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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied,
or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed in this report, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise, does
not necegsarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency thereof.
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1.0 INTRODUCTION

This document describes the sampling and analysis plan which will be used to
conduct a series of radon flux measurements on selected Waste Pits located at
the US Department of Energy-Fernald Environmental Management Project
(DOE-FEMP), Fernald, Ohio. It details the objectives of the sampling program,
the methodologies which will be used to collect and analyze the individual
samples, and the data reduction necessary to produce a single value for the
average radon emission from each of the measured sources.

2.0 BS8ITE BACKGROUND

The FEMP has a number of radium bearing sources which have the potential to
emit radon gas. The DOE and the operating contractor at FEMP are concerned
about the levels of radon emissions from these sources and have contacted the
Grand Junction Projects Office (GJPO) Radon Laboratory requesting assistance
in measuring the radon flux from some of these sources.

Five Waste Pits will be addressed in this project. Radon Flux measurements
are to be conducted on Waste Pit Nos. 1 through 5. The presence of the K-65
Silos presents a potential problem in conducting the radon flux measurements.
The K-65 Silos emit significant quantities of radon, which under the right
weather conditions may accumulate to concentrations as high as 100 pCi/L in
the vicinity of the Waste Pits. Atmospheric radon concentrations this high
will have an impact on the radon flux measurements and therefore must be
considered in the measurement protocol.

3.0 OBJECTIVE

The objective of the sampling and analysis plan described herein is to provide
to FEMP a technically defensible measurement of the radon-222 emissions from
Waste Pit Nos. 1 through 5. Hereafter the term Waste Pits will mean Waste Pit
Nos. 1 through 5. The measurement methodologies given in 40 CFR Part 61,
Appendix B, Method 115 will provide measurements which are technically
defensible, and therefore this methodology will be employed.

One set of measurements will be made on each of the Waste Pits starting in

mid-October. No attempt will be made to characterize the seagonal variability
in the radon emissions from these sources.

4.0 SPECIAL CONSIDERATIONS

Information provided by FEMP technical personnel indicates that the
atmospheric radon concentrations may be elevated to as much as 100 pCi/L in
the vicinity of the Waste Pits under certain weather conditions. Because of
this possibility, the GJPO Radon Laboratory undertook an evaluation of the
effects of increased atmospheric radon concentration on radon flux
measurements using the Large Area Activated Charcoal Collector (LAACC). A
gseries of experiments was performed on the GJPO Thin-Layer Radon-Flux Model to
agsess the impact on the measurement technique, and to evaluate possible
mechanisms to compensate for the effect, if any was observed. The basic
experimental design called for a series of 24 hour exposures of replicate
LAACC's on the flux model, with various atmospheric radon concentrations
maintained above the model. The atmospheric radon concentrations ranged from
approximately 7 to 120 pCi/L. During one of these exposures an additional
pair of LAACC's were exposed which had a cover of aluminum foil over the
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bottom of the LAACC. The foil cover prevented radon from entering the LAACC
from the bottom, leaving only the 1/4 inch vent hole on the top of the device
as an entry path. The following observations resulted from these
investigations.

) For atmosgpheric radon concentrations up to approximately 120 pCi/L an
increase in the device response of 0.015 (pci'm'°sec4) per pCi/L of
atmospheric radon was observed on the Thin-Layer Radon-Flux Model.
The relationship between the device response increase and the
atmospheric radon concentration was reproducible and appears linear.

° No more than 10% of this increase (0.0015 pci°m'2'sec'1 per pCi/L of

atmospheric radon) may be attributed to radon entering the device
through the 1/4 inch vent hole on top of the LAACC.

It had been anticipated that the increase in the device response observed on
the Thin-Layer Radon-~Flux Model might represent a maximum value, due to the
high diffusion coefficient for radon of the tailings material used in the
model. To test this hypothesis a series of gsimilar experiments was conducted
on local Grand Junction soils. The basic experimental design was to measure
radon flux with a pair of LAACC's for 24 hour periods, one under a make-shift
radon chamber, and the second, a control, open to the air.

The results of these experiments demonstrate that, contrary to expectations,
the increase in measured radon flux per pCi/L of atmospheric radon was higher
for the soils than for the tailings in the flux model. The average increase
in measured radon flux observed during these experiments was approximately
0.030 pCi'mQ-sec' per pCi/L of atmospheric radon. These results do, however,
confirm the direction of the bias resulting from increased atmospheric radon,
and provide a sense of the expected magnitude. Moreover these results
demongtrate that the increase in device response for a given atmospheric radon
concentration is dependent upon as yet unidentified parameters of the soil on
which the LAACC's are placed. Therefore, any empirical correction factor
which might be developed on soils in Grand Junction would have questionable
value if applied to measurements conducted elsewhere. It is, therefore,
considered necessary to determine an empirical correction for the measurements
to be conducted on the FEMP Waste Pits, concurrent with these measurements.

It is important to point out that the probability of a significant bias
occurring is relatively small, and that even in the worst case scenario the
resulting biag would also be small. The weather conditions which promote high
atmospheric radon concentrations are expected to occur infrequently, and to
exist for only a small fraction of the 24 hour exposure period. The direction
of the bias results in a measured value which is higher than the true value,
which errs toward the conservative in public health and regulatory matters.

Continuous monitoring of the atmospheric radon levels will be conducted during
the periods when measurements are made. This monitoring will be accomplished
with two Pylon AB-5 continuous radon monitors, supplied by Chem-Nuclear
Geotech. Each of the Waste Pits will be roughly divided in half, and a Pylon
AB-5 will be centrally located in each half.

5.0 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)

All field work associated with this project will be performed under the
auspices of the Categorical Exclusion for FEMP Site Characterization and

Environmental Monitoring for FY-1991, NEPA Document No. 319 (under SEN 15-90,
interim NEPA guidance).

: 6
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6.0 FIELD ACTIVITIES

The field activities can be broken down into two tasks: (1) location and

preparation of the sampling points, and (2) collection of the radon-on-
charcoal samples.

6.1 Location and Preparation of Sampling Points

Using Method 115 as guidance, a uniform rectangular grid of 100 locations will
be used to sample each of the Waste Pits except Pit No. 5. Because
substantial portions of Waste Pit No. 5 may be covered with water during the
meagurements the sampling grid will need to be modified to accommodate this.
Measurements will only be made on those portions of Waste Pit No. 5 which are
free of standing water. Table 1 shows the approximate collector spacing for
each of the Waste Pits using 100 sampling locations. The sampling points will
be located, relative to the pit boundaries, by the use of a compass and chain.
Each of the sampling locations for a given Waste Pit will be assigned a number
ranging from 1 through 100. A diagram of the numbered sampling points and
their relative locations will be recorded in the field notebooks. The pit
boundaries must be located and clearly marked by FEMP technical personnel
prior to the commencement of field activities.

Table 1: Collector Spacing

Waste Pit No. Waste Pit Area Approximate
in square meters Collector Spacing
1 7,430 ) 9 m
2 4,460 7 m
3 22,300 15 m
4 7,990 9 m
5 17,100 < 13" m

"Actual collector spacing will be dependant upon the fraction of Waste Pit
No. 5 covered with standing water during the measurement period.

Except on Waste Pit No. 4, preparation of the sampling points will consist of
removing any grass, or other vegetation in a circular area of approximately 12
inches (30 cm) in diameter. This is necessary to ensure a good seal between
the Large Area Activated Charcoal Collector (LARCC) and the ground surface.
The vegetation will be removed with a "Weed Eater" type gasoline powered grass
trimmer. A pin flag will be used to label the location according to the
scheme described above. The pin flags will be left in place following the
measurements as temporary markers of the sample locations. As suggested by
Geotech, WEMCO should use the pin flags to survey and tie the sampling
locations to the site coordinate system.

On Waste Pit No. 4, the sample points will be located by placing a gummed
label with the location number on the Hypalon cover. Special congideration
will be given to the location of samples with respect to any tears or other
openings which may exist in the Hypalon covering. If such openings are found,
location of the sampling points will be adjusted to ensure that a

3 (4
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representative gsampling of these openings is accomplished. The method of
forming a seal between the LAACC and the substrate will be modified for Waste
Pit No. 4. Instead of packing soil around the LAACC lip, a rubber gasket
material will be applied to the LAACC to form a gas tight seal between the
collector and the Hypalon covering.

6.2 Collection of Radon-on-Charcoal Samples

A sample is defined as the charcoal exposed in a LAACC, which has sorbed radon
exhaling from the surface under investigation. The charcoal becomes a sample
when the LAACC is recovered from an identified location on cne of the Waste
Pits and the sample information is recorded in the field notebook. The
charcoal retaing its identity as a sample for a period of 15 days
(approximately 4 half-lives of the radon) following the end of the exposure.
Past this period the charcoal is no longer considered a valid sample, and may
be recycled for future use. Because the charcoal will be reused at a later
date, no waste other than the used metal cans and the packaging materials used
during shipping will be generated from the sample handling process.

