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ABSTRACT

JEROME H. HIGHTOWER, III. Rn?22in Water: A Comparison of Two
Sample Collection Methods and Two Sample Transport Methods, and the
Determination of Temporal Variation in North Carolina Ground Water.
(Under the direction of Dr. James E. Watson, Jr.)

The objectives of this field experiment were three-fold: first, determine
whether there was a statistically significant difference between the radon
concentrations of samples collected by the Environmental Protection Agency's
standard method, using a syringe, and an alternative, slow-flow method; second,
determine whether there was a statistically significant difference between the
measured radon concentrations of samples mailed versus samples not mailed;
finally, determine whether there was a temporal variation of water radon
concentration over a seven month period.

The field experiment was conducted at nine sites, five private wells and
four public wells, at various locations in North Carolina. The results of the
analyses showed that a syringe is not necessary for sample collection, there was
generally no significant radon loss due to mailing samples, and there was
statistically significant evidence of temporal variations in water radon

concentrations.
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INTRODUCTION

Currently the Environmental Protection Agency (EPA) is proposing a
drinking water standard, a maximum contaminant level (MCL), of 300 pCi/L for
Rn??? (radon) in public water supplies. The standard would provide protection
from the risk of waterborne radon induced fatalities as the Safe Drinking Water
Act protects against other harmful materials. The objectives addressed by this
report, with regard to the likely radon in water promulgation, ;were three-fold. The
first objective was to determine whether there was a statistically significant
difference between the radon concentrations of samples collected by the
Environmental Protection Agency's standard method, using a syringe, and an
alternative, the slow-flow method. The second objective was to determine
whether there was a statistically significant difference between the measured radon
concentrations of samples mailed to a laboratory for analyses versus samples not
mailed. And the final objective was to determine whether there was a temporal
variation of water radon concentration in N;)rth Carolina ground water.

The first two objectives pertain to the determination of a safe, easy, and
accurate system of collecting and sending radon-in-water samples for aﬁalysis.
This determination will be helpful if the proposed MCL becomes law. Assuming
the MCL becomes law, public water sources will have to be monitored, first for
characterization and then for compliance. The government will not collect water
samples; rather it will be up to the owners of the sources to obtain the samples and

send them to a central laboratory for analysis. Therefore, the EPA will need to




establish a system so that accurate results can be obtained. A mail-in sample test
kit is the probable method. Such a mail-in test system would not only benefit
public water sources but also private well owners. The private owners “-rould have
the capability to sample their own wells and determine if they are within
regulatory limits. However, such a test kit has not been extensively field tested.
The main problems associated with the mail-in sam;ile test kit are the
establishment of a safe, easy, accurate sample collection method, and a convenient
sample transport method.

The first objective addresses the problem of sample collection. The EPA
has established a standard method for the collection of radon-in-water samples
(US EPA 1978). However, the method requires the application of a syringe. The
syringe is used to draw a water sample from a funnel which is connected, by
tubing, to a spigot. Three problems associated with the use of a syringe in a mail-
in sample test kit are public injury due to improper usage, the cost of supplying a
syringe, and the potential loss of radon. It has been noted that radon may be lost
when water is taken from the funnel under negative pressure (Blanchard 1986).
Despite the potential loss of radon from the syringe the funnel-syringe method has
produced accurate results, and has out performed many alternative methods
(Burkhart !; Kinner 1991). However, the slow-flow method has shown promise as
an alternative (Dusenbury 1992). This method requires slowly flowing water into
a sample vial containing scintillation fluid. The method is easier, safer, and
cheaper than the funnel-syringe method. The problem with the method is that it
has not been extensively field tested to determine whether the method produces as
accﬁrate of results as the funnel-syringe method. Hence, the first of the three

objectives of this experiment is to determine whether the slow-flow method is as

1 Burkhart, J. F.; Gray, D.; Martin, R. D.; Warrick, B. A Comparison of Current Collection/Sampling
Techniques for Waterborne Radon Analysis. 1991,




accurate as the EPA's funnel-syringe method.

Another uncertainty regarding a mail-in sample test kit is the lack of data on
possible radon losses during transport. Mailing samples back to a central
laboratory would be very convenient. A study conducted by B. Dusenbury (1992)
at the University of North Carolina at Chapel Hill, compared the measured radon
concentrations of samples transported by mail and samplps transported by car.

The study provided evidence that mailing has no effect on the radon
concentrations of samples. The Dusenbury study conducted a number of
laboratory based tests, and only two field based tests. The field based tests depict
an actual sampling situation owners of public wells will likely follow. Thus, it
seems only practical that to determine whether samples could be mailed from the
field without significant radon loss, the experiment should be conducted in the
field. The two field tests conducted by the Dusenbury study are inadequate in
determining if mailing is a valid transport option; more data are needed.
Therefore, the second objective of this experiment compares the measured radon
concentrations of field samples transported by mail and by car. These data and the
data gathered on the sample collection methods should provide the bases for
conclusions on whether a mail-in sampling system is a viable option for sample
collection.

The third objective of this report is to characterize the temporal trends of
radon in ground water. The published literature provides little information on the
temporal trends of radon in ground water. The risk due to radon in drinking water
is related to the annual average radon concentration. It is necessary to determine
" how indicative one sample would be of the annual average radon concentration. If
the sample is indicative, the owners/operators of the water supplies would only
have to take one sample to characterize a site. However, if temporal trends exist

one sample would not be adequate, and thus a monitoring scheme would have to




be established to estimate the annual average radon concentration. This study will
try to provide some answers as to the temporal variation of radon in ground water.
The field experiment accomplished its objectives by sampling nine sites,

from various locations in North Carolina, over a seven month period. The results
of the sites' monitoring were statistically analyzed. The slow-flow collection
method performed exceptionally well, either producing results as good as or better
than the EPA''s standard collection method. Also, it was found that samples could
be mailed without experiencing significant radon loss. And lastly, it appears that

there is temporal variation in ground water radon concentrations.




LITERATURE REVIEW

Radon, the EPA, and North Carolina

Radon is a radioactive noble gas occurring naturally from the breakdown,
or radiative transformation, of uranium (238U). Because radon is a noble gas, it is
chemically inert. Hence, when radon gas is inhaled, it is readily exhaled.
However, when radon radioactively transforms, the resultant radionuclide, a radon
decay product, undergoes a phase change from a gaseous atom to a solid. When
these radon decay products are inhaled, they will deposit in the lungs. These
radon decay products will continue to transform, depositing their excess energy in
the lungs until they are either excreted from the body or decay to stable isotopes.
Thus, it is not the radon gas that causes the damage to the lungs, rather it is the
radon progeny.

Radon emanates from a uranium rich geology. The radon permeates
through the soil and to the atmosphere. If a home is located above such a uranium
rich strata, the radon gas will concentrate in the home if there are openings into the
home's environment through which the radon can enter. Likely entry points would
be through cracks in a basement's walls or flooring, through cracks, vents, or
openings in a sub-floor above a crawl-s;iace, and through the home's water supply.

Radon is most likely to reach a home via a water supply if the supply is
from a private well 6r public ground water system. Radon emanating from a
uranium rich geology can dissolve and concentrate in the ground water. When
water is pumped into a home, radon is likely to be released into the home's air via
aeration of the water. 7

The potential for radon release from a home's ground water supply and the
estimated lifetime risks due to radon have sparked concern for the public affected.

The concern has prompted the EPA to propose a drinking water standard for radon




in public water supplies. The proposed MCL is 300 pCi of radon activity per liter
of drinking water. Using the water-to-air conversion factor of 10,000 pCi/L of
radon in water producing 1 pCi/L of radon in home air, this proposed MCL would
result in an air concentration of 0.03 pCi/L, with an associated estimated lifetime
risk of 2 fatalities per 10,000 individuals. This MCL produces a risk at a level that
is comparable to or higher than other EPA regulated materials found in drinking
water; however, the resulting indoor radon concentration is less than the average
outdoor radon levels which are on the order of 0.2 - 0.7 pCi/L (US EPA 1991).

The primary health hazard associated withlradon in water is inhalation.
This is because 80% of the total estimated lifetime risk from exposuie to radon in
water is from inhalation. The remaining 20% is from ingesting radon from water
(Federal Register 1991). The ingestion risk is however under debate because of
the variability between differing risk estimates. For example, the risks from
ingesting radon from water has been shown to be equal to those from inhalation
(Crawford-Brown 1991). The problems with these ingestion risk estimates are the
great uncertainties associated with parameters injected into the risk calculations,
with the uncertainties due to little information on the effects of ingesting radon
(Federal Register 1991). In any case, it is ﬁkel& that when information is gathered
on the effects of ingesting radon from water, the risks from ingesting radon will be
lower than those from inhaling waterborne radon. _

North Carolina ground water systems would be greatly affected by this
MCL if adopted. North Carolina's geology is well endowed with metamorphic and
granite rock. These rock types contain elevated levels of uranium. A survey of
North Carolina ground water was conducted by Watson, Mabry, and Evans of the
University of North Carolina at Chapel Hill (UNC-CH) (Watson 1993). The |
results of the survey showed that of 400 private wells sampled, 67% of these wells
were above the proposed MCL. The breakdown by fegion showed that the 30% of




the Bastern region homes, 75% of the Central region homes, and 83% of the
Western region homes had wells with radon concentrations above the proposed
MCL (Watson 1993). If this MCL is promulgated, a substantial number of North
Carolina's public ground water supplies, primarily in the Western and Central
regions, will have to institute mitigation systems to reduce the radon
concentrations to below the /MCL.

Radon in Water Analysis and Sampling Method

The currently recommended techniques for radon-in-water analyses are the
alpha scintillation cell (ASC) technique and the liquid scintillation counting (L.SC)
technique. The ASC technique requires the emanation of radon from the water to
an alpha scintillation cell. The alpha particles emitted from the radon progeny
interact with the zinc-sulfide on the alpha scintillation cell and produce photons
which are counted with a photomultiplier tube system. The ASC technique is
more sensitive than the LSC technique, but is more "labor and equipment
intensive" (Kinner 1991). ,

The LSC technique, developed by Prichard and Gesell, is a quick and easy
analysis technique (Prichard 1977). Scintillation fluid and the radon entrained in
water are combined in a sample vial so that the particle radiation (alphas and
betas) of the radon progeny interact with the scintillation fluid solvent. The
excited solvent molecules then transfer the energy until it is transferred to a fluor
molecule, where the fluor quickly de-excites producing a photon of light. A single
particle of radiation (i.e., beta particle) can excite many fluor molecules producing
a flash of light, in which photons are emitted in all directions.

The photons are counted using two opposing photomultiplier (PM) tubes
joined by an coincidence circuit, with the remaining electronics following. The

photons which interact with both PM tubes, essentially simultaneously, produces




voltage signals that are analyzed by the coincidence circuit for coincidence. If the
photons are coincident, the event producing the photons, the interaction of a single
particle of radiation in the scintillation fluid, is counted.

The currently recommended EPA method requires a funnel assembly and a
syringe. This method requires that water slowly overflow the funnel while a
syringe is used to extract a 10 mL sample and inject the sample below 10 mL of
scintillation fluid in a 20 mL sample vial. The EPA method provides very good
and consistent results, and has been tested against numerous other sampling
methods by researchers such as Burkhart! and Kinner (1991). One technique that
has not been studied by these researchers, but has been studied by Dusenbury .
(1992) is the slow-flow method.

The slow-flow method requires slowly flowing 10 mL of water into a 20
mL sample vial, already containing 10 mL of scintillation fluid. This method is
easy in preparation and collection, and is inherently simpler than the funnel-
syringe method because the technique does not require the application of a
syringe. -

The Dusenbury study, conducted at UNC-CH, compared the EPA's funnel-
syringe method with the slow-flow method, primarily in a laboratory setting using
a radium source and a carboy of water. The results of that laboratory experiment
indicated that there were no significant differences between the two sample
collection methods. Dusenbury also conducted tvs;o field measurements at wells
located near Raleigh, NC. A significant difference was shown between the two
sample collection methods in one of the comparisons. Dusenbury concluded that

the slow-flow method is a valid alternative to the EPA's funnel-syringe method,

1 Burkhart, J. F.; Gray, D.; Martin, R. D.; Warrick, B. A Comparison of Current Collection/Sampling
Techniques for Waterborne Radon Analysis. 1991.




but recommended increasing the field study database. This report will expand
this database.

Sample Transport

The only information gathered on sample transport was obtained from the
Dusenbury study (Dusenbury 1992). In that study, there were no significant
differences between the two transport methods, car and mail. However, the field
database was small, and therefore needed expanding. This report will expand this
database. |

Temporal Variation of Ground Water Radon Concentrations

After an extensive literature review, the information gathered on the
temporal variation of ground water radon concentrations was determined to be
weak. Two research groups were found to have drawn conclusions on the stability
of ground water radon concentration (Watson 1987; Farai 1992).

The Watson temporal study obtained samples quarterly for three
consecutive quarters from test wells in eastern North Carolina. The resulting
radon concentrations of these water samples were not dramatically &ifferent and
were therefore concluded to be stable (Watson 1987). It is not believed that three
sample runs were adequate to characterize the temporal variation of a site's water
radon concentration. -

The Farai study, in contrast to the Watson study, obtained 46 radon
concentrations at one well over a one year period. The annual average radon
concentration was 400 pCi/L with a standard deviation of 38 pCi/L and a
maximum deviation of 57 pCi/L. The author states that the "small fluctuations" in
radon concentration correlate with rainfall (Farai 1992). The study appeared to be
conducted well, but was limited to a single well-in Nigeria.




Information on the temporal trends of ground water will be important if the
radon MCL becomes law. A sampling strategy will have to be determined, and it
will need to be known how indicative one sample is of the annual average water
radon concentrations of the site sampled. The information provided by these two
research groups is slim and an expanded database is needed. Thus it was another

task for this report to furnish this information.
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MATERIALS AND METHODOLOGY

At the beginning of the research project, ground water supplies to be
sampled were selected using research contacts, from previous studies conducted by
UNC-CH, and with the help of the North Carolina Division of Radiation
Protection (DRP). The owner of each supply identified as a potential sampling
site was contacted and asked to participate in the experiment with a promise of
anonymity, no cost, and a report of the site's results. All owners contacted agreed
to participate and sampling began on September 25, 1993 for the western sites and
October 4, 1993 for the eastern sites. .

The sites sampled in the western region of North Carolina were in the
Kings Mountain area, @d included five sites located within a mile radius. All five
sites had private wells of which some were used for drinking water and some for
outdoor uses only (See Table 1 for site characterizations).

The sites sampled in the eastern region of North Carolina were located
around the Ralqigh area, and included four sites located within a 20 mile radius.
These sites, in contrast to the western sites, were all public water supplies, two
supplying a city and the other two mobile home parks (See Table 2 for site

characterizations).

Experimental Design

The field experiment was designed to obtain numerous samples to provide
statistical strength as well as compensate for the poteﬁtial loss of samples during
the mailing process. The design called for 20 samples per well per sample run,
with sample runs scheduled every two to three weeks for the Eastern sites and
monthly for the Western sites for the duration of a seven month period. The 20

samples collected per sample run were subdivided into four populations:
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Funnel-Syringe Collection followed by Mailing
Slow-Flow Collection followed by Mailing

w b

Funnel-Syringe Collection and No Mailing

4. Slow-Flow Collection and No Mailing -
These four populations supply the information for the study of effects of sampling
method and sample transport on the accuracy of measurement. The seven sample
runs for the western sites and 11 for the eastern sites provide a large number of
observations for the sample collection method and sample transport statistical
analyses, as opposed to the two sample runs conducted by the Dusenbury study,
and thereby increase the strength of the inferences drawn on the results of these
analyses. The numerous sample runs spaced over an extended period of time also
provide the information needed to determine if there were any significant

variations in ground water radon concentrations over the seven month span.

Sample Run Preparation
Sample preparation began two to three days prior to each sample run, and
included preparing sample vials and mailing tubes. Twenty mL borosilicate
scintillation vials with cone lids were pfepared 'by filling them with 10 mL of E. L.
Dupont New England Nuclear's High Efficiency Mineral Oil scintillation fluid.
Vial lids then were hand-tightened on, and the prepared vials labeled.
The vial lids were labeled with an identifier to indicate sampling location,
sampling order, sampling method, and transport method. The labeling scheme
- used for each site's set of 20 samples is as follows:
1. The letter "W" or "E" was first written on the cap to indicate whether
the Western sites or the Eastern sites, respectively, were to be sampled
on the scheduled date.

13




2. Next, another letter (A, B, C, etc.) was written on ihe cap to indicate
the sample site (See Tables 1 and 2 for each site's indicator letter).

3. The samples then were numbered from 1 through 20.

4. All odd numbered samples were denoted with an "F" to signify sample
collection via the funnel-syringe method, and all even numbered
samples were denoted with an "S" to signify collection via the slow-
flow method. This alternation of sample collection method eliminates
the confounding of variation of radon concentration as a function of
time during sampling.

5. Finally, alternating pairs of samples were labeled with an "M"
(mailing) or not labeled (driven back to the UNC-CH radiological
hygiene laboratory).

Thus, for example, a vial which was labeled with "WAFM 5" indicated that the
sample was the fifth sample collected from western site A via the funnel-syringe
method, and mailed back to the UNC-CH. The procedure was repeated for each
site's set of twenty samples until vials for all sites to be sampled on the scheduled
date were prepared.

All the vials were then weighed, to the nearest hundredths of a gram, and
their weights recorded. The vials were then set aside at room temperature in the
UNC-CH fadiological hygiene laboratory until the day of the sampling.

Mailing tubes which carry two sample vials per tube were prepared by
making sure the postage and address of the laboratory were properly affixed, as
well as making sure that there was enough bubble wrap to adequately protect the
vials from shattering during mailing.

14




Sample Collection and Mailing -

After arriving at the site and having gained access to the well head spigot,

the sampling equipment (funnel-assembly, 50 mL syringe, clip-board and data

sheet, watch) and sample vials were situated close to the spigot for accessibility.
The first sample taken was via the funnel-syringe method (See Fig. 1). The

following procedure explains how a sample was taken via this method (US EPA

1978):

1.

When the well started pumping, the spigot was then turned on to a
moderate flow rate and allowed to run for a specified time to purge the
well (See Tables 1 and 2 for site's purge time). Upon completion of

the well-line purge the spigot was turned off. At this point the lid of

the first sample vial was removed and the lid and vial set aside.

(Note: In several instances the pump was not running at the time of
sample collection. Every practical effort was made to start the pump.
However, if the pump did not run, samples were taken, per these
procedures, from the system's holding tank or water line.)

The funnel assembly, consisting of a spigot adapter connected to
rubber tubing, which in turn is connected to a funnel, was attached to
the well-head spigot. With the funnel held upright in one hand, the
spigot was then turned on with the water entering the funnel slowly'
(non-turbulent). .

When the water began to flow over the lip of the funnel, the syringe
was taken into the other hand and the needle of the syringe submerged
to the base of the funnel (See Fig. 1). The syringe was first primed by
drawing 15 mL of water into the syringe and aspirating the contents.
The needle of the syringe was again sub;nerged to the base of the
funnel] and a 10 mL sample slowly drawn. After the sample was

15




Figure 1: Collecting a sample using the funnel-syringe method.
(Source: EPA-EERF-MANUAL-78-1)
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_drawn, the needle of the syringe was then removed from the funnel and

submerged below the scintillation fluid of the sample vial. The
contents of the syringe were slowly injected into the vial (See Fig. 2).
Upon completion of the injection, the lid of the sample vial was
quickly and securely replaced. The time the sample was collected was
then recorded.

The next sample was collected by the slow-flow method. The following is

the procedure followed when samples were collected by this method:

1.

The lid of the appropriate sample vial was removed and the lid and vial
set aside. The spigot was turned off and the funnel assembly removed.
The spigot was turned on but with a flow rate of approximately 0.04
gallons per minute (Note: the flow rate should be adjusted so that the
water does not become aerated).

