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Executive Summary 
 
The U.S. Environmental Protection Agency 
(EPA) holds responsibilities associated with 
homeland security events: EPA is the 
primary federal agency responsible for 
decontamination following a chemical, 
biological, and/or radiological (CBR) attack. 
The EPA’s Homeland Security Research 
Program (HSRP) was established to conduct 
research and deliver scientific products that 
improve the capability of the Agency to 
carry out these responsibilities.  As part of 
this program, the EPA’s National Homeland 
Security Research Center (NHSRC) carries 
out performance tests on homeland security 
technologies.  This current study 
investigated the impact of water wash down 
conditions to decontaminate urban surfaces 
contaminated with cesium (Cs).  The 
contaminated surfaces were prepared and 
maintained at constant relative humidity 
(RH) and washed in a chamber simulating 
the delivery of water from a fire hose.  
Various water wash down conditions (e.g., 
duration, water pressure, angle, and pattern) 
were evaluated for their efficacy at 
removing Cs from the test coupon surfaces.  
This removal was determined by the 
measurement of the amount of Cs in the 
water rinsate samples of a function of each 
individual wash condition.   
 
Experimental Procedures.  Coupons were 
pre-conditioned at 33% RH at 21 ± 3 °C for 
five weeks before being dosed with 
nonradioactive cesium chloride (CsCl).  The 
CsCl particles were deposited as aerosols 
onto the pre-conditioned urban surfaces of 
the test coupons using CsCl-methanol 
solution.  Twenty-four hours after 
contamination, the coupons were 
decontaminated using a simulated wash 
down by water from a fire hose.  The 
contaminated coupons were washed under 
various wash conditions: wash duration (5, 

15, and 20 seconds), water nozzle pressure 
(40, 80, 120, and 160 pounds per square 
inch (psi)), wash angle (45 and 90 degrees), 
wash patterns (from bottom to top and from 
top to bottom).   To trace the amount of 
decontamination resulting from these wash 
down tests, the rinsate from each wash down 
was collected and analyzed for amount of Cs 
using Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS).   
 
Results.  Various conditions of water wash 
down using a simulated fire hose chamber 
were tested to investigate the impact of 
water wash on Cs removal from three 
different urban surfaces.  Overall (asphalt, 
brick, and concrete coupons combined), 
there was a statistically significant 
(Student’s t-test, p=0.0098) effect of 
washing duration. The five second time 
period exhibited a consistent lower efficacy 
than the 20 second time period.  There was 
no statistically significant effect of the wash 
angle among asphalt samples, but the 45° 
angle gave lower efficacy than the 90° angle 
among brick (p=0.0595) and concrete 
samples (p=0.0350). Water volume was 
found to have a significant positive effect on 
efficacy among asphalt (p=0.0080) and 
concrete samples (p=0.0325). The 
effectiveness of Cs removal increased with 
higher water pressure per applied water 
volume for asphalt and concrete samples but 
not for brick samples. Wash pattern tests 
were conducted with the brick and concrete 
coupons.  The results showed no difference 
in Cs removal efficacy for the two different 
patterns tested.     
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1.0  Introduction 
 
An explosive radiological dispersal device 
(RDD), also called a dirty bomb, is the 
combination of a conventional explosive 
device with radioactive materials that can be 
obtained from industrial, commercial, 
medical, or research applications.1  An RDD 
attack can impact a society in various ways, 
including creation of casualties, disruption 
of the economy, and potentially desertion of 
the contaminated area.2-5  Fast and cost-
effective decontamination strategies are 
critical to minimize the social and economic 
damage resulting from an RDD event.   
 
One of the major processes for remediation 
of the radioactively contaminated surfaces is 
wash-off via water application.  Weather 
phenomena such as rain also play a 
significant role in the remediation process.  
Numerous studies have been conducted to 
assess the impact of water exposure on 
contaminated surfaces resulting from 
nuclear accidents.6-9  These studies have 
demonstrated the removal of radionuclides 
from various types of surfaces via rain run-
off and water wash-off after the Chernobyl 
accident.    The study by Roed6 showed that 
the first rain run-off from the contaminated 
surfaces removed a higher portion of 
radioactive contaminants compared to the 
subsequent rain or water application on the 
same surfaces.  In addition, Andersson et al.9 
showed that the radioactive contaminant 
removal rates by rain or water application 
varied depending on the surface type.  These 
results are consistent with more recent 
studies completed by the U.S. 
Environmental Protection Agency (EPA).  
US EPA has conducted a test to investigate 
the fate and transport of Cs on urban 
surfaces after rain exposure.10  The results 
from the study showed that the fate of Cs on 

surfaces was dependent upon contaminant 
deposition conditions and surface types.   
 
Rain or water application onto porous 
surfaces may result in increasing difficulty 
with decontamination.  The US EPA’s rain 
study showed extended subsurface 
penetration of Cs through porous materials 
when the surfaces were exposed to rain.10, 11  
This subsurface penetration of radionuclides 
can increase the difficulty of 
decontamination by limiting the mass 
transfer of Cs ions to the surface.  This 
subsurface penetration occurs by wet 
deposition of water soluble particles onto 
porous surfaces or rain or high RH exposure 
of dry deposited water-soluble particles on 
porous surfaces.  An optimized application 
of water may remove radioactive materials 
more effectively than weathering itself and 
would result in reducing the amount of 
subsurface penetration.    
 
The current study investigated the impact of 
various water wash down conditions on Cs 
removal efficiency from porous surfaces 
using a simulated fire hose water delivery 
system.   In this study, the nonradioactive 
CsCl particles were deposited by spraying a 
CsCl-methanol solution onto the test 
surfaces.  This method kept particles closer 
to the surfaces and in the form of CsCl 
compared to the particles from a CsCl-water 
solution; this is because most of the 
methanol in the droplets evaporates before 
the droplets touch the surface (compared to 
the water-based solution).  The study 
focused on the assessment of various 
conditions of water wash down parameters 
including wash down duration, water 
pressure, wash angle, and wash patterns.  
Nonradioactive CsCl particles were chosen 
as an RDD surrogate materials.  Three 
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materials (asphalt, brick, and concrete) were 
selected as the urban surface materials to be 
used as test substrates in this study.  The 
results of this study provide insight into 

parameters influencing the effectiveness of 
water wash down methods on urban surfaces 
contaminated through a release from an 
RDD.   
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2.0  Materials and Methods 

Test Overview 

The amounts of deposited cesium removed 
from urban surfaces via water wash down 
were studied under specific conditions of 
water application.   Wash down conditions 
included wash down duration, water 
pressure, wash angle, and wash patterns.   
Three different building materials were 
contaminated with Cs particles via 
aerosolization, and the contaminated 
surfaces were washed simulating water 
delivery from a firehose.  The wash down 
rinsate samples were collected and analyzed 
for the amounts of Cs that were removed 
from the surface.   
 
Test coupons were prepared and 
contaminated at the EPA facility located in 
Research Triangle Park, NC. Test coupons 
were conditioned at a constant 33% RH for 
five weeks before contamination.  The 
coupons were then dosed (contaminated) 
with Cs and conditioned at 33% RH for 24 
hours before wash down.  All coupons were 
washed in a chamber in which a wash down 
using a firehose was simulated.  This 
simulation is based on the use of a reduced 
distance and small surface area with less 

water delivered through the use of a 
conventional garden hose-type nozzle that 
sprays water to a smaller coupon area while 
maintaining the same pressure on the surface 
(normalized to material surface area) as 
observed in a realistic fire hose water wash 
down application. The Cs amounts from the 
collected wash down rinsates were analyzed 
using Inductively Coupled Plasma with 
Mass Spectrometry (ICP-MS).   
 

Building Materials 

Three different building materials were used 
in this study and the material information is 
described in Table 1. Coupons (3.0 cm x 3.0 
cm x 3.0 cm (W x L x H)) for the wash 
down duration, water pressure, and wash 
angle tests were prepared using a diamond 
saw with distilled water as the lubrication 
fluid.  For the wash pattern test, larger 
concrete and brick coupons (12.5 cm x 10.0 
cm x 2.5 cm (W x L x H)) were used.  Each 
coupon was inspected visually to find any 
defects, cracks, or stains. Coupons with any 
defects discovered by visual inspection were 
discarded. 
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Table 1. Building material description and source. 

Material Description Locality Source 

Brick Red, fine-grained Made from NC red 
Triassic clay 

Triangle B. Company, 
Durham, NC 

Concrete 

Cement with sand 
aggregate (prepared 
within six months of 
tests and not weathered) 

Concrete premix 
(QUIKRETE® Atlanta, 
GA)  
 

Home Depot, NC 

Asphalt 

Laboratory Pressed 
Asphalt 
(prepared within two 
years of tests and not 
weathered) 

NC NC Department of 
Transportation 

  
Freshly cut coupons were stored and soaked 
in deionized water overnight (at least 12 
hours).  These coupons were dried in an 
oven at 80 °C at negative pressure (~10” Hg) 
for 24 hours.  Coupon dimensions and 
weight were recorded.  Five sides of each 
coupon were sealed with water-impermeable 
sealant (StonelokTM E3, Richard James 
Specialty Chemicals Corp., Hastings on 
Hudson, NY).  The top surface remained 
unsealed for deposition of the Cs.  The 
sample identification and the top face 
designation were marked on the two 
opposite sides of each coupon.   
 

Coupon RH conditioning 

Coupons were placed into a chamber that 
was held at 33% RH for at least five weeks 
before surface contamination.  The coupons 
were stored in RH-controlled chambers and 
were opened only when coupons needed to 
be added or taken out.  The contaminated 
coupons were washed down using a water 
delivery system simulating a firehose 
washdown after 24 hours of contamination.  

Coupons were stored in the same 33% RH 
chamber during the 24 hours after 
contamination.  RH and temperature in the 
constant RH chambers were monitored and 
recorded every 10 minutes throughout the 
test periods using a temperature/RH data 
logger (HOBO U10-003, Onset Computer 
Corporation, Pocasset, MA).  Triplicate 
coupons were prepared for each water wash 
down testing condition.  After a wash down, 
coupons were dried in laboratory air for 24 
hours and then stored in the 33% RH 
chamber.   
 
Prior to particle deposition, the top surfaces 
of the larger coupons (12.5 cm x 10.0 cm) 
were thoroughly cleaned with a 2550 psi/2.3 
gallons per minute (GPM) pressure washer 
(Troy-Bilt Gas Pressure Washer, Lowe’s, 
Durham, NC) to remove any loose pieces of 
building materials.  After cleaning, the large 
coupons were dried in laboratory air for at 
least five weeks.  After deposition, large 
coupons were stored in laboratory air (23 ± 
2 °C and 40 ± 2% RH) for 24 hours before 
the wash down test.  
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Cesium Particle Deposition 

A Cs-containing methanol solution was 
deposited onto coupons using a metered 
syringe (MicroSprayer® Aerosolizer, Model 
1A-1C and FMJ-250 High Pressure Syringe, 
Penn-Century, Inc., Windmoor, PA).  The 
deposition liquid volume was 25 microliters 
(L) per coupon with 200 parts per million 
(ppm) of CsCl (99.99%, Fisher Scientific, 
Pittsburgh, PA) solution. For small coupons, 
the deposition chamber was designed to 
center a coupon on the bottom of the 
chamber and to slide the syringe needle to 
spray aerosols as shown in Figure 1 through 
a centered hole in the top lid.  This 
procedure yields a nominal 3.7 microgram 
(µg) deposition of CsCl onto a 3 cm x 3 cm 
coupon surface.  
 
Four different locations were contaminated 
on the large coupons using the deposition 
apparatus shown in Figure 2.  Each 
deposition volume was 25 L and contained 
200 ppm of CsCl solution.  The large 

coupon was contaminated with 
approximately 15 µg of CsCl per coupon.   
Four of the coupon sides were covered with 
painter’s tape to prevent the potential 
deposition of CsCl on the sides, and this 
tape was removed after deposition.   
 
The deposition amount was calibrated 
(positive control) by depositing CsCl 
solutions onto clean polyethylene plastic 
sheets held at the same distance from the tip 
of the syringe and with the same surface 
dimensions as the building test coupons. The 
five positive control samples for Cs were 
transferred to clean 50 mL tubes for 
individual extraction.  The tubes were filled 
with 5% ultrapure OPTIMA HNO3 (Sigma-
Aldrich, St. Louis, MO) in deionized water 
until the solution covered the plastic surface 
entirely.  The plastic sheets were extracted 
by sonication for 20 minutes.  After removal 
of the coupon, the tubes were filled up to 50 
mL with 1% nitric acid solution and 
analyzed by ICP-MS.   
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Figure 1. Illustration of particle deposition onto a small coupon 

 

 
Figure 2. Illustration of particle deposition onto a large coupon 

 

Metered syringe

Coupon
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Firehose System 

All coupons were washed in a chamber 
using a simulated firehose water delivery 
system.  Water delivered from a firehose as 
used for washing down building surfaces 
was simulated based on an experiment 
performed at a Durham, NC, Highway Fire 
station. A force transducer that was used to 
measure the pressure showed that water 
from a 50 psi, 2.4 cm diameter smooth bore 
tip firehose nozzle held 30 feet (ft) from the 
target generated a 1.6 psi pressure on an 8” 
diameter target surface with a ~6.5 inch 
water jet diameter.  This information was 
used as the initial guide for this study.  The 
nozzle, target dimensions, and distance from 
nozzle to the target were scaled down in the 
experimental setup to mimic the 1.6 psi 
pressure at the target surface.  A Plexiglas 
chamber (90 cm x 90 cm x 90 cm) was built 
and is shown in Figure 2.  The nozzle was 
fixed in the center of a chamber side, and the 
coupon holder was positioned on the 
opposite side of the nozzle.  The distance 
between the nozzle and the coupon surface 
was kept constant as 23” for all test 
conditions.  The chamber top was designed 
to be able to open and close for cleaning the 
inside of the chamber after each test.  The 
chamber bottom was slanted slightly to 
collect the rinsate water. A force transducer 

was located on the back of a coupon in the 
coupon holder to measure the applied 
pressure by the water jet emitted from the 
nozzle. The nozzle and water pressure were 
adjusted to create a water jet with the same 
cross section as the small coupon surface 
area (3 cm x 3 cm) at the point of impact 
and with a 1.6 psi pressure on the surface.  A 
water pressure of 120 psi was required to 
generate this pressure at the coupon surface. 
The water pressure was monitored using an 
inline pressure gauge (Watermaster 200 PSI 
Pressure Gauge, 91130, Orbit, Bountiful, 
UT) to ensure reproducible wash down 
conditions.  Deionized water was used for 
the simulated firehose test and the water was 
applied for a specified time.  The rinsate 
water was collected in plastic containers 
(Cubitainer, Fisher Scientific, Pittsburgh, 
PA) located under the bottom drain.  The 
rinsate containers were weighed pre- and 
post-experiment to measure the amount of 
water used during each wash down test.  
After the wash down, the coupons were 
removed from the chamber coupon holder 
and the chamber walls were cleaned and 
dried before the next test.  The rinsate 
collecting containers were thoroughly 
cleaned with Triton-X (Fisher Scientific, 
Pittsburgh, PA) solution and deionized water 
prior to each test.  
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Figure 3. Simulated Firehose System 

 

Wash Down Conditions 

Wash down duration  
The coupons were washed for three different 
durations: 5, 15, and 20 ± 1 seconds.  For 
the wash down duration tests, the other wash 
down conditions were 120 psi water 
pressure and a 90 degree angle between 
water jet direction and exposed coupon 
surface.  Water from the hose nozzle 
covered the entire coupon surface.  The 
collected rinsate volume for the 5-, 15- and 
20-second washes was collected into one-
gallon Cubitainers.  The bottom of the 
chamber was capped prior to washing and 
the volume of rinsate collected was split into 
two samples.  The rinsates were analyzed for 
Cs amount to determine whether the 
decontamination efficacy was dependent on 
the wash down duration.  

 
 
 
 
 
Water pressure 

Four different water pressures were applied 
to the coupons from the same distance and 
for the same duration.  The applied nozzle  
water pressures were 40, 80, 120, and 160 ± 
5 psi.  Pressure was adjusted by changing 
the nozzle orifice size and also varying 
supply water pressure while keeping the 
same size orifice in the nozzle.  The rinsates 
from various water pressure tests were 
analyzed for Cs amount to determine the 
dependence of water pressure on the 
decontamination efficacy.  For these tests, 
the wash duration was 20 seconds and wash 
angle was 90 degrees. The pressures applied 
to the coupons during wash down were 
monitored using a pressure transducer (S 
Beam Load Cell, LCCA-100, Omega, 
Stamford, CT) attached to the coupon holder. 
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Wash angle 
The previous wash down tests were 
conducted with a 90 degree angle between 
the water jet direction and the coupon 

surface.  The water application angle was 
adjusted to 45 degree as shown in Figure 4.  
The other conditions during this test were 
120 psi water pressure for 20 seconds.  

 

 
Figure 4.  Water wash down with 45° angle to coupon surface 

 
Wash pattern 

Two different wash patterns were tested 
with 12.5 cm x 10.0 cm x 2.5 cm (W X L x 
H) coupons.  The two different patterns are 
shown in Figure 5. One pattern (Figure 5(a)) 
involves washing from bottom to the top, 
and the other pattern was the opposite (from 
top to bottom) as shown in Figure 5(b). The 
wash down angle was 90 degrees and the 

water pressure was 120 psi for 20 seconds.  
The rinsates were analyzed for the effect of 
wash pattern on decontamination efficacy.  
This test was conducted with concrete and 
brick coupons only, as these surfaces are 
often used as vertical surfaces.  Asphalt 
surface was not tested since it is usually 
used for horizontal surfaces.  

 

 
Figure 5.  Water wash down test patterns 
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Test Matrix 

The coupon test matrix is shown in Table 2.  
Three replicate samples were prepared for 
each surface material.  As shown in Table 2, 
a total of three blank coupons were prepared 
for all three surface materials.  Blank 
coupons were the coupons without Cs  
 

 
 
deposition.  These blank coupons were 
conditioned at 33% RH, and after wash 
down they were placed back in the 33% RH 
chamber.  These three blank coupons were 
washed down and the rinsates were collected 
for baseline cesium concentration 
determination.     

 
Table 2.  Test Matrix for Simulated Firehose  

Substrate Wash 
Duration 

Water 
Pressure 

Wash 
Angle 

Wash 
Pattern 

Small 
Blanks 

Large 
Blanks 

Concrete 9 9 3 6 3 3 
Brick 9 9 3 6 3 3 

Asphalt 9 9 3 0 3 0 
 
Positive controls were created by depositing 
cesium particles on a clean cut Ziploc® 
surface using the same conditions as the 
coupon deposition.  A total of five positive 
control samples were prepared before 
deposition of Cs onto the building material 
test coupons, and the extracted solution was 
analyzed by ICP-MS using EPA Method 
200.8.13  A total of five positive controls for 
large coupons were also prepared using 
clean cut Ziploc® surfaces, and cesium 
particles were deposited in the same manner 
as for the test coupons.  Sets of positive 
controls were prepared for each of the test 
parameters.  The extracted solution was 
analyzed using ICP-MS.   
 

Analysis of Wash Down Rinsates  

The rinsate samples in the plastic containers 
were transferred to three 50 mL clean vials 
and the rest of the rinsate samples were 
discarded. The samples were stored in a  
refrigerator until they were analyzed.  
Before analysis, the rinsate samples were  

 
filtered using a syringe filter, and 5 mL of 
each sample was transferred to a clean 15 
mL tube labeled with the sample 
identification. The rinsate samples from the 
wash down tests were analyzed for Cs using 
EPA Method 200.8. A model ELAN 6000 
ICP-MS (Perkin Elmer, Waltham, MA) was 
used for Cs analysis.  The operating 
conditions of the ICP-MS are summarized in 
Table 3.   
 
A 10 µL aliquot of internal standard 
reference solution was dispensed into every 
sample vial before analysis.  The internal 
standard solution contained 100 mg/L of 
various elements (Ge, In, Li, Sc and Tb).  
Rinsates for the blank samples were also 
collected and processed in the same manner 
as the test coupons prior to analysis using 
EPA Method 200.8. All containers used for 
dilution, extraction, and analysis were 
cleaned using 1% Triton X-100 (Fisher 
Scientific, Pittsburgh, PA) solution in 
deionized (DI) water followed by multiple 
rinses with DI water and dried  in a Class 
100 clean bench for 24 hours.  
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Table 3. Operating conditions for ELAN 6000 
Parameters Values 

 
Rf power 

 
1200 Watts 

Carrier Gas Flow Rate 
 0.87 liters (L)/min 

Lens Voltage 
 9 Volts (V) 

Analog Stage Voltage 
 -2600 V 

Pulse Stage Voltage 
 1850 V 

Discriminator  
Threshold 

 
70 mV 

AC Rod Offset 
 -8 V 

Integration Time 
 2000 sec 

Scanning Time 
 4.120 minutes 

Replicates 
 3 

Sweeps 
 20 

Sample Uptake Rate 
 ~0.10 mL/min 

Plate Voltage 
 3347 V DC 

Plate Current 
 0.50 A DC 

Grid Current 
 94 milliamperes (mA) DC 

Filament Voltage 6.18 V root mean square 
 

Dwell Time per atomic 
mass unit (AMU)  

 

100 min 

Resolution 

He (3.016 amu)= 2089 
Mg (23.985 amu)= 2065 
Rh (102.905 amu)= 1998 
Ce (139.905 amu)= 1995 
Pb (207.977 amu)= 2113 
U (238.050 amu)= 2223 
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Removal Efficacy 

The efficacy of a firehose wash down was 
assessed by determining the amount of Cs in 
the water wash rinsate samples.  The Cs 
amount in the rinsate water samples was 

compared to the Cs amount in the positive 
control rinsate.  Removal efficacy of Cs 
from the coupon material was calculated as 
the ratio of Mr and Mpc: 

 
Removal Efficacy (%) = Mr/ Mpc x 100 

 
where Mr is the average Cs amount (µg) in replicate rinsate samples, and Mpc is the average Cs 
amount (µg) from five positive controls.  
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4.0  Quality Assurance/Quality Control 
 
QA/QC procedures were performed 
according to the quality assurance project 
plan for this test (available upon request).  
All equipment (balance), monitoring devices 
(e.g., pressure gauge, relative humidity, 
temperature) and an analyzer (ICP-MS) used 
at the time of evaluation were verified as 
being within calibration.  QC samples 
generated during testing included use of 
positive control coupons, blank coupons, 
and wash down water samples.  The average 
recoveries for the Cs positive controls were 

 
between 70% and 120%.  The relative 
standard deviation of Cs amounts from 
positive control recovery results were less 
than 14%.  The analysis results of blank 
coupon rinsate samples showed the Cs 
amount to be below the minimum 
quantification limit (< 0.025 µg/L) for all 
three materials. The clean deionized water 
before wash down application was analyzed 
for Cs and the results showed that Cs 
amounts were below minimum 
quantification limit (< 0.025 µg/L). 
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5.0 Results 

Cs Removal Efficacy 

Cs removal efficacy results are listed in 
Tables 4 for asphalt, brick, and concrete 
materials, respectively.  The complete data 
are listed in the Appendix.  Overall, there 
was an effect of the variation of the material 
(p < 0.0001). Asphalt samples resulted in 
higher decontamination efficacy values than  
 

 
brick samples (p < 0.0001) with a mean 
difference of 28% or concrete samples (p < 
0.0001) with a mean difference of 21%.  
There was no statistically significant 
difference between brick and concrete 
samples (p=0.1549).  Analysis of variance 
(ANOVA) and student’s t-tests were 
conducted using statistical software (SAS 
version 9.2, SAS Institute, Cary, NC).   

