decon Gel 1101,
the INTEK technologies, and the RDS technologieseved statistically similar.

Operational Factors

During the evaluation, detailed observations andsueements of several practical aspects of
using these technologies were made. These depidyand operational factors included the
time required to decontaminate the coupons (inolyidipplication, removal, and any required
dwell time), applicability to irregular surfacegjled labor requirements, utilities required,
extent of portability, and secondary waste manageif@stimated amount and characteristics of
effluent and/or spent media). Table 2 summarizeperational information for the
technologies by category. Certain parameters ssicikeeontamination rate, set-up time, and
secondary waste are highly dependent on scaleptitapon. For this evaluation, the total area
covered was limited to 0.2°m Extrapolation to larger areas should not berassiio be a direct
multiplier.
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Table 2. Summary of Operational Factors

Parameter

Description

Decontamination rate

Argonne SuperGel: Applied by trowel (paint scrapscple up would
require spray equipment (similar to airless pagmager) or roller.
Requires 1-2 hour dwell time.

DeconGel 1101 and 1108: Applied with paint brusiale up would
require spray equipment or roller. Requires owghrhdrying before
stripping dry coating.

EAI Rad-Release | and Rad-Release II: Applied uspray bottles in
just seconds. Rad-Release | is a single step gsaeguiring
approximately 30 minute dwell time. Rad-Releass tivo-step
process requiring a total of 60 minutes dwell titdeale-up would
require spray or foam generating equipment, butlidisge would be
the same.

INTEK ND-75 and ND-600: Applied using spray baodtie just
seconds. ND-75 requires three 15 minute applinatieles. ND-600
requires three 30 minute application cycles. Saalevould require
spray equipment, but dwell times would be the same.

RDS Liquid and Foam: Applied using spray/foam lesttin seconds.
Requires six cycles of application with two solascand wiping with
towels. Required 3-6 minutes for each 225 concrete coupon.

Applicability to irregular
surfaces

All technologies were judged to be applicable tedular surfaces,
but those requiring vacuum removal (AG, EAI, INTEi{gay prove to
be more difficult depending on the surface andlalkég vacuum
attachments.

Skilled labor requirement

As evaluated, a brief training session is adequdtale up would
require somewhat more complex equipment and/oractur support
with corresponding training requirements for equiminoperation.

Utilities required

110v for vacuum; scale up would require more complguipment
such as sprayers.

Extent of portability

Very portable; limited by need for utilities forstaum and possible
scaled-application tools.

Set-up time

Less than 15 minutes for all technologies as tes8mhled up
application would require increased set-up timesisiant with
commercial spraying equipment.

Secondary waste
management

Argonne SuperGel: 5 L/ hgel waste collected in wet vacuum.
DeconGel 1101 and 1108: 319 §/ai dried coating and a volumetri
waste generation of 252 &m*

EAI Rad-Release | and Rad-Release II: Approximatelyny
collected by the wet vacuum

INTEK: Approximately 1 L/n collected by the wet vacuum

RDS Liquid and Foam: 4 L/fimostly collected by the towels used
wipe the surface; 2000-3000 tuof towels used during this
evaluation. The maximum effective collection capaof the towels
was not reached due to the relative size of thpaos, therefore the
total secondary waste volume for a scaled up st®eizanot a direct
comparison. The capacity of the toweling materiabwot evaluated.

[9J

Surface damage

None of the technologies caused visible surfaceadgm
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