Two types of radon flux measurements will be conducted on each Waste Pit
included in this survey. The first type of measurement will comprise the bulk
of the measurements, and will be conducted in accordance with the standard
methodology given in Method 115. Hereafter these measurements will be
referred to as the "standard measurements.” The general procedure for
collecting and analyzing these samples is given in the Radon Laboratory
Technical Procedure RN-FLUX-U, attached as Appendix A of this document.

Details of sample collection and handling gpecific to this project are given
in section 6.3 below.

An additional ten measurements will be conducted on each Waste Pit to
determine a correction due to atmospheric radon which may be applied to the
results of the standard measurements. To calculate a correction factor it
will be necessary to determine the increase in the measured radon flux which
results from a given value of atmospheric radon concentration.

This will be accomplished by placing a correction LAACC next to the existing
LAACC at ten randomly selected sampling locations on each Waste Pit measured.
A metal tub, approximately 0.2 m® in area, will be placed over each correction
LARCC to act as an accumulator can. The radon concentration in the
accumulator can will build up, over the 24 hour exposure, to levels
significantly in excess of the normal atmospheric concentrations. The average
radon concentration in each accumulator can will be measured with a Diffusion-
Barrier Charcoal Canister (DBCC) following the Radon Labgratory Technical
Procedure RN-DBCC-U, see Appendix A. Ten DBCC's will be used to measure the
average atmospheric radon concentrations that the LAACC's not under the

accumulators were exposed to. The correction factor will be calculated using
the following equation:

F = (JA - Jg)
(CA = C_g)
Where :

F = Empirical Correction Factor {[(pCim2sec™)/{(pCi/L)]

Jp = Measured Flux Under Accumulator (pCim=3-sec?]

Jg = Measured Flux of the Standard Measurement {pCi'm3-sect]

C, = Average Atmospheric Radon Concentration in the Accumulator {pCi/L)

Cg = Average Atmospheric Radon Concentration for the Standard Measuremsnt (pCi/L)
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The average correction factor for a given set of measurements (one Waste Pit)
will be calculated as the arithmetic mean of the ten individually computed
correction factors. This mean correction factor will then be multiplied by
the average atmospheric radon measured on the pit. The resulting value will
be subtracted from the individual results of the standard measurements.

The samples generated from the correction LAACC measurements will be treated
the same as the samples from the standard measurements so far as sample .
analysis is concerned. Only the field conditions under which the measurements

are to be conducted will differ from the standard measurements.

The logistics involved with the measurement process will require that each
Waste Pit be sampled over a separate 24 hour period. Because the temporal
variations in the radon flux from these Waste Pits may be large, measurements
at different pits, made at different times may not be directly comparable. To

allow the results from one pit to be compared to another, a resampling scheme
will be implemented.

In this scheme five percent of the locations from the first pit sampled will
be resampled during the measurement period of each of the other 4 pits.
Assuming Waste Pit No. 3 is the first to be selected for sampling, five of the
locations in Pit No. 3 would be selected for resampling. Concurrent with the
measurements made at each of the remaining pits these five locations would be
resampled. This will provide a basis for comparing the results obtained from
each of the pits to some common baseline. Additionally, this will provide
information regarding the short term temporal variability in the measured
radon flux for one pit. Although a larger number of samples would be
preferable (20-30) the logistics involved with counting all of the samples in
a timely fashion limit the number to 5. A paired-t test will be used to
determine if the regults of each succeeding set of 5 measurements are
statistically different from the initial measurement.

6.3 Sample Identification and Handling Procedures

Each flux sample will be assigned a unique alpha-~numeric designator (Sample
ID). This number will serve to both uniquely identify the sample and to
provide information concerning the Waste Pit number, the location on the waste

pit, and the date on which the LAACC was placed. The following is given as an
example.

P5-036-092691
Where:

"pPS" indicates Waste Pit No.5
*036e" indicates sample location No. 36
"092691" indicates the month, day, and year of placement
(September 26, 1991) ’

A suffix "-A" will be used to denote samples collected under an accumulator
can. Blank samples will be identified with the word "BLANK" written on the

label, as well as the date and time of preparation, and the initials of the
preparer.

To prevent the transfer of potentially contaminated soil material, each LAACC
will be cleaned immediately following its recovery from the sample point.

This will be accomplished by removing any soil adhering to the LAACC with a
nylon brush or a clean dry cloth.

5 | . g
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As described in RN-FLUX-U, Appendix A, the LAACC's will be recovered from the
field, the charcoal will be transferred to a gample can, and the can will be
hermetically sealed. The sample ID, date and time of placement, date and time
of retrieval, and the initials of the person handling the can will be written
on a gummed label affixed to the can.

The information concerning the sample ID, placement and recovery times, etc.

will be conveyed to the laboratory personnel by the label attached to the
individual sample can.

The same labeling scheme used for the flux measurement samples will be
employed with the DBCC samples.

Each set of samples (approximately 120 samples) will be shipped to the GJPO
Radon Laboratory by Federal Express (using the Geotech account number) as soon
as possible. For most sample sets this will occur the day after the
collectors are recovered from the Waste Pit. Samples recovered from the Waste
Pits on the weekends may not be shipped until the following Monday. The
samples will be packed in standard cardboard shipping boxes and be
appropriately labeled to indicate their contents. The Chain-of-Sample-Custody
form will accompany each shipment, as described in the Quality Assurance
Project Plan (1] for Fernald Measurement Survey, Phase I.

Shipping of the samples will be performed through the FEMP shipping department
by the FEMP Certified Shipper. The samples may be considered radioactive
materials (limited quantity) because of the radon-222 sorbed onto the
charcoal. The Geotech principal investigator will provide to the FEMP
Certified Shipper all known information concerning the contents of the
shipments, such as: the proper shipping name, the hazard class, a
conservative estimate of the total activity of the shipment, and the type of
packaging for the individual samples.

6.4 Record Keeping
A field notebook will be kept by each member of the field team to record all

significant activities associated with the field work. A table, such as the

following, will be used to record information concerning the location,
placement, and retrieval of the LAACC's.

Table 2: Example of LAACC Placement and Retrieval Data

Waste Pit Number Operator
Sample LAACC Sample Date Time Date Time Initials Remarks
1D No. Location Placed Placed Retrieved Retrieved

In addition to the information regarding the location, placement, and
retrieval of LAACC's, observations of the weather conditions during the
exposure period will be made by one of the team members. These visual
observations will be augmented with hourly readings of wind speed and
direction, barometric pressure, relative humidity, and precipitation from the
site meteorological station as provided by FEMP. The principal investigator

6 i0
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will maintain a set of field files. These will include copies of the Chain-
of-Sample-Custody forms, copies of the air-bills, training records for the
field crew, copies of all procedures which will be executed in the field, a
copy of the Fernald Radon-Flux Measurement Survey, Phase I, Site-Specific

Health and Safety Plan (2], and other such documentation as is necessary to
complete the field activities.

6.5 Health and Safety

All field work will be executed in accordance with the provisions of the
Fernald Radon-Flux Measurement Survey, Phase I, Site-Specific Health and
Safety Plan, which is consistent with the requirements given in 29 CFR
1910.120 and the FEMP Site Health and Safety Plan. Specific requirements and
responsibilities for ensuring the health and safety of the workers are
discussed in detail in the Health and Safety Plan. The following information

is given as an overview of some of the relevant parts of this Health and
Safety Plan.

All field workers will have completed the 40 hour Hazardous Waste Site Health
and Safety Course (SARA) and any required refresher training prior to the
conduct of the field activities. One day of on the job training (OJT) will be
provided by qualified FEMP personnel. Copies of pertinent employee training
and medical records will be maintained and available for review in the project
field files. The FEMP Health and Safety organization will be responsible for
establishing and maintaining site control, performing area and personnel
monitoring, and prescribing decontamination procedures. Geotech personnel
will be responsible for complying with all rules, regulations, and procedures
governing worker safety, set forth by FEMP during the course of this project.

7.0 LABORATORY ACTIVITIES

7.1 Sample Analysis

The samples received by the laboratory will be analyzed using the procedures
detailed in Appendix A. The estimated detection limit for the standard radon
flux measurement, based on receiving and counting a sample within 5 days of
the retrieval date, is 0.1 pCi-mQ-secq. The estimated precision of the
results for a sample with a measured value of 1 pci°mq°sec4 is approximately
8% at the 99% confidence level. This is based on a counting time of 20
minutes for the blank, and 5 minutes for the sample. The estimated precision
of the results obtained by counting the standards as samples is approximately
2% at the 99% confidence level. The total uncertainty, at the 99% confidence.
level for this technique is estimated to range from approximately 9% at a
measured value of 1 pCi*m?+sec’!, to approximately 5% at the NESHAP emission
limit of 20 pCiem2+sec!.

7.2 Record Keeping

Several types of records will be kept during the course of the analyses. A
log of the sample analysis will be kept which will list the sample ID number,
the date and time counted, and the initials of the operator. Entries will be
made in this log for each of the samples as well as all standards and controls
counted. This log will be copied and filed in the project files following
each day's counting.

7 11
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A log of the results of the peak search routine performed each day for each
counting system, using a natural uranium source, will be kept in a laboratory
notebook (see procedures in Appendix A). This notebook will also be used to
record any miscellaneous informaticn concerning the operation of the counting
system. The records of all calibration and maintenance activities for the
counting system will be maintained in this notebook as well.

