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Kennecott Uranium Company 
Sweetwater Uranium Project 
42 Miles NW of Rawlins 
PO Box 1500 
Rawlins, Wyoming 82301-1500 
USA 
T +1 (307) 328-1476 
F +1 (307) 324-4925 

September 28, 2017 

Ms. Andrea Kock, Deputy Director 
Division of Decommissioning, Uranium Recovery, & Waste Programs 
Office of Nuclear Material Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
11545 Rockville Pike 
Rockville, Maryland 20852-2738 

Dear Ms. Kock: 

SUBJECT: Sweetwater Uranium Project - Docket Number 40-8584 - Source Material License #SUA-
1350, License Renewal - Response to the June 26, 2017 Requests for Additional 
Information (RAls) 

Attached please find the responses to the four (4) Requests for Additional Information (RAls) dated June 26, 
2017 related to the renewal of Source Material License #SUA-1350. These responses have been discussed in 
multiple telephone conversations with James Webb of your staff as well as in e-mails dated August 17 and 24, 
2017. 

The following additional information that was requested by James Webb in a telephone conversation on the 
afternoon of September 26, 2017, regarding the status of the facility is being provided below. 

With the exception of the removal of the Catchment Basin, that was removed via excavation, in a period 
extending from December 2005 to November 2007, there have been no changes to the facility or to its programs 
since the last license renewal. 

If you have any questions please do not hesitate to contact me. 

Cc: James Webb - Project Manager (2) 
Director- NRC DRSS - Region IV (w/o enc.) 
Rich Atkinson 
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Sweetwater Uranium Project 

Renewal of Source Material License SUA-1350 
Docket Number: 40-8584 

Responses to the Nuclear Regulatory Commission's Requests for Additional Information 
Dated June 26, 2017 

Introduction 

The U.S. Nuclear Regulatory Commission (NRC) is reviewing Kennecott Uranium 
Company's (Kennecott's) Sweetwater Uranium Project request for a ten-year renewal of 
Source Material License SUA-1350 that was submitted on July 24, 2014. The NRC 
provided Requests for Additional Information (RAis) in letters dated July 13·, 2015 and 
February 12, 2016, and on August 18, 2016, a public conference call was held to discuss 
specific license conditions that will be modified as part of the license renewal process. In 
the conference call and by follow-up letter dated August 25, 2016 the NRC requested 
additional information regarding groundwater characterization, groundwater monitoring 
for the first new tailings impoundment and proposed evaporation ponds, and air 
monitoring . 

The NRC provided four additional RAis by cover ofletter dated June 26, 2017. RAis No. 
1 and 2 request additional information on monitoring of mill stacks for particulate releases 
and radon releases respectively while RAI No. 3 and No. 4 request additional information 
in support of the proposed groundwater monitoring for the first new tailings impoundment 
and evaporation ponds to demonstrate compliance with 10 CPR 40 Appendix A Criterion 
7A. 

RAIS 1AND2 

RAINo.1 

Air Effluent System 

Title 10 of the Code of Federal Regulations (JO CFR) Part 40 Appendix A, Criterion 8 
states, in part, that milling operations must be conducted so that all airborne ejjluent 
releases are reduced to levels as low as is reasonably achievable (ALARA). Criteri~n 8 
further describes the requirements to ensure that airborne ejjluent releases are ALARA. 
The termALARA, as defined in JO CFR 20.1003, means making every reasonab.le effort to 
maintain exposures to radiation as far below the dose limits as is practical. 

KUC provided information on the Air Ejjluent Monitoring Program in Attachment 3 to its 
October 18, 2016 letter to the NRC. In Attachment 3, KUC stated that sampling will be 
performed in accordance with Environmental Procedure-15 (EP-15) Stack Sampling, and 
US. Environmental Protection Agency (EPA) Method 5, "Determination of Particulate 
Emissions from Stationary Sources. " KUC did not provide EP-15 for Stack Sampling in 

20170926_RAI_Response_Final.docx TELESTO 
I 



• 

• 

• 

Attachment 3 and therefore, NRC staff could not review and evaluate this procedure. NRC 
staff also determined that EPA Method 5, "Determination of Particulate Emissions from 
Stationary Sources" is not applicable. EPA Method 5 is for PM (Particulate Matter) 
emissions from stationary sources. EPA defines particulate matter as sulfuric oxide (S02) 
and nitrogen oxide (NOX). These compounds are not radioactive material. NRC staff 
determined that EPA Method 5 cannot be used to maintain airborne ejjluent levels ALARA, 
consistent with JO CFR Part 40, Appendix A, Criterion 8. 

The applicant needs to provide the NRC with a copy of Procedure-15 (EP-15) Stack 
Sampling for NRC review. The applicant needs to provide the NRC with a methodology 
that demonstrates that during operations that the applicant can reduce airborne ejjluent 
releases to levels that are ALARA. 

RESPONSE: 
Following discussion with the NRC staff, as documented in e-mails dated Thursday, 
August 17, 2017 at 1 :56 PM and Thursday August 24, 2017 at 5:49 AM, KUC plans to use 
methods described in ANSI/HPS NB.1-2011 "Sampling and Monitoring Releases of 
Airborne Radioactive Substances from the Stacks and Ducts of Nuclear Facilities (ANSI, 
2011) to measure radioactive particulate effluent from the mill facility. This is standard is 
copyrighted material and cannot be included but can be purchased using the following link. 
https://www .ansi.org/ 

The stack gas velocity and volumetric flow rate will be measured using 40 CFR 60, 
Appendix A, Method 2 "Determination of Stack Gas Velocity and Volumetric Flowrate" 
(EPA Method 2). This method is incorporated by reference into ANSI/HPS N13. l-2011, 
and hence is a part of that standard and is included herein as Attachment 1. The number 
of sampling points within a stack will be determined using 40 CFR 60, Appendix A, 
Method 1 "Sample and Velocity Traverses for Stationary Sources". This method is also 
incorporated by reference into ANSI/HPS N13.l-2011, and hence is a part of that standard 
and is included herein as Attachment 2 .. 

Particulate Matter (PM), defined by EPA as "any finely divided solid or liquid material, 
other than uncombined water, as measured by the reference methods specified under each 
applicable subpart, or an equivalent or alternative method'' ( 40 CFR Part 60.2 
Definitions), will be sampled using 40 CFR 60, Appendix A, Method 17 "Determination 
of Particulate Matter Emission From Stationary Sources" (Method 17). Procedure- 15 (EP-
15) has been revised to incorporate this method and is attached to this response as requested 
in the Request for Additional Information (RAI). Method 17 "Determination of Particulate 
Matter Emission from Stationary Sources" is attached as Attachment 3 to this document. 
This method is applicable for the determination of PM emissions, where PM concentrations 
are known to be independent of temperature over the normal range of temperatures 
characteristic of emissions from a specified source category. This is the expectation for 
particulates containing natural uranium, thorium-230, radium-226, and lead-210 due to the 
high boiling points of the elemental compounds. This method is not applicable to stacks 
that contain liquid droplets or are saturated with water vapor.· These conditions are not 
expected at the Sweetwater Uranium Project. Additionally, it is only usable when the 
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blockage caused by the measurement instrument does not exceed five (5) percent of the 
duct cross sectional area as depicted below in Figure 1. 
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Figure 17·2. Projected-Arca Model of Croes-Section Blockage 
(approximate average for a sample traverse) Caused by an 
In-Stack Filter Holder-Probe .Extension Assembly. 

Figure 1- Blockage Diagram - Isokinetic Sample (excerpted from 40 CFR 60, Appendix A, 
Method 17) 

This should not be an impedinwnt to using this method at the Sweetwater Uranium Project 
given the large diameter of the stacks, the smallest of which is twelve (12) inches in 
diameter. The instrument cross-sectional area will be no larger than 5.6 square inches. 

· Radionuclides, specifically natural uranium, thorium-230, radium-226 and lead-210, contained 
within the PM collected using Method 17 will be quantified by sending the glass fiber filter 
used to collect the PM to Energy Laboratories, Inc. or other third-party accredi~ed laboratory, 
accredited by the National Environmental Laboratory Accreditation Program (NELAP) or 
similar program, for analysis. 

This method is not specifically referenced by ANSI/HPS N13.l-2011 but the method of 
isokinetic sampling and collection of PM on a glass fiber filter for retrospective analysis is 
described as a method of radioparticulate measurement in Section 6. 6 of ANSI/HP S N 13 .1-
2011 where it states: 
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"Depending on the purpose of the sample, a wide range of techniques is 
available for monitoring or collecting airborne particles. Particles can be 
collected on filters for retrospective determination of total mass, 
radioactivity, or chemical form; in aerosol cyclones or cascade impactors 
for determination of particle size distribution; on electron microscope 
substrates for determination of particle morphology; or they can be 
observed by light-scattering or time-of-flight techniques for measuring 
number concentration and size." 

The method described herein is a retrospective determination of total mass and 
radioactivity collected on a glass fiber filter. 

Method 17 describes a gravimetric measurement to determine the mass collected on the 
filter when it states: 

"Particulate matter is withdrawn isokinetically from the source and collected 
on a glass fiber filter maintained at stack temperature. The PM mass is 
determined gravimetrically after the removal of uncombined water" 

The mass will be determined on-site using the methods described in Environmental Procedure EP-
15 - "Stack Sampling for Particulates" as summarized below . 

1) Check filters· visually against light for irregularities, flaws, or pinhole 
leaks. Label filters of the proper diameter on the back side near the edge 
using a permanent ink. As an alternative, label the carrying containers 
(glass or polyethylene petri dishes or equivalent), and keep each filter in its 
identified container at all times except during sampling. 

2) Desiccate the filters at 20 ± 5.6 C0 and ambient pressure for at least 24 
hours. Weigh each filter (or filter and carrying container) at intervals of at 
least 6 hours to a constant weight (i.e., ::S 0.5 mg change from previous 
weighing) using a Mettler Toledo analytical balance (model ME104TE) or 
equivalent analytical balance. Record results to the nearest 0.1 mg. During 
each weighing, the period for which the filter is exposed to the laboratory 
atmosphere shall be less than 2 minutes. Alternatively, the filters may be 
oven dried at 105 C0 2 to 3 hours, desiccated for 2 hours, and weighed. 

3) Leave the contents in the shipping container or transfer the filter and any 
loose PM from the sample container to a tared glass weighing dish. 
Desiccate for 24 hours in a desiccator containing anhydrous calcium sulfate 
or an equivalent material. Weigh to a constant weight, and report the results 
to the nearest 0.1 mg. For the purposes of this section, the term "constant 
weight". means a difference of no more than 0.5 mg or 1 percent of total 
weight less tare weight, whichever is greater, between two consecutive 
weighings, with no less than 6 hours of desiccation time between weighings. 
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Alternatively, the sample may be oven dried at 104 C0 for 2 to 3 hours, 
cooled in the desiccator, and weighed to a constant weight. 

Once the mass is determined, the filter will be shipped to a third-party laboratory for 
radionuclide analysis as described above. The volume sampled will be determined using 
Environmental Procedure EP-15 and corrected to standard pressure and temperature (STP) 
conditions to be consistent with the stack flow determination (EPA Method 2). Stack gas 
flow and velocity will be measured at the time of sampling. EP-15 is provided in 
Attachment 4. 

KUC will sample the stacks listed in Table 1 on a frequency recommended in NRC 
Regulatory Guide 4.14 "Radiological Effluent and Environmental Monitoring at Uranium 
Mills" (NRC, 1980) which states: 

"Effluents from the yellowcake dryer and packaging stack should be sampled at 
least quarterly during normal operations. The sampling should be isokinetic, 
representative, and adequate for determination of the release rates and 
concentrations of uranium. The sampling should also be adequate for the 
determination of release rates and concentrations of thorium-230, radium-226, 
and lead-210 if this data cannot be obtained from other sources. Other stacks 
should be sampled at least semiannually. The samples should be representative 
(not necessarily isokinetic) and adequate for the determination of the release rates 
and concentrations of uranium, thorium-230, radium-226, and lead-2 10. All 
stack flow rates should be measured at the time of sampling." 

Therefore, stack number S-6 will be sampled quarterly, and stack numbers S-2 and S-4 will be 
sampled semiannually. This frequency is also consistent with the commitments made in: 

• Revised Environmental Report for the Sweetwater Uranium Project (KUC, 1994), 
ML 081010327 

• Final Design Volume VII - Operations Plan September 18, 1997 

• Page changes Volumes 1, V, VI, VII and IX June 21, 1999. 

The location each effluent monitoring location is shown on Figure 2 of this response, 
below, and in the attached revised Standard Operating Procedure EP-15 Stack Sampling 
for Particulates. The samples will be collected from sampling ports present on the stacks. 
These ports have been recently (Thursday, September 14, 2017) checked and 
photographed. 

The project had an analytical and a metallurgical laboratory during previous operations. 
Some analytical capabilities to routinely assay the mined ore to provide a basis for 
optimizing processing in response to ore properties will be needed in the future, however 
laboratory facilities for future operations may not be as extensive as the ones used when 
the facility operated from 1981 to 1983. The two laboratories may (depending upon future 
requirements) also routinely analyze the various process reagents and the finished product 
to assure adequate quality control. The fume hoods of the laboratories will collect air and 
an undefined mixture of chemical fumes and mists and discharge them through a stack to 
the atmosphere (stack S-11 shown on Figure 2 below). The effluent will not contain 
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sufficient quantities of potential contaminants (radioactive or nonradioactive) to constitute 
a significant impact and will not be routinely sampled. 

Consistent with the requirements of Section 7.1 of ANSI/HPS-Nl3.l, prior to operating 
the mill facility, KUC will develop a quality assurance plan to address the air sampling 
program. KUC will use U.S. Regulatory Guide 4.15 "QUALITY ASSURANCE FOR 
RADIOLOGICAL MONITORING PROGRAMS (INCEPTION THROUGH NORMAL 
OPERATIONS TO LICENSE TERMINATION) - EFFLUENT STREAMS AND THE 
ENVIRONMENT (NRC, 2007) as guidance for this quality assurance plan. 

The results of the sampling for the period in question will be used to estimate radionuclide 
releases using the following equation: 

Where: 
QR = quantity of radionuclide (R) released during the period (Ci) 
CR =Average Concentration of radionuclide (R) in stack gas (Ci L-1) at STP 

for the period 
R =Average Stack Gas Velocity (L min-1) at STP for the period 
T =period of interest (min) 

These release estimates will be the basis for reporting of radionuclide emissions required 
by 10 CPR 40.65. These release estimates can also be used as input to dose modeling 
software such as MILDOS 4 (ANL, 2016) to evaluate compliance with public dose limits 
contained in 10 CPR 20.1301 and 40 CPR 190.10 and the ALARA constraint rule for 
airborne radioparticulates contained in 10 CPR Part 20.1101. Time trends of this emission 
data will also be used to evaluate performance of emission control systems and if 
radionuclide emissions from routine operations of the mill facility are As Low As is 
Reasonably Achievable (ALARA). 

Table 1 Mill stacks where effluent monitoring will be conducted and the 
radionuclides of concern. 

Source External 
Stack Number 

SAG mill/Ore 
Receiving 
Leach Tanks 

Yellowcake 
Process 
Notes: 
U-nat equals natural uranium 
Th-230 equals thorium-230 
Ra-226 equals radium-226 
Pb-210 equals lead-210 

S-2 

S-4 

S-6 

20170926 _ RAI_ Response _Final.docx 

Exit Diameter Release Height Radionuclides 
(inches) (feet) 

12 65 U-nat, Th-230, 
Ra-226, Pb-210 

18 60 U-nat, Th-230, 
Ra-226, Pb-210 

18 60 U-nat, Th-230, 
Ra-226, Pb-210 
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Figure 2. Location of Mill Effluent Stacks (excerpted from KUC, 1994), and updated to current 
topography . 
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RAINo. 2 

KUC provided information on the Air Effluent Monitoring Program in Attachment 3 to its 
October 18, 2016 letter to the NRC. Attachment 3 states that radon concentration in air 
shall be determined using Landauer, Inc. 's Rapidos HS detectors mounted in the stack in 
a specially designed protective canister that is ·available for outdoor applications and 
supplied by Landauer, Inc. Attachment 3 further states that KUC attached the presentation 
entitled "Radon Emissions Monitoring at Uranium Mines: Comparison of Alpha Track 
Detectors and Scintillation Cell Monitors (Appendix 4) to show that Alpha Track Detectors 
(ATDs) have been demonstrated to produce data comparable to data obtained with Method 
A-6" and thus should be allowed for use in stack monitoring for radon at the Sweetwater 
Uranium Project especially in light of the fact that they err toward being conservative at 
high stack flow velocities. 

If KUC wishes to useATDs for stack monitoring during operations, KUC needs to provide 
additional information on the use of ATDs in the facility stack. The applicant needs to 
provide drawings on how the ATDs will be used for stack monitoring at Kennecott (i.e., 
orientation with respect to the air flow in or from the stack), provide calibration data that· 
demonstrates the accuracy and precision of the ATDs in the stack at various flow rates at 
Kennecott, provide a methodology for calculating the activity from the ATDs to release 
rate (expressed in Curies per unit time), and must demonstrate that airborne effluents are 
ALARA, consistent with 10 CFR 40 Appendix A, Criterion 8. 

RESPONSE: 
Following discussion with the NRC staff and in the interests of avoiding the difficulties, 
uncertainties and costs involved in verifying the accuracy and precision of alpha track 
detectors, KUC plans to us 40 CFR 60, Appendix A, Method 3 "Gas Analysis for the 
Determination of Dry Molecular Weight to collect a portion of the efflqent stream from 
each stack for the analysis of radon-222, an inert gas: KUC will not use the Rapidos HS 
detectors nor any other type of alpha track detector to determine radon activities of stack 
emissions. The sample will be pumped from the stack into a .leak free flexible bag such as 
a Tedlar® bag using an integrated gas-sampling train consisting of 1) a glass wool filter, 
2) a glass probe, 3) an air-cooled condenser, 4) an air tight pump with associated valving, 
4) a rate meter, all with associated tubing. A typical gas collection bag is depicted in Figure 
3. This gas-sampling train is depicted in.Figure 4. A minimum of 5 liters of gas will be 
collected. The gas in the bag will be analyzed for radon-222 concentrations using a 
DURRIDGE Company Inc (Durridge) RAD7 radon monitoring or its equivalent 
immediately after sampling to preclude significant decay of radon-222 . 
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Figure 3 - Typical gas collection bag ( 
Source; Restek Corporation (http://www.restek.com/catalog/view/3795 ) 

Fittef 
(GI_,. WoQI) 

'\ Probe 

Alr·T~ht Pump 

Q:uld< 
Oi$corwieet 

/ 

Rigid Container 

Figure 4. Example of Integrated Gas-Sampling Train (excepted from 40 CFR 60, Appendix 
A, Method 3) 
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The specifications for this detector, including sensitivity is provided in Attachment 5. This 
instrument is designed to measure radon-222 in the range of 0.1 to 20,000 pCi/L and reports 
an intrinsic background of 0.005 pCi/g or less. This intrinsic background is due to very 
low concentrations of alpha emitting contaminants in the materials of the RAD7's 
construction which can be as much as one count every two hours (0.009 cpm) without any 
radon present (Durridge, 2017). This count rate, corresponding to about 0.02 pCi/L, is low 
enough to neglect when performing stack monitonng since the lower limit of detection 
required by U.S. NRC Regulatory Guide 4.14 "Radiological Effluent and Environmental 
Monitoring at Uranium Mills" (NRC, 1980) of 10% of the limit in the appropriate 
concentration limits listed in Table II of Appendix B to 10 CFR Part 20 is 1.0 pCi/L. But 
for very low-leveled outdoor radon levels, or special clean room applications, this 
background may be significant. Very low-level readings can then be corrected for 
background, bringing the detection threshold of the instrument down below 0.02 pCi/L but 
not without painstaking technique, and long-term monitoring (Durridge, 2017). The RAD7 
user's manual is provided as Attachment 6. 

Radon-222 concentrations in the Tedlar® bag or equivalent will be evaluated using the 
grab sampling protocol described in Section 4.4 of the user's manual as summarized below: 

• First, purge the unit with fresh, dry air for five minutes. Then connect the 
laboratory drying unit in a closed loop with the RAD? so that air from the outlet 
passes through the desiccant and back into the inlet. Purge for ten minutes then 
check the relative humidity pert the user's manual. If the relative humidity is not 
below 8%, repeat the process. Keep the pump running until ready to sample. 

• Choose the Setup, Protocol, Grab menu selection, and push [ENTER]. This will 
set up all the measurement parameters correctly. For the printout, choose Setup, 
Format, Short. 

• Connect the bagged sample to the RAD? making sure there is active desiccant and 
the inlet filter in place between the sample bag and the RAD?. 

• With the grab sample source connected to the RAD?, start the test 
([MENU][ENTER][-+] [ENTER]). The pump will run for five minutes at 5 liters 
per minute, flushing the measurement chamber with the sample, and then stop. The 
RAD? will wait for five more minutes, and then count for four 5-minute cycles. At 
the end of the run, the RAD? will print out a summary, including the average 
radon-222 concentration, a bar chart of the four cycles counted, and a cumulative 
spectrum. The measurement process takes 30 minutes. If the analysis is made more 
than an hour after the sample was taken, a correction must be applied for the decay 
of radon in the sample. 

All radon-222 concentrations and stack flow velocities will be corrected to standard 
temperature and pressure conditions. 

Consistent with the requirements of Section 7.1 of ANSI/HPS-Nl3.l, prior to operating 
• the mill facility, KUC will develop a quality assurance plan to address the air sampling 
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program. KUC will use U.S. Regulatory Guide 4.15 - Quality Assurance for Radiological 
Monitoring Programs (Inception Through Normal Operations to License Termination) 
Effluent Streams and the Environment (NRC, 2007) as guidance for this quality assurance 
plan. 

Knowing the radon-222 concentration of the effluent and the volumetric flow rate from the 
stack allows for the calculation of radon-222 releases for a time period of interest. This is 
shown by the equation below. 

Where: 
QRn =quantity of radionuclide (R) released during the period (Ci) 
CRn =the average concentration ofradionuclide (R) in stack gas (pCi L-1) at 

R 
T 
10-12 

STP for period 
=Average Stack Gas Velocity (L min-1) at STP 
=period of interest (min) 
= conversion factor from pCi to Ci. 

Stack monitoring for radon-222 will be conducted weekly for the SAG Mill/Ore Receiving 
(S-2) and Leach Tanks (S-4) stacks and monthly for the Yellowcake Process (S-6) stacks 
listed in Table 2. Stack gas flow and velocity will be measured at the time of sampling 
described in NRC Regulatory Guide 4.14 "Radiological Effluent and Environmental 
Monitoring at Uranium Mills" (NRC, 1980) which states: "all stack flow rates should be 
measured at the time of sampling. " 

The project had an analytical and a metallurgical laboratory during previous operations. 
Some analytical capabilities to routinely assay the mined ore to provide a basis for 
op.timizing processing in response to ore properties will be needed in the future, however 
laboratory facilities for future operations may not be as extensive as the ones used when 
the facility operated from 1981to1983. The two laboratories may (depending upon future 
requirements) also routinely analyze the various process reagents and the finished product 
to assure adequate quality control. The fume hoods of the laboratories will collect air and 
an undefined mixture of chemical fumes and mists and discharge them through a stack to 
the atmosphere (stack S-11 shown on Figure 2.). The effluent will not contain sufficient 
quantities of potential contaminants (radioactive or nonradioactive) to constitute a 
significant impact and will not be routinely sampled. 

Table 2 Mill stacks where effluent monitoring for radon-222will be conducted 
Source External Exit Diameter Release Height Radionuclides 

Stack Number (inches) (feet) 
SAG mill/Ore S-2 12 65 Rn-222 

Receiving 
Leach Tanks S-4 18 60 Rn-222 

Yellowcake Process S-6 18 60 Rn-222 
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• These release estimates will be the basis for reporting of radon-222 emissions required by 
10 CPR 40.65. These release estimates can also be used as input to dose modeling software 
such as MILD OS 4 (ANL, 2016) to evaluate compliance with public dose limits contained 
in 10 CPR 20.1301. Radon-222 and its decay products are specifically excluded in 40 CPR 
190.10 and t4e ALARA constraint rule for airborne radioparticulates contained in 10 CPR 
Part 20.1101 and the quantity of radon-222 released in gaseous effluent will not be used 
when demonstrating compliance with these standards. This information does however 
provide data to conduct a trend analysis of radon:-222 emissions over time from routine 
operations of the mill facility to evaluate iflevels are As Low As is Reasonably Achievable 
(ALARA). 
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Radiation Protection Programs, 10 C.P.R §20.1101 (1991) 

U.S. Nuclear Regulatory Commission (NRC). 2007 Regulatory Guide 4.15 - Quality 
·Assurance for Radiological Monitoring Programs (Inception Through Normal Operations 
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U.S. Nuclear Regulatory Commission (NRC). 1980. Radiological Effluent and 
Environmental Monitoring at Uranium Mills (April1980) . 
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RAIS 3 AND 4 

Background 

The purpose of 10 CPR 40 Appendix A Criterion 7 A is to develop a detection monitoring 
program that has two objectives: 

1. Detect leakage of hazardous constituents from the disposal area so that the need 
to set groundwater protection standards is monitored 

2. Generate data and information needed for the Commission to establish the 
standards under Criterion 5B 

In this regard, the NRC requested additional information regarding the proposed use of 
bromide as a tracer and for more detail regarding the proposed groundwater monitoring 
program. Potassium bromide, a salt, will be the delivery mechanism to introduce bromide 
to the tailings system. Once dissolved in water, the potassium and the bromide become 
dissociated, and bromide becomes the tracer. Bromide is extremely conservative in an 
aqueous environment and makes for a good tracer. The purpose of this letter is to respond 
to RAI No. 3 and No. 4 in the context of complying with 10 CPR 40 Appendix A Criterion 
7A. 

Plume History 

In spring 1983, a leak developed in the upper portion of the single~Iayer synthetic liner of 
the tailings impoundment while the site was managed by the previous licensee, Minerals 
Exploration Company (MEC), a wholly owned subsidiary of Union Oil of California 
(UNOCAL). The leak allowed tailings water to seep downward into the underlying 
geologic materials. The surface of the saturated Battle Spring Aquifer is located 
approximately 100 . to 110 feet below ground surface near the existing tailings 
impoundment. A discontinuous sandstone lens is located generally below the existing 
tailings impoundment. Leaked fluids perched above this sandstone lens and ultimately 
migrated downward into the upper saturated fifty (50) feet of the Battle Spring Aquifer. 