 
Table 4. Effect of material types on wash efficacy 

Paired Comparison Method p-value Mean difference Sample size 
Overall ANOVA <.0001 Not applicable 102 
       Asphalt vs. Brick t-test <.0001 Asphalt > Brick, 28% 30 vs. 36 
       Asphalt vs. Concrete  t-test <.0001 Asphalt > Concrete, 21% 30 vs. 36 
      Brick vs. Concrete t-test 0.1549 Not sig. diff., 5% 36 vs. 36 
 

Wash Down Duration 

The average Cs removal efficacy results as a 
function of wash duration is shown in Table 
5.  The coupons were washed in the 

simulated fire hose test chamber under the 
following conditions: water pressure 120 psi 
and wash angle 90 degrees.  The error 
ranges in Table 5 are one standard deviation 
of triplicate sample results.   

 
Table 5. Average Cs removal efficacy as a function of wash duration 

Duration 
(sec) Asphalt Brick Concrete 

5 50 ± 7% 34 ± 19% 31 ± 8% 
15 61 ± 9% 43 ± 26% 42 ± 14% 
20 71 ± 5% 46 ± 8% 55 ± 7% 

 
The data in Table 5 show gradual increase of 
average Cs removal efficacy with increased 
wash duration for all three materials.  The 
positive correlations between removal 
efficacy and wash duration were statistically 
tested.  Student’s t-tests for each material 
were conducted using statistical software 
(SAS version 9.2, SAS Institute, Cary, NC).  
The results are listed in Table 6.   Initially, 
the statistical tests were conducted with 5% 

significance, and many test resulted in 
significance at the 5 or 10% confidence 
level.  To identify the potentially significant 
wash conditions, two test statistical 
significances are indicated by asterisks on 
the p values: ** for 5% and * for 10% 
significance.  The results show that there 
was an effect of duration of decontamination 
within asphalt samples.  For asphalt, the five 
second duration yielded  lower efficacy 
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values than either a 15 second duration (p = 
0.0855) or a 20 second duration (p = 0.0067), 
and a 15 second duration yielded lower 
efficacy values than a 20 second duration (p 
= 0.0926).  For concrete, there was also an 
effect of duration, with the 5 second 
duration yielding lower efficacy values than 

a 20 second duration (p = 0.0166), but there 
were no statistically significant results 
between 5 and 15 and 15 and 20 seconds.  
Brick samples showed no statistically 
significant duration effect for all three 
durations.    

 
Table 6. Student’s t- test results for the effectiveness of wash duration  

on Cs removal efficacy 

Testing p-Value Mean Difference 
Sample 

Size 
Asphalt 

5 sec vs. 15 sec 0.0855* 5 < 15, 11% 3 vs. 3 
5 sec vs. 20 sec 0.0067** 5 < 20, 21% 3 vs. 3 

15 sec vs. 20 
sec 0.0670* 15 < 20, 8% 3 vs. 3 

Brick 
5 sec vs. 15 sec 0.5664 Not sig. diff., 9% 3 vs. 3 
5 sec vs. 20 sec 0.4672 Not sig. diff., 11% 3 vs. 3 

15 sec vs. 20 
sec 0.8709 Not sig. diff., 2% 3 vs. 3 

Concrete 
5 sec vs. 15 sec 0.1862 Not sig. diff., 11% 3 vs. 3 
5 sec vs. 20 sec 0.0166** 5 < 20, 25% 3 vs. 3 

15 sec vs. 20 
sec 0.1222 Not sig. diff., 13% 3 vs. 3 

** for 5% and * for 10% significance 

Water Pressure 

The average Cs removal efficacy as a 
function of wash pressure was tested, and 
the results are plotted versus the total water 
volume applied to the coupons (Figure 6).  
This water volume per unit time represents 
the water pressure applied to the coupon 
surface.  The coupons were washed in the 
simulated firehose test chamber under the 
following conditions: wash duration 20 
seconds and wash angle 90 degree.  Each 
test was executed in triplicate. Some tests 
were conducted by restricting the nozzle 
orifice so that the total applied water volume 
per coupon surface area was less with the  
 

 
higher water pressure.  This lower coverage 
of water on the coupon surfaces was 
observed with 160 psi tests; the surface 
coverage was approximately 60 to 70% by 
visual inspection.  Other tests were 
conducted by adjusting the input water 
pressure and keeping the same orifice size in 
the nozzle.  Because the total applied 
duration is fixed at 20 seconds, the efficacy 
data were plotted as a function of total 
applied water volume.  As seen in Figure 6, 
there is a clear tendency of increased 
efficacy with increased water volume for 
asphalt. However, the plots for brick and 
concrete samples are not clear for exhibiting 
this trend.  
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(A) Asphalt 

 
 

(B) Brick 

 
 

 
(C) Concrete 

 
 
                    Figure 6. Cs removal efficacy as a function of total applied water volume 
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A linear regression analysis (SAS, version 
9.2, SAS Institute, Cary, NC) for the Cs 
removal efficacy as a function of water 
volume was conducted for each material, 
and the results are listed in Table 7 with the 
test significance indicated by asterisks on 
the p-values: ** 5% and * 10%.   Water 

volume was found to have a statistically 
significant positive effect on efficacy within 
“Asphalt” (p = 0.0080) and “Concrete” (p = 
0.0325).  However, there was no significant 
effect of water volume (pressure) within 
“Brick”. The slope was higher with the 
asphalt samples than the concrete samples.   

 
Table 7. Effect of water volume on Cs removal efficacy 

Material p-Value Slope 
(%/L) 

95% 
Confidence 

Interval 

Sample 
Size 

Asphalt 0.0080** 4.04 (1.18,6.90) 21 
Brick 0.7255 0.50 (-2.46,3.48) 21 

Concrete 0.0325** 2.93 (0.27,5.59) 21 
  ** Test significance:  5%. 

Wash Angle 

The average Cs removal efficacies from 
washing at 45 degree and 90 degree angles 
are shown in Figure 7.  The error ranges in 
Figure 7 are one standard deviation for 
triplicate sample results.  The coupons were 
washed in the simulated firehose test 
chamber under the following conditions: 
water pressure 120 psi for 20 seconds.  A 
paired t-test (SAS, version 9.2, SAS Institute, 
Cary, NC) was used to compare average Cs  
 

 
removal efficacy for 45 and 90 degree wash 
down tests.  The test results showed that 
there was no statistically significant effect of 
wash angle within asphalt sample sets 
(p=0.3329), but the 45o angle gave lower 
efficacy than the 90o angle with brick (p = 
0.0595) and concrete sample sets (p = 
0.0350).  The mean difference of efficacies 
from 45 and 90 degree wash down were 13 
and 18% for brick and concrete sample sets, 
respectively.  
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Figure 7. Comparison of average Cs removal efficacy at wash angles 45 and 90 degrees  

 

Wash Pattern 

The Cs removal efficacy was studied using 
two different wash patterns with large (5” x 
4” x 1”) coupons.  The coupons were 
washed in the simulated firehose test 
chamber under the following conditions: 
water pressure 120 psi for 20 seconds at 90 
degree wash angle.  The coupons were 
washed in two different patterns: from 
bottom to top or from top to bottom.  The 
wash pattern tests were used to evaluate the 
potential impact of pattern on vertical 
surface wash down efficiency.  The results 
from the testing of brick and concrete 
samples are shown in Figure 8.  A paired t- 
 

 
test was used to compare the average Cs 
removal efficacies for two different wash 
patterns.  Brick (two sample t-test, t = -1.2, 4 
degrees of freedom, p=0.14) and concrete 
samples (two sample t-test, t = 0.42, 4 
degrees of freedom, p=0.35) showed no 
statistical difference in their mean Cs 
removal efficacies for the two different wash 
patterns.   The removal efficacy results from 
wash pattern tests were less than the small 
coupon tests.  This is because wash pattern 
tests were conducted with coupons that were 
~10 times larger than the ones used in the 
other tests; this resulted in  wash water 
volume per unit area that was 10 times less 
than for the small coupons.  
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Figure 8 Average Cs removal efficacy at different wash pattern: top to bottom wash (TB) 

and bottom to top wash (BT) for concrete (C) and brick (B) samples 
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6.0 Discussion 
Different wash conditions for removal of Cs 
from three different urban surfaces using a 
simulated fire hose water delivery system 
were evaluated.  Nonradioactive CsCl 
particles were aerosolized from a CsCl 
solution (dissolved in methanol) onto three 
different materials, asphalt, brick, and 
concrete.  The tested parameters included 
wash duration, water pressure, wash angle, 
and wash pattern.  The test results were 
analyzed to determine whether the variations 
in the wash down conditions have an impact 
on Cs removal efficacy.   
 
The removal efficacies improved by 
increasing the wash duration (from 5 
seconds to 20 seconds) from 50% to 70% for 
the asphalt samples, 34% to 43% for the 
brick samples and 31% to 55% for the 
concrete samples.  Longer wash duration 
from three different wash duration tests 
showed a statistically significant increase in 
Cs removal efficacy for the asphalt samples 
with increase of wash duration.  The 
concrete samples showed statistically 
significant increase for 20 seconds 
compared to 5 seconds, but the results for 
brick samples were not statistically 
significant for all three durations.  The 
longest wash duration in this test was 20 
seconds.  Increasing the wash duration 
further may increase the effectiveness.  
However, increased water duration also 
increases the volume of water applied, 
which is one of the most important factors in 
the logistical requirements for this type of 
decontamination.  In terms of the removal 
amount as a function of applied water 
volume, the five-second test showed the 
highest efficacy among three test durations 
for all three materials.  The amount removed 
with the 5 second wash down was more than 

50% of the total amount removed with a 20 
second wash down.   
 
For the water pressure test, Cs removal 
efficacies were measured as a function of 
water volume with fixed duration (20 sec).  
This water volume per unit time represents 
the water pressure applied to the coupon 
surface.  Applied water volume and Cs 
removal efficacies were statistically tested 
for their correlations.  Because some tests 
(tests with 160 psi) restricted the water 
nozzle orifice for pressure control, the water 
stream diameter decreased with increasing 
water pressure.  As a result, the reduced 
water stream diameter may have resulted in 
less removal efficacy due to reduced coupon 
surface coverage. The impact of the stream 
diameter might be minimal because the Cs 
contamination is concentrated on the coupon 
center and the visual inspection during wash 
down confirmed that the water stream 
coverage area was centered and 
approximately 60 to 70% of the entire 
coupon surface.  The results in Table 7 
showed that the effectiveness of Cs removal 
increased with higher water pressure per 
applied water volume for asphalt and 
concrete samples, but not for brick samples. 
The study results imply that Cs is 
dominantly removed by water wash down 
from the test surface without physical 
removal of surface material itself.  If the 
water pressure increases (e.g. by use of a 
pressure washer), the Cs removal efficacy 
may increase due to removal of surface 
material which Cs is binded.  
 
Two different wash angles (45 and 90 
degree) were tested for the impact on Cs 
removal efficacy with three materials 
(asphalt, brick, and concrete).  The statistical 
analysis showed higher efficacy with 90 
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degree than 45 degree wash angles for the 
brick and concrete samples.  The difference 
in average removal efficacy for the two 
different angles was approximately 15% and 
21% for the brick and concrete samples, 
respectively.  This result is related to the 
water pressure amount applied directly to 
the coupon surface.  The angled water 
application reduced the applied pressure to a 
coupon surface.  The pressure transducer 
read the pressure level at the 45 degree wash 
angle as approximately 32% of the pressure 
at the 90 degree wash angle.  As seen in the 
water pressure test results, the reduced water 
pressure on coupon surfaces resulted in the 
low removal efficacy at the 45 degree wash 
angle.  For asphalt coupons, the statistical 
results showed that the Cs removal 
difference from these two different wash 
angles was not significant.  This asphalt 
coupon result does not follow the results 
from the water pressure tests.  It is uncertain 
why asphalt samples did not show the higher 
removal efficacy with 90 degree wash angle.    
 
Wash patterns were studied for impact on 
removal efficacy for the brick and concrete 
samples.  The wash patterns evaluated were 
moving the hose from bottom to top and 
from top to bottom of a coupon.  The 
removal efficacies from two different 

patterns were tested statistically,  and the 
results showed no effects on Cs removal for 
both materials.  This result could be an 
artifact of using the small coupons, and this 
explanation needs to be confirmed with 
operational scale tests.  
 
 The current study was conducted as an 
exploratory test to probe any potential 
improvement on Cs removal efficacy from 
porous urban surfaces by adjusting water 
wash down conditions.   The study 
demonstrated the effect of water wash down 
conditions on efficacy of Cs removal from 
porous urban surfaces.  The Cs removal 
efficacy showed a positive correlation with 
wash duration and water pressure for the 
asphalt and concrete samples.  The 90 
degree wash angle was more effective than 
the 45 degree wash angle for the brick and 
concrete samples.  Wash patterns (bottom to 
top and top to bottom) did not affect Cs 
removal efficacy for the materials tested.  
These findings are applicable only to the 
condition where Cs particles have limited 
penetration into porous surfaces.  If Cs 
particles have penetrated into the subsurface 
via high RH or rain exposure prior to a 
water wash down, then the improvement by 
adjusting wash conditions may be reduced.
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Appendix 
 
Table A-1. Test conditions and efficacy results for asphalt coupons 

Sample ID Wash 
Duration (sec) 

Nozzle 
Pressure 

(psi) 

Applied 
Water 

Volume (L) 

Wash 
Angle 

(degree) 

Wash 
Pattern 

Wash 
Area (cm2) 

Removal 
Efficacy (%) 

A1 5 120 1 90 NA 9 45 

A2 5 120 1 90 NA 9 58 

A3 5 120 1 90 NA 9 48 

A4 15 120 5 90 NA 9 60 

A5 15 120 5 90 NA 9 54 

A6 15 120 5 90 NA 9 69 

A7 20 120 6 90 NA 9 67 

A8 20 120 6 90 NA 9 76 

A9 20 120 6 90 NA 9 70 

A10 20 40 7 90 NA 9 53 

A11 20 40 7 90 NA 9 60 

A12 20 40 7 90 NA 9 58 

A13 20 80 6 90 NA 9 60 

A14 20 80 6 90 NA 9 66 

A15 20 80 6 90 NA 9 58 

A16 20 160 4 90 NA 9 64 

A17 20 160 4 90 NA 9 58 

A18 20 160 4 90 NA 9 65 

A22 20 40 2 90 NA 9 46 

A23 20 40 2 90 NA 9 53 

A24 20 40 2 90 NA 9 35 

A25 20 80 3 90 NA 9 47 

A26 20 80 3 90 NA 9 40 

A27 20 80 3 90 NA 9 37 

A28 20 140 6 90 NA 9 48 

A29 20 140 6 90 NA 9 71 

A30 20 140 6 90 NA 9 47 

A19 20 120 6 45 NA 9 66 

A20 20 120 6 45 NA 9 64 
A21 20 120 6 45 NA 9 72 
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Table A-2. Test conditions and efficacy results for brick coupons 

Sample ID Wash 
Duration (sec) 

Nozzle 
Pressure (psi) 

Applied 
Water 

Volume (L) 

Wash Angle 
(degree) 

Wash 
Pattern 

Wash Area 
(cm2) 

Removal 
Efficacy (%) 

B1 5 120 2 90 NA 9 54 

B2 5 120 2 90 NA 9 31 

B3 5 120 2 90 NA 9 19 

B4 15 120 5 90 NA 9 27 

B5 15 120 5 90 NA 9 32 

B6 15 120 5 90 NA 9 72 

B7 20 120 6 90 NA 9 38 

B8 20 120 6 90 NA 9 48 

B9 20 120 6 90 NA 9 52 

B10 20 40 7 90 NA 9 32 

B11 20 40 7 90 NA 9 32 

B12 20 40 7 90 NA 9 30 

B13 20 80 3 90 NA 9 14 

B14 20 80 6 90 NA 9 22 

B15 20 80 6 90 NA 9 28 

B16 20 160 6 90 NA 9 48 

B17 20 160 4 90 NA 9 24 

B18 20 160 4 90 NA 9 39 

B28 20 40 2 90 NA 9 28 

B29 20 40 2 90 NA 9 30 

B30 20 40 2 90 NA 9 29 

B31 20 80 3 90 NA 9 52 

B32 20 80 3 90 NA 9 45 

B33 20 80 3 90 NA 9 43 

B34 20 140 6 90 NA 9 26 

B35 20 140 6 90 NA 9 39 

B36 20 140 6 90 NA 9 33 

B19 20 120 6 45 NA 9 36 

B20 20 120 6 45 NA 9 35 

B21 20 120 6 45 NA 9 27 

B22 20 120 7 90 TB 129 11 

B23 20 120 7 90 TB 129 9 

B24 20 120 7 90 TB 129 11 

B25 20 120 7 90 BT 129 16 

B26 20 120 7 90 BT 129 11 

B27 20 120 7 90 BT 129 11 
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Table A-3. Test conditions and efficacy results for concrete coupons 

Sample 
ID 

Wash 
Duration (sec) 

Nozzle 
Pressure (psi) 

Applied 
Water 

Volume (L) 

Wash Angle 
(degree) 

Wash 
Pattern 

Wash Area 
(cm2) 

Removal 
Efficacy (%) 

C1 5 120 1 90 NA 9 29 

C2 5 120 1 90 NA 9 24 

C3 5 120 2 90 NA 9 39 

C4 15 120 5 90 NA 9 51 

C5 15 120 5 90 NA 9 28 

C6 15 120 5 90 NA 9 47 

C7 20 120 6 90 NA 9 62 

C8 20 120 6 90 NA 9 56 

C9 20 120 6 90 NA 9 48 

C10 20 40 7 90 NA 9 48 

C11 20 40 7 90 NA 9 41 

C12 20 40 7 90 NA 9 38 

C13 20 80 6 90 NA 9 45 

C14 20 80 6 90 NA 9 38 

C15 20 80 6 90 NA 9 45 

C16 20 160 4 90 NA 9 30 

C17 20 160 4 90 NA 9 40 

C18 20 160 4 90 NA 9 38 

C28 20 40 2 90 NA 9 21 

C29 20 40 2 90 NA 9 48 

C30 20 40 2 90 NA 9 46 

C31 20 80 3 90 NA 9 18 

C32 20 80 3 90 NA 9 35 

C33 20 80 3 90 NA 9 33 

C34 20 140 6 90 NA 9 39 

C35 20 140 6 90 NA 9 37 

C36 20 140 6 90 NA 9 34 

C19 20 120 6 45 NA 9 45 

C20 20 120 6 45 NA 9 33 

C21 20 120 6 45 NA 9 34 

C22 20 120 7 90 TB 129 17 

C23 20 120 7 90 TB 129 24 

C24 20 120 7 90 TB 129 18 

C25 20 120 7 90 BT 129 13 

C26 20 120 7 90 BT 129 20 

C27 20 120 7 90 BT 129 22 
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The U.S. Environmental Protection Agency (EPA) holds responsibilities associated with homeland security events: EPA is the primary federal agency responsible for decontamination following a chemical, biological, and/or radiological (CBR) attack. The EPA’s Homeland Security Research Program (HSRP) was established to conduct research and deliver scientific products that improve the capability of the Agency to carry out these responsibilities.  As part of this program, the 

EPA’s National Homeland Security Research Center (NHSRC) carries out performance tests on homeland security technologies.  This current study investigated the impact of water wash down conditions to decontaminate urban surfaces contaminated with cesium (Cs).  The contaminated surfaces were prepared and maintained at constant relative humidity (RH) and washed in a chamber simulating the delivery of water from a fire hose.  Various water wash down conditions (e.g., duration, water pressure, angle, and pattern) were evaluated for their efficacy at removing Cs from the test coupon surfaces.  This removal was determined by the measurement of the amount of Cs in the water rinsate samples of a function of each individual wash condition.  



Experimental Procedures.  Coupons were pre-conditioned at 33% RH at 21 ± 3 °C for five weeks before being dosed with nonradioactive cesium chloride (CsCl).  The CsCl particles were deposited as aerosols onto the pre-conditioned urban surfaces of the test coupons using CsCl-methanol solution.  Twenty-four hours after contamination, the coupons were decontaminated using a simulated wash down by water from a fire hose.  The contaminated coupons were washed under various wash conditions: wash duration (5, 15, and 20 seconds), water nozzle pressure (40, 80, 120, and 160 pounds per square inch (psi)), wash angle (45 and 90 degrees), wash patterns (from bottom to top and from top to bottom).   To trace the amount of decontamination resulting from these wash down tests, the rinsate from each wash down was collected and analyzed for amount of Cs using Inductively Coupled Plasma Mass Spectrometry (ICP-MS).  



Results.  Various conditions of water wash down using a simulated fire hose chamber were tested to investigate the impact of water wash on Cs removal from three different urban surfaces.  Overall (asphalt, brick, and concrete coupons combined), there was a statistically significant (Student’s t-test, p=0.0098) effect of washing duration. The five second time period exhibited a consistent lower efficacy than the 20 second time period.  There was no statistically significant effect of the wash angle among asphalt samples, but the 45° angle gave lower efficacy than the 90° angle among brick (p=0.0595) and concrete samples (p=0.0350). Water volume was found to have a significant positive effect on efficacy among asphalt (p=0.0080) and concrete samples (p=0.0325). The effectiveness of Cs removal increased with higher water pressure per applied water volume for asphalt and concrete samples but not for brick samples. Wash pattern tests were conducted with the brick and concrete coupons.  The results showed no difference in Cs removal efficacy for the two different patterns tested.    
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An explosive radiological dispersal device (RDD), also called a dirty bomb, is the combination of a conventional explosive device with radioactive materials that can be obtained from industrial, commercial, medical, or research applications.[endnoteRef:1]  An RDD attack can impact a society in various ways, including creation of casualties, disruption of the economy, and potentially desertion of the contaminated area.2-5  Fast and cost-effective decontamination strategies are critical to minimize the social and economic damage resulting from an RDD event.   [1:  Gonzalez, A.J. (2003) Security of radioactive sources: threats and answers. In International Conference on Security of Radioactive Sources. pp.33-58. Vienna, Austria: International Atomic Energy Agency.

2 NRC (May 2007) Backgrounder on Dirty Bombs: U.S. Nuclear Regulatory Commission.

3 Zimmerman, P.D. and Loeb, C. (2004) Dirty Bombs: The threat revisited. Defense Horizons, pp.1-11.

4 Karam, P.A. (2005) Radiological terrorism. Hum Ecol Risk Assess, 11, 501-523.

5 Rosoff, H. and von Winterfeldt, D. (2007) A risk and economic analysis of dirty bomb attacks on the ports of Los Angeles and long beach. Risk Anal 27, 533-546.

6 Roed, J. (1987). Run-off from the weathering of roof material following the Chernobyl accident. Radiation Protection Dosimetry, 21 (1/3), 59-63.

7 Roed, J. (1988). The Distribution on Trees of Dry Deposited material from the Chernobyl Accident. Paper NKA/AKTU-245 988)2, presented at the Joint CEC/OECD (NEA) Workshop on Recent Advances in Reactor Accident Consequence Assessment, Rome, Italy, 25-30 January 1988.
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13 U.S. Environmental Protection Agency (U.S. EPA). 1994. Determination of Trace Elements in Waters and Wastes by Inductively Coupled Plasma-Mass Spectrometry, Washington, D.C. Method 200.8 revision 5.4.
] 




One of the major processes for remediation of the radioactively contaminated surfaces is wash-off via water application.  Weather phenomena such as rain also play a significant role in the remediation process.  Numerous studies have been conducted to assess the impact of water exposure on contaminated surfaces resulting from nuclear accidents.6-9  These studies have demonstrated the removal of radionuclides from various types of surfaces via rain run-off and water wash-off after the Chernobyl accident.    The study by Roed6 showed that the first rain run-off from the contaminated surfaces removed a higher portion of radioactive contaminants compared to the subsequent rain or water application on the same surfaces.  In addition, Andersson et al.9 showed that the radioactive contaminant removal rates by rain or water application varied depending on the surface type.  These results are consistent with more recent studies completed by the U.S. Environmental Protection Agency (EPA).  US EPA has conducted a test to investigate the fate and transport of Cs on urban surfaces after rain exposure.10  The results from the study showed that the fate of Cs on surfaces was dependent upon contaminant deposition conditions and surface types.  