As described in the procedures in Appendix A, separate data files are written
to record the results of the counting for the natural uranium check source,
the standards, the controls, and the samples. At the end of each day, the
contents of these files will be processed to produce printouts which will be
filed with the project files. Additionally, these files will be backed-up to
floppy disks, which will also be filed with the project files.

8.0 DATA REDUCTION

As described in RN-FLUX-U, Appendix A, the results from the gamma ray spectral
analysis will be processed according to the formula given by Hartley and
Freeman (3], to provide the measured radon flux density (pci'm"sec'1) for
each of the measurement locations. As discussed in section 4 of this document
the measured radon flux density from each of the individual sampling points
may need to be corrected for an observed bias resulting from high atmospheric
radon concentrations. Because this correction will necessarily increase the
uncertainty in the corrected flux results separate tables of both the
uncorrected results and the corrected results will be prepared.

The corrected results for the individual measurement locations will be plotted
on a map of the Waste Pit, and a contour map of the corrected radon flux
density will be prepared. In addition, an average radon flux density for each

Waste Pit will be computed as the arithmetic mean of the individual corrected
measurements.

A draft final report will be prepared for review by FEMP technical personnel.
This report will include the following elements:

. A detailed explanation of the sampling and analysis procedures used,
including copies of the procedures themselves.

. A complete discussion of the technique used to quantify the
measurement bias resulting from elevated atmospheric levels, the
results of these measurements, and how these results were used to
correct the standard measurement results.

—eennnn v ———o——-Two data tables for each Waste Pit measured, one listing the
-~ uncorrected, or standard measurement results, and the second listing
the corrected measurement results for individual sample results.

. A table showing the arithmetic mean of both the standard measurement
results and the corrected results for each Waste Pit measured.

. A separate map of each Waste Pit showing contour lines of equal
corrected radon flux density, including a posting of the individual
sample results.

. A section'describing the precision and accuracy measured for the
replicate analyses, and the daily analyses of the standards.

8 12
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° A conclusion section, which discusses the overall results of the
measurement ?rogram, with special regard to the NESHAP emigsion limit

of 20 pCi*m'¢esec’’.

All records generated by Chem-Nuclear Geotech, Inc. during the course of this
project will be retained by Chem-Nuclear Geotech, Inc. for the length of time
required by the applicable Geotech procedures. Copies of any or all records
asgociated with this project will be provided to FEMP upon request.

9.0 SCHEDULE

The following schedule is based on the assumption that all reviews of this
sample and analysis plan will be completed on or before October 15, 1991 and

that Geotech has received official notification, by that date, from FEMP to
commence field activities.

Conduct Measurements on
Conduct Measurements on
Conduct Measurements on
Conduct Measurements on

Conduct Measurements on

Commence Field Measurements:

Pit No.
Pit No.
Pit No.
Pit No.

Pit No.

5

4

Add 2 Days for Weather Contingency

Sample Analysis

Data Reduction and Analysis

Draft Final Report Preparation

Table 3: Anticipated Schedule
Task Schedule
Arrive at FEMP and undergo on-site training 10-21-91

10-22-91 to 10-25-91
10-26-91 to 10-28-91
10-29-91 to 10-31-91
11-01-91 to 11-03-91
11-04-91 to 11-06-91
11-07-91 to 11-08-91
10-28-91 to 11-15-91
11-14-91 to 11-22-91

11-25-91 to 12-02-91

Draft Final Revort Submitted to FEMP for Review 12-02-91

13
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APPENDIX A

SAMPLING PROCEDURES

Calibration of Computer Automated Gamma Counting System for Radon Flux
Measurements, (RN-FLUX-C), Rev. 0

Measuring Radon Concentrations With Diffusion Barrier Charcoal Canisters,
(RN-DBCC-U), Rev. 0

Radon Flux Measurements Using the Large Area Activated Charcoal Collector
Method, (RN-FLUX-U), Rev. O

a-1 15
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1.0 INTRODUCTION

Various federal regulations (40 CFR Parts 61 and 192, at thig time)
impose limits on the emission of radon gas from a variety of sources
either owned or operated by the US Department of Energy (DOE).
Measurement of radon flux density, using a passive charcoal collector,
igs often the method of choice for determining radon emissions from these
sources. Details of this measurement method are given in 40 CFR Part
61, Appendix B, Method 115. Method 115 also references an EPA document
authored by Hartley and Freeman (l], which describes the large area
activated charcoal collector (LAACC) in detail, gives general field
methods for its use, and provides specifications for calibration
standards to be used in implementing the measurement technique.

2.0 PURPOSE

The purpose of this document is to delineate the steps necessary to set-
up and calibrate a computer automated gamma counting system for radon
flux meagsurements made using the large area activated charcoal collector
(LRACC) following the requirements given in 40 CFR Part 61, Appendix B,
Method 115.

3.0 REFERENCES

1. Hartley, J. N., and Freeman, H. D., 1986. Radon Flux Measurements
on Gardinier and Royster Phosphogypsum Piles Near Tampa and
Mulberry, Florida, US EPA, Report No. EPA 520/5-85-029.

2. Radon Laboratory Technical Procedure RN-FLUX-U, Radon Flux
Measurements Using The Large Area Activated Charcocal Collector
Method.

4.0 EQUIPMENT AND SUPPLIES

. Activated Charcoal (6 by 16 mesh size, or smaller, coconut husk
type charcocal is recommended)

. Notebook for the Automated Gamma Counting System -
s e~ sample Cans (4% Diam. by at least 2% High)

° Can Sealer

° Nal Gamma Counting System

Recommended apparatus consists of:
3" x 3" Nal detector and High Voltage Supply
Linear Amplifier
Nucleus PCA-I, Multi-Channel Analyzer Card and supporting
TSR software

. Two NIST traceable Ra-226 solutions, approximately 0.1 uCi each
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. Two 80 ml Beakers
) ACS Reagent Grade Hydrochloric Acid (0.1 N)
' Two sheets of 2 mil Polyethylene plastic (minimum size 15 " x 15")
) Absorbent Laboratory Bench Paper
° Two~Part Epoxy Resin
° 14 inch diameter metal pizza pan
) Food Tray or Other Shallow Container
. Drying Oven
. Heat Lamp and Variable Autotransformer Variac
. Natural Uranium Source
. Zenith personal computer (286 or 386), or eq&ivalent with BASICA
) Executable code for the following basic programs:
FLUX1.BAS
FLUX2.BAS
FLUX3.BAS
FILREAD1.BAS

5.0 EQUIPMENT SET-UP

The 3 x 3 inch sodium iodide detector should be housed in a minimum of 2
inches of lead shielding (preferable 4 inches) to reduce the background
count rate. A voltage supply capable of providing up to 1200 volts is
needed to operate the detector. A linear amplifier is used to amplify
the pulse output from the crystal pre-amp to between 0 and 10 volts for
input into the Nucleus PCA-I multichannel analyzer card mounted in a
personal computer. In setting up a sodium iodide counting system
determine the polarity required for the detector photomultiplier tube.
Most recent detectors are wired for positive high voltage, but some
early tubes require a negative bias.

When installing the Nucleus PCA-I card in the computer for the first
time, set the DIP switches for the desired memory location. The counts
are stored at this computer memory location and the counting software
that recovers the counts must know where to look. Mount the PCA-I card
in the last full slot on the left side as you face the personal computer
{follow the directions on the PCA manual). Create a sub-directory on
the computer hard disk and transfer the Nucleus supplied control
goftware to this sub-directory. Also transfer BASICA.EXE and the
Nucleus counting software to this sub-directory.

In setting up the counting system for the first time, use an
oscilloscope to monitor the pulses coming from the sodium iodide
detector and from the linear amplifier to set the proper high voltage
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bias on the photomultiplier tube. Usually a HV setting of 600 to 800
volts provides appropriate pulses. The pulses from the highest energy
photons expected from uranium (2200 keV) and thorium progeny (2614 keV)
should not flat-top at the output of the linear amplifier and should not
exceed 10 volts in order to avoid over-driving the internal PCA board
amplifier. The high voltage bias setting and coarse gain setting can be
varied to accomplish this. A time constant of 1 to 3 microseconds on
the linear shaping amplifier is best for sodium icdide. The linear
amplifier output pulses must be positive and should rise to the peak in
less than 1 microsecond. If the pulses do not fall smoothly to zero
with very little undershoot, the pole-zero should be adjusted to

accomplish this. Refer to the appropriate amplifier manuals for
instructions on setting pole-zero.

Once the proper positive output pulses in the O to 10 volt range from a
uranium source have been observed on the oscilloscope, connect the
linear amplifier output to the input BNC of the PCA board. Change to
the computer sub-directory and execute the batch command to bring the
PCA board up in the manual mode (pcadhr, pcaehr or others, depending on
the selected memory location). Follow the instructions in the PCA
manual for setting the number of channels desired (F3 followed by up or
down arrows, then return) and conversion gain (F3, F5 followed by up or
down arrows to toggle the conversion gain setting). For counting radon
progeny in charcoal, the BASICA software is designed to use 256 channels
with a conversion gain of 512 to spread the lower energy portion of the

energy spectrum from about 80 keV to about 1000 keV over the 256
channels.