The licensee implemented a Corrective Action Program (CAP) in 1986. The CAP has 
performed continuously and operates today. Components of the CAP include a 
groundwater capture system (i.e;, series of wells) that discharge to a lined, enhanced 
evaporation system in the tailings impoundment consisting, at various times and as 
conditions warranted, of a spray system, liner drip system, and/or flooded evaporation 
lagoons to decrease fluid volumes. 

Additionally, groundwater with elevated uranium and potentially affected by organic 
compounds was identified in the catchment basin area leading to the installation of 
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additional wells to characterize the extent of impact therefrom. Groundwater pumping 
adjacent to the catchment basin from TMWs 96 and 97 was initiated in 2005 to recover the 
impacted groundwater and reduce the potential for offsite migration. In addition, in 2006 
and 2007 the soil contamination (source term) associated with the catchment basin was 
excavated and placed in the tailing impoundment. 

The first new tailings impoundment allowed under the facility license is proposed to be 
located 100 feet due north of the existing impoundment, and the evaporation ponds to the 
south of the existing impoundment, as shown on Figure 5 which also shows the locations 
of monitoring wells and the approximate location of the historical extent of perched water 
above the discontinuous sandstone lens. 

Proposed Liners 

The liner design, detailed in the Final Design Volume IV (Shepherd Miller, Inc., 1997a), 
and incorporated into the facility's performance-based operating license, includes a process 
water recovery system (PWRS) to limit head over the liner system, with recovered water 
pumped either to evaporation ponds or recycled to the mill for reuse. The PWRS provides 
an important first level of protection against potential leakage by minimizing the hydraulic 
head over the liner system. Minimizing the head removes the driving force, and thus, 
decreases the leakage rate of a potential break in the liner. 

The liner system includes three barriers to downward movement of tailings fluid: 

• An upper 60 mil high density polyethylene liner 
• A lower 40 mil high density polyethylene liner 
• A three-foot thick clay layer, with a field permeability equal to or less than 1 x 

10-7 cm/sec 

The top pair of liners will be separated by a leak detection and recovery system (LDRS). 
The LDRS will drain to a sump in the lowest comer of the impoundment from which 
collected fluids can be pumped. The lower 40-mil liner will be overlain immediately above 
the three-foot clay liner to create a composite lower liner. The underlying clay layer will 
provide both restriction to flow due to low permeability, but also chemical attenuation 
capacity for positively charged ions (e.g., uranium, radium). 

A double-lined system for the evaporation pond system, with eight to ten cells, was also 
designed and incorporated into the facility's license, including: 

• An upper 60 mil high density polyethylene liner 
• A lower 60 mil high density polyethylene liner, separated by an LDRS. 

The LDRS in each evaporation cell will drain to a sump in the lowest comer of each cell 
from which collected fluids can be pumped . 
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Proposed Groundwater Monitoring Program 

Kennecott's proposed groundwater monitoring program was presented in the Operations 
Manual (Shepherd Miller, Inc., 1997b) submitted to NRC as part of the license renewal 
request approved by NRC by cover letter dated August 6, 1999. The proposed monitoring 
presented therein will be modified per the plan proposed herein, in response to NRC's 
requests. 

Kennecott proposes a four-tiered approach to leak detection and groundwater monitoring 
for the first new tailings impoundment, with a similar approach to be applied to additional 
tailings impoundments as each is constructed and placed into operation, as applicable: 

1. Injection of bromide into the tailings stream to create a unique chemical 
signature to the tailings solution 

2. Monitoring of the LDRS 
3. Groundwater monitoring of the zone above the clay aquitard located near the 

southwest comer of the first new tailings impoundment 
4. Groundwater monitoring of the Battle Spring Aquifer, south and southwest of 

the impoundment. 

Kennecott proposes a three-tiered approach to leak detection and groundwater monitoring 
for the evaporation ponds: 

1. Injection of bromide into the tailings stream to create a unique chemical 
signature to the tailings solution 

2. Monitoring of the LDRS 
3. Groundwater monitoring of the Battle Spring Aquifer, south, west and north 

of the evaporation ponds. 

Bromide Tracer 

The use of bromide (i.e., a tracer) as a part of groundwater monitoring was not included in 
the Final Design or incorporated into the facility's performance-based license, but is 
proposed herein. A potassium bromide solution will be injected into the tailings discharge 
line prior to its discharge at the impoundment. The specific information regarding the 
quantity of potassium bromide addition, and the subsequent monitoring of bromide is 
provided in this section by directly addressing the questions posed by the NRC through 
their RAis No. 3 and No. 4 . 
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SPECIFIC RESPONSES TO THE REQUESTS FOR ADDITIONAL 
INFORMATION 

RAINo.3 

"The proposed alternative detection monitoring program does not provide sufficient detail 
for the NRC staff to reach a reasonable assurance finding on whether KUC's proposal 
meets Criterion 7A." 

• Specify the concentration and volumetric rate at which the potassium bromide tracer 
"will be injected into the tailings discharge line prior to its discharge at the· 
impoundment" and quantitative prJdictions of the resulting bromide concentration in 
the tailings impoundment as a function of time. " 

RESPONSE: 

Potassium bromide will be added to the tailings delivery line as the tailings are pumped 
from the mill to the new impoundment. At the design mill throughput of 3,300 tons per 
day, the flow rate of water into the tailings impoundment would be 534 gpm. At this flow 
rate, potassium bromide would be injected at a rate of approximately 4 lbs/hour to achieve 
a bromide concentration in the tailings solution· (i.e., water component) of 10 mg/L. This 
rate of injection would occur on startup and continue until water is recycled from the 
tailings impoundment back to the mill. At the time of water recycle, the addition of 
potassium bromide can drop to roughly 2 lb/hr, which is based on the make-up water 
requirement of 250 gpm. This regimen would result in a constant 10 mg/L in the tailings 
solution in the impoundment. Mass balance calculations documenting this injection rate 
are included in Attachment 7. 

• · Also, please describe a plan for monitoring actual potassium bromide concentrations 
in the tailings impoundment. 

The target constituent for leak detection monitoring is the bromide tracer. The potassium 
from the potassium bromide with likely be adsorbed to the tailings and be relatively 
undetectable in solution. 

The tailings solution will be measured weekly to monitor bromide concentrations and to 
allow the licensee to adjust the injection rate as needed to maintain a target concentration 
of 10 mg/L. The tailings deposition system will be operationally managed to limit water 
content but will have a small free water pool (Shepherd Miller, Inc., 1997b ). Samples will 
be pumped from the free water pool and measured on site by a field technician with a 

· bromide-specific probe, such as the "Radiometer Analytical ISE25Br-9 Bromide Ion 
Selective Electrode, by Hach. The on-site-measured values will provide timely data to be 
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used in operational decision making. The standarq ASTM test method for bromide ion in 
water is included in Attachment 8. 

Fluid from the free water pool will be sampled in accordance with Standard Operating 
Procedures (SOPs). Kennecott maintains a series of SOPs for environmental monitoring 
(termed Environmental Procedures, or EPs) that have been prepared in accordance with 
NRC' s Regulatory Guide 4.15 (NRC, 2007). All EPs are retained on file on site, have been 
reviewed by NRC staff during annual inspections, and will continue to be available for 
review. The EPs are documents that may be updated as technology, standard practices,· 
and regulatory guidance change. The EPs will be changed, as required, to add bromide as 
an analytical parameter, sampled from the free pool weekly and tested with a bromide
specific probe. Revised procedures will be required upon resumption of operations as per 
License condition 9.6 states in part: 

"These SOPs for operational activities shall enumerate pertinent radiation 
safety practices to be followed and will be available for the pre-operational 
inspect!on. " 

Thus these revisions will be made prior to the pre-operational inspection as required by the 
license . 

An additional sample from the tailings fluid will be collected at the same frequency of 
groundwater monitoring wells sampling (monthly for the first year of tailings 

· impoundment operation, and quarterly thereafter). The sample will be collected, preserved, 
and shipped in accordance with applicable facility EPs and in accordance with Method 
300.0 (EPA, 1993), included as Attachment 9. Lab analysis will be performed by ion 
chromatography in accordance with Method 300.0, which addresses method detection 
limits, sample dilution to address the potential for another anion to interfere with the 
bromide anion, sample collection, preservation, and storage, quality control, and analysis 
procedure. 

• Provide laboratory analysis results for at least one background monitor well sample 
to substantiate the statement that: "Bromide is not found . . . in background 
groundwater. " 

Samples were collected from TMW-5, TMW-18, RDW-8, and RDW-1 in.June and July of 
2017. Bromide was not detected above the reporting limit of0.05 mg/L. Laboratory results 
are included as Attachment 10 and locations for these wells are shown in Figure 6. 

• In addition, provide any past laboratory analysis of mill process fluids that support the 
statement that: "Bromide is not found in ... mill process fluids. " 
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Samples were collected from the free pool in the southeast comer of the tailings 
impoundment (Figure 6) in June of 2017. Bromide was not detected for a reporting limit 
of 1 mg/L. The reporting limit on the tailings fluid is higher than the other samples because 
the conductivity of the un-diluted sample was too high for the instrument and the sample 
had to be diluted. Laboratory results for the tailings fluid sample are also included in 
Attachment 10. 

• Provide justification, based on specific or generally applicable references, for the 
assertion that the potassium bromide tracer "is not easily filtered or sorbed by the 
tailings. " 

To be clear, bromide is the tracer, and potassium bromide is the delivery mechanism to 
place bromide into the water. Potassium likely will be adsorbed to the tailings or any 
mineral clays in the contact with the water. Bromide, on the other hand, is a highly non
reactive anion when in solutions at low concentrations. It is commonly used as a tracer for 
its conservative properties. The following quote is from Contaminant Hydrology (Fetter, 
1999): 

"Chloride and bromide ions are not reactive. They don't participate in 
redox reactions, aren 't sorbed onto mineral or organic surfaces, and don't 
form insoluble precipitates. " 

Bromide was also tested through a series of batch sorption experiments (B.S. Levy and 
R.M Chambers, 1987). Levy and Chambers concluded that: 

"An analysis of variance of results showed no significant sorption of 
bromide through time under any concentration level or filter treatment (a 
= 0.01). No sorption of bromide between different soil horizons could be 
determined. This work clearly indicates that bromide is conservative under 
the conditions examined. " 

• Provide any references known to the licensee pertaining to previous applications of 
potassium bromide as a tracer for the detection of leaks from impoundments or other 
near surface waste disposal facilities. 

KUC's proposal to use bromide as a tracer is equivalent to its proposal to use chloride, 
sulfate and conductivity, as previously approved by the NRC. These constituents provide 
a signature of the tailings solution and are not highly reactive (i.e., they move at 
approximately the same rate as water). Bromide will function in the same manner. A 
simple Google search on the viability of bromide as a tracer yields a plethora of results 
(Davis, 1985; Fetter, 1999; Tellam, 2006; Devine, 2013; Lundy, 2009) . 
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Of particular interest is a series of studies recently conducted by the Minnesota Department 
of Natural Resources where the investigators used bromide as a tracer to enhance the water 
balance and tracking of sulfate from tailings impoundments (Berndt M. T., 2016; Berndt 
M. E., 2016; Kelly, 2016). 

• Specify which monitoring wells KUC is proposing to monitor for the presence of the 
potassium bromide tracer and the frequency at which they will be sampled for the 
tracer. 

Kennecott is proposing monitoring for bromide in six moniforing wells for the tailings 
impoundment: TMWs 31, 64, 65, 75, 78 and 85, as shown on Figure 6 and on the revised 
Figures 5-3 and 5-7 from the Operations Manual (Shepherd Miller, Inc., 1997b). 

TMW-65 was completed to a depth of 78 feet below ground surface north of the existing 
impoundment, and will be used as the monitoring well to detect the presence of bromide 
in potential fluid accumulation in sands above the clay aquitard (the potential perched zone) 
near the first proposed tailings impoundment. Kennecott will monitor for the presence of 
fluid in TMW-65 and, if present, collect samples and test for bromide. 

Kennecott proposes monitoring wells TMW s 31, 64, 7 5, 78 and 85 as the groundwater (i.e., 
Battle Springs Aquifer) monitoring wells for the first new tailings impoundment. TMWs 
75 and 78 would be located closest to the LDRS collection sump, which would be located 
in the southwest comer of the first impoundment. TMWs 31, 75, 78 and 85 are located 
very close to the proposed impoundment location-each would require an upward 
extension of their casing because each is located within the footprint of the exterior side 
slopes of the impoundment. TMW-64 is located approximately 400 feet west of the 
southwest comer of the impoundment. These wells will all be tested for bromide 
concentrations. With these proposed modifications to the leak detection monitoring 
program, the applicable rows within Table 5-2 of the Operations Manual (Shepherd Miller, 
Inc., 1997b) would be modified as follows . 
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.Table 5-2 NRC Operational Environmental Monitoring Summary, New 
Tailings lmpoundment and Evaporation Ponds 

Category Locations Frequency Analytical Parameters 
Tailings Liquid Tailings Weekly Bromide 

Impoundment Annually1 Table 5-5 
Evaporation Ponds Evaporation Ponds Weekly Bromide 
Liquid (One cell) 
Monitoring Wells, TMW-31, TMW-64, Monthly for first Bromide 
Tailings Impoundment TMW-65, TMW-75, year, quarterly 

TMW-78, TMW-85 thereafter2 
Monitoring Wells, TMW-3, TMW-50, Monthly for first Bromide 
Evaporation Ponds 3 N~w Wells (Figure year, quarterly 

5-7) thereafter2 
Point of Compliance TMW-64 Semiannually Arsenic, beryllium, 
Well, Tailings bromide, cadmium,. 
Impoundment chromium, Pb-210, 

nickel, combined Ra-226 
and -228, selenium, Th-
230, natural uranium, 
gross alpha, chloride, 
iron, nitrate, sulfate, pH, 
TDS 

Point of Compliance New well (Figure 5- Semiannually Arsenic, beryllium, 
Well, Evaporation 7) bromide, cadmium, 
Ponds chromium, Pb-210, 

nickel, combined Ra-226 
and -228, selenium, Th-
230, natural uranium, 
gross alpha, chloride, 
iron, nitrate, sulfate, pH, 
TDS 

1 Tailings liquid monitoring would be conducted after a change in mill process chemistry 
or after a significant change in the mill feed source. 
2 Frequency of monitoring the tailings impoundments and evaporation ponds via 
monitoring wells is recommended in NRC Regulatory Guide 4.14 (NRC, 1980) . 
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• Provide quantitative predictions (such as by solute transport modeling) of (1) the 
expected maximum travel times of the tracer to the monitoring wells and (2) the 
concentrations of the tracer at these wells resulting from a comprehensive range of 
continuous fluid volume releases of given bromide concentration from the tailings 
impoundment. The quantitative predictions should include a sensitivity analysis of the 
parameters involved. 

To address this RAI, Telesto chose to use an advective transport calculation performed in 
a spreadsheet (i.e., spreadsheet model). Details of this model are proviqed in Attachment 
11. The most sensitive parameter on travel time estimates is the disposition of the clay 
liner. Clay liners, when installed beneath synthetic liners, are quite robust as the synthetic 
liner does not allow the clay to desiccate. Thus, the clay maintains its hydraulic properties. 
Assuming the clay is intact, the travel time from the bottom of the clay to the water table 
is approximately 1,000 years because the clay limits the rate of movement in the underlying 
vadose zone. In the unlikely event that the clay liner suddenly disappears, the travel time 
to the water table of the Battle Springs Aquifer is a few days. 

Once the bromide reaches the, water table, it will travel downgradient towards the 
monitoring wells. It is highly likely that the groundwater capture system will continue to 
operate during the operation of the new tailings facility. Thus, Telesto assumed that the 
observed groundwater gradients and directions would be similar to those observed today. 
Additionally, we assumed the catastrophic failure of the liner (i.e., no clay remaining). 

As shown in Attachment 11, the travel time for bromide to reach the monitoring wells at 
the detection limit ranges from 65 days to 58 years depending on where the impoundment 
would leak, and which monitoring well detects the leak. This range is based on: 

1. The minimum and maximum travel distances from the new tailings area to 
monitoring wells 

2. A dispersion coefficient range of 1 Oft to 1 OOft 
3. An average solute velocity beneath the new impoundment as calculated in 

Attachment 11 

Also shown in Attachment 11 is the time range for concentrations to reach half of the mixed 
source concentration in groundwater (2 to 126 years). Half of the mixed-source 
concentration is synonymous with the term "advective front," which moves with the 
average particle velocity in groundwater. Associated concentrations would be 2 to 3 mg/L 
(roughly 50 times the detection limit). 

• Provide a detailed description of the procedures (including methods and detection 
limits) that will be used to sample and measure the potassium bromide tracer in 
groundwater and impoundment samples. Please address how the detection limits takes 
into account interference effects from other ions . 
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Samples will be collected from the tailings fluid and monitoring wells as described above 
in accordance with the licensee's .EPs. Samples will be collected, preserved, and shipped 
in accordance with applicable facility EPs and in accordance with Method 300.0 (EPA, 
1993), provided as Attachment 9. Lab analysis will be performed for bromide by ion 
chromatography in accordance with Method 300.0, which addresses method detection 
limits, sample dilution to address the potential for another anion to interfere with the 
bromide anion, sample collection, preservation, and storage, quality control, and analysis 
procedure. 

• In addition to the above matters pertaining to the application of the potassium bromide 
tracer, the NRC staff observes that in the section of the submittal titled "Leak Detection 
Parameters" the licensee states that: "NRC accepted three indicators parameters for 
detection of a leak [pH, conductivity and chloride]. Proposed monitoring wells have 
historically (3 0 years of data exist for these wells) exhibited low concentrations for the 
conductivity and chloride indicator parameters, and a relatively neutral pH " 
However, analysis by NRC staff (see attached Figure 1) shows that conductivity values 
have continued to consistently and significantly exceeded the NRC-approved 350 
µmho/cm deteciion standard over the entire 1996-2015 period of record of the three 
POC wells (TMW31, TMW75 and TMW78) previously designated to monitor this 
parameter. The applicant should acknowledge this finding and propose an alternate to 
the 350 µmho/cm conductivity detection standard 

Kennecott acknowledges that conductivity values in the vicinity of the existing tailings 
impoundment and mill have become elevated as a result of the previous excursions. For 
this reason, Kennecott proposes that bromide in groundwater, as described above, would 
be the sole leak detection parameter. Thus, Table 5-2 of the Operations Manual (Volume 
VII of the Final Design, Shepherd Miller, 1997b) would be modified by the detection 
monitoring proposed herein. Bromide will be added as the monitoring parameter and pH, 
chloride, and conductivity will be removed. 

RAINo. 4 

Since potassium bromide is also proposed to be used as a tracer in the evaporation ponds 
"the same detection monitoring issues of complying with 10 CFR 40, Appendix A, Criterion 
7 A, exist for the proposed evaporation ponds as for the new tailings impoundment." The 
two specific concerns from RAI No. 4 are as follows: 

• The licensee needs to provide a detailed, alternative detection program for evaporation 
ponds that addresses the same corresponding issues identified for the new tailings 
impoundment . 
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RESPONSE: 

Tailings solution pumped to the evaporation ponds will be measured weekly to monitor 
bromide concentrations. Samples will be pumped from a single 10-acre evaporation cell 
and measured on site with a bromide-specific probe by a field technician. 

Fluid from the sampled evaporation pond cell will be sampled in accordance with Standard 
Operating Procedures (SOPs). Kennecott maintains a series of SOPs for environmental 
monitoring (termed Environmental Procedures, or EPs) that have been prepared in 
accordance with NRC's Regulatory Guide 4.15 (NRC, 2007). All EPs are retained on file 
on site, have been reviewed by NRC staff during annual inspections, and will continue to 
be available for review. The EPs are documents that may be updated as technology, 
standard practices, and regulatory guidance change.· The EPs will be changed, as required, 
to add bromide as an analytical parameter. 

An additional sample from the fluid within one of the evaporation pond cells will be 
collected at the same frequency of groundwater monitoring wells sampling (monthly for 
the first year of tailings impoundment operation, and quarterly thereafter). The sample will 
be collected, preserved, and shipped in accordance with applicable facility EPs and in 
accordance with Method 300.0 (EPA, 1993), included as Attachment 9. Lab analysis for 
bromide will be performed by ion chromatography in accordance with Method 300.0, 
which addresses method detection limits, sample dilution to address the potential for 
another anion to interfere with the bromide anion, sample collection, preservation, and 
storage, quality control, and analysis procedure. Samples will be collected from the tailings 
fluid and monitoring wells as described above in accordance with the licensee's EPs. 

Revised procedures will be required upon resumption of operations as per License 
condition 9.6 states in part: 

"These SOPs for operational activities shall enumerate pertinent radiation 
safety practices to be followed and will be available for the pre-operational 
inspection. " 

Thus these revisions will be made prior to the pre-operational inspection as required by the 
license. 

Leak detection monitoring within the Battle Spring Aquifer in the vicinity of the proposed 
evaporation ponds is proposed by Kennecott in TMW s 3 and 50, as well as three new wells. 
These wells are also shown on Figure 6 herein, as well as on the revised Figures 5-3. and 
5-7 from the Operations Manual (Shepherd Miller, Inc., 1997b). All samples collected 
from monitoring wells will be tested for bromide . 
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• Moreover, the issue identified for the new tailings impoundment with regard to the 
historical exceedance of the NRC-approved 350 µmho/cm conductivity detection 
standard also applies at the location of the proposed evaporation ponds. NRC staff has 
determined that well TMW-50 (which KUC acknowledges "would be downgradient of 
the ponds" under the existing pumping conditions related to the CAP) has consistently 
exceeded the NRC-approved 350 µmho/cm conductivity detection standard for the site· 
(see attached Figure 2) and. The applicant should thus propose an alternate to the 350 
µmho/cm conductivity detection standard. 

Kennecott acknowledges that conductivity values in the vicinity of the existing tailings 
impoundment and mill have become elevated as a result of the previous excursions. For 
this reason, Kennecott proposes that bromide in groundwater, as described above, would 
be the sole leak detection parameter. Thus, Table 5-2 of the Operations Manual (Volume 
VII of the Final Design, Shepherd Miller, 1997b) would be modified by the detection 
monitoring proposed herein. Bromide would be added as the monitoring parameter and pH, 
chloride, and conductivity would be removed . 
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Method 2-Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot 
Tube) 

NOTE: This method does not include all of the specifications (e.g., equipment and supplies) and 
procedures (e.g., sampling) essential to its performance. Some material is incorporated by 
reference from other methods in this part. Therefore, to obtain reliable results, persons using this 
method should have a thorough knowledge of at least the following additional test method: 
Method 1. 

1. 0 Scope and Application. 

1.1 This method is applicable for the determination of the average velocity and the volumetric 
flow rate of a gas stream. 

1.2 This method is not applicable at measurement sites that fail to meet the criteria of Method 1, 
section 11.1. Also, the method cannot be used for direct measurement in cyclonic or swirling gas 
streams; section 11.4 of Method 1 shows how to determine cyclonic or swirling flow conditions. · 
When unacceptable conditions exist, alternative procedures, subject to the approval of the 
Administrator, must be employed to produce accurate flow rate determinations. Examples of 
such alternative procedures are: (1) to install straightening vanes; (2) to calculate the total 
volumetric flow rate stoichiometrically, or (3) to move to another measurement site at which the 
flow is acceptable. 

1.3 Data Quality Objectives. Adherence to the requirements of this method will enhance the 
quality of the data obtained from air pollutant sampling methods. 

2. 0 Summary of Method. 

2.1 The average gas velocity in a stack is determined from the gas density and from 
measurement of the average velocity head with a Type S (Stausscheibe or reverse type) pitot 
tube. 

3. 0 Definitions [Reserved] 

4. 0 Interferences [Reserved] 

5.0 Safety 

5.1 Disclaimer. This method may involve hazardous materials, operations, and equipment. This 
test method may not address all of the safety problems associated with its use. It is the 
responsibility of the user of this test method to establish appropriate safety and health practices 
and determine the applicability of regulatory limitations prior to performing this test method. 
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6. 0 Equipment and Supplies 

Specifications for the apparatus are given below. Any other apparatus that has been demonstrated 
(subject to approval of the Administrator) to be capable of meeting the specifications will be 
considered acceptable. 

6.1 Type S Pitot Tube. 

6.1.1 Pitot tube made of metal tubing (e.g., stainless steel) as shown in Figure 2-1. It is 
recommended that the external tubing diameter (dimension D1, Figure 2-2b) be between 0.48 and 
0.95 cm (3116 and% inch). There shall be an equal distance from the base of each leg of the pi tot 
tube to its face-opening plane (dimensions PA and P8 , Figure 2-2b ); it is recommended that this 
distance be between 1.05 and 1.50 times the external tubing diameter. The face openings of the 
pitot tube shall, preferably, be aligned as shown in Figure 2-2; however, slight misalignments of 
the openings are permissible (see Figure 2-3). 

6.1.2 The Type S pitot tube shall have a known coefficient, determined as outlined in section 
10.0. An identification number shall be assigned to the pitot tube; this number shall be 
permanently marked or engraved on the body of the tube. A standard pi tot tube may be used 
instead of a Type S, provided that it meets the specifications of sections 6. 7 and 10.2. Note, 
however, that the static and impact pressure holes of standard pitot tubes are susceptible to 
plugging in particulate-laden gas streams. Therefore, whenever a standard pitot tube is used to 
perform a traverse, adequate proof must be furnished that the openings of the pi tot tube have not 
plugged up during the traverse period. This can be accomplished by comparing the velocity head 
(Lip) measurement recorded at a selected traverse point (readable Lip value) with a second Lip 
measurement recorded after "back purging" with pressurized air to clean the impact and static 
holes of the standard pi tot tube. If the before and after Lip measurements are within 5 percent, 
then the traverse data are acceptable. Otherwise, the data should be rejected and the traverse 
measurements redone. Note that the selected traverse point should be one that demonstrates a 
readable Lip value. If "back purging" at regular intervals is part of a routine procedure, then 
comparative Lip measurements shall be conducted as above for the last two traverse points that 
exhibit suitable Lip measurements. 