The edge of the sample vial was placed against the edge of the spigot--
under the water stream. The water flowed from the edge of the spigbt
and into and along the inside wall of the vial (See Fig. 3). The vial
was filled just to its neck.

After the vial was full, the sample vial lid was quickly and securely
replaced. The time the sample was collected was then recorded.

The remaining samples were collected via these procedures, with continuous

rechecking of sample vial lid identifiers for the correct method of collection.

After collection of a site's series of 20 samples was complete, all vial lids

were rechecked for a secure fit, and the samples designated with an "M" were

prepared for mailing. Those samples with the "M" identifier were wrapped in

bubble wrap, placed within tubes, and the lids of the mailing tubes securely

~
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Figure 2: Injecting a sample collected via the funnel-syringe
method into a sample vial.
(Source: EPA-EERF-MANUAL-78-1)
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Figure 3: Collecting a sample using the slow-flow method.




fastened. The samples were then mailed from a US Mail box located near the

sample sites. The remainder of the samples were driven back to the laboratory.

Sample Analysis and Radon Concentration Calculation

Upon returning to the UNC-CH radiological hygiene lab, the samples
transported by car were set aside at room temperature until the mailed samples
arrived. Generally, the bulk of the mailed samples arrived two days after the
sample run. However, when the mailed samples took longer to arrive, the mailed
and non-mailed samples were counted separately.- All of the samples were wiped
clean, shaken for 15 seconds, arranged in the order sampled, and post-weighed,
with the weights recorded. The vials were then transferred to- Packard TRI-
CARB® liquid scintillation counter (LSC) 10 sample cassettes, with the first
sample occupying the seventh position of the first cassette, and the remainder
arranged normally thereafter.

The first four, of the six open positions, of the first cassette were for four
blanks, 10 mL of distilled water and 10 mL of scintillation fluid. The four blanks
served a two-fold purpose. The first was a measure of the LSC's background. The
second was to provide a time delay for the radon daughters to enter into secular
equilibrium with the radon gas. The remaining two positions on the first sample
cassette were for the 714 pCi and 952 pCi radon standards. These standards were
used every time samples were analyzed with the LSC as calibration sources,
providing data that were used in converting the LSC's output in counts per minute
" (cpm) to pCi. ‘

The number 12 program selector was inserted into the leading cassette, and
all the cassettes were placed into the liquid scintillation counter. The LSC's
number 12 program was then set-up. The number 12 program set-up entailed

making sure all program selections were defined as shown in Fig. 4. The program
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® . .
Figure 4: Packard TRI-CARB Program Number 12 Settings
(Source: Packard Instrument Company. The TRI-CARB 300C and 300CD Liquid
Scintillation System - Operation Manual. No. 169-2196-Rev. B. USA, 1980.)

PROGRAM #=12 COPY PROGRAM #?[1-15] NO[0]=0
TERMINATORS: MINUTES? [0.10-999.99] = 50

26%[0.1-10] OFFI[0] A=1 B=2 C=1
RADIONUCLIDE ? 3H[1] 14C[2] 32P[3] "3H/14C [4]

3H/32P[5] 125I[6] MANUAL[7].=7

REGION A ?7[0-2000] LL=0KeV UL = 2000 KeV

REGION B ?[0-2000] LL=5KeV - UL=1850KeV

REGION C ?[0-2000] LL=0KeV UL=S§ KeV
QIP?ES: NO[0] YES[1]=1 AEC? NO[0] YES[1]=0

SCR? A/B{1] B/A[2] A/C[3] C/A[4] BI/C[S] C/B[6]=1
#VIALS/STD[1-9] =1 #VIALS/SMPL[1-9]=1 #COUNTS/VIAL[1-99]=1
BKG?FV[0] MANUAL[1]=1 A?[0-999]=0 B?[0-999]=0 C?[0-999]=0
% OF STANDARD? NOI[0] YES[1]=0
LOW CPM REJECT;[0-999] A=0 B=0 C=0
DIVIDE FACTOR? [0.001-9999] K =1

DATA MODE? CPM|[0] DPM[1]=0
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was set-up so that the counts that fell within region B were the counts used in the
sample activity calculations. Counts which fell outside this region were
considered noise. Each sample was set up to be counted for a maximum of 50
minutes or until the 26% terminator was met, whichever was less. After the
program was set-up, the LSC counting sequence was initiated, and the date and
time recorded.

After the samples were counted, the results, in cpm, were not indicative of
the radon concentration the day the samples were collected. This is due to radon's
half-life. Every 3.82 days, half of the radon present in a given volume, will
radioactively transform. Thus, in order to determine the radon concentration
present on the day samples were collected, a back calculation is required using the
inverse of the radioactive decay law. The equation as applied to this situation is as

follows:

(GCR-BCR) cpm x (1000 mL/L)
C(pCiL) = x exp. [T x (0.693/3.82 days)],
(Volume) mL x (CF) cpm/pCi '

where:

« "C" denotes the water sample radon concentration, in pCi/L, on the day
the samples were taken.

e "(GCR-BCR)" denotes the net count rate, in cpm, determined by
subtracting the background count rate, BCR, from the gross count rate,
GCR, where the GCR and BCR are the count rates from the LSC region
B. '

» "Volume" denotes the volume of the sample collected, in mL, which was
determined by taking the difference in mass of the pre-weighed and post-
weighed sample, and dividing it by the density of water, 1 gram/mL.

22




« "CF" denotes the calibration factor, in cpm/pCi, and was determined by
taking the net count rates, in cpm, of the radon standards and dividing
them by the activity, in pCi's, of the standards. The resulting two
calibration factors, the 714 pCi and 952 pCi calibration factor, were then
averaged to produce an overall calibration factor which was used in the
equation. The calibration factor averaged approximately 10 cpm/pCi
throughout the experiment. _

« "T" denotes the elapsed time, in days, from the point a sample was taken
to the mid-point of that sample's LSC counting interval.

The formula was used in conjunction with a computer spreadsheet software

program to calculate the water sample radon concentrations quickly.
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RESULTS

The results of the sample analysis are shown in Figures 5 through 13. The
average radon concentrations displayed in the figures were measured by the LSC
and corrected for radon decay. The total number of field samples collected was
1400. However, 44 of those 1400 samples were not analyzed because the samples
were either damaged or lost; and of those 44 samples, 43‘ were damaged or lost
during the mailing. Therefore, 93.7% of the samples mailed went on to be
measured by the LSC.

The sample analysis results are displayed in a histogram format, with the
average radon concentration shown versus sample run. Within each sample run,
the average radon concentration of each of the four sample populations is
displayed:

‘ 1.  Funnel-Syringe Collection and Non-mailed,

2. Funnel-Syringe Collection and Mailed,

3.  Slow-Flow Collection and Non-mailed,

4. Slow-Flow Collection and Mailed.

Then by compiling the results of all the sample runs of a site, the site's temporal
trend over the seven month sampling period is displayed. (Note: when no results
are displayed for a sample run, no data were taken. See APPENDIX A for reason

no data were taken.)

Qualitative Analysis of the Eastern North Carolina Sites

First, the results of different sample runs for each site were investigated to
determine if there were any apparent trends between the sample populations of the
site's sample runs. The only trend noticed when comparing the differing sample

runs within a site's results, was the tendency for the slow-flow collected
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population samples to have greater radon concen&aﬁons than the funnel-syringe
collected population samples. This indicated that the slow-flow collection method
has the tendency to collect more radon than the EPA sample collection method.

Next, the results for the eastern sites were investigated for temporal
variations of radon in ground water. It is believed that the temporal variations
noticed in the data for sites C and D are not from fluctuations in the ground water
radon coﬁcentrations, rather it is believed to be due to variable conditions prior to
sample collection. These variable conditions are in part due to intermittent usage
of the source and time of day samples were collected.

Generally when samples were collected from sites C and D, the time was
between 8 and 10 AM. During sample collection the pumps were either on or off.
On most occasions the pumps were not running, and of these occasions it was
frequently observed by records located at the site that the pump had not been
running for a minimum of 1 to 3 hours. The wells were rather large, because these
sites were part of a city water system, and the pumps could not be turned on to
obtain a fresh ground water sample, an indicative sample. Therefore samples were
collected of the water staﬁding within the well. It is believed that some of the
radon present in the standing water had decayea and/or emanated. Granted radon
loss via radioactive decay would be minimal if the true period the pump was off
was 1 to 3 hours (1 to 2%). However, the true period the pump was off is
unknown, and -radon loss could have been much more substantial. For instance, if
the true period the pump had not been running prior to sample collection ranged
between 8 to 12 hours, the radon loss due to radioactive decay would range
between 6 to 9%. Coupling the results of sample collected when the pumps had
not been in operation for an unknown period of time and those samples collected
while the pump had been running, or just completed running, a temporal trend is

likely to be noticed. Hence, the temporal variation in the water radon
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concentration was probably due to the variable conditions i)rior to sampling, with
the loss of radon when the pump had been off for a period of time.

The results obtained for sites A and B tend to confirm this hypothesis that
the variation of radon is due to variable water usage. The results at these two sites
are variable, but definitely more stable than at sites C and D. With the wells at
sites A and B, there was indeed more change over of water within the system; the
systems are smaller, and the samples were taken later in the day, between 12:00
and 3:00 p.m. Generally when samples were taken, the pumps were either on or
had just finished pumping as sample collection began. This allowed collection of
a sample that was more indicative of ground water. In those cases when the pump
had not turned over for a while, indicated by the holding tank gauge, the pump was
turned on. These systems were small enough that the pumps were turned on by
either waiting, removing some of the water from the holding tank, or a
combination of both. Therefore, some change over took place prior to sample
colléction and a more indicative sample was taken.

The temporal trend of water radon concentrations at sites A and B are
relatively constant, éxcept forrun 9. The results from sample run 9 depart from
the relati\"ely constant trend, indicating a definite variation. Interestingly, this

elevated water radon concentration occurred at all four sites during sample run 9.

Qualitative Analysis of the Western North Carolina Sites

As with the eastern sites, each site's sample runs were investigated for
variation between the four populations. Likewise, the only trend noticed was the
tendency for the slow-flow collected populations to be greater than the funnel-
syringe collected populations.

The western sites, in contrast to the eastern sites, are all private wells. A

number of interesting observations were made throughout the experiment. The
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first involved the usage of the water. Several sites, A, C, and D, used their water
strictly out of doors. When the first sample was taken, the weather was warm and
the owners indicated that the water was used for watering their grass. Blindly
following the purge-line procedure outlined in the Dusenbury Master's report,
samples were collected after a well line purge of one to five minutes. The results
seemed to be reasonable because the owner of site A indicated that his water radon
concentration was approximately 60,000 pCi/L. The purge-line procedure was
continued into the second run, but this time the water radon concentrations for
sites A and C were dramatically lower. Between the first and second runs the
weather had turned colder. Because of the colder weather, the owners no longer
used their well water to water their grass. The water had been standing in the
well, and thus the radon either decayed and/or emanated from the system. Site D
remained constant during these first two runs, but its overall trend will be
discussed later. Blindly following thé purge procedure outlined in the Dusenbury
report was an oversight because Dusenbury was measuring mobile home park well
systems that had a higher turn over rate than these private wells which were used
only for outdoor purposes. A longer purge time of 30 minutes was initiated for the
third run with the consent of owners. The results showed that the extended purge
time was adequate for site C, however only a minor elevation in water radon levels
was noticed for sites A and D. The 30 minute well purge was continued for the
fourth run which resulted in a similar radon conceﬁtration for C, a lower radon
concentration for A, and a spike, approximately 6 times the water radon level of
the third run, for site D. The wells were still not being purged long enough to
obtain an indicative sample. On sample run five, site A was purged for over two
hours. Because permission was not obtained to purge sites C and D for a longer
period of time, the 30 minute purge time was continued for the remainder of the
experiment. The necessary purge time for site A was determined by calculating
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the quantity of water standing in the shaft and the flow rate from the spigot, 3.5
gallons per minute. The extended purge time also allowed for a sub-study to
determine the radon concentration as a function of water withdrawn from the well
(See APPENDIX E). Using the 2 hour purge time at site A for the final three
sample runs resulted in average radon concentrations comparable to that of the
first sample run. The results from site C were variable, especially run 5. The
overall temporal trend of site C indicates that the well was not purged long
énough. Likewise, site D's overall trend indicates the well was also an extreme
case of variable usage and the collection of standing water in the well.

The owners of sites B and E used their ground water much more often than
sites A, C, and D, and thus more turnover took place in their wells. Because there
was much more turnover in these two wells, a purge line procedure of 5 minutes
was instituted and remained constant throughout the experiment.

Temporal trends existed at these two sites and once again variable usage is
believed to have played a part in the fluctuations noticed in the results. The main
fluctuation noticed in temporal trend of site B is at sample run 5. The dip in radon
concentration is due to the collection of water standing in the well. This is known
because the owners of site B were absent from their home for several days prior to
sample run 5. Since the owners were not home there was no turnover in the well
and thus the radon within the well decayed and/or emanated.

Site E used their water source in their heating unit, a geo-therm unit, and
for an outdoor supply. The geo-therm is a dual unit with one unit supplying heat
to the upper elevation of the home and the second unit for the lower elevation.
Between sample runs 4 and 5, the geo-therm unit supplying the upper elevation of
the home broke down and the owners replaced this unit with a gas heating unit.
The geo-therm unit supplying the lower elevation continued in operation. This

change over between heating units, is coincident with the decline in radon
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concentration. Therefore the decline in radon concentration is believed to be due
to the reduced service of the well.

To determine if there are significant differences between the four
populations under investigation, and if there are significant temporal variations,
statistical tests were run on the results. These tests are explained, and the results

shown and discussed in the next section.
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STATISTICAL ANALYSES

The Wilcoxon Signed Rank Test (WSR) and the paired t test were used to
determine if there were statistically signiﬁcaﬁt differences between the two sample
collection methods and also between the two sample transport methods. The
Analysis of Variance Test (ANOVA) was used to determine if there was a

temporal variation in the water radon concentrations of the sites studied.

Sample Collection and Sample Transport Method Analyses
Wilcoxon Signed Rank Test:

The WSR test is a non-parametric, or distribution-free, test. This test
makes no assumptions on state of nature. This test is not as strong statistically as a
parametric test, such as the paired t test, however it does provide a good
preliminary test prior to a parametric analysis. The WSR test was used as a
preliminary test. The results of the test were used in conjunction with the paired t -
test to formulate conclusions and recommendations.

The WSR test is for paired data and makes the assumption of independence
of the n pairs of observations. The hypothesis tested is that the pair differences
come from a population having a median of zero.

The test is performéd by pairing the data and determining the difference.
Any difference equaling zero is considered a tie and the pair is no longer part of
the test. The differences are assumed absolute and then ranked. Ranks are
assigned by giving the smallest difference a "1" and the largest difference "n."

The ranks are then separated into columns of positive and negative ranks,
depending on the sign of the rank's difference. The respective ranks are summed.

Generally, by convention, the sum of the positive ranks is the sample test
statistic. This statistic is then compared to the critical values. The critical values
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are the upper and lower levels of confidence based on the degree of confidence
and number of pairs, not including tied pairs. If the sample test statistic is within
the range of the two critical values, the hypothesis is accepted. However, if the
sample test statistic is either equal to the critical values or falls outside the range of
the critical values, the hypothesis is not accepted. -

For an example on how this test was conduced in this report see Table 3.
The data in this table are for a comparison of the eastern site A funnel-
syringe/non-mailed results with the site's mailed results. The data were paired and
the differences taken. No ties occurred, therefore 10 pairs was used in the
analysis. The differences were then ranked, assuming the differences were
absolute values. As you can see pair # 10, with a difference of +20, was ranked
"1," followed by pair # 3 with rank "2," and ultimately to pair # 6 which was
ranked "10." These ranks were separated according to the sign of the difference
and the positive and negative ranks summed. |

The critical values used in this report were based on a 95% degree of
confidence, and in this case with a value of n equaling 10 pairs. Comparing the
sample test statistic, 9, to the critical values, 8 & 47, obtained from Remington
(1985), the hypothesis was accepted. Thereby indicating no significant difference
between eastern site A's non-mailed/funnel-syringe sample results and the site's
non-mailed/slow-flow sample results.
Paired t Test:

The paired t test is a parametric test utilizing the underlying t distribution.
The t distribution is used in this case because the population variances of the
sample populations tested are unknown. The test's hypothesis states that the mean

difference equal zero. The test assumes that a random sample of n paired

| differences is from a normally distributed population of differences. Paired means

and not random samples were used in this analysis. By pairing the means it is an
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obvious violation of the assumption, however it has been noted that violation of
the test's assumptions is not "sufficient reason to reject one of the classical
procedures” (Remington 1985). The paired t test was used, and is believed that by
using the means rather than individual results the test would be statistically
stronger. Therefore the results obtained from this test will be used primarily in the
conclusion and recommendations.

The test is performed by pairing the data and taking the difference. The
differences are then averaged resulting in the "mean difference," or "sample mean
difference." The sample standard deviation of the differences is then calculated
using the following formula:

sg={[nXx2-(Xx,)2[n(n-1)]}, where
"sq" is the sample standard deviation of the differences, "n" is the number of pairs,
and "x;" is the difference of the i-th pair. The sample standard deviation of the
differences is then divided by the square root of the number of pairs:
sg/(n )%
The sample test statistic is then found by the following:
t=( seimplc mean difference - pg ) / (s4/ (n )*), where
W4 is population mean difference which equals zero, based on hypothesis; thus, the
sample test statistic is as follows: '
t = ( sample mean difference )/ (sq4/(n)*).

The sample test statistic is then compared to the critical values. The critical
values are symmetrical about the mean and are based onrthe level of confidence
and degrees of freedom, n-1, in the test. Similar to the WSR test, if the sample test
statistic falls within the range of the critical vaiues the hypothesis is accepted,
otherwise the hypothesis is rejected.

For an example of this test see Table 4. Again, eastern site A's funnel-

syringc/noh-mailed versus mailed data set were used. The differences of the 10
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pairs were determined and the results averaged, with a value of -325.46. The
sample standard deviation was then calculated resulting in a value of 588.56.
Using these two values, along with the number of pairs, the sample test statistic
was calculated to be -1.75. Using a confidence of 95%, and the sample having 9
degrees of freedom, the critical values were found to be £2.2622. The sample test
statistic falls within these critical values, therefore the hypothesis is accepted and
no significance is noted.

Discussion of Results:

The results for the WSR test are shown in Table S, and the results of the
Paired t test are shown in Table 6. In the .comparison of measured radon
concentrations in samples collected by the funnel-syringe method and the slow-
flow me.thod, using both the WSR and paired t tests, the results revealed a large
number of statistically significant differences. Focusing on the results of the
paired t test, 10 of the 18 analyses were statistically significant. However, when
analyzed on which side the results were significant, 9 of the 10 results were on the
side of slow-flow method (slow-flow results were greater than the funnel-syringe
results). And of the 8 non-significant results, 6 results tended toward the side of
the slow-flow method. This suggests that the slow-flow method out performed the
EPA's standard funnel-syringe method.

The reason the slow-flow method proved to be a better sample collection
method is likely because of the simplicity of the sample collection. The water
merely drains from the spigot into the vial where the water is essentially capped
upon entering by the less dense scintillation fluid. The funnel-syringe method
requires first an extraction of the water with a syringe and then injection of the
sample into the vial. The intermediate step with the syringe is the likely cause for
the lower concentrations in the 9 significant results. It has been noted that the

syringe, because of the negative pressure used to pull the sample in, may extract
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the radon from the waier and reduce the water radon concentration injected into
the scintillation vial (Blanchard 1985).