20000

~ -~ 332 Kev "'

—emoc 295 Kev MPb

1200 Seconds

—--~- 242 Kev ""Pb

~m———~ §09 xev MBI

Counts in

Channei Number

Figure 1. Sample Spectrum from Natural Uranium
Source.

Collect a gamma spectrum using "acquire" (the Fl function key). Figure
1 shows an example of a spectrum collected from the natural uranium
source, with appropriate regions of interest located. Move the cursor
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to locate the channel numbers corresponding to the 242, 295 and 352 keV
Pb-214 peaks, and the 609 keVv Bi-214 peak. The RNFLUX1.BAS program that
automatically locates these channel numbers must know what region of the
spectrum it should search to locate the desired peak channel numbers.
The search sub-routine used in the program RNFLUX1.BAS looks for maxima
and minima only within specific regions. If the numbers used in
RNFLUX1.BAS program do not direct the search over the proper region, the
numbers in the search section can be changed to match the gain settings
or the gain settings can be adjusted to match the numbers. This is
fundamental to the proper operation of the computer analysis.

PREPARATION OF RADON-ON-CHARCOAL REFERENCE STANDARDS

Reference Standard Solutions

The two reference standard solutions must have calibration certificates
which are NIST traceable. The allowable uncertainty on the certified
value is 5%. The solutions need not be NIST Standard Reference
Materials (SRM), although this is preferable. The standards should be
delivered in 5 ml flame sealed ampoules.

Health and Safety Consgideraticns

Preparation of the standards involves some degree of risk of personal
contamination with radium-226. Therefore appropriate caution and
precautionary measures should be taken to minimize this risk. The
greatest potential for personal contamination comes from an accident
involving splashing of the standard solution. It is recommended that
the operator wear a rubber apron, rubber gloves, and splash proof type
safety glasses when handling the radium solutions.

A radiological area must be established by an appropriate technical
representative of Health, Safety and Security. This area should include
the immediate work area where the procedure is to be conducted and
provide a suitable location for a personnel frisking station. This
procedure should be conducted in a hood. The hood sash should be opened
sufficiently, such that the air velocity in the vicinity of the charcoal
will not be great enough to disturb the finer sized grains when the hood
is on. The work area should be surveyed by a technician from Health
Safety and Security for evidence of--radiologic-contamination prior to

“the start of the procedure, and again at the completion of the transfer

process. A personal frisk must be performed prior to exiting the work
area.

The work area should be cleaned of all unnecessary clutter, and covered
with absorbent paper. 1t is preferable that the handling of the
solutions be done over a shallow container, such as a food tray, which
is lined with absorbent paper. The volume of this container should be
large enough to contain all of the solution which would be generated, if
a spill were to occur. Before performing this procedure it is

reconmended that it be practiced with 0.1 N HCl solution instead of the
radium solution.
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Transfer of Radium Solution _onto Charceoal

The radium solution must be uniformly distributed throughout the 185
grams of activated charcoal. The approach taken to agsure this, is to
spread the charcoal out in a thin layer (ideally 1 to 2 grains thick) on
a polyethylene liner. The radium solution, diluted to an appropriate
volume with HCl, is poured over the charcoal and the solution is allowed
to evaporate to dryness. Then the polyethylene liner and the charcoal
are transferred to a sample can and sealed.

Prepare the charcoal by drying in an oven at 110°C for several hours.
Allow the charcoal to cocol, and weigh out 185 + 5 g. Cut a circular

sheet of polyethylene approximately 15 inches in diameter and place this
on the pizza pan as a liner. Spread the charcoal out on the
polyethylene liner into an even circle, approximately 1 to 2 grains
thick. Carefully pour approximately 80 ml of 0.1 N HCl over the
charcoal, ensuring that all grains are wetted with the solution. When
the charcoal is first wetted it will bubble and sputter somewhat. This
step is done so that the sputtering will not occcur when the radium
solution is applied.

The radium solution is transferred to an 80 ml beaker by breaking the
ampoule neck, while over the beaker. The contents of the ampoule are
transferred into the beaker carefully, avoiding any splashing. Both the
ampoule body and the neck are rinsed with three to five 3-ml portions of
0.1 N HCl into the beaker. Dilute the solution in the beaker to
approximately 60 ml with 0.1 N HCl. Carefully pour this solution over
the pre-wetted charcoal, ensuring that the contents of the beaker are
evenly distributed over the charcoal. Rinse the beaker with three to
five 5-ml portions of 0.1 N HCl onto the charcoal. Retain both the
beaker and the ampoule pieces for subsequent gamma analysis.

The solution applied to the charcoal is allowed to evaporate to dryness
in the hood. This process may be speeded up by the use of a heat lamp.
If using a heat lamp be careful not to overheat the charccal, e.g. boil
the solution or melt the plastic sheet. A variac may be used to reduce
the heat output from the lamp.

Once the solution has been evaporated the polyethylene sheet and the
charcoal are transferred into a sample can. This is accomplished by
gathering the edges of the plastic sheet over the center of the pan, .
the solution. Transfer this bundle intc the sample can, and fold the
extra plastic down evenly across the top of the charcoal so that the can
lid may be emplaced. Prior to sealing the can a bead of epoxy resin
should be applied to the sealing grove on the can lid. Coating the
sealed surface with epoxy will ensure that the can is hermetically
sealed. The can may now be sealed using a can sealing machine. After
the can has been sealed apply another bead of epoxy around the exposed
seam where the can body joins the l1id. Clearly label the cans with the
isotope, activity, source serial number, date created, and the
appropriate radiocactive materials label.
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Analysig of Glassware

The analysis of the glassware for residual radium is performed to
document that quantitative transfer of the standard from the ampoule,
and subsequently from the beaker was accomplished. Prior to its use the
80 ml beaker, which will be used to hocld the diluted radium solution,
should be background counted a minimum of 12 hours on a Nal gamma
counting system. The beaker should be placed in a clean empty sample
can, covered with a can lid, but not sealed.

Following use of the glassware with the radium solution it should be
counted again. In the second count the remains of the ampoule, in which
the radium solution was delivered, and the beaker should be sealed in
the same can used to perform the background count. The sealed can
should be allowed to grow=-in for a period of at least 15 days prior to
counting. The total counting time should be approximately the same as
used for the background count. The count rate for the follow-up count

should be statistically the same as the background count at the 99%
confidence level.

7.0 CALIBRATION PROCEDURES

overview

The method of analysis described in reference {2] utilizes three
different regions of interest from the gamma spectra collected for
analysis, see Figure 1. The first encompasses both the 295 keV and 352
keV spectral lines from Pb-214, while the second is centered about the
609 keV line from bismuth-214. The third ROI includes all of the

channels from the minimum between the 242 and 295 keV Pb-214 lines to
channel 255.

The calibration constant is a means of correcting the measured net count
rate from an unknown into a measure of the activity in pCi. The
principle involved with determining these calibration constants is to
measure the net count rate obtained from the two radon-on-charcoal
standards, for the three regions of interest, with sufficient accuracy.
These net count rates are then divided by the certified activity of the

standards to produce a calxbratxon ccnstant thh units of
__countsesec lepcilio - o = ~Lh dnLts

Location of the ROI's is accomplished by collecting a spectrum from a
natural uranium source. Then a computer program (FLUX1.BAS), using
predetermined starting locations, searches out the channel number of the
minimum between the 242 keV and 295 keV peaks from Pb-214, the channel
numbers of the peaks from the 295 keV and 352 keV lead lines, and the
peak from the 609 keV bismuth line. The channel numbers of these
reference points, the window parameters, and the count rates for the
three ROI's are written to two files. The first file (CHANNELS.HST)
documents the history of execution of FLUX1.BAS. The second file
(CHANNELS.DAT) is used to temporarily store this same information for
use by other succeeding programs. The information in this file is
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updated each time that FLUX1.BAS is executed.

A second program (FLUX2.BAS) is used to collect the gross gamma counts
in the three ROI's for the blank sample. This program collects a
gspectrum for the blank, reads the file containing the reference channel
numbers, window parameters, and establishes the three ROI's. The number
of counts in each ¢of the ROI's are displayed on the screen and written
to two fileg. The first file (BKGFLUX.HST) documents a history of the
blanks counted and contains information from the can label, the date and
time counted, and the count rate, in counts/sec, for ROI~1, ROI-2, and
ROI-3. The second file (BKGFLUX.DAT) is used to temporarily store the
count rate from the three ROI's to be used by other programs during the
remainder of the day's counting.

The third and final program (FLUX3.BAS) is used to acquire a spectrum,
and to determine the net count rate for each of the three ROI's from
each of the standards counted. This is the same program used to count
unknown samples when using the Radon Laboratory Technical Procedure
RN-FLUX-U [2]). Because of this the output data file will contain a
number of fields which are not used when counting standards.