6.2 Differential Pressure Gauge. An inclined manometer or equivalent device. Most sampling 
trains are equipped with a 10 in. (water column) inclined-vertical manometer, having 0.01 in. 
H20 divisions on the 0 to 1 in. inclined scale, and 0.1 in. H20 divisions on the 1 to 10 in. vertical 
scale. This type of manometer (or other gauge of equivalent sensitivity) is satisfactory for the 
measurement of Lip values as low as 1.27 mm (0.05 in.) H20. However, a differential pressure 
gauge of greater sensitivity shall be used (subject to the approval of the Administrator), if any of 
the following is found to be true: (1) the arithmetic average of all Lip readings at the traverse 
points in the stack is less than 1.27 mm (0.05 in.) H20; (2) for traverses of 12 or more points, 
more than 10 percent of the individual Lip readings are below 1.27 mm (0.05 in.) H20; or (3) for 
traverses of fewer than 12 points, more than one Lip reading is below 1.27 mm (0.05 in.) H20. 
Reference 18 (see section 17.0) describes commercially available instrumentation for the 
measurement oflow-range gas velocities. 
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6.2.1 As an alternative to criteria (1) through (3) above, Equation 2-1 (Section 12.2) may be used 
to determine the necessity of using a more sensitive differential pressure gauge. IfT is greater 
than 1.05, the velocity head data are unacceptable and a more sensitive differential pressure 
gauge must be used. 

NOTE: If differential pressure gauges other than inclined manometers are used (e.g., magnehelic 
gauges), their calibration must be checked after each test series. To check the calibration of a 
differential pressure gauge, compare ~p readings of the gauge with those of a gauge-oil 
manometer at a minimum of three points, approximately representing the range of ~p values in 
the stack. If, at each point, the values of ~p as read by the differential pressure gauge and gauge
oil manometer agree to within 5 percent, the differential pressure gauge shall be considered to be 
in proper calibration. Otherwise, the test series shall either be voided, or procedures to adjust the 
measured ~p values and final results shall be used, subject to the approval of the Administrator. 

6.3 Temperature Sensor. A thermocouple, liquid-filled bulb thermometer, bimetallic 
thermometer, mercury-in-glass thermometer, or other gauge capable of measuring temperatures 
to within 1.5 percent of the minimum absolute stack temperature. The temperature sensor shall 
be attached to the pitot tube such that the sensor tip does not touch any metal; the gauge shall be 
in an interference-free arrangement with respect to the pitot tube face openings (see Figure 2-1 
and Figure 2-4). Alternative positions may be used ifthe pitot tube-temperature gauge system is 
calibrated according to the procedure of section 10.0. Provided that a difference of not more than 
1 percent in the average velocity measurement is introduced, the temperature gauge need not be 
attached to the pi tot tube. This alternative is subject to the approval of the Administrator . 

6.4 Pressure Probe and Gauge. A piezometer tube and mercury- or water-filled U-tube 
manometer capable of measuring stack pressure to within 2.5 mm (0.1 in.) Hg. The static tap of a 
standard type pitot tube or one leg of a Type S pitot tube with the face opening planes positioned 
parallel to the gas flow may also be used as the pressure probe. 

6.5 Barometer. A mercury, aneroid, or other barometer capable of measuring atmospheric 
pressure to within 2.54 mm (0.1 in.) Hg. 

NOTE: The barometric pressure reading may be obtained from a nearby National Weather 
Service station. In this case, the station value (which is the absolute barometric pressure) shall be 
requested and an adjustment for elevation differences between the weather station and sampling 
point shall be made at a rate of minus 2.5 mm (0.1 in.) Hg per 30 m (100 ft) elevation increase or 
plus 2.5 mm (0.1 in.) Hg per 30 m (100 ft.) for elevation decrease. 

6.6 Gas Density Determination Equipment. Method 3 equipment, if needed (see section 8.6), to 
determine the stack gas dry molecular weight, and Method 4 (reference method) or Method 5 
equipment for moisture content determination. Other methods may be used subject to approval of 
the Administrator. 

6.7 Calibration Pitot Tube. When calibration of the Type S pitot tube is necessary (see section 
10.1 ), a standard pitot tube shall be used for a reference. The standard pitot tube shall, preferably, 
have a known coefficient, obtained either (1) directly from the National Institute of Standards 
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and Technology (NIST), Gaithersburg MD 20899, (301) 975-2002, or (2) by calibration against 
another standard pitot tube with an NIST-traceable coefficient. Alternatively, a standard pitot 
tube designed according to the criteria given in sections 6.7.1through6.7.5 below and illustrated 
in Figure 2-5 (see also References 7, 8, and 17 in section 17.0) may be used. Pitot tubes designed 
according to these specifications will have baseline coefficients of 0.99 ±0.01. 

6.7.1 Standard Pitot Design. 

6.7.1.1 Hemispherical (shown in Figure 2-5), ellipsoidal, or conical tip. 

6.7.1.2 A minimum of six diameters straight run (based upon D, the external diameter of the 
tube) between the tip and the static pressure holes. 

6. 7 .1.3 A minimum of eight diameters straight run between the static pressure holes and the 
centerline of the external tube, following the 90° bend. 

6.7.1.4 Static pressure holes of equal size (approximately 0.1 D), equally spaced in a piezometer 
ring configuration. 

6. 7 .1.5 90° bend, with curved or mitered junction. 

6.8 Differential Pressure Gauge for Type S Pitot Tube Calibration. An inclined manometer or 
equivalent. If the single-velocity calibration technique is employed (see section 10.1.2.3), the 
calibration differential pressure gauge shall be readable to the nearest 0.127 mm (0.005 in.) H20. 
For multivelocity calibrations, the gauge shall be readable to the nearest 0.127 mm (0.005 in.) 
H20 for ~p values between 1.27 and 25.4 mm (0.05 and 1.00 in.) H20, and to the nearest 1.27 
mm (0.05 in.) H20 for ~p values above 25.4 mm (1.00 in.) H20. A special, more sensitive gauge 
will be required to read ~p values below 1.27 mm (0.05 in.) H20 (see Reference 18 in section 
16.0). 

7. 0 Reagents and Standards [Reserved] 

8. 0 Sample Collection and Analysis 

8.1 Set up the apparatus as shown in Figure 2-1. Capillary tubing or surge tanks installed 
between the manometer and pitot tube may be used to dampen ~p fluctuations. It is 
recommended, but not required, that a pretest leak-check be conducted as follows: (1) blow 
through the pitot impact opening until at least 7.6 cm (3.0 in.) H20 velocity head registers on the 
manometer; then, close off the impact opening. The pressure shall remain stable (±2.5 mm H20, 
±0.10 in. H20) for at least 15 seconds; (2) do the same for the static pressure side, except using 
suction to obtain the minimum of 7.6 cm (3.0 in.) H20. Other leak-check procedures, subject to 
the approval of the Administrator, may be used. 

8.2 Level and zero the manometer. Because the manometer level and zero may drift due to 
vibrations and temperature changes, make periodic checks duri1;1g the traverse (at least once per 
hour). Record all necessary data on a form similar to that shown in Figure 2-6. 



• 

• 

• 

8.3 Measure the velocity head and temperature at the traverse points specified by Method 1 . 
Ensure that the proper differential pressure gauge is being used for the range of ~p values 
encountered (see section 6.2). If it is necessary to change to a more sensitive gauge, do so, and 
remeasure the ~p and temperature readings at each traverse point. Conduct a post-test leak-check 
(mandatory), as described in section 8.1 above, to validate the traverse run. 

8.4 Measure the static pressure in the stack. One reading is usually adequate. 

8.5 Determine the atmospheric pressure. 

8.6 Determine the stack gas dry molecular weight. For combustion processes or processes that 
emit essentially C02, 02, CO, and N1, use Method 3. For processes emitting essentially air, an 
analysis need not be conducted; use a dry molecular weight of 29.0. For other processes, other 
methods, subject to the approval of the Administrator, must be used. 

8.7 Obtain the moisture content from Method 4 (reference method, or equivalent) or from 
Method 5. 

8.8 Determine the cross-sectional area of the stack or duct at the sampling location. Whenever 
possible, physically measure the stack dimensions rather than using blueprints. Do not assume 
that stack diameters are equal. Measure each diameter distance to verify its dimensions. 

9. 0 Quality Control 

Section Quality control measure Effect 

10.1- Sampling equipment Ensure accurate measurement of stack gas flow rate, 
10.4 calibration sample volume. 

10. 0 Calibration and Standardization 

10.1 Type S Pitot Tube. Before its initial use, carefully examine the Type S pi tot tube top, side, 
and end views to verify that the face openings of the tube are aligned within the specifications 
illustrated in Figures 2-2 and 2-3. The pitot tube shall not be used if it fails to meet these 
alignment specifications. After verifying the face opening alignment, measure and record the 
following dimensions of the pitot tube: (a) the external tubing diameter (dimension Dt. Figure 2-
2b); and (b) the base-to-opening plane distances (dimensions PA and Pa, Figure 2-2b). lfDt is 
between 0.48 and 0.95 cm 3/16 and% in.), and if p A and Pa are eq~al and between 1.05 and 1.50 
Dt. there are two possible options: (1) the pitot tube may be calibrated according to the procedure 
outlined in sections 10.1.2 through 10.1.5, or (2) a baseline (isolated tube) coefficient value of 
0.84 may be assigned to the pitot tube. Note, however, that ifthe pitot tube is part of an 
assembly, calibration may still be required, despite knowledge of the baseline coefficient value 
(see section 10.1.1). lfDt. PA, and P8 are outside the specified limits, the pitot tube must be 
calibrated as outlined in sections 10.1.2 through 10.1.5 . 
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10.1.1 Type S Pitot Tube Assemblies. During sample and velocity traverses, the isolated Type S 
pitot tube is not always used; in many instances, the pitot tube is used in combination with other 
source-sampling components (e.g., thermocouple, sampling probe, nozzle) as part of an 
"assembly." The presence of other sampling components can sometimes affect the baseline value 
of the Type S pi tot tube coefficient (Reference 9 in section 17 .O); therefore, an assigned (or 
otherwise known) baseline coefficient value may or may not be valid for a given assembly. The 
baseline and assembly coefficient values will be identical only when the relative placement of 
the components in the assembly is such that aerodynamic interference effects are eliminated. 
Figures 2-4, 2-7, and 2-8 illustrate interference-free component arrangements for Type S pitot 
tubes having external tubing diameters between 0.48 and 0.95 cm (3116 and% in.). Type S pitot 
tube assemblies that fail to meet any or all of the specifications of Figures 2-4, 2-7, and 2-8 shall 
be calibrated according to the procedure outlined in sections 10.1.2 through 10.1.5, and prior to 
calibration, the values of the intercomponent spacings (pitot-nozzle, pitot-thermocouple, pitot
probe sheath) shall be measured and recorded. 

NOTE: Do not use a Type S pitot tube assembly that is constructed such that the impact pressure 
opening plane of the pitot tube is below the entry plane of the nozzle (see Figure 2-7B). 

10.1.2 Calibration Setup. If the Type S pitot tube is to be calibrated, one leg of the tube shall be 
permanently marked A, and the other, B. Calibration shall be performed in a flow system having 
the following essential design features: 

10.1.2.1 The flowing gas stream must be confined to a duct of definite cross-sectional area, 
either circular or rectangular. For circular cross sections, the minimum duct diameter shall be 
30.48 cm (12 in.); for rectangular cross sections, the width (shorter side) shall be at least 25.4 cm 
(10 in.). 

10.1.2.2 The cross-sectional area of the callbration duct must be constant over a distance of 10 or 
more duct diameters. For a rectangular cross section, use an equivalent diameter, calculated 
according to Equation 2-2 (see section 12.3), to determine the number of duct diameters. To 
ensure the presence of stable, fully developed flow patterns at the calibration site, or "test 
section," the site must be located at least eight diameters downstream and two diameters 
upstream from the nearest disturbances. 

NOTE: The eight- and two-diameter criteria are not absolute; other test section locations may be 
used (subject to approval of the Administrator), provided that the flow at the test site has been 
demonstrated to be or found stable and parallel to the duct axis. 

10.1.2.3 The flow system shall have the capacity to generate a test-section velocity around 910 
m/min (3,000 ft/min). This velocity must be constant with time to guarantee steady flow during 
calibration. Note that Type S pitot tube coefficients obtained by single-velocity calibration at 910 
m/min (3,000 ft/min) will generally be valid to ±3 percent for the measurement of velocities 
above 300 m/min (1,000 ft/min) and to ±6 percent for the measurement of velocities between 
180 and 300 m/min (600 and 1,000 ft/min). If a more precise correlation between the pitot tube 
coefficient, (Cp), and velocity is desired, the flow system should have the capacity to generate at 
least four distinct, time-invariant test-section velocities covering the velocity range from 180 to 
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1,500 m/min (600 to 5,000 ft/min), and calibration data shall be taken at regular velocity 
intervals over this range (see References 9 and 14 in section 17.0 for details). 

10.1.2.4 Two entry ports, one for each of the standard and Type S pi tot tubes, shall be cut in the 
test section. The standard pi tot entry port shall be located slightly downstream of the Type S 
port, so that the standard and Type S impact openings will lie in the same cross-sectional plane 
during calibration. To facilitate alignment of the pi tot tubes during calibration, it is advisable that 
the test section be constructed of Plexiglas TM or some other transparent material. 

10.1.3 Calibration Procedure. Note that this procedure is a general one and must not be used 
without first referring to the special considerations presented in section 10.1.5. Note also that this 
procedure applies only to single-velocity calibration. To obtain calibration data for the A and B 
sides of the Type S pitot tube, proceed as follows: 

10.1.3 .1 Make sure that the manometer is properly filled and that the oil is free from 
contamination and is of the proper density. Inspect and leak-check all pi tot lines; repair or 
replace if necessary. 

10.1.3.2 Level and zero the manometer. Switch on the fan, and allow the flow to stabilize. Seal 
the Type S pitot tube entry port. 

10.1.3 .3 Ensure that the manometer is level and zeroed. Position the standard pi tot tube at the 
calibration point (determined as outlined in section 10.1.5 .1 ), and align the tube so that its tip is 
pointed directly into the flow. Particular care should be taken in aligning the tube to avoid yaw 
and pitch angles. Make sure that the entry port surrounding the tube is properly sealed. 

10.1.3 .4 Read .6.Pstd, and record its value in a data table similar to the one shown in Figure 2-9. 
Remove the standard pitot tube from the duct, and disconnect it from the manometer. Seal the 
standard entry port. 

10.1.3.5 Connect the Type S pitot tube to the manometer and leak-check. Open the Type S tube 
entry port. Check the manometer level and zero. Insert and align the Type S pitot tube so that its 
A side impact opening is at the same point as was the standard pitot tube and is pointed directly 
into the flow. Make sure that the entry port surrounding the tube is properly sealed. 

10.1.3 .6 Read .6.p8, and enter its value in the data table. Remove the Type S pi tot tube from the 
duct, and disconnect it from the manometer. 

10.1.3.7 Repeat Steps 10.1.3.3 through 10.1.3.6 until three pairs of .6.p readings have been 
obtained for the A side of the Type S pitot tube. 

10.1.3.8 Repeat Steps 10.1.3.3 through 10.1.3.7 for the B side of the Type S pitot tube. 

10.1.3.9 Perform calculations as described in section 12.4. Use the Type S pitot tube only if the 
values of CJA and cr8 are less than or equal to 0.01 and if the absolute value of the difference 
between Cp(A) and Cp(B) is 0.01 or less. 
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10.1.4 Special Considerations. 

10.1.4.l Selection of Calibration Point. 

10.1.4.1.1 When an isolated Type S pi tot tube is calibrated, select a calibration point at or near 
the center of the duct, and follow the procedures outlined in section 10.1.3. The Type S pitot 
coefficients measured or calculated, (i.e., Cp(A) and Cp(B)) will be valid, so long as either: (1) the 
isolated pitot tube is used; or (2) the pitot tube is used with other components (nozzle, 
thermocouple, sample probe) in an arrangement that is free from aerodynamic interference 
effects (see Figures 2-4, 2-7, and 2-8). 

10.1.4.1.2 For Type S pitot tube-thermocouple combinations (without probe assembly), select a 
calibration point at or near the center of the duct, and follow the procedures outlined in section 
10.1.3. The coefficients so obtained will be valid so long as the pitot tube-thermocouple 
combination is used by itself or with other components in an interference-free arrangement 
(Figures 2-4, 2-7, and 2-8). 

10.1.4.1.3 For Type S pitot tube combinations with complete probe assemblies, the calibration 
point should be located at or near the center of the duct; however, insertion of a probe sheath into 
a small duct may cause significant cross-sectional area interference and blockage and yield 
incorrect coefficient values (Reference 9 in section 17.0). Therefore, to minimize the blockage 
effect, the calibration point may be a few inches off-center if necessary. The actual blockage 
effect will be negligible when the theoretical blockage, as determined by a projected-area model 
of the probe sheath, is 2 percent or less of the duct cross-sectional area for assemblies without 
external sheaths (Figure 2-1 Oa), and 3 percent or less for assemblies with external sheaths 
(Figure 2-lOb). 

10.1.4.2 For those probe assemblies in which pi tot tube-nozzle interference is a factor (i.e., those 
in which the pitot-nozzle separation distance fails to meet the specifications illustrated in Figure 
2-7A), the value ofCp(s) depends upon the amount of free space between the tube and nozzle and, 
therefore, is a function of nozzle size. In these instances, separate calibrations shall be performed 
with each of the commonly used nozzle sizes in place. Note that the single-velocity calibration 
technique is acceptable for this purpose, even though the larger nozzle sizes (>0.635 cm or 1;4 in.) 
are not ordinarily used for isokinetic sampling at velocities around 910 m/min (3,000 ft/min), 
which is the calibration velocity. Note also that it is not necessary to draw an isokinetic sample 
during calibration (see Reference 19 in section 17.0). 

10.1.4.3 For a probe assembly constructed such that its pitot tube is always used in the same 
orientation, only one side of the pi tot tube need be calibrated (the side which will face the flow). 
The pitot tube must still meet the alignment specifications of Figure 2-2 or 2-3, however, and 
must have an average deviation (cr) value of 0.01 or less (see section 10.1.4.4). 

10.1.5 Field Use and Recalibration. 

10.1.5.1 Field Use . 
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10.1.5.1.1 When a Type S pitot tube (isolated or in an assembly) is used in the field, the 
appropriate coefficient value (whether assigned or obtained by calibration) shall be used to 
perform velocity calculations. For calibrated Type S pitot tubes, the A side coefficient shall be 
used when the A side of the tube faces the flow, and the B side coefficient shall be used when the 
B side faces the flow. Alternatively, the arithmetic average of the A and B side coefficient values 
may be used, irrespective of which side faces the flow. 

10.1.5.1.2 When a probe assembly is used to sample a small duct, 30.5 to 91.4 cm (12 to 36 in.) 
in diameter, the probe sheath sometimes blocks a significant part of the duct cross-section, 
causing a reduction in the effective value of Cp(s)· Consult Reference 9 (see section 17.0) for 
details. Conventional pitot-sampling probe assemblies are not recommended for use in ducts 
having inside diameters smaller than 30.5 cm (12 in.) (see Reference 16 in section 17.0). 

10.1.5.2 Recalibration. 

10.1.5.2.1 Isolated Pitot Tubes. After each field use, the pitot tube shall be carefully reexamined 
in top, side, and end views. If the pitot face openings are still aligned within the specifications 
illustrated in Figure 2-2 and Figure 2-3, it can be assumed that the baseline coefficient of the 
pitot tube has not changed. If, however, the tube has been damaged to the extent that it no longer 
meets the specifications of Figure 2-2 and Figure 2-3, the damage shall either be repaired to 
restore proper alignment of the face openings, or the tube shall be discarded. 

10.1.5.2.2 Pitot Tube Assemblies. After each field use, check the face opening alignment of the 
pi tot tube, as in section 10.1.5 .2.1. Also, remeasure the intercomponent spacings of the assembly. 
If the intercomponent spacings have not changed and the face opening alignment is acceptable, it 
can be assumed that the coefficient of the assembly has not changed. If the face opening 
alignment is no longer within the specifications of Figure 2-2 and Figure 2-3, either repair the 
damage or replace the pi tot tube (calibrating the new assembly, if necessary). If the 
intercomponent spacings have changed, restore the original spacings, or recalibrate the assembly. 

10.2 Standard Pi tot Tube (if applicable). If a standard pitot tube is used for the velocity traverse, 
the tube shall be constructed according to the criteria of section 6. 7 and shall be assigned a 
baseline coefficient value of 0.99. If the standard pi tot tube is used as part of an assembly, the 
tube shall be in an interference-free arrangement (subject to the approval of the Administrator). 

10.3 Temperature Sensors. 

10.3.1 After each field use, calibrate dial thermometers, liquid-filled bulb thermometers, 
thermocouple-potentiometer systems, and other sensors at a temperafure within 10 percent of the 
average absolute stack temperature. For temperatures up to 405 °C (761 °F), use an ASTM 
mercury-in-glass reference thermometer, or equivalent, as a reference. Alternatively, either a 
reference thermocouple and potentiometer (calibrated against NIST standards) or thermometric 
fixed points (e.g., ice bath and boiling water, corrected for barometric pressure) may be used. For 
temperatures above 405 °C (761 °F), use a reference thermocouple-potentiometer system 
calibrated against NIST standards or an alternative reference, subject to the approval of the 
Administrator. 
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10.3 .2 The temperature data recorded in the field shall be considered valid. If, during calibration, 
the absolute temperature measured with the sensor being calibrated and the reference sensor 
agree within 1.5 percent, the temperature data taken in the field shall be considered valid. 
Otherwise, the pollutant emission test shall either be considered invalid or adjustments (if 
appropriate) of the test results shall be made, subject to the approval of the Administrator. 

10.4 Barometer. Calibrate the barometer used against a mercury barometer or NIST-traceable 
barometer prior to each field test. 

11. 0 Analytical Procedure 

Sample collection and analysis are concurrent for this method (see section 8.0). 

12. 0 Data Analysis and Calculations 

Carry out calculations, retaining at least one extra significant figure beyond that of the acquired 
data. Round off figures after final calculation. 

12.1 Nomenclature. 

A= Cross-sectional area of stack, m2 (ft2). 

Bws =Water vapor in the gas stream (from Method 4 (reference method) or Method 5), 
proportion by volume. 

Cp = Pitot tube coefficient, dimensionless. 

Cp(s)=Type S pitot tube coefficient, dimensionless. 

Cp(std)= Standard pitot tube coefficient; use 0.99 ifthe coefficient is unknown and the tube is 
designed according to the criteria of sections 6. 7 .1 to 6. 7 .5 of this method. 

De= Equivalent diameter. 

K = 0.127 mm H10 (metric units). 0.005 in. H20 (English units). 

Kp = Velocity equation constant. 

L= Length. 

Md= Molecular weight of stack gas, dry basis (see section 8.6), gig-mole (lb/lb-mole). 

Ms = Molecular weight of stack gas, wet basis, gig-mole (lb/lb-mole). 

n = Total number of traverse points. 

Pbar= Barometric pressure at measurement site, mm Hg (in. Hg). 
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Pg= Stack static pressure, mm Hg (in. Hg) . 

P s = Absolute stack pressure (Pbar + Pg), mm Hg (in. Hg), 

Pstd =Standard absolute pressure, 760 mm Hg (29.92 in. Hg). 

Qsd =Dry volumetric stack gas flow rate corrected to standard conditions, dscm/hr (dscf/hr). 

T =Sensitivity factor for differential pressure gauges. 

Ts(abavg) =Average absolute stack temperature, °K (0 R). 

= 273 +Ts for metric units, 

= 460 +Ts for English units. 

Ts= Stack temperature, °C (( 0 deg;F). 

= 273 +Ts for metric units, 

= 460 + Ts for English units. 

Tstd =Standard absolute temperature, 293 °K (528 °R). 

Vs =Average stack gas velocity, m/sec (ft/sec) . 

W=Width. 

~p = Velocity head of stack gas, mm H10 (in. H10). 

~Pi =Individual velocity head reading at traverse poinf"i", mm (in.) H20. 

~Pstd =Velocity head measured by the standard pitot tube, cm (in.) H20. 

~Ps =Velocity head measured by the Type S pitot tube, cm (in.) H20. 

3600 = Conversion Factor, sec/hr. 

18.0 =Molecular weight of water, gig-mole (lb/lb-mole). 

12.2 Calculate T as follows: 

Eq. 2-1 

12.3 Calculate De as follows: 

D = 2LW 
e L+W 

Eq. 2-2 
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12.4 Calibration of Type S Pitot Tube. 

12.4.1 For each of the six pairs of ~p readings (i.e., three from side A and three from side B) 
obtained in section 10.1.3, calculate the value of the Type S pi tot tube coefficient according to 
Equation 2-3: 

C _ C J~Pstd 
p(s) - p(std) ~ Eq. 2-3 

12.4.2 Calculate Cp(A), the mean A-side coefficient, and Cp(B), the mean B-side coefficient. 
Calculate the difference between these two average values. 

12.4.3 Calculate the deviation of each of the three A-side values of Cp(s) from Cp(A), and the 
deviation of each of the three B-side values of Cp(s) from Cp(B), using Equation 2-4: 

Deviation = Cp(s) - Cp(A or B) Eq. 2-4 

12.4.4 Calculate cr the average deviation from the mean, for both the A and B sides of the pitot 
tube. Use Equation 2-5: 

12.5 Molecular Weight of Stack Gas. 

Ms = Mct (1 - Bws) + 18.0Bws Eq. 2-6 

12.6 Average Stack Gas Velocity. 

n 

I:(abavg) 

P, Ms 

i=l Eq. 2-7 

Where: 

[ ]

1/2 

Kp = 34.
97 

m (g I g- mole)(mm Hg) 

sec (°K)(mmH20) 
Metric 

[ ]

1/2 
SS.49 fl (lb !lb- mole)(in. Hg) 

sec (° R)(in. H 2 0) 
English 



• 12.7 Average Stack Gas Dry Volumetric Flow Rate . 

Q = 3600(1 - Bw5 )v5 A l TstdPs J Eq. 2 - 8 
T s(abavg)P std 

13. 0 Method Performance [Reserved] 

14. 0 Pollution Prevention [Reserved] 

15. 0 Waste Management [Reserved] 
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• PLANT --------
DATE --------
RUNNO. --------
STACK DIA. OR DIMENSIONS, m (in.) _______ _ 
BAROMETRIC PRESS., mm Hg (in. Hg) _______ _ 

CROSS SECTIONAL AREA, m2 (ft2 
) --------

OPERATORS --------
PIT OT TUBE I.D. NO. --------
AVG. COEFFICIENT, Cp = _______ _ 

LAST DATE CALIBRATED --------

SCHEMATIC OF STACK CROSS SECTION 

Vel. Hd., 
Stack 
temperature 

Ap Pg 
Traverse mm (in.) Ts, Ts, mm Hg 
Pt.No. H20 °C (( 0 deg;F) OK (OR) (in. Hg) (Ap)l/2 

Average(!) 