Rain or water application onto porous surfaces may result in increasing difficulty with decontamination.  The US EPA’s rain study showed extended subsurface penetration of Cs through porous materials when the surfaces were exposed to rain.10, 11  This subsurface penetration of radionuclides can increase the difficulty of decontamination by limiting the mass transfer of Cs ions to the surface.  This subsurface penetration occurs by wet deposition of water soluble particles onto porous surfaces or rain or high RH exposure of dry deposited water-soluble particles on porous surfaces.  An optimized application of water may remove radioactive materials more effectively than weathering itself and would result in reducing the amount of subsurface penetration.   



The current study investigated the impact of various water wash down conditions on Cs removal efficiency from porous surfaces using a simulated fire hose water delivery system.   In this study, the nonradioactive CsCl particles were deposited by spraying a CsCl-methanol solution onto the test surfaces.  This method kept particles closer to the surfaces and in the form of CsCl compared to the particles from a CsCl-water solution; this is because most of the methanol in the droplets evaporates before the droplets touch the surface (compared to the water-based solution).  The study focused on the assessment of various conditions of water wash down parameters including wash down duration, water pressure, wash angle, and wash patterns.  Nonradioactive CsCl particles were chosen as an RDD surrogate materials.  Three materials (asphalt, brick, and concrete) were selected as the urban surface materials to be used as test substrates in this study.  The results of this study provide insight into parameters influencing the effectiveness of water wash down methods on urban surfaces contaminated through a release from an RDD.  
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Test Overview

[bookmark: _GoBack]The amounts of deposited cesium removed from urban surfaces via water wash down were studied under specific conditions of water application.   Wash down conditions included wash down duration, water pressure, wash angle, and wash patterns.   Three different building materials were contaminated with Cs particles via aerosolization, and the contaminated surfaces were washed simulating water delivery from a firehose.  The wash down rinsate samples were collected and analyzed for the amounts of Cs that were removed from the surface.  



Test coupons were prepared and contaminated at the EPA facility located in Research Triangle Park, NC. Test coupons were conditioned at a constant 33% RH for five weeks before contamination.  The coupons were then dosed (contaminated) with Cs and conditioned at 33% RH for 24 hours before wash down.  All coupons were washed in a chamber in which a wash down using a firehose was simulated.  This simulation is based on the use of a reduced distance and small surface area with less water delivered through the use of a conventional garden hose-type nozzle that sprays water to a smaller coupon area while maintaining the same pressure on the surface (normalized to material surface area) as observed in a realistic fire hose water wash down application. The Cs amounts from the collected wash down rinsates were analyzed using Inductively Coupled Plasma with Mass Spectrometry (ICP-MS).  
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Three different building materials were used in this study and the material information is described in Table 1. Coupons (3.0 cm x 3.0 cm x 3.0 cm (W x L x H)) for the wash down duration, water pressure, and wash angle tests were prepared using a diamond saw with distilled water as the lubrication fluid.  For the wash pattern test, larger concrete and brick coupons (12.5 cm x 10.0 cm x 2.5 cm (W x L x H)) were used.  Each coupon was inspected visually to find any defects, cracks, or stains. Coupons with any defects discovered by visual inspection were discarded.
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[bookmark: _Toc342044505]Table 1. Building material description and source.

		Material

		Description

		Locality

		Source



		Brick

		Red, fine-grained

		Made from NC red Triassic clay

		Triangle B. Company, Durham, NC



		Concrete

		Cement with sand aggregate (prepared within six months of tests and not weathered)

		Concrete premix (QUIKRETE® Atlanta, GA) 



		Home Depot, NC



		Asphalt

		Laboratory Pressed Asphalt

(prepared within two years of tests and not weathered)

		NC

		NC Department of Transportation





 



Freshly cut coupons were stored and soaked in deionized water overnight (at least 12 hours).  These coupons were dried in an oven at 80 °C at negative pressure (~10” Hg) for 24 hours.  Coupon dimensions and weight were recorded.  Five sides of each coupon were sealed with water-impermeable sealant (StonelokTM E3, Richard James Specialty Chemicals Corp., Hastings on Hudson, NY).  The top surface remained unsealed for deposition of the Cs.  The sample identification and the top face designation were marked on the two opposite sides of each coupon.  



[bookmark: _Toc342044667]Coupon RH conditioning

Coupons were placed into a chamber that was held at 33% RH for at least five weeks before surface contamination.  The coupons were stored in RH-controlled chambers and were opened only when coupons needed to be added or taken out.  The contaminated coupons were washed down using a water delivery system simulating a firehose washdown after 24 hours of contamination.  Coupons were stored in the same 33% RH chamber during the 24 hours after contamination.  RH and temperature in the constant RH chambers were monitored and recorded every 10 minutes throughout the test periods using a temperature/RH data logger (HOBO U10-003, Onset Computer Corporation, Pocasset, MA).  Triplicate coupons were prepared for each water wash down testing condition.  After a wash down, coupons were dried in laboratory air for 24 hours and then stored in the 33% RH chamber.  



Prior to particle deposition, the top surfaces of the larger coupons (12.5 cm x 10.0 cm) were thoroughly cleaned with a 2550 psi/2.3 gallons per minute (GPM) pressure washer (Troy-Bilt Gas Pressure Washer, Lowe’s, Durham, NC) to remove any loose pieces of building materials.  After cleaning, the large coupons were dried in laboratory air for at least five weeks.  After deposition, large coupons were stored in laboratory air (23 ± 2 °C and 40 ± 2% RH) for 24 hours before the wash down test. 
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Cesium Particle Deposition

A Cs-containing methanol solution was deposited onto coupons using a metered syringe (MicroSprayer® Aerosolizer, Model 1A-1C and FMJ-250 High Pressure Syringe, Penn-Century, Inc., Windmoor, PA).  The deposition liquid volume was 25 microliters (L) per coupon with 200 parts per million (ppm) of CsCl (99.99%, Fisher Scientific, Pittsburgh, PA) solution. For small coupons, the deposition chamber was designed to center a coupon on the bottom of the chamber and to slide the syringe needle to spray aerosols as shown in Figure 1 through a centered hole in the top lid.  This procedure yields a nominal 3.7 microgram (µg) deposition of CsCl onto a 3 cm x 3 cm coupon surface. 



Four different locations were contaminated on the large coupons using the deposition apparatus shown in Figure 2.  Each deposition volume was 25 L and contained 200 ppm of CsCl solution.  The large coupon was contaminated with approximately 15 µg of CsCl per coupon.   Four of the coupon sides were covered with painter’s tape to prevent the potential deposition of CsCl on the sides, and this tape was removed after deposition.  



The deposition amount was calibrated (positive control) by depositing CsCl solutions onto clean polyethylene plastic sheets held at the same distance from the tip of the syringe and with the same surface dimensions as the building test coupons. The five positive control samples for Cs were transferred to clean 50 mL tubes for individual extraction.  The tubes were filled with 5% ultrapure OPTIMA HNO3 (Sigma-Aldrich, St. Louis, MO) in deionized water until the solution covered the plastic surface entirely.  The plastic sheets were extracted by sonication for 20 minutes.  After removal of the coupon, the tubes were filled up to 50 mL with 1% nitric acid solution and analyzed by ICP-MS.  
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[bookmark: _Toc340656310]Figure 1. Illustration of particle deposition onto a small coupon
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[bookmark: _Toc340656311]Figure 2. Illustration of particle deposition onto a large coupon
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Firehose System

All coupons were washed in a chamber using a simulated firehose water delivery system.  Water delivered from a firehose as used for washing down building surfaces was simulated based on an experiment performed at a Durham, NC, Highway Fire station. A force transducer that was used to measure the pressure showed that water from a 50 psi, 2.4 cm diameter smooth bore tip firehose nozzle held 30 feet (ft) from the target generated a 1.6 psi pressure on an 8” diameter target surface with a ~6.5 inch water jet diameter.  This information was used as the initial guide for this study.  The nozzle, target dimensions, and distance from nozzle to the target were scaled down in the experimental setup to mimic the 1.6 psi pressure at the target surface.  A Plexiglas chamber (90 cm x 90 cm x 90 cm) was built and is shown in Figure 2.  The nozzle was fixed in the center of a chamber side, and the coupon holder was positioned on the opposite side of the nozzle.  The distance between the nozzle and the coupon surface was kept constant as 23” for all test conditions.  The chamber top was designed to be able to open and close for cleaning the inside of the chamber after each test.  The chamber bottom was slanted slightly to collect the rinsate water. A force transducer was located on the back of a coupon in the coupon holder to measure the applied pressure by the water jet emitted from the nozzle. The nozzle and water pressure were adjusted to create a water jet with the same cross section as the small coupon surface area (3 cm x 3 cm) at the point of impact and with a 1.6 psi pressure on the surface.  A water pressure of 120 psi was required to generate this pressure at the coupon surface. The water pressure was monitored using an inline pressure gauge (Watermaster 200 PSI Pressure Gauge, 91130, Orbit, Bountiful, UT) to ensure reproducible wash down conditions.  Deionized water was used for the simulated firehose test and the water was applied for a specified time.  The rinsate water was collected in plastic containers (Cubitainer, Fisher Scientific, Pittsburgh, PA) located under the bottom drain.  The rinsate containers were weighed pre- and post-experiment to measure the amount of water used during each wash down test.  After the wash down, the coupons were removed from the chamber coupon holder and the chamber walls were cleaned and dried before the next test.  The rinsate collecting containers were thoroughly cleaned with Triton-X (Fisher Scientific, Pittsburgh, PA) solution and deionized water prior to each test. 
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Wash Down Conditions

[bookmark: _Toc342044671]Wash down duration 

The coupons were washed for three different durations: 5, 15, and 20 ± 1 seconds.  For the wash down duration tests, the other wash down conditions were 120 psi water pressure and a 90 degree angle between water jet direction and exposed coupon surface.  Water from the hose nozzle covered the entire coupon surface.  The collected rinsate volume for the 5-, 15- and 20-second washes was collected into one-gallon Cubitainers.  The bottom of the chamber was capped prior to washing and the volume of rinsate collected was split into two samples.  The rinsates were analyzed for Cs amount to determine whether the decontamination efficacy was dependent on the wash down duration. 
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Water pressure

Four different water pressures were applied to the coupons from the same distance and for the same duration.  The applied nozzle 

water pressures were 40, 80, 120, and 160 ± 5 psi.  Pressure was adjusted by changing the nozzle orifice size and also varying supply water pressure while keeping the same size orifice in the nozzle.  The rinsates from various water pressure tests were analyzed for Cs amount to determine the dependence of water pressure on the decontamination efficacy.  For these tests, the wash duration was 20 seconds and wash angle was 90 degrees. The pressures applied to the coupons during wash down were monitored using a pressure transducer (S Beam Load Cell, LCCA-100, Omega, Stamford, CT) attached to the coupon holder.
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The previous wash down tests were conducted with a 90 degree angle between the water jet direction and the coupon surface.  The water application angle was adjusted to 45 degree as shown in Figure 4.  The other conditions during this test were 120 psi water pressure for 20 seconds. 
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[bookmark: _Toc340656313]Figure 4.  Water wash down with 45° angle to coupon surface
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Wash pattern

Two different wash patterns were tested with 12.5 cm x 10.0 cm x 2.5 cm (W X L x H) coupons.  The two different patterns are shown in Figure 5. One pattern (Figure 5(a)) involves washing from bottom to the top, and the other pattern was the opposite (from top to bottom) as shown in Figure 5(b). The wash down angle was 90 degrees and the water pressure was 120 psi for 20 seconds.  The rinsates were analyzed for the effect of wash pattern on decontamination efficacy.  This test was conducted with concrete and brick coupons only, as these surfaces are often used as vertical surfaces.  Asphalt surface was not tested since it is usually used for horizontal surfaces. 
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[bookmark: _Toc340656314]Figure 5.  Water wash down test patterns
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Test Matrix

The coupon test matrix is shown in Table 2.  Three replicate samples were prepared for each surface material.  As shown in Table 2, a total of three blank coupons were prepared for all three surface materials.  Blank coupons were the coupons without Cs 







deposition.  These blank coupons were conditioned at 33% RH, and after wash down they were placed back in the 33% RH chamber.  These three blank coupons were washed down and the rinsates were collected for baseline cesium concentration determination.    
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		Substrate

		Wash Duration

		Water Pressure

		Wash Angle

		Wash Pattern

		Small Blanks

		Large Blanks



		Concrete

		9

		9

		3

		6

		3

		3



		Brick

		9

		9

		3

		6

		3

		3



		Asphalt

		9

		9

		3

		0

		3

		0











Positive controls were created by depositing cesium particles on a clean cut Ziploc® surface using the same conditions as the coupon deposition.  A total of five positive control samples were prepared before deposition of Cs onto the building material test coupons, and the extracted solution was analyzed by ICP-MS using EPA Method 200.8.13  A total of five positive controls for large coupons were also prepared using clean cut Ziploc® surfaces, and cesium particles were deposited in the same manner as for the test coupons.  Sets of positive controls were prepared for each of the test parameters.  The extracted solution was analyzed using ICP-MS.  
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The rinsate samples in the plastic containers were transferred to three 50 mL clean vials and the rest of the rinsate samples were discarded.  . The samples were stored in a 

refrigerator until they were analyzed.  Before analysis, the rinsate samples were 



filtered using a syringe filter, and 5 mL of each sample was transferred to a clean 15 mL tube labeled with the sample identification.  . The rinsate samples from the wash down tests were analyzed for Cs using EPA Method 200.8.    . A model ELAN 6000 ICP-MS (Perkin Elmer, Waltham, MA) was used for Cs analysis.  The operating conditions of the ICP-MS are summarized in Table 3.  



A 10 µL aliquot of internal standard reference solution was dispensed into every sample vial before analysis.  The internal standard solution contained 100 mg/L of various elements (Ge, In, Li, Sc and Tb).  Rinsates for the blank samples were also collected and processed in the same manner as the test coupons prior to analysis using EPA Method 200.8.  . All containers used for dilution, extraction, and analysis were cleaned using 1% Triton X-100 (Fisher Scientific, Pittsburgh, PA) solution in deionized (DI) water followed by multiple rinses with DI water and dried  in a Class 100 clean bench for 24 hours. 
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		Parameters

		Values



		

Rf power



		1200 Watts



		Carrier Gas Flow Rate



		0.87 liters (L)/min



		Lens Voltage



		9 Volts (V)



		Analog Stage Voltage



		-2600 V



		Pulse Stage Voltage



		1850 V



		Discriminator 

Threshold



		70 mV



		AC Rod Offset



		-8 V



		Integration Time



		2000 sec



		Scanning Time



		4.120 minutes



		Replicates



		3



		Sweeps



		20



		Sample Uptake Rate



		~0.10 mL/min



		Plate Voltage



		3347 V DC



		Plate Current



		0.50 A DC



		Grid Current



		94 milliamperes (mA) DC



		Filament Voltage

		6.18 V root mean square



		

Dwell Time per atomic mass unit (AMU) 



		100 min



		Resolution

		He (3.016 amu)= 2089

Mg (23.985 amu)= 2065

Rh (102.905 amu)= 1998

Ce (139.905 amu)= 1995

Pb (207.977 amu)= 2113

U (238.050 amu)= 2223
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The efficacy of a firehose wash down was assessed by determining the amount of Cs in the water wash rinsate samples.  The Cs amount in the rinsate water samples was compared to the Cs amount in the positive control rinsate.  Removal efficacy of Cs from the coupon material was calculated as the ratio of Mr and Mpc:





Removal Efficacy (%) = Mr/ Mpc x 100



where Mr is the average Cs amount (µg) in replicate rinsate samples, and Mpc is the average Cs amount (µg) from five positive controls. 



3.0 [bookmark: _Toc342044678]


4.0 

5.0  Quality Assurance/Quality Control





QA/QC procedures were performed according to the quality assurance project plan for this test (available upon request).  All equipment (balance), monitoring devices (e.g., pressure gauge, relative humidity, temperature) and an analyzer (ICP-MS) used at the time of evaluation were verified as being within calibration.  QC samples generated during testing included use of positive control coupons, blank coupons, and wash down water samples.  The average recoveries for the Cs positive controls were 


between 70% and 120%.  The relative standard deviation of Cs amounts from positive control recovery results were less than 14%.  The analysis results of blank coupon rinsate samples showed the Cs amount to be below the minimum quantification limit (< 0.025 µg/L) for all three materials.   . The clean deionized water before wash down application was analyzed for Cs and the results showed that Cs amounts were below minimum quantification limit (< 0.025 µg/L).
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6.0 Results
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Cs Removal Efficacy

Cs removal efficacy results are listed in Tables 4 for asphalt, brick, and concrete materials, respectively.  The complete data are listed in the Appendix.  Overall, there was an effect of the variation of the material (p < 0.0001). Asphalt samples resulted in higher decontamination efficacy values than 





brick samples (p < 0.0001) with a mean difference of 28% or concrete samples (p < 0.0001) with a mean difference of 21%.  There was no statistically significant difference between brick and concrete samples (p=0.1549).  Analysis of variance (ANOVA) and student’s t-tests were conducted using statistical software (SAS version 9.2, SAS Institute, Cary, NC).  
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		Paired Comparison

		Method

		p-value

		Mean difference

		Sample size



		Overall

		ANOVA

		<.0001

		Not applicable

		102



		       Asphalt vs. Brick

		t-test

		<.0001

		Asphalt > Brick, 28%

		30 vs. 36



		       Asphalt vs. Concrete 

		t-test

		<.0001

		Asphalt > Concrete, 21%

		30 vs. 36



		      Brick vs. Concrete

		t-test

		0.1549

		Not sig. diff., 5%

		36 vs. 36
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Wash Down Duration

The average Cs removal efficacy results as a function of wash duration is shown in Table 5.  The coupons were washed in the simulated fire hose test chamber under the following conditions: water pressure 120 psi and wash angle 90 degrees.  The error ranges in Table 5 are one standard deviation of triplicate sample results.  
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		Duration (sec)

		Asphalt

		Brick

		Concrete



		5

		50 ± 7%

		34 ± 19%

		31 ± 8%



		15

		61 ± 9%

		43 ± 26%

		42 ± 14%



		20

		71 ± 5%

		46 ± 8%

		55 ± 7%









The data in Table 5 show gradual increase of average Cs removal efficacy with increased wash duration for all three materials.  The positive correlations between removal efficacy and wash duration were statistically tested.  Student’s t-tests for each material were conducted using statistical software (SAS version 9.2, SAS Institute, Cary, NC).  The results are listed in Table 6.   Initially, the statistical tests were conducted with 5% significance, and many test resulted in significance at the 5 or 10% confidence level.  To identify the potentially significant wash conditions, two test statistical significances are indicated by asterisks on the p values: ** for 5% and * for 10% significance.  The results show that there was an effect of duration of decontamination within asphalt samples.  For asphalt, the five second duration yielded  lower efficacy values than either a 15 second duration (p = 0.0855) or a 20 second duration (p = 0.0067), and a 15 second duration yielded lower efficacy values than a 20 second duration (p = 0.0926).  For concrete, there was also an effect of duration, with the 5 second duration yielding lower efficacy values than a 20 second duration (p = 0.0166), but there were no statistically significant results between 5 and 15 and 15 and 20 seconds.  Brick samples showed no statistically significant duration effect for all three durations.   
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on Cs removal efficacy

		Testing

		p-Value

		Mean Difference

		Sample Size



		Asphalt



		5 sec vs. 15 sec

		0.0855*

		5 < 15, 11%

		3 vs. 3



		5 sec vs. 20 sec

		0.0067**

		5 < 20, 21%

		3 vs. 3



		15 sec vs. 20 sec

		0.0670*

		15 < 20, 8%

		3 vs. 3



		Brick



		5 sec vs. 15 sec

		0.5664

		Not sig. diff., 9%

		3 vs. 3



		5 sec vs. 20 sec

		0.4672

		Not sig. diff., 11%

		3 vs. 3



		15 sec vs. 20 sec

		0.8709

		Not sig. diff., 2%

		3 vs. 3



		Concrete



		5 sec vs. 15 sec

		0.1862

		Not sig. diff., 11%

		3 vs. 3



		5 sec vs. 20 sec

		0.0166**

		5 < 20, 25%

		3 vs. 3



		15 sec vs. 20 sec

		0.1222

		Not sig. diff., 13%

		3 vs. 3





** for 5% and * for 10% significance
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Water Pressure

The average Cs removal efficacy as a function of wash pressure was tested, and the results are plotted versus the total water volume applied to the coupons (Figure 6).  This water volume per unit time represents the water pressure applied to the coupon surface.  The coupons were washed in the simulated firehose test chamber under the following conditions: wash duration 20 seconds and wash angle 90 degree.  Each test was executed in triplicate. Some tests were conducted by restricting the nozzle orifice so that the total applied water volume per coupon surface area was less with the 





higher water pressure.  This lower coverage of water on the coupon surfaces was observed with 160 psi tests; the surface coverage was approximately 60 to 70% by visual inspection.  Other tests were conducted by adjusting the input water pressure and keeping the same orifice size in the nozzle.  Because the total applied duration is fixed at 20 seconds, the efficacy data were plotted as a function of total applied water volume.  As seen in Figure 6, there is a clear tendency of increased efficacy with increased water volume for asphalt. However, the plots for brick and concrete samples are not clear for exhibiting this trend.   





(A) Asphalt
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(B) Brick

[image: ]







(C) Concrete

[image: ]
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                    Figure 6. Cs removal efficacy as a function of total applied water volume





A linear regression analysis (SAS, version 9.2, SAS Institute, Cary, NC) for the Cs removal efficacy as a function of water volume was conducted for each material, and the results are listed in Table 7 with the test significance indicated by asterisks on the p-values: ** 5% and * 10%.   Water volume was found to have a statistically significant positive effect on efficacy within “Asphalt” (p = 0.0080) and “Concrete” (p = 0.0325).  However, there was no significant effect of water volume (pressure) within “Brick”. The slope was higher with the asphalt samples than the concrete samples.  





[bookmark: _Toc342044511]Table 7. Effect of water volume on Cs removal efficacy

		Material

		p-Value

		Slope (%/L)

		95% Confidence Interval

		Sample Size



		Asphalt

		0.0080**

		4.04

		(1.18,6.90)

		21



		Brick

		0.7255

		0.50

		(-2.46,3.48)

		21



		Concrete

		0.0325**

		2.93

		(0.27,5.59)

		21





		** Test significance:  5%.
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Wash Angle

The average Cs removal efficacies from washing at 45 degree and 90 degree angles are shown in Figure 7.  The error ranges in Figure 7 are one standard deviation for triplicate sample results.  The coupons were washed in the simulated firehose test chamber under the following conditions: water pressure 120 psi for 20 seconds.  A paired t-test (SAS, version 9.2, SAS Institute, Cary, NC) was used to compare average Cs 





removal efficacy for 45 and 90 degree wash down tests.  The test results showed that there was no statistically significant effect of wash angle within asphalt sample sets (p=0.3329), but the 45o angle gave lower efficacy than the 90o angle with brick (p = 0.0595) and concrete sample sets (p = 0.0350).  The mean difference of efficacies from 45 and 90 degree wash down were 13 and 18% for brick and concrete sample sets, respectively. 