FLUX3.BAS inputs the reference points for the three ROI's, and the blank
count rate from the appropriate files. The net counts in the three
ROI's are then computed, printed, and written to output file. FLUX3.BAS
reads a data file called PROJECT.DAT, which contains a name of up to
eight characters used to identify the project. Before beginning the
calibration this file should be edited with a general purpose text
editor which produces an ASCII file as a final product. The name should
be replaced with the name CALMMYY, where MM is the two digit designation
for the current month, and YY is the two digit designation for the
current calendar year. Additionally the preset live time should be
changed from 300 seconds to 1200 seconds. The preset live time is
assigned the variable name "PT" in the program. The value is assigned
in the constant listing in line number 91.

This program produces cutput to two files each time a standard is
counted. The first file (FILES.DAT) includes the following fields:
sample ID, sample location, date and time counted, date and time placed
and retrieved, the ROI parameters used, the net counts for the three
ROI's, and the calculated flux results. When counting standards the
following fields will have zero values in FILES.DAT: date and time
placed, date and time retrieved, and the calculated—flux values. The

" "second file (FILES.SPM) contains the sample ID, sample location, and the
spectrum.
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Sequential Instructions

1. Power up the Nim-Bin which houses the electronics for the Nal
crystal.
2. Turn on the computer and verify that the printer is turned on and

is "ON LINE". At the menu type MCA <cr> to start the terminate-
and-stay-resident (TSR) software for the MCA card. Press any key
to bring up the graphics mask for the MCA card.

3. When the graphics mask for the card appears, terminate execution
of the software and return to DOS by pressing F-10 (MORE) followed
by F-9 (DOS).

4. Check the date of the computer by typing DATE <cr>. Enter the
correct date if needed. Check the time of the computer by typing
TIME <cr>. Enter the correct time if needed.

5. Enter the basic interpreter by typing BASICA <cr>.

6. Load and run the program FLUX1.BAS. To load a program either type
LOAD", followed by the filename that you wish to load and a <cr>,
or press the F-3 function key, type the file name that you wish to
load, then a <cr>. To run a program either type RUN <cr>, or
press the F-2 function key. At the prompt place the natural
uranium source, red side up, exactly centered on the crystal, and
close the lid on the lead shield.

7. When the program has completed execution the spectrum will be
displayed on the screen for inspection. Press "ENTER" to
continue. The channel reference points, and the count rates for
the three ROI's will be displayed on the screen. Record this
information in the log book for the counting system, along with
the date and time that the source was counted. Remove the natural
uranium source and return it to its designated storage location.

8. Load and run the program FLUX2.BAS. At the prompt enter the date
and time that the blank was canned. Place the can exactly
centered on the crystal, and close the lid on the lead shield.
Enter "Y" to acquire the spectrum.

9. - When the program has completed execution the spectrum will be
displayed on the screen, and the prompt "press ENTER to continue”
will appear in the lower left portion of the screen. Continuing
execution of the program at this point will extract the data from
the spectrum and write the necessary output.

10. Ensure that the printer is turned on, and is on~line. Load and
run the program FLUX3.BAS.

11. Begin by counting the first of the Radium-on-Charcoal standards.
At the prompt "Is this a standard ?" type Y <cr>. Then enter the
standard ID number (the source serial number), place the standard
exactly centered on the crystal with the lid up, and close the lid
on the lead shield. Enter "Y" to acquire the spectrum.
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12. When the program has completed execution, the spectrum will be
displayed on the screen, and the prompt "press ENTER to continue”
will appear in the lower left portion of the screen. Press
"ENTER" to continue.

13. Run program FLUX3.BAS again by pressing the F-~2 function key.

Replace the first standard with the second and repeat steps 11 and
12.

15. Continue to count the standards in sequence until they have each
been counted 10 times.

16. To obtain a print-out of the data, load and run the basic program
FILREAD1.BAS. This program reads the data file (FILES) and
reproduces the print-out obtained during the counting.

17. When the counting has been completed the following files should be
backed-up to floppy disks and filed with the calibration records:

CHANNELS.HST
BRGFLUX.HST

FILES.DAT Where FILES is "CALMMYY" as described above
FILES.SPM

8.0 DATA REDUCTION

The calibration constants for each ROI are determined by computing the
average net count rate (in counts'secq) for both standards, and

dividing this number by the average of the certified values of the two

standards (in pCi). The results are the calibration constants for each
ROI which have the units (cpse*pCi’ )

The program FLUX3.BAS must be edited to incorporate the revised
calibration constants. This is accomplished be entering the BASICA
editor, loading the program FLUX3.BAS, and changing the calibration
constants (CALROI1l, CALROI2, CALROI3) in the listing of constants, lines
70 through 90. The revised program must then be saved to the same
program name (FLUX3.BAS).

o . 9.0 RECORD KEEPING ~— ~

A logbook is maintained for the counting system. The logbook is used to
record the calibration activities agsociated with the system along with
a running history of the system usage. An entry in the logbook must be
made each time that any components in the gsystem are changed, or the
settings are changed, such as gain settings on the amplifier. Any
change in the operating parameters of the components of the system will
require recalibration of the system.

Any entry in the logbook must be accompanied by the date and the
initials of the person making the entry.
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The logbook contains an updated listing of the components of the system,
and the current settings for all controls. The components are
identified by the manufacturer's name, model number and serial number.

During routine usage an entry is made in the logboock each time that the
natural uranium source is counted, eg. each time that FLUX1.BAS is run.
The following information is recorded in the logbook:

Date and Time That the Standard was Counted
M2; Channel No. of the minimum before the 295 keV Peak

P2 ; Channel No. of the 295 keV Peak
P4 ; Channel No. of the 352 keV Peak
P6 ; cChannel No. of the 609 keV Peak

The Channels Included in ROI-1, and ROI-2
The Count Rate (counts/sec) for ROI-1, ROI-2, and ROI-3
Initials of Operator and Date

The following entries are made in the log book each time that the system
undergoes recalibration:

. Date and time that the calibration was performed

. A complete description and identification of the standards, and
blank which were used.

. A copy of the printout of the counting results, for both standards
and the blank.

. A tabulation of the net count rate results for each ROI for both
standards, with the computed average and the computed average of
the certified activity levels of the two standards

) The computations of the calibration constants for each ROI.
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1.0 INTRODUCTION

3.0

The remarkable ability of activated charcoal to adsorb airborne radon
atoms at room temperatures is the basis for using charcoal canisters as
passive radon monitors. Several types of charcoal canisters have been
developed for radon monitoring, including the four-inch diameter open
face canister, the four-inch filtered canister recommended by the U. S.
Environmental Protection Agency as an industry standard, and the
three-inch diffusion barrier canister developed by the Radon Project,
Pittsburgh, PA. All of these charcoal canisters are available
commercially from Ramses, Ltd., Denver, CO.

PURPOSE

The purpose of this document is to delineate the required procedures for
exposing and analyzing three-inch diameter diffusion barrier charcoal
canisters used by the Grand Junction Projects Office Radon Laboratory
for measuring airborne radon concentrations.

REFERENCES

1. Cohen, Bernard L.; Nason, Richard; "A diffusion barrier charcecal
adsorption collector for measuring Rn concentrations in indoor
air."” Health Physics, Vol. 50, 457-463, 1986.

2. Martz, D. E.; George, J. L.; Mamich, S. T.; Langner, G. H., Jr.;
"Validation of the diffusion-barrier charcocal canister method."
Report No. DOE/ID/12584-38, UNC/GJ-47(TMC), 1989.

3. "Personal Computer Analyzer (PCA) Instruction Manual", The

Nucleus, 761 Emory Road, 0Oak Ridge, TN, July, 1987.

EQUIPMENT AND SUPPLIES

Three-inch diffusion barrier charcecal canisters

Nal gamma counting system
Recommended apparatus consists of:
3" x 3" Nal detector and hxgh voltage supply o
_._ _. Linear amplifier--
Nucleus PCA-1 multi-channel analyzer card and supporting
control software supplied by the Nucleus
Zenith 286 or 386 personal computer
BASICA interpreter

Natural uranium or radium source
Executable code for the following BASIC programs:

CHARCOl.BAS CHARCO2.BAS CHARCO3.BAS
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5.0 FIELD SAMPLING

When activated charcoal is exposed to a humid atmosphere it will adsorb
water vapor, and this adsorbed water can reduce or partially block the
uptake of radon. To make certain the charcoal canisters used for
measuring radon concentrations are initially free of adsorbed water and
any residual radon that may be present, they must be baked for a minimum
of twelve hours at 100 to 110 degrees Celsius prior to use. Remove the
lids from the three-inch diffusion barrier canisters and place the lower
part of the canister that contains the charcoal in a temperature
regulated oven set at approximately 105 degrees. Do not bake the 1lid
containing the nylon diffusion barrier since this may weaken the glued
seal or damage the barrier. Remove the small package of Drierite if
present and discard. Examine the diffusion barrier seal to make sure
there are no cracks around the edges that would allow the radon to enter
without passing through the barrier mesh. After inspection cover the
port in the lid with electrical tape or duct tape. The tape should have
a foil center so the adhesive will not come into contact with the nylon
diffusion barrier. After baking overnight, remove the cans from the
oven, replace the lid and seal the flange separation with one layer of
electrical tape around the circumference. Baked cans may be stored
indefinitely prior to use.