The one significant event on the side of the funnel-syringe method (funnel-
syringe results greater) occurred on western site E's mailed/funnel-syringe vs.
slow-flow analysis. This result, with a sample statistic of 2.60 and a critical value
of 2.57, is questionable because the effect of mailing on these samples probably
confounded the results. The other site E analyses, non-mailed/funnel-syringe vs.
slow-flow, had a sample statistic of (.48 for the same critical value. It was noted
that mailing had a significant influence at this site. It may be that this mailing
influence confounded the mailed/funnel—syringe vs. slow-flow analysis.

The-percentage sample standard deviations were determined for the data
collected using both the funnel-syringe and slow-flow collection methods. Table 7
shows that the perc;entage sample standard deviations of the slow-flow results are
slightly lower than that of the funnel-syringe results. Again, this shows that the
slow-flow method performed very well during the study.

In the comparison of the results of the sample transport method, two
significant results of the 18 analyses were obtained using the WSR test. Both
significant results were obtained for the same site, western site D, the funnel-
syringe/non-mailed versus mailed analysis and the slow-flow/non-mailed vs.
mailed analysis. Two statistically significant results were also obtained using the
paired t test. However, the significant results were for two different sites, eastern
site C's slow-flow/non-mailed vs. mailed analysis and western site E's slow-
flow/non-mailed vs. mailed analysis. The paired t test is a stronger statistical test,
focusing on how tightly the differences fall around the mean difference, and
therefore will be used as the primary test from which to draw conclusions

concerning sample transport.
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Table 7: Percentage Sample Standard Deviation from the Mean

Site Funnel-Syringe/ | Funnel—3ayringe / Sow—Flow] Slow—Flow/
Non-—-mailed Mailed Non-—mailed Mailed
Eastern North Carolina
A 5.94% 8.01% 4.19% 4.81%
B 4.55% 5.36% 3.80% 4.14%
C 5.85% 7.54% 4.38% 4.34%
D 5.73% 6.45% 6.15%" 5.87%
Average 5.52% 6.84% 4.63% 4.79%
Overall .
Average 6.18% 4.71%
Western North Carolina
A 3.15% 4.38% 3.14% 3.81%
B 4.63% 6.73% 7.37% 4.69%
C 5.65% 7.75% 6.93% 4.84%
D 16.79% 20.94% . 17.87% 16.68%
E 6.41% 5.33% 7.15% 7.25%
Average 7.33% 9.03% 8.50% 7.45%
Overall
Average 8.18% 7.97%
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Both significant results of the paired t test were significant on the side of
non-mailing (non-mailed results greater), indicating in those two cases that the
samples experienced statistically significant loss in radon during mailing. The
eastern site C test statistic was 2.81 with a critical value of 2.306. The overall
percent difference between the sample populations slow-flow/non-mailed and
mailed was 1.6%. The western site E test statistic was 2.70 with a critical value of
2.571. And, this site's overall percent difference for the slow-flow/non-mailed and
mailed sample populations was 2.5%. In the majority of the other 16 analyses, the
sample test statistics had the tendency of either being close to the median
difference or falling on the side of ma1hng (mailed results were greater). This
suggests that in most cases the effect of mailing did not influence the measured
radon concentrations of the samples. The two significant events may be the result
of improper handling of the samples prior to mailing. Despite these two
significant events it is believed that mailing does not produce significant radon loss
during transport.

Temporal Variation Analysis of Water Radon Concentrations
Analysis of Variance:

The ANOVA test was conducted four times, for each of the four
populations sampled, per site. Having conducted the test this way, the test's
assumptions of independent observations and homoscedasticity (samples having
equal variances) were followed. The test's hypothesis states that all the means are
equal. That is, for a population under analysis the means of the sample runs are
statistically equal.

The ANOVA test is complex and an example is the easiest way to explain
the procedure is with an example; therefore see Table 8, the ANOVA analysis for
eastern site A's funnel-syringe/non-mailed samples.
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The second and third columns of information, "average radon
concentration" and "sample standard deviation" respectively, were computed
following the radon decay correction of the LSC sample analysis (See APPENDIX
A). The sample run's average radon concentrations were determined by taking the
average of the radon concentrations of the samples from each sample run collected
under the population funnel-syringe/non-mailed. These averages were then
averaged to form the "mean average" for all sample runs, which equals 11,237.61
pCi/L in this example. Each sample run's "sample standard deviations" (column 3)
was then calculated, using a formula similar to that used in the paired t test, and
then squared to determine each sample run's "sample variance,"” found in column
_ 4. The "number of samples," this case 5 samples per population, then were
recorded'. These data then were used to determine the sum of squares between and
within, The sum of squares within was determined using the following fo@ula:

SSwithin=[ 2 (n;-1)521/[ X (n;-1)], where
"n;" is the number of samples per i-th sample run and "s;#" is the sample variance
of the i-th sample run. And the sum of squares between was determined using:

SSpetween = [ 2 (13 ) (%5 - X )21/ (r - 1), where
"x;" is the average radon concentration of the i-th sample run and "x," is the mean
average. The mean squares within and between are then determined by dividing
the sum of squares with their respective degrees of freedom:

MSithin = SSwimin / [ Z (13- 1) ],
MStpetween = SSpetween / (T - 1), where

"r" is the number of rows, sample runs, used in the analysis--in this case 10. The
"variance ratio” then was determined by dividing the mean squares between,
equaling 3,395,884 in this example, by the mean squares within, equaling
682,581.18. The variance ratio, 4.97, then was compared to the test statistic, F
statistic, which was found to be 2.12 at 95% confidence. As with the t
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distribution, the F statistic is symmetrical about the mean, and the variance ratio
must fall within the critical value's range. In this example the variance ratio fell
outside the critical value's range, and thus the hypothesis was not accepted,
indicating that the means were not statistically equal.

Discussion of Results:

The results of the ANOVA statistical analysis are shown in Table 9. In the
qualitative analysis of the eastern and western sites it was observed that there were
obvious temporal variations in the ground water radon concentrations. These
observations were substantiated by the results of the statistical tests. All of the
results were significant. The western sites results were not surprising because of
the variation in usage, and difficulties in obtaining representative samples due to
inadequate purging of the well. Also not surprising were the results of eastern
sites C and D; the variability in the radon concentrations of both sites was due to
variable conditions prior to sample collection. However, the statistical
significance observed in eastern sites A and B was somewhat surprising. These
two sites consistently allowed for the most representative samples to be collected
in this project. Itis therefore believed, based on the results of eastern sites A and

B, that there are temporal variations in water radon concentrations.
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CONCLUSIONS AND RECOMMENDATIONS

On the basis of the results of the statistical analyses, it is reasonable to
concluded the following:

« the slow-flow sample collection method is an acceptable alternative to

the EPA standard method;

o samples transported by mail to a central laboratory are not likely to

experience significant radon losses;

o temporal variations of water radon concentration exist.

There were a few limitations within this éxperiment. The first limitation dealt
with the radon concentrations of the sites sampled. That is, the water radon
concentrations sampled at all nine sites within this experiment were substantially
higher than the proposed MCL. The limitation is directed at the temporal variation
study because temporal variations will most heavily influence a site with a ground
water radon concentration around the MCL.

A second limitation within this experiment was the duration of the temporal
variation study. The seven month study provides only seven-twelfths of the data
needed to produce a proper cdnclusion regarding the sites' annual average radon
concentrations. The question this study addressed is "how indicative will the
results of one sample be when compared to the annual average radon
concentration?” While a conclusion was made concerning the existence temporal
variations, it should be noted that the conclusion does not provide a complete
answer to the question above; rather, the conclusion merely suggests that one
sample may not be indicative.

The final limitation noted within this experiment dealt with the collection of

unindicative ground water samples. That is, on many occasions during the
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experiment, several of the wells were not adequately purged to obtain an indicative
ground water sample.

These limitations give rise to several recommendations. The first
recommendation being that another set of field experiments take place for the
determination of temporal variation. This second temporal variation study should
be conducted at water radon concentrations around the proposed MCL (200 -
1,000 pCi/L), and assuring that the sample wells are adequately purged prior to
sample collection (See APPENDIX E). The results of such experiments would
provide information directly applicable to the proposed MCL.

It is also recommended that the temporal variation study be conducted for a
year, with samples collected monthly. Again, this will provide the data that will
determine if one grab sample is indicative of the annual average radon
concentration, or what sampling strategy should be used.

And lastly, it is recommended that each site's results of the temporal
variation study be correlated to the precipitation levels of the respective site's
region.' Such a correlation was noted to have existed in Farai's study of Nigeria's
ground water radon concentrations (Farai 1992). (See APPENDIX E for Well
Profile recommendations.) .

Despite the limitations of this experiment, the data acquired provide
information that is not available in the published literature. As a result of this
study, it is believed that a mail-in radon-in-water test kit could be instituted to
provide safe, easy, and accurate results. On the basis of the results of the sample
" collection method analysis, the EPA may want to consider further study of the
slow-flow method and possibly switch sample collection techniques. As for the
temporal variation of radon in ground water, continued study is necessary prior to

adopting a sampling schedule to estimate the annual average radon concentration.
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APPENDIX A:

Sampling Method, Sample Transport, and Temporal Variation»
Data and Results
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APPENDIX B:

Wilcoxon Signed Rank Tests
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Table B-A—1: Eastemn Sits A — Funnei—Syringe / Malled vs. Non—mailed

Sample Funnel—Syrnge (PO Diference Rank of the Posnive Negative
Run Non~—mailed Mailed Difference Ranks Ranks
T 1154588 | 11.208.07 3398 5 L3 ]
2 12,112.91 12,485.22 =372 -8 6
3 10,908.29 10,970.09 -64 -2 2
4 —_— —_—— —_—
5 10,483.49 10,9681.38 -478 -9 :}
8 10,683.03 12,485.35 ~1792 -10 10
7 10,716.10 11,164.48 ~448 -8 8
8 11,556.86 11,342.27 215 3 3
9 12,973.37 13,256.35 -283 -4 4
10 11,080.47 11,060.43 20 1 1
11 105_!07.63 10,697.17 -380 -7 7
Number of Pairs: 10 Sample Test Statistic (1+): [ T+: 9 J—: 46
Alpha Error: 5% (2—sided) T+ Statistic: 8,47
df.: 9 Signficant: NO
Table B~A—2: Esstern Sits A — Slow—Flow / Malled va. Non--malled
Sample Slow—TFiow (pCVL) Bifference Bank of the Fosfive Negative
Run Non—malled Malled Difference Ranks Ranks
1 03811 10,825,280 212 R
2 12,144.26 11,886.20 158 3 3
3 11,214.55 11,031.97 183 4 4
4 _— _—— ———
5 10,905.26 10,918.24 -13 -1 1
6 11,137.27 12,701.59 -1564 -10 10
7 11,130.28 11,413.86 -284 -6 R 6
8 10,839.12 11,262.84 ~424 -8 8
9 13,254.17 14,566.41 -1312 -9 ]
10 11,341.12 11,232.48 109 2 2
11 11240.75 10,851.88 389 7 7
Number of Pairs: 10 GEI‘.‘ Tost Statistic '(T+;: 21 i+ 21 T—-: 34
Alpha Error: 5% (2~sided) T+ Statistic: 8,47
d.f.: ] Signficant: NO
Table B-A-3: Eastern Site A — Non-malled / Funnel-Syringe ve. Slow—Flow
Sample Non~malled (PCUL) Difference Rank of the Posttive Negative
Run Funnel~S L) Slow = Flow Difference Ranks Ranks
1 11.5%93 11,038.11 508 8 8
2 12,112.81 12,144.26 =31 -1 1
3 10,908.29 11,214.55 -308 -4 4
4 —— ——— ———
5 10,483.49 10,905.26 —-422 -8 (]
6 10,683.03 11,137.27 —444 -7 7
7 10,716.10 11,130.28 -414 -5 5
8 11,556.68 10,830.12 718 ] 9
9 12,973.37 13,254.17 -281 -3 3
10 11,080.47 11,341.12 -261 -2 2
11 10,307.63 11,240.75 -933 -10 10
Number of Pairs: 10 m% |utmbcu+s: 7 T4: 17 T 38
Alpha Efror: 5% (2—-sided) T+ Statistic: 8,47
d.t. 9 Signficant: NO
Table B—A—4: Eastemn Site A — Malied / Funnel—Syringe vs. Slow—Flow
Sample | Halled (pCVL) Difference Hank of the Postive Regatve
Run Funnei—Syringe | Slow—Flow Difference Ranks - Ranks
1 11,208.07 10,825.80 . 382 8 8
2 12,485.22 11,886.20 489 9 9
3 10,970.09 11,031.97 -62 -2 2
4 - ——— ———
5 10,961,36 10,918.24 43 1 1
6 12,485.35 12,701.58 =216 -6 6
7 11,184.48 11,413.88 —249 -7 7
8 11,34227 11,262.84 79 3 3
] 13,258.35 14,568.41 -1310 10 10
10 11,080.43 11,232.48 -172 -5 5
11 10,697.17 10,851.88 —-155 —~4 4
Number of Palrs: 10 §i.mplo Test Statistic (1 +): 31 T4+: 31 T—: 24
Alpha Error; 5% (2—sided) T+ Statistic: 8,47
df. 9 Signficant: NO
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Table B-B—1: Eastemn Site B — Funnel-Syringe / Malled vs. Non—m4alled
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Sample Tunnel=Syrnge (PCUL) Dfference Rank of the Postive Negative
Run Non-malled Malled Difference Ranks Ranks
T 502 71,608. 21 = 8
2 11,131.53 10,587.28 534 10 10
3 11,175.68 11,229.29 -54 -3 3
4 11,112.78 11,192.90 -80 -5 5
5 11,351.85 11,256.86 o5 [} ]
6 - - - -
7 11,449.69 11,883.37 —-414 -9 ]
8 11,667.83 11,602.47 85 4 4
] 12,580.15 12,788.47 ~226 -7 7
10 10,680.81 10,710.49 -30 -2 2
19 10|95023 10,928.09 22 1 hJ
Number of Pairs: 10 mps Toot Statitic (1+): 29 T4 28 §— 26
Alpha Error: 5% (2—slded) | T+ Statietic: 8,47
df.: 9 SignHicant: NO
Table B-B-2: Esstermn 8he B ~ Slow—Flow / Malled vs. Non—malled
Sampie "Slow-Tiow (pCTL) Dilference oA the Foskive Regatve
Run Non—malled Mailed Ranks Ranks
; 11.317.98 1 1 1
2 11,498.82 11,802.02 -303 -8 8
3 1,797.57 11,780,868 17 2 2
4 12,403.50 12,358.80 45 3 3
5 11,479.35 11,427.50 52 4 4
[ - - -
7 11,734.83 12,026.50 -282 -7 _ 7
8 *11,750.40 12,100.38 =350 -9 9
9 13,284.35 12,825.80 358 10 10
10 11,242.47 11,373.35 -~131 -5 5
1 11 11,480.98 19 .03 185 -] 8 .
[~ Number of Pairs: 1 : 26 T4 28 T= 29
Alpha Error: 5% (2—sided) | T+ Statietic: 8,47
df.: 9 Signficant NO
Table B—B-3: Esstemn Site B — Non—mailed / Funnel—-Syringe ve. Slow—Fow
Sample , Ron—~malied (pe/D) . Diference Tank of the Poslive Negatve
Run Funnel-S Slow = Flow Difference Ranks Ranks
T 11,3020 | 11,5235 -2 -1 1
2 11,131.83 11,486.82 -~367 -5 5
3 11,175.68 11,787.57 -622 -8 8
4 11,112.78 12,403.50 -1281 -10 10
L] 11,351.85 11,479.35 . -128 -3 3
[ - - - - .
7 11,440.00 11,734.88 -285 -4 4
8 11,667.88 11,750.40 -83 -2 2
9 12,580.15 13,284.35 -724 -9 ]
10 10,630.81 11,242.47 ~562 -7 7
11 10,950.23 11,480.98 -531 -8 [}
Rumber TP 10| Sample Test Sabeto (T7): N BN CH 1= T
| Alpha Emor; 5% (2—alded) | T+ Stabietic: 847 ;
d.f.: 9 Signhicant: YES
Table B-B—4: Eastern She B — Meiled / Funnel—Syrings ve. Slow—Flow
[~ Sample l— Maned (pCUD) Difsrence Rankolthe | Foskve Regatve
Run Funnol-s%gg Slow ~Flow — Differance Ranks Ranks
1 - 11,000 11,317.96 =308 -4 4
2 10,507.28 11,802.02 -1205 -10 10
3 11229029 11,780.868 ~552 -7 7
4 11,192.90 12,358.80 -1168 -9 9
5 11,256.88 11,427.58 -171 -3 3
e P - - -
7 11,883.37 12,028.50 -183 -2 2
8 11,002.47 12,100.38 -498 -6 [}
9 12,78668.47 12,925.80 -1 -1 1
10 10,710.49 11,373.35 -683 -8 8
11 10.928.09 11 .03 —388 -5 5
Number of Pairs: 10 o8t +): [0 T4 0 = 25
Alpha Error:___ 5% (2—sided) | T+ Stafistic: BAT
df: 8__|_signficant: YES




Table B—C—1: Eastern Sits C — Funnel—Syringe / Malled vs. Non—malled
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Sample Tunnel—Syrnge (pCIL) Difference Rank of the Positive Negative
Run Non~mailed Mailed Differsnce Ranks Ranks
368.54 ~166 -4 4
2 24,928.91 24,039.56 889 7 7
3 - —— -——— -—— -
4 17,085.75 16,124.66 961 8 8
5 13,310.21 13,383.39 =73 -3 3
6 ——— —— _— .
7 20,510.10 20,542.96 -33 -1 1
8 21,690.81 22,061.33 -371 -5 5
9 26,449.02 25,298.25 1153 9 9
10 20,730.43 20,276.03 454 8 6
11 20,098.46 20,058.59 40 2 2
Number of Pairs; 9| Sample Tost Statatic (TZ): 2 [ Ti 2 |1 13
Alpha Error: 5% (2~sided) { T+ Statistic: 5,40
df.: 8 SignFicant NO .
Table B—~C~2: Eastern Site C — Slow—Flow / Malled vs. Non—malled
Samplo “Slow—Tlow (pCT0) Diference | Hankofthe |  Positve Negatve
Run Non-mailed Mailed s Difference Ranks Ranks
,828. 24,16/7. - -
2 26,410.11 26,292.19 118 1 1
3 [ P - ——
4 15,187.26 14,387.50 810 9 ]
5 13,216.65 12,880.19 336 5 5
6 - — —— - -
7 22,247 .46 21,996.54 251 3 _3
8 24,269.83 23,529.30 741 8 8
2] 28,482.73 28,346.16 147 2 2
10 23,885.681 23,188.11 700 7 7
11 21.902.08 21,592.26 310 4 4
Nomberof Palm 5| Sample Test Statatic (T3): 39 T+: 39 | 1—: 3
Alpha Efrof: 5% (2~sided) | T+ Statistic: 5,40
d.f.: 8 Signficant: NO
Table B—C—3: Eastern She C — Non—malied / Funnel—Syringe ve. Siow—Flow
Sample l_ Non—malled (pGUL) Difference Rank of the Posttve Negative
Run Funnel-Syringe | _Slow—Flow Difference Ranks Ranks
1 21,202.20 5.828.“ 2627 ~8 8
2 24,928.91 26,410.11 -1481 -2 2
K] [Rp— - -
4 17,085.75 15,197.26 1888 5 5
5 13,310.21 13,218.85 84 1 1
8 - - - -
7 20,510.10 22,247.48 -1737 -3 3
8 21,600.81 24,200.83 -2579 -7 7
9 26,449.02 28,492.73 -2044 -6 9
10 20,730.43 23,885.61 -3135 -9 6
11 20,058.48 21 .06 -~ 1804 —4 4
_ Number of Palrs: (] ost tic (1+): [] T4 [ 1= 39
Alpha Error:___ 5% (2-slded) | T+ Statietic: 540
df.: 8 Signficant: NO
Table B—~C—4: Eastern Sks C ~ Malisd / Funnel—Syrings w. Slow—Flow
Sample Nalled (pCU0) Difference Tank of the Poskive Negaiva
Run Funnd—sggg Slow—Flow - Difference Ranks Ranks
1 21,368 24,167.56 -2799 -7 7
2 24,030.58 26,292.19 -2253 -8 6
3 - am -——— - —
4 16,124.68 14,387.50 1737 5 5
5 13,383.39 12,880.19 503 1 1
8 ——— _— ———
7 20,542.96 21,966.54 ~1454 -2 2
8 22,081.33 23,529.30 -~1468 -3 3
9 25,206.25 28,348.16 -3050 -9 9
10 20,276.03 23,168.11 -2890 -8 8
11 20,058.59 21,592.26 -1534 —4 4
[ Rumber of Pairs: 9 ﬁps Test StatstC (1 +): 6 T4: 6 T—: 39
Alpha Emror: 5% (2—sided) | T+ Statistic: 5,40
df.: 8 Signiicant: NO