Figure 2-6. Velocity Traverse Data 
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• PITOT TUBE IDENTIFICATION NUMBER: 
DATE: 
CALIBRATED BY: 

"A" SIDE CALIBRATION 

AP std AP(s) 
cmH20 cmH20 Deviation 

Run No. (in H20) (inH20) Cp<s> Cp<s>-Cp(A) 

1 

2 

3 

Cp, avg 

(SIDE A) 

"B" SIDE CALIBRATION 

AP std AP<s> 
cmH20 cmH20 Deviation 

• Run No . (in H20) (in H20) Cp<s> Cp<s>-Cp(B) 

1 

2 

3 

Cp, avg 

(SIDEB) 

Eq. 2-5 

[Cp, avg (side A)-Cp, avg (side B)]* 

*Must be less than or equal to 0.01 

Figure 2-9. Pitot Tube Calibration Data 
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Method 1 - Sample and Velocity Traverses for 

Stationary Sources 
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While we have taken steps to ensure the accuracy of this Internet version of the document, it is not the official 
version. Please refer to the official version in the FR publication, which appears on the Government Printing 
Office's eCFR website: 
(http://www.ecji·.gov/cgi-bin/text-idx?SID=eOaf095397820bfc0305ale9a7a9dlb4&node=40:8.0.J.1.l&rgn=div5) 

Method 1-Sample and Velocity Traverses for Stationary Sources 

NOTE: This method does not include all of the specifications (e.g., equipment and supplies} and 
procedures (e.g., sampling) essential to its performance. Some material is incorporated by reference from 
other methods in this part. Therefore, to obtain reliable results, persons using this method should have a 
thorough knowledge of at least the following additional test method: Method 2. 

I. 0 Scope and Application 

1.1 Measured Parameters. The purpose of the method is to provide guidance for the selection of sampling 
ports and traverse points at which sampling for air pollutants will be performed pursuant to regulations set 
forth in this part. Two procedures are presented: a simplified procedure, and an alternative procedure (see 
section 11.5). The magnitude of cyclonic flow of effluent gas in a stack or duct is the only parameter 
quantitatively measured in the simplified procedure. 

1.2 Applicability. This method is applicable to gas streams flowing in ducts, stacks, and flues. This 
method cannot be used when: (1) the flow is cyclonic or swirling; or (2) a stack is smaller than 0.30 meter 
(12 in.) in diameter, or 0.071 m2 (113 in.2

) in cross-sectional area. The simplified procedure cannot be 
used when the measurement site is less than two stack or duct diameters downstream or less than a half 
diameter upstream from a flow disturbance . 

1.3 Data Quality Objectives. Adherence to the requirements of this method will enhance the quality of the 
data obtained from air pollutant sampling methods. 

NOTE: The requirements of this method must be considered before construction of a new facility from 
which emissions are to be measured; failure to do so may require subsequent alterations to the stack or 
deviation from the standard procedure. Cases involving variants are subject to approval by the 
Administrator. 

2. 0 Summary of Method 

2.1 This method is designed to aid in the representative measurement of pollutant emissions and/or total 
volumetric flow rate from a stationary source. A measurement site where the effluent stream is flowing in 
a known direction is selected, and the cross-section of the stack is divided into a number of equal areas. 
Traverse points are then located within each of these equal areas. 

3. 0 Definitions [Reserved] 

4. 0 Interferences [Reserved} 

5.0 Safety 

5.1 Disclaimer. This method may involve hazardous materials, operations, and equipment. This test 
method may not address all of the safety problems associated with its use. It is the responsibility of the 
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user of this test method to establish appropriate safety and health practices and determine the applicability 
of regulatory limitations prior to performing this test method. 

6. 0 Equipment and Supplies. 

6.1 Apparatus. The apparatus described below is required only when utilizing the alternative site selection 
procedure described in section 11.5 of this method. 

6.1.1 Directional Probe. Any directional probe, such as United Sensor Type DA Three-Dimensional 
Directional Probe, capable of measuring both the pitch and yaw angles of gas flows is acceptable. Before 
using the probe, assign an identification number to the directional probe, and permanently mark or 
engrave the number on the body of the probe. The pressure holes of directional probes are susceptible to 

· plugging when used in particulate-laden gas streams. Therefore, a procedure for cleaning the pressure 
holes by "back-purging" with pressurized air is required. 

6.1.2 Differential Pressure Gauges. Inclined manometers, U-tube manometers, or other differential 
pressure gauges (e.g., magnehelic gauges) that meet the specifications described in Method 2, section 6.2. 

NOTE: If the differential pressure gauge produces both negative and positive readings, then both negative 
and positive pressure readings shall be calibrated at a minimum of three points as specified in Method 2, 
section 6.2. 

7. 0 Reagents and Standards [Reserved] 

8. 0 Sample Collection, Preservatipn, Storage, and Transport [Reserved] 

9. 0 Quality Control [Reserved} 

10. 0 Calibration and Standardization [Reserved} 

11. 0 Procedure 

11.1 Selection of Measurement Site. 

11.1.1 Sampling and/or velocity measurements are performed at a site located at least eight stack or duct 
diameters downstream and two diameters upstream from any flow disturbance such as a bend, expansion, 
·or contraction in the stack, or from a visible flame. If necessary, an alternative location may be selected, 
at a position at least two stack or duct diameters downstream and a half diameter upstream from any flow 
disturbance~ 

11.1.2 An alternative procedure is available for determining the acceptability of a measurement location 
not meeting the criteria above. This procedure described in section 11.5 allows for the determination of 
gas flow angles at the sampling points and comparison of the measured results with acceptability criteria. 

11.2 Determining the Number of Traverse Points. 

11.2.1 Particulate Traverses. 

11.2.1.1 When the eight- and two-diameter criterion can be met, the minimum number of traverse points 
shall be: (1) twelve, for circular or rectangular stacks with diameters (or equivalent diameters) greater 
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than 0.61 meter (24 in.); (2) eight, for circular stacks with diameters between 0.30 and 0.61 meter (12 and 
24 in.); and (3) nine, for rectangular stacks with equivalent diameters between 0.30 and 0.61 meter (12 
and 24 in.). 

11.2.1.2 When the eight- and two-diameter criterion cannot be met, the minimum number of traverse 
points is determined from Figure 1-1. Before referring to the figure, however, determine the istances from 
the measurement site to the nearest upstream and downstream disturbances, and divide each distance by 
the stack diameter or equivalent diameter, to determine the distance in terms of the number of duct 
diameters. Then, determine from Figure 1-1 the minimum number of traverse points that corresponds: (1) 
to the number of duct diameters upstream; and (2) to the number of diameters downstrealJl. Select the 
higher of the two minimum numbers of traverse points, or a greater value, so that for circular stacks the 
number is a multiple of 4, and for rectangular stacks, the number is one of those shown in Table 1-1. 

11.2.2 Velocity (Non-Particulate) Traverses. When velocity or volumetric flow rate is to be determined 
(but not particulate matter), the same procedure as that used for particulate traverses (Section 11.2.1) is 
followed, except that Figure 1-2 may be used instead of Figure 1-1. 

11.3 Cross-Sectional Layout and Location of Traverse Points. 

11.3.1 Circular Stacks. 

11.3 .1.1 Locate the traverse points on two perpendicular diameters according to Table 1-2 and the 
example shown in Figure 1-3. Any equation (see examples in References 2 and 3 in section 16.0) that 
gives the same values as those in Table 1-2 may be used in lieu of Table 1-2 . 

11.3 .1.2 For particulate traverses, one of the diameters must coincide with the plane containing the 
greatest expected concentration variation (e.g., after bends); one diameter shall be congruent to the 
direction of the bend. This requirement becomes less critical as the distance from the disturbance 
increases; therefore, other diameter locations may be used, subject to the approval of the Administrator. 

11.3.1.3 In addition, for elliptical stacks having unequal perpendicular diameters, separate traverse points 
shall be calculated and located along each diameter. To determine the cross-sectional area of the elliptical 
stack, use the following equation: 

SquareArea=D1 x D2 x 0.7854 

Where: D1= Stack diameter 1 

D2= Stack diameter 2 

11.3.1.4 In addition, for stacks having diameters greater than 0.61 m (24 in.), no traverse points shall be 
within 2.5 centimeters (1.00 in.) of the stack walls; and for stack diameters equal to or less than 0.61 m 
(24 in.), no traverse points shall be located within 1.3 cm (0.50 in.) of the stack walls. To meet these 
criteria, observe the procedures given below. 

11.3.2 Stacks With Diameters Greater Than 0.61 m (24 in.). 

11.3.2.1 When any of the traverse points as located in section 11.3.1 fall within 2.5 cm (1.0 in.) of the 
stack walls, relocate them away from the stack walls to: (1) a distance of 2.5 cm (1.0 in.); or (2) a distance 
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equal to the nozzle inside diameter, whichever is larger. These relocated traverse points (on each end of a 
diameter) shall be the "adjusted" traverse points. 

11.3 .2.2 Whenever two successive traverse points are combined to form a single adjusted traverse point, 
treat the adjusted point as two separate traverse points, both in the sampling and/or velocity measurement 
procedure, and in recording of the data. 

11.3.3 Stacks With Diameters Equal To or Less Than 0.61 m (24 in.). Follow the procedure in section 
11.3 .1.1, noting only that any "adjusted" points should be relocated away from the stack walls to: (1) a 
distance of 1.3 cm (0.50 in.); or (2) a distance equal to the nozzle inside diameter, whichever is larger. 

11.3.4 Rectangular Stacks. 

11.3.4.1 Determine the number of traverse points as explained in sections 11.1 and 11.2 of this method. 
From Table 1-1, determine the grid configuration. Divide the stack cross-section into as many equal 
rectangular elemental areas as traverse points, an4 then locate a traverse point at the centroid of each 
equal area according to the example in Figure 1-4. 

11.3.4.2 To use more than the minimum number of traverse points, expand the "minimum number of 
traverse points" matrix (see Table 1-1) by adding the extra traverse points along one or the other or both 
legs of the matrix; the final matrix need not be balanced. For example, if a 4 x 3 "minimum number of 
points" matrix were expanded to 36 points, the final matrix could be 9 x 4 or 12 x 3, and would not 
necessarily have to be 6 x 6. After constructing the final matrix, divide the stack cross-section into as 
many equal rectangular, elemental areas as traverse points, and locate a traverse point at the centroid of 

• each equal area. 

• 

11.3 .4.3 The situation of traverse points being too close to the stack walls is not expected to arise with 
rectangular stacks. If this problem should ever arise, the Administrator must be contacted for resolution of 
the matter. 

11.4 Verification of Absence of Cyclonic Flow. 

11.4.1 In most stationary sources, the direction of stack gas flow is essentially parallel to the stack walls. 
However, cyclonic flow may exist (1) after such devices as cyclones and inertial demisters following 
venturi scrubbers, or (2) in stacks having tangential inlets or other duct configurations which tend to 
induce swirling; in these instances, the presence or absence of cyclonic flow at the sampling location must 
be determined. The following techniques are acceptable for this determination. 

11.4.2 Level and zero the manometer. Connect a Type S pitot tube to the manometer and leak-check 
system. Position the Type S pi tot tube at each traverse point, in succession, so that the planes of the face 
openings of the pi tot tube are pe;rpendicular to the stack cross-sectional plane; when the Type S pi tot tube 
is in this position, it is at "0° reference." Note the differential pressure (~p) reading at each traverse point. 
If a null (zero) pi tot reading is obtained at 0° reference at a given traverse point, an acceptable flow 
condition exists at that point. If the pitot reading is not zero at 0° reference, rotate the pitot tube (up to 
±90° yaw angle), until a null reading is obtained. Carefully determine and record the value of the rotation 
angle (a) to the nearest degree. After the null technique has been applied at each traverse point, calculate 
the average of the absolute values of a; assign a values of 0° to those points for which no rotation was 
required, and include these in the overall average. If the average value of a is greater than 20°, the overall 
flow condition in the stack is unacceptable, and alternative methodology, subject to the approval of the 
Administrator, must be used to perform accurate sample and velocity traverses. 
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11.5 The alternative site selection procedure may be used to determine the rotation angles in lieu of the 
procedure outlined in section 11.4. 

11.5 .1 Alternative Measurement Site Selection Procedure. This alternative applies to sources where 
measurement locations are less than 2 equivalent or duct diameters downstream or less than one-half duct 
diameter upstream from a flow disturbance. The alternative should be limited to ducts larger than 24 in. in 
diameter where blockage and wall effects are mimmal. A directional flow-sensing probe is used to 
measure pitch and yaw angles of the gas flow at 40 or more traverse points; the resultant angle is 
calculated and compared with acceptable criteria for mean and standard deviation. 

NOTE: Both the pitch and yaw angles are measured from a line passing through the traverse point and 
parallel to the stack axis. The pitch angle is the angle of the gas flow component in the plane that 
INCLUDES the traverse line and is parallel to the stack axis. The yaw angle is the angle of the gas flow 
component in the plane PERPENDICULAR to the traverse line at the traverse point and is measured from 
the line passing through the traverse point and parallel to the stack axis. 

11.5.2 Traverse Points. Use a minimum of 40 traverse points for circular ducts and 42 points for 
rectangular ducts for the gas flow angle determinations. Follow the procedure outlined in section 11.3 and 
Table 1-1 or 1-2 for the location and layout of the traverse points. If the measurement location is 
determined to be acceptable according to the criteria in this alternative procedure, use the same traverse 
point number and locations for sampling and velocity measurements. 

11.5.3 Measurement Procedure . 

11.5.3.1 Prepare the directional probe and differential pressure gauges as recommended by the 
manufacturer. Capillary tubing or surge tanks may be used to dampen pressure fluctuations. It is 
recommended, but not required, that a pretest leak check be conducted. To perform a leak check, 
pressurize or use suction on the impact opening until a reading of at least 7.6 cm (3 in.) H20 registers on 
the diff erentjal pressure gauge, then plug the impact opening. The pressure of a leak-free system will 
remain stable for at least 15 seconds. 

11.5 .3 .2 Level and zero the manometers. Since the manometer level and zero may drift because of 
vibrations and temperature changes, periodically check the level and zero during the traverse. 

11.5 .3 .3 Position the probe at the appropriate locations in the gas stream, and rotate until zero deflection 
is indicated for the yaw angle pressure gauge. Determine and record the yaw angle. Record the pressure 
gauge readings for the pitch angle, and determine the pitch angle from the calibration curve. Repeat this 
procedure for each traverse point. Complete a "back-purge" of the pressure lines and the impact openings 
prior to measurements of each traverse point. 

11.5.3.4 A post-test check as described in section 11.5.3.1 is required. If the criteria for a leak-free system 
are not met, repair the equipment, and repeat the flow angle measurements. 

11.5.4 Calibration. Use a flow system as described iri sections 10.1.2.1 and 10.1.2.2 of Method 2. In 
addition, the flow system shall have the capacity to generate two test-section velocities: one between 365 
and 730 m/min (1,200 and 2,400 ft/min) and one between 730 and 1,100 m/min (2,400 and 3,600 ft/min). 

11.5 .4.1 Cut two entry ports in the test section. The axes through the entry ports shall be perpendicular to 
each other and intersect in the centroid of the test section. The ports should be elongated slots parallel to 
the axis of the test section and of sufficient length to allow measurement of pitch angles while 
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maintaining the pitot head position at the test-section centroid. To facilitate alignment of the directional 
probe during calibration, the test section should be constructed of plexiglass or some other transparent 
material. All calibration measurements should be made at the same point in the test section, preferably at 
the centroid of the test section. 

11.5.4.2 To ensure that the gas flow is parallel to the central axis of the test section, follow the procedure 
outlined in section 11.4 for cyclonic flow determination to measure the gas flow angles at the centroid of 
the test section from two test ports located 90° apart. The gas flow angle measured in each port must be 
±2°of0°. Straightening vanes should be installed, if necessary, to meet this criterion. 

11.5 .4.3 Pitch Angle Calibration. Perform a calibration trav~rse according to the manufacturer's 
recommended protocol in 5° increments for angles from -60° to +60° at one velocity in each of the two 
ranges specified above. Average the pressure ratio values obtained for each angle in the two flow ranges, 
and plot a calibration curve with the average values of the pressure ratio (or other suitable measurement 
factor as recommended by the manufacturer) versus the pitch angle. Draw a smooth line through the. data 
points. Plot also the data values for each traverse point. Determine the differences between the measured 
data values and the angle from the calibration curve at the same pressure ratio. The difference at each 
comparison must be within 2° for angles between 0° and 40° and within 3° for angles between 40° and 
60°. 

11.5 .4.4 Yaw Angle Calibration. Mark the three-dimensional probe to allow the determination of the yaw 
position of the probe. This is usually a line extending the length of the probe and aligned with the impact 
opening. To determine the accuracy of measurements of the yaw angle, only the zero or null position need 
be calibrated as follows: Place the directional probe in the test section, and rotate the probe until the zero 
position is found. With a protractor or other angle measuring device, measure the angle indicated by the 
yaw angle indicator on the three-dimensional probe. This should be within 2° of 0°. Repeat this 
measurement for any other points along the length of the pitot where yaw angle measurements could be 
read in order to account for variations in the pitot markings used to indicate pitot head positions. 

12. 0 Data Analysis and Calculations 

12.1 Nomenclature. 

L =length. 

n =total number of traverse points. 

Pi = pitch angle at traverse point i, degree. 

Ravg =average resultant angle, degree. 

Ri = resultant angle at traverse point i, degree. 

Sct = standard deviation, degree. 

W=width. 

Yi = yaw angle at traverse point i, degree. 

12.2 For a rectangular cross section, an equivalent diameter (De) shall be calculated using the following 
equation, to determine the upstream and downstream distances: 



• 

• 

• 

7 

D = 2(L)(W) 
e L+W 

Eq. 1-1 

12.3 If use of the alternative site selection procedure (Section 11.5 of this method) is required, perform 
the following calculations using the equations below: the resultant angle at each traverse point, the 
average resultant angle, and the standard deviation. Complete the calculations retaining at least one extra 
significant figure beyond that of the acquired data. Round the values after the final calculations. 

12.3.l Calculate the resultant angle at each traverse point: · 

R.i = arc cosine [ (cosine Yi) (cosine Pi)] Eq. 1-2 

12.3.2 Calculate the average resultant for the measurements: 

Ra.vg = Ll\ln Eq. 1-3 

12.3.3 Calculate the standard deviations: 

s = d (n-1) 
Eq. 1-4 

12.3.4 Acceptability Criteria. The measurement location is acceptable ifRavg ::::;20° and Sct ::::;10°. 

13. 0 Method Peiformance [Reserved} 

14. 0 Pollution Prevention [Reserved} 
/ 

15. 0 Waste Management [Reserved} 
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• TABLE 1-1 CROSS-SECTION LAYOUT FOR RECTANGULAR STACKS 

Number oftranverse points layout Matrix 

9 3x3 

12 4x3 

16 4x4 

20 5x4 

25 sxs 

30 6x5 

36 6x6 

42 7x6 

49 7x7 

• 

• 
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• TABLE 1-2-LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 

[Percent of stack diameter from inside wall to tranverse point] 

Traverse Number of traverse points on a diameter 
point 
number on 
a diameter 2 4 6 8 10 12 14 16 18 20 22 24 I . 
1 14.6 6.7 4.4 3.2 2.6 2.1 1.8 1.6 1.4 1.3 1.1 1.1 

2 85.4 25.0 14.6 10.5 . 8.2 6.7 5.7 4.9 4.4 3.9 3.5 3.2 

3 75.0 29.6 19.4 14.6 11.8 9.9 8.5 7.5 6.7 6.0 5.5 

4 93.3 70.4 32.3 22.6 17.7 14.6 12.5 10.9 9.7 8.7 7.9 

5 85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 . 11.6 10.5 

6 95.6 80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2 

7 89.5 77.4 64.4 36.6 28.3 23.6 20.4 18.0 16.1 

8 96.8 85.4 75.0 63.4 37.5 29.6 25.0 21.8 19.4 

9 91.8 82.3 73.1 62.5 38.2 30.6 26.2 23.0 

10 97.4 88.2 79.9 71.7 61.8 38.8 31.5 27.2 

• 11 93.3 85.4 78.0 70.4 61.2 39.3 32.3 

12 97.9 90.1 83.1 76.4 69.4 60.7 39.8 

13 94.3 87.5 81.2 75.0 68.5 60.2 

14 98.2 91.5 85.4 79.6 73.8 67.1 

15 95.1 89.1 83.5 78.2 72.8 

16 98.4 92.5 87.1 82.0 77.0 

17 95.6 90.3 85.4 80.6 

18 98.6 93.3 88.4 83.9 

19 96.1 91.3 86.8 

20 98.7 94.0 89.5 

21 96.5 92.1 

22 98.9 94.5 

23 96.8 

24 99.9 

• 
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Figu~e 1-3. Er..amp1e showing circular stack crogs 
section divided into 12 equar aroa3, with location of 
traverse point!l • 
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While we have taken steps to ensure the accuracy of this Internet version of the document, it is not the official 
version. Please refer to the official version in the FR publication, which appears on the Government Printing 
Office's eCFR website: 
(http://www.ec(r.gov/cgi-bin/text-idx?c=ec(r&tpl=/ec(rbrowse/Title40/40c(r60 main 02.tpl) 

Method 17 - Determination of Particulate Matter Emissions From Stationary Sources 

Note: This method does not include all.of the specifications (e.g., equipment and supplies) and 
procedures (e.g., sampling and analytical) essential to its performance. Some'material is 
incorporated by reference from other methods in this part. Therefore, to obtain reliable results, 
persons using this method should have a thorough knowledge of at least the following additional 
test methods: Method 1, Method 2, Method 3, and Method 5. 

1.0 Scope and Application 

1.1 Analyte. Particulate matter (PM). No CAS number assigned. 

Note: Particulate matter is not an absolute quantity. It is a function of temperature and pressure. 
Therefore, to prevent variability in PM emission regulations and/or associated test methods, the 
temperature and pressure at which PM is to be measured must be carefully defined. Of the two 
variables (i.e., temperature and pressure), temperature has the greater effect upon the amount of 
PM in an effluent gas stream; in most stationary source categories, the effect of pressure appears 
to be negligible. In Method 5, 120°C (248°F) is established as a nominal reference temperature. 
Thus, where Method 5 is specified in an applicable subpart of the standard, PM is defined with 
respect to temperature. In order to maintain a collection temperature of 120°C (248°F), Method 5 
employs a heated glass sample probe and a heated filter holder. This equipment is somewhat 
cumbersome and requires care in its operation. Therefore, where PM concentrations (over the 
normal range of temperature associated with a specified source category) are known to be 
independent of temperature, it is desirable to eliminate the glass probe and the heating systems, 
and to sample at stack temperature. 

1.2 Applicability. This method is applicable for the determination of PM emissions, where PM 
concentrations are known to be independent of temperature over the normal range of 
temperatures characteristic of emissions from a specified source category. It is intended to be 
used only when specified by an applicable subpart of the standards, and only within the 
applicable temperature limits (if specified), or when otherwise approved by the Administrator. 
This method is not applicable to stacks that contain liquid droplets or are saturated with water 
vapor. In addition, this method shall not be used as written if the projected cross-sectional area of 
the probe extension-filter holder assembly covers more than 5 percent of the stack cross
sectional area (see Section 8.1.2). 

1.3 Data Quality Objectives. Adherence to the requirements of this method will enhance the 
quality of the data obtained from air pollutant sampling methods . 
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2.0 Summary of Method 

2.1 Particulate matter is withdrawn isokinetically from the source and collected on a glass fiber 
filter maintained at stack temperature. The PM mass is determined gravimetrically after the 
removal of uncombined water. 

3. 0 Definitions 

Same as Method 5, Section 3.0. 

4.0 Interferences[Reser-Yed] 

5.0 Safety 

5.1 Disclaimer. This method may involve hazardous materials, operations, and equipment. This 
test method may not address all of the safety problems associated with its use. It is the 
responsibility of the user of this test method to establish appropriate safety and health practices 
and determine the applicability ofregulatory limitations prior to performing this test method. 

6. 0 Equipment and Supplies 

6.1 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 
17-1. The sampling train components and operation and maintenance are very similar to Method 
5, which should be consulted for details. 

6.1.1 Probe Nozzle, Differential Pressure Gauge, Metering System, Barometer, Gas Density 
Determination Equipment. Same as in Method 5, Sections 6.1.1, 6.1.4, 6.1.8, 6.1.9, and 6.1.10, 
respective! y. 

6.1.2 Filter Holder. The in-stack filter holder shall be constructed of borosilicate or quartz glass, 
or stainless steel. If a gasket is used, it shall be made of silicone rubber, Teflon, or stainless steel. 
Other holder and gasket materials may be used, subject to the approval of the Administrator. The 
filter holder shall be designed to provide a positive seal against leakage from the outside or 
around the filter. 

6.1.3 Probe Extension. Any suitable rigid probe extension may be used after the filter holder. 

6.1.4 Pitot Tube. Same as in Method 5, Section 6.1.3. 

6.1.4.1 It is recommended,(1) that the pitot tube have a known baseline coefficient, determined 
as outlined in Section 10 of Method 2; and (2) that this known coefficient be preserved by 

· placing the pitot tube in an interference-free arrangement with respect to the sampling nozzle, 
filter holder, and temperature sensor (see Figure 17-1). Note that the 1.9 cm (3/4-in.) free-space 
between the nozzle and pitot tube shown in Figure 17-1, is based on a 1.3 cm (1/2-in.) ID nozzle. 
If the sampling train is designed for sampling at higher flow rates than that described in APTD-
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0581, thus necessitating the use oflarger sized nozzles, the free-space shall be 1.9 cm (3/4-in.) 
with the largest sized nozzle in place. 

6.1.4.2 Source-sampling assemblies that do not meet the minimum spacing requirements of 
Figure 17-1 (or the equivalent of these requirements, e.g., Figure 2-4 of Method 2) may be used; 
however, the pitot tube coefficients of such assemblies shall be determined by calibration, using 
methods subject to the approval of the Administrator. 

6.1.5 Condenser. It is recommended that the impinger system or alternatives described in 
Method 5 be used to determine the moisture content of the stack gas. Flexible tubing may be 
used between the probe extension and condenser. Long tubing lengths may affect the moisture 
determination. 

6.2 Sample Recovery. Probe-liner and probe-nozzle brushes, wash bottles, glass sample storage 
containers, petri dishes, graduated cylinder and/or balance, plastic storage containers, funnel and 
rubber policeman, funnel. Same as in Method 5, Sections 6.2.1 through 6.2.8, respectively. 

6.3 Sample Analysis. Glass weighing dishes, desiccator, analytical balance, balance, beakers, 
hygrometer, temperature sensor. Same as in Method 5, Sections 6.3.1through6.3.7, respectively. 