To expose the charcoal canisters, remove the tape covering the diffusion
port and place the canister with the port up, in the room or location
where the measurement is to be made. Record the number of the canister,
the location, and the date and time opened. For a single canister in a
residential structure, it is recommended that the measurement be made in
the lowest occupied level of the house, preferably in a bedroom away
from drafts. The canister should be placed on a table or other support
approximately one meter above the floor and at least several centimeters
away from walls. Screening measurements should be made with the windows
and doors of the structure closed, if the intent is to determine the
maximum indoor concentrations.

Leave the canister undisturbed for one to eight days, then re-seal the
entrance port with the adhesive tape seal and record the time and date
when the canister was closed. The amount of radon collected on the
charcoal during the exposure is assumed to represent an integrated
average of the variable radon concentrations that existed during the
exposure period. Return the canister to the laboratory for counting.

overview

The gamma activity due to the radon progeny activity adsorbed on the
activated charcoal is determined by performing a quantitative gamma ray
spectral analysis of each canister.

The ccunting gystem utilized by the GJPO Radon Laboratory for the gamma
ray analysis of charcoal canisters consists of a 3 x 3 inch Nal detector
mounted in a four-inch lead shield, with its associated high voltage
bias supply, a linear amplifier, and a multi-channel analyzer (MCA).

The MCA is a Nucleus PCA-I multi-channel analyzer card installed in a
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Zenith personal computer. This allows fully automated operation of the
MCA under computer control. :

The PCA board is operated as a 256 channel MCA with a conversion gain of
512. Three regions of interest (ROIs) are established. The first ROI
includes both the 295 keV and 352 keV gamma peaks due to Pb-214, while
the second ROI is centered on the 609 keV peak that is emitted by
Bi-214. The third ROI includes all of the channels from ten channels
below the minimum between the 242 and 295 keV Pb-214 lines to channel
255.

Setting the proper channel numbers for the ROIs is accomplished by
collecting a gamma spectrum from a natural uranium source using the
computer program (CHARCO1.BAS). This program collects the spectrum,
then searches for the channel number of the minimum (M2) between the 242
keV and 295 keV peaks from Pb-214, the channel numbers of the peaks from
the 295 keV (P2) and 352 keV (P4) lead lines, and the channel number of
the peak from the 609 kev (P6) bismuth line. The channel numbers of
these reference points are written to a file called PARAMET for use by
succeeding programs. The information in the file PARAMET is updated
each time that CHARCO1l.BAS is executed.

A second program (CHARCO2.BAS) collects the gross gamma background
spectrum for 1200 seconds and sums the counts in the three ROIs. This
program reads the file PARAMET and sets ROI1l from the minimum M2 to
M2430, ROI2 from P6-20 to P6+20, and ROI3 from M2-10 to 255. The
program then sums the counts within each ROI, displays the numbers on
the computer gcreen, and writes this information to a file named
BACKGND. These data are used for background subtraction in computing
the net counts in the three regions of interest during execution of
CHARCO3.BAS. CHARCOl.BAS and CHARCO2.BAS are run only once at the
beginning of each day.

The third and final program (CHARCO3.BAS) is used to acquire a gamma
gpectrum from each of the exposed diffusion barrier canisters in turn,
and to compute the measured radon concentrations to which the canisters
were exposed. CHARCO3.BAS inputs the reference channel numbers for the
three ROIs from the file PARAMET, and the background counts from BACKGND
file. CHARCO3.BAS also requests the operator to input essential
information related to the canister number, location, date and time of
opening, and the date and time of closing. The CHARCO3.BAS program
corrects the net counts in each ROI for decay during the time after the

. canister-was gealed;, and computes the average radon concentrations
during the exposure period from the decay corrected counts and the time
of exposure.

The equations used to compute the average radon concentrations during
the exposure period assume that the build-up of radon in the charcoal
canister can be approximated by a constant intake rate with the rate of
decay proportional to the number of atoms present at any time. The
mathematical expression used xn the computation is an inverse
exponential function, A(l-e Yy, where the constants A and B were
determined from experimental data obtained by exposing a number of
diffusion barrier charcoal canisters for various lengths of time to
measured radon concentratiocns in the GJPO Charccal Test Chamber (see
Martz, et. al, 1989).
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The equation for determining the radon concentrations has the following
form:

Rn, = (NETROI;)/A;(1-e ®'€)/(e™-0075™,

where Rn,; is the average radon concentration in pCi/L
NETROI; is the net counts in region of interest i
A; represents a different constant for each of the three
regions the three regions of interest

.01133 in reciprocal hours
exposure time in hours
elapsed hours between closing and counting

vl ol ]
ftouon

Sequential Instructions
1. Power up the Nim-Bin housing the electronics for the Nal crystal.

2. Turn on the computer. Check to see if the printer is turned on
and is "on line."” At the menu type MCA <cr> to start the PCA
software for the MCR card. Press any key to remove the logo on
the screen and bring up the mask for the MCA card.

3. When the graphics mask for the card appears, terminate execution
of the PCA software and return to the DOS operating system by

pressing the F10 function key (MORE) followed by the F9 function
key (DOS). :

4. Check the current date on the computer clock by typing DATE <cr>.
Enter a correction for the date if needed. Check the time on the
computer by typing TIME <cr>. Enter the correct time if needed.

5. Activate the basic interpreter by typing BASICA <cr>.

6. Load and run the BASIC program CHARCOl.BAS. To locad any of the
BASIC programs, press the function key F3 and type the file name
that you wish to load, then a <cr>. To execute the program, press
the F2 function key. At the prompt place the natural uranium
source exactly centered on the crystal with the red side up, and
close the lid on the lead shield. Press "Y" <cr>. :

7. The gamma spectrum is displayed on the screen during the counting
period, and the statement "press ENTER to continue" will be
displayed on the screen when the count is completed. Press ENTER
to continue. The channel reference points, and the count rates
for the three ROI's will be displayed on the screen. Record this
information in the log book for the counting system, along with
the date and time that the source was counted. Remove the natural
uranium source and return it to its designated storage location.

8. Load and run the program CHARCO2.BAS. At the prompt place a blank
canister exactly centered on the crystal, and close the 1lid on the
lead shield. Enter "Y" to acquire the spectrum.
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9. When the program has completed execution the spectrum will be

displayed on the screen, and the prompt “"press ENTER to continue"”
will appear on the screen. Continuing execution of the program at
this point will extract the background counts from the spectrum
and write the output to the file BACKGND.

10. Load and run the program CHARCO3.BAS. The operator must enter the
appropriate information on dates and times of the exposure and
respond by typing "Y" when the canister has been placed on the
crystal. This program automatically collects the spectral data,
computes the estimated radon concentration during the exposure
from the net counts in the three regions of interest
independently, and computes the average. The gamma spectrum will
remain on the sgcreen until the operator presses "Enter®. The
computed radon concentrations are then displayed on the screen,
printed on the printer, and written to a serial file named
CHASEPS1. The name of this file can be changed as desired in
CHARCO3.BAS.

11. Continue to run the program CHARCO3.BAS by pressing F2 until all
of the canisters have been counted.

CALIBRATION

General

The daily execution of the CHARCO1.BAS and CHARCO2.BAS programs adjusts
the counting system for small gain shifts in the electronics. A check
of the calibration constants should be performed annually to ensure the
system is producing accurate results. Expose 16 diffusion barrier
charcoal canisters to a known concentration of radon in the GJPO
Charcoal Test Chamber. Pull two canisters out each day and count (after
exposures of 24, 48, 72, 96, 120, 144, 168, and 192 hours) using
CHARCO3.BAS. The results obtained for these canisters should compare
favorably with the average chamber concentrations during the exposure
period. It is important to keep in mind that the indoor radon
concentrations inside structures usually have significant diurnal
variations due to variable ventilation and circulation patterns, as well
as variations induced by atmospheric pressure changes. The diffusion
barrier charcoal canister calibration factors are based on the uptake of
radon from a test chamber that had a constant concentration during the
exposure period. Studies have shown that diffusion barrier canisters
exposed over a full seven day exposure period in structures with
variable concentrations yielded results which compared very favorably
with the integrated radon concentrations recorded by continuous radon
monitors in these same structures (see Martz, et al. 1989). Diffusion
barrier canisters exposed for less than seven days also provide
reasonably correct results.

The most likely instrumentation problem that may be encountered with the
counting equipment is a shift of the gamma energy spectrum due to aging
of the electronic components. The system is virtually immune to small
gain shifts because these are corrected with the peak search routine in
the CHARCOl.BAS during the daily counts of the natural uranium source.
However a major gain shift cannot be handled by the peak search routine
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in CHARCO1.BAS. If a major gain change has occurred due to aging of the
equipment or replacement of a component, the fine gain control on the
linear amplifier can be used to return the peaks approximately to their
former channel numbers. To make this adjustment, re-boot the computer
and load the PCA software by typing MCA. This brings the MCA up in the
manual MCA mode. Press F3 and toggle the up-down arrows to select 256
channels, press F4 followed by FS and toggle the conversion gain to 512.
Clear the screen by holding down CTRL and pressing F2. Place the
natural uranium source on the crystal and press Fl to acquire a
spectrum. The left-right arrows may be used to move the cursor to the
295, 352 and 609 keV peaks to determine the channel numbers. Adjust the
fine gain repeatedly until the peak locations are at the original
channel numbers as recorded in the counting system log book.