[bookmark: _Toc340656316]Figure 7. Comparison of average Cs removal efficacy at wash angles 45 and 90 degrees 
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Wash Pattern

The Cs removal efficacy was studied using two different wash patterns with large (5” x 4” x 1”) coupons.  The coupons were washed in the simulated firehose test chamber under the following conditions: water pressure 120 psi for 20 seconds at 90 degree wash angle.  The coupons were washed in two different patterns: from bottom to top or from top to bottom.  The wash pattern tests were used to evaluate the potential impact of pattern on vertical surface wash down efficiency.  The results from the testing of brick and concrete samples are shown in Figure 8.  A paired t-





test was used to compare the average Cs removal efficacies for two different wash patterns.  Brick (two sample t-test, t = -1.2, 4 degrees of freedom, p=0.14) and concrete samples (two sample t-test, t = 0.42, 4 degrees of freedom, p=0.35) showed no statistical difference in their mean Cs removal efficacies for the two different wash patterns.   The removal efficacy results from wash pattern tests were less than the small coupon tests.  This is because wash pattern tests were conducted with coupons that were ~10 times larger than the ones used in the other tests; this resulted in  wash water volume per unit area that was 10 times less than for the small coupons. 







 

[bookmark: _Toc340656317]Figure 8 Average Cs removal efficacy at different wash pattern: top to bottom wash (TB) and bottom to top wash (BT) for concrete (C) and brick (B) samples






7.0 [bookmark: _Toc342044685]Discussion



Different wash conditions for removal of Cs from three different urban surfaces using a simulated fire hose water delivery system were evaluated.  Nonradioactive CsCl particles were aerosolized from a CsCl solution (dissolved in methanol) onto three different materials, asphalt, brick, and concrete.  The tested parameters included wash duration, water pressure, wash angle, and wash pattern.  The test results were analyzed to determine whether the variations in the wash down conditions have an impact on Cs removal efficacy.  



The removal efficacies improved by increasing the wash duration (from 5 seconds to 20 seconds) from 50% to 70% for the asphalt samples, 34% to 43% for the brick samples and 31% to 55% for the concrete samples.  Longer wash duration from three different wash duration tests showed a statistically significant increase in Cs removal efficacy for the asphalt samples with increase of wash duration.  The concrete samples showed statistically significant increase for 20 seconds compared to 5 seconds, but the results for brick samples were not statistically significant for all three durations.  The longest wash duration in this test was 20 seconds.  Increasing the wash duration further may increase the effectiveness.  However, increased water duration also increases the volume of water applied, which is one of the most important factors in the logistical requirements for this type of decontamination.  In terms of the removal amount as a function of applied water volume, the five-second test showed the highest efficacy among three test durations for all three materials.  The amount removed with the 5 second wash down was more than 50% of the total amount removed with a 20 second wash down.  



For the water pressure test, Cs removal efficacies were measured as a function of water volume with fixed duration (20 sec).  This water volume per unit time represents the water pressure applied to the coupon surface.  Applied water volume and Cs removal efficacies were statistically tested for their correlations.  Because some tests (tests with 160 psi) restricted the water nozzle orifice for pressure control, the water stream diameter decreased with increasing water pressure.  As a result, the reduced water stream diameter may have resulted in less removal efficacy due to reduced coupon surface coverage. The impact of the stream diameter might be minimal because the Cs contamination is concentrated on the coupon center and the visual inspection during wash down confirmed that the water stream coverage area was centered and approximately 60 to 70% of the entire coupon surface.  The results in Table 7 showed that the effectiveness of Cs removal increased with higher water pressure per applied water volume for asphalt and concrete samples, but not for brick samples. The study results imply that Cs is dominantly removed by water wash down from the test surface without physical removal of surface material itself.  If the water pressure increases (e.g. by use of a pressure washer), the Cs removal efficacy may increase due to removal of surface material which Cs is binded. 



Two different wash angles (45 and 90 degree) were tested for the impact on Cs removal efficacy with three materials (asphalt, brick, and concrete).  The statistical analysis showed higher efficacy with 90 degree than 45 degree wash angles for the brick and concrete samples.  The difference in average removal efficacy for the two different angles was approximately 15% and 21% for the brick and concrete samples, respectively.  This result is related to the water pressure amount applied directly to the coupon surface.  The angled water application reduced the applied pressure to a coupon surface.  The pressure transducer read the pressure level at the 45 degree wash angle as approximately 32% of the pressure at the 90 degree wash angle.  As seen in the water pressure test results, the reduced water pressure on coupon surfaces resulted in the low removal efficacy at the 45 degree wash angle.  For asphalt coupons, the statistical results showed that the Cs removal difference from these two different wash angles was not significant.  This asphalt coupon result does not follow the results from the water pressure tests.  It is uncertain why asphalt samples did not show the higher removal efficacy with 90 degree wash angle.   



Wash patterns were studied for impact on removal efficacy for the brick and concrete samples.  The wash patterns evaluated were moving the hose from bottom to top and from top to bottom of a coupon.  The removal efficacies from two different patterns were tested statistically,  and the results showed no effects on Cs removal for both materials.  This result could be an artifact of using the small coupons, and this explanation needs to be confirmed with operational scale tests. 



 The current study was conducted as an exploratory test to probe any potential improvement on Cs removal efficacy from porous urban surfaces by adjusting water wash down conditions.   The study demonstrated the effect of water wash down conditions on efficacy of Cs removal from porous urban surfaces.  The Cs removal efficacy showed a positive correlation with wash duration and water pressure for the asphalt and concrete samples.  The 90 degree wash angle was more effective than the 45 degree wash angle for the brick and concrete samples.  Wash patterns (bottom to top and top to bottom) did not affect Cs removal efficacy for the materials tested.  These findings are applicable only to the condition where Cs particles have limited penetration into porous surfaces.  If Cs particles have penetrated into the subsurface via high RH or rain exposure prior to a water wash down, then the improvement by adjusting wash conditions may be reduced.
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Appendix



Table A-1. Test conditions and efficacy results for asphalt coupons

		Sample ID

		Wash Duration (sec)

		Nozzle Pressure (psi)

		Applied Water Volume (L)

		Wash Angle (degree)

		Wash Pattern

		Wash Area (cm2)

		Removal Efficacy (%)



		A1

		5

		120

		1

		90

		NA

		9

		45



		A2

		5

		120

		1

		90

		NA

		9

		58



		A3

		5

		120

		1

		90

		NA

		9

		48



		A4

		15

		120

		5

		90

		NA

		9

		60



		A5

		15

		120

		5

		90

		NA

		9

		54



		A6

		15

		120

		5

		90

		NA

		9

		69



		A7

		20

		120

		6

		90

		NA

		9

		67



		A8

		20

		120

		6

		90

		NA

		9

		76



		A9

		20

		120

		6

		90

		NA

		9

		70



		A10

		20

		40

		7

		90

		NA

		9

		53



		A11

		20

		40

		7

		90

		NA

		9

		60



		A12

		20

		40

		7

		90

		NA

		9

		58



		A13

		20

		80

		6

		90

		NA

		9

		60



		A14

		20

		80

		6

		90

		NA

		9

		66



		A15

		20

		80

		6

		90

		NA

		9

		58



		A16

		20

		160

		4

		90

		NA

		9

		64



		A17

		20

		160

		4

		90

		NA

		9

		58



		A18

		20

		160

		4

		90

		NA

		9

		65



		A22

		20

		40

		2

		90

		NA

		9

		46



		A23

		20

		40

		2

		90

		NA

		9

		53



		A24

		20

		40

		2

		90

		NA

		9

		35



		A25

		20

		80

		3

		90

		NA

		9

		47



		A26

		20

		80

		3

		90

		NA

		9

		40



		A27

		20

		80

		3

		90

		NA

		9

		37



		A28

		20

		140

		6

		90

		NA

		9

		48



		A29

		20

		140

		6

		90

		NA

		9

		71



		A30

		20

		140

		6

		90

		NA

		9

		47



		A19

		20

		120

		6

		45

		NA

		9

		66



		A20

		20

		120

		6

		45

		NA

		9

		64



		A21

		20

		120

		6

		45

		NA

		9

		72
















Table A-2. Test conditions and efficacy results for brick coupons

		Sample ID

		Wash Duration (sec)

		Nozzle Pressure (psi)

		Applied Water Volume (L)

		Wash Angle (degree)

		Wash Pattern

		Wash Area (cm2)

		Removal Efficacy (%)



		B1

		5

		120

		2

		90

		NA

		9

		54



		B2

		5

		120

		2

		90

		NA

		9

		31



		B3

		5

		120

		2

		90

		NA

		9

		19



		B4

		15

		120

		5

		90

		NA

		9

		27



		B5

		15

		120

		5

		90

		NA

		9

		32



		B6

		15

		120

		5

		90

		NA

		9

		72



		B7

		20

		120

		6

		90

		NA

		9

		38



		B8

		20

		120

		6

		90

		NA

		9

		48



		B9

		20

		120

		6

		90

		NA

		9

		52



		B10

		20

		40

		7

		90

		NA

		9

		32



		B11

		20

		40

		7

		90

		NA

		9

		32



		B12

		20

		40

		7

		90

		NA

		9

		30



		B13

		20

		80

		3

		90

		NA

		9

		14



		B14

		20

		80

		6

		90

		NA

		9

		22



		B15

		20

		80

		6

		90

		NA

		9

		28



		B16

		20

		160

		6

		90

		NA

		9

		48



		B17

		20

		160

		4

		90

		NA

		9

		24



		B18

		20

		160

		4

		90

		NA

		9

		39



		B28

		20

		40

		2

		90

		NA

		9

		28



		B29

		20

		40

		2

		90

		NA

		9

		30



		B30

		20

		40

		2

		90

		NA

		9

		29



		B31

		20

		80

		3

		90

		NA

		9

		52



		B32

		20

		80

		3

		90

		NA

		9

		45



		B33

		20

		80

		3

		90

		NA

		9

		43



		B34

		20

		140

		6

		90

		NA

		9

		26



		B35

		20

		140

		6

		90

		NA

		9

		39



		B36

		20

		140

		6

		90

		NA

		9

		33



		B19

		20

		120

		6

		45

		NA

		9

		36



		B20

		20

		120

		6

		45

		NA

		9

		35



		B21

		20

		120

		6

		45

		NA

		9

		27



		B22

		20

		120

		7

		90

		TB

		129

		11



		B23

		20

		120

		7

		90

		TB

		129

		9



		B24

		20

		120

		7

		90

		TB

		129

		11



		B25

		20

		120

		7

		90

		BT

		129

		16



		B26

		20

		120

		7

		90

		BT

		129

		11



		B27

		20

		120

		7

		90

		BT

		129

		11









Table A-3. Test conditions and efficacy results for concrete coupons

		Sample ID

		Wash Duration (sec)

		Nozzle Pressure (psi)

		Applied Water Volume (L)

		Wash Angle (degree)

		Wash Pattern

		Wash Area (cm2)

		Removal Efficacy (%)



		C1

		5

		120

		1

		90

		NA

		9

		29



		C2

		5

		120

		1

		90

		NA

		9

		24



		C3

		5

		120

		2

		90

		NA

		9

		39



		C4

		15

		120

		5

		90

		NA

		9

		51



		C5

		15

		120

		5

		90

		NA

		9

		28



		C6

		15

		120

		5

		90

		NA

		9

		47



		C7

		20

		120

		6

		90

		NA

		9

		62



		C8

		20

		120

		6

		90

		NA

		9

		56



		C9

		20

		120

		6

		90

		NA

		9

		48



		C10

		20

		40

		7

		90

		NA

		9

		48



		C11

		20

		40

		7

		90

		NA

		9

		41



		C12

		20

		40

		7

		90

		NA

		9

		38



		C13

		20

		80

		6

		90

		NA

		9

		45



		C14

		20

		80

		6

		90

		NA

		9

		38



		C15

		20

		80

		6

		90

		NA

		9

		45



		C16

		20

		160

		4

		90

		NA

		9

		30



		C17

		20

		160

		4

		90

		NA

		9

		40



		C18

		20

		160

		4

		90

		NA

		9

		38



		C28

		20

		40

		2

		90

		NA

		9

		21



		C29

		20

		40

		2

		90

		NA

		9

		48



		C30

		20

		40

		2

		90

		NA

		9

		46



		C31

		20

		80

		3

		90

		NA

		9

		18



		C32

		20

		80

		3

		90

		NA

		9

		35



		C33

		20

		80

		3

		90

		NA

		9

		33



		C34

		20

		140

		6

		90

		NA

		9

		39



		C35

		20

		140

		6

		90

		NA

		9

		37



		C36

		20

		140

		6

		90

		NA

		9

		34



		C19

		20

		120

		6

		45

		NA

		9

		45



		C20

		20

		120

		6

		45

		NA

		9

		33



		C21

		20

		120

		6

		45

		NA

		9

		34



		C22

		20

		120

		7

		90

		TB

		129

		17



		C23

		20

		120

		7

		90

		TB

		129

		24



		C24

		20

		120

		7

		90

		TB

		129

		18



		C25

		20

		120

		7

		90

		BT

		129

		13



		C26

		20

		120

		7

		90

		BT

		129

		20



		C27

		20

		120

		7

		90

		BT

		129

		22
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blanks


			Coupon ID			Coupon Material			 Hold Time
(days)			Coupon Eq. RH
(%)			 Washing Date			Room Temp during Washing
(°F)			Room RH during Washing
(%)			Initial Weight (g)			Final Weight (g)			Net Weight (g)			Net Volume (L)			Cs Analysis (µg/L)


			BC19			Blank Chamber									2/2/12									83.8			3577.7			3493.9			3.5			<0.025


			BC20			Blank Chamber									2/2/12									80.6			3355.6			3275.0			3.3			<0.025


			BC21			Blank Chamber									2/2/12									79.2			3503.0			3423.8			3.4			<0.025


			BC22			Blank Chamber									2/2/12									80.9			3560.0			3479.1			3.5			<0.025


			BC23			Blank Chamber									2/2/12									80.8			3528.9			3448.1			3.4			<0.025








Positive controls


			Coupon ID			Date			Dosing Agent (Cs-Wet, Cs-Dry )			Cs Analysis (µg/L)			average Cs (ug/L)			Cs amount ug


			PCD40			2/21/12			Cs-Dry			0.576			0.585			2.923


			PCD41			2/21/12			Cs-Dry			0.565


			PCD42			2/21/12			Cs-Dry			0.550


			PCD43			2/21/12			Cs-Dry			0.624


			PCD44			2/21/12			Cs-Dry			0.608


			PCD45			2/28/12			Cs-Dry			0.665			0.594			2.97


			PCD46			2/28/12			Cs-Dry			0.627


			PCD47			2/28/12			Cs-Dry			0.639


			PCD48			2/28/12			Cs-Dry			0.582


			PCD49			2/28/12			Cs-Dry			0.457


			PCD50			3/6/12			Cs-Dry			0.628			0.653			3.266


			PCD51			3/6/12			Cs-Dry			0.655


			PCD52			3/6/12			Cs-Dry			0.710


			PCD53			3/6/12			Cs-Dry			0.685


			PCD54			3/6/12			Cs-Dry			0.588


			PCD55			3/13/12			Cs-Dry			0.722			2.834									PCD55			PCD58						PCD67			PCD70


			PCD56			3/13/12			Cs-Dry			0.643						Layout of Ziploc


			PCD57			3/13/12			Cs-Dry			0.732						squares on each


			PCD58			3/13/12			Cs-Dry			0.737						PC substrate						PCD56			PCD57						PCD68			PCD69


			PCD59			3/13/12			Cs-Dry			0.639			2.548


			PCD60			3/13/12			Cs-Dry			0.635						13.687


			PCD61			3/13/12			Cs-Dry			0.637


			PCD62			3/13/12			Cs-Dry			0.637												PCD59			PCD62						PCD71			PCD74


			PCD63			3/13/12			Cs-Dry			0.663			2.716


			PCD64			3/13/12			Cs-Dry			0.720


			PCD65			3/13/12			Cs-Dry			0.611												PCD60			PCD61						PCD72			PCD73


			PCD66			3/13/12			Cs-Dry			0.722


			PCD67			3/13/12			Cs-Dry			0.666			2.825


			PCD68			3/13/12			Cs-Dry			0.729


			PCD69			3/13/12			Cs-Dry			0.712												PCD63			PCD66


			PCD70			3/13/12			Cs-Dry			0.718


			PCD71			3/13/12			Cs-Dry			0.693			2.764


			PCD72			3/13/12			Cs-Dry			0.739												PCD64			PCD65


			PCD73			3/13/12			Cs-Dry			0.656


			PCD74			3/13/12			Cs-Dry			0.676











duration chart





A	5	15	20	5	15	20	5	15	20	50.152969232867257	60.777848119577648	71.10419588720265	B	5	15	20	5	15	20	5	15	20	34.442017279938277	43.363332204650341	45.858049915058977	C	19.384263716266389	25.99786779263767	8.4407578975441115	19.384263716266389	25.99786779263767	8.4407578975441115	5	15	20	5	15	20	5	15	20	30.804364363573256	41.973937487765035	55.433204487544742	Wash Duration (sec)


Removal Efficacy (%)








duration testing


			Cubitainer ID			Wash Duration   ( sec)			Cs Analysis (µg/L)			Net Volume (L)			Cs amount ug			total Cs amount			applied water volume (L)			L/unit area cm2																																	average ug									percentage


			A449-1			20			< 0.025			3.1																		Average amount									Average %																		A			B			C			A			B			C									Column 1


			A449-2						< 0.025			2.9															duration			A			B			C			A			B			C			Standard Deviation						5			1.3164976652			1.5727656847			0.8588914891			45.0392632628			53.8065578078			29.3839031493						Column 1			1


			A450			5			0.8590			1.3			1.1563997904			1.3164976652			1.3			0.1			5			1.4659712907									50.1529692329									0.1963787207						5			1.688382842			0.9052382361			0.7079018416			57.7619856984			30.9694914835			24.2183319059						A			0.8418615648


			BC24						0.0530			3.0			0.1600978747												15			1.7514280223									60.7778481196									0.2499201158						5			1.3930333649			0.5422165745			1.1344413804			47.6576587374			18.5500025485			38.8108580354						B			0.3136403487


			A452			5			1.08			1.4			1.4606071847			1.688382842			1.4			0.2			20			2.0039049041									71.1041958872									0.1355798484						15			1.7453742642			0.7803245192			1.4794984968			59.711743558			26.6960150255			50.6157542539						C			0.7788773336


			BC25						0.075			3.0			0.2277756572												5						0.954008279									34.4420172799						0.5666020284						15			1.5799152158			0.9315333879			0.8238140928			54.0511534656			31.86908614			28.1838553822


			A453			5			0.891			1.4			1.2527413736			1.3930333649			1.4			0.2			15						1.2176414522									43.3633322047						0.7599176756						15			2.0043200216			2.090672694			1.3773819886			68.5706473351			71.5248954485			47.1222028272


			BC26			10			0.048			2.9			0.1402919913												20						1.2910027258									45.8580499151						0.2467233533						20			1.9582240845			1.1087226215			1.8227574594			66.9936395647			37.9309826022			62.3591330622


			A454-1			15			0.377			3.1			1.1541477996			1.7453742642			4.6			0.5			5									0.8748915733									30.8043643636			0.2278366085						20			2.2248666763			1.3891930448			1.6346195598			76.1158630279			47.5262759073			55.9226671165


			A454-2						0.341			1.5			0.5094755388												15									1.2022445511									41.9739374878			0.3950954543						20			2.0520361766			1.5233767308			1.4035606823			70.2030850689			52.1168912356			48.017813284


			BC27			10			0.027			3.0			0.0817509258												20									1.6203125672									55.4332044875			0.2099642875


			A455-1			15			0.37			3.3			1.2166038583			1.5045897812			4.6			0.5															6.7183961922																		SUMMARY OUTPUT						A


			A455-2						0.222			1.3			0.2879859229																								8.5501237016


			BC28			10			0			3.0			0																								4.6383800329																		Regression Statistics


			A456-1			15			0.501			3.4			1.7129047309			2.0043200216			4.5			0.5																		19.3842637163															Multiple R			0.8418615648


			A456-2						0.17			1.1			0.1798633727																											25.9978677926															R Square			0.7087308943


			BC29			10			0.037			3.0			0.1115519179																											8.4407578975															Adjusted R Square			0.667121022


			A457-1			20			0.436			3.2			1.4144425723			1.8831285673			6.0			0.7																					7.7946154132												Standard Error			6.1150849459


			A457-2						0.168			2.8			0.468685995																														13.516779141												Observations			9


			BC30			10			0			3.0			0																														7.183177813


			A458-1			20			0.499			3.4			1.7060667879			2.1505583763			6.0			0.7																																	ANOVA


			A458-2						0.171			2.6			0.4444915884																																													df			SS			MS			F			Significance F


			BC31			10			0			3.0			0																																										Regression			1			636.9274564529			636.9274564529			17.032758239			0.004420158


			A459-1			20			0.439			3.5			1.5193159899			1.9780277688			6.0			0.7																																	Residual			7			261.7598472662			37.3942638952


			A459-2						0.182			2.5			0.4587117789																																										Total			8			898.6873037191


			BC32			10			0			3.0			0


																																																												Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			B593-1			20			< 0.025			3.0																																													Intercept			42.6917119363			4.811323106			8.8731750073			0.0000467777			31.3147406407			54.0686832319			31.3147406407			54.0686832319


			B593-2						< 0.025			4.0																																													X Variable 1			1.3489969358			0.3268650394			4.1270762337			0.004420158			0.5760839368			2.1219099347			0.5760839368			2.1219099347


			B594			5			0.909			1.6			1.4624191337			1.5727656847			1.6			0.2


			BC33						0.038			2.9			0.110346551																																										SUMMARY OUTPUT


			B595			5			0.53			1.6			0.8287282271			0.8287282271			1.6			0.2


			BC34						0			3.1			0																																										Regression Statistics


			B596			5			0.316			1.5			0.4605309252			0.4605309252			1.5			0.2																																	Multiple R			0.3136403487


			BC35			10			0			3.3			0																																										R Square			0.0983702683


			B597-1			15			0.154			4.3			0.6675965238			0.7047241834			4.6			0.5																																	Adjusted R Square			-0.0304339791


			B597-2						0.13			0.3			0.0371276595																																										Standard Error			16.6934463317


			BC36			10			0			3.0			0																																										Observations			9


			B598-1			15			0.212			2.7			0.572575866			0.8575274792			4.6			0.5


			B598-2						0.154			1.9			0.2849516132																																										ANOVA


			BC37			10			0			3.0			0																																													df			SS			MS			F			Significance F


			B599-1			15			0.544			3.0			1.6578970959			2.090672694			4.5			0.5																																	Regression			1			212.8264897596			212.8264897596			0.7637191343			0.4111434574


			B599-2						0.24			1.4			0.3447081419																																										Residual			7			1950.6980529939			278.6711504277


			BC38			10			0.029			3.0			0.0880674562																																										Total			8			2163.5245427535


			B600-1			20			0.245			3.2			0.7773751789			1.032077661			5.9			0.7


			B600-2						0.092			2.8			0.2547024821																																													Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			BC39			10			0			3.1			0																																										Intercept			30.8239054256			13.1343333356			2.3468191828			0.0513271931			-0.2338576998			61.8816685509			-0.2338576998			61.8816685509


			B601-1			20			0.316			3.2			0.9977906808			1.3175537857			5.9			0.7																																	X Variable 1			0.7797920781			0.8923022397			0.8739102553			0.4111434574			-1.330167437			2.8897515932			-1.330167437			2.8897515932


			B601-2						0.117			2.7			0.3197631049


			BC40			10			0			2.9			0


			B602-1			20			0.35			3.0			1.0539263105			1.5233767308			6.0			0.7


			B602-2						0.124			3.0			0.3703045447																																										Regression Statistics