Table B—D~1: Esstermn She D ~ Funnel-Syringe / Mailed vs. Non—rmalied
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Sample unnel-Syrnge . Uifference Rank of the Poskive Negatho
R%n Non-—maliled Mailed Difference Ranks Ranks
2 41,381.74 43,275.52 -1894 -9 9
3 38,627.53 38,278.17 349 3 3
4 39,100.67 37,317.25 1792 7 7
5 35,000.45 35,122.31 -23 -1 1
6 —-—— [ -
7 33,712.26 31,863.18 1,849 8 8
8 38,288.54 37,753.83 533 4 4
9 44,362.98 44,168.21 197 2 2
10 35,904.82 38,902.25 -987 -8 [}
L -u 30,838.43 29,911.99 926 5 5
Number of Paire: [ Sample Teet Sattc (T1): 29 T+: 2 11— 16
Alpha Emror: 5% (2—-sided) | T+ Statistic: 5,40
df.: 8 SignFicant: NO
Table B—D~-2: Eastern 8ie D — Slow—Flow / Malled ve. Non—malisd
Sample oW~ FIoW Difference ofthe Poskive Negatva
Rli.l_n Non-mailed Maited Difference Ranks Ranks
2 45,375.47 44,862.80 513 4 4
3 40,007.31 40,375.65 -278 -3 3
4 40,632.44 42,150.58 -1527 -8 . 8
5 40,773.58 39,902.47 871 5 S
[} - —~— ———
7 37,402.37 34,344 .48 3,058 9 _9
8 30,826.30 30,785.34 131 2 2
] 48,206,968 47,022.88 1184 7 7
10 34,110.95 34,907 .50 -878 -8 [
11 34 11 34,181.91 | -1 1
Number of Pairs: 11 st +): 2 12 [ 1—: 18
Alpha Emror: ___ 5% (2—aided) | T+ Staietic: 540
| _df.: 10 Signiicant: NO
Table B-D~3: Eastern S8hes D - Non—maiied / Funnel--Syringe ve. Siow—Flow
Sample l Non—malied (QQQ Diference Rankofthe | Poskive Negativo
Run . JFunnel—Syringe | _Slow - Flow Difference Ranks Ranks
1 [ep—— [ - —
2 41,381.74 4537547 ~3004 -8 8
3 38,627.53 40,007.31 -1470 -1 1
4 30,100.67 40,632.44 -1523 -2 2
5 35,000.45 40,773.58 -~5874 -9 -]
8 -——— -——— ———
7 33,71228 37,402.37 -3600 -6 8
8 38,288.54 30,926.30 -1640 -3 3
9 44,362.98 48,208.98 -3844 -7 7
10 35,904.82 34,119.956 1785 4 4
11 30,838.43 » 34,054.11 -3218 -5 5
Tumber o Paree 111 Sample Teet Saiatic (T+); S I C P S W N
Alpha Emor; ___ 5% (2—sided) | T+ Statietio: 540
df: 10__| Signficant: YES
Table B—-D—4: Eastern Sie D — Malled / Funnel-S8yringe vs. Slow-Flow
[ Sample L Walled (PCUL) “Diference Fank of the Poshive Regaive
Run___[Funnel-Syringe | _Slow_Fiow Difference anke Ranke
1 [ - rep—p—
2 43,275.52 44,862.90 -1587 -1 1
3 38,278.17 40,375.65 -2007 -4 4
4 37,317.25 42,150.58 -4842 -8 9
5 35,122.31 30,802.47 -4780 -8 8
8 ——— - -
7 31,683.18 34,344 .48 —-2481 -5 5
8 37,783.83 30,795.34 -2041 -3 3
9 44,168.21 47,022.88 -2857 -8 6
10 36,002.25 34,987.80 1904 2 2
11 29,011.99 34,161.91 ~4270 -7 7
Number of Pairs: ] mﬂ: Test Statistic (1 +): 2 J+: 2 J- 43
Alpha Error: 5% (2—-sided) | T+ Statiatic: 5,40
df: 8| Signficant YES




Table B~E—1: Western Site A — Funnel—Syringe / Non—mailed vs. Malled
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Sample Funnel—Synnge (pGI/L) "Difference Rank of the Fositive Negative
Run Non—malled Mailed Difference Ranks Ranks
1 67,502.08 66,560.00 942 4 4
2 25,852.06 26,718.05 ~766 -3 3
3 36,926.17 38,230.00 —-1304 =7 7
4 25,171.98 24,106.33 1066 5 5
5 70,430.48 69,951.07 479 2 2
6 66,274.84 67,347.96 -1073 -6 6
7 72,264.94 72,445.80 —181 -1 1
Number of Palrs: 7 Sample Test Statstc (T1); 11 T+ 11 T— 17 |
Alpha Error: 5% (2—Sided) T+ Statistic: 2,26
df.: 6 Significant: NO
Table B—E—-2: Western Site A — Slow—Flow / Non—maliled vs. Mailed
Sample Slow—TTow (PCI/L) Difference Rank of the Poslive Negative
Run Non—mailed Mailed Difference Ranks Ranks
1 64,614,186 63,872.94 741 3 3 ~
2 26,122.23 26,001.90 120 1 1
3 39,848.90 39,007.36 842 4 4
4 25,090.19 23,763.67 1327 7 7
5 71,587.78 72,440.04 -852 -5 5
6 68,617.14 67,546.26 1071 6 6
| 7 72,204.32 71,613.89 590 2 2 |
" Number of Pairs: 7 §nmao Test Statishc (1+1): 2| T+ 23 T— 5
Alpha Error: 5% (2~-Sided) T+ Statistic: 2,26
d.f.: 6 Significant: NO
Table B—E—-3: Western Site A — Non—mailed / Funnel—Syringe vs. Slow—Flow
Sample Non—malled (pCIL) DiRerence k of the Positve Negative
Run Funnei~Syrnge Slow~—Flow Difference Ranks Ranks
1 6’,52.08 64,614.18 2,888 6
2 25,852.08 26,122.23 -170 =3 3
3 36,926.17 39,848.90 —2923 7 7
4 25,171.98 25,080.19 82 2 2
5 70,430.48 71,587.78 ~1157 ~4 4
6 66,274.84 68,617.14 —-2342 ) 5
7 72,284.94 72,204.32 61 1 1
Number of Pairs: 7 §amao Test Statistic (1 +): 16 T+: 1 T 12|
Alpha Error: 5% (2—Sided) T+ Statistic: 2,26
dft.: 6 Significant: NO
Table B—~E—4: Western Site A — Mailed / Funnei{—Syringe vs. Slow—Flow
§amplo | Mailed (pCI/L) “Differance Rank of the Positve Negative
Run Funnel—Syringe Slow—Fiow Difference Ranks Ranks
1 66,560.00 63,872.94 2,687 7
2 26,718.05 26,001.80 716 3 3
3 38,230.00 39,007.36 -7 —4 4
4 24,108.33 23,763.67 343 2 2
5 69,951.07 72,440.04 —2488 -6 6
6 67,347.96 67,546.26 ~198 -1 1
7 72,445.80 71,613.89 aazk 5 5
Number of Pairs: 7 Sample Yoot Statetc (T1): 17 T+: 17 T—: 11
Alpha Error: 5% (2—Sided) T+ Statistic: 2,26
d.t.: 6 Significant: NO




Table B—F—1: Western Site B —~ Funnel—Syringe / Non—malled vs. Malled

Sample Funnel—Synnge (PCVD) Difference Rank of the Fosiive Negedve
Run Non—malled | Malled Difference Ranks Ranks_
1 Jp—— Jpu—_— ——
2 26,900.28 26,218.48 882 5 5
3 24,364.40 24,054.49 310 3 3
4 26,974.40 26,305.62 668 4 4
5 18,520.44 19,705.67 -1178 -6 6
6 28,073.28 28,075.48 -2 -1 1
7 31,187.17 31,359.22 -172 -2 2
uUmber of Pars: 0 T): 1z T+ 12| 1—: 5
Alpha Error: 5% (2—Sided)] T+ Statistic: 0,21
df.: 5 Sirificant:
Table B-F—2: Western Site B — Slow—Flow / Non—malled vs. Malled
Sample Slow—T oW (PCUL) Difference Rank of e Fosiive Negatve
Tn Non—mailed Malied Ditference Ranks Ranks
2 27,325.42 27,645.31 -320 -2 2
3 24,088,37 25,013.28 -915 -5 5
4 25,168.78 28,175.31 -3007 -8 8
5 19,557.13 19,888.33 =33 -3 3
6 29,623.19 29,808.57 -183 -1 1
7 33,136.05 32,502.50 634 4 4
umber of Pairs: [] O stic (1+): 4 T+ 4 f—: 17
& Errof: - 5% (2- + 2 0,21 -
df.: 5| Signfficant: NO
Table B—F—3: Wastern Sits B — Non—mailed / Funnel—Syringe vs. Slow—Flow
[~ Sampie [ Non-maled (V0 Difference | rank of the Fosive Ne
Run Funnel—-Syringe | Slow—Flow nce Ranks Ranks
2 26,900.28 27,3R5.42 —425 -2 2
3 24,364.40 24,006.37 2686 1 1
4 26,974.40 25,188.78 1808 5 5
5 18,%29.44 19,557.13 -1028 -3 3
6 28,073.29 29,623.19 -155 —4 4
7 31,187.17 33,138.05 —1949 -8 B
Number ST Paire; mﬁm 38 T T T I
aEmor,__ 5% (2— + : 0,21
df.: 5 Significant: NO
Table B—F—4: Westem Site B — Malled / Funnel—Sytinge vs. Slow—Flow
[ Sample lF Malled (CV0) Differsnce Rank of the Fostive Negatve
Aun unnel=Syringe | _Slow—Flow Difference Ranks Ranks
1 - —— - ———
2 26,218.48 27,645.31 —-1427 -4 4
3 24,054.49 25,013.28 —-950 -2 2
4 26,305.62 28,175.31 -1870 -6 8
5 18,705.67 19,888.33 -183 -1 1
8 28,075.48 29,808.57 -1731 -5 5
7 31,359.22 32,502.50 —1143 ~3 3
Number ol Falre: w WE3R N I SR T I R M
a Error: 5% (2— + Statistic: 0,21
df.: 5 Significant:
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Table B—G—1: Westsmn Site C — Funnel—Syringe / Non—malled vs. Malled

Sample Funnel—Synn nce Rank of the Fosttive Negative
Run Non-—mailed ailed Differance Ranks Ranks
T 573 15,85.72 4L 8
2 2,368.61 2,438.69 =72 -1 1
3 18,014.78 18,350.01 -335 -5 5
4 15,780.43 16,033.24 -243 -4 4
L] 11,310.00 12,044.64 =735 -7 7
8 15,732.04 15,851.01 -218 -3 3
7 15,631.43 15,778.30 ~147 -2 2
Nimber of Palrs; 7T Sample Test Sielets (T3): I T -
Alpha Error: 5% (2-Sided)] T+ Statistic: 2,26
df: 5 Significant:
Table B—G-2: Westsm Site C — Slow—Flow / Non—malied vs. Malled
Semple Slow—TTow (pCUL) Difference Fank o the Fostive Negave
Run Non—mailed Mailed Difference Ranks Ranks
e 2 X ——r— c ks,
2 2,485.44 2,505.11 -20 -1 1
3 19,888.30 19,704.86 284 3 3
4 18,288.87 17,708.91 580 5 5
5 12,223.92 11,541.10 683 7 7
6 16,844.38 16,925.44 -81 -2 2
7 17.341.58 17,055.02 287 4 4
Number of Pairs: (] ) 19 T+: L R =5 3
a Errof;:- 5% (2~ + : 228 -
daf: Significant NO
Table B—-G~3: Westsm 8its C — Non—malled / Funnel—Syringe vs. Slow—Flow
Sample | Non-malled (pCUD)_ Difference Rank of the Fositve Negaiive
Run Funnol-%gngg Slow—Flow Difference Ranks Ranks
T 57 128, y 7§ - 2
2 2,308.61 248544 -118 -1 1
3 18,014.78 19,989.30 -1975 -6 ]
4 15,790.43 18,2668.87 —~2498 -7 7
5 11,310.00 12,223.92 ~-814 -3 3
6 15,732.04 16,844.38 -1112 -4 4
7 15,631.43 17,341.58 —-1710 -5 . 5
Number of Pairs: 4 TSE:% 5?_ Stafistic (1+): 2 T+: 2 T—: 26
a Error: 5% (2~ + . 2,26
df.: 8 Significant: YES
Table B—~G—4: Westemn Site C — Malled / Funnel—Syringe vs. Slow—Flow
Sample ll-' Malled (p%/og_no Difference Rank of the Fosiive Negatve
Run unnel— w—Flow Diffsrence Ranks Ranks
865, [ 20,729.68 —564 - 3
2 2,438.69 2,505.11 -88 -1 1
3 18,350.01 19,704.86 —-1355 -8 6
4 .16,033.24 17,708.91 —-1674 -7 7
5 12,044.64 11,541.10 504 2 2
8 15,961.01 16,525.44 —-974 -4 4
7 15,778.30 17,055.02 -1277 -5 5
Number of Pairs; 7| 7521:% 5:@ 0+ 2 TT: 2 1 1—: 25
Alpha Error: 5% (2—Sided) + . 2,26
df: 6| Significant: YES
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Table B~H—1: Westem Sits D — Funnel—Syringe / Non—mailed vs. Malled
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Sample Funnel—Synn Difference Rank of the Fosltive Negative
Bun Non—mailed Malled Ditference Ranks Ranks

1 LY 74 352.55 o7 ) s

2 4,341.28 3,722.48 619 3 3

3 12,292.51 10,898.60 1394 5 5

4 55,6802.01 53,432.40 2170 6 6

5 24,856.05 24,701.54 155 1 1

6 —— -———— s

7 14,825 14,652 174 2 2
Number of Paire: ample 18 alC (1 +): Eil T 21 [ 1= ]
Alpha Error: 5% (2—-Sided) | T+ Statistic: 0,21
df.: 5 Slgnificant: YES

Table B-H—2: Western Site D — Slow—Flow / Non—malled vs. Mailed
Sample Slow—TTow (PCIL) Dfference Rank of the “Postive Nogaiive
Run Non-malled Malled Difference Ranks Ranks
540, LR LK) 555 - 35

2 4,418.12 4,264.69 153 2 2

3 14,863.58 13,206.24 1657 6 6

4 60,006.81 59,438.34 568 4 4

5 26,545.59 26,108.94 437 3 3

6 - —— ———— - o——

7 16,325.38 16,286.24 39 1 1
Number of Pairs: amplo 108t Statstc (1+): 21 T+: 21 T—: 1)
Alpha Error:: - 5% (2—-Sided)] T+ Statistic: 0,21 -

[ df: : 5 | Significant: YES
Table B—H-3: Western Site D — Non—mailed / Funnel—Syringe vs. Slow—Flow -
Sample Non—maed (vl Dfference Rank of the Fositve Negative
Run Funnel—~Syrin Slow—Fiow Diffsrence Ranks Ranks
] —5'@ .ﬂﬁﬂ" B4, —343 = T 2

2 4,341.28 4,418,12 -~77 -1 1

3 12,292.51 14,8683.58 =251 =5 5

4 55,602.01 60,006.81 —4405 -6 6

5 24,856.05 26,545.59 -1690 —4 4

6 -——— — s ———

7 14,825.27 16,325.38 —~1500 -3 3
Number of Pairs: am est Statistic (14): 0 T2 0 J—: 21

a Error: 5% (2~ + stic: 0,21

[ df: 5_ | Signficant: YES
Table B-H-—4: Westsrn Site D — Malled / Funnel--Syringe vs. Slow—Flow
Sample Maled Difterence Rank of the Posltve Negative
Run Funnel—Syrin Slow—Flow Difference Ranks Ranks

1 'T%BE‘ 35| Bin.5s —334 = 1

2 3,72.49 4,264.69 ~542 -2 2

3 10,858.60 13,208.24 —-2308 -5 5

4 53,432.40 59,438.34 —6006 -6 6

5 24,701.54 26,108.94 —=1407 -3 3

6 —— —-— —_

7 14,651.65 16,286.24 -1635 -4 4
Number of Pars: (3 Sample Teat Staheto (T1): (1] T+ 9 T—: 21
Alpha Error: 5% (2—Sided)] T+ Statistic: 0,21
daf.: 5| Signfficant: YES




.