RECORD KEEPING

Field Activities

A field note book is to be kept to record information concerning the
field activities associated with conducting the measurements. Specific
information which must be recorded in the noteboock includes:

Canister number

Sample location and description
Date and time placed

Date and time retrieved

Approximate temperatures and relative humidity during exposure
A Comment Field

A separate logbook is maintained for the counting system. The logbook
is used to record the calibration activities associated with the system
along with a running history of the system usage. The logbook contains
an updated listing of the components of the system, and the current
settings for all controls. The components are identified by the
manufacturer's name, model number and serial number.

During routine usage an entry is made in the logbook each time that the
natural uranium source is counted, e.g. each time that CHARCOl.BAS is
run. The following information is recorded in the logbook:

e Date and Time- That the Standard was Counted = - o -
M2; Channel No. of the minimum before the 295 keV Peak

P2; Channel No. of the 295 keV Peak

P4; Channel No. of the 352 keV Peak

P6; Channel No. of the 609 keV Peak

The channels included in ROI-1, and ROI-2

The counts observed in ROI-1 and ROI-2
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1.0 INTRODUCTION

Various federal regulations (40 CFR Parts 61 and 192, at this time)
impose limits on the emission of radon gas from a variety of sources
either owned or operated by the US Department of Energy (DOE).
Measurement of radon flux density, using a passive charcoal collector,
is often the method of choice for determining radon emissions from these
sources. Details of this measurement method are given in 40 CFR Part
61, Appendix B, Method 115. Method 115 also references an EPA document
authored by Hartley and Freeman (1), which describes the large area
activated charcoal collector (LAACC) in detail and gives general field
methods for its use.

2.0 PURPOSE

The purpose of this document is to delineate the steps necessary to
collect and analyze radon flux samples using the large area activated
charcoal collector (LAACC) following the methodology given in 40 CFR
Part 61, Appendix B, Method 115.

3.0 REFERENCES

1. Hartley, J. N., and Freeman, H. D., 1986. Radon Flux Measurements
on Gardinier and Royster Phosphogypsum Piles Near Tampa and
Mulberry, Florida, US EPA, Report No. EPA 520/5-85-029.

2. Radon Laboratory Technical Procedure RN-FLUX-C, Calibration of a
Computer Automated Gamma Counting System for Radon Flux
Measurements.

4.0 EQUIPMENT AND SUPPLIES

° Large Area Activated Charcoal Collector (LAACC), see Figure 1

) Activated Charcoal
(6 by 16 mesh size , or smaller, coconut husk type charcoal is
recommended)

. Field Notebock =

] Sample Cans (4 " Diam. by 2 " High)

. Mixing Pad

° Can Sealer

. Nal Gamma Counting System

Recommended apparatus consists of:
3" x 3" Nal detector and High Voltage Supply
Linear Amplifier
Nucleus PCA II, Multi-Channel Analyzer Card and supporting
TSR software
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. Two Charcoal Standards,

charcoal)

. " Natural Uranium Source

(NIST traceable Ra-226 on activated

. . Zenith personal computer (286 or 386), or equivalent with BASICA

. Executable code for the following basic programs:

FLUX1.BAS
FLUX2.BAS
FLUX3.Bas
FILREAD1.BAS

Large Area

0.5 In. Thick Charcoal

Diagram of a
Activated Charcoal Collector
(LAACC)

Handle

0.25 in. Vent Hole

/1.5 in. Thick Poly-Fiber Pad

Support Grid \

1Q in. Diameter
PVC End Cap
(Sewer Grade)

0.75 In. Langth of 0.5 in. Thick Scrubber Pad
10 In. Diameter

PVC Plpe
(Used as a Retaining Ring)

Figure 2 Diagram o

5.0 FIELD SAMPLING

The area to be measured should be examined prior toc the conduct of
measurements to determine the number of measurement locations which

f a LAACC

will be required, and to identify any logistical problems which

may arise during the sampling.

determined by the inten

ded use of the measurement results.

The measurement density will be

For

those surveys that follow the methodology of Method 115, the

minimum number of measu

rements per source will be 100.

To obtain radon flux measurements which are representative of the long

term average radon emission the following conditions should be met:
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(a) Measurements shall not be initiated within 24 hours after a
rainfall.
(b) If a rainfall occurs within the measurement period, the

measurement becomes invalid if the seal around the lip of the
collector has washed away, or if the collector is surrounded by
standing water.

(c) Measurements shall not be performed when the ambient temperature
is below 35 °F (= 2 °C), or when the ground is frozen.

The activated charcoal to be used in the LAACC's should be thoroughly
purged of radon prior to use by heating in an oven at 110 °C for
approximately 4 hours. Following this the charcocal should be kept in a
radon resistant, sealed container until ready for use in the LAACC.

A minimum of one blank sample is required for each batch of LAACC's to
be exposed in the field. The blank is obtained by sealing approximately
180 grams of the same charcoal which will be used to load the LAACC's in
a sample can. Label the can with the word "BLANK", the date and time
that it was sealed and the initials of the operator. This can should be
prepared at the same time that the LAACC's are being loaded.

Assemble and expose the LAACC as follows:
1. Remove the retaining ring and cover pad from the LAACC.

2. Spread a minimum of 180 grams of activated charcoal evenly
over the support grid. The correct amount of charcoal is
most easily obtained by using an empty sample can as a
measuring container. One level can of 6 x 16 mesh charcoal
is approximately 190 grams.

3. Replace the cover pad and retaining ring.

4. If the LAACC is not to be placed on the measurement surface
immediately, it should be kept in a radon resistant sealed
container. A length of 12 inch diameter PVC pipe fitted
with end caps will work for this.

5. The surface on which the collector is to be placed should be
cleaned of any vegetation and large pebbles which might
inhibit forming a good seal between the collector and the
soil.

6. Place the collector on the surface to be measured. To
ensure a good seal between the surface of interest and the
LAACC, 1-2 inches of soil should be packed around the lip of
the collector.

7. Record the collector number, sample ID number, date, time,
location, and initials of the person placing the device in
the field note book.
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8. Following an exposure period of 24 hours (* 2 Hrs.) remove
the LAACC from the measurement surface.

S. Record the date, time and the initials of the person
recovering the LAACC in the field notebook. Remove the
collected LARCC'S to a staging area away from the
measurement area to recover the exposed charcoal. The
charcoal should be removed from the LAACC and canned as soon
as possible.

10. Remove the retainer ring and cover pad from the LAACC.

11. Gently pour the charcoal from the LAACC onto a mixing pad,

being careful to obtain all of the activated charcoal from
the LAACC.

12. Mix the charcoal on the mixing pad, and transfer it to an
empty can. Seal the can with the can sealer, and affix a
label with the sample ID, sample location, the date and time
placed, and retrieved, and the initials of the field
personnel handling the LAACC.

13. Prepare the cans for return to the laboratory for gamma ray
analysis. The cans should be returned to the laboratory as
soon as reasonably possible to minimize the loss of
measurable activity due to the radiocactive decay of
radon-222, which has a half-life of 3.825 days.

LABORATORY ANALYSIS

Overview

The activity due to radon sorbed on the activated charccal is determined
by performing a quantitative gamma ray spectral analysis of each sample.

The counting system utilized for the gamma ray analysis is composed of a
3 x 3 inch NaI detector, with its associated electronics, a linear
amplifier, and a multi-channel analyzer (MCA). The MCA is comprised of
a Nucleus PCA-II multi-channel analyzer card installed in a Zenith
personal computer. This allows computer automated operation of the MCA.

Three regions of interest (ROI's) are established. The first
encompasses both the 295 keV and 352 keV spectral lines from lead-214,
while the second is centered about the 609 keV line from bismuth-214.
The third ROI includes all of the channels from the minimum between the
242 and 295 keV lead-214 lines to channel 255. Figure 1 shows a typical
spectrum with the three ROI's indicated.
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Figure 3. Sample spectrum showing the three ROI's.

Location of the ROI'g is accomplished by collecting a spectrum from a
Natural Uranium Source. Then a computer program (FLUX1.BAS), using
predetermined starting locations, searches out the channel number of the
minimum between the 242 keVv and 295 keV peaks from lead~214, the channel
numbers of the peaks from the 295 keV and 352 keV lead lines, and the
peak from the 609 keV bismuth line. The channel numbers of these
reference points, the window parameters, and the count rates for the
three ROI's are written to two files. The first file (CHANNELS.HST)
documents the history of execution of FLUX1.BAS. The second file
(CHANNELS.DAT) is used to temporarily store this same informaticn for
use by other succeeding programs. The information in this file is
updated each time that FLUX1.BAS is executed.