			BC41*			10			0.033			3.0			0.0991458756																																										Multiple R			0.7788773336


																																																									R Square			0.6066499008


			C329-1			20			< 0.025			3.2																																													Adjusted R Square			0.5504570295


			C329-2						< 0.025			2.8																																													Standard Error			8.9218415391


			C330			5			0.571			1.4			0.7823314981			0.7823314981			1.4			0.2																																	Observations			9


			BC41**						0			3.1			0


			C331			5			0.415			1.5			0.6112828581			0.7079018416			1.5			0.2																																	ANOVA


			BC42						0.033			2.9			0.0966189835																																													df			SS			MS			F			Significance F


			C332			5			0.629			1.6			0.9976129446			1.1344413804			1.6			0.2																																	Regression			1			859.3417616601			859.3417616601			10.7958516197			0.0133814701


			BC43			10			0.046			3.0			0.1368284358																																										Residual			7			557.194795141			79.5992564487


			C333-1			15			0.331			3.4			1.1291317882			1.4794984968			4.5			0.5																																	Total			8			1416.536556801


			C333-2						0.205			1.1			0.2279191057


			BC44			10			0.041			3.0			0.122447603																																													Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			C334-1			15			0.194			3.3			0.641579672			0.749853168			4.4			0.5																																	Intercept			21.844800471			7.019667384			3.1119423864			0.0170348009			5.2459247411			38.4436762009			5.2459247411			38.4436762009


			C334-2						0.101			1.1			0.1082734959																																										X Variable 1			1.5669276231			0.47689249			3.2857041285			0.0133814701			0.4392560762			2.69459917			0.4392560762			2.69459917


			BC45			10			0			3.0			0


			C335-1			15			0.315			3.4			1.0630265407			1.3773819886			4.5			0.5


			C335-2						0.202			1.1			0.2173950871


			BC46			10			0.032			3.0			0.0969603609


			C336-1			20			0.306			3.3			1.0142703594			1.8227574594			6.0			0.7


			C336-2						0.248			2.7			0.6721360927


			BC47			10			0.044			3.1			0.1363510073


			C337-1			20			0.350			3.2			1.1056727173			1.6346195598			6.0			0.7


			C337-2						0.147			2.9			0.4244275976


			BC48			10			0.034			3.1			0.1045192449


			C338-1			20			0.292			3.4			0.9887071446			1.4035606823			6.1			0.7


			C338-2						0.117			2.7			0.3151549607


			BC49			10			0.032			3.1			0.099698577








A	5	5	5	15	15	15	20	20	20	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	54.05115346564925	68.570647335062006	66.993639564725001	76.115863027934722	70.203085068948198	B	5	5	5	15	15	15	20	20	20	53.806557807764143	30.969491483514609	18.550002548536064	26.69601502549493	31.86908613996582	71.52489544849027	37.930982602199848	47.526275907329165	52.11689123564792	C	5	5	5	15	15	15	20	20	20	29.383903149348324	24.218331905932679	38.810858035438777	50.615754253893044	28.183855382232579	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	Wash Duration (sec)


Removal Efficacy (5)





pressure testing


			Cubitainer ID			Water Pressure (psi)			Net Volume (L)			Cs Analysis (µg/L)			Cs amount ug			Average Cs amount			applied water )L_			L/cm2																																				average ug									percentage


			A460-1			160			3.0			<0.025																		Average amount									Average %																		A			B			C			A			B			C									Column 1			Column 2			Column 3			Column 4


			A460-2						0.9			<0.025															pressure (psi)			A			B			C			A			B			C			Standard Deviation						40			1.5845514499			0.9467504202			1.4199467945			53.3519006714			31.877118525			47.809656382						Column 1			1


			A461-1			40			3.4			0.342			1.1570490571			1.5845514499			6.9			0.8			40			1.6944709877									57.0528952103									0.1000011721						40			1.7800657991			0.9581339299			1.2253445177			59.9348753899			32.2604016818			41.257391168						Column 2			0.4807253599			1


			A461-2						3.6			0.120			0.4275023928												80			1.8248881272									61.4440446856									0.1308186564						40			1.7187957142			0.883201854			1.1417074696			57.8719095698			29.7374361624			38.4413289419						Column 3			0.4321331637			0.5920959018			1


			BC50						3.5			0.000			0												160			1.8544668991									62.4399629335									0.1213172336						80			1.7866827215			0.4047512676			1.3492640918			60.1576673917			13.6279888073			45.4297673995						Column 4			-0.1241632702			0.2930767268			0.1073319744			1


			A462-1			40			3.8			0.384			1.4534169683			1.7800657991			6.9			0.8			40						0.9293620681									31.2916521231						0.0403790799						80			1.9705561534			0.6532907641			1.131247328			66.3486920338			21.9963220231			38.0891356243


			A462-2						3.1			0.106			0.3266488308												80						0.6263899299									21.0905700305						0.2094876765						80			1.7174255066			0.8211277581			1.3358778016			57.8257746315			27.6473992612			44.9790505601


			BC51						3.4			0.000			0												160						1.1078584986									37.3016329502						0.3586734765						120			1.9582240845			1.1087226215			1.8227574594			66.9936395647			37.9309826022			62.3591330622


			A463-1			40			3.5			0.367			1.2894315904			1.7187957142			6.8			0.8			40									1.2623329273									42.502792164			0.142759894						120			2.2248666763			1.3891930448			1.6346195598			76.1158630279			47.5262759073			55.9226671165


			A463-2						3.3			0.129			0.4293641239												80									1.2721297405									42.8326511946			0.1221911977						120			2.0520361766			1.5233767308			1.4035606823			70.2030850689			52.1168912356			48.017813284


			BC52						3.4			0.000			0												160									1.056865721									35.5847044105			0.1574101543						160			1.9047192095			1.4311127825			0.8784476623			64.1319599151			48.1856155711			29.5773623659


			A464-1			80			3.2			0.440			1.3870416178			1.7866827215			6.2			0.7																														160			1.7160980835			0.7220067735			1.1761281018			57.781080253			24.3099923745			39.6002727876


			A464-2						3.0			0.133			0.3996411037																																							160			1.9425834044			1.1704559399			1.1160213989			65.4068486322			39.4092909048			37.576478078


			BC53						3.0			0.000			0


			A465-1			80			3.2			0.455			1.4673027789			1.9705561534			6.1			0.7


			A465-2						2.9			0.174			0.5032533745																																							SUMMARY OUTPUT


			BC54						3.1			0.000			0


			A466-1			80			3.4			0.398			1.3455525254			1.7174255066			6.1			0.7																														Regression Statistics


			A466-2						2.7			0.138			0.3718729812																																							Multiple R			0.4719491897


			BC55						3.1			0.000			0																																							R Square			0.2227360376


			A467-1			160			1.8			0.461			0.81143724			1.9047192095			3.9			0.4																														Adjusted R Square			0.1450096414


			A467-2						2.2			0.461			0.9989046805																																							Standard Error			5.9076351906


			BC56						1.9			0.051			0.094377289																																							Observations			12


			A468-1			160			1.8			0.410			0.7451122714			1.7160980835			4.0			0.4


			A468-2						2.2			0.413			0.889488895																																							ANOVA


			BC57						1.9			0.042			0.0814969171																																										df			SS			MS			F			Significance F


			A469-1			160			2.8			0.575			1.5894763803			1.9425834044			3.9			0.4																														Regression			1			100.0113512323			100.0113512323			2.8656421555			0.1213594549


			A469-2						1.1			0.237			0.2640416264																																							Residual			10			349.0015354517			34.9001535452


			BC58						1.9			0.046			0.0890653976																																							Total			11			449.012886684





			B603-1			160			3.3			<0.025																																													Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			B603-2						0.5			<0.025																																										Intercept			56.5549360864			4.177328904			13.5385403892			0.0000000932			47.2472672977			65.8626048751			47.2472672977			65.8626048751


			B604-1			40			3.3			0.226			0.7505927022			0.9467504202			6.8			0.8																														X Variable 1			0.0645533859			0.0381336212			1.6928207689			0.1213594549			-0.0204136166			0.1495203885			-0.0204136166			0.1495203885


			B604-2						3.4			0.057			0.196157718


			BC59						3.4			0.000			0																																							SUMMARY OUTPUT


			B605-1			40			3.3			0.234			0.7707296668			0.9581339299			6.8			0.8


			B605-2						3.5			0.053			0.1874042632																																							Regression Statistics


			BC60						3.4			0.000			0																																							Multiple R			0.4314352114


			B606-1			40			3.1			0.216			0.6743688904			0.883201854			6.9			0.8																														R Square			0.1861363417


			B606-2						3.7			0.056			0.2088329636																																							Adjusted R Square			0.1047499758


			BC61						3.5			0.000			0																																							Standard Error			10.9603262928


			B607-1			80			1.1			0.109			0.1243025365			0.4047512676			3.0			0.3																														Observations			12


			B607-2						1.9			0.147			0.2804487311


			BC62						3.0			0.000			0																																							ANOVA


			B608-1			80			3.5			0.103			0.3615545887			0.6532907641			6.2			0.7																																	df			SS			MS			F			Significance F


			B608-2						2.7			0.110			0.2917361754																																							Regression			1			274.742904174			274.742904174			2.287070319			0.1613964793


			BC63						3.1			0.000			0																																							Residual			10			1201.2875244489			120.1287524449


			B609-1			80			3.3			0.182			0.595544813			0.8211277581			6.1			0.7																														Total			11			1476.0304286228


			B609-2						2.8			0.080			0.2255829451


			BC64						3.0			0.000			0																																										Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			B610-1			160			3.6			0.205			0.7398866491			1.4311127825			5.7			0.6																														Intercept			23.1861206632			7.7501210457			2.991710778			0.0135340254			5.9177749279			40.4544663986			5.9177749279			40.4544663986


			B610-2						2.1			0.311			0.6395904868																																							X Variable 1			0.1069935559			0.070748602			1.5123062914			0.1613964793			-0.0506441523			0.2646312641			-0.0506441523			0.2646312641


			BC65						2.0			0.026			0.0516356466


			B611-1			160			2.2			0.171			0.373534984			0.7220067735			3.7			0.4																														SUMMARY OUTPUT


			B611-2						1.5			0.180			0.268445544


			BC66						1.8			0.045			0.0800262455																																							Regression Statistics


			B612-1			160			1.8			0.239			0.4335336257			1.1704559399			3.7			0.4																														Multiple R			0.1080134382


			B612-2						1.9			0.341			0.6540416943																																							R Square			0.0116669028


			BC67						1.8			0.046			0.0828806199																																							Adjusted R Square			-0.0871664069


																																																						Standard Error			9.1912540024


			C339-1			160			3.5			<0.025																																										Observations			12


			C339-2						0.4			<0.025


			C340-1			40			2.9			0.262			0.7631413933			1.4199467945			6.7			0.7																														ANOVA


			C340-2						3.8			0.174			0.6568054012																																										df			SS			MS			F			Significance F


			BC68						3.5			0.000			0																																							Regression			1			9.9724479354			9.9724479354			0.1180462625			0.7382774752


			C341-1			40			3.3			0.281			0.925365804			1.2253445177			6.9			0.8																														Residual			10			844.7915013734			84.4791501373


			C341-2						3.6			0.083			0.2999787137																																							Total			11			854.7639493087


			BC69						3.5			0.000			0


			C349-1			40			3.4			0.278			0.9352173642			1.1417074696			6.7			0.7																																	Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			C349-2						3.4			0.061			0.2064901054																																							Intercept			46.1267655561			6.4991980327			7.0973011322			0.0000330602			31.6456499747			60.6078811374			31.6456499747			60.6078811374


			BC70						3.1			0.000			0																																							X Variable 1			-0.0203842749			0.0593292895			-0.3435786119			0.7382774752			-0.1525781693			0.1118096194			-0.1525781693			0.1118096194


			C343-1			80			3.2			0.219			0.6966295919			1.3492640918			6.1			0.7


			C343-2						3.0			0.191			0.5652714906


			BC71						3.0			0.029			0.0873630093


			C344-1			80			3.1			0.265			0.8324104041			1.131247328			6.2			0.7


			C344-2						3.1			0.097			0.298836924


			BC72						3.1			0.000			0


			C345-1			80			3.5			0.261			0.9190422761			1.3358778016			6.1			0.7


			C345-2						2.5			0.125			0.3162988497


			BC73						3.1			0.032			0.1005366759


			C346-1			160			2.0			0.293			0.5851744392			0.8784476623			3.6			0.4


			C346-2						1.6			0.142			0.2341164789


			BC74						2.0			0.030			0.0591567442


			C347-1			160			2.4			0.341			0.8315025303			1.1761281018			3.8			0.4


			C347-2						1.4			0.172			0.2351255163


			BC75						1.9			0.059			0.1095000552


			C348-1			160			2.7			0.334			0.8980705115			1.1160213989			3.8			0.4


			C348-2						1.1			0.131			0.1506482701


			BC76						2.0			0.034			0.0673026173
















































































A	40	40	40	80	80	80	120	120	120	160	160	160	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	66.993639564725001	76.115863027934722	70.203085068948198	64.131959915092011	57.781080253049367	65.406848632249819	B	40	40	40	80	80	80	120	120	120	160	160	160	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	37.930982602199848	47.526275907329165	52.11689123564792	48.185615571086053	24.309992374542507	39.409290904836766	C	40	40	40	80	80	80	120	120	120	160	160	160	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	62.359133062159557	55.922667116479751	48.017813283994911	29.577362365880894	39.600272787599152	37.576478077983495	Water Pressure (psi)


Removal Efficacy (%)





Chart3





45 degree	3.636239372063538	4.9838765248835415	8.6283205382229422	3.636239372063538	4.9838765248835415	8.6283205382229422	Asphalt	Brick	Concrete	65.659953141694729	30.263099332479815	33.330614198978594	90 degree	Asphalt	Brick	Concrete	71.10419588720265	45.858049915058977	55.433204487544742	Removal Efficacy (%)








angle testing


			Cubitainer ID			Wash Angle      (°)			Net Volume (L)			Cs Analysis (µg/L)			Cs amount ug			total Cs amount						average Cs amount			STD Cs			45average percentage			90average percentage						45 STD Cs			90 STD Cs


			A470-1			45			3.1			0.028			0.0875217523			0.0875217523			Asphalt			2.1444540696			0.1187595779			65.6599531417			71.1041958872						3.6362393721			4.6273902751


			A470-2						3.2			0.000			0						Brick			0.9883928242			0.1627734073			30.2630993325			45.8580499151						4.9838765249			7.2385934


			A471-1			45			3.3			0.526			1.7229251305			2.1413139979			Concrete			1.0885778597			0.2818009488			33.330614199			55.4332044875						8.6283205382			7.183177813


			A471-2						3.0			0.106			0.3208421172


			BC77						3.1			0.031			0.0975467502


			A472-1			45			3.1			0.545			1.7131369475			2.0272956662


			A472-2						3.1			0.101			0.3141587187


			BC78						3.1			0.000			0


			A473-1			45			3.1			0.634			1.9622857251			2.2647525448


			A473-2						3.3			0.093			0.3024668197


			BC79						3.1			0.000			0


			B613-1			45			3.5			0.000			0			0


			B613-2						2.7			0.000			0


			B614-1			45			3.1			0.285			0.8764875666			1.1039762269


			B614-2						3.2			0.072			0.2274886603


			BC80						3.1			0.000			0


			B615-1			45			3.3			0.274			0.9041217372			1.0589582025


			B615-2						3.0			0.051			0.1548364652


			BC81						3.1			0.000			0


			B616-1			45			3.4			0.199			0.6844931527			0.8022440432


			B616-2						2.8			0.042			0.1177508906


			BC82						3.2			0.000			0


			C349-1			45			3.0			0.000			0			0


			C349-2						3.3			0.000			0


			C350-1			45			3.2			0.363			1.1557034406			1.4044217729


			C350-2						3.1			0.081			0.2487183323									Asphalt			45			90


			BC83						3.1			0.000			0												65.5638088756			66.9936395647						t-Test: Two-Sample Assuming Equal Variances


			C351-1			45			3.2			0.264			0.8516483916			0.9984330499									64.4727495909			76.1158630279


			C351-2						3.1			0.047			0.1467846584												71.727635161			70.2030850689									Variable 1			Variable 2						the result of the experiment is not significant. 


			BC84						3.1			0.000			0																					Mean			67.2547312091			71.1041958872						The average Cs removal efficacies are same for 45 and 90 degrees


			C352-1			45			3.5			0.248			0.8628787564			0.8628787564																		Variance			15.3027549124			21.4127407583


			C352-2						2.9			0.000			0																					Observations			3			3


			BC85						3.2			0.000			0																					Pooled Variance			18.3577478354


																																				Hypothesized Mean Difference			0


																																				df			4


																																				t Stat			-1.1003637343


																																				P(T<=t) one-tail			0.1664713899


																																				t Critical one-tail			2.1318467819


																																				P(T<=t) two-tail			0.3329427798


																																				t Critical two-tail			2.776445105


																								Brick


																											36.1542750647			37.9309826022						t-Test: Two-Sample Assuming Equal Variances


																											34.8136147117			47.5262759073


																											26.9785885428			52.1168912356									Variable 1			Variable 2						the result of the experiment is significant. 


																																				Mean			32.6488261064			45.8580499151						The average Cs removal efficacies are higher for90 degrees than 45 degrees


																																				Variance			24.5630380659			52.3972344101


																																				Observations			3			3


																																				Pooled Variance			38.480136238


																																				Hypothesized Mean Difference			0


																																				df			4


																																				t Stat			-2.6079822286


																																				P(T<=t) one-tail			0.0297730607


																																				t Critical one-tail			2.1318467819


																																				P(T<=t) two-tail			0.0595461214


																																				t Critical two-tail			2.776445105


																								Concrete


																											45.3559136823			62.3591330622						t-Test: Two-Sample Assuming Equal Variances


																											32.9282878477			55.9226671165


																											33.6426208906			48.017813284									Variable 1			Variable 2						the result of the experiment is significant. 


																																				Mean			37.3089408069			55.4332044875						The average Cs removal efficacies are higher for90 degrees than 45 degrees


																																				Variance			48.6928972674			51.5980434937


																																				Observations			3			3


																																				Pooled Variance			50.1454703806


																																				Hypothesized Mean Difference			0


																																				df			4


																																				t Stat			-3.1346578676


																																				P(T<=t) one-tail			0.017513784


																																				t Critical one-tail			2.1318467819


																																				P(T<=t) two-tail			0.035027568


																																				t Critical two-tail			2.776445105








wash pattern





			Cubitainer ID			Dosing Agent (Cs-Wet, Cs-Dry)			Pattern			Net Volume (L)			Cs Analysis (µg/L)						Cs amount ug			average Cs amount			total applied water amount									TB			BT			TB			BT			total applied water amount			average			STD


			C1000-1			Cs-Dry			T to B			3.6			0.316			1.136			2.350			2.695			7.0			0.0541616724			C			2.350															2.694510927			0.5485883511


			C1000-2						T to B			3.4			0.300			1.018																		3.327


			BC86									3.3			0.060			0.196																		2.406


			C1001-1			Cs-Dry			T to B			3.3			0.414			1.379			3.327						6.9			0.0535070313			C						1.761												2.4895566364			0.6507320846


			C1001-2						T to B			3.6			0.428			1.529																					2.693


			BC87									3.3			0.126			0.419																					3.014


			C1002-1			Cs-Dry			T to B			3.5			0.306			1.066			2.406						6.9			0.053507806			B									1.505									1.4292653129			0.1653854518


			C1002-2						T to B			3.4			0.298			1.019																								1.240


			BC88									3.4			0.093			0.321																								1.543


			C1003-1			Cs-Dry			B to T			3.3			0.211			0.703			1.761			2.490			6.7			0.052178381			B												2.185						1.7312697321			0.3940372722


			C1003-2						B to T			3.4			0.217			0.738																											1.527


			BC89									3.4			0.095			0.320																											1.481


			C1004-1			Cs-Dry			B to T			3.5			0.294			1.029			2.693						6.9			0.053146785						TB			BT			TB			BT


			C1004-2						B to T			3.4			0.356			1.196															C			17.1722589491															19.6866437275			4.0080978381


			BC90									3.3			0.142			0.468																		24.3088398565


			C1009-1			Cs-Dry			B to T			3.3			0.334			1.117			3.014						6.7			0.0522248644						17.5788323769


			C1009-2						B to T			3.4			0.399			1.355															C						12.8696170291												18.1892060817			4.754380687


			BC91									3.4			0.159			0.543																					19.6740048846


																																							22.0239963315


			C1006-1			Blank			Blank			2.9			0.031			0.089			0.213												B									10.999161761									10.4425024691			1.2083396788


			C1006-2						Blank			4.1			0.030			0.124																								9.0561644279


			C1007-1			Blank			Blank			4.1			<0.025			0.000			0.146																					11.2721812184


			C1007-2						Blank			2.7			<0.025			0.000															B												15.9674912827						12.6490080525			2.8789162872


			C1008-1			Blank			Blank			3.2			0.046			0.146			0.336																								11.1597981316


			C1008-2						Blank			3.5			0.055			0.190																											10.8197347432


																								surface area (cm2)									t-Test: Two-Sample Assuming Equal Variances


																								129.0


																																				CTB			CBT									the result of the experiment is not significant. 


																																	Mean			19.6866437275			18.1892060817									The average Cs removal efficacies from concrete are same for top to bottom wash and bottom to top wash


																																	Variance			16.0648482794			22.6041357169


																																	Observations			3			3


																																	Pooled Variance			19.3344919982


																																	Hypothesized Mean Difference			0


																																	df			4


																																	t Stat			0.417088287


			B2000-1			Cs-Dry			T to B			3.2			0.194			0.626			1.505			1.429			6.8			0.0530150821			P(T<=t) one-tail			0.349013138


			B2000-2						T to B			3.6			0.202			0.730															t Critical one-tail			2.1318467819


			BC92									3.4			0.044			0.149															P(T<=t) two-tail			0.6980262761


			B2001-1			Cs-Dry			T to B			3.2			0.190			0.608			1.240						6.7			0.0516918549			t Critical two-tail			2.776445105


			B2001-2						T to B			3.5			0.182			0.632


			BC93									3.3			<0.025			0.000															t-Test: Two-Sample Assuming Equal Variances


			B2002-1			Cs-Dry			T to B			3.3			0.239			0.786			1.543						6.7			0.0519080026


			B2002-2						T to B			3.4			0.222			0.757																		BTB			BBT									the result of the experiment is not significant. 