7. 0 Reagents and Standards 

7 .1 Sampling. Filters, silica gel, water; crushed ice, stopcock grease. Same as in Method 5, 
Sections 7.1.1, 7.1.2, 7.1.3, 7.1.4, and 7.1.5, respectively. Thimble glass fiber filters may also be 
·used. 

7.2 Sample Recovery. Acetone (reagent grade). Same as in Method 5, Section 7.2. 

7.3 Sample Analysis. Acetone and Desiccant. Same as in Method 5, Sections 7.3.1 and 7.3.2, 
respectively. · 

8. 0 Sample Collection, Preservation, Storage, and Transport 

8.1 Sampling. 

8.1.1 Pretest Preparation. Same as in Method 5, Section 8.1.1. 

8.1.2 Preliminary Determinations. Same as in Method 5, Section 8.1.2, except as follows: Make 
a projected-area model of the probe extension-filter holder assembly, with the pitot tube face 
openings positioned along the centerline of the stack, as shown in Figure 17-2. Calculate the 
estimated cross-section blockage, as shown in Figure 17-2. If the blockage exceeds 5 percent of 
the duct cross sectional area, the tester has the following options exist: (1) a suitable out-of-stack 
filtration method may be used instead of in-stack filtration; or (2) a special in-stack arrangement, 
in which the sampling and velocity measurement sites are separate, may be used; for details 
concerning this approach, consult with the Administrator (see also Reference 1 in Section 17.0) . 
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Select a probe extension length such that all traverse points can be sampled. For large stacks, 
consider sampling from opposite sides of the stack to reduce the length of probes. 

8.1.3 Preparation of Sampling Train. Same as in Method 5, Section 8.1.3, except the following: 
Using a tweezer or clean disposable surgical gloves, place a labeled (identified) and weighed 
filter in the filter holder. Be sure that the filter is properly centered and the gasket properly 
placed so as not to allow the sample gas stream to circumvent the filter. Check filter for tears 
after assembly is completed. Mark the probe extension with heat resistant tape or by some other 
method to denote the proper distance into the stack or duct for each sampling point. Assemble 
the train as in Figure 17-1, using a very light coat of silicone grease on all ground glass joints 
and greasing only the outer portion (see APTD-0576) to avoid possibility of contamination by 
the silicone grease. Place crushed ice around the impingers. 

8.1.4 Leak-Check Procedures. Same as in Method 5, Section 8.1.4, except that the filter holder 
is inserted into the stack during the sampling train leak-check. To do this, plug the inlet to the 
probe nozzle with a material that will be able to withstand the stack temperature. Insert the filter 
holder into the stack and wait approximately 5 minutes (or longer, if necessary) to allow the 
system to come to equilibrium with the temperature of the stack gas stream. 

8.1.5 Sampling Train Operation. The operation is the same as in Method 5. Use a data sheet 
such as the one shown in Figure 5-3 of Method 5, except that the filter holder temperature is not 
recorded. 

• 8.1.6 Calculation of Percent Isokinetic. Same as in Method 5, Section 12.11. 

8.2 Sample Recovery. 

• 

8.2.l Proper cleanup procedure begins as soon as the probe extension assembly is removed from 
the stack at the end of the sampling period. Allow the assembly to cool. 

8.2.2 When the assembly can be safely handled, wipe off all external particulate matter near the 
tip of the probe nozzle and place a cap over it to prevent losing or gaining particulate matter. Do 
not cap off the probe tip tightly while the sampling train is cooling down as this would create a 
vacuum in the filter holder, forcing condenser water backward. 

8.2.3 Before moving the sample train to the cleanup site, disconnect the filter holder-probe 
nozzle assembly from the probe extension; cap the open inlet of the probe extension. Be careful 
not to lose any condensate, if present. Remove the umbilical cord from the condenser outlet and 
cap the outlet. If a flexible line is used between the first impinger (or condenser) and the probe 
extension, disconnect the line at the probe extension and let any condensed water or liquid drain 
into the impingers or condenser. Disconnect the probe extension from the condenser; cap the 
probe extension outlet. After wiping off the silicone grease, cap off the condenser inlet. Ground 
glass stoppers, plastic caps, or serum caps (whichever are appropriate) may be used to close 
these openings. · 



• 
5 

8.2.4 Transfer both the filter holder-probe nozzle assembly and the condenser to the cleanup 
area. This area should be clean and protected from the wind so that the chances of contaminating 
or losing the sample will be minimized. 

8.2.5 Save a portion of the acetone used for cleanup as a blank. Take 200 ml of this acetone 
from the wash bottle being used and place it in a glass sample container labeled "acetone blank." 
Inspect the train prior to and during disassembly and not any abnormal conditions. Treat the 
sample as discussed in Method 5, Section 8.2. 

9. 0 Quality Control[Reserved] 

10. 0 Calibration and Standardization 

The calibrations of the probe nozzle, pitot tube, metering system, temperature sensors, and 
barometer are the same as in Method 5, Sections 10.1 through 10.3, 10.5, and 10.6, respectively. 

11. 0 Analytical Procedure 

Same as in Method 5, Section 11.0. Analytical data should be recorded on a form similar to that 
shown in Figure 5-6 of Method 5. 

12. 0 Data Analysis and Calculations. 

• Same as in Method 5, Section 12.0. 

13. 0 Method Performance[Reserved] 

• 

14. 0 Pollution Prevention[Reserved] 

15. 0 Waste Management[Reserved] 

16. 0 Alternative Procedures 

Same as in Method 5, Section 16.0. 

17. 0 References 

Same as in Method 5, Section 17.0, with the addition of the following: 

1. Vollaro, R.F. Recommended Procedure for Sainple Traverses in Ducts Smaller than 12 Inches 
in Diameter. U.S. Environmental Protection Agency, Emission Measurement Branch. Research 
Triangle Park, NC. November 1976. 

18. 0 Tables, Diagrams, Flowcharts, and Validation Data 
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Environmental Procedure EP.:.15 

Stack Sampling for Particulates 

1. Authority 

2 . 

Environmental stack sampling for particulates is required during operations by Source Materials 
License No. SUA-1350. It is also required by: . 

•REGULATORY GUIDE 4.14 - RADIOLOGICAL EFFLUENT AND ENVIRONMENTAL 
MONITORING AT URANIUM MILLS and; 

• Revised Environmental Report for the Sweetwater .Uranium Project (KUC, 1994), ML 
081010327 

• Final Design Volume VII - Operations Plan September 18, 1997 

• Page changes Volumes 1,- V, VI, VII and IX June 21, 1999. 

Stack sampling was suspended during non-operating periods by a letter from the licensee dated 
June 10, 1983 and a response from NRC dated September 23, 1983 

Sampling Locations, Frequency and Analytical Parameters 

The locatjons of the Yellowcake Dryer Stack, Ore receiving and Grinding Stack, and Leach 
Stack are provided on Figure -1. 

Yellowcake Drver Stack 
The yellow cake dryer stack will be sampled for natural uranium, thorium-230, radium-226, and 
lead-21 O on a quarterly basis. Release rates and concentrations will be determined for the 
period of sampling. The yellowcake dryer stack sampling port (Port #S-6) is shown in Figure 2, 
below. Sampling will be performed in accordance with ANSl/HPS N13.1-2011 "Sampling and 
Monitoring Releases of Airborne Radioactive Substances from the Stacks and Ducts of Nuclear 
Facilities" (ANSI, 2011) to measure radioactive particulate effluent from the mill facility. 

The stack gas velocity and volumetric flow rate will be measured using 40 CFR 60, Appendix A, 
Method 2 "Determination of Stack Gas Velocity and Volumetric Flowrate" (EPA Method 2). This 
method is incorporated by reference into ANSl/HPS N 13.1-2011 hence is a part of that 
standard. The number of sampling points within a stack will be determined using 40 CFR 60, 
Appendix A, Method 1 "Sample and Velocity Traverses for Stationary Sources". This method is 
also incorporated by reference into ANSl/HPS N13.1-2011 and hence is a part of that standard. 
Copies of these methods are included in Appendix A entitled EPA Method 17 and supporting 
documents. 

Particulate Matter (PM), defined by EPA as "any finely divided solid or liquid material, other than 
uncombined water, as measured by the reference methods specified under each applicabie 
subpart, or an equivalent or alternative method' (40 CFR 60), will be sampled using 40 CFR 60, 
Appendix A, Method 17 "Determination of Particulate Matter Emission From Stationary Sources" 

I . 
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(Method 17). A copy of this method is also included in Appendix A entitled EPA Method 1 ~and 
supporting documents .. 

The mass will be determined on-site using the methods described in Section 11 of Method 17. 

Basic sample collection and weighing procedures are described below: 

1 ). Check filters visually against light for irregularities, flaws, or pinhole leaks. Label 
filters of the proper diameter on the back side near the edge using a permanent ink. As 
an alternative, label the carrying containers (glass or polyethylene petri dishes or 
equivalent), and keep each filter in its identified container at all times except during 
sampling. 

2) Desiccate the filters at 20 ± 5.6 C 0 and ambient pressure for at least 24 hours. Weigh 
each filter (or filter and carrying container) at intervals of at least 6 hours to a constant 
weight (i.e., :s; 0.5 mg change from previous weighing) using a Mettler Toledo analytical 

· balance (model ME104TE) or equivalent analytical balance. Record results to the 
nearest 0.1 mg. During each weighing, the period· for which the filter is exposed to the 
laboratory atmosphere sh~ll be less than 2 minutes. Alternatively, the filters may be 
oven dried at 105 C 0 2 to 3 hours, desiccated for 2 hours, and weighed. 

3) Leave the contents in the shipping container or transfer the filter and any loose PM 
from the sample container to a tared glass weighing dish. Desiccate for 24 hours in a 
desiccator containing anhydrous calcium sulfate or an equivalent material. Weigh to a 
constant weight, and report the results to the nearest 0.1 mg. For the purposes of this 
section, the term "constant weight" means a difference of no more than 0.5 mg or 1 
percent of total weight less tare weight, whichever is greater, between two consecutive 
weighings, with no less than 6 hours of desiccation time between weighings. 
Alternatively, the sample may be oven dried at 104 C 0 for 2 to 3 hours, cooled in the 
desiccator, and weighed to a constant weight. 

Once the mass is determined using a Mettler Toledo analytical balance (model ME104TE) or 
equivalent weighing device, the filter will be shipped to Energy Laboratory in Casper Wyoming 
or other accredited laboratory for radionuGlide analysis as described above. The volume 
sampled will be determined using Section 8.1.5 of Method 17 and corrected to standard 
pressure and temperature (STP) conditions to be consistent with the stack flow determination 
(EPA Method 2). Stack gas flow and velocity will be measured at the time of sampling 

Other Stacks 
The Ore Receiving and Grinding stack and the Leaching area stack will be sampled 
semiannually for natural uranium, thorium-230, radium-226, and lead-210. Release rates and 
concentrations will be determined for the period of sampling. The Ore Receiving and Grinding 
stack and sampling port (Port #S-2) are shown below in Figure 3. The Leaching area stack and 
sampling port (Port #S-4) is shown below in Figure 4a and Figure 4b, respectively. These stacks 

, will be sampled using the methods described for the yellowcake dryer stack. 

Sample Collection 

Sample collection will be done in accordance with EPA Method 17 - Determinati~n of Particulate 
Emissions from Stationary Sources, in Appendix A. Within EPA Method 17 there are several 
references to other EPA methods which are not included in the attachments. 
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4. Recording of Results 

Field data will be recorded of the form jn Figure 2.3.8-1 during time of actual sample collection. The 
form on Figure 2.3.8-2 will be used for final filing and reporting since it allows for the calculation of . 
emission rates. 

Approved: 

Oscar Paulson/Radiation Safety Officer (RSO) 
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Figure 2. Yellowcake Dryer Stack Sampling Port (#S-6) 

Figure 3. Ore Receiving and Grinding Stack Sampling Port (#S-2) 

Kennecott Uranium Company 
Sweetwater Uranium Facili ty 

SML #SUA-1350 
27Sep17 
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Kennecott Uranium Company 
Sweetwater Uranium Facility 
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Figure 4a. Leach Stack Port 

Figure 4b. Leach Stack Port Sampling Port (#S-4) 

SML #SUA-1350 
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Figure 2.3.8-1 Field Data 
PLANT PROBE LENGTH AND TYPE 

----------------------------------~--------~ 

DATE NOZZLE I.D. 
--------------------------------------------~ 

SAMPLING LOCATION ASSUMED MOISTURE% 
--------------------------------------------~ 

SAMPLE TYPE SAMPLE BOX NUMBER 
--------------------------------------------~ 

RUN NUMBER METER BOX NUMBER 
--------------------------------------------~ 

OPERATOR _M_E_T_E_R_~_H~p-----------------

AMBIENT TEMPERATURE 

BAROMETRIC PRESSURE 

STATIC PRESSURE (P,) 

FILTER NUMBER (s) 

Traverse Point Sampling Clock Time, 
Number Time, min 

Kennecott Uranium Company 
Sweetwater Uranium Facility 

(24 hour 
clock) 

CFACTOR 

PROBE HEATER SETTING. 

HEATER BOX SETTING 

REFERENCE ~P 
SCHEMA TIC OF TRAVERSE POINT LAYOUT 

READ AND RECORD ALL DATA EVERY ____ MINUTES 

Barometer Reading (vm/ft3) Velocity Orifice Pressure 
Head Differential 
L:.p, (L:.H), inH20 

(inH20) 
Desired Actual 

Stack Tempera- Dry Gas Meter Temperature 
lure 

(T,)NF 

Inlet 
(Tm;.) NF 

SML #SUA-1350 
27Sep17 

Outlet 
(Tmout) NF 

Pump 
Vacuum 
mm Hg 

Sample Box 
Temperature NF 

lmpinger 
Temperature 

NF 
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Figure 2.3.8-2 Stack Sampling Form, 

STACK SAMPLING FORM 
Sweetwater Uranium Project 

Company: ___________ _ Location:. _______ ~ 

Testing Firm: _________ _ Tests Conducted By:. ____ ~ 

Test Observed By:. _____ ____,, 

Test Evaluated By: _____ ___,_ 

Stack Data 

Stack ht (ft) ___ ____,, 

Stack dia (ft). ___ ___,_ 

Process venting through stack ___ __, 

Traverse Points 

Nozzle diameter: Test l ___ Test 2 Test 3 __ ~ 

Location of sampling ports _____________ ____, 
Number of traverse points per test: Test 1 Test 2 __ Test 3 __ 
Do sampling points follow EPA guidelines? Yes_ No_. 

Comments: 

Emissions 

Process wt rate (ton/hr) 

Allowable emission (lb/hr) 

Measured emission (lb/hr) 

& Isokinetic 

Comments and recommendations: 

Kennecott Uranium Company 
Sweetwater Uranium Facility 

SML #SUA-1350 
27Sep17 
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DATA SHEET 

Pstd = 29.92 in Hg 

Rstd = 530°R 

Pbar = barometric pressure at site (in Hg 
Ps = absolute stack gas pressure (in Hg) 
Ts = absolute average stack gas temp. (0R) 

Tm = absolute average dry gas meter temp. (0R) 
Vic = total volume of water collected (ml) 

Vm =volume of gas through dry gas meter (ft3) 

~H = average pressure drop across orifice(inH20) 
Cp = pitot tube coefficient 

o~p = average velocity head of stack gas (inH20) 
As =cross-sectional area of stack (ft2) 
Mn = total amount of particulate collected (g) 

=total sampling time (min.) 
An = cross-sectional area of nozzle (fti) 

Kennecott Uranium Company 
SweetWater Uranium Facility 

Environmental Procedure EP-15 
Page 9 

Test 1 Test2 

--

Test 3 

--
--

--

--

--

--

--

--

SML #SUA-1350 
27Sep17 
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• Figure 2.3.8-2Stack Sampling Form (continued) 
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Orsat Analysis 

Test 3 

%C02 

%CO 

Calculations 

1. Vw std = volume of water vapor in gas@ STP (ft3) 

Vw std = 0.0474 ft3/ml *Vic 

Vw std = __ , __ , __ ft3 

2. V mstd =volume of gas sample through dry gas meter @ STP(ft3) 

Vmstd = {17.71 ~} Vm { Pbar + _H_ } 
{' in Hg} { 13.6 } 

{ } 
{ Tm } 

V mstd = __ , __ , __ ft3 

3. Bwo = proportion by volume of water vapor in gas 
stream (dimension) 

Bwo Vw std 

Bwo 

Kennecott Uranium Company 
Sweetwater Uranium Facility 

Vw std+ Vm std 

__ , __ , __ . 

SML #SUA-1350 
27Sep17 
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• Figure 2.3.8-2Sfack Sampling Form (continued) 
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4. Molecular weight (lb/lb mole) 

Md= 0.44 (%C02) + .32 (%02) + .28 (%N2 + %CO) 

Md= _,-_, _ lb/lb mole 

Ms= Md(l-Bwo)+18Bwo 

Ms = _, _, _ lb/lb mole 

5. Vs= stack gas velocity (ft/sec) 

6 . 

Vs= 85.48 Cp ( p)ave __L___. 
P~Ms 

Vs = __ , __ , __ ft/sec 

Qs = volumetric flow rate, dry basis,@ STP (ft3/min) 

Qs = 60 (1- Bwo) Vs* As { 530 }{~} 
{Ts }{29.92} 

Qs = __ , __ , __ ft3 /min 

7. Cs = concentration (lb/ft3) 

Cs= 2.205 X 10-3 Mn . 
Vm std 

I 

Cs= lb/ft3 1 __ , __ , __ 
8. E = Emission rate (lb/hr) 

E = Cs* Qs * 60 

E =_,_,_lb/hr 

Kennecott Uranium Company 
Sweetwater Uranium Facility 

SML #SUA-1350 
27Sep17 
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· Figure 2.3.8-2Stack Sampling Form (continued) 

9. % Isokinetic 

I= l.667Ts {0:00267Vic+Vm(Pbar+_H)} 
{ Tm 13.6} 

I= __ , __ , __ % 

Emission of U (nat) or other radionuclide 

Environmental Procedure EP-15 
Page 12 

An = Total amount of Radionuclide particulate collected (Ci)= 

Cs = Concentrations (Ci/L) 

(__An_) 
Vm std x 28.2 

E = Emission rate (Ci/hr) 

= (Cs) (Qs x 28.2) (60) = 

Kennecott Uranium Company 
Sweetwater Uranium Facility 

SML #SUA-1350 
27Sep17 
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Appendix A 
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EPA Method 17 and supporting documents 

SML #SUA-1350 
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DURRIDGE COMPANY INC. I ~ . 

'[i)URRIDGE 524 Boston Road, Billerica, MA 01821 
Tel: (978) 667-9~56, Fax: (978) 667-9557 

www.durridge.com RADON INSTRDMENTAT/01( 

RAD7 Specifications 

Spedfications for the RAD7 exceed those of all radon gas monitors made in North America, as well as 
those in its price range world-wide. This is a partial list of specifications that make the RAD7 so highly 
regarded in the field. 

Part 1 Functionality 

Modes of Operation SNIFF Rapid response and rapid recovery radon measurement 
THORON Radon and thoron measured simultaneously and independently 
NORMAL High sensitivity 
AUTO Automatic switch from SNIFF to NORMAL.after three hours run 
GRAB Analysis of grab samples 
WAT Automatic analysis of water samples with RAD H20 accessory 

Measurements Radon in air with Sniff protocol for quick, spot reading 
Thoran protocol for searching for radon entry points 
Radon in air I-day, 2-day or weeks protocol for long term measurement 
Radon in water batch samples with RAD H20 and Big Bottle RAD H20 
Continuous radon in water with RAD AQUA and Radon-in-Water Probe 
Radon in soil gas with Soil Gas Probe and Active DRYSTIK 
Radon emission from soil and hard surfaces with surface emission chamber 
Bulk r~don emission from bulk materials and objects 

Data Storage 1,000 records, each with 23 fields of data 
Log of printer output also stored 

Sample Pumping Built-in pump draws sample from chosen sampling point 
Flow rate typically 800mL/min 

Print Output Short, medium or long format data printed after each cycle 
Run summary printed at end of run, including averages and spectrum 

PC Connectivity RS232 serial port, full remote control implemented in CAPTURE Software 

Audio Output GEIGER Tone beeps for radon and thoron counts 
CHIME Chime only at t~e end of each cycle, otherwise silent 
OFF No sound 

Tamper Resistance TEST LOCK command locks keypad to secure against tampering 

Part 2 Technical Specifications 

Principle of Operation Electrostatic collection of alpha-emitters with spectral analysis 
Passivated Ion-implanted Planar Silicon detecfor 
SNIFF mode counts polonium-218 decays 

-

NORMAL mode counts both polonium 218 and polonium 214 decays 

Built-In Air Pump Nominal I liter/minute flow rate 
Inlet and outlet Luer connectors 



• Connectivity RS-232 port up to 19,200 baud rate 
USB adaptor is included with every RAD7 

l\.1easurement.A.ccuracy +/-5% absolute accuracy, 0% - 100% RH 

Nominal Sensitivity SNIFF mode, 0.25 cprn/(pCi/L), 0.0067 cprn/(Bq/m3) 

NOR.1\.1.A.L mode, 0.5 cprn/(pCi/L), 0.013 cprn/(Bq/m3) 

Radon Concentration 0~1 - 20,000 pCi/L (4.0 - 750,000 Bq/m3) 

Range 

Intrinsic Background 0.005 pCi/L (0.2 Bq/m3) or less, for the life of the instrument 

Recovery Time Residual activity in Sniff mode drops by factor of 1,000 in 30 minutes 

Operating Ranges Temperature: 32° - ll3°F (0° - 45° C) 
Humidity: 0% - 100%, non-condensing 

Cycle Range User controllable number of cycles, from 1 to 99 to unlimited, per run 
User controllable cycle time, from 2 minutes to 24 hours 

,CAPTURE Software Compatible with l\.1icrosoft Windows XP and 7, and l\.1ac OS X 
.A.utomatic R.A.D7 location, connection and data download 
Graphs radon, thoron, temperature and humidity over time 
.A.utomatic humidity correction 
Statistical analysis tools track concentration ~verages and uncertainties 
Chart Recorder mode provides real-time RAD? status monitoring 
Control R.A.D7 operations from computer via direct or remote connection 
.A.utomatic calculation and display of radon in water for RAD .A.QU.A. 

• .A.utomatic combination of multiple R.A.D7 data 

Part 3 Physical Specifications 

Dimensions 11.5" x 8.5" x 11" (29.5 cm x 21.5 cm x 27.9 cm) 

Weight 9.6 pounds (4.35 kg) 

LCD Display Output 2 line x 16 character, alpha~nurneric display 

Case l\.1aterial High density polyethylene 

Infrared Printer Omniprint 01\.11000 Wireless Infrared Printer included 

Power Supply 11-15V DC (12V nominal)@ 1.25.A., center pin positive, orincluded 
internal EnerSys sealed lead acid rechargeable battery pack (6V nominal, 
30Wh, 5.A.h) 

Battery Longevity 24 hours in SNIFF mode; 72 hours in l\.1onitOr mode 

Revision 2015-06-24 

©Copyright 2015 DURRIDGE Company Inc . .A.ll rights reserved . 
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RAD7 RADON DETECTOR 
User Manual 

Serial# ------

SERVICE RECORD 

Date Service 

It is recommended that the unit be returned to DURRIDGE Company annually" for recalibration. 

Revision 7.4.3. © 2017 DURRIDGE Company 

1 

DURRIDGE Company Inc. 
524 Boston Rd 

Billerica, MA 01821 
Tel: (978)-667-9556 
Fax: (978)-667-9557 

service@durridge.com 
www.durridge.com 
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WARNING 

Opening the cover of this instrument is likely to expose dangerous voltages. 
Disconnect the instrument from all voltage sources while it is being opened. 
Due to battery power, the instrument may still be dangerous. 

Using this instrument in a manner not specified by the manufacturer may 
impair the protection provided by the instrument. 
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INTRODUCTION 

The RAD7 is a highly versatile instrument that can form the basis of a comprehensive radon measurement 
system. It may be used in many different modes for different purposes. This manual adopts a progressive 
approach, in which there is, first, a simple, step-by-step description of how to get readings for a) real-time 
monitoring, and b) sniffing. Next comes a more detailed description of the many features of the 
instrument and how to access them. The rest of the manual covers a whole range of topics, in somewhat 
arbitrary order. We recommend that, as soon as possible, you read the entire text, just so that you will 
have an idea of what there is. While you can start to make good measurements on the first day of 
ownership of the RAD7, it can take years to master the subtleties ofradon and thoron behavior, and to 
appreciate the full capabilities of the instrument. 

We have tried to make the manual easy to use, with a useful table of contents. Please let us know how 
well we have succeeded. If there are some topics inadequately covered, please tell us. We will issue 
updates from time to time. 

Points of special note 

The RAD7 is a rugged and long-lasting piece of equipment. There are many units still in daily use that 
were sold ten years ago or more. However, it is a sophisticated, precision electronic device, and it is not 
hermetically sealed, so please treat it with respect. Please do not allow water, other liquids or dirt to get 
into the machine. If using it somewhere where it may get splashed, damaged, or exposed to rain, please 
protect it. See Chapter 4.8.1. 

The batteries are lead-acid technology, like a car's. If left in a disc;harged state they will lose capacity . 
After running the RAD7 on its batteries please recharge them as soon as possible (by plugging in the 
unit). With careful use the batteries will last five years or more. 

Finally, there is one security feature that is sometimes inadvertently set by an inexperienced, though 
authorized, user; namely the key pad lockout. If the key pad ceases to function, and all you see is 
DURRIDGE RAD7 on the display, just do the following: Hold down the [ENTER] and two arrow keys 
until you hear a beep, release the three keys and immediately push [MENU]. You should then be rewarded 
by> Test on the display. If the tone was set to OFF, then you will not hear the beep, so hold the three 
keys down for three to four seconds, before releasing them and pushing [MENU], - try hold-down times a 
little longer, or shorter, if, at first, you do not succeed. 

Shipping and Contact Information 

DURRIDGE U.S. Office 524 Boston Road 
Billerica, MA 01821 USA 
Phone: (978)-667-9556 
Fax: (978)-667-9557 

DURRIDGE UK Office Sheffield Technology Park 
Cooper Buildings, Arundel Street 
Sheffield S1 2NS, UK 

Email 

Web 

Phone: +44 (0)114 221 2003 

service@durridge.com 

www.durridge.com 
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1. GETTING STARTED: 
YOUR FIRST DAY WITH THE RAD7 

1.1 Unpacking 

First make sure you have everything you are 
supposed to have. Take the materials out of the 
packing boxes and see if you have all the items 
shown in the diagram below, or on the packing list 

enclosed with the shipment. If anything is 
missing, please email DURRIDGE immediately 
or call us at (978) 667-9556. 