Table B—1-1: Westem Site E — Funnel—Syringe / Non—malled vs. Mailed
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Sample Funnel—Synnge Difference Rank of the Fosiive Nogative
RJTn Non—malled alled Difference Ranks Ranks
2 82,821.43 84,401.11 -1670 -4 4
3 76,908.05 78,016.16 —1108 -3 3
4 86,029.88 88,815.99 —2786 -6 6
5 69,085.08 69,709.66 —645 -1 1
6 72,358.60 74,569.35 —-2211 -5 5
7 85,674.93 84,968.81 688 2 2
Number of Paire; & | Sample Test Sialelc (T3): 2000 R R Co R | B
Alpha Eror: 5% (2—Sided) | T+ Statistic: 0,21
df.: 5 Significant:
Table B—1—2: Westam Sits E — Slow—Flow / Non—malled vs. Malled
Sample Slow—FTow (PCUL) Difference "Rank of he Fosfive Negative
Run Non—maiied Mailed Difference Ranks Ranks
2 83,873.31 80,779.83 3093 5 5
3 77,030.29 76,630.51 400 2 2
4 77,767.78 77.911.84 —144 -1 1
5 69,791.28 65,808.57 3383 8 6
6 75,103.22 72,521.36 2582 4 4
7 64,726.11 63,760.11 966 3 3
Number of Pairs: (] ﬁ% EntM 0+); 20 T+: 20 T—: 1
aEror- 5% (@— + : 0,21 -
[ dt: 5 Signfficant: NO
Table B—1—3: Westsm Sits E — Non—malled / Funnel—-Syringe vs. Slow—Flow
Sample Non—malled (PCV0) Differsnice Rank of e Fostive Regatve
Rf.n Funnel—Syringe | Slow—Flow Difference Ranks Ranks
2 82,821 83,873 -10% —4 4
3 76,908 77,030 -122 -1 1
4 86,000 77,768 8262 8 8
5 69,085 69,791 -726 -2 2
6 72,39 75,103 —2745 -5 5
7 65,675 64,726 949 3 3
Number of Palre: _T:%W T - SO O B I -
Alpha Error: 5% (2-Sided)| T+ : 0,21
df.: 5 Significant: - NO
Table B—1—4: Westsrn Site E — Malled / Funnel—Syringe vs. Slow—Flow
Sample Maled (% Difference Rank of the Fositve Negative
Run Funnei-ﬁngo w—Flow Difference Ranks Ranks
1 — o —— —
2 84,401.11 80,779.83 3711 4 4
3 78,016.16 76,830.51 1386 2 2
4 88,815.99 77,911.84 10904 8 8
5 69,709.66 65,808.57 3901 5 5
] 74,569.35 72,521.36 2048 3 3
7 64,986.61 83,760.11 1227 1 1
Number of Faire: Sam% Test Staistc (1+): 21 T+: 2 T—: 0
& Errof: 5% (2~ + . 0,21
df.: Significant: YES
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Table C—A-1: Eastern 8ite A — Funnel--8yringe / Non-malled ve. Malled

Sample Test Statistic (4):

Zample Funnel- Byringe (pCUL) Biterance Deviaton
Run Non—malled Malied
1 11,645.08 11,208.07 337.81 -063.37
2 12,112.01 12,485.22 -372.31 48.86
3 10,906.29 10,070.00 -83.80 -261.08
4 ——— ———— —_—— ——
-1 10,483.40 10,001.38 -477.87 152.41
8 10,683.03 12,485.35 -1702.32 - 1408.88
7 10,718.10 11,164 .48 —448.38 122.00
8 11,658,868 11,342.27 214,68 -540.06
] 12,873.37 13,268.35 -282.08 -42.48
10 11,080.47 11,000.43 20.04 -345.60
11 10,307.& 10,007.17 —360.54 84.08
umber of PaNE: 1 T 5% B-eided) |
Mean Difference: -325.48 df.: 9
Standard Deviation of Diferences: 588.58 t Statietic (+/-): 22622 |
-1.78 Significant: NO

Tabie C~-A-2: Eastern Site A — Slow-Flow / Non—malisd ve. Malled

[ Sample Bow-Tiow (pCU0 Bfersnce Deviaton
R_gn Non-malied Malied
1 11,008, 11 10,625, 212.31 —400.95 |
2 12,144.28 11,088.20 158.08 -412.70
a3 11,214.55 11,031,097 182.58 -437.22
4 ——— —— _—— ——
5 10,005.28 10,918.24 -12.98 -241,08
e 1,137.27 12,701.50 -1584,32 1300.08
7 11,130.28 11,413.08 -283.58 28.04
-8 10,830.12 11,262,864 -423.72 180.08
9 13,254.17 14,508.41 -1312.24 1057.00
10 11,341.12 11,232.48 100.64 -363.28
11 11,240.75 10,851.88 388.87 —843.51
umber of Pars; 70| AiphaEror 5% @2-alded) |
Mean Differencs: —254.64 d.t.: []
Standasd Deviation of Difersnces: 670.50 | tStmetc (+/=); 2262
Sample Test Statistic {f): =1.20__]_Signficant: NO

Teble C~A-3: Eastern 8t A — Non-malled / Funnal-8yrings ve. Slow-Flow

Sample Ron-malied BWerence Deviazon
Run Fynnel-Syrin Slow ~ Flow
L H_H'ESPQE X ~11,098.11 0787 T
2 12,112.91 12,144.28 ~31.25 ~155.53
3 10,908.29 11,214.55 -308.28 121.38
4 - —-——— —— ——
5 10,483.40 10,006.28 -421.77 234.80
e 10,893.03 11,137.27 —-444.24 267.38
7 10,718.10 11,130.28 -414.18 227.30
8 11,558.08 10,830.12 717.74 ~004.62
9 12,673.37 13,254.17 ~280.80 83.92
10 11,080.47 11,341.12 -280.06 nn
11 10,307.83 11,240.78 -933.12 748.24
Umber of Pexs; 10_| AphaEnor &% (2-sided)
Mean Diffecsnce: -166.08 df.: °]
Standerd Deviation of Dfie 48122 1 Statietic (+/-): 20020
. SaMple Test Statistic (); =L Signicant: ___NO 1

Tabie C~A-4: Eastern 8ie A - Malied / Funnel—8yringe wa. Stow-Fow

[ Sampie Mekied (PCUL) Diference Deviation
Run Funnel=Syrin Siow - Flow
1 "_mso3 Euz'i.oF ~30625.80 62,27 w2 |
2 12485.22 11086.20 490.02 -815.07
3 10670.00 11031.97 -81.08 ~54,17
4 ——— — —— ———
5 10081.38 10018.24 43,42 -150.17
] 12485.35 12701.50 -218.24 100.10
7 11164.48 11413.08 ~240.40 133.35
8 11342.27 11202.84 70.43 -105.48
] 13250.35 14588.41 -1310.08 1184.01
10 11080.43 11232.48 -172.05 58.00
11 h ] 7.7 1&1.88 ~154.71 38.08
Number of Pairs: = T -8
Mean Difference: ~118.058 df.: []
Standard Deviation of Differences. 488.90 t Statistic (+/-): 2.2822
Samglo Test Statistic Q: ~0.75 Slﬂnnk:lm: NO |
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Table C—~-B-1: Eastern Bits B — Funnel-Syringe / Non—malied ve. Malled

Sample Funnel— Syringe (pCUL) Ditecence Deviaton
R_l_:_n Non-~malisd Malled
1 11,330.20 | 11,000.58 320,71 29650 |
2 11,131.53 10,567.28 534.25 -500.13
3 11,175.08 11,220.20 -53.81 78.73
4 11,112.78 11,162.99 ~80.21 106.33
5 11,351.85 11,258.88 94.70 -80.87
e - - —— - - -
7 11,440.80 11,863.37 -413.08 438.80
8 11,007.08 11,602.47 65.41 ~40.29
] 12,500.15 12,700.47 -208.32 233.44
10 10,080.17 10,710.40 -30.32 55.44
11 10,950.23 10,928.00 22.14 2.08
Umber of Daks: 10 ] Aphatbmor.. 6% 2—slded) |
Mean DFf 25.12 df: 9
Standasd Deviation of Diferences: __ 262.57 {Statetic (+/=); _ 2.2800
Sampie Test Statistic (1: 0.30 Significant: NO

Table C~B8~-2: Eastern St B - Slow-Flow / Non—malied ve. Malled

Sample TROW = FIOW (pdlL) Diference Deviaton |
Run Non--malied Malled
1 11.332.& 11.31’.8 14.37 -54.83
2 11,408.62 11,802.02 -303.20 282.74
3 11,797.57 11,780.88 18.71 -67.17
4 12,403.50 12,358.80 44.70 -85.18
5 11,470.35 11,427.50 51,76 -2
.} - - - - - -
7 11,734.68 12,028.50 -201.62 251.18
) 11,750.40 12,100.38 -340.08 300.50
] 13,284.35 12,825.80 356.55 -300.01
10 11,242.47 11,373.35 -130.88 90.42
11 11,480.08 11|2M.03 184.05 -225.41
Umber of Pars; 10| _AlphaEror. 5% (2—sided) |
Mean Difference: -=40.48 df.: []
Standard Deviation of Differances: 228.07 t Statietic (+/-): 2.2822
SImglo Test Statistic Q: -0.58 ﬂgnl‘!clm: NO
Tabie C~B-3: Eastern 8iis B — Non-malled / Funnel—8Syrings ve. Blow—Fow
P n— Difecence Deviaton
Run unnet=8yrin Slow - Flow
5l ﬁ%nn T 11,32.38 -2.08 . T
2 11,131.83 11,408.82 -307.20 -R.17
3 11,178.68 11,797.57 -621.99 162.43
4 11,112.78 12,403.50 -1200.72 831.28
5 11,351.66 11,479.35 -127.70 -331.76
8 - - -~ - - -
7 11,448.00 11,734.88 -206.19 -174.27
8 11,007.08 11,750.40 -82.82 ~378.94
9 12,500,156 13,284.35 -724.20 284.74
10 10,680.,17 11,242.47 -582.30 102.84
11 10|%0.& 11,480.08 -530.75 71.28
Number of Pain: 10 ha Error: 5% (2-8!
Mean Differencs: ~450.48 df.: []
Standard Deviation of D¥ferences: 360.55 1 Statietic (+/-): 22822
Sample Test Statistic (1) =362 | Significant: YES

Tabie C~B-4: Eastarn 8its B — Malled / Funnel—8yringe w. S8low—Flow

Sample | Mased (PCUL) D¥fecance Deviaton
Run unnel— n Slow - Flow
1 " 11009.75” [T 11317.08 —308.40 ~216.64
2 10807.28 -~ 11802.02 =1204.74 879.70
3 11220.20 11780.68 ~581.57 20.53
4 11192.00 12358.80 -1185.81 640.77
-] 11266.68 11427.50 -170.73 ~354.31
[.] - - -—— P -———
7 11063.37 12026.50 -163,13 -381.81
8 11002.47 12100.38 ~407.80 -27.16
] 12788.47 12925.80 -157.33 -3687.71
10 1071048 11373.356 -082.88 137.82
11 10628.09 11298.03 -387.04 =157.10
[ Number of Palrs: _ET T IR @2-elded) |
Mean Difersnce: -525.04 d.tf.: []

Standasrd Deviation of Differences: 386.21

1 Statistic (+/-): 22822

Sample Teat Statietic Q: -4.28
——

Slgnlﬁclm: YES
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Table C~C~—1: Eastern 8ite C — Funnel—-Syrings / Non—mailed ve. Malled

Sample Funnel—3 nge (pCl/L) Dference Deviation
Run Non-malled Malled
1 21,202.20 21,208.54 -108.34 483,62
2 24,028.91 24,030.58 860.35 -572.17
a -——— - - - -
4 17,085,75 10,124.08 001.00 -843.01
5 13,310.21 13,383.30 -73.18 300.38
[.] - -—-— - -——
7 20,510.10 20,542.96 -32.88 350.04
8 21,000.81 22,081.33 -370.52 067.70
] 20,440.02 25,200.25 182,77 -835.50
10 20,730.43 20,278.03 454.40 -137.22
11 ZOIMAG m,osa.ao 30.87 277.31
umber of Daks: [] ﬂpﬁ Error: 5%
Mean Difference: 317.18 df.: 8
Standard Deviation of Differences: 580.08 t Statistic (+/-): 2.308
Sample Test Statistic (3): 1.70 Significant: NO

Table C-C-2: Eastern Stte C — Stow~-Flow / Non—malied ve. Malled

Bample Biow=Fiow (PG Difsrsrce Beviaton
Run n-malled Malled
T 'm' % | 24,0058 =338.57 960.00 |
2 20,410.11 28,292.19 117.82 223.51
K] - - - -
4 15,197.28 14,387.50 800.78 ~-408.33
5 13,218.86 12,000.10 336.48 497
8 - - - - - -
7 22,247 .48 21,008.54 250.82 ©0.51
.-8 24,200.83 23,528.30 740.53 -360.10
[} 20,482.73 28,340.18 148.57 104.86
10 23,005.81 23,108.11 000.50 -358.07
11 21,002.08 21,562.26 300.80 31.83
umber of Pairs: [ Alpha Error: 5%
Mean Differsncs: 341.43 df.: 8
Standasrd Deviation of Difere 365.10 1 Statistic (+/-): 2.308
[_Sampie Teet Statetic 1p: L] n i
Table C—~-C~3: Eastern Site C ~ Non—malied / Funnel—-8yrings vs. Slow-Flow
Sample | Ron—maled (pCVL) Diferance Deviaton
Run unnet— n Siow - Flow
3 "z'1£m " 23,629.00 =T % T195.14 |
2 24,828.01 20,410.11 -1481.20 ~10.48
a - - - - -
4 17,008.76 15,197.28 10008.40 -~3380.14
5 13,310.21 13,216.05 03.58 -1585.21
[ ] - - - - [
7 20,510.10 22,247 .48 ~1737.38, 248.71
8 21,000.81 24,290,683 -2570.02 1087.37
] 20,440.02 28,482.73 ~2043.71 552.00
10 20,730.43 23,805.61 -3135.18 1843.53
11 20,008.48 21,002.08 —1603.80 311.956
Number of Dairs: ) EE me‘ 5% (2~-sided)
Mean Diffecence: =1491.05 df.: 8
Standard Deviation of Differsnces: 1584.17 t Statietic (+/-): 2.308
Sample Test Statietic (0: —288 | Significant: YES ‘

Table C~C~4: Eastern 8tte C — Malled / Funnel-S8yrings ve. Slow-Fow

Sample | Maded Diffecance Deviaton
Run unnel—Syrin Siow - Flow
1 11%&, X [~ 24,167.58 =7 X T391.63 |
2 24,030,568 20,282.19 —-2252.83 785.24
3 ——— —— _—— —
4 16,124,068 14,367.50 1737.16 -3204.58
5 13,383.2¢ 12,800.18 503.20 -1970.50
[} - — - - — - -
7 20,542.00 21,000.54 -1453.58 -13.81
8 22,081.33 - 23,529.30 ~-1487.97 0.58
[] 25,208.25 28,348,168 -3040.91 1582.52
10 20,278.03 23,108.11 ~2800.08 1422.00
11 20,068.50 21,5¢2.28 ~1533.67 68.28
umber of Paina: O | AphaCror X 2-eided) |
Mean Dif =1487.30 d.f.: 8
Standard Deviation of Differences:  1823.08 t Statistic (+/~): 2.308
Sample Teat Statietic Q: =2.71 Significant: YES
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Table C~D-1: Eastern Site D — Funnel-8yringe / Non—-malied vs. Malled

Sample Tunnel- Syringe (DCIL ~ Difference Deviaton
Run_ Non-mailed Malled
1 - ——— - -
2 41,381.74 43,275.52 -1803.78 2107.40
3 38,827.53 38,278.17 340.38 -45.74
4 30,108.07 37,317.25 1782.42 ~1486.80
5 35,000.45 35,122.31 -22.86 320.48
[ - - - — - - -
7 33,712,286 31,683.18 1848.08 -1545.48
8 38,200.54 37,753.93 532.61 ~-228.96
] 44,302.08 44,108.21 190.77 108.85
10 35,004 .82 38,002.25 -067.43 1301.06
11 30h838.43 20,611.68 £26.44 ~822.82
Number of Dais: [ ﬂpﬁ Error: 5 -8
Mean Difersnce: 303.62 df.: 8
Standard Deviation of Ditersnces: 1208.65 t Statietic (+/-): 2.308
Sample Test Statistic (): 0.75 Significant: NO ]

Table C~D-2: Eastern Se D —~ Slow~Fiow / Non—maksd ve. Malied

Sample Slow—Fiow (pCUL) Diference Beviaton
Run Non-malled Majled
1 o [r—g— JRsp—— - -
2 45,375.47 44,602.80 512.58 -185.30
3 40,007.31 40,375.85 -278.34 805.62
4 40,8632.44 42,150.58 ~1527.14 1854 .42
5 40,773.58 30,002.47 871.11 =543.83
8 - - - -
7 37,402.37 34,344 46 3057.91 -2730.63
8 30,628.20 30,705.34 130.06 196.32
9 48,208.08 47,022.08 1184.10 -858.82
10 34,119.05 34,007.60 -877.85 1205.13
11 34.0_5}4.11 34.181 .21 -127.80 455.08
Number of Pairs: [] Alpha Error: 5% (2~sided)
Mean D¥ference: 327.28 df.: 8
] Standard Deviation of Diferances: 1324.02 t Statistic (+/-): 2.308
Sample Tost Statistic (1): 0.74 Signtficant: NO

Tabie C~D~3: Eastern Stte D ~ Non-malled / Funnel-Syringe w. Siow—-Fow

Sample Test Statistic (0:

Sample I Non~malled (pCUVY CHlscence Deviation
Run unnasi—Syringe Slow - Flow
1 - v - - - —
2 41,361.74 45,375.47 -~-3003.73 1408.72
3 38,6827.683 40,007.31 -1480.78 -1116.23
4 30,100.67 40,632.44 -1522.77 - =1002.24
5 35,000.45 40,773.58 -5874.13 3000.12
-] - - - - -———
7 D,712.26 37,402.37 -3800.11 1105.,10
8 36,200.54 30,628.20 -1830.78 -845.25
] 44,362.08 48,208.08 -3644.00 1258.00
10 35,004.62 34,118.05 1784.87 -4380.88
11 30|838.43 34.054.1 ~3215.68 830.67
Number of P airs: — Alpha Efror: 5% (2-sided)
Mean Diferance: —-2585.0 dt.: 8
Standard Deviation of DNferences:  2153.27 1 Statistic (+/-): 2.308
-3.80 Slgnmm: YES

Table C~-D—4: Esstemn Site D — Malled / Funnel—Syrings ve. Siow-Fiow

Sample I Malied ~ Dffersnce Deviation
Run Funnel--Syringe Slow - Flow
1 - - - - o - -
2 43,275.52 44,802.89 -1587.37 -400.55
3 38,278.17 40,375.685 ~2097.48 10.58
4 37,317.25 42,150.58 —4842.33 2755.41
5 35,122.31 30,002.47 -4780.16 2083.24
8 - - -—— -
7 31,883.18 34,344 .48 -2481.28 304.36
8 37,753.83 39,705.34 ~2041.41 ~45,51
9 44,108.21 47,022.88 ~2850.07 790.75
10 38,002.25 34,907.80 1904 .45 -3091.37
11 0.00 0.00 0.00 ~2088.92
Number of Palrs: Alpha Error: 5 -
Mean Differencs: -2066.92 df.: 8
Standard Deviation of D¥ferences: 2125.20 t Statistic (+/-): 2.308
Sample Test Statistic (1): =2.65 Significant: Y_E_§
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Table C—~E—~1: Western Site A — Funnei—Syringe / Non—maliled vs. Malled

Sample JF'unnol-SyrIggo {(pCl/L) Difference Deviation
Run Non—mailed Malled
1 67,502.08 66,560.40 941.68 —-1061.26
2 25,952.06 26,718.05 ~765.99 646.41
3 36,926.17 38,230.00 -1303.83 1184.25
4 25,171.98 24,106.33 1065.65 ~1185.23
5 70,430.48 69,951.07 479.41 -598.99
6 66,274.84 67,347.96 -1073.12 953.54
7 72,264.94 72,445.80_ —180.86 61.28
Number of Pairs: 7 Alpha Error: 5% (2—sided)
Mean Difference: —119.58 d.f.: 6
Standard Deviation of Differences. 968.08 t Statistic (+/—): 2.4469
Sample Test Statistic (1): -0.33 Slgniﬂcant: NO

Table C—E~2: Western Site A — Slow—Flow / Non—mailed vs. Mailled

Sample Slow—Flow (pCi/L) "Difference Deviation
Run Non-malied Matled N
1 64,614.18 63,872.94 741.24 -192.86
2 26,122.23 26,001.90 120.33 428.05
3 39,848.90 39,007.36 841.54 —293.16
4 25,080.19 23,763.67 1326.52 ~778.14
5 71,587.78 72,440.04 —-852.26 | 1400.64
6 68,617.14 67,546.26 1070.88 -522.50
7 72,204.32 71,613.89 580.43 —42.05
Number of Pairs: 7 Alpha Error: 5% (2~-sided)
Mean Difference: 548.38 df.: 6
Standard Deviation of Differences: 724.39 t Statistic (+/~): 2.4469
Sample Test Statistic (t): 2.00 jgnlﬂcant: NO

Table C—E—3: Western Site A — Non—mailed / Funnel—Syringe vs. Slow—Fiow

Sample Non—mailed (pél/l.) Difference Deviation
Run Funnel—Syringe | Slow—Flow :
1 87,502.08 64,614.18 2887.90 —3396.78
2 25,952.06 26,122.23 ~170.17 —-338.71
3 36,926.17 38,848.90 —2822.73 2413.85
4 25,171.98 25,080.19 81.79 -580.87
5 70,430.48 71,587.78 -11§7.30 648.42
6 66,274.84 68,617.14 —-2342.30 1833.42
7 72_@64.94 72|204.32 60.62 —569.50
Number of Pairs: 7 Alpha Ertor: 5% (2—slded)
Mean Difference: ~508.88 df.: 6
Standard Deviation of Differences: 1912.01 t Statistic (+/-): 2.4469
Sample Test Statistic (1): -0.70 NO

Significant:

Table C—E—4: Western Site A — Mailed / Funnel—Syringe vs. Slow—Flow

Js'nmplo Mailed (palll.) Difference Deviation
Run Funnel—Syringe Slow—Flow —
1 66,560.40 63,872.94 2687.46 -2528.38
2 26,718.05 26,001.90 716.15 ~557.07
3 38,230.00 39,007.36 -777.36 936.44
4 24,106.33 23,763.67 342.66 ~183.58
5 69,951.07 72,440.04 —2488.97 2648.05
6 67,347.96 67,546.26 -198.30 357.38
7 - 72,445.80 71,613.89 831.91 —672.83
Number of Pairs: 7 Alpha Error: 5% (2—sided)
Mean Difference: 159.08 d.t.: 6
Standard Deviation of Differences: 1591.97 t Statistic {+/-): 2.4469
Sample Test Statistic (1): 0.26 Significant: ~ NO
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Table C—F—1: Western Site B — Funnel—Syringe / Non—mailed vs. Mailed

Sample ﬁFunnel—Syringo {pCi/L) Difference Deviation
Run Non—malled Mailed
1 ————————————————————————
2 26,900,28 26,218.46 681.82 ~630.15
3 24,364.40 24,054.49 309.91 -258.24
4 26,974.40 26,305.62 668.78 ~-617.11
5 18,529.44 19,705.67 -1176.23 1227.90
6 28,073.29 28,075.48 -2.19 63.86
7 — 31,187.17 31,359.22 —172.05 223.72
Number of Pairs: 6 Alpha Error: 5% (2—sided)
Mean Difference: 51.67 dtf.: 5
Standard Deviation of Differences: 693.58 t Statistic (+/-): 2.5706
Sample Test Statistic (t): 0.18 Significant: NO

Table C—F—2: Western Site B — Slow—Flow / Non—mailed vs. Mailed

Sample Slow— Flow (pa/L) Difference Deviation
Run Non-—mailed Mailed
1 ________________________
2 27,325.42 27,645.31 -319.89 -367.17
3 24,098.37 25,013.28 —-914.91 227.85
4 25,168.78 28,175.31 -3006.53 2319.47
5 19,557.13 19,888.33 -331.20 —-355.86
6 29,623.19 29,806.57 —-183.38 ©  -503.68
7 _ 33,136.05 32,502.50 633.55 —1320.61
Number of Pairs: 6 Alpha Error: 5% (2—sided)
Mean Difference: —687.06 d.f.: 5
Standard Deviation of Differences: 1240.24 t Statistic (+/-): 2.5706
Sample Test Statistic (1): —1.36 Significant: NO

Table C—F~—3: Western Site B — Non—maliled/ Funnel—Syringe vs. Slow—Flow

Sample Non—malled (pCV/L) Difference Deviation
Run Funnel—Syringe | _Slow—Flow
1 ________________________
2 26,900.28 27,325.42 —-425.14 —-54.85
3 24,364,40 24,088.37 268.03 ~746.02
4 26,974.40 ' 25,168.78 1805.62 -~2285.61
5 18,529.44 19,557.13 -1027.69 547.70
6 28,073.29 29,623.19 —1549.80 1069.91
7 31,187.17 33,136.05 -194_8.88 1468.89
umber of Pairs: -6 Alpha Error: 5% (2-—-sided)
Mean Ditference: —479.99 d.t.: 5
Standard Deviation of Differences: 1370.10 t Statistic (+/-): 2.5706
Sample Test Statistic (t): —0.86 Significant: NO

Table C—F—4: Western Site B — Mailed/ Funnel—Syringe vs. Slow—Flow

Sample Mailed (pal/L) Difference “Deviation
Run Funnel—Syringe | Slow—Flow
1T ]| emem———— | e, | mm———— | mm—————
2 26,218.46 27,645.31 —1426.85 208,12
3 24,054.49 25,013.28 ~958.79 —259.94
4 26,305.62 28,175.31 ~1869.69 650.96
5 19,705.67 19,888.33 -182.66 —1036.07
6 28,075.48 29,806.57 -1731.09 512.36
7 - 31,359.22 32,502.50 —1143.28 —75.45
Number of Pairs: 6 Alpha Error: 5% (2—sided)
Mean Difference: -1218.73 d.t.: 5
Standard Deviation of Differences: 612.58 t Statistic (+/-): 2.5706
Sample Test Statistic (t): —4.87 Slgntﬂcant: YES
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Table C—~G—1: Western Site C — Funnel—Syringe / Non—maliled vs. Malled

Sample ‘Funnol-Sydgge (pCi/L) Difference “Deviation
Run Non—malied Melled -

1 20,579.53 19,865.72 713.81 —-881.92
2 2,366.61 2,438.89 -72.08 -76.03
3 18,014.78 18,350.01 -335.23 187.12
4 15,780.43 16,033.24 —242.81 94,70
5 11,310.00 12,044.64 ~734,64 586.53
6 15,732.04 15,851.01 -218.97 70.88
7 - 15,631.43 1 5,778.3(_:?L —148.87 —1.24

Number of Palrs: 7 Alpha Error: 5% (2—sided)

Mean Difference: —148.11 dt.: -]

Standard Deviation of Differences: 436,22 t Statistic (+/—): 2.4469

L_Sample Test Statistic (1): =0.80 Significant: NO

Table C—-Q-2: Western Site C — Slow—Flow / Non—malled vs. Malled

§amplo Slow—T1ow (pél/L) Difference Deviation
Run Non-—mailled Malled
1 20,125.47 20,729.68 —804.21 765.47
2 2,485.44 2,505.11 -19.67 180.93
3 19,989.30 19,704.86 284.44 -123.18
4 18,288.87 17,706.91 579.96 -418.70
5 12,223.92 11,541.10 682.82 -521.56
6 16,844.36 16,925.44 -81.08 - 242.34
7 - 17,341.58 17,055.02 286.58 —125.30
Number of Pairs: 7 Alpha Error: 5% (2--sided)
Mean Difference: 1681.26 d.f.: "8
Standard Deviation of Differences: 438.87 t Statistic (+/~): 2.4469
Sample Test Statistic (t): 0.97 Significant: NO

Table C—Q-—3: Western Site C — Non—malled / Funnel—8yringe vs. Slow—Flow

Sample Non—malled (pGI/L) Difference Deviation
Run Funnel—Syringe | Slow—Flow
1 20,579.53 20,125.47 454.06 —1578.65
2 2,368.61 2,485.44 -~118.83 -1005.76
3 18,014.78 18,989.30 ~1974.52 849.93
4 15,780.43 18,286.87 —~2496.44 1371.85
5 11,310.00 12,223.92 -913.92 -210.67
(.} 15,732.04 16,844.38 -1112.32 -12.27
‘ 7 15631.43 | ' 17,341.58 —=1710.15 585.568 |
Number of Pairs: Alpha Error: 5% ZZ-ddoas
Mean Difference: —=1124.59 dt.: 6
Standard Deviation of Differences: 1040.47 t Statistic (+/—-): 2.4469
Sample Test Statistic (1): —2.88 Significant: YES

Table C—~Q—4: Western Site C — Mailed / Funnel—Syringe vs. Slow—Flow

Sample Malled (pCI/L) Difterence Devistion
Run Funnel—-Syringe Slow—Flow
1 19,885.72 20,729.68 -863.96 48.74
2 2,438.69 2,505.11 —66.42 —748.80
3 18,350.01 19,704.86 —1354.85 539.63
4 16,033.24 17,708.91 -1673.67 858.45
5 12,044.64 11,541.10 503.54 -1318.76
6 15,851.01 16,925.44 -974.43 159.21
7 15,778.30 17,055.02 —1276.72 461.50
Number of Pairs: 7 -Alpha Error: 5% (2—sided)
Mean Difference: —815.22 d.f.: 8
Standard Deviation of Differences: 771.22 t Statistic (+/-): 2.4469
Sample Test Statistic (t): -2.80 Significant: YES
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Table C—H-1:

Waestern Site D — Funnel-Syringe / Non—maiied vs. Mailed

Sample Funnel—Syringe (pCi/L) Difference . ‘Deviation
Run Non—mailed Mailed

1 5,497.86 4,821.35 676.51 187.98 |

2 4,341.28 3,722.49 618.79 245.70

3 12,292.51 10,898.60 1393.91 -529.42

4 55,602.01 53,432.40 2169.61 -1305.12

5 24,856.05 24,701.54 154,51 709.98

6 | memmmemn | mmmmie ] e | e

7 14,825.27 14,651.65 173.62 690.87
Number of Pairs: 6 Alpha Error: 5% (2—sided)
Mean Difference: B864.49 d.f.: 5
Standard Deviation of Differences: 885.70 t Statistic (+/-): 2.5706
Sampie Test Statistic (t): 239 ﬂ@lﬁcant: NO

Table C—H—-2: Western Site D — Slow—Flow / Non—mailed vs. Mailed

mplo Slow— Fiow (PG L) Difference Deviation
Run Non-—mailed Mailed

1 5,840.92 5,155.83 685.09 ~95.07
2 4,418.12 4,264.69 153.43 436.59
3 14,883.58 13,206.24 1657.34 ~1067.32
4 60,006.81 59,438.34 568.47 21.55
-1 26,545.59 26,108.94 436.65 153.37
86 | —mmmmme | mmmmmn | e | e
7 16,325.38 16,286.24 3_9. 14 550.88

Number of Pairs; 6 Alpha Error: 5% (2-sided)

Mean Difference: 580.02 dt.: 5

Standard Deviation of Differences: 626.51 t Statistic (+/~): 2.5706

L_Sample Test Statistic (1): 2.31 Significant: NO

Table C—H—3: Western Site D — Non—mailed / Funnel—Syringe vs. Slow—Flow

“Sample Non—mailed (pCi/L) Difference Deviation
Run Funnol-Szrlngo Slow—Flow
1 5,497.86 5,840.92 —343.08 —-1421.18
2 4,341.28 4,418.12 -76.84 -~1687.40
3 12,292.51 14,863.58 -2571.07 806.83
4 55,602.01 60,006.81 —4404.80 2640.56
] 24,858.05 26,545.59 —-1689.54 =74.70
8 | mmmememe | mmmmme | e e
7 1 4,B2ﬁ7 16,325.38 ~1500.11 —264.13
Number of Pairs: 8 Alpha Error: 5% (2—sided)
Mean Difference: —1764.24 d.t.: 5
Standard Deviation of Differences: 1796.40 t Statistic (+/-): 2.5706
Sample Test Statistic t: ~2.41 Significant: NO
Table C—H-4: Western Site D — Mailed/ Funnei—Syringe vs. S4low—Flow
mmplo Mailed (pCi/L) Difference Deviation
Run Funnel—Syringe | Slow—Flow '
1 4,821.35 5,155.83 —334.48 -1704.23
2 3,722.49 4,264.69 —542.20 -1496.51
3 10,898.60 13,206.24 -2307.64 268.93
4 53,432.40 59,438.34 —6005.94 3887.23
5 24,701.54 26,108.94 —-1407.40 -831.31
6 | e | e | mmmee |
7 14,651.65 16,286.24 -1634.59 —404.12
Number of Pairs: 6 Alpha Error: 5% (2—sided)
Mean Difference: -2038.71 df.: 5
Standard Deviation of Diffsrences: 2285.42 t Statistic (+/-): 2.5706
L_Sample Test Statistic (t): -2.19 Significant: NO
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Table C—1-1: Western Site E — Funnel—Syringe / Non—mailed vs. Mailed

Sample Ffunnol-Syrln o {(pCi/L) Difference Deviation
Run Non—malled" Mailed
1 | mememmmm ] e e ] e T ——
2 82,821.43 84,491,111 —1689.68 381.20
3 76,908.05 78,016.18 -1108.11 -180.38
4 86,029.88 88,815.99 —-2786.11 1497.63
5 69,085.08 69,709.686 —644.58 ~-643.91
(-] 72,358.80 74,569.35 -2210.75 922.27
7 65,674.93 64,986.61 688.32 —1976.80
umber of Pairs: 8 Alpha Error: 5% (2-dd03)
Mean Difference: —-1288.48 d.f.: 5
Standard Deviation of Differences: 1232.37 t Statistic (+/-): 2.5706
L_Sample Test Statistic (t): —2.56 Significant: NO

Table C—1—-2: Western Site E — Slow—Flow / Non—maiied vs. Malied

{mplo Slow—TFlow (pEW.) " Difference — Deviation
Run Non-—mgod Mailed
L B e i e B
2 83,873.31 80,779.93 3093.38 —-1280.10
3 77,030.29 76,630.51 399.78 1413.50
4 77,787.78 77,911.84 ~144.08 1957.34
5 €9,791.28 685,808.57 3882.71 ~2169.43
] 75,103.22 72,521.38 2581.88 ‘~768.58
7 84,726.11 63,760.11 966.00 847.28
Number of Pairs; [} Alpha Error: 5% (2—sided)
Mean Difference: 1813.28 d.f.: 5
Standard Deviation of Differences: 1642.12 t Statistic (+/-): 2.5708
Sample Test Statistic (1): 270 Significant: YES

Table C—1—3: Western Site E — Non—malled / Funnel—Syringe vs. Slow~ Flow

Sample Non -—~mailed (pCTi/L) rence Bevistion
Run Funnol—Sxﬂngo Slow—Flow
- 1 ________________________
2 82,821.43 83,873.31 —10561.88 1812.88
3 76,908.05 77,030.29 —-122.24 883.24
4 88,029.88 77,767.78 8262.10 ~7501.10
5 69,085.08 69,791.28 ~726.20 1487.20
8 72,358.80 75,103.22 —2744.62 3505.62
7 65,674.93 64,726.11 948.82 —187.82
Number of Pairs: [ ﬁpha Error: 5% (2-.:3.35
Mean Differsnce: 761.00 d.f.: 5
Standard Deviation of Differences: 3869.61 t Statistic (+/-): 2.5708
Samglo Test Statistic {: 0.48 Slgnlﬁcant: NO
Table C—1—4: Western Site E — Malled / Funnel—-Syringe vs. Slow~Flow
gmplo Mailed (pEI/L) erence Devistion
Rt_:p Funnol—Sxdngo Siow —Flow
1 | mmmememe [ e | T
2 84,491.11 80,779.93 3711.18 151.58
3 78,018.16 76,630.51 1385.85 2477.11
4 88,815.99 77,911.84 10904.15 -7041.39
5 69,700.68 65,808.57 3901.09 -38.33
] 74,569.35 72,521.36 2047.99 1814.77
7 64,986.61 63,760.11 1226.50 2638.268
Number of Pairs: 6 Alpha Error: 5% (2—side
Mean Difference: 3862.76 dt.: 5
Standard Deviation of Differences: 3632.77 t Statistic (+/-): 2.5708
Sample Test Statistic (t): 2.60 Significant: YES
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Table D—1: Eastern Sits A: ANOVA Siatistical Analysis

Sample Avg. Radon Sample Std. Sample Number of Squares Squares
Run Conc. (pCIL) Dev. (pCl/L) Variance Samples Within (i) Between (1)
Funnel—3yringe / Non—mased
1 11,545.98 1,309.26 1.714E+06 5 6,856,648.99 475,451.03
2 12,112.91 1,327.78 1.763E+06 5 7,051,998.81 3,830,724.18
3 10,908.29 493.78 2.438E+05 5 975,274.75 548,874.65
4 | ecemmeme | cemmamame | ememmae | s} msmmee ] e
5 10,483.49 484.37 2.346E+05 5 938,457.19 2,843,507.50
6 10,693.03 228.88 5.239E+04 5 209,544.22 1,482,853.22
7 10,716.10 164.69 2.712E+04 5 108,491.18 1,359,879.05
8 11,556.86 1,491.71 2.225E+06 5 8,900,794.90 509,593.24
9 12,973.37 454.65 2.067E+05 5 826,826.49 15,084,261.82
10 11,080.47 338.59 1.133E+05 5 453,171.31 123,489.61
11 10,307.63 495.49 2.455E +05 5 882.041.36 4,324,341.90
Woan Average: 112537 87 T B52B31.18 ——
Total Sampies: 50 MS (between): 3395884 Significant: YES
F Statistic: F(9,40) 2.12 Variance Ratio: 4.9750625
= 1 Mated
1 11,208.07 619.04 3.832E+05 4 1,148,631.56 504,119.88
2 12,485.22 1,112.09 1.237E+08 5 4,946,978.67 4,251,738.56
3 10,970.09 291.49 8.497E+04 4 254,899.26 1,406,534.33
4 | mmmman | ammscme | e | e | e - | -
5 10,961.36 1,050.68 1.104E+06 5 4,415,797.90 1,810,316.74
6 12,485.35 2,603.18 8.777E+08 5 27,106,184.45 4,252,8937.43
7 11,164.48 761.76 5.803E+05 2 580,278.30 317,791.03
8 11,342.27 1,016.00 1.032E+08 4 3,006,768.00 185,022.92
9 13,256.35 891.80 7.953E+05 5 3,181,228.98 14,335,867.26
10 11,060.43 256.77 6.593E+04 5 263,723.33 1,263,270.03
11 10,697.17 833.76 6.952E+05 5 2,780|622.95 3,748.974.66
WMoan Average:  11,563.08 : 1405179.7
‘Total Samples: 44 MS (between): 3565174.8 Significant; YES
F Statistic (9,34)2.17 Variance Hatio: 2.5371683
= Non—mased
1 11,038.11 832.43 4,000E+05 5 1,590,870.82 746 ,443.66
2 12,144.26 597.68 3.572E+05 5 1,428,789.90 2,580,351.46
3 11,214.55 935.71 8,756E+05 5 3,502,212.82 220,371.92
4 || —mmmmm | mmemmen | mmemmee ] mmeeee ] mmemme | e ———
5 10,905.28 | 185.48 3.820E+04 5 152,818.45 1,347,993.77
6 11,137.27 263.68 7219E+04 5 288,755.77 412,473.77
7 11,130.28 208.19 4.334E+04 5 173,372.30 432,794.68
8 10,838.12 948.05 8.988E+05 5 3,585,185.21 1,713,284.33
] 13,254.17 384.91 1.482E+05 § 582,622.83 16,738,652.81
10 11,341.12 308.51 9.518E+04 5 380,713.68 34,751.85
11 11,240.75 280.51 7.889E+04 5 314,743.44 1 68'600.10
Mean Average:  11,424. : f .
Total Sampies: 50 MS (between): 2711769.8 Significant:
F Statistic: F(9,40) 2.12 Variance Ratio: 9.0173692
- Malled
1 10,825.80 131.88 1.738E+04 4 52,177.00 2,912,667.88
2 11,888.20 418.85 1.754E+05 5 701,741.29 471,469.14
3 11,031.97 27996 7.83BE+04 4 235,132.80 1,675,248.73
4 —_—— | eeee—e—m— | aesewemem— | e
5 10,918.24 360.30 1.288E+05 5 518,264.36 2,804,745.13
8 12,701.5¢ 2,208.42 4.888E+086 5 19,473,156.87 5,227,152.93
7 11,413.86 179.93 3.237E+04 2 32,374.80 140,733.18
8 11,262.84 412.89 1.705E+05 5 681,912.61 866,474.33
9 14,566.41 1,055.19 1.113E+08 4 3,340,277.81 33,345,612.48
10 11,232.48 505.91 2.558E+05 5 1,023,779.71 997,4687.71
11 10,851.88 348.92 1.204E+05 3 240,706._9] 2.053l01 2.80
Mean Average: 11,679.14 : .
Total Samples: 42 MS (betwesen): 5620509.4 Significant: YES
F Statistic: F(9,82)2.19 Variance Ratio: 6.8385063
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Table D—2: Eastern Sie B: ANOVA Statistical Analysis

Sample Avg. Radon Sample Std. Sample Number of Squares Squares
Run Cone. (pCil) Dev. (pCi/L) Varlance Samples Within () Between (1)
and-§yrh_go / Non—mailed