			BC94									3.4			<0.025			0.000															Mean			10.4425024691			12.6490080525									The average Cs removal efficacies from brick are same for top to bottom wash and bottom to top wash


			B2003-1			Cs-Dry			B to T			3.5			0.314			1.102			2.185			1.731			6.6			0.0513292844			Variance			1.4600847794			8.2881589887


			B2003-2						B to T			3.1			0.348			1.083															Observations			3			3


			BC95									3.6			<0.025			0.000															Pooled Variance			4.874121884


			B2004-1			Cs-Dry			B to T			3.5			0.227			0.798			1.527						6.8			0.0523697376			Hypothesized Mean Difference			0


			B2004-2						B to T			3.2			0.225			0.729															df			4


			BC96									3.4			<0.025			0.000															t Stat			-1.2240593277


			B2005-1			Cs-Dry			B to T			3.4			0.192			0.644			1.481						6.8			0.0527981596			P(T<=t) one-tail			0.144048072


			B2005-2						B to T			3.5			0.242			0.837															t Critical one-tail			2.1318467819


			BC97									3.3			<0.025			0.000															P(T<=t) two-tail			0.2880961441


			B2006-1			Blank						3.1			<0.025			0.000															t Critical two-tail			2.776445105


			B2006-2									3.7			<0.025			0.000			0.000


			B2007-1			Blank						3.6			<0.025			0.000


			B2007-2									3.2			<0.025			0.000			0.000


			B2008-1			Blank						3.5			<0.025			0.000


			B2008-2									3.3			<0.025			0.000			0.000





































































































































































































Chart1





A	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	51.474162887946484	68.570647335062006	64.424514788858573	73.573670073573084	67.671151856112203	B	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	10.999161761037136	9.0561644279289606	11.272181218381309	15.967491282651078	11.159798131570211	10.819734743237625	53.806557807764143	28.351974926785566	15.755419952643674	24.109619684726997	29.337238424975876	71.52489544849027	35.308849161784266	45.075394652545739	52.11689123564792	C	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	17.172258949144062	24.308839856545202	17.578832376862458	12.869617029115322	19.674004884585582	22.023996331544993	26.764676635698343	24.218331905932679	38.810858035438777	50.615754253893044	25.653546628471485	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	applied water per unit area (L/cm2)


Cs removal efficacy (%)





testing


			L/unit area cm2						L/cm2 sec			A			B			C


			0.1495795874			5			0.0299159175			45.0392632628												Column 1


			0.1502682289			5			0.0300536458			57.7619856984									Column 2			-0.0779175117


			0.1562216453			5			0.0312443291			47.6576587374


			0.5061625736			15			0.0337441716			59.711743558


			0.5094836025			15			0.0339655735			51.4741628879


			0.4974434843			15			0.033162899			68.5706473351


			0.670436881			20			0.0335218441			64.4245147889


			0.6687041703			20			0.0334352085			73.5736700736


			0.6645834287			20			0.0332291714			67.6711518561


			0.7717449242			20			0.0385872462			53.3519006714


			0.762948085			20			0.0381474042			59.9348753899


			0.7602046263			20			0.0380102313			57.8719095698


			0.6841319602			20			0.034206598			60.1576673917


			0.679678005			20			0.0339839003			66.3486920338


			0.675057443			20			0.0337528722			57.8257746315


			0.4363321091			20			0.0218166055			64.1319599151


			0.4412303491			20			0.0220615175			57.781080253


			0.4309340486			20			0.0215467024			65.4068486322


			0.0530150821			20			0.0026507541						10.999161761									Column 1


			0.0516918549			20			0.0025845927						9.0561644279						Column 3			0.6516305948


			0.0519080026			20			0.0025954001						11.2721812184


			0.0513292844			20			0.0025664642						15.9674912827


			0.0523697376			20			0.0026184869						11.1597981316


			0.0527981596			20			0.002639908						10.8197347432


			0.1787579921			5			0.0357515984						53.8065578078


			0.1737375738			5			0.0347475148						28.3519749268


			0.1619307051			5			0.032386141						15.7554199526


			0.513404416			15			0.0342269611						24.1096196847


			0.5056849674			15			0.0337123312						29.337238425


			0.4982098756			15			0.0332139917						71.5248954485


			0.6601627949			20			0.0330081397						35.3088491618


			0.6545092707			20			0.0327254635						45.0753946525


			0.6663938893			20			0.0333196945						52.1168912356


			0.75139668			20			0.037569834						31.877118525


			0.7588495577			20			0.0379424779						32.2604016818


			0.7612486956			20			0.0380624348						29.7374361624


			0.3386894156			20			0.0169344708						13.6279888073


			0.6847095305			20			0.0342354765						21.9963220231


			0.6768901179			20			0.0338445059						27.6473992612


			0.6295293574			20			0.0314764679						48.1856155711


			0.408419916			20			0.0204209958						24.3099923745


			0.4146621176			20			0.0207331059						39.4092909048


			0.0541616724			20			0.0027080836									17.1722589491						Column 1


			0.0535070313			20			0.0026753516									24.3088398565			Column 4			0.7620317399


			0.053507806			20			0.0026753903									17.5788323769


			0.052178381			20			0.0026089191									12.8696170291


			0.053146785			20			0.0026573392									19.6740048846


			0.0522248644			20			0.0026112432									22.0239963315


			0.1522341892			5			0.0304468378									26.7646766357


			0.1636634158			5			0.0327326832									24.2183319059


			0.1762255687			5			0.0352451137									38.8108580354


			0.5025638667			15			0.0335042578									50.6157542539


			0.4865696136			15			0.0324379742									25.6535466285


			0.4945445259			15			0.0329696351									47.1222028272


			0.6694261331			20			0.0334713067									62.3591330622


			0.6718141639			20			0.0335907082									55.9226671165


			0.675512835			20			0.0337756417									48.017813284


			0.7430552328			20			0.0371527616									47.809656382


			0.76747979			20			0.0383739895									41.257391168


			0.7499083259			20			0.0374954163									38.4413289419


			0.6822770711			20			0.0341138536									45.4297673995


			0.6913293741			20			0.0345664687									38.0891356243


			0.6724028413			20			0.0336201421									44.9790505601


			0.4050988871			20			0.0202549444									29.5773623659


			0.4228258509			20			0.0211412925									39.6002727876


			0.4265356291			20			0.0213267815									37.576478078





A	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.43633210905578035	0.44123034905409003	0.43093404864947987	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	51.474162887946484	68.570647335062006	64.424514788858573	73.573670073573084	67.671151856112203	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	64.131959915092011	57.781080253049367	65.406848632249819	B


5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.62952935742448635	0.40841991604953937	0.4146621175893353	10.999161761037136	9.0561644279289606	11.272181218381309	15.967491282651078	11.159798131570211	10.819734743237625	53.806557807764143	28.351974926785566	15.755419952643674	24.109619684726997	29.337238424975876	71.52489544849027	35.308849161784266	45.075394652545739	52.11689123564792	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	48.185615571086053	24.309992374542507	39.409290904836766	L/cm2


%


C


5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.40509888711644493	0.42282585091985153	0.42653562905916093	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.40509888711644493	0.42282585091985153	0.42653562905916093	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.40509888711644493	0.42282585091985153	0.42653562905916093	17.172258949144062	24.308839856545202	17.578832376862458	12.869617029115322	19.674004884585582	22.023996331544993	26.764676635698343	24.218331905932679	38.810858035438777	50.615754253893044	25.653546628471485	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	29.577362365880894	39.600272787599152	37.576478077983495	L/cm2


%


A	2.9915917486275301E-2	3.0053645776477213E-2	3.1244329059513038E-2	3.3744171574145478E-2	3.3965573503018438E-2	3.3162898951519158E-2	3.352184405192439E-2	3.3435208514539315E-2	3.3229171435245348E-2	3.8587246208906592E-2	3.81474042498747E-2	3.8010231315681667E-2	3.4206598010871773E-2	3.3983900251311434E-2	3.3752872151617916E-2	2.1816605452789017E-2	2.2061517452704502E-2	2.1546702432473995E-2	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	51.474162887946484	68.570647335062006	64.424514788858573	73.573670073573084	67.671151856112203	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	64.131959915092011	57.781080253049367	65.406848632249819	L/cm2 sec


B


2.6507541027975708E-3	2.5845927430691107E-3	2.5954001314556687E-3	2.5664642206142401E-3	2.6184868822742647E-3	2.6399079782519221E-3	3.5751598427572188E-2	3.4747514763519588E-2	3.238614101376755E-2	3.4226961064530666E-2	3.3712331162969775E-2	3.3213991704335998E-2	3.300813974371164E-2	3.2725463535192408E-2	3.3319694464692566E-2	3.7569834000640907E-2	3.7942477882598476E-2	3.8062434780516255E-2	1.6934470778736773E-2	3.4235476523333468E-2	3.3844505893082896E-2	3.1476467871224316E-2	2.0420995802476968E-2	2.0733105879466765E-2	2.6507541027975708E-3	2.5845927430691107E-3	2.5954001314556687E-3	2.5664642206142401E-3	2.6184868822742647E-3	2.6399079782519221E-3	3.5751598427572188E-2	3.4747514763519588E-2	3.238614101376755E-2	3.4226961064530666E-2	3.3712331162969775E-2	3.3213991704335998E-2	3.300813974371164E-2	3.2725463535192408E-2	3.3319694464692566E-2	3.7569834000640907E-2	3.7942477882598476E-2	3.8062434780516255E-2	1.6934470778736773E-2	3.4235476523333468E-2	3.3844505893082896E-2	3.1476467871224316E-2	2.0420995802476968E-2	2.0733105879466765E-2	10.999161761037136	9.0561644279289606	11.272181218381309	15.967491282651078	11.159798131570211	10.819734743237625	53.806557807764143	28.351974926785566	15.755419952643674	24.109619684726997	29.337238424975876	71.52489544849027	35.308849161784266	45.075394652545739	52.11689123564792	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	48.185615571086053	24.309992374542507	39.409290904836766	L/cm2 sec


C


2.7080836182531457E-3	2.67535156382074E-3	2.6753902999798311E-3	2.6089190509786388E-3	2.6573392498431443E-3	2.611243220524135E-3	3.0446837830763289E-2	3.2732683163307838E-2	3.5245113747474854E-2	3.3504257778309905E-2	3.2437974241262893E-2	3.2969635060429388E-2	3.347130665511644E-2	3.3590708197025344E-2	3.3775641747981935E-2	3.7152761637973028E-2	3.8373989501497181E-2	3.749541629545116E-2	3.4113853557389044E-2	3.4566468704625139E-2	3.3620142065495913E-2	2.0254944355822247E-2	2.1141292545992577E-2	2.1326781452958046E-2	2.7080836182531457E-3	2.67535156382074E-3	2.6753902999798311E-3	2.6089190509786388E-3	2.6573392498431443E-3	2.611243220524135E-3	3.0446837830763289E-2	3.2732683163307838E-2	3.5245113747474854E-2	3.3504257778309905E-2	3.2437974241262893E-2	3.2969635060429388E-2	3.347130665511644E-2	3.3590708197025344E-2	3.3775641747981935E-2	3.7152761637973028E-2	3.8373989501497181E-2	3.749541629545116E-2	3.4113853557389044E-2	3.4566468704625139E-2	3.3620142065495913E-2	2.0254944355822247E-2	2.1141292545992577E-2	2.1326781452958046E-2	2.7080836182531457E-3	2.67535156382074E-3	2.6753902999798311E-3	2.6089190509786388E-3	2.6573392498431443E-3	2.611243220524135E-3	3.0446837830763289E-2	3.2732683163307838E-2	3.5245113747474854E-2	3.3504257778309905E-2	3.2437974241262893E-2	3.2969635060429388E-2	3.347130665511644E-2	3.3590708197025344E-2	3.3775641747981935E-2	3.7152761637973028E-2	3.8373989501497181E-2	3.749541629545116E-2	3.4113853557389044E-2	3.4566468704625139E-2	3.3620142065495913E-2	2.0254944355822247E-2	2.1141292545992577E-2	2.1326781452958046E-2	17.172258949144062	24.308839856545202	17.578832376862458	12.869617029115322	19.674004884585582	22.023996331544993	26.764676635698343	24.218331905932679	38.810858035438777	50.615754253893044	25.653546628471485	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	29.577362365880894	39.600272787599152	37.576478077983495	L/cm2 sec


%





summary


																																				pressure variation with changing nozzle type


			L/unit area cm2			A			B			C			A			B			C			water/area			B			water/area			C			Average Cs amount			L/cm2			A			B			C


			0.1495795874			1.3164976652									45.0392632628									0.0541616724			17.1722589491			0.0530150821			10.999161761			1.5845514499			0.7717449242			53.3519006714												L/cm2			A


			0.1502682289			1.688382842									57.7619856984									0.0535070313			24.3088398565			0.0516918549			9.0561644279			1.7800657991			0.762948085			59.9348753899									L/cm2			1


			0.1562216453			1.3930333649									47.6576587374									0.053507806			17.5788323769			0.0519080026			11.2721812184			1.7187957142			0.7602046263			57.8719095698									A			-0.4882747962			1


			0.5061625736			1.7453742642									59.711743558									0.052178381			12.8696170291			0.0513292844			15.9674912827			1.7866827215			0.6841319602			60.1576673917


			0.5094836025			1.5045897812									51.4741628879									0.053146785			19.6740048846			0.0523697376			11.1597981316			1.9705561534			0.679678005			66.3486920338


			0.4974434843			2.0043200216									68.5706473351									0.0522248644			22.0239963315			0.0527981596			10.8197347432			1.7174255066			0.675057443			57.8257746315


			0.670436881			1.8831285673									64.4245147889									0.1787579921			53.8065578078			0.1522341892			26.7646766357						0.670436881			64.4245147889


			0.6687041703			2.1505583763									73.5736700736									0.1737375738			28.3519749268			0.1636634158			24.2183319059						0.6687041703			73.5736700736


			0.6645834287			1.9780277688									67.6711518561									0.1619307051			15.7554199526			0.1762255687			38.8108580354						0.6645834287			67.6711518561


			0.0530150821						1.5054552702									10.999161761						0.513404416			24.1096196847			0.5025638667			50.6157542539			1.9047192095			0.4363321091			64.1319599151


			0.0516918549						1.2395172253									9.0561644279						0.5056849674			29.337238425			0.4865696136			25.6535466285			1.7160980835			0.4412303491			57.781080253


			0.0519080026						1.5428234434									11.2721812184						0.4982098756			71.5248954485			0.4945445259			47.1222028272			1.9425834044			0.4309340486			65.4068486322


			0.0513292844						2.1854705319									15.9674912827						0.6601627949			35.3088491618			0.6694261331			62.3591330622


			0.0523697376						1.5274415703									11.1597981316						0.6545092707			45.0753946525			0.6718141639			55.9226671165			0.9467504202			0.75139668						31.877118525


			0.0527981596						1.4808970943									10.8197347432						0.6663938893			52.1168912356			0.675512835			48.017813284			0.9581339299			0.7588495577						32.2604016818


			0.1787579921						1.5727656847									53.8065578078																		0.883201854			0.7612486956						29.7374361624


			0.1737375738						0.8287282271									28.3519749268									water/area						water/area			0.4047512676			0.3386894156						13.6279888073


			0.1619307051						0.4605309252									15.7554199526						B			0.6191964221			C			0.9110116792			0.6532907641			0.6847095305						21.9963220231


			0.513404416						0.7047241834									24.1096196847																		0.8211277581			0.6768901179						27.6473992612


			0.5056849674						0.8575274792									29.337238425																					0.6601627949						35.3088491618


			0.4982098756						2.090672694									71.5248954485																					0.6545092707						45.0753946525


			0.6601627949						1.032077661									35.3088491618																					0.6663938893						52.1168912356


			0.6545092707						1.3175537857									45.0753946525																		1.4311127825			0.6295293574						48.1856155711


			0.6663938893						1.5233767308									52.1168912356																		0.7220067735			0.408419916						24.3099923745


			0.0541616724									2.3503670824									17.1722589491															1.1704559399			0.4146621176						39.4092909048


			0.0535070313									3.3271509112									24.3088398565


			0.053507806									2.4060147874									17.5788323769															1.4199467945			0.7430552328									47.809656382


			0.052178381									1.7614644828									12.8696170291															1.2253445177			0.76747979									41.257391168


			0.053146785									2.6927810486									19.6740048846															1.1417074696			0.7499083259									38.4413289419


			0.0522248644									3.0144243779									22.0239963315															1.3492640918			0.6822770711									45.4297673995


			0.1522341892									0.7823314981									26.7646766357															1.131247328			0.6913293741									38.0891356243


			0.1636634158									0.7079018416									24.2183319059															1.3358778016			0.6724028413									44.9790505601


			0.1762255687									1.1344413804									38.8108580354																		0.6694261331									62.3591330622


			0.5025638667									1.4794984968									50.6157542539																		0.6718141639									55.9226671165


			0.4865696136									0.749853168									25.6535466285																		0.675512835									48.017813284


			0.4945445259									1.3773819886									47.1222028272															0.8784476623			0.4050988871									29.5773623659


			0.6694261331									1.8227574594									62.3591330622															1.1761281018			0.4228258509									39.6002727876


			0.6718141639									1.6346195598									55.9226671165															1.1160213989			0.4265356291									37.576478078


			0.675512835									1.4035606823									48.017813284





A	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.67043688103848786	0.66870417029078633	0.66458342870490694	0.43633210905578035	0.44123034905409003	0.43093404864947987	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.62952935742448635	0.40841991604953937	0.4146621175893353	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.40509888711644493	0.42282585091985153	0.42653562905916093	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	64.424514788858573	73.573670073573084	67.671151856112203	64.131959915092011	57.781080253049367	65.406848632249819	B	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.67043688103848786	0.66870417029078633	0.66458	342870490694	0.43633210905578035	0.44123034905409003	0.43093404864947987	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.62952935742448635	0.40841991604953937	0.4146621175893353	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.40509888711644493	0.42282585091985153	0.42653562905916093	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	35.308849161784266	45.075394652545739	52.11689123564792	48.185615571086053	24.309992374542507	39.409290904836766	C	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.67043688103848786	0.66870417029078633	0.66458342870490694	0.43633210905578035	0.44123034905409003	0.43093404864947987	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.62952935742448635	0.40841991604953937	0.4146621175893353	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284	130991823	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.40509888711644493	0.42282585091985153	0.42653562905916093	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	62.359133062159557	55.922667116479751	48.017813283994911	29.577362365880894	39.600272787599152	37.576478077983495	




image10.emf

0510152025C-TBC-BTB-TBB-BTRemoval Efficacy (%)




Microsoft_Excel_Worksheet2.xlsx

blanks


			Coupon ID			Coupon Material			 Hold Time
(days)			Coupon Eq. RH
(%)			 Washing Date			Room Temp during Washing
(°F)			Room RH during Washing
(%)			Initial Weight (g)			Final Weight (g)			Net Weight (g)			Net Volume (L)			Cs Analysis (µg/L)


			BC19			Blank Chamber									2/2/12									83.8			3577.7			3493.9			3.5			<0.025


			BC20			Blank Chamber									2/2/12									80.6			3355.6			3275.0			3.3			<0.025


			BC21			Blank Chamber									2/2/12									79.2			3503.0			3423.8			3.4			<0.025


			BC22			Blank Chamber									2/2/12									80.9			3560.0			3479.1			3.5			<0.025


			BC23			Blank Chamber									2/2/12									80.8			3528.9			3448.1			3.4			<0.025








Positive controls


			Coupon ID			Date			Dosing Agent (Cs-Wet, Cs-Dry )			Cs Analysis (µg/L)			average Cs (ug/L)			Cs amount ug


			PCD40			2/21/12			Cs-Dry			0.576			0.585			2.923


			PCD41			2/21/12			Cs-Dry			0.565


			PCD42			2/21/12			Cs-Dry			0.550


			PCD43			2/21/12			Cs-Dry			0.624


			PCD44			2/21/12			Cs-Dry			0.608


			PCD45			2/28/12			Cs-Dry			0.665			0.594			2.97


			PCD46			2/28/12			Cs-Dry			0.627


			PCD47			2/28/12			Cs-Dry			0.639


			PCD48			2/28/12			Cs-Dry			0.582


			PCD49			2/28/12			Cs-Dry			0.457


			PCD50			3/6/12			Cs-Dry			0.628			0.653			3.266


			PCD51			3/6/12			Cs-Dry			0.655


			PCD52			3/6/12			Cs-Dry			0.710


			PCD53			3/6/12			Cs-Dry			0.685


			PCD54			3/6/12			Cs-Dry			0.588


			PCD55			3/13/12			Cs-Dry			0.722			2.834									PCD55			PCD58						PCD67			PCD70


			PCD56			3/13/12			Cs-Dry			0.643						Layout of Ziploc


			PCD57			3/13/12			Cs-Dry			0.732						squares on each


			PCD58			3/13/12			Cs-Dry			0.737						PC substrate						PCD56			PCD57						PCD68			PCD69


			PCD59			3/13/12			Cs-Dry			0.639			2.548


			PCD60			3/13/12			Cs-Dry			0.635						13.687


			PCD61			3/13/12			Cs-Dry			0.637


			PCD62			3/13/12			Cs-Dry			0.637												PCD59			PCD62						PCD71			PCD74


			PCD63			3/13/12			Cs-Dry			0.663			2.716


			PCD64			3/13/12			Cs-Dry			0.720


			PCD65			3/13/12			Cs-Dry			0.611												PCD60			PCD61						PCD72			PCD73


			PCD66			3/13/12			Cs-Dry			0.722


			PCD67			3/13/12			Cs-Dry			0.666			2.825


			PCD68			3/13/12			Cs-Dry			0.729


			PCD69			3/13/12			Cs-Dry			0.712												PCD63			PCD66


			PCD70			3/13/12			Cs-Dry			0.718


			PCD71			3/13/12			Cs-Dry			0.693			2.764


			PCD72			3/13/12			Cs-Dry			0.739												PCD64			PCD65


			PCD73			3/13/12			Cs-Dry			0.656


			PCD74			3/13/12			Cs-Dry			0.676











duration chart





A	5	15	20	5	15	20	5	15	20	50.152969232867257	60.777848119577648	71.10419588720265	B	5	15	20	5	15	20	5	15	20	34.442017279938277	43.363332204650341	45.858049915058977	C	19.384263716266389	25.99786779263767	8.4407578975441115	19.384263716266389	25.99786779263767	8.4407578975441115	5	15	20	5	15	20	5	15	20	30.804364363573256	41.973937487765035	55.433204487544742	Wash Duration (sec)


Removal Efficacy (%)








duration testing


			Cubitainer ID			Wash Duration   ( sec)			Cs Analysis (µg/L)			Net Volume (L)			Cs amount ug			total Cs amount			applied water volume (L)			L/unit area cm2																																	average ug									percentage


			A449-1			20			< 0.025			3.1																		Average amount									Average %																		A			B			C			A			B			C									Column 1


			A449-2						< 0.025			2.9															duration			A			B			C			A			B			C			Standard Deviation						5			1.3164976652			1.5727656847			0.8588914891			45.0392632628			53.8065578078			29.3839031493						Column 1			1


			A450			5			0.8590			1.3			1.1563997904			1.3164976652			1.3			0.1			5			1.4659712907									50.1529692329									0.1963787207						5			1.688382842			0.9052382361			0.7079018416			57.7619856984			30.9694914835			24.2183319059						A			0.8418615648


			BC24						0.0530			3.0			0.1600978747												15			1.7514280223									60.7778481196									0.2499201158						5			1.3930333649			0.5422165745			1.1344413804			47.6576587374			18.5500025485			38.8108580354						B			0.3136403487


			A452			5			1.08			1.4			1.4606071847			1.688382842			1.4			0.2			20			2.0039049041									71.1041958872									0.1355798484						15			1.7453742642			0.7803245192			1.4794984968			59.711743558			26.6960150255			50.6157542539						C			0.7788773336


			BC25						0.075			3.0			0.2277756572												5						0.954008279									34.4420172799						0.5666020284						15			1.5799152158			0.9315333879			0.8238140928			54.0511534656			31.86908614			28.1838553822


			A453			5			0.891			1.4			1.2527413736			1.3930333649			1.4			0.2			15						1.2176414522									43.3633322047						0.7599176756						15			2.0043200216			2.090672694			1.3773819886			68.5706473351			71.5248954485			47.1222028272


			BC26			10			0.048			2.9			0.1402919913												20						1.2910027258									45.8580499151						0.2467233533						20			1.9582240845			1.1087226215			1.8227574594			66.9936395647			37.9309826022			62.3591330622


			A454-1			15			0.377			3.1			1.1541477996			1.7453742642			4.6			0.5			5									0.8748915733									30.8043643636			0.2278366085						20			2.2248666763			1.3891930448			1.6346195598			76.1158630279			47.5262759073			55.9226671165


			A454-2						0.341			1.5			0.5094755388												15									1.2022445511									41.9739374878			0.3950954543						20			2.0520361766			1.5233767308			1.4035606823			70.2030850689			52.1168912356			48.017813284