RAD7 Packing List 

·am< wf 
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RAD7 and Case Acce~sories 

·RAD? electronic radon detector 
·12V adaptor w/ 4 plugs 

• 12V cord for custom applications 
·RAD? Carrying Strap 
·Keys for RAD? case 

RAD7 Printer Supplies 

·Wireless infrared printer 
·Battery Charger 
·4 Rechargeable AA batteries 
·6 Rolls printer paper 

Drying Tubes and Desiccant 

·Gas drying unit 
·Opener tool for drying unit 
·5 lbs desiccant 
·4 drying tubes 

RAD7 Filters 

·5 RAD? inlet filters 
·1 Dust filter 

(Continued on next page.) 
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--- --------------- ---

RAD7 Packing List (Continued) 

1.2 General Safety Instructions 

For your own safety and the proper operation of 
RAD7: 

DO NOT spill liquids onto the machine. 
DO NOT expose operating panel of machine to 

rain or any other excess moisture. 
DO NOT allow liquid to be sucked into inlet tube. 

If you intend to use the instrument in a harsh 
environment, give it some protection. Even just a 
transparent plastic bag enclosing the RAD7 (but 
not the air sampling tube) can protect it from 
splashing mud and water. Allowing the dry air 
from the RAD7 outlet to exhaust into the interior 
of t~e bag will keep the RAD7 in a clean and dry 
environment. 
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Vinyl Tubing Set (3ft x 3) 

·From sample to drying tube 
·From drying tube to RAD? inlet 
·From RAD? outlet to exhaust 

USS/Serial Supplies 

·Null modem cable 
·USB Cable 
·USB to serial adaptor 

RAD7 Documentation Binder 

·RAD? User's Manual 
·Infrared Printer Manual 
·Additional documentation 
·DURRIDGE Software USB Stick 

If liquid does get into the machine, please 
disconnect the power cord, turn off the power 
switch, and f~llow the instructions in Chapter 
4.8 .1, Harsh and Hazardous Environments: 
Splashing Water. It will be necessary to return the 
RAD7 to DURRIDGE for repair. 

Do not use your RAD7 if the instrument is 
damaged or malfunctioning. Please call, or email, 
the DURRIDGE service department, who will 
advise what to do about the problem. 

Replace a frayed or damaged power cord 
immediately. Electrical equipment may be 
hazardous if misused. Keep away from children. 

Do not open or attempt to repair the machine. 
The detector has an internal high voltage supply 
that can generate more than 2,500V. 
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The batteries are Gates Monobloc type 
0819-0012, 6V 2.5Ah. There are two installed in 
the instrument. They are not user replaceable. 

1.2.1 Air Travel 

The RAD7 is safe to take on an airplane either as 
carry-on or checked baggage. It is probably 
easiest, and least likely to cause problems, if it is 
put inside a suitcase, with clothes, and checked in. 

1. 3 Taking a Look 

Printer------~ 

Infra-red 
LED 

LCD 

Some airlines and some airline staff are concerned 
about lead-technology batteries, such as those in 
the RAD7. An MSDS sheet, issued by the battery 
manufacturer, is enclosed with the manual in the 
RAD7 documentation. A copy of that should be 
carried and presented when requested, when 
traveling with a RAD7 by air. 

RS-232 Serial Port 

Air Outlet 

DC Power 
Input 
(2.1 mm x 5.5 mm) 

Air Inlet 

Switch 

The RAD7 Professional Electronic Radon Detector 
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1. 4 Starting a Two-day Test 

You will need the RAD7 and power cord, the 
Laboratory Drying Unit (the large tube of 
desiccant, with a screw cap at one end), an inlet 
filter (one of the six small filters supplied), the 
piece of tubing with a 5/16" ID segment at one 
end and a Ya" ID segment at the other and the 
printer. 

On first starting up, you may need to set the clock 
for your time zone (See Setup Clock, Chapter 
2.4.11). Switch on the RAD7, push [MENU] , then 
push [-+] twice. You will see Setup on the 
display. Push [ENTER] , then push [-+] ten 
times . You will see Setup Clock. Push [ENTER]. 
Use the arrow keys to adjust hours, minutes, 
seconds, day, month and year, pushing [ENTER] 
to confirm each setting. Now we are ready to 
continue. 

RAD7 Normal Configuration 

...... ..,___ Sample In 

Laboratory 
Drying Unit 

DURRIDGE RAD? 
Radon Monitor 

Exhaust 

t 
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a) Attach the filter to the tubing (push it into the 
end with the insert). 

b) Carefully remove both plastic caps from the 
Drying Unit (you will need them later, to reseal 
the unit) . Attach the sleeved end of the tubing 
to the tube fitting, on the Drying Unit, farthest 
from the screw cap. 

c) Attach the filter to the Inlet port of the RAD7. 
The air sampling system is now set up for the 
measurement. (See RAD7 Standard 
Configuration diagram at left.) 

d) Plug in the RAD7 and switch on. 

e)Push [MENU], [ENTER],thenpush [-+]four 
times. You should see on the LCD display: 
Test Purge. 

f) Push [ENTER]. The pump should start. 

g) Set up the printer (insert paper and batteries -
see manual) . 

h) Place printer between green lines on face plate 
(See photo, Chapter 1.3) . 

i) After purging for some time (normally, at least 
five minutes), push [MENU], and [-+] two 
times, you will see: Setup on the display. 

j) Push [ENTER] twice, then push either arrow 
key repeatedly until you see: 
Protocol: 2-Day on the display. Push [ENTER] . 

k) With Setup on the display, push [ENTER] , then 
[-+ l seven times, to see >Setup Format on 
the display. Push [ENTER] then use arrow 
keys to select Format: Short. Push 
[ENTER]. 

l) Switch off the RAD7. Switch on the printer, 
now switch the RAD7 back on. The printer will 
print out something like the following: 

DURRIDGE RAD7 
Vers 2.Sf 991128 
Model 711 
Serial 00512 
Calib 21-MAY-13 

Last used 
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FRI 21-MAY-13 17:30 

Current settings 
FRI 21-MAY-13 19:09 

Protocol: 2-Day 
Cycle: 01:00 
Recycle: 48 
Mode: Auto 
Thoran: Off 
Pump: Auto 
Tone: Geiger 
Format: Sha rt 
Units: pCi/L C 

m) Push [MENU], [ENTER],[~]. You should 
see on the LCD display: >Test St a rt 

n) Push [ENTER] . The pump will start running. 
On the LCD display you will see something like: 

0101 
00:59:37 

Live Sniff 
00001 

You are now monitoring the radon level right 
where you are. Every hour, the printer will print 
out a reading something like this: 

0102 2,69 II 0,73 
FRI 21-MAY-13 
26.8 C RH: 7% 

p Sniff 
19:41 
B:7.06V 

Where 0102 are the run (01) and cycle (02) 
numbers, 2.69 is the measured radon 
concentration, 0.73 is the two-sigma 
STATISTICAL uncertainty, p indicates the units 
(in this case pCi/L), and Sniff shows that, for this 
reading, only the Po-218 decays are being 
counted (after three hours, the mode changes 
automatically to Normal). The second line is 
clearly the date and time, while the third shows 
the temperature and humidity inside the 
measurement chamber, and the battery voltage. 
Medium and Long format settings print more 
information each cycle. 

If you allow the RAD7 to complete a run, it will 
print out a summary of the entire run, including: 

1. Date and time 
2. Machine serial number 
3. Average value for the test 
4. Bar chart of the individual readings, and 
5. Cumulative alpha energy spectrum. 
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In the example shown it may be seen that the 
average level was 3.71 pCi/L, or 137 Bq/m3. 

To terminate the run early, you may switch off the 
RAD7. The data collected, to the end of the last 
completed cycle, is automatically stored in the 
RAD7 memory, and available for later display, 
printing or download to a PC. If you wish to store 
the last, incomplete cycle data as well, use Test 
Save before switching off the RAD7. When you 
do this, the end-of-run printout does not take 
place. The summary is stored in memory and 
may be printed at any time, except that the 
cumulative spectrum, which would have been 
printed out at the end of the run, is lost. 

End-of-Run Printout 
Run 92: 
Begin 9~-JAN-98 15:33 
Serial 92:9~4 
Cycles = 948 
l'lean: 3. 71 pCi/l 
S.D.: 9.46 pCi/l 
High: 5. 13 pCi/l 
Low: z. 55 pCi/l 

i § • s J]{J 
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1. 5 Starting a Sniff Test 

Sniffing lets you make quick, qualitative surveys 
of radon and thoron levels. It may be used to 
search for radon entry points. There are some 
advantages in sniffing for both thoron and radon 
at the same time, (see Chapter 3.13.3), so that is 
the procedure described here. 

You will need the same equipment as for the 2-
day test, above, except that a small drying tube 
should be used, instead of the laboratory drying 
unit. Also, for portability, you may remove the 
external power from the RAD7, and run the 
RAD7 on its batteries. 

If you have not already done so, set the clock, as 
described above. 

RAD7 SNIFF Configuration 

Small 
Drying 
Tube 

---:::=-111=::= Sample In 

Exhaust 

DURRIDGE RAD? 
Radon Monitor 
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a) Attach the filter to the tubing (push it into the 
end with the Ys" ID segment) 

b) Carefully remove both plastic caps from the 
small drying tube (you will need them later, to 
reseal the unit). Attach the 5116" ID end of the 
tubing to one end of the tube. 

c) Attach the filter to the Inlet port of the RAD7. 
Make sure it is firmly fit onto the inlet. The air 
sampling system is now set up for the 
measurement. While testing, you can use the 
small drying tube as a wand, to collect your air 
sample from the location of interest. 

d) Plug in the RAD7 and switch on. 

e)Push [MENU], [ENTER],thenpush [-+]four 
times. You should see on the LCD display: 
Test Purge. 

t) Push [ENTER]. The pump should start. 

g) Set up the printer . 

h) Place printer between green lines on the face 
plate (See photo, Chapter 1.3). 

i) After purging for a few minutes push [MENU], 
and [-+] two times, you will see: >Setup on 
the display. 

j) Push [ENTER] twice, then push either arrow 
key repeatedly until you see: 
Protocol: Thoran on the display. Push 
[ENTER] . (See Chapter 2.4.5 for difference 

between Thoron and Sniff protocols). 

k) With Setup on the display, push [ENTER], then 
[-+] seven times, to see Setup Format on the 
display. Push [ENTER] then use arrow keys to 
select Format: Short. Push [ENTER]. 

l) Switch off the RAD7. Switch on the printer, 
now switch the RAD7 back on. The printer will 
print out something like the following: 
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DURRIDGE RAD7 
Vers 2.5f 991128 
Model 711 
Serial 00512 
Calib 21-MAY-08 

Last used 
WED 23-MAY-08 17:30 

Current settings 
FRI 25-MAY-08 19:09 

Protocol: Thoran 
Cycle: 00:05 
Recycle: 00 
Mode: Sniff 
Tho ron: On 
Pump: Auto 
Tone: Geiger 
Format: Short 
Units: pCi/L C 

m) Push [MENU], [ENTER], [-+] . You should 
see on the LCD display:> Test Sta rt 
n) Push [ENTER] . The pump will start running. 
On the LCD display you will see something like: 

0201 
00:04:37 

Live Sniff 
00001 

You are now sniffing for thoron and radon. Every 
five minutes, the printer will print out a reading 
something like this: 

0203 2.69 II 2.83 
1. 68 II 2.15 

FRI 21-MAY-99 
26.8 °C RH: 7% 

p Sniff 
p Thoran 
19:41 
B:7.06V 
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Where 0203 are the run (02) and cycle (03) 
numbers, 2.69 is the measured radon 
concentration, 2.83 is the two-sigma 
STATISTICAL uncertainty, p indicates the units 
(in this case pCi/L ), and Sniff shows that, for this 
reading, only the Po-218 decays are being 
counted. The second line is the measured thoron 
concentration and uncertainty. The third line is 
now the date and time, while the fourth shows the 
temperature and humidity inside the measurement 
chamber, and the battery voltage. Medium and 
Long format settings print more information each 
cycle. 

Note that the Po-218 has a 3-minute halflife. 
After moving to a new location, it will take about 
15 minutes for the count rate to reach equilibrium 
with the new radon concentration. So not until 
after the third 5-minute cycle will the reading 
indicate the new level. However, the thoron 
daughter, Po-216, has a very short halflife (150 
ms), so the response of the RAD? to thoron is 
virtually instantaneous. For thoron, the first 5-
minute cycle is as good as any other. 
Thoron will only be found very close to radon 
entry points. That, together with its fast response, 
makes thoron sniffing an excellent sleuth for 
radon entry points. 

To terminate the run any time, you may switch off 
the RAD?. The data collected, of completed 
cycles, is stored in the RAD? memory, and 
available for later display, printing or 
downloading to a PC. 
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Chapter 2 Basics of RAD? Operation 

2. BASICS OF RAD7 OPERATION 

2.1 Introduction 

2.1.1 The Key Pad 

The RAD7 is operated through a four-key menu
driven interface. These four keys allow you to 
look at the commands, select one, and then do it. 

Menu Key 

Press [MENU] and you see the menu prompt (>) 
and the word Test: 

>Test 

Arrow Keys 

Press the forward and backward arrow keys to go 
· through the available options. To advance quickly 
through the options, hold down the key so that it 
"auto-repeats." 

The arrow keys allow you to move right and left 
through the various coillmands, looking for the 
action you want. 

Enter Key 

When you have decided on a certain menu option, 
you select it by pressing [ENTER]. The enter key 
tells the RAD7 that you have made your selection. 
You are telling it what you want it to do. 

The enter key makes it happen. 

2.1.2 Command List 

The RAD7 command list has four command 
groups: Test, Data, Setup and Special. The Test 
group of commands controls the collection of new 
radon data. The Data group retrieves data from 
memory, outputs them, and gets rid of old, 
unwanted data. The Setup group prepares the 
RAD7 to operate according to your requirements. 
The Special group is a set of commands that are 
available when RADLINK, the remote control 
software, is loaded. 
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2.2 Test 

The Test group of commands controls the 
collection of radon data and allows you to 
manipulate the current test (test-in-progress). You 
can start and stop data collection, save or clear the 
current test, or print the current test as it stands. 
(The Test commands do not allow access to stored 
data. You have to go to Data for that.) 

2.2.1 Test Status 

To see the status display, enter the Test Status 
command. Press [MENU], [ENTER], [ENTER] 

On the LCD display, you will see: 

0501 
00:30:00 

Idle Sniff 
00000 

On the upper left, you see the current run number/ 
cycle number (0501 - run 05, cycle 01.). 

The middle shows the detector status (Idle or 
Live), and the upper right gives the current test 
mode (Sniff, Normal or Grab). (Note that in 
AUTO mode, the indication will change from 
Sniff to Normal after three hours of measurement. 

Lower left shows the count-down timer (00:30:00 
= 30 minutes) which counts down to zero when 
the detector is Live (i.e., a test is in progress). 
The lower right shows the total number of counts 
since the beginning of the current cycle. 

The arrow keys may now be used to access 
additional status information. 

Press [ ~] once, and you will see something like 
this: 

Last reading: 
0409 1. 80 II 0 • 7 4 p 

The lower left is the run number (2 digits) and 
cycle number (2 digits) of the last completed 
cycle stored to memory. 

The lower right is the radon reading and two
sigma statistical uncertainty, followed by "p", 



• 

• 

• 

Chapter 2 Basics of RAD? Operation 

indicating picoCuries/liter, or "b" for Becquerels/ 
cubic meter. 

When a cycle ends, the information on this 
display is updated. If there have been no readings 
yet, the display will show 

No readings yet. 

Press ["'] once again, and now you will see 
something like this: 

24.8°( 
B: 6.36V 

RH:3% 
P: 00mA 

Top left is the internal temperature. (To change 
from Celsius to Fahrenheit, see Chapter 2.4.9, 
Setup Units.) 

Top right shows the internal Relative Humidity 
reading. When testing, maintain this value at 10% 
or less, by using the desiccant. 

Bottom left is the battery voltage. This should 
range from about 6.00V to 7.lOV. A discharged 
battery (less than 6.00) should be recharged as 
soon as possible. A fully charged battery will rest 
at 6.40 to 6.50 V. During a recharge, the voltage 
will eventually rise above 7.00 V. At no time 
should this read higher than 7 .20V. In the lower 
right is the pump current. This number should 
vary from OOmA (pump off) to 80mA. When the 
pump is running with a light load, the current will 
range from 40-70mA. When the pump is running 
with a heavy load (clogged filter or blocked hose), 
the current will go to 90mA or higher. Pump 
currents above 90mA are considered a sign of 
trouble. Try changing the filters and check for 
blockage. 

Press [?] again, and you will see something like 
. this: 

HV: 2218V I 10% 
L: 02 S: 0.21V 

This is a display of diagnostic values. Ordinarily 
it will be of little interest to you. 

The top line is the high voltage reading and duty 
cycle. The range of normal values is from 2000 
to 2500V, and from 8% to 18%. 
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The lower left comer is the leakage current. At 
room temperature, this value will normally range 
from 0 to 10. Higher temperatures ordinarily 
cause this value to rise. Excessive leakage current 
will result in "noise" in the lower energy end of 
the spectrum, and will also cause broadening 
of the alpha peaks. 

The lower right comer is the signal voltage from 
the analog circuit. This number should be 
"stable"; that is, fluctuations should be no more 
than" 0.05V from the average value. 

Press [?] yet again, and you will see something 
like this: · 

w 
A 

cpm 
6.0 

I +/-
1 4.3 

%tot 
48.8 

This is the display for the A window data. You 
may press [?] to advance to B, C, D, etc. 

The RAD7 records 8 windows (A - H) every time 
you make a measurement. They separate counts 
due to daughters of radon and thoron, and the 
background. Specific alpha particles end up in 
specific windows . 

W: The window letter. 
cpm: The counts per minute observed in the 
window. 
+/-: The two-sigma statistical uncertainty of the 
cpm value, also in units of cpm. 
%tot: The number of counts in the window as a 
percentage of the total counts in the spectrum. 
This tells you quickly where the-majority of the 
counts are: In the 3-minute radon peak (window 
A), or the long-lived radon peak (window C), etc. 

As always, you press the [MENU] key to exit this 
display and return to the start of the menu . 

2.2.la Quick Save-and-Restart 

" 
This function allows the user to end a sniff test, 
store it to memory, and start up a new sniff test, 
all using a single key. It operates only from the 
SNIFF mode. 

From the status display (showing the countdown 
timer), press the [ENTER] key once. The display 
will show: 

Save and rest a rt 
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? Yes 

Press the [ENTER] key once more to confirm 
your intention. To escape, push the [MENU] key 
or push an arrow key to select "No" and push 
[ENTER]. 

2.2.2 Test Start and Test Stop 

To start testing (or "counting"), after you have 
chosen the required setup, go to >Test St a rt 
by pressing [MENU], [ENTER], [-+],and then 
[ENTER] . The display will indicate that 
counting has begun: 

Start counting. 

One second later, the Status display will appear 
with the countdown timer in motion: 

0501 
00:29:37 

Live Sniff 
00001 

.When the countdown reaches zero, the RAD? will 
automatically calculate the radon concentration, 
store (or "save") the counts to memory, and clear 
the counters to begin a new cycle. 

To interrupt the measurement, go to >Test Stop 
by pressing [MENU], [ENTER], [-+], [ENTER]. 

The display will respond: 

Stop counting. 

After one second, the display will go back to the 
top of the menu >Test. 

You may wish to examine the Status display to 
verify that the status is Idle. 

To resume testing from exactly the same point in 
the cycle where you stopped, select> Test 
Sta rt as described above. 

Note that Stop does not terminate the run, it is a 
pause. If you do not wish to resume testing from 
the same point, you should select either >Test 
Save or> Test Clear before continuing. This 
will terminate the suspended test, store it to 
memory (Save) or :wipe it out (Clear), and clear 
the counters to begin a new run. 
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2.2.3 Test Save 

The> Test Save command suspends counting 
and saves the suspended test (test-in-progress) to 
memory as if it had reached completion. Test , 
Save completes the current run, so any subsequent 
test data will be stored as a new run. The display 
momentarily shows the run and cycle number in 
the form of 0101 Saved. This command may be 
accessed whether the status is Live or Idle. It 
always leaves the status Idle. 

You will find this command especially useful 
when you wish to move the instrument to another 
location without waiting for the countdown to 
reach zero, but without losing that last incomplete 
cycle. The calculated radon concentration from 
the incomplete cycle is still good. 

2.2.4 Test Clear 

The> Test Clear command causes counting to 
be suspended and the current run to be completed 
without saving the last (suspended) incomplete 
cycle. Subsequent test data will be stored as a 
new run. You must answer Yes to the question 
Are you sure? in order to activate this command . 

This command may be accessed whether the 
status is Live or Idle. It always leaves the status 
Idle. 

2.2.5 Test Purge 

The> Test Purge command suspends counting 
and begins purging the detector. The pump 
begins running and the high voltage circuit turns 
off in order to clear the sample chamber of radon 
gas and daughters as quickly as possible. You 
must provide clean, desiccated, radon-free air to 
the inlet in order to push out any radon that was 
previously sampled. Outdoor air is usually 
adequate for this purpose. 

As always, use the inlet filter and drying tube. 
Ten minutes is usually sufficient for bringing the 

· background down after exposure.Jo moderate 
amounts of radon. 

In order to dry out the RAD? without using up 
much desiccant, connect the hoses from the 
RAD? to the drying unit, as a loop. When the 
pump runs, the same air will circulate repeatedly 
through the desiccant. This procedure will 
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efficiently remove residual moisture from the 
RAD7. This does not introduce any fresh air, and 
so does not change the radon level in the 
instrument, but you can make a measurement of 
the background while it is set up in this 
configuration. 

To end the purge, answer Yes to the question 
Stop purge? which appears on the display. 
Alternatively, you may push [MENU] to end the 
purge. 

2.2.6 Test Lock 

If you push [ENTER] when this is displayed, it 
will lock the key pad. The LCD display will just 
show: 

DURRIDGE RAD7 

Nobody will be able to unlock the key pad, unless . 
they know the secret. 
If the key pad was locked during a measurement, 
then the readings will continue as normal, with 
the RAD7 recording all the data, until the end of '
the run . 

Switching the unit off, while locked, will stop the 
measurement, but the key pad will still be locked 
when the RAD7 is switched on again. 

To unlock the key pad, hold the [ENTER] and 
both arrow keys down, all together, for 3 - 4 
seconds, or until the unit beeps, then release the 
three keys and push [MENU] immediately. 

2.2. 7 Test Sleep 

The >Test Sleep command allows you to tum 
off most of the electronic circuits, with the power 
switch on, in order to conserve battery charge. A 
fully charged RAD7 should be able to "sleep" for 
about one week on batteries alone. Press the 
menu key to "wake up" the RAD7. 

The Sleep function was for older models that did 
not have the Real Time Clock (RTC) and Non
Volatile Memory (NVRAM) options. New and 
upgraded instruments may be shut down 
completely, power switch off, without losing any 
stored data or clock. 
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2.2.8 Test Print 

The> Test Print command calculates results 
for an incomplete or suspended test cycle and 
prints them according to the print format that is 
currently set. 

Spectrum output is available by selecting >Setup 
Format Long beforehand. 

If you wish to abort printing, press the [MENU] 
key. The run number and cycle number that 
ordinarily appear on printed data are replaced by , 
0000 to signify that the cycle is not completed. 

2.2.9 Test Com 

The> Test Com command outputs the results for 
an incomplete test cycle to the serial port. 

If you wish to abort output, press the menu key. 
The run number and cycle number that ordinarily 
appear with the data are replaced by 0000 to 
signify that the cycle is not completed. 

2.3 Data 

The Data group of commands retrieves data from 
memory, displays it, prints it, reports it · 
graphically, and outputs it to the serial port. The 
Data group also includes commands for managing 
memory. The memory will hold the data for 
1,000 cycles, in up to 100 runs. 

Many commands in the Data group require you to 
enter a two-digit run number after the command. 
The "default" run number (the one automatically 
set if you do nothing) is the run number of the last 
complete cycle of data stored. The arrow keys 
allow you to select any other run number. 

2.3.1 Data Read 

Select >Data Read followed by a two-digit run 
number, to examine radon readings from that 
particular run. For example, select >Data Read 
01 to examine readings from run number 01, the 
first test in memory. 
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You will see something like this: 

0101 23 • 3 II 1. 54 p 
11:45 19-MAY-99 

Line 1 is the run/cycle number followed by the 
radon concentration, two-sigma uncertainty, and 
unit indicator. This example shows: 

Run 01, Cycle 01, 23.3 " 1.54 pCi/L. 

Line 2 is the time (24-hour military time) and date 
the reading was completed. 

Press [-?] to advance to the next reading in 
memory; press the backward arrow to go back to 
the previous reading. 

To quit examining data, press [ENTER] or 
[MENU]. 

Note that large numbers are presented in 
shorthand notation. The symbol "K" stands for 
1,000 and "M" stands for 1,000,000. For 
example, 33K2 stands for 33,200. 

2.3.2 Data Print 

To print out a run of data from memory, select 
>Data Print followed by the two-digit run 
number. For example, to print the data from run 
number 05, select >Data Print 05. · · 

If the printer format has been set to Short, the 
following printout will be made for each cycle of 
the run: 

0501 2,69 II 2.83 
FRI 21-MAY-99 
26.8 EC RH: 7% 

p Sniff 
19:41 

B:7.06V 

Line 1 is the run/cycle number, the radon 
concentration, the two-sigma uncertainty, the 
units indicator (p=picoCuries per liter, 
B=Becquerels per cubic meter), and the mode 
indicator. 

Line 2 is the date and time that the cycle was 
completed and stored to memory. 

Line 3 is the temperature (in either "C" Celsius or 
"F" Fahrenheit), relative humidity (internal), and · 
battery voltage at the time the cycle ended . 
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If the printer format has been set to Medium or 
Long, then you will see a printout like this for 
each cycle: 

p 0501 2.69 II 2.83 
FRI 21-MAY-99 
26.8 EC RH: 7% 

19:41 
B:7.06V 

Total Counts: 42. 
Livetime: 27.8min 
A: 0.53 11 0.08 cpm 
B: 0.02 11 0.02 cpm 
C: 0.52 11 0.08 cpm 
D: 0.01 11 0.02 cpm. 
O: 0.0411 0.03 cpm 

Sniff 

47.3% 
1. 7% 
46.4% 
0.9% 
3.6% 

Lines 1, 2 and 3 are the same as in Short format, 
as outlined above. Line 4 is the total number of 
counts detected during the cycle. 