1 11,330.29 $46.00 8.951E+05 5 3,580,345.15 574.08
2 11,131.53 1,089.33 1.209E+08 5 4,834,105.80 219,308.88
3 11,175.68 391.52 1.533E+05 5 613,151.64 136,081.78
4 11,112.78 51224 2.824E+05 5 1,049,559.27 280,433.25
5 11,351.85 118.58 1.408E+04 5 56,244.87 588.58
8 | memmmaan | cecccan | cccacae | etcccen || ccccece ] cmamaa-
7 11,449.69 257.54 6.833E+04 5 265,307 .41 59,082.15
8 11,667.88 644,14 4.149E+05 5 1,659,685.368 534,236.33
9 12,500.15 351.78 1.237E+05 5 494 ,940.39 7,431,572.68
10 10,680.17 309.52 9.580E+04 5 383,210.52 2,183,514.49
19 10,950.23 51425 2.845E+05 5 1 |057|81 2.25 763|525.50
Mean Average: 11,341.01 : 349858,
Total Samples: 50 MS (between): 12877273 Significant: YES
F Statistic: F(gﬂg 2.12 Variance Ratio: 3.6807082
unnel— TWalled
1 11,000.58 641,24 41126405 4 1,233,568.21 375,300.81
2 10,597.28 781.68 68.110E+05 4 1,832977.07 2,085,595.58
3 1122029 567.23 3.217E+0S 4 985,249.62 20.947.55
4 11,192.99 582.75 3.396E+0S5 5 1,358,390.25 75,520.82
5 11,256.88 440.49 1.940E+05 4 582,004.32 13,837.69
6 | ———emm | mmmmem | mmmmme | mmmmen | e J mme———
7 11,883.97 1,265.20 1.601E+06 4 4,802,193.12 1,198,841.78
8 11,602.47 532.48 2.835E+05 5 1,134,054.61 410,643.35
) 12,768.47 348.25 1.213E+05 S 485,11225 10,549,957.81
10 10,710.48 332.78 1.107E+05 5 442,870.11 1,832,539.75
11 10,928.09 582.79 3.167E +05 5 1 368230.34 751 i940.32
__Mean Average: 1 1,315.60 : 40
Total Samples: 45 MS (between): 1922708.4 Significant: YES
F Statistic: F(8.35 217 Variance Ratio: 4.7714832
w— oh—maked
1 11,332.35 1,085.23 1.135E+06 5 4,538,859.81 1,085,687.63
2 11,496.82 1,210.70 1.468E+08 5 5,883,177.96 454,954.56
3 11,797.57 204,30 8.667E+04 5 346,081.89 41968
4 12,403.50 216.05 4.688E+04 5 188,710.41 1,818,244.00
5 11,479.35 65.33 4.288E+403 5 17,072.04 515,580.64
8 | eemeccce | ecceces | ececceecs | ccceces || ecccaae | eccee—-
7 11,734.88 245.05 6.005E+04 . 5 240,198.01 21,508.27
8 11,750.40 428,35 1.835E+05 5 733,834.89 12,533.52
9 13,284.35 270.06 7.325E+04 5 293,005.69 11,000,543.79
10 11,242.47 34183 1.168E+05 5 487,2%1.00 1,556,803.26
11 11.,480.98 278.01 7.618E+04 5 304L28.08 510,359.72
Wean Average:  11,800.47 | W5 wkhn): 4793.44 —
Total Samples: 50 M8 (between): 1888359.7 Significant: YES
F Statistic: F‘gﬂg 2.12 Variance Ratio: 5.8140327
w— [/ Maked
1 11,317.88 898.38 8.071E+0S 5 3,228202.76 1,387,378.28
2 11,802.02 125854 1.579E+08 4 4,738,678.31 6,055.84
3 11,760.88 204.06 8.694E+04 3 173,884.84 10,824.85
4 12,358.80 376.18 1.415E405 5 568,075.68 1,340,851.88
5 11,427.59 22420 5.027E+04 5 201,082.58 854,245.64
B8 | ememeer | ececccee || ecmcacama ] eccmee || smmeem- | emcaa-
7 12,028.50 484.71 2.349E+05 5 938,775.14 172,182.98
8 12,100.38 517.00 2.879E+05 5 1,071,639.04 338,522.22
9 12,925.80 296.16 8.771E+04 5 350,842.98 5,884,725.43
10 11,373.35 284.05 8.088E+04 5 322,737.61 1,093,150.61
11 11 .03 248.79 68.091E+04 5 243 |821 22 1.484.574.60
Mean Average: 11,840.93 MS (wi : 188519
Total Samples: 47 MS (between): 1384512.5 Significant: YES
F Statistic: F (837215 Variance Ratio: 4.3596683

/
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Table D~3: Eastern Site C: ANOVA Statistical Analysis

170

Sample Avg. Radon Sample Std. Sample Number of ‘Squares Squares
Run Conc. (pCIL) Dev. (pCi/L) Veariance Samples Within () Between (j)
Funnel—Syringe / Non—mailed
1 21,202.20 974.52 9.497E+05 5 3,798,756.92 1,430,477.13
2 24,928.91 2,496.94 6.235E+06 5 24,938,837.45 90,805,699.29
3 ___________________________________
4 17,085.75 935.77 8.757E+05 5 3,502,661.97 64,138,258.12
5 13,310.21 943.74 8.906E+05 5 3,562,580.75 270,635,418.51
6 ———————————————————————————————————
7 20,510.10 1,038.70 1.079E+08 5 4,315,580.76 123,582.39
8 21,690.81 1,233.69 1.522E+06 5 6,087,964.06 5,237,647.53
9 26,449.02 1,630.90 2.660E+06 5 10,630,339.24 167,140,210.21
10 20,730.43 962.67 9.267E+05 5 3,708,934.12 19,913.66
11 20,096.46 778.47 8.080E+05 5 2,424,062.16 1,618,014.82
Mean Average: 20,667.32 S (wihln): 1748353.5
Total Samples: 45 MS (between): 75143654 Significant: YES
F Statistic: F(8,36) 2.22 Variance Ratio: 42.955089
unnel—Syringe / Malled
1 21,368.54 1,6875.76 2.808E+06 5 11,232,688.31 5,185,636.22
2 24,039.56 2,534.66 8.425E+06 H 25,6688,005.28 68,058,884.71
3 APy - - -—————— o —————— ] e
4 16,124.66 924.99 8.556E+05 5 3,422,426.00 89,273,640.90
5 13,383.39 1,617.88 2.8618E+06 5 10,470,142.78 242,678,414.85
6 _—-—— @ | weemeaemaae | emsecoeees | eccececacan | caaememe ] eceeaa--
7 20,542.96 933.58 8.716E+05 5 3,486,286.47 185,887.05
8 22,081.33 1,104.60 1.220E+06 5 4,880,564.64 14,640,761.01
9 25,298.25 238346 5.681E+06 4 17,042,644.71 97,855,796.70
10 20,276.03 1,720.32 2.980E+08 5 11,838,003.61 27,465.58
11 20,058.59 B841.22 7.077E405 5 2,830,604.35 425.023.21
Mean Average: 350.15 N3 (whhn): 2507181,
Total Samples: 44 MS (between): 64791440 Significant: YES
F Statistic: F(8.35) 2.23 Variance Ratio: 24.948825
ow— on-—-makled
1 23,828.99 588.55 3.484E+05 5 1,385,564.41 13,944,889.67
2 26,410.11 479.65 2.301E+05 5 920,256.49 90,361,098.20
3 _——— | eeaewecow | ececececee | cececcee | ececeeee ] ececoama
4 15,197.26 1,136.17 1.291E+06 5 5,163,529.08 242,326,798.56
5 13,216.65 108954 |, 1.187E+08 5 4,748,389.65 399,825,136.83
6 ——— | e —————— | ee—ee——— | ec—eama—— | ccacaam—
7 2224748 198.81 3.953E+04 5 158,101.68 39,155.35
8 24,200,83 508.79 2.589E+05 5 1,035,469.08 22,278,720.08
9 28,4%2.73 1,375.85 1.883E+08 5 7.571,852.89 200,582,788.81
10 23,885.61 348,78 1.203E4+05 . 5 481,025.47 14,563,157.34
11 21 %.06 2%13.93 4.901E+08 5 19,605,944.18 330,005.18
Mean Average. 22,1589 H 1140837
Total Samples: 45 MS (between): 123031489 Significant: YES
F S;h_ﬂaﬁc: F‘BIGQ 2.22 Variance Ratio: 107.84318
w=—Flow / Mailled
1 24,167.56 456.62 2.085E+05 5 834,007.30 27,613,100.56
2 26,202.19 381.50 1.455E+05 4 436,626.75 80,090,169.36
3 mmas | eewemmme | eocmeamee— | eceececeee | eceeeee | eccea—-
4 14,387.50 750.35 5.830E+05 5 2,252,100.49 276,027,059.23
5 12,880.19 1,038.71 1.078E+08 5 4,315,673.86 389,380,628.59
6 = | mmmmee | e | e | s | emmeee
7 21,096.54 932.12 8.688E+05 4 2,608,543.08 128,171.96
8 23,520.30 758.84 5.758E+05 5 2,303,352.58 14,650,706.58
9 28,346.16 1,057.34 1.118E+08 5 4,471,871.50 213,114,758.22
10 23,166.11 595.82 3.550E+05 5 1,420,005.89 9,093,280.15
11 21,592.26 1,873.72 3.511E+08 5 14,043,306.55 253,742.88
Mean Average: 21,817.53 MS (wk'ﬁES: 961279.06
Total Samples: 43 MS (between): 127543952 Significant: YES
F Statistic: F(8,34) 2.23 Variance Ratio: 132.6815




Table D—4: Esstem Site D: ANOVA Statistics! Analysis

Sample Avg. Radon Sample Std. Sample Number of Squares Squares
Run Cone. (pCiL) Dev. (pClL) Variance Samples Within () Between (i)
Funnel—Syringe ] Non—maked
L1 e | e | s ) s | mmmeee e
2 41,381.74 2,021.50 4.088E+06 5 16,345,849.00 76,103,049.25
3 38,627.53 1,745.91 3.048E+08 5 12,192,806.91 6,579,785.61
4 39,100.67 2,778.25 7.T24E+06 5 30,896,922.25 13,272,929.52
5 35,099.45 2,907.17 8.452E+08 5 33,806,549.64 28,344,138,32
6 ____________________________________
7 33,712.26 4,104.10 1.684E+07 5 87,374,547.24 70,983,641.67
8 38,266.54 976.18 9.529E+05 5 3,811,700.57 3,249,489.73
9 44,362.98 2,137.08 4.587E+06 5 18,268,443.71 236,850,913.80
10 35,004.682 1,823.72 3.326E+06 5 13,303,818.55 12,411,946.57
11 30,838.43 868.99 4.475E+05 5 1,790,190.48 220'577|499.01
Wean Average: 37 450.33 : 3 -
Total Samples: 45 MS (between): 83547919 Signficant: YES
F Statistic F(8,36) 2.22 Variance Ratio: 15.206585
. —~3yringe / Malled
1 ————————————————————————————————————
2 43,275.52 1,638.83 3.374E+06 5 13,485,777.80 185,974,570.98
3 38,278.17 1,208.92 1481E+08 4 4,384,462.70 4,852,445.32
4 37,317.25 2,073.00 4.297E+08 5 17,188,316.00 8,691.88
5 35,122.31 3,028.61 9.172E+08 5 36,689,914.13 21,103,755.53
[ J B e Tt T R I N T
7 31,863.18 3,457.53 1.185E+07 5 47,818,054.80 141,170,484.96
8 37,753.93 $58.02 9.178E+05 5 3,671,200.28 1,665,645.28
9 44,166.21 2,1768.15 4.736E+08 4 14,206,886.47 195,409,831.60
10 36,902.25 4,038.53 1.629E+07 5 85,174,297.76 376,769.55
11 29.911.99 2.148.17 4.606E+ 08 5 18‘424‘182.68 263l884|173.61
Mean Average: 176, :
Total Samples: 43 MS (between): 101817048 Signficant: YES
F Statistic: F(8,34) 2.23 Variance Ratio: 15.860327
- Non—-maled
1 ____________________________________
2 45,375.47 1,106,968 1.433E+06 5 5,731,140.24 140,984,748.03
3 40,097.31 3,224.85 1.040E+07 5 41,598,630.09 5,004.43
4 40,632.44 4,433.76 1.966E+07 5 78,832,910.95 1,607,728.51
5 40,773.58 1,8687.52 3.488E+08 5 13,850,523.80 2,507,665.38
6 | emmememacen | ccmccaen | ecccecece (] eececece | csmeseae | cmema———
7 37,402.37 2,613.89 6.832E+06 5 27,329,683.73 35,458,377.60
8 39,926.30 848.34 7.163E+05 5 2,885,165.58 96,730.14
9 48,208.98 1,452.24 2.108E+08 5 8,436,004.07 331,427,438.64
10 34,119.985 3,814.54 1.455E+07 5 58,202,881.65 178,741,283.97
11 34,054.11 1,989.02 3.956E 4068 5 1 5|824|802.24 180,677,438.19
Mean Average: 40, B 70158812
Total Samples: 45 MS oon 108688313 Signfficant: YES
F Statistic: F(8,368) 2.22 Variance Ratio 15.491755
- /
1 ————————————————————————————————————
2 44,862.89 1,547.90 2.396E+06 5 $,583,977.64 131,316,907.18
3 40,375.65 2,998.89 8.993E+06 5 35,973,364.93 2,032,293.34
4 42,159.58 144.19 2.079E+04 5 83,163.02 29,317,611.71%
5 38,902.47 2,780.40 7.731E+06 5 30,822,496.64 135,072.87
6 | =———emr | mmmmme | mmmmee | mmmcee | mmaaee | o
7 34,344.46 4,827.83 2.331E+07 5 93,231,770.04 145,457,241.68
8 39,785.34 252.88 6.385E+04 5 . 255,793.18 16,377.00
9 47,022.88 1,606.31 2.580E+06 5 10,320,927.26 265,339,450.71
10 34,997.80 3,838.59 1.472E+07 5 58,877,691.31 112,352,641.81
11 34,181.91 1,897.16 3.599E+06 5 14,396,864.26 154,356,730.46
Woan Average: 30.7 .01 | M3 withi): X ———
Total Samples: 45 MS (between): 105040541 Signficant: YES
L_F Statistic: __F(8,36) 2.22 Variance Ratio: 14.908411
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Table D-5: Westemn Site A- ANOVA Statistical Analysis

Sample Avg. Radon Sampie Std. Sample Number of Squares Squares
Run Cone. (pCI/L) Dev. (pCi/L) Variance Samples Within () Batween (1)
Funnel—Syringe / Non—maged

1 67,502.08 1,189.68 1.415E+06 5 5,661,163.66 1,180,027,982.02
2 25,852.08 1,565.33 2.450E+06 5 9,601,032.04 3,411,848,541.54
3 36,926.17 888.90 7.901E+05 5 3,160,572.84 1,147,382,231.55
4 25,171.98 1,276.53 1.630E+06 5 6,518,115.36 3,618,768,265.64
5 70,430.48 1,074.09 1.154E+06 5 4,614,677.31 1,684,682,474.94
6 66,274.84 2,027.61 4.111E+08 5 16,444,809.25 1,008,226,980.18
7 75%%,6494 1,569.42 2.463E+06 5 9,85&316.55 210382391051 42

Mean Average: ,074.65 n): 1.7

Total Samples: 35 MS (between): 2.35E+08 Signifcant: YES

F Statistic: F(6,28) 2.45 Variance Ratio: 1173.8352

~8ynnge / Masked

1 66,560.40 3,483.75 1.221E+07 5 48,825,156.25 1,031,834,202.34
2 26,718.05 748.42 5.601E+05 5 2,240,529.99 3,245,178,736.96
3 38,230.00 1,339.43 1.794E+08 3 3,588,145.45 584,999,158.48
4 24,106.33 3,038.02 9.217E+08 4 27,652,252.32 3,155,720,505.64
5 69,851.07 1,082.27 1.171E+08 5 4,685,233.41 1,576,526,833.93
] 67,347.96 1,724.12 2.973E+08 5 11,890,359.10 1,148,177,664.56
7 72,445.80 1,744.68 3.044E+08 5 12‘175|354.06 2.050,630,437.32

Moan Average: 3212423 WS Twhe): 1.2

Total Samples: 32 MS (between): .,  2.13E+08 Significant: YES

F Statistic: F(6,25) 2.43 Variance Ratio: 479.9774

—Flow / Non—mased

1 64,614.18 1,054.51 1.112E106 5 4,447 96536 723,682,181.51
2 26,122.23 538.01 2.905E+05 5 1,162,127.12 3,501,003,122.51
3 39,848.90 $48.50 8.958E+05 5 3,589,448.00 810,854,551.85
4 25,000.19 2,112.88 4.484E+08 5 17,858,709.52 3,779,419,900.08
5 71,587.78 908.70 9.934E+05 5 3,673,643.58 1,805,808,775.84
[} 68,8617.14 1,923.32 3.680E+08 5 14,796,639.29 1,285,382,561.01
7 72 32 2,394.78 5.735E+08 5 22.939,501.83 1,924 876,160.23

WMean Average: 55.%.55 B 24557158

Total Samples: 35 MS (between): 2.31E+09 Significant: YES

F Statistic: F(6,28) 2.45 Variance Ratio: 938.6962

. — Slow-Tiow ] Malled

1 63,872.94 1,085.65 1.136E+08 5 4,542,439.69 700,668,191.31
2 26,001.90 603.42 3.841E+05 5 1,456,482.79 3,388,650,899.72
3 38,007.38 1,040.24 1.082E+08 4 3,248,297.77 678,883,398.03
4 23,763.67 3,348.67 1.121E+07 4 33,640,772.31 3,197,106,648.68
5 72,440.04 1,283.17 1.672E+08 5 6,689,154.60 2,081,797,388.08
8 67,548.26 1,490.20 2.221E+08 5 8,882,784.16 1,202,972,445.57
7 71,613.89 1,381.91 1.910E+08 5 7,638,700.99 1,916,635,020.24

Woan Averags: — E2.035.18 : 104

Total Samples: 33 MS (between): 2.1SE+09 Signifcant: YES

F Statistic: F(6,26) 2.47 Variance Ratio: 863.21815
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Table D—~6: Western Site B: ANOVA Statistical Analysis