			BC27			10			0.027			3.0			0.0817509258												20									1.6203125672									55.4332044875			0.2099642875


			A455-1			15			0.37			3.3			1.2166038583			1.5045897812			4.6			0.5															6.7183961922																		SUMMARY OUTPUT						A


			A455-2						0.222			1.3			0.2879859229																								8.5501237016


			BC28			10			0			3.0			0																								4.6383800329																		Regression Statistics


			A456-1			15			0.501			3.4			1.7129047309			2.0043200216			4.5			0.5																		19.3842637163															Multiple R			0.8418615648


			A456-2						0.17			1.1			0.1798633727																											25.9978677926															R Square			0.7087308943


			BC29			10			0.037			3.0			0.1115519179																											8.4407578975															Adjusted R Square			0.667121022


			A457-1			20			0.436			3.2			1.4144425723			1.8831285673			6.0			0.7																					7.7946154132												Standard Error			6.1150849459


			A457-2						0.168			2.8			0.468685995																														13.516779141												Observations			9


			BC30			10			0			3.0			0																														7.183177813


			A458-1			20			0.499			3.4			1.7060667879			2.1505583763			6.0			0.7																																	ANOVA


			A458-2						0.171			2.6			0.4444915884																																													df			SS			MS			F			Significance F


			BC31			10			0			3.0			0																																										Regression			1			636.9274564529			636.9274564529			17.032758239			0.004420158


			A459-1			20			0.439			3.5			1.5193159899			1.9780277688			6.0			0.7																																	Residual			7			261.7598472662			37.3942638952


			A459-2						0.182			2.5			0.4587117789																																										Total			8			898.6873037191


			BC32			10			0			3.0			0


																																																												Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			B593-1			20			< 0.025			3.0																																													Intercept			42.6917119363			4.811323106			8.8731750073			0.0000467777			31.3147406407			54.0686832319			31.3147406407			54.0686832319


			B593-2						< 0.025			4.0																																													X Variable 1			1.3489969358			0.3268650394			4.1270762337			0.004420158			0.5760839368			2.1219099347			0.5760839368			2.1219099347


			B594			5			0.909			1.6			1.4624191337			1.5727656847			1.6			0.2


			BC33						0.038			2.9			0.110346551																																										SUMMARY OUTPUT


			B595			5			0.53			1.6			0.8287282271			0.8287282271			1.6			0.2


			BC34						0			3.1			0																																										Regression Statistics


			B596			5			0.316			1.5			0.4605309252			0.4605309252			1.5			0.2																																	Multiple R			0.3136403487


			BC35			10			0			3.3			0																																										R Square			0.0983702683


			B597-1			15			0.154			4.3			0.6675965238			0.7047241834			4.6			0.5																																	Adjusted R Square			-0.0304339791


			B597-2						0.13			0.3			0.0371276595																																										Standard Error			16.6934463317


			BC36			10			0			3.0			0																																										Observations			9


			B598-1			15			0.212			2.7			0.572575866			0.8575274792			4.6			0.5


			B598-2						0.154			1.9			0.2849516132																																										ANOVA


			BC37			10			0			3.0			0																																													df			SS			MS			F			Significance F


			B599-1			15			0.544			3.0			1.6578970959			2.090672694			4.5			0.5																																	Regression			1			212.8264897596			212.8264897596			0.7637191343			0.4111434574


			B599-2						0.24			1.4			0.3447081419																																										Residual			7			1950.6980529939			278.6711504277


			BC38			10			0.029			3.0			0.0880674562																																										Total			8			2163.5245427535


			B600-1			20			0.245			3.2			0.7773751789			1.032077661			5.9			0.7


			B600-2						0.092			2.8			0.2547024821																																													Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			BC39			10			0			3.1			0																																										Intercept			30.8239054256			13.1343333356			2.3468191828			0.0513271931			-0.2338576998			61.8816685509			-0.2338576998			61.8816685509


			B601-1			20			0.316			3.2			0.9977906808			1.3175537857			5.9			0.7																																	X Variable 1			0.7797920781			0.8923022397			0.8739102553			0.4111434574			-1.330167437			2.8897515932			-1.330167437			2.8897515932


			B601-2						0.117			2.7			0.3197631049


			BC40			10			0			2.9			0


			B602-1			20			0.35			3.0			1.0539263105			1.5233767308			6.0			0.7


			B602-2						0.124			3.0			0.3703045447																																										Regression Statistics


			BC41*			10			0.033			3.0			0.0991458756																																										Multiple R			0.7788773336


																																																									R Square			0.6066499008


			C329-1			20			< 0.025			3.2																																													Adjusted R Square			0.5504570295


			C329-2						< 0.025			2.8																																													Standard Error			8.9218415391


			C330			5			0.571			1.4			0.7823314981			0.7823314981			1.4			0.2																																	Observations			9


			BC41**						0			3.1			0


			C331			5			0.415			1.5			0.6112828581			0.7079018416			1.5			0.2																																	ANOVA


			BC42						0.033			2.9			0.0966189835																																													df			SS			MS			F			Significance F


			C332			5			0.629			1.6			0.9976129446			1.1344413804			1.6			0.2																																	Regression			1			859.3417616601			859.3417616601			10.7958516197			0.0133814701


			BC43			10			0.046			3.0			0.1368284358																																										Residual			7			557.194795141			79.5992564487


			C333-1			15			0.331			3.4			1.1291317882			1.4794984968			4.5			0.5																																	Total			8			1416.536556801


			C333-2						0.205			1.1			0.2279191057


			BC44			10			0.041			3.0			0.122447603																																													Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			C334-1			15			0.194			3.3			0.641579672			0.749853168			4.4			0.5																																	Intercept			21.844800471			7.019667384			3.1119423864			0.0170348009			5.2459247411			38.4436762009			5.2459247411			38.4436762009


			C334-2						0.101			1.1			0.1082734959																																										X Variable 1			1.5669276231			0.47689249			3.2857041285			0.0133814701			0.4392560762			2.69459917			0.4392560762			2.69459917


			BC45			10			0			3.0			0


			C335-1			15			0.315			3.4			1.0630265407			1.3773819886			4.5			0.5


			C335-2						0.202			1.1			0.2173950871


			BC46			10			0.032			3.0			0.0969603609


			C336-1			20			0.306			3.3			1.0142703594			1.8227574594			6.0			0.7


			C336-2						0.248			2.7			0.6721360927


			BC47			10			0.044			3.1			0.1363510073


			C337-1			20			0.350			3.2			1.1056727173			1.6346195598			6.0			0.7


			C337-2						0.147			2.9			0.4244275976


			BC48			10			0.034			3.1			0.1045192449


			C338-1			20			0.292			3.4			0.9887071446			1.4035606823			6.1			0.7


			C338-2						0.117			2.7			0.3151549607


			BC49			10			0.032			3.1			0.099698577








A	5	5	5	15	15	15	20	20	20	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	54.05115346564925	68.570647335062006	66.993639564725001	76.115863027934722	70.203085068948198	B	5	5	5	15	15	15	20	20	20	53.806557807764143	30.969491483514609	18.550002548536064	26.69601502549493	31.86908613996582	71.52489544849027	37.930982602199848	47.526275907329165	52.11689123564792	C	5	5	5	15	15	15	20	20	20	29.383903149348324	24.218331905932679	38.810858035438777	50.615754253893044	28.183855382232579	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	Wash Duration (sec)


Removal Efficacy (5)





pressure testing


			Cubitainer ID			Water Pressure (psi)			Net Volume (L)			Cs Analysis (µg/L)			Cs amount ug			Average Cs amount			applied water )L_			L/cm2																																				average ug									percentage


			A460-1			160			3.0			<0.025																		Average amount									Average %																		A			B			C			A			B			C									Column 1			Column 2			Column 3			Column 4


			A460-2						0.9			<0.025															pressure (psi)			A			B			C			A			B			C			Standard Deviation						40			1.5845514499			0.9467504202			1.4199467945			53.3519006714			31.877118525			47.809656382						Column 1			1


			A461-1			40			3.4			0.342			1.1570490571			1.5845514499			6.9			0.8			40			1.6944709877									57.0528952103									0.1000011721						40			1.7800657991			0.9581339299			1.2253445177			59.9348753899			32.2604016818			41.257391168						Column 2			0.4807253599			1


			A461-2						3.6			0.120			0.4275023928												80			1.8248881272									61.4440446856									0.1308186564						40			1.7187957142			0.883201854			1.1417074696			57.8719095698			29.7374361624			38.4413289419						Column 3			0.4321331637			0.5920959018			1


			BC50						3.5			0.000			0												160			1.8544668991									62.4399629335									0.1213172336						80			1.7866827215			0.4047512676			1.3492640918			60.1576673917			13.6279888073			45.4297673995						Column 4			-0.1241632702			0.2930767268			0.1073319744			1


			A462-1			40			3.8			0.384			1.4534169683			1.7800657991			6.9			0.8			40						0.9293620681									31.2916521231						0.0403790799						80			1.9705561534			0.6532907641			1.131247328			66.3486920338			21.9963220231			38.0891356243


			A462-2						3.1			0.106			0.3266488308												80						0.6263899299									21.0905700305						0.2094876765						80			1.7174255066			0.8211277581			1.3358778016			57.8257746315			27.6473992612			44.9790505601


			BC51						3.4			0.000			0												160						1.1078584986									37.3016329502						0.3586734765						120			1.9582240845			1.1087226215			1.8227574594			66.9936395647			37.9309826022			62.3591330622


			A463-1			40			3.5			0.367			1.2894315904			1.7187957142			6.8			0.8			40									1.2623329273									42.502792164			0.142759894						120			2.2248666763			1.3891930448			1.6346195598			76.1158630279			47.5262759073			55.9226671165


			A463-2						3.3			0.129			0.4293641239												80									1.2721297405									42.8326511946			0.1221911977						120			2.0520361766			1.5233767308			1.4035606823			70.2030850689			52.1168912356			48.017813284


			BC52						3.4			0.000			0												160									1.056865721									35.5847044105			0.1574101543						160			1.9047192095			1.4311127825			0.8784476623			64.1319599151			48.1856155711			29.5773623659


			A464-1			80			3.2			0.440			1.3870416178			1.7866827215			6.2			0.7																														160			1.7160980835			0.7220067735			1.1761281018			57.781080253			24.3099923745			39.6002727876


			A464-2						3.0			0.133			0.3996411037																																							160			1.9425834044			1.1704559399			1.1160213989			65.4068486322			39.4092909048			37.576478078


			BC53						3.0			0.000			0


			A465-1			80			3.2			0.455			1.4673027789			1.9705561534			6.1			0.7


			A465-2						2.9			0.174			0.5032533745																																							SUMMARY OUTPUT


			BC54						3.1			0.000			0


			A466-1			80			3.4			0.398			1.3455525254			1.7174255066			6.1			0.7																														Regression Statistics


			A466-2						2.7			0.138			0.3718729812																																							Multiple R			0.4719491897


			BC55						3.1			0.000			0																																							R Square			0.2227360376


			A467-1			160			1.8			0.461			0.81143724			1.9047192095			3.9			0.4																														Adjusted R Square			0.1450096414


			A467-2						2.2			0.461			0.9989046805																																							Standard Error			5.9076351906


			BC56						1.9			0.051			0.094377289																																							Observations			12


			A468-1			160			1.8			0.410			0.7451122714			1.7160980835			4.0			0.4


			A468-2						2.2			0.413			0.889488895																																							ANOVA


			BC57						1.9			0.042			0.0814969171																																										df			SS			MS			F			Significance F


			A469-1			160			2.8			0.575			1.5894763803			1.9425834044			3.9			0.4																														Regression			1			100.0113512323			100.0113512323			2.8656421555			0.1213594549


			A469-2						1.1			0.237			0.2640416264																																							Residual			10			349.0015354517			34.9001535452


			BC58						1.9			0.046			0.0890653976																																							Total			11			449.012886684





			B603-1			160			3.3			<0.025																																													Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			B603-2						0.5			<0.025																																										Intercept			56.5549360864			4.177328904			13.5385403892			0.0000000932			47.2472672977			65.8626048751			47.2472672977			65.8626048751


			B604-1			40			3.3			0.226			0.7505927022			0.9467504202			6.8			0.8																														X Variable 1			0.0645533859			0.0381336212			1.6928207689			0.1213594549			-0.0204136166			0.1495203885			-0.0204136166			0.1495203885


			B604-2						3.4			0.057			0.196157718


			BC59						3.4			0.000			0																																							SUMMARY OUTPUT


			B605-1			40			3.3			0.234			0.7707296668			0.9581339299			6.8			0.8


			B605-2						3.5			0.053			0.1874042632																																							Regression Statistics


			BC60						3.4			0.000			0																																							Multiple R			0.4314352114


			B606-1			40			3.1			0.216			0.6743688904			0.883201854			6.9			0.8																														R Square			0.1861363417


			B606-2						3.7			0.056			0.2088329636																																							Adjusted R Square			0.1047499758


			BC61						3.5			0.000			0																																							Standard Error			10.9603262928


			B607-1			80			1.1			0.109			0.1243025365			0.4047512676			3.0			0.3																														Observations			12


			B607-2						1.9			0.147			0.2804487311


			BC62						3.0			0.000			0																																							ANOVA


			B608-1			80			3.5			0.103			0.3615545887			0.6532907641			6.2			0.7																																	df			SS			MS			F			Significance F


			B608-2						2.7			0.110			0.2917361754																																							Regression			1			274.742904174			274.742904174			2.287070319			0.1613964793


			BC63						3.1			0.000			0																																							Residual			10			1201.2875244489			120.1287524449


			B609-1			80			3.3			0.182			0.595544813			0.8211277581			6.1			0.7																														Total			11			1476.0304286228


			B609-2						2.8			0.080			0.2255829451


			BC64						3.0			0.000			0																																										Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			B610-1			160			3.6			0.205			0.7398866491			1.4311127825			5.7			0.6																														Intercept			23.1861206632			7.7501210457			2.991710778			0.0135340254			5.9177749279			40.4544663986			5.9177749279			40.4544663986


			B610-2						2.1			0.311			0.6395904868																																							X Variable 1			0.1069935559			0.070748602			1.5123062914			0.1613964793			-0.0506441523			0.2646312641			-0.0506441523			0.2646312641


			BC65						2.0			0.026			0.0516356466


			B611-1			160			2.2			0.171			0.373534984			0.7220067735			3.7			0.4																														SUMMARY OUTPUT


			B611-2						1.5			0.180			0.268445544


			BC66						1.8			0.045			0.0800262455																																							Regression Statistics


			B612-1			160			1.8			0.239			0.4335336257			1.1704559399			3.7			0.4																														Multiple R			0.1080134382


			B612-2						1.9			0.341			0.6540416943																																							R Square			0.0116669028


			BC67						1.8			0.046			0.0828806199																																							Adjusted R Square			-0.0871664069


																																																						Standard Error			9.1912540024


			C339-1			160			3.5			<0.025																																										Observations			12


			C339-2						0.4			<0.025


			C340-1			40			2.9			0.262			0.7631413933			1.4199467945			6.7			0.7																														ANOVA


			C340-2						3.8			0.174			0.6568054012																																										df			SS			MS			F			Significance F


			BC68						3.5			0.000			0																																							Regression			1			9.9724479354			9.9724479354			0.1180462625			0.7382774752


			C341-1			40			3.3			0.281			0.925365804			1.2253445177			6.9			0.8																														Residual			10			844.7915013734			84.4791501373


			C341-2						3.6			0.083			0.2999787137																																							Total			11			854.7639493087


			BC69						3.5			0.000			0


			C349-1			40			3.4			0.278			0.9352173642			1.1417074696			6.7			0.7																																	Coefficients			Standard Error			t Stat			P-value			Lower 95%			Upper 95%			Lower 95.0%			Upper 95.0%


			C349-2						3.4			0.061			0.2064901054																																							Intercept			46.1267655561			6.4991980327			7.0973011322			0.0000330602			31.6456499747			60.6078811374			31.6456499747			60.6078811374


			BC70						3.1			0.000			0																																							X Variable 1			-0.0203842749			0.0593292895			-0.3435786119			0.7382774752			-0.1525781693			0.1118096194			-0.1525781693			0.1118096194


			C343-1			80			3.2			0.219			0.6966295919			1.3492640918			6.1			0.7


			C343-2						3.0			0.191			0.5652714906


			BC71						3.0			0.029			0.0873630093


			C344-1			80			3.1			0.265			0.8324104041			1.131247328			6.2			0.7


			C344-2						3.1			0.097			0.298836924


			BC72						3.1			0.000			0


			C345-1			80			3.5			0.261			0.9190422761			1.3358778016			6.1			0.7


			C345-2						2.5			0.125			0.3162988497


			BC73						3.1			0.032			0.1005366759


			C346-1			160			2.0			0.293			0.5851744392			0.8784476623			3.6			0.4


			C346-2						1.6			0.142			0.2341164789


			BC74						2.0			0.030			0.0591567442


			C347-1			160			2.4			0.341			0.8315025303			1.1761281018			3.8			0.4


			C347-2						1.4			0.172			0.2351255163


			BC75						1.9			0.059			0.1095000552


			C348-1			160			2.7			0.334			0.8980705115			1.1160213989			3.8			0.4


			C348-2						1.1			0.131			0.1506482701


			BC76						2.0			0.034			0.0673026173
















































































A	40	40	40	80	80	80	120	120	120	160	160	160	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	66.993639564725001	76.115863027934722	70.203085068948198	64.131959915092011	57.781080253049367	65.406848632249819	B	40	40	40	80	80	80	120	120	120	160	160	160	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	37.930982602199848	47.526275907329165	52.11689123564792	48.185615571086053	24.309992374542507	39.409290904836766	C	40	40	40	80	80	80	120	120	120	160	160	160	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	62.359133062159557	55.922667116479751	48.017813283994911	29.577362365880894	39.600272787599152	37.576478077983495	Water Pressure (psi)


Removal Efficacy (%)
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45 degree	3.636239372063538	4.9838765248835415	8.6283205382229422	3.636239372063538	4.9838765248835415	8.6283205382229422	A	B	C	65.659953141694729	30.263099332479815	33.330614198978594	90 degree	A	B	C	71.10419588720265	45.858049915058977	55.433204487544742	Removal Efficacy (%)








angle testing


			Cubitainer ID			Wash Angle      (°)			Net Volume (L)			Cs Analysis (µg/L)			Cs amount ug			total Cs amount						average Cs amount			STD Cs			45average percentage			90average percentage						45 STD Cs			90 STD Cs


			A470-1			45			3.1			0.028			0.0875217523			0.0875217523			A			2.1444540696			0.1187595779			65.6599531417			71.1041958872						3.6362393721			4.6273902751


			A470-2						3.2			0.000			0						B			0.9883928242			0.1627734073			30.2630993325			45.8580499151						4.9838765249			7.2385934


			A471-1			45			3.3			0.526			1.7229251305			2.1413139979			C			1.0885778597			0.2818009488			33.330614199			55.4332044875						8.6283205382			7.183177813


			A471-2						3.0			0.106			0.3208421172


			BC77						3.1			0.031			0.0975467502


			A472-1			45			3.1			0.545			1.7131369475			2.0272956662


			A472-2						3.1			0.101			0.3141587187


			BC78						3.1			0.000			0


			A473-1			45			3.1			0.634			1.9622857251			2.2647525448


			A473-2						3.3			0.093			0.3024668197


			BC79						3.1			0.000			0


			B613-1			45			3.5			0.000			0			0


			B613-2						2.7			0.000			0


			B614-1			45			3.1			0.285			0.8764875666			1.1039762269


			B614-2						3.2			0.072			0.2274886603


			BC80						3.1			0.000			0


			B615-1			45			3.3			0.274			0.9041217372			1.0589582025


			B615-2						3.0			0.051			0.1548364652


			BC81						3.1			0.000			0


			B616-1			45			3.4			0.199			0.6844931527			0.8022440432


			B616-2						2.8			0.042			0.1177508906


			BC82						3.2			0.000			0


			C349-1			45			3.0			0.000			0			0


			C349-2						3.3			0.000			0


			C350-1			45			3.2			0.363			1.1557034406			1.4044217729


			C350-2						3.1			0.081			0.2487183323									A			45			90


			BC83						3.1			0.000			0												65.5638088756			66.9936395647						t-Test: Two-Sample Assuming Equal Variances


			C351-1			45			3.2			0.264			0.8516483916			0.9984330499									64.4727495909			76.1158630279


			C351-2						3.1			0.047			0.1467846584												71.727635161			70.2030850689									Variable 1			Variable 2						the result of the experiment is not significant. 


			BC84						3.1			0.000			0																					Mean			67.2547312091			71.1041958872						The average Cs removal efficacies are same for 45 and 90 degrees


			C352-1			45			3.5			0.248			0.8628787564			0.8628787564																		Variance			15.3027549124			21.4127407583


			C352-2						2.9			0.000			0																					Observations			3			3


			BC85						3.2			0.000			0																					Pooled Variance			18.3577478354


																																				Hypothesized Mean Difference			0


																																				df			4


																																				t Stat			-1.1003637343


																																				P(T<=t) one-tail			0.1664713899


																																				t Critical one-tail			2.1318467819


																																				P(T<=t) two-tail			0.3329427798


																																				t Critical two-tail			2.776445105


																								B


																											36.1542750647			37.9309826022						t-Test: Two-Sample Assuming Equal Variances


																											34.8136147117			47.5262759073


																											26.9785885428			52.1168912356									Variable 1			Variable 2						the result of the experiment is significant. 


																																				Mean			32.6488261064			45.8580499151						The average Cs removal efficacies are higher for90 degrees than 45 degrees


																																				Variance			24.5630380659			52.3972344101


																																				Observations			3			3


																																				Pooled Variance			38.480136238


																																				Hypothesized Mean Difference			0


																																				df			4


																																				t Stat			-2.6079822286


																																				P(T<=t) one-tail			0.0297730607


																																				t Critical one-tail			2.1318467819


																																				P(T<=t) two-tail			0.0595461214


																																				t Critical two-tail			2.776445105


																								C


																											45.3559136823			62.3591330622						t-Test: Two-Sample Assuming Equal Variances


																											32.9282878477			55.9226671165


																											33.6426208906			48.017813284									Variable 1			Variable 2						the result of the experiment is significant. 