Line 5 is the livetime, the time that the detector 
was actively collecting data. 

Lines 6 through 10 are the windows data for 
windows A, B, C, D, and 0. (0 is the 
consolidated window for "others", or counts that 
are not included in windows A through D.) 

Each line of windows data contains the window 
letter (A, B, C, etc.) followed by the window's 
counts per minute ( cpm), two-sigma statistical 
uncertainty of the counts per minute, and percent 
of the total counts included within that window. 

NOTE: The RAD7 does not store spectra from 
old cycles, so no spectra will print from memory 
even ifthe printer format is Long. If you need a 
spectrum, be sure you print while the test is still 
running. 

If no data are available to print, the RAD7 will 
beep and display No tests stored. 

To abort a printout, press the menu key, then press 
the printer paper advance button. 

2.3.3 Data Com 

The RAD7 has an RS232 port that can transfer 
data to your computer. Status must be Idle. 

To send a run of data to the serial port, select 
>Data Com followed by the two-digit 
run number. When ready, push [ENTER] . 
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The following message will appear 
on the display as the data is sent 

Data transfer ... 

When the data transfer finishes, the RAD7 will 
beep. 

To enable your PC to receive data, appropriate 
software should be.running. A terminal emulation 
program, or CAPTURE, the data link software 
provided with the RAD7, may be used. See 
Chapter 6 for more details on data 
communication. 

2.3.4 Data Summary 

To print a summary report and time graph of a 
run's data, select >Data Summary followed by 
the two-digit run number. The following 
information will be printed: 

Run 31 
Begin 01-Jun-99 12:49 
Serial 00500 
Cycles = 048 
Mean: 0.77 pCi/l 
S.D.: 0.27 pCi/l 
High: 1.41 pCi/l 
Low: 0.20 pCi/l 

where: 
Line 1 is the run.number. 
Line 2 shows the date and time of the first 
reading. 
Line 3 is the serial number of the instrument. 
Line 4 is the number of completed cycles in the 
run. 
Line 5 is the arithmetic mean (or "average") of the 
radon concentrations recorded. 
Line 6 is the standard deviation of the readings 
taken during the run. 
Lines 7 and 8 are the highest and lowest radon 
concentrations. ' 

Following Line 8 is a bar graph of radon 
concentration through time. Time-of-day is 
printed along the left-hand edge of the graph. If 
there is only one cycle of data, the bar graph will 
not print. 

This printout procedure has been programmed 
into several protocols. When you choose one of 
the pre-programmed protocols, this report is 

printed out automatically at the end of the run, 
together with a cumulative spectrum. 

2.3.5 Data Free 

To determine the amount of free memory 
available for storing new radon readings, select 
>Data Free, and push [ENTER]. 

For about two seconds, the display will look 
something like this: · 

910 cycles free. 

The RAD7 can store up to 999 cycles of data. As 
the memory fills with data, the Data Free 
indicator decreases. If the Data Free ii:idicator 
reaches 000, any subsequent attempt to store data 
to memory will result in a "memory full" error. 

Keep your eye on this indicator to avoid 
embarrassment! When the amount of free 
memory gets uncomfortably low (i.e. 200 or less), 
consider deleting un-needed old data to open up 
space for new data. See Data Delete and Data 
Erase. 

· 2.3.6 Data Delete 
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To delete an entire run of data, select >Data 
Delete followed by the two-digit run number. 

The display will prompt you for confirmation: 

Delete run 31? 
No 

Press [-+] to find Yes, then press [ENTER] to 
delete the run's data from memory and free the 
space for new data. No other run's data will be 
affected. 

Aftt~r deletion of a run's data, any attempt to 
retrieve the data will result in a No tests 
stored message. The main purpose of the Data 
Delete command is to selectively free up memory 
space for new tests. Do not confuse Data Delete 
with Data Erase, which wipes out all runs of data 
from memory. See also Data Free, Data 
Renumber, and Data Erase. 
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2.3.7 Data Renumber 

Select >Data Renumber to renumber remaining 
runs into consecutive order after deleting one or 
more runs. This allows you to free up run 
numbers for new runs to be added, which is 
necessary when the run number approaches 99. 

Say you have used all 99 runs and you wish to 
clear out some space for new runs. Furthermore, 
you have decided that you no longer need the data 
from runs 01 to 10. Delete these runs using Data 
Delete. Now select >Data Ren umber to 
renumber runs. Runs 11 to 99 become runs 01 to 
89, leaving 90 to 99 free to take new data. 

The Data Renumber command does not free up 
memory space, only run numbers. The 999 cycle 
memory limit remains whether or not all 99 runs 
have been used. 

2.3.8 Data Erase 

Sel~ct >Data Erase only if you wish to 
completely wipe all data from the entire RAD7 
memory. Data Erase deletes all runs and resets 
the current run/cycle number to 0101. 

Select >Data Erase. The RAD7 will ask for 
confirmation: 

Erase all Tests? No 

Press [-+] to find Yes. Press [ENTER] to 
complete the erasure. Use with caution! 

2.4 Setup 

The Setup group of commands configures the 
RAD7 to perform tests according to your needs. 
The RAD7 remembers all Setup parameters when 
it is turned off, so access the Setup commands 
only to change parameters. 

Setup includes a I-step >Setup Protocol 
command to configure the most frequently used 
parameters (Cycle time, Recycle number, Mode 
setting, and Pump setting) according to preset 
"protocols". These standard preset protocols 
include (None), Sniff, 1-day, 2-day, Weeks (that 
is, indefinite), User (which lets you preset your 
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own), Grab, Wat-40 and Wat250 (for use with the 
RAD H20), and Thoron. 

The special command >Setup SavUse r defines 
the user protocol according to the current 
parameter settings. 

2.4.1 Setup Protocol 

Select >Setup Protocol to automatically load 
in a group of predefined Setup parameters under 
one of the standardized protocols, or the User 
protocol. If you do not wish to select a protocol, 
you may abort the command by pressing the 
menu key, and no parameters will be changed. 

Table 2.4.1 Preset protocols 

Cycle Recycle Mode Thoran Pump 

Sniff 00:05 0 Sniff Off Auto 

1-day 00:30 48 Auto Off Auto 

2-day 01 :00 48 Auto Off Auto 

Weeks 02:00 0 Auto Off Auto 

User xxx xxx xxx xxx xxx 
Grab 00:05 4 Sniff Off Grab 

Wat-40 00:05 4 Wat-40 Off Grab 

Wat250 00:05 4 Wat250 Off Grab 

Thoran 00:05 0 Sniff On Auto 

A Recycle number of 00 indicates indefinite test 
length. The test ends only if the operator 
intervenes, or if the RAD7 memory fills. 

2.4.2 Setup Cycle 

How long a test do you want, and how often do 
you want the RAD7 to take a reading (a cycle)? 
A typical radon test is made up of many cycles. 

Select >Setup Cycle to adjust the Cycle time, 
or integration time, for a single radon reading. 
The Cycle time can be adjusted anywhere from 
two minutes to 24 hours. For continuous 
monitoring, the Cycle time is usually 30 minutes 
or longer. For radon sniffing, the Cycle time is 
usually 5 or 10 minutes. For tl.ioron sniffing, the 
cycle time may be as little as 3 minutes. 

Upon selection of >Setup Cycle, push 
[ENTER] and you will see something like this: 
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Cycle: 00:30 

First, select the number of hours (00 to 23), and 
press [ENTER]. Then select the number of 
minutes (00 to 59) and press [ENTER] . 

Remember that a run includes many cycles in 
sequence, and the total duration of the radon test 
is determined by the Cycle time multiplied by the 
number of cycles, or Recycle number. To adjust 
the Recycle number, use the >Setup Recycle 
command. 

2.4.3 Setup Recycle 

How long a test do you want, and how often do 
you want the RAD7 to take a reading (a cycle)? 
You determine the length of your test by choosing 
both the length and number of cycles. If you 
make a reading every 30 minutes, you will need 
48 cycles to get a 24-hour test. In this case, 48 is 
the Recycle number. 

Use >Setup Recycle to set the total number of 
cycles in a complete run. Multiply Cycle time by 
Recycle number to determine the total duration of 
the run. 

Select >Setup Recycle. Push [ENTER] 
and you will see something like this: 

Recycle: 48 

Use the arrow keys to change the Recycle 
number, and press [ENTER] to complete the 
selection. Recycle number may be set from 00 to 
99. 

If 00 is selected, then the number of cycles is 
assumed to be infinite. Select 00 if you want the 
RAD7 to collect data indefinitely, or to go beyond 
the 99th cycle. After the 99th cycle, the RAD7 
will then, simply start a new run, and continue 
collecting data. Data collection will stop only 
when the operator intervenes, or when the 
memory completely fills up. 
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2.4.4 Setup Mode 

Select >Setup Mode to change the RAD7 mode 
of operation. Five modes are available: Sniff, 
Auto, Wat-40, Wat-250, and Normal. 

SNIFF mode is used when you want to follow 
rapid changes of radon concentration. In SNIFF 
mode, the RAD7 achieves rapid response to 
changing radon levels by focusing on the 3-
minute polonium-218 alpha peak, calculating the 
radon concentration on the basis of this peak 
alone. 

In NORMAL mode, the RAD7 achieves higher 
statistical precision by counting both 
polonium-218 and polonium-214 alpha peaks. 

AUTO mode automatically switches from SNIFF 
mode to NORMAL mode after three hours of 
continuous measurement. This allows time for 
the equilibrium of the longer-lived radon daughter 
isotopes. The earliest part of the run will have the 
benefit of the SNIFF mode's quick response, 
while the latter parts of the run will benefit from 
the NORMAL mode's superior statistical 
prec1s10n. 

We recommend that the AUTO mode be used for 
all screening tests and any tests to measure the 
average concentration over a period of time. With 
the AUTO mode there is no need to throw away 
the first three hours of data, or to calculate 
adjustments to correct for disequilibrium. The 
mean concentration reported in the run summary 
should accurately reflect the actual mean. SNIFF 
mode should be used where the goal is to follow, 
and measure, rapid changes in the radon 
concentration. 

Wat-40 and Wat250 make calculations of the 
radon concentration in 40 mL and 250 mL water 
samples, respectively. They require the RAD 
H20 water accessory kit to aerate the water under 
the controlled conditions necessary for these 
calculations. 

2.4.5 Setup Thoron 

Select >Setup Thoran. Push [ENTER] and you 
will see: 

Thoran: Off 
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Use the arrow keys to toggle between On and Off, 
and press [ENTER] to complete the selection. · 

With Thoron On, the calculated thoron 
concentration will be printed during continuous 
data logging, or in subsequent printing of data. 
Also, if the pump is in AUTO mode, it will be 
directed to pump continuously during the thoron 
measurement. 

Note that the thoron calculation assumes a 
standard setup for the measurement. A small 
drying tube, three feet of vinyl tubing, and the 
inlet filter, should be used. Typically, the small 
drying tube is held in the hand, and used as a · 
wand. If the laboratory drying unit is used instead 
of the small drying tube, it creates additional 
sampling delay, which allows more of the thoron 
to decay before reaching the RAD7, reducing the 
sensitivity of the measurement to about half that 
()f the standard setup. 

The only difference between Sniff protocol and 
Thoron protocol is that this setting, 'Setup 
Thoron', is Off in Sniff protocol and On in 
Thoron protocol (See Setup Protocol, Chapter 
2.4.1). 

2.4.6 Setup Pump 

Select >Setup Pump to change the Pump setting. 
Four settings are available: Auto, On, Grab, and 
Off. 

Auto means that the RAD7 switches the pump on 
and off according to a predetermined pattern that 
allows for sufficient sampling of air while 
conserving battery charge and pump wear. 

In Auto pump setting, the pump always switches 
on for 4 minutes at the beginning of a new test 
cycle to ensure a good initial sample. If the 
humidity in the sample cell remains above 10%, 
then the pump stays on to allow the cell to dry 
out. Then the pump runs for just one minute in 
every five, until the end of the cycle. 

On means the pump is always on, whether the 
RAD7 is counting (Live) or not (Idle). 

Grab initiates a standard grab sampling sequence 
at the beginning of a run. When you start a new 
run with the pump set to Grab, the pump will run 
for exactly 5 minutes .. This is followed by a five-
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minute equilibrium delay, after which the 
counting period begins. The pump does not run at 
all during the counting period. As usual, you can 
determine the length of the count period by 
multiplying the cycle time by the recycle number. 
The total tim_e to complete a test is the pump 
sample time (5 minutes) plus the delay period (5 
minutes) plus the count period. Note that the 
Grab, Wat-40 and Wat250 protocols, under 
>Setup Protocol, above, all use this pump 
setting. 

Off means the pump is always off. 

Use Auto pump setting for routine radon testing. 
The RAD7 has been factory calibrated with the 
pump in this setting. 

2.4. 7 Setup Tone 

Select >Setup Tone to choose the audible tone 
type. Three settings are available: Off, Chime, 
and Geiger. Off means the beeper remains quiet. 
Chime means the beeper will sound only at the 
end of a cycle, and is otherwise silent. Geiger 
means the beeper will emit a chirp whenever a 
particle is detected, much like the familiar Geiger 
counter. But unlike a Geiger counter, the pitch of 
the chirp depends on the energy of the alpha 
particle. A trained ear can distinguish "old" radon 
from "new" radon by the sound of the chirps. The 
thoron beep is the highest pitch. In the Geiger 
setting, anyone will recognize a radon "gusher" by 
the rapid-fire chirping the RAD7 produces. 

2.4.8 Setup Format 

Select >Setup Fo rrnat to change the way data 
are printed out. Four settings are available: 
Short, Medium, Long, and Off. 

Short causes the RAD? to print results in an 
abbreviated form. Three lines of printed text 
contain a cycle's most important data: the run/ 
cycle number, radon concentration and two-sigma 
uncertainty, units and mode, time and date, 
temperature, relative humidity (internal), and 
battery voltage. 

Medium and Long printouts include seven 
additional lines of data: total counts, livetime, and 
counts per minute for five alpha energy windows. 
These seven lines are the raw data from which the 
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radon concentrations shown in the first line of the 
printout are calculated. 

The Long format, when printing from a test in 
progress (Live) includes a graph of the alpha 
energy spectrum. Since spectra cannot be saved 
to long-term memory, the spectrum will not be 
printed when retrieving past data. 

Off means that no data will print out at the end of 
each cycle, but the summary and cumulative 
spectrum will print at the end of the run (if the 
printer is set up and switched on). 

, 2.4.9 Setup Units 

Select >Setup Units to change the 
measurement units with which the RAD7 reports 
radon concentration and temperature. First, enter 
the radon concentration unit (pCi/L = picoCuries 
per liter, Bq/m3 = Becquerels per cubic meter, 
cpm= counts per minute, #cuts= number ofraw 
counts). Next, enter the temperature unit LF = 
degrees Fahrenheit, _ C = degrees Celsius or 
Centigrade). 

PicoCurie is the favored unit of radon activity in 
the U.S., while Becquerel is the favored unit in 
Europe and Canada. 1 pCi/L equals 3 7 Bq/m3. 

"Counts per minute" is the direct output of the 
RAD7 while "number of raw counts" is the raw 
direct output. With livetime, mode, and 
calibration factor, one can convert from any of 
these units to any other, but it is usually easier to 
let the RAD7 do the work. 

The choice is retroactive. Change the unit using 
the >Setup Units command, then print out the 
same data. Everything will print as before, but in 
the new units. 

2.4.10 Setup Savuser 

Select >Setup SavUse r to program the special 
User protocol according to the present Setup 
parameters. You must answer Yes, and push 
[ENTER] , to confirm that you wish to change the 
User protocol. The purpose of this command is 
to give you an opportunity to customize a 
protocol according to a set of favorite parameters. 
Thereafter, it's a cinch to return to the same set of 
parameters; simply select >Setup Protocol 
[7] User. 
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The User protocol has many possible applications . 
One RAD7 owner uses her instrument for 3-day 
screening tests. To make the setup easy, she 
programs the User protocol with the parameters 
for a 72-hour screening test. To do this, she first 
sets up all the parameters as she wants them. She 
enters 2 hour for the Cycle time, 36 for the 
Recycle number, Auto for the Mode setting, Off 
for thoron, and Auto for the Pump setting. 

Finally, to program the User protocol with these 
values, she selects >Setup SavUse rand 
answers Yes to the confirmation question. After 
that, she can easily return to the 72-hour protocol 
by selecting >Setup, Protocol, User, any 
time she wishes. 

2.4.11 Setup Clock 

Use >Setup Clock to change time zqnes, go in 
or out of daylight savings time, or to synchronize 
the RAD7 clock with another clock. The Real 
Time Clock (RTC) will maintain time-of-day and 
calendar date for as long as 10 years, and is 
accurate to within one minute per month at room 
temperature . 

Select >Setup Clock to set the time and date of 
the RAD7 clock. You will see: 

Time: 15:05:34 

The time is listed with hours first, then minutes, 
then seconds. The arrow keys can be used to 
change each value. Holding an arrow key down 
will cause the number to change quickly. The 
cursor (blinking square) will start on the hour. Set 
the correct number with the arrow keys, then push 
[ENTER] to confirm. Do the same for the 
minutes and seconds. 

Next you should see: 

Date: 13-DEC-11 

Dates are listed with the day of the month first, 
then the month, then the year. As with the RAD7 
clock, the date is set by using the arrow keys to 
change each value. Press [ENTER] after each 
figure is set to move on to the next. 
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2.4.12. Setup Review 

The >Setup Review command allows you to 
display and print a listing of the current 
instrument settings, including Date and Time, 
Protocol, CycleTime, Recycle, Mode, Thoron, 
Pump, Tone, Format and Units. Thus you can 
check that the instrurrient is set up properly, and 
confirm this, in hard copy, right on the data 
printout. 

2.5 Special 

The Special menu offers access to a selection of 
additional commands, provided by the RAD7's 
RAD LINK remote control software. If for any 
reason RADLINK is not present, you will see the 
following when entering the Special menu: 

Not installed. 
Install? No 

Use the arrow keys to toggle between Yes and No. 
If you confirm Yes, the RAD7 will sit, waiting for 
a data string at the RS232 port. If necessary, 
DURRIDGE will complete this RADLINK 
installation process when the RAD7 is returned 
for calibration. 

IfRADLINK is installed, then >Special opens a 
menu of special commands available from the 
keypad of the RAD7. All the commands, both 
standard and special, will also be accessible from 
a remote PC, either directly, or by modem 
connection. 

The following command set are those available 
with RADLINK version 0252. Earlier versions 
will have a subset of these. 

2.5.1 Special Ident 

Output the RAD7 identification sequence, 
including firmware version, hardware model 
number, unit serial number, and last calibration 
date. 

2.5.2 Special SPrOn 

Re-direct subsequent output from the infrared 
printer to the serial port. In other words, 
everything that would ordinarily be printed will 
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shoot out the serial port, but nothing will be 
printed, even when you say "Print". One reason 
to use this might be to move the data very quickly 
into a computer without waiting for the (slow) 
infrared printer link. You can cancel the re
direction order and restore the use to the infrared 
printer with the "Special SPrOff' command. 
When you turn off the RAD7 and tum it on again, 
it always restores output to the infrared printer. 

Note that the spectra that would be printed on the 
infrared printer are not sent to the serial port by 
Special SprOn. 

2.5.3 Special SPrOff 

Cancel the printer to serial port re-direction, so 
that output can go to the printer again. 

2.5.4 Special SetBaud 

Set the serial port bit rate. The following standard 
speeds are available: 300, 600, 1200, 2400, 4800, 
9600, and 19,200 bps. The other communication 
settings are always 8 bit, no parity, and 1 stop bit. 
The RAD7 remembers the serial port speed when 
you power down. Note that at the highest serial 
speed settings the RAD7 may not be able to keep 
up with incoming character strings ullless the 
characters are "paced". An "echo-wait" strategy 
will avoid this problem. Also note that the RAD7 
recognizes XOFF/XON flow control protocol 
when sending data. 

2.5.5 Special Status 

Gives a snapshot of the RAD7 status page, 
including run and cycle numbers, countdown 
timer, last reading, temperature, humidity, and so 
on. This is basically the same information that 
you can get with "Test Status", but it gives the 
data in one shot and does not continue to update 
every second. 

2.5.6 Special Start 

Same as "Test Start" (see Chapter 2.2.2, Test 
Start), but does not go into a continuously 
updating status display. 

2.5.7 Special Stop 

Same as "Test Stop" (see Chapter 2.2.2 Test Stop). 
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2.5.8 Special Comspec · 

Output the current test data, iricluding the counts 
in all 200 alpha energy bins. These counts can be 
imported into a spreadsheet program and 
displayed as a graph of the energy spectrum. 

2.5.9 Special ComAll 

(Version 0244/940221 or later) - Output complete 
set ofRAD7 test data (up to 1000 readings) to the 
serial port in comma delimited format. 

2.5.10 Special SPrAll 

Output complete set ofRAD7 test data (up to 
1000 readings) to the serial port in standard, 
readable 24 column printer format, without 
affecting the infrared printer. 

2.5.11 Special S-Load 

Used to load special software into the RAD7 
through the serial port. 

2.5.12 Special Version 

Output the special extension version number. 

2.5.13 Special Model 

Output the RAD7 hardware version number. 

2.5.14 Special Serial 

Output the RAD7 unit serial number. 

2.5.15 Special Beep 

The RAD7 gives an audible beep tone. Does not 
make any sound ifthe tone setting is "Off'. 

2.5.16 Special Relays 

Access the RELAYS set of commands. At the 
end of every cycle, if the function' is enabled, the 
RAD7 will set or reset two external relays 
according to the individually set thresholds and 
the measured radon level. The commands consist 
of 'relayl ', 'relay2', 'enable', and 'disable'. Use 
the arrow keys to scroll between these commands. 
Relay 1 permits the user to set a level, above 
which the RAD7 will tum on relay 1, and below 
which it will tum the relay off. Relay2 does the 
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same for the second relay. 'Enable' causes the 
function to go into effect. Note that the command 
to the relays is sent after the RAD7 has finished 
printing data at.the end of the cycle. 'Disable' 
stops the RAD7 from sending any commands to 
the relays. 

2.6 Infrared Printer 
/ 

The RAD7 uses an infrared link to print to the 
supplied printer. Note that all references to the 
RAD7 printer in this manual apply to the . 
Omniprint OMlOOO printer and to the Chamjin 
l&C New Handy printer, model 700-BT. The 
most significant difference between these printers 
and the previously supplied, riow obsolete HP 
82240B printer is that the HP printer had to have 
extemal 12V power supplied in order to stay 
awake for more than 10 minutes between 
printouts. The newer printer models do not accept 
external power. 

The printer should be placed on the RAD7 face 
plate, between the green lines as indicated. 
Because the print mechanism uses thermal 
technology, only thermal paper will work. 
Detailed instructions are provided in Appendix 1 
at the end of this manual. 

If the printer is placed in position and switched on 
before switching on the RAD7, it will print out 
idenHty information and a review of the setup, 
before the RAD7 goes to >Test. It is good 
practice to do this if the measurement data are to 
be printed out, because it automatically provides a 
header for the data printout, with instrument 
identity and setup: 

DURRIDGE RAD7 
Vers 2.Sf 991128 
Model 711 
Serial 00512 
Calib 20-MAY-11 
Last used 

FRI 21-MAY-11 17: 30 

Current settings 
FRI 21-MAY-11 19:09 

Protocol: 2-Day 
Cycle: 00:60 · 
Recycle: 48 
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Mode: Auto 
Tho ron: Off 
Pump: Auto 
Tone: Geiger 
Format: Short 
Units: pCi/L EC 

At the end of every cycle, the printer will print the 
data of that cycle, according to the format setting. 
In short format, it prints: 

0102 2 • 69 II 0, 73 
FRI 21-MAY-99 
26.8 EC RH: 7% 

p Sniff 
19:41 

B:7.06V 

With the run and cycle number, radon level, two
sigma uncertainty, units and mode in the top row, 
date and time in the second, and temperature, 
humidity and battery voltage in the third. 

Medium format adds: 

Total Counts: 357. 
Livetime: 28.2 min 
A: 5.74" 0.98- cpm 45.4% 
B: 0.32" 0.29 cpm 2.5% 
c : 6 • 13 II 1. 01 C pm 48 • 5% 
D: 0.00" 0.14 cpm 0.0% 
0: 0.46" 0.34 cpm 3.7% 

Counts scale, auto-ranging 

Where the lifetime is the actual time spent waiting 
for an event, slightly less than the elapsed time. 
The windows, A, B, C, D, and all the rest, 0, 
correspond to the-different alpha energies in the 
spectrum. 

Long format adds, to the short and medium 
formats, a printed spectrum of the alpha energies, 
as shown below. 

At the end of a run, the printer will print a 
summary, see figure in Chapter 1.4. It will 
include an average of the radon concentrations, 
the high value, low value and standard deviation. 
These are followed by a bar chart, showing the 
variation of radon concentration from cycle to 
cycle throughout the run. Finally, it prints a 
cumulative spectrum, showing the distribution of 
energy of all the alpha decays counted during the 
run. This spectrum is very informative. It gives a 
good indication of the condition of the instrument 
and the quality of the measurement. It is a useful 
habit to look at the cumulative spectrum from 
time to time, just to be sure that it has not changed 
in character. 

Window indicators A, B, C, and D 

~ A I BI [ D 
Dotted lines show 

'/window boundaries 
-
-
-
-
-
-
- . .J 
....I-~~~~~....-...... ~---~ &---~~~ 

6 7 8 9 
"'- Alpha energy scale 

2 3 4 5 

/ 
Peak in window A at 6.00 MeV 
(New radon) 

(in MeV units) 

Peak in window C at 7.69 MeV 
(Old radon) 

Alpha Energy Spectrum 
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3 . BASICS OF RAD7TECHNOLOGY: 
HOW IT WORKS 

3.1 Introduction 

This chapter deals with a number of fundamental 
facts concerning radon and thoron, their 
measurement in general and their measurement, 
specifically, with the RAD?. It is not necessary to 
master the underlying physics to become 
proficient in the use of the instrument, but some 
understanding of what is happening is helpful. 

It is recommended that the user read the entire 
manual, including this chapter, on first acquiring 
the instrument, and then again after gaining some 
experience in the field. 

3.2 Radon Decay Chain 

When the earth was formed, billions of years ago, 
there were probably many radioactive elements 
included in the mix of material that became the 
earth. Three, of interest, have survived to this 
day, namely uranium-235, uranium-238, and 
thorium-232. Each has a half life measured in 
billions of years, and each stands at the top of a 
natural radioactive decay chain. 