Sample Avg. Radon Sample Std. Sample Number of Squares Squares
Run Congc. (pCiL) Dev. (pCi/lL) Variance Samples Within () Between (i)
Funnol—§yrinqo ] Ron—malled
1 ————————————————————————————————————
2 26,800.28 2,230.64 4.978E+08 5 19,9803,019.24 4,009,153.51
3 24,364.40 1.312.04 1.721E+06 5 6,885,795.85 13,455,052.92
4 26,974.40 1,566.87 2.455E+08 5 8,820,326.39 4,700,329.92
5 18,529.44 473.76 2.244E+05 H] 897,794.15 279,407 278.26
6 28,073.28 382.67 1.464E+05 5 585,745.32 21,392,633.88
N 7 31,187.17 1,365.60 1 .86)524-08 5 7.459,453.44 134 ‘23@39.38
Mean Average. 26,004.83 MS (within): 1898005.6
Total Samples: 30 MS (between): 91449538 Significant: YES
F Statistic: F(5.24) 2.62 Variance Ratio: 48.181911
unnel—8yninge / Malled
1 ————————————————————————————————————
2 28,218.46 1,811.38 3.281E+06 5 13,124,350.02 351,929.29
3 24,054.49 1,301.11 1.693E+06 5 8,771,548.93 18,024,675.56
4 26,305.62 2,268.03 5.144E+06 5 20,575,840.32 621,152.01
5 19,705.67 2,362.92 5.583E+06 5 22,333,563.71 195,155,448.25
6 28,075.48 877.52 7.700E+05 5 3,080,165.40 22,521,281.66
7 31,350.22 1,348.82 1.819E+06 4 5.457,.946.18 116,902,083.06
Mean Average:  25,953.16 | WS (whhin): _ 3101889.3 = S|
Total Samples: 29 MS (between): 70715314 Significant: YES
F Statistic: F(5:23) 2.64 Variance Ratio: 22.797497
: w— / Non—maised
1 ————————————————————————————————————
2 27,325.42 2,51683 6.333E+4068 5 25,333,708.23 3,533,013.78
3 24,098,37 1,208.99 1.687E+06 § 6,749,500.08 28,475,797.58
4 25,168.78 4,822.30 2.137E+07 5 85,462,629.16 B,859,850.28
5 19,557.13 73468 5.388E+05 5 2,159,018.81 230,964,874.60
8 20,623.19 1,265.7¢8 1.602E+06 5 6,408,593.51 49,248,726.67
7 33,136.05 1,074.07 1.147E+08 5 458876378 | 22119408086 |
Mean Average: 26,484.82 MS (within): S
Total Samples: 30 MS (between) 110214829 Significant: YES
F Stafisfic: ___F(5.24) 2.62 Variance Rafio: ___20.238035
ow~Fiow / Malled
1 ————————————————————————————————————
2 27,645,31 2,726.14 7.432E+08 5 29,727,357.20 1,120,664.04
3 25,013.28 695.98 4.B44E+05 5 1,937,608.32 23,297,841.75
4 28,175,31 1,313.53 1.725E+06 ) 6,801,444.24 5,034,325.38
5 19,888.33 789.57 5.922€+05 5 2,388,951.94 285,250,745.80
[} 29,808.57 1,449.64 2.101E408 5 8,405,824.52 34,707,869.16
7 32.502.50 683.84 4.876E+05 5 1,870,548.58 142'077 I370.23
Mean Average: 27.171.68 M3 (wRAIn): 21338223
Total Samples: 30 MS (between): 94297763 Significant: YES
F Statistic: F(5.24) 2.62 Variance Ratio: 44.191848
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Table D—7: Western Site C: ANOVA Statistical Analysis

Sample Avg. Radon Sample Std. Sample Number of Squares Squares
Run Cone. (pClL) Dev. (pCi/L) Variance Samples- Within () Between (i)
Tunnel—Syringe / Non—mailed

1 20,579.53 303.20 9.193E+04 5 367,720.96 203,265,878.06
2 2,366.61 81.45 8.634E+03 5 26,536.41 700,585,235.52
3 18,014.78 911.11 8.301E+05 5 3,320,485.73 72,627,533.90
4 15,790.43 1,658.41 2.750E+06 5 11,001,294.91 12,591,008.68
5 11,310.00 1,515.35 2.206E+06 5 9,185,142.49 41,883,034.00
6 15,732.04 445.92 1.988E+05 5 7985,378.58 11,681,473.91
7 15,631.43 446.68 1.995E 405 5 798,(8&09 10,194 267.67

Tdean Average:  14,203.55 3 (withm): 26

Total Samples: 35 MS (between): 175484738 Significant: YES

F Statistic: F‘Bgﬂ 2.45 Variance Ratio; 192.70759

unnel—8yringe / Malled

1 19,865.72 1,176.13 1.383E+068 5 5,533,127.11 152,024,367.19
2 2,438.68 97.65 9.536E+03 5 38,142.09 708,584,100.92
3 18,350.01 673.05 4.530E+05 5 1,811,985.21 79,834,070.73
4 16,033.24 1,623.83 2.637E+06 5 10,547,295.48 14,138,580.50
5 12,044.64 2,302.31 5.301E+06 5 21,202,525.34 26,611,673.44
6 15,851.01 1,091.74 1.192€+06 5 4,767,584.91 12,780,624.96
7 15,778.30 725.16 5.259E+05 4 1 15771571 .08 8.1 41223.06

Mean Average:  14,351.66 S (WRhin): 1664376.9

Total Samples: 34 MS (between): 1872056807 Significant: YES

F Statistic: F(6:27) 2.48 Variance Ratio: £9.268403

W= / Non—maned

1 20,125.47 1,204.04 1.450E+08 5 5,798,848.29 115,072,149.78
2 2,48544 73.62 5.420E+03 5 21,679.62 824,673,982.58
3 19,980.30 547.14 2984E+05 5 1,197,448.72 108,632,328.08
4 18,206.87 1,716.04 2.945E+06 5 11,779,173.13 43,770,585.13
5 12,223 .92 2,854.14 8.727E+06 § 34,907,772.58 48,180,731.66
[ 16,844.38 356.67 1272E+05 5 508,853.98 11,484,702.08
7 17,31]_.58 208.78 4.276E4+04 5 171,031.87 20289‘81 8.22

Mean Average:  15,328.13 MS (wihin): 1942314.6

Total Samples: 35 MS (betwesn): 195348050 Significant: YES

F Stafistic: __F(6.26) 245 Varlance Hatio: ___100.57539

ow—Flow / Mailed

1 20,729.68 71255 5.077E+05 5 2,030,910.01 154,724,037.07
2 2,505.11 48.03 2.119€+03 5 8,475.04 801,601,374.13
3 19,704.86 258.99 6.708E+04 5 268,203.28 102,966,571.72
4 17,706.91 1,503.58 2281E+08 5 9,043,011.27 32,258,807.15
5 11,541.10 1,501.42 2.254E+08 5 9,017,048,07 65,731,195.85
6 16,825.44 486.08 2.388E+05 5 947,351.82 15,482,786.86
7 17,055.02 498.58 2 486E+05 5 994.328.07 17.825|471 .19

WMean Average:  15,106.87 M3 (whhin): 20

Total Samples: 35 MS (between): 198428387 Significant: YES

F StLﬂsﬂc: F{G‘ggz 2.45 Variance Ratio: 248.04247
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Table D—-8: Westemn Site D: ANOVA Statistical Analysis

175

Sample Avg. Radon Sample Std. Sample ‘Number of Squares Squares
Run Cone. (pCiL) Dev. (pCVL) Variance Samples Within () Botween (i)
Funnel—3yringe ] Non—maXed
1 5,497.86 83.20 8.686E+03 5 34,744.96 990,007,887.49
2 4,341.28 639.00 4.083E+05 5 1,833,284.00 1,159,442,154.07
3 12,202.51 7.880.17 6.210E+07 5 248,388,316.92 264,748,418.67
4 55,602.01 3,759.43 1.413E+07 5 56,533,255.70 6,491,830,194.52
5 24,856.05 1,628.34 2.651E+06 5 10,605,964.62 139,755,853.13
6 ____________________________________
7 14,825.27 1,027.12 1.055E+06 5 4,219,901.98 112,522,619.79
Mean Average: 19,569.16 MS : 13392311
Total Samples: 30 MS (between) 1.90E+09 Signficant: YES
F Statistic: __F(5.24) 2.62 Variance Ratio 141.50681
[=Syringe / Mailed
1 4,621.35 308.44 9.514E+04 4 285,405.70 770,986,482.00
2 3,72248 1,480.85 2.134E+08 5 8,537,499.61 1,122,328,837.47
3 10,888.60 6,102.89 3.725E+07 4 111,735,789.08 243,739,019.46
4 53,432.40 5,854.93 3.428E+07 5 137,120,821.22 6,030,075,575.97
5 24,701.54 1,660.29 2.757E+06 5 11,026,251.54 179,812,148.04
6 | ecmemmema | ccccame | ececcces | eccceceen | ecccama | cmeeoew
7 . 14,651.685 923.41 8.527E+05 5 3,410,744.11 82 134 923.15
Mean Average: 18,704.67 M3 (whhin): 12368933 EE—
Total Samples: 28 MS (between) 1.74E+09 Signficant: YES
F Statistic: F(522) 2.68 Variance Ratio 140.63918
- How / Non—maled .
1 5,840.92 83.94 7.048E+03 5 28,183.69 1,200,084,682.75
2 4,418.12 851.73 7.254E+05 5 2901,775.97 1,430,633,487.39
3 14,883.58 10,322.81 1.068E+08 5 426,241,625.18 209,282,854.16
4 60,006.81 4,535.08 2.057E+07 5 82,267,076.81 7.478,163,205.14
5 26,545.58 1,841.8 3.392E+068 5 13,589,056.30 135,834,622.98
8 | eemecececa | ccccca | cececees | ccccce | cemmeme | eecaam——
7 16,325.33 41924 1.758E+05 5 703,048.71 125,401,321.60
Mean Average: _ 21,333.40 S (Within): 21904615
Total Samples: 30 MS (between) E+09 Significant: YES
F Statistic: F(5.24) 2.62 Varlance Ratio: 101.38884
—How /
1 5,155.83 100.57 1.011E+04 4 30,342.97 971,886,860.01
2 4,264.69 868.52 4.483E+05 5 1,783,028.12 1,357,736,120.58
3 13,206.24 8,327.81 6.835E+07 4 208,057,258.19 227,233,917.52
4 50,438.34 4,952.30 2453E+407 4 73.,575,825.87 5,989,190,717.61
5 26,108.94 1,918.72 3.685E+06 5 14,741,200.51 143,948,170.57
8 | memmwenan | ecemecee | ccccaae | vedcan ]| cecemamaae | ceaeaa
7 16,288.24 598.58 3.558E+05 5 1.423.535.33 £9,330,484.90
Mean Average. 20,743.38 : 14267680
Total Samples: 27 MS (between): 1.82E+09 SignFicant: YES
F Statistic: __F(5,21) 2.68 Variance Ratio: 127.38824




Table D—9: Western Site E: ANOVA Statistical Analysis
Sample Avg. Radon Sample Std. Sample Number of Squares Squares
Run Cone. (pCi/l) Dev. (pCi/l) Variance Samples Within () Between (i)
Funnol—§yrlngo T Non—malled
A e R e il I et D s
2 82,821.43 13,963.62 1.950E+08 4 584,948,050.51 215,802,073.97
3 76,808.05 1,702.32 2.898E+06 5 11,5981,573.53 10,248,134.65
4 86,020.88 3,098.09 9.598E+06 5 38,392,646.59 5§56,887,263.91
5 68,085.08 1,268.17 1.608E+06 5 6,433,020.60 205,520,525.96
6 72,358.60 8,618.01 7.427TE+07 5 297,080,385.44 438,601,149.80
7 85,674.93 1,332.78 1,776E+08 5 7,104,996.87 480,337,046.44
Wean Average: 7547633 | WS within): 41110899
Total Samples 29 MS een): 303479439 Significant: YES
F Statistic: __F(523) 2.64 Varlance Ratio: 73819704
unnel—Syrnge / Malled
1 ————————————————————————————————————
2 84,491.11 13,890.10 1.932E+408 4 5§79,554,942.43 238,782,640.73
3 78,016.16 2,221.35 4.934E+06 5 19,737,583.29 7.828,342.40
4 88,815.99 3,890.07 1.513E+407 5 60,530,578.42 726,154,205.26
5 69,700.66 1,077.55 1.161E+06 5 4,644,456.01 248,875,94278
6 74,560.35 2,988.86 8.933E+06 5 35,733,136.40 24,100,286.24
7 " 64,9868.61 1,780.36 3& §+06 4 9.615166.79 554.&)4295.05
Mean Average: 76,764.81 S Twihn): 32264403
Total Samples: 28 MS (between): 360128362 Signlificant: YES
F Statistic: F‘Slg 2.68 Variance Ratio: 11.161817
low—Flow / Non—maiked
1 ————————————————————————————————————
2 83,873.31 12,267.44 1.505E+08 5 601,960,338.61 419,342,835.77
3 77,030.29 1,114.84 1.243E+06 5 4,971,472.90 28,795,160.43
4 77,767.78 9,119.79 8.317E+07 5 332,682,278.58 46,587 ,204.14
5 69,791.28 3,848.84 1.481E+407 5 59,254,277.38 121,231,424.08
] 75,103.22 5,335.62 2.847E+07 5 113,875,383.14 752,286.80
7 84,728.11 ,824.42 2.639E+08 5 10|554|961 .35 498,922 747.53
Mean Average: 74,7 15.33 WS (wihin): 46804112 ———
Total Samples: 30 MS (beh )2 222726332 Significant: YES
F Statistic: F‘5|24! 2.62 Variance Ratio: 4.7586915
ow— aNed
1 ------------------------------------
2 80,779.93 11,497.01 1.3226+08 5 528,724,955.76 310,304,703.88
3 76,630.51 2,095.77 4.392E+06 5 17,588,007.57 69,508,945.58
4 77911.84 6,648.48 4.422E+07 5 176,662,337.08 125,489,812.23
5 65,808.57 523348 2.739€+07 4 82,167,838.73 201,270,023.20
6 72,521.36 5,440.10 2959407 5 118,378,752.04 724,637.07
7 63,760.11 1,604.13 2.573E+08 4 7,719,699.17 334,300,511.64
Wean Average: 1200205 | WS (wRhIn): 3 “
Total Samples: 28 MS (between): 208319327 Signlificant: YES
L_F Statistic: __F(5.22) 2.68 Yariance Ratio: 4.9204569

176




APPENDIX E:

Well Shaft Profile Analysis

177




WELL SHAFT PROFILE ANALYSIS

Objective

The objective of this experiment was to investigate the water radon
concentration of the well at western site A as a function of pumping time. The
experiment was two-fold: first, to investigate how the radon concentration varies
with pumping time if the well has not been used for several days; and second, to
investigate how the radon concentration varies with pumping time of water which
has been standing in the well for several hours after the well had been purged for a '

few hours.

Materials and Methodology
Experimental Design

The experiment was designed to obtain data on radon concentrations as a
function of water being withdrawn from the well. To obtain the data, two to three
sample runs, containing two series of 15 samples each, were planned. The
quantity .of water intended to be withdrawn during the sampling procedure of each .
series of 15 samples was the quantity which could be held in the well shaft,
approximately 515 gallons.

This experiment was conducted in conjunction with the major experiment
of this report. The first series of samples was collected prior to collection of
samples for the major experiment. The first series of samples was collected to
determine the trend of radon concentrations of water, which had stlood in the well
shaft for several days, versus well depth. The second series of samples was
collected after the samples were collected from all the western sites. Thus, the
second series experiments were conducted to determine the trend of radon

_concentrations of water which had stood in the well shaft for several hours.
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Sample Preparation

The sample preparation was similar to the major experiments preparation.
The only difference was the number of vials prepared and the identifier scheme.
The scheme used in this sub-study is as follows:

1. First the vial lid was labeled with the letter "P" to indicate that the
samples were profile samples.

2. Next, the first 15, of 30 vials, were labeled with the letter "A" to
indicate that this was the first sample series. The vials wére then
numbered 1 through 15.

3. Lastly, the second set of 15 samples was labeled with the letter "B" to
indicated that this was the second series of samples: The vials were
then numbered 1 through 15.

Sample Collection and Radon Calculation: .

Prior to sample collection the maximum amount of water which could stand
in the shaft was determined. The western site A well is 350 feet deep with a 6
inch diameter shaft. The quantity of water in the shaft was calculated to be
approximately 515 gallons. This quantity of water was divided by 15, the number
of samples, to obtain the quantity of water to be withdrawn between each sample,
approximately 35 gallons. The flow rate was then determined to be 3.5 gallons per
' minute, which resulted in a purge time between samples of 10 minutes.

The EPA standard funnel-syringe sample collection method was used to
collect samples. (See the procedure in the main report.) The first sample of series
A was collected without any purge to obtain the zero depth. The remaining 14
samples were collected following each 10 minute purge, with the time noted each
time a sample was collected. Collecting the series of 15 samples took
approximately 3 hours to complete. Upon completion of the first series, series A,

samples were collected for the major experiment. Approximately three gallons of

179




water was removed from the well at site A while samples were collected for the
major experiment.

The second series of samples, series B, was collected approximately 3 to 4
hours after series A. The same procedure was followed for .the collection of the
series B samples as discussed above. That is, the first sample of series B was
collected without a purge to determine the zero depth, and the remaining 14
samples were collected following each 10 minute purge.

The radon concentrations of the samples were determined as described in

the main report.

Results and Discussion:

The results are presented in Figures E-1 through E-5. The radon .
concentrations dispiayed in the figures were measured by the liquid scintillation
counter and corrected for radon decay. Three runs were conducted over three
months, one run per month, collecting a total of 75 samples. The first run
conducted only a series A run, while the second and third sample runs conducted
both a series A and a series B run.

The figures are in a line graph format with the sample radon concentration
versus sample number. The sample number can be related to the pumping time
and/or the depth from which the sample was collected. Each 10 minute purge
corresponds to a removal of 24 linear feet of water from the well shaft. The first
sample was collected without a purge, corresponding to the 0 foot mark; the
second sample was collected after a 10 minute purge, corresponding to the 24 foot
mark; the third sample was collected after a second 10 minute purge (20 minutes

total), corresponding to the 48 foot mark; and etc.
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Figures E-1(run 1), E-2(run 2), and E-4(run 3) are series A profiles and
display a consistent trend. The water radon concentrations of the three profiles
rise quickly within the first 125 feet, peak, and slowly decline. Overlaying these
three figures in Figure E-6, the peak radon concentration, approximately 100,000
pCi/L, occurs between the 120 foot and 150 foot mark.

The Figures E-3(run 2) and E-5(run 3) are series B profiles, and display a
continuation of the downward trend noticed in their runs' respective series A
profiles. The 0 foot mark (sample number 1) is the depth of the highest radon
concentrations for both B series profiles, and range around 64,000 to 70,000
pCi/L.

The results of the series A runs are surprising. It was not expected to see
the radon concentration peak at about the 120 - 150 foot mark; such a peak was
expected to occur at a greater depth. The likely reason for the peak is the pumping
of fresh ground water into the well. The radon concentration of the ground water
was higher than the well shaft water due to the water standing and decaying in the
well for several days. Thus, when the pump began running, fresh ground water
was pumped into the well and mixed with the water standing in the well. The
radon concentration of the fresh water was diluted, but raised the overall radon
concentration of the water in the well. Because of the nature of the experiment,
the pump was continually running, pumping fresh ground water into the well. The
mixing of the well water and fresh ground water continued to raise the overall
radon concentration of the well water to a maximum. This maximum water radon
concentration consistently occurred between the 120 - 150 foot mark.

After the 150 foot mark, the radon concentration of the well water declined.
The declines noticed in Figures E-2 and E-4, series A profiles, continued in their

respective series B runs, Figures E-3 and E-5. The likely reason for this decline is
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the mixing of ground water with a lower radon concentration than the water held
in the well. That is, the radon concentration of the water in the well was now
higher than the water being pumped into the well. It is believed that the water
pumped into the well during the first 150 linear feet of the series A run was from
the immediate surrounding geology of the well. Because the ground water
velocity is very slow, on the order of feet per day or feet per year, and because the
well had not been used for several days, it is likely the radon concentration of the
water located in the immediate area of the well is at or near equilibrium with the
surrounding geology (Edward 1960). As the water from the immediate area of the '
well was pumped into the well, the radon concentration of this water accounted for
the peak observed during the series A runs, and then water from outside the
immediate area of the well was drawn in. It seems likely that the water drawn into
the well from outside the immediate area of the well had a lower radon
concentration than the water pumped into the well during that first 150 linear feet
of the series A run. Because the pump was in continual operation, water continued .
to be drawn from outside the immediate area of the well. The drawing force of the
pump is believed to have increased the water's velocity through the geology
surrounding the well and this did not allow radon to build-up in the water while
traversing the geology to the well. Ground water continued to be pumped into the
well, and the lower radon concentration of the ground water continued to dilute the
radon concentration of the water in the well.

It is unclear what is truly occurring, but it is recommended that a study be
‘conducted to determine the nature of this radon build-up and decline. During the
interim, however, the results of this study indicate that to obtain the most
representative sample, a sample containing the maximum radon concentration, one
does not have to pump the well all the way down, rather one only needs to pump
_the well approximately a third of the way down.
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APPENDIX F:

Well Shaft Profile Data and Results
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