A second program (FLUX2.BAS) is used to collect the gross counts in the
three ROI's for the blank sample. This program collects a spectrum for
the blank, reads the file containing the reference channel numbers,
window parameters, and establishes the three ROI's. The number of
counts in each of the ROI's are displayed on the screen and written to
two files. The first file (BKGFLUX.HST) documents a history of the
blanks counted and contains information from the can label, the date and
time counted, and the count rate, in counts/sec, for ROI-1, ROI-2, and
ROI-3. The second file (BKGFLUX.DAT) is used to temporarily store the
count rate from the three ROI's to be used by cther programs during the
remainder of the day's counting.

The third and final program (FLUX3.BAS) is used to acquire a spectrum
from each of the samples exposed in the LAACC's, and to compute the
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measured radon flux density for the samples. Additicnally this program
is used to count the reference standards, and field blanks.

This program inputs the reference points for the three ROI's, and the
blank count rate from the appropriate files. The net counts in the
three ROI's are then computed and applied to the following formula to
calculate the measured radon flux density.

- CA?
KA (1_8-11'1) (e-).(ﬁon) _e-x(n-n))

Where:

J = Measured Radon Flux Density (pCi-m-3:-sec™)

C = Net Counts for the ROI (counts)

A = Decay Constant for Rn-222 (sec™) .

K = Calibration Factor for the ROI ({(cps/pCi)

A = Area of the Collector (m3)

T1 = Exposure Time (sec)

T2 = At, Start of Exposure to Start of Counting (sec)
T3 = At, Start of Exposure to End of Counting (sec)

FLUX3.BAS reads a data file called PROJECT.DAT, which contains an eight
character name assigned to the project. Before beginning a new project
the user must edit this file and change the name to something
appropriate for the project being conducted. Hereafter this project
name will be referred to as FILES. This file may be edited by any
general purpose text editor which produces an ASCII file as the end
product. The file name must remain PROJECT.DAT. The project name is
used by FLUX3.BAS to name two output data files. The first file (with a
.DAT extension) contains the processed data for the sample, such as:
sample ID, sample location, date and time counted, date and time placed
and retrieved, the ROl parameters used, the net counts for the three
ROI's, and the calculated results. The second file (with a .SPM
extension) contains the sample ID, sample location, and the spectrum.

Sequential Instructions

1. Power up the Nim-Bin which houses the electronics for the Nal
crystal.
2.  Turn on the computer. Assure the printer is turned on and is "on

line.” At the menu type MCA <cr> to start the TSR software for

the MCA card. Press any key to bring up the graphics mask for the
MCA card.

3. when the graphics mask for the card appears, terminate execution
of the software and return to DOS by pressing the F-10 function
key (MORE) followed by the F-9 function key (DOS).

4. Check the date of the computer by typing DATE <cr>. Enter the
correct date if needed. Check the time of the computer by typing
TIME <cr>. Enter the correct time if needed.
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5. Enter the basic interpreter by typing BASICA <cr>.

6. Load and run the program FLUX1.BAS. To load a program either type
LOAD ", followed by the filename that you wish to load and a <cr>,
or press the F-3 function key, type the file name that you wish to
load, then a <cr>. To run a program either type RUN <cr>, or
press the F-2 function key. A% the prompt place the Natural
Uranium Source, exactly centered on the crystal, red side up, and
close the lid on the lead pig.

7. When the program has completed execution the spectrum will be
displayed on the screen for inspection. Press ENTER to continue.
The channel reference points, and the count rates for the three
ROI's will be displayed on the screen. Record this information in
the log book for the counting system, along with the date and time
that the standard was counted. Remove the Natural Uranium Source
and return it to its designated storage location.

8. Load and run the program FLUX2.BAS. At the prompt enter the date
and time that the blank was canned. Place the can exactly
centered on the crystal, and close the 1lid on the lead pig. Enter
"Y" to acquire the spectrum. .

9. When the program has completed execution the spectrum will be
displayed on the screen, and the prompt "press ENTER to continue”
will appear in the lower left portion of the screen. Continuing
execution of the program at this point will extract the data from
the spectrum and write the necessary output.

10. Ensure that the printer is turned on, and is on-line. Load and
run the program FLUX3.BAS.

11. Begin the sample set by counting the first of the Radium-on-
Charcoal standards. At the prompt "Is this a standard ?" type Y
<¢r>. Then enter the standard ID number (the source serial
number), place the standard exactly centered on the crystal with
the lid up, and close the 1id on the lead pig. Enter "Y" to
acquire the spectrum.

12. When the program has completed execution, the spectrum will be
displayed on the screen, and the prompt "press ENTER to continue"
will appear in the lower left portion of the screen. Press -
""ENTER" to continue. Note the result printed on the screen. If
the average of the three ROI's for the calculated total activity
of the standard differs by more that three percent from the
certified value a problem may exist with the counting system, and
the situation must be identified and resolved before continuing.

13. Run program FLUX3.BAS again by pressing the F-~2 function key.

Replace the first standard with the second and repeat steps 10 and
11.

14. If both standards have been successfully counted you may begin
counting unknown samples. Inspect each of the unknown samples for
possible external contamination. Any evidence of this, such as
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soil clinging to the can must be removed prior to placing the can
on the crystal.

is. Run the program FLUX3.BAS by depressing the F-2 function key. At
the prompt "Is this a standard ?" type <cr> to indicate that the
sample is not a standard. The program will return with a series
of questions concerning the sample ID, location, date and time
placed, and the date and time removed. Enter the required
information from the data on the can label. Place the can exactly
centered on the crystal, and close the lid on the lead pig. Enter
"Y" to continue. When the program has completed execution the
spectrum will be displayed on the screen, and the prompt "press
ENTER continue" will appear in the lower left portion of the
screen. Press "ENTER" to continue, this will cause the data to be
extracted from the spectrum, the results to be calculated, the
data file for the project (FILES) to be updated, and a print-out
of the results to be generated.

16. Continue to run the program FLUX3.BAS until all of the scheduled
unknowns, spikes, and blanks have been counted. Five percent of
the scheduled counting must include either blanks, or spikes. The
standards may be used for spikes. Additionally every 10'™ can
must be counted twice. The recounts should be performed at the
end of the scheduled counting.

17. When all of the scheduled counting of the unknowns, spikes and
blanks has been accomplished, the two Radium~on-Charcoal standards
must be counted again. If the results are not within the
gspecified limits (3%) the problem must be identified and
corrected. Additionally the data from that day's counting must be
examined to determine its validity. Any cans which yielded
questionable data should be recounted when proper operation of the
counting system has been restored.

18. To obtain a print-out of the data, load and run the basic program
FILREAD1.BAS. This program reads the data file (FILES) and
reproduces the print-out obtained during the counting.

19. The following files should be backed-up tc floppy disks and filed
with the project files on a daily basis:

. .. CHANNELS.HST -- - L e - -
BKGFLUX.HST

FILES.DAT Where FILES is a new name given to each project.
FILES.SPM

7.0 CALIBRATION

General

Calibration of the counting system is performed to ensure that the
system is functioning properly, and that the calibration coefficients
used by the program FLUX3.BAS produce accurate results. Because the
counting system may be used intermittently there is no regularly defined
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calibration interval. The maximum interval between calibrations is six
months. Thus under continuous use the system requires recalibration at
least every six months. The system requires recalibration if any of the
components have been replaced or modified. It is good practice to
recalibrate the system before starting any major project, regardless of
when the calibration period expires.

Detailed instructions for calibration of the counting system are found
in reference (2].

8.0 RECORD KEEPING

Field Activities

A field note book is to be kept to record information concerning the
field activities associated with conducting the measurements. Specific
information which must be recorded in the notebook includes:

. The name and location of the area where the measurements are to be
conducted

. The names of the field crew

. A brief description of how the sampling points were located and
identified

. A map of the region on which the measurements are to be made,

indicating the individual sample locations.

. Observations of the weather parameters both before and during the
measurement period

. A tabulation of the following parameters for each sampling point:

Collector Number
Sample ID
Sample Location
Date and Time Placed
Date and Time Retrieved
_ . _Initials.of the Person Handling the Collector—- - B o
A Comment Field

Each of the sample cans must have a label which contains the following
information:

Sample ID

Sample Location

Date and Time Placed

Date and Time Retrieved
Initials of Field Personnel
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Laboratory Activities

A logbook is maintained for the counting system. The logbook is used to
record the calibration activities associated with the system along with
a running history of the system usage. The logbook contains an updated
listing of the components of the system, and the current settings for

all controls. The components are identified by the manufacturer's name,
model number and serial number.

During routine usage an entry is made in the logbook each time that the
Natural Uranium Source is counted, eg. each time that FLUX1.BAS is run.
The following information is recorded in the logbook:

Date and Time That the Standard was Counted

M2; Channel No. of the minimum before the 295 keV Peak
P2 ; Channel No. of the 295 keV Peak

P4 ; Channel No. of the 352 keV Peak

P6 ; Channel No. of the 609 keV Peak

The Channels Included in ROI-1, and ROI-2

The Count Rate (counts/sec) for ROI-1, ROI-2, and ROI-3
Initials of Operator and Date
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