																																				Mean			37.3089408069			55.4332044875						The average Cs removal efficacies are higher for90 degrees than 45 degrees


																																				Variance			48.6928972674			51.5980434937


																																				Observations			3			3


																																				Pooled Variance			50.1454703806


																																				Hypothesized Mean Difference			0


																																				df			4


																																				t Stat			-3.1346578676


																																				P(T<=t) one-tail			0.017513784


																																				t Critical one-tail			2.1318467819


																																				P(T<=t) two-tail			0.035027568


																																				t Critical two-tail			2.776445105








Chart4





4.0080978380564227	4.7543806869946525	1.208339678796261	2.8789162871963989	4.0080978380564227	4.7543806869946525	1.208339678796261	2.8789162871963989	C-TB	C-BT	B-TB	B-BT	19.686643727517239	18.189206081748633	10.442502469115803	12.649008052486304	Removal Efficacy (%)








wash pattern





			Cubitainer ID			Dosing Agent (Cs-Wet, Cs-Dry)			Pattern			Net Volume (L)			Cs Analysis (µg/L)						Cs amount ug			average Cs amount			total applied water amount									TB			BT			TB			BT			total applied water amount			average			STD


			C1000-1			Cs-Dry			T to B			3.6			0.316			1.136			2.350			2.695			7.0			0.0541616724			C			2.350															2.694510927			0.5485883511


			C1000-2						T to B			3.4			0.300			1.018																		3.327


			BC86									3.3			0.060			0.196																		2.406


			C1001-1			Cs-Dry			T to B			3.3			0.414			1.379			3.327						6.9			0.0535070313			C						1.761												2.4895566364			0.6507320846


			C1001-2						T to B			3.6			0.428			1.529																					2.693


			BC87									3.3			0.126			0.419																					3.014


			C1002-1			Cs-Dry			T to B			3.5			0.306			1.066			2.406						6.9			0.053507806			B									1.505									1.4292653129			0.1653854518


			C1002-2						T to B			3.4			0.298			1.019																								1.240


			BC88									3.4			0.093			0.321																								1.543


			C1003-1			Cs-Dry			B to T			3.3			0.211			0.703			1.761			2.490			6.7			0.052178381			B												2.185						1.7312697321			0.3940372722


			C1003-2						B to T			3.4			0.217			0.738																											1.527


			BC89									3.4			0.095			0.320																											1.481


			C1004-1			Cs-Dry			B to T			3.5			0.294			1.029			2.693						6.9			0.053146785


			C1004-2						B to T			3.4			0.356			1.196


			BC90									3.3			0.142			0.468


			C1009-1			Cs-Dry			B to T			3.3			0.334			1.117			3.014						6.7			0.0522248644						TB			BT			TB			BT


			C1009-2						B to T			3.4			0.399			1.355															C			17.1722589491			12.8696170291


			BC91									3.4			0.159			0.543																		24.3088398565			19.6740048846									C-TB			19.6866437275			4.0080978381


																																				17.5788323769			22.0239963315									C-BT			18.1892060817			4.754380687


			C1006-1			Blank			Blank			2.9			0.031			0.089			0.213												B									10.999161761			15.9674912827			B-TB			10.4425024691			1.2083396788


			C1006-2						Blank			4.1			0.030			0.124																								9.0561644279			11.1597981316			B-BT			12.6490080525			2.8789162872


			C1007-1			Blank			Blank			4.1			<0.025			0.000			0.146																					11.2721812184			10.8197347432


			C1007-2						Blank			2.7			<0.025			0.000


			C1008-1			Blank			Blank			3.2			0.046			0.146			0.336


			C1008-2						Blank			3.5			0.055			0.190


																								surface area (cm2)									t-Test: Two-Sample Assuming Equal Variances


																								129.0


																																				CTB			CBT									the result of the experiment is not significant. 


																																	Mean			19.6866437275			18.1892060817									The average Cs removal efficacies from concrete are same for top to bottom wash and bottom to top wash


																																	Variance			16.0648482794			22.6041357169


																																	Observations			3			3


																																	Pooled Variance			19.3344919982


																																	Hypothesized Mean Difference			0


																																	df			4


																																	t Stat			0.417088287


			B2000-1			Cs-Dry			T to B			3.2			0.194			0.626			1.505			1.429			6.8			0.0530150821			P(T<=t) one-tail			0.349013138


			B2000-2						T to B			3.6			0.202			0.730															t Critical one-tail			2.1318467819


			BC92									3.4			0.044			0.149															P(T<=t) two-tail			0.6980262761


			B2001-1			Cs-Dry			T to B			3.2			0.190			0.608			1.240						6.7			0.0516918549			t Critical two-tail			2.776445105


			B2001-2						T to B			3.5			0.182			0.632


			BC93									3.3			<0.025			0.000															t-Test: Two-Sample Assuming Equal Variances


			B2002-1			Cs-Dry			T to B			3.3			0.239			0.786			1.543						6.7			0.0519080026


			B2002-2						T to B			3.4			0.222			0.757																		BTB			BBT									the result of the experiment is not significant. 


			BC94									3.4			<0.025			0.000															Mean			10.4425024691			12.6490080525									The average Cs removal efficacies from brick are same for top to bottom wash and bottom to top wash


			B2003-1			Cs-Dry			B to T			3.5			0.314			1.102			2.185			1.731			6.6			0.0513292844			Variance			1.4600847794			8.2881589887


			B2003-2						B to T			3.1			0.348			1.083															Observations			3			3


			BC95									3.6			<0.025			0.000															Pooled Variance			4.874121884


			B2004-1			Cs-Dry			B to T			3.5			0.227			0.798			1.527						6.8			0.0523697376			Hypothesized Mean Difference			0


			B2004-2						B to T			3.2			0.225			0.729															df			4


			BC96									3.4			<0.025			0.000															t Stat			-1.2240593277


			B2005-1			Cs-Dry			B to T			3.4			0.192			0.644			1.481						6.8			0.0527981596			P(T<=t) one-tail			0.144048072


			B2005-2						B to T			3.5			0.242			0.837															t Critical one-tail			2.1318467819


			BC97									3.3			<0.025			0.000															P(T<=t) two-tail			0.2880961441


			B2006-1			Blank						3.1			<0.025			0.000															t Critical two-tail			2.776445105


			B2006-2									3.7			<0.025			0.000			0.000


			B2007-1			Blank						3.6			<0.025			0.000


			B2007-2									3.2			<0.025			0.000			0.000


			B2008-1			Blank						3.5			<0.025			0.000


			B2008-2									3.3			<0.025			0.000			0.000





































































































































































































Chart1





A	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	51.474162887946484	68.570647335062006	64.424514788858573	73.573670073573084	67.671151856112203	B	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	10.999161761037136	9.0561644279289606	11.272181218381309	15.967491282651078	11.159798131570211	10.819734743237625	53.806557807764143	28.351974926785566	15.755419952643674	24.109619684726997	29.337238424975876	71.52489544849027	35.308849161784266	45.075394652545739	52.11689123564792	C	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	17.172258949144062	24.308839856545202	17.578832376862458	12.869617029115322	19.674004884585582	22.023996331544993	26.764676635698343	24.218331905932679	38.810858035438777	50.615754253893044	25.653546628471485	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	applied water per unit area (L/cm2)


Cs removal efficacy (%)





testing


			L/unit area cm2						L/cm2 sec			A			B			C


			0.1495795874			5			0.0299159175			45.0392632628												Column 1


			0.1502682289			5			0.0300536458			57.7619856984									Column 2			-0.0779175117


			0.1562216453			5			0.0312443291			47.6576587374


			0.5061625736			15			0.0337441716			59.711743558


			0.5094836025			15			0.0339655735			51.4741628879


			0.4974434843			15			0.033162899			68.5706473351


			0.670436881			20			0.0335218441			64.4245147889


			0.6687041703			20			0.0334352085			73.5736700736


			0.6645834287			20			0.0332291714			67.6711518561


			0.7717449242			20			0.0385872462			53.3519006714


			0.762948085			20			0.0381474042			59.9348753899


			0.7602046263			20			0.0380102313			57.8719095698


			0.6841319602			20			0.034206598			60.1576673917


			0.679678005			20			0.0339839003			66.3486920338


			0.675057443			20			0.0337528722			57.8257746315


			0.4363321091			20			0.0218166055			64.1319599151


			0.4412303491			20			0.0220615175			57.781080253


			0.4309340486			20			0.0215467024			65.4068486322


			0.0530150821			20			0.0026507541						10.999161761									Column 1


			0.0516918549			20			0.0025845927						9.0561644279						Column 3			0.6516305948


			0.0519080026			20			0.0025954001						11.2721812184


			0.0513292844			20			0.0025664642						15.9674912827


			0.0523697376			20			0.0026184869						11.1597981316


			0.0527981596			20			0.002639908						10.8197347432


			0.1787579921			5			0.0357515984						53.8065578078


			0.1737375738			5			0.0347475148						28.3519749268


			0.1619307051			5			0.032386141						15.7554199526


			0.513404416			15			0.0342269611						24.1096196847


			0.5056849674			15			0.0337123312						29.337238425


			0.4982098756			15			0.0332139917						71.5248954485


			0.6601627949			20			0.0330081397						35.3088491618


			0.6545092707			20			0.0327254635						45.0753946525


			0.6663938893			20			0.0333196945						52.1168912356


			0.75139668			20			0.037569834						31.877118525


			0.7588495577			20			0.0379424779						32.2604016818


			0.7612486956			20			0.0380624348						29.7374361624


			0.3386894156			20			0.0169344708						13.6279888073


			0.6847095305			20			0.0342354765						21.9963220231


			0.6768901179			20			0.0338445059						27.6473992612


			0.6295293574			20			0.0314764679						48.1856155711


			0.408419916			20			0.0204209958						24.3099923745


			0.4146621176			20			0.0207331059						39.4092909048


			0.0541616724			20			0.0027080836									17.1722589491						Column 1


			0.0535070313			20			0.0026753516									24.3088398565			Column 4			0.7620317399


			0.053507806			20			0.0026753903									17.5788323769


			0.052178381			20			0.0026089191									12.8696170291


			0.053146785			20			0.0026573392									19.6740048846


			0.0522248644			20			0.0026112432									22.0239963315


			0.1522341892			5			0.0304468378									26.7646766357


			0.1636634158			5			0.0327326832									24.2183319059


			0.1762255687			5			0.0352451137									38.8108580354


			0.5025638667			15			0.0335042578									50.6157542539


			0.4865696136			15			0.0324379742									25.6535466285


			0.4945445259			15			0.0329696351									47.1222028272


			0.6694261331			20			0.0334713067									62.3591330622


			0.6718141639			20			0.0335907082									55.9226671165


			0.675512835			20			0.0337756417									48.017813284


			0.7430552328			20			0.0371527616									47.809656382


			0.76747979			20			0.0383739895									41.257391168


			0.7499083259			20			0.0374954163									38.4413289419


			0.6822770711			20			0.0341138536									45.4297673995


			0.6913293741			20			0.0345664687									38.0891356243


			0.6724028413			20			0.0336201421									44.9790505601


			0.4050988871			20			0.0202549444									29.5773623659


			0.4228258509			20			0.0211412925									39.6002727876


			0.4265356291			20			0.0213267815									37.576478078





A	0.1495795874313765	0.15026822888238606	0.15622164529756519	0.5061625736121822	0.50948360254527658	0.49744348427278734	0.67043688103848786	0.66870417029078633	0.66458342870490694	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.43633210905578035	0.44123034905409003	0.43093404864947987	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	51.474162887946484	68.570647335062006	64.424514788858573	73.573670073573084	67.671151856112203	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	64.131959915092011	57.781080253049367	65.406848632249819	B


5.3015082055951415E-2	5.1691854861382218E-2	5.1908002629113374E-2	5.1329284412284799E-2	5.2369737645485297E-2	5.2798159565038444E-2	0.17875799213786095	0.17373757381759794	0.16193070506883775	0.51340441596795994	0.50568496744454661	0.49820987556503993	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.62952935742448635	0.40841991604953937	0.4146621175893353	10.999161761037136	9.0561644279289606	11.272181218381309	15.967491282651078	11.159798131570211	10.819734743237625	53.806557807764143	28.351974926785566	15.755419952643674	24.109619684726997	29.337238424975876	71.52489544849027	35.308849161784266	45.075394652545739	52.11689123564792	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	48.185615571086053	24.309992374542507	39.409290904836766	L/cm2


%


C


5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.40509888711644493	0.42282585091985153	0.42653562905916093	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.40509888711644493	0.42282585091985153	0.42653562905916093	5.4161672365062911E-2	5.3507031276414797E-2	5.3507805999596619E-2	5.2178381019572777E-2	5.3146784996862886E-2	5.2224864410482699E-2	0.15223418915381645	0.16366341581653918	0.17622556873737427	0.50256386667464858	0.48656961361894341	0.49454452590644077	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.40509888711644493	0.42282585091985153	0.42653562905916093	17.172258949144062	24.308839856545202	17.578832376862458	12.869617029115322	19.674004884585582	22.023996331544993	26.764676635698343	24.218331905932679	38.810858035438777	50.615754253893044	25.653546628471485	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	29.577362365880894	39.600272787599152	37.576478077983495	L/cm2


%


A	2.9915917486275301E-2	3.0053645776477213E-2	3.1244329059513038E-2	3.3744171574145478E-2	3.3965573503018438E-2	3.3162898951519158E-2	3.352184405192439E-2	3.3435208514539315E-2	3.3229171435245348E-2	3.8587246208906592E-2	3.81474042498747E-2	3.8010231315681667E-2	3.4206598010871773E-2	3.3983900251311434E-2	3.3752872151617916E-2	2.1816605452789017E-2	2.2061517452704502E-2	2.1546702432473995E-2	45.039263262806273	57.761985698402817	47.657658737392673	59.711743558021702	51.474162887946484	68.570647335062006	64.424514788858573	73.573670073573084	67.671151856112203	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	64.131959915092011	57.781080253049367	65.406848632249819	L/cm2 sec


B


2.6507541027975708E-3	2.5845927430691107E-3	2.5954001314556687E-3	2.5664642206142401E-3	2.6184868822742647E-3	2.6399079782519221E-3	3.5751598427572188E-2	3.4747514763519588E-2	3.238614101376755E-2	3.4226961064530666E-2	3.3712331162969775E-2	3.3213991704335998E-2	3.300813974371164E-2	3.2725463535192408E-2	3.3319694464692566E-2	3.7569834000640907E-2	3.7942477882598476E-2	3.8062434780516255E-2	1.6934470778736773E-2	3.4235476523333468E-2	3.3844505893082896E-2	3.1476467871224316E-2	2.0420995802476968E-2	2.0733105879466765E-2	2.6507541027975708E-3	2.5845927430691107E-3	2.5954001314556687E-3	2.5664642206142401E-3	2.6184868822742647E-3	2.6399079782519221E-3	3.5751598427572188E-2	3.4747514763519588E-2	3.238614101376755E-2	3.4226961064530666E-2	3.3712331162969775E-2	3.3213991704335998E-2	3.300813974371164E-2	3.2725463535192408E-2	3.3319694464692566E-2	3.7569834000640907E-2	3.7942477882598476E-2	3.8062434780516255E-2	1.6934470778736773E-2	3.4235476523333468E-2	3.3844505893082896E-2	3.1476467871224316E-2	2.0420995802476968E-2	2.0733105879466765E-2	10.999161761037136	9.0561644279289606	11.272181218381309	15.967491282651078	11.159798131570211	10.819734743237625	53.806557807764143	28.351974926785566	15.755419952643674	24.109619684726997	29.337238424975876	71.52489544849027	35.308849161784266	45.075394652545739	52.11689123564792	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	48.185615571086053	24.309992374542507	39.409290904836766	L/cm2 sec


C


2.7080836182531457E-3	2.67535156382074E-3	2.6753902999798311E-3	2.6089190509786388E-3	2.6573392498431443E-3	2.611243220524135E-3	3.0446837830763289E-2	3.2732683163307838E-2	3.5245113747474854E-2	3.3504257778309905E-2	3.2437974241262893E-2	3.2969635060429388E-2	3.347130665511644E-2	3.3590708197025344E-2	3.3775641747981935E-2	3.7152761637973028E-2	3.8373989501497181E-2	3.749541629545116E-2	3.4113853557389044E-2	3.4566468704625139E-2	3.3620142065495913E-2	2.0254944355822247E-2	2.1141292545992577E-2	2.1326781452958046E-2	2.7080836182531457E-3	2.67535156382074E-3	2.6753902999798311E-3	2.6089190509786388E-3	2.6573392498431443E-3	2.611243220524135E-3	3.0446837830763289E-2	3.2732683163307838E-2	3.5245113747474854E-2	3.3504257778309905E-2	3.2437974241262893E-2	3.2969635060429388E-2	3.347130665511644E-2	3.3590708197025344E-2	3.3775641747981935E-2	3.7152761637973028E-2	3.8373989501497181E-2	3.749541629545116E-2	3.4113853557389044E-2	3.4566468704625139E-2	3.3620142065495913E-2	2.0254944355822247E-2	2.1141292545992577E-2	2.1326781452958046E-2	2.7080836182531457E-3	2.67535156382074E-3	2.6753902999798311E-3	2.6089190509786388E-3	2.6573392498431443E-3	2.611243220524135E-3	3.0446837830763289E-2	3.2732683163307838E-2	3.5245113747474854E-2	3.3504257778309905E-2	3.2437974241262893E-2	3.2969635060429388E-2	3.347130665511644E-2	3.3590708197025344E-2	3.3775641747981935E-2	3.7152761637973028E-2	3.8373989501497181E-2	3.749541629545116E-2	3.4113853557389044E-2	3.4566468704625139E-2	3.3620142065495913E-2	2.0254944355822247E-2	2.1141292545992577E-2	2.1326781452958046E-2	17.172258949144062	24.308839856545202	17.578832376862458	12.869617029115322	19.674004884585582	22.023996331544993	26.764676635698343	24.218331905932679	38.810858035438777	50.615754253893044	25.653546628471485	47.122202827169495	62.359133062159557	55.922667116479751	48.017813283994911	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	29.577362365880894	39.600272787599152	37.576478077983495	L/cm2 sec


%





summary


																																				pressure variation with changing nozzle type


			L/unit area cm2			A			B			C			A			B			C			water/area			B			water/area			C			Average Cs amount			L/cm2			A			B			C


			0.1495795874			1.3164976652									45.0392632628									0.0541616724			17.1722589491			0.0530150821			10.999161761			1.5845514499			0.7717449242			53.3519006714												L/cm2			A


			0.1502682289			1.688382842									57.7619856984									0.0535070313			24.3088398565			0.0516918549			9.0561644279			1.7800657991			0.762948085			59.9348753899									L/cm2			1


			0.1562216453			1.3930333649									47.6576587374									0.053507806			17.5788323769			0.0519080026			11.2721812184			1.7187957142			0.7602046263			57.8719095698									A			-0.4882747962			1


			0.5061625736			1.7453742642									59.711743558									0.052178381			12.8696170291			0.0513292844			15.9674912827			1.7866827215			0.6841319602			60.1576673917


			0.5094836025			1.5045897812									51.4741628879									0.053146785			19.6740048846			0.0523697376			11.1597981316			1.9705561534			0.679678005			66.3486920338


			0.4974434843			2.0043200216									68.5706473351									0.0522248644			22.0239963315			0.0527981596			10.8197347432			1.7174255066			0.675057443			57.8257746315


			0.670436881			1.8831285673									64.4245147889									0.1787579921			53.8065578078			0.1522341892			26.7646766357						0.670436881			64.4245147889


			0.6687041703			2.1505583763									73.5736700736									0.1737375738			28.3519749268			0.1636634158			24.2183319059						0.6687041703			73.5736700736


			0.6645834287			1.9780277688									67.6711518561									0.1619307051			15.7554199526			0.1762255687			38.8108580354						0.6645834287			67.6711518561


			0.0530150821						1.5054552702									10.999161761						0.513404416			24.1096196847			0.5025638667			50.6157542539			1.9047192095			0.4363321091			64.1319599151


			0.0516918549						1.2395172253									9.0561644279						0.5056849674			29.337238425			0.4865696136			25.6535466285			1.7160980835			0.4412303491			57.781080253


			0.0519080026						1.5428234434									11.2721812184						0.4982098756			71.5248954485			0.4945445259			47.1222028272			1.9425834044			0.4309340486			65.4068486322


			0.0513292844						2.1854705319									15.9674912827						0.6601627949			35.3088491618			0.6694261331			62.3591330622


			0.0523697376						1.5274415703									11.1597981316						0.6545092707			45.0753946525			0.6718141639			55.9226671165			0.9467504202			0.75139668						31.877118525


			0.0527981596						1.4808970943									10.8197347432						0.6663938893			52.1168912356			0.675512835			48.017813284			0.9581339299			0.7588495577						32.2604016818


			0.1787579921						1.5727656847									53.8065578078																		0.883201854			0.7612486956						29.7374361624


			0.1737375738						0.8287282271									28.3519749268									water/area						water/area			0.4047512676			0.3386894156						13.6279888073


			0.1619307051						0.4605309252									15.7554199526						B			0.6191964221			C			0.9110116792			0.6532907641			0.6847095305						21.9963220231


			0.513404416						0.7047241834									24.1096196847																		0.8211277581			0.6768901179						27.6473992612


			0.5056849674						0.8575274792									29.337238425																					0.6601627949						35.3088491618


			0.4982098756						2.090672694									71.5248954485																					0.6545092707						45.0753946525


			0.6601627949						1.032077661									35.3088491618																					0.6663938893						52.1168912356


			0.6545092707						1.3175537857									45.0753946525																		1.4311127825			0.6295293574						48.1856155711


			0.6663938893						1.5233767308									52.1168912356																		0.7220067735			0.408419916						24.3099923745


			0.0541616724									2.3503670824									17.1722589491															1.1704559399			0.4146621176						39.4092909048


			0.0535070313									3.3271509112									24.3088398565


			0.053507806									2.4060147874									17.5788323769															1.4199467945			0.7430552328									47.809656382


			0.052178381									1.7614644828									12.8696170291															1.2253445177			0.76747979									41.257391168


			0.053146785									2.6927810486									19.6740048846															1.1417074696			0.7499083259									38.4413289419


			0.0522248644									3.0144243779									22.0239963315															1.3492640918			0.6822770711									45.4297673995


			0.1522341892									0.7823314981									26.7646766357															1.131247328			0.6913293741									38.0891356243


			0.1636634158									0.7079018416									24.2183319059															1.3358778016			0.6724028413									44.9790505601


			0.1762255687									1.1344413804									38.8108580354																		0.6694261331									62.3591330622


			0.5025638667									1.4794984968									50.6157542539																		0.6718141639									55.9226671165


			0.4865696136									0.749853168									25.6535466285																		0.675512835									48.017813284


			0.4945445259									1.3773819886									47.1222028272															0.8784476623			0.4050988871									29.5773623659


			0.6694261331									1.8227574594									62.3591330622															1.1761281018			0.4228258509									39.6002727876


			0.6718141639									1.6346195598									55.9226671165															1.1160213989			0.4265356291									37.576478078


			0.675512835									1.4035606823									48.017813284





A	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.67043688103848786	0.66870417029078633	0.66458342870490694	0.43633210905578035	0.44123034905409003	0.43093404864947987	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.62952935742448635	0.40841991604953937	0.4146621175893353	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.40509888711644493	0.42282585091985153	0.42653562905916093	53.351900671426556	59.934875389858554	57.871909569749981	60.157667391650691	66.348692033780083	57.825774631485146	64.424514788858573	73.573670073573084	67.671151856112203	64.131959915092011	57.781080253049367	65.406848632249819	B	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.67043688103848786	0.66870417029078633	0.66458	342870490694	0.43633210905578035	0.44123034905409003	0.43093404864947987	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.62952935742448635	0.40841991604953937	0.4146621175893353	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284130991823	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.40509888711644493	0.42282585091985153	0.42653562905916093	31.877118524999347	32.260401681769437	29.737436162403679	13.627988807281058	21.996322023056141	27.647399261207777	35.308849161784266	45.075394652545739	52.11689123564792	48.185615571086053	24.309992374542507	39.409290904836766	C	0.7717449241781319	0.762948084997494	0.76020462631363339	0.6841319602174355	0.67967800502622866	0.67505744303235826	0.67043688103848786	0.66870417029078633	0.66458342870490694	0.43633210905578035	0.44123034905409003	0.43093404864947987	0.75139668001281812	0.75884955765196949	0.76124869561032515	0.33868941557473548	0.68470953046666938	0.67689011786165787	0.66016279487423279	0.65450927070384812	0.66639388929385135	0.62952935742448635	0.40841991604953937	0.4146621175893353	0.74305523275946062	0.7674797900299436	0.74990832590902323	0.68227707114778091	0.69132937409250284	0.67240284	130991823	0.66942613310232879	0.67181416394050686	0.67551283495963865	0.40509888711644493	0.42282585091985153	0.42653562905916093	47.809656382045176	41.257391168007175	38.441328941919231	45.42976739953653	38.089135624264358	44.979050560112583	62.359133062159557	55.922667116479751	48.017813283994911	29.577362365880894	39.600272787599152	37.576478077983495	
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