A radioactive element is unstable. At some 
indeterminate moment, it will change to another 
element, emitting some form of radiation in the 
process. While it is impossible to predict exactly 
when the transformation of an individual atom 
will take place, we have a very good measure of 
the probability of decay, within a given time slot. 
Ifwe started with a very large number of atoms of 
a radioactive element, we know quite precisely 
how long it would take before half those atoms 
had decayed (though we could not identify the 
decaying atoms individually, beforehand). This 
time interval is called the half-life of that 
particular element. 

A natural radioactive transformation is 
accompanied by the emission of one or more of 
alpha, beta or gamma radiation. An alpha particle 
is the nucleus of a helium atom. It has two 
protons and two neutrons. Thus an 'alpha decay' 
will reduce the atomic number by two and reduce 
the atomic weight by four. A beta particle is an 
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electron, with its negative charge. Thus a beta 
decay will increase the atomic number by one and 
leave the atomic weight unchanged. A gamma ray 
is just a packet of energy, so a gamma decay by 
itself would leave both the atomic number and 
atomic weight unchanged. 

A decay chain is a series of distinct 
transformations. A uranium-235 nucleus goes 
through a series of 11 transformations to become 
stable lead-207. A thorium-232 nucleus goes 
through 10 transformations to become stable 
lead-208. And a uranium-238 nucleus goes 
through 14 transformations to become stable 
lead-206. 

All three of these natural decay chains include 
isotopes of radon. Radon-219, or "actinon", is a 
link in the uranium-235 chain. You will probably 
never encounter actinon in indoor air, due to its 
scarcity and short half-life. Radon-220, or . · 
"thoron", is part of the thorium-232 decay cham. 
You will sometimes encounter thoron in indoor 
air, particularly near radon entry points, and, more 
often, in soil gas. Radon-222, or familiar "radon", 
is part of the uranium-238 decay chain. You will 
almost always be able to detect radon-222 in 
indoor air, outdoor air, and soil gas. 

The radon isotope is the first element, in each of 
the decay chains, that is not a metal. It is, in fact, 
an inert, or "noble'', gas. So it can escape any 
chemical compound its parent (radium) was in, 
and diffuse into the air. 

To focus on these inert gases, the thoron and 
radon decay chains, shown below, are those parts 
of the thorium-232 and uranium-238 decay chains 
that include just these radioactive gases and their 
short-lived progeny. 

It may be noted that only alpha decays change the 
atomic weight, and then only in steps of four. 
Thus the atomic weights of all the members of the 
radon-220, thoron, decay chain are divisible by 
four, while none of the radon-~22 are. 
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RADON DECAY SEQUENCE 

Polonium 214 

22.3 yr 26.8 min 

THO RON DECAY SEQUENCE 

Polonium 212 
0.3 µsec 

10.6 hrs 

Thallium 208 
3 min 

Radon and Thoron decay chains 

32 

Radon 222 
3.82 days 

_...,....__Polonium 218 

Radon 220 
55.6 sec 

3.05 min 
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3.2.1 Radon-222 (Radon) 

Every nucleus ofradon-222 eventually decays 
through the sequence polonium-218, lead-214, 
bismuth-214, polonium-214, and lead-210. With 
each transformation along this path the nucleus 
emits characteristic radiations: alpha particles, 
beta particles, or gamma rays, or combinations of 
these. The RAD7 was designed to detect alpha 
particles only, so we will emphasize alpha 
radiation. 

Radon-222 is an inert gaseous alpha-emitter that 
does not stick to or react with any materials. It 
has a half-life of 3.82 days. A particular radon 
nucleus may decay at any time, but it is most 
likely to decay between now and 8 days (two half
lives) from now. When the radon nucleus decays, 
it releases an alpha particle with 5.49 MeV of 
energy, and the nucleus transforms to 
polonium-218. The polonium nucleus can never 
go back to radon again. Polonium atoms are 
metals and tend to stick to surfaces they come in 
contact with, e.g., a dust particle in the air, or a 
wall, or the inside of your lung! 

Polonium-218 nuclei have a short half-life, only 
3.05 minutes, which means that most of them will 
decay within 6 minutes of their formation. The 
average polonium-218 nucleus lives for only 4.40 
'minutes before it decays (1.443 times the half-life 
gives the mean life): Like radon, polonium-218 
emits an alpha particle when it decays, but with 
an energy of 6.00 MeV rather than radon's 5.49 
MeV 

When polonium-218 decays, it transforms to 
lead-214, also a radioactive solid. But lead-214 
has a half-life of 26.8 minutes, and it emits beta 
radiation rather than alpha radiation. When 
lead-214 decays, it becomes bismuth-214, also a 
radioactive solid and a beta emitter. Bismuth-214 
has a half-life of 19.8 minutes, and transforms to 
polonium-214 when it decays. 

Polonium-214 is a bit different. It has a half-life 
of only 164 microseconds (0.000164 seconds) and 
it emits a 7.69 MeV alpha particle when it decays. 
When polonium-214 decays, it becomes lead-210, 
which has a half-life of22.3 years. This means 
that an average lead-210 nucleus takes 1.443 
times 22.3 years, or 32.2 years, to decay. Because 
of its long half-life, we usually ignore lead-210 as 
a factor in radon measurement, though it 
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adversely affects the background of some 
instruments (not the RAD7). 

Lead-210 eventually undergoes beta decay to 
Bismuth-210 which quickly (5 days half-life) 
undergoes a further beta decay to Polonium-210. 
Polonium-210 has a half-life of 138 days and 
decays with a 5.30 MeV alpha particle to 
Lead-206, which is stable. The 5.30 MeV alpha 
particle from Polonium-210 creates unwanted 
background in most radon monitors, but not in the 
RAD7. 

3.2.2 Radon-220 (Thoron) 

Similarly to radon-222, every radon-220 (thoron) 
nucleus eventually decays through a sequence of 
5 transformations to Lead-208. The main 
distinction is the very different half lives 
involved. 

Thoron has a half life of only 55.6 seconds. It 
.emits a 6.29 Me V alpha particle and transforms to 
polonium-216, which in tum has only a 0.15 
second half-life before emitting a 6.78 MeV alpha 
particle and transforming to Lead-212. 

Lead-212 hangs around for a long time, with a 
half-life of 10.6 hours. It transforms by beta 
decay to bismuth-212, which, in tum, has a half 
life of 60.6 min. 

Bismuth-212 has a 2: 1 split, with two thirds 
transforming by beta decay to polonium-212 and 
one third transforming by 6.05 MeV alpha decay 
to thallium-208. The polonium-212 decays 
immediately to lead-208, emitting an 8.78 MeV · 
alpha particle in the process, while the 
thallium-208, with a half-life of 3 min, undergoes 
a beta decay to the same destination, lead-208. 

3.3 Continuous Monitors· 

There are several types of continuous radon 
monitors on the market. Nearly all of these are 
designed to detect alpha radiation, but not beta or 
gamma radiation. Why? Because it is very 
difficult to build a portable detector of beta or 
gamma radiation that has both low background 
and high sensitivity. 
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Three types of alpha particle detectors are 
presently used in electronic radon monitors: 

1. Scintillation cells or "Lucas cells" 
2. Ion chambers 
3. Solid state alpha detectors. 

Each of these types has advantages and 
disadvantages relative to the others. All of these 
types can be used for low background alpha 
particle counting. 

The DURRIDGE RAD7 uses a solid state alpha 
detector. A solid state detector is a semiconductor 
material (usually silicon) that converts .alpha 
radiation directly to an electrical signal. One 
important advantage of solid state devices is 
ruggedness. Another advantage is the ability to 
electronically determine the energy of each alpha 
particle. This makes it possible to tell exactly 
which isotope (polonium-218, polonium-214; 
etc.) produced the radiation, so that you can 
immediately distinguish old radon from new 
radon radon from thoron, and signal from noise. ' . This technique, known as alpha spectrometry, 1s a 
tremendous advantage in sniffing, or grab
sampling, applications. Very few instruments 
other than the RAD7 are able to do this. 

A distinction should be made between true, real
time continuous monitors, and other instruments 
and devices. With a continuous monitor, you are 
able to observe the variation of radon level during 
the period of the measurement. This can 
sometimes show big swings in radon 
concentration and may allow you to infer the 
presence of processes influencing the level. _For 
good data, it is important that there be sufficient 
counts to provide statistically precise readings. 
Devices which give just a single, average reading, 
or whose precision is inadequate except after a 
long measurement time, are not, in this sense, 
continuous monitors. 

Another important parameter is background. This 
is the reading given by the instrument when there 
is no radon in the air sample. For low level 
·continuous monitoring, it is necessary that the 
backgroup.d be extremely low and stable. 
Because of the high quality alpha detector, and 
unique, real-time spectral analysis, the RAD7 
background is vanishingly small, and is immune 
to the buildup oflead-210, which plagues other 
instruments. 

34 

3.4 Sniffers 

Sniffing means taking quick, spot readings. Thus 
you can get a rough idea of the radon level, 
without waiting for a full, 48-hour, EPA protocol 
test. The technique is often used to locate radon 
entry points in a building. 

Any fast-response, continuous radon monitor, 
with a pump, can be used for sniffing. However, 
there are some factors to consider: One is the rate 
of recovery after exposure to high radon levels. 
When the sniffer finds a radon gusher, the whole 
radon decay chain builds up inside the instrument, 
and the various daughters become well populated. 
If the sniffer now moves to a low level region, it 
will take many hours for the lead/bismuth/ 
polonium-214 daughters to decay away. In the 
RAD7 this doesn't matter, because, in SNIFF 
mode, it looks only at the polonium-218 decays, 
and ignores the polonium-214 decays left over 
from previous sniffs. The polonium-218 has a 
three-minute half life, so the RAD7, sniffing for 
radon, has a 15 minute.response time to both 
sudden increases and sudden decreases in level. 

Unique to the RAD7 is the ability to sniff ~or 
thoron. Polonium-216 has a 150 ms half life, so 
the instrument response is virtually instantaneous. 
The only delay is the time required to put the air 
sample into the measurement chamber, which is 
about 45 seconds. 

Another factor, when sniffing, is the vulnerability 
(of other instruments) to lead-210 buildup. Only 
with the RAD7 can you continue to sample high 
levels, without having to worry about increasing 
the background. 

3. 5 Working Level 

Radon concentrations are determined by 
measuring the radioactivity of the radon or by 
measuring the radioactivity of the radon decay 
products. ·Instruments that measure radon decay 
products in the air are called "working level" 
monitors. Working level monitors sample air 
through a fine filter and then analyze the filter for 
radioactivity. The radon progeny are metal and 
they stick to the filter and are counted by a. 
working level instrument. Radon-222, an mert 
gas, passes through the filter, so it is not counted 
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in such an instrument. Therefore, a working level 
instrument measures the radon progeny 
concentration (polonium-218, etc.), in the air, but 
not the radon gas concentration. 

The RAD7, on the other hand, measures radon 
gas concentration. Radon daughters do not have 
any effect on the measurement. The RAD7 pulls 
samples of air through a fine inlet filter, which 
excludes the progeny, into a chamber for analysis. 

· The radon in the RAD7 chamber decays, 
producing detectable alpha emitting progeny, 
particularly the polonium isotopes. Though the 
RAD7 detects progeny radiation internally, the 
only measurement it makes is of radon gas 
concentration. 

In short, the RAD7 does not measure radon 
daughter concentrations (working levels), only 
radon gas concentrations. 

3.6 RAD7 Solid-State Detector 

The RAD7 's internal sample cell is a 0.7 liter 
hemisphere, coated on the inside with an 
electrical conductor. A solid-state, Ion-implanted, 
Planar, Silicon alpha detector is at the center of 
the hemisphere. The high voltage power circuit 
charges the inside conductor to a potential of 2000 
to 2500V, relative to the detector, creating an 
electric field throughout the volume of the cell. 
The electric field propels positively charged 
particles onto the detector. 

A radon-222 nucleus that decays within the cell 
leaves its transformed nucleus, polonium-218, as 
a positively charged ion. The electric field within 
the cell drives this positively charged ion to the 
detector, to which it sticks. When the short-lived 
polonium-218 nucleus decays upon the detector's 
active surface, its alpha particle has a 50% 
probability of entering the detector and producing 
an electrical signal proportional in strength to the 
energy of the alpha particle. Subsequent decays 
of the same nucleus produce beta particles, which 
are not detected, or alpha particles of different 
energy. Different isotopes have different alpha 
energies, and produce different strength signals in 
the detector. 

The RAD7 amplifies, filters, and sorts the signals 
according to their strength. In SNIFF mode, the 
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RAD7 uses only the polonium-218 signal to 
determine radon concentration, and the 
polonium-216 signal to determine thoron 
concentration, ignoring the subsequent and 
longer-lived radon daughters. In this way, the 
RAD7 achieves fast response to changes in radon 
concentration, and fast recovery from high 
concentrations. 

3.6.1 RAD7 Calibration and Data Correction 

The RAD7 depends on calibration to determine 
the radon and thoron concentrations it measures. 
Built into the RAD7 firmware are three 
sensitivities: 

1. Sniff sensitivity, counting only 218-Po for fast 
response. 

2. Normal sensitivity, counting both 218-Po and 
214-Po decays for higher precision. 

3. Thoran sensitivity, counting 216-Po decays 
for thoron. 

In calibration, the RAD7 is exposed to a known 
concentration ofradon (or thoron) and the count 
rates are measured. Your radon calibration 
certificate gives the two radon sensitivities. 

For thoron calibration, a separate calibration letter 
gives the calibrated thoron sensitivity. If thoron 
calibration is not conducted, the thoron sensitivity 
is estimated to be half the radon Sniff sensitivity,. 
which is usually a reasonable estimate. In either 
case, when making a thoron measurement the 
RAD7 has to be set up and used in Thoran 
Protocol for the thoron reading to be valid. 

In addition to the bare count rates in the three 
windows, there are various corrections and 
calculations that may be applied to calculate more 
precise radon and thoron concentrations. Some of 
these corrections are made automatically by the 
RAD7 itself. Others are optionally applied using 
DURRIDGE's CAPTURE software, after the data 
has been downloaded onto your computer. 

The RAD7's internal corrections and calculations 
are: 

a. Spill from window C into window B. This is 
important when measuring thoron in the 
presence ofradon-222. The DURRIDGE 
calibration system has no thoron in the 
sample air and it is therefore easy, during 
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calibration, to measure the spill and calculate 
it as a fraction of the count rate in window C. 

b. Bi-212 alpha decays occurring in theA 
window. This is important when measuring 
low radon concentrations in the presence of 
high thoron. The Bi-212 count rate is 
approximately half the Po-212 count rate, 
whose decays are in the D window. So, 
again, it is easy to measure the Po-212 count 
rate and use it to determine the Bi-212 count . 
rate and consequently the correction to be 
applied to the 218-Po count rate in window A. 

c. In WAT-40 and WAT250 protocols (used 
when recording RAD H20 data), the RAD7 
calculates the radon concentration of a water 
sample based on the radon concentration in 
the air loop. A known calibration factor is 
applied to achieve the necessary conversion. 

After RAD7 data has been downloaded onto a 
computer, the DURRIDGE CAPTURE software 
can perform additional calculations and 
corrections: 

a. B window to A window spill correction. This 
is important when measuring low radon levels 
in the presence of high thoron. 

b. Humidity correction. This is essential if the 
desiccant becomes completely hydrated 
during a measurement. 

c. Radon-in-water calculation. With the RAD 
AQUA and Radon-in-Water Probe, the 
equilibrium ratio between the radon 
concentration in the water and that of the air 
entering the RAD7 is a function of the 
temperature at the air/water interface. 
CAPTURE can be given the necessary 
temperature information via a data file 
produced by a temperature logger, or it can 
use the air temperature as measured by the 
RAD7, or it can be given a single temperature 
value. This temperature information is then 
used along with the radon-in-air readings to 
calculate the radon concentration of the water. 

d. Meaningful thoron threshold: The spill from 
window C to window B produces counts that 
must be deducted from the B count rate 
before the thoron concentration can be 
determined, but those spill counts have 
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statistical uncertainty. That means that a 
· count rate in B that is slightly above the 
calculated spill from C may, in fact, be merely 
a statistical variation of the spill rather than 
actual thoron. The spill, therefore, increases 
the uncertainty in the thoron reading. 
CAPTURE calculates a 'meaningful thoron 
threshold', taking into account the statistical 
uncertainty in the spill, and will display this 
threshold on the graph if so instructed .. 

e. Forced Sniff mode: For long-term 
measurements, the RAD7 is normally put in 
Auto mode, in which the measurement starts 
in Sniff mode so as to achieve a fast initial 
response, before automatically switching to 
Normal mode after three hours, when the 214-
Po decays have nearly reached equilibrium 
with the radon concentration. This assumes 
that the radon concentration is steady. If it 
appears that rapid changes in radon 
concentration were taking place, the user can, 
in CAPTURE, force the graph to display the 
data as if the RAD7 stayed in Sniff mode 
throughout the measurement, and thus see the 
rapid changes with a measurement time 
constant of just 12 minutes. 

3. 7 RAD 7 Spectrum 

The RAD7 spectrum is a scale of alpha energies 
from 0 to 10 Me V. Of particular interest are the 
radon and thoron daughters that produce alpha 
particles in the range of 6 to 9 Me V. 

When the radon and thoron daughters, deposited 
on the surface of the detector, decay, they emit 
alpha particles of characteristic energy directly 
into the solid state detector. The detector 
produces an electrical signal. Electronic circuits 
amplify and condition the signal, then convert it 
to digital form. The RAD7 's microprocessor 
picks up the signal and stores it in a special place 
in its memory according to the energy of the 
particle. The accumulations of many signals 
results in a spectrum. 

The RAD7 divides the spectrum's 0 to 10 Me V 
energy scale into a series of 200 individual 
counters, each representing a 0.05 MeV channel. 
Whenever the RAD7 detects an alpha particle, it 
increments one of these 200 counters by one. 



• 

• 

• 

Chapter 3 Basics of RAD? Technology 

Every so often, the RAD7 manipulates, 
condenses, prints out and stores data to long-term 
memory. Then it resets all 200 counters to zero, 
and begins the process anew. 

The idealized spectrum of a 6.00 MeValpha 
emitter looks like a single needle-thin spike at 
exactly 6.00 MeV. 

Although the RAD7 approaches this ideal, the 
actual spectrum shows a broadened peak centered 
at or near 6.00 MeV with a characteristic "tail" 
that stretches into lower energy channels. 
Electronic noise in the detector and amplifier 
causes the peaks to widen, while alpha particles 
that enter the detector at glancing angles cause the 
tail. Higher than normal operating temperatures 
tend to increase electronic noise, and so increase 
the width of the peaks. 
A combination of different alpha emitters appears 
on the spectrum as a series of different peaks. For 
example, a combination of equal amounts of 
Po218 and Po214 (as would occur in the case of 
radon daughter equilibrium) appears as twin alpha 
peaks. One peak (Po218) is centered at 6.00 
MeV, while the other (Po214) is centered at 7.69 
MeV. 

The second example spectrum, shown in Chapter 
3 .13, is the characteristic signature of radon at 
equilibrium with its alpha emitting daughters. We 
would expect to see a spectrum like this after 
several hours at a constant radon level. The 5 .49 
MeV alpha particle directly emitted by radon-222 
does not appear on the RAD7 spectrum, because 
it was created in the air, not on the surface of the 
detector. The radon-222 atom is inert and 
electrically neutral, and cannot be attracted to the 
solid state detector. Only after it decays to 
polonium-218 does the atom become positively 
charged and is thus driven to the detector surface. 

The RAD7 spectrum shows radon daughters, but 
not radon itself. Do not confuse the RAD7's 
spectrum with that of a working level instrument. 
The alpha peaks may appear the same, but the 
RAD7 is really measuring radon gas, not working 
level. 
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3.8 Windows 

The RAD7 groups the spectrum's 200 channels 
in~o 8 separate "windows" or energy ranges. 
Window A, for example, covers the energy range 
of 5.40 to 6.40 MeV. So window A includes the 
6.00 MeV alpha particle from polonium-218. The 
first step toward converting raw spectral data to 
radon measurement is to add up all the counts in 
each window and divide by the detector 
"livetime" or duration of active data collection. 
The RAD7 microprocessor does this task and 
stores the results to memory in this form. You can 
recall and print window data from past 
measurements. The RAD7 adds windows E, F, G, 
and H together to form window 0 (for "other") 
before storing the data to memory. Spectrum 
printouts clearly mark windows A, B, C, and D 
with dotted lines. 

Each window's function: 

A. Radon Sniffer Mode counts. The total counts 
of alpha particles from the 3-minute, 6.00 
Me V, Po218 decay. 

B. Thoron 1 Window. The total counts in the 
region of the 0.15 second, 6.78 MeV decay of 
Po216. This window lies between windows A 
and C of the radon groups and may have some 
counts from spill-over from adjacent windows. 

C. Radon Po214 count~. The total counts of the 
7.69 MeV alpha particles from the decay of the 
great-great granddaughter of radon, which has 
an effective half-life of nearly an hour. 

D. Thoron 2 Window. The total counts in the 
r~gion of the effective 8.78 MeV decay of 
Po212, which has a half-life of about 10 hours. 

E. High Energy Window. A diagnostics window 
that normally has close to zero counts. If the 
counts in this window are a large fraction of 
the counts in A or B or C or D, the RAD7 is 
probably not working properly. 

F. Low Noise counts. A diagnostics wi:p.dow that 
gives the total counts in the first 10 channels. 
The count rate in Window F is a measure of the 
noise in the system. The counts may be high if 
the RAD7 is operated at very high 
temperatures. 
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G. Medium Noise counts. A diagnostics window 
that gives the total count in the region around 
channels 30 to 40. Window G normally has 
few counts, even when Window F shows a 
high count rate. 

H. High Noise or Po210 Window. The total 
counts in the region of the 5.31 MeV alpha 
particle due to Po2 l 0 (polonium-210), the 
grand-daughter of Pb210 (lead-210). Since 
lead-210 (22 year half-life) results from the 
decay of the radon progeny we measure, this 
isotope will build up on the detector's sensitive 
surface through sustained measurement of very 
high radon concentrations, or many years of 
normal use. This window is not used in 
calculating radon levels, so the RAD7 will 
function well even with this isotope present, 
and the background will not be affected. 

0. Composite window for "Others". The RAD7 
grqups windows E, F, G, and H together to 
form the composite window 0. Window 0 
catches all the counts that did not go into the 
major windows A, B, C, and D. If window 0 
consistently receives more than 30% of the 
total counts, you should inspect the spectrum 
printout for signs of trouble. 

3.9 Isotope Equilibrium 

Take a RAD7 that is completely clean, with no 
radon or daughters inside. What does the detector 
see? Close to nothing. Less than one alpha count 
per hour, due to unavoidable contamination of the 
materials of the instrument's construction. That is 
the instrument;s intrinsic background. It is 
ignored by most people as of no consequence. 
Intrinsic background may add 0.01 pCi/L to a 
typical measurement, far be-low the radon 
concentration of outdoor air (usually 0.10 to 1.00 
pCi/L). 

Now introduce some radon into the RAD7. What 
do you see? At first, maybe nothing. But within a 
few minutes, you begin to get counts in the A 
window. The RAD7 chirps merrily with each 
count. That's polonium-218, a result of the decay 
of radon-222 within the RAD7 _sample chamber. 

For the first 5 minutes or so, the count rate 
increases, then begins to approach a steady level. 
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After about 10 minutes, we say that the 
polonium-218 daughter has reached close to 
equilibrium with the radon-222 parent. 

Equilibrium is when the activity of the daughter 
stabilizes, neither increasing or decreasing. At 
this point, nearly all of the counts land in window 
A, and you see a single peak in the spectrum , 
printout. 

But the total count rate is still increasing, more 
slowly now. You begin to see counts appear in 
window C. Just a few, but more and more of 
them over the course of the next hour or two. 
After 3 hours or so, we reach full equilibrium, 
when the activities of all the daughters stabilize. 
Now the spectrum shows the characteristic twin 
peaks: polonium-218 in window A and 
polonium-214 in window C. The peaks are of 
almost identical size. 

Now flush the RAD7 with fresh, radon-free air. 
The count rate in window A immediately begins 
to drop, just as fast as it rose when you first put 
the radon in. Without radon inside the RAD7, 

. there is no source to replace the polonium-218 
that decays. So the polonium-218 disappears with 
its characteristic half-life of 3.05 minutes. 

After 3.05 minutes, the count rate in window A is 
half of what it was before. After 6.10 minutes, the 
count rate is half of that, or one-quarter of what it 
was before. You get the picture. After 10 
minutes, there are hardly any counts at all in 
window A. Not so for window C, however. The 
spectrum still shows a single strong peak in 
windowC. 

The peak in Window C takes hours to disappear. 
After half an hour, the count rate in window C has 
not even halved. Polonium-214 may have a very 
short half-life, but its parents, lead-214 and 
bismuth-214, certainly don't. One has a half-life 
of 26.8 minutes, and the other has a half-life of 
19.8 minutes. And they are sequential, which 
makes matters worse. 

After you completely remove the radon, it may be 
a good 3 or more hours before the counts really 

· die down in window C. We call window C the 
"old radon" window, since it represents counts 
from radon that was present in the RAD7 an hour 
or more before. 
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The effects of time in windows Band D, is 
similar, but much more pronounced. There is no 
delay in the RAD7 to polonium-216, so the count 
rate in window B is always in equilibrium with 
the thoron gas in the measurement chamber. In 
contrast, there is a 10-hour halflife in the decay 
chain down to polonium-212, so it will take days 
for window D to reach equilibrium. Window D 
is, therefore, not counted when sniffing for 
thoron. 

Note however, that for every 66 counts in window 
D, there will be 34 counts in window A. This is 
because of the two-way split from Bismuth-212. 
So, in calculating radon concentration, the RAD7 
corrects the counts in window A for any thoron 
daughters that show in window D. 

3.10 Modes: Sniff andAuto 

"Old" radon daughters can be a real pain in the 
neck if you can't tell them apart from "new" 
radon. Most radon monitors don't help you at all 
here, but the RAD7 does. Waiting around for 
equilibrium is also a trial if it means sitting 
around for more than 2 hours. It is possible to 
calculate your way out of that problem, but the 
"old" radon always comes back to bite you. With 
the RAD7, the solution is simple and painless. 
Put the RAD7 in SNIFF mode. 

SNIFF mode means that the RAD7 calculates 
radon concentration from the data in window A 
only. It ignores window C. Now the instrument 
responds.to changes almost instantaneously. Hit a 
"hot spot?" No problem. In SNIFF mode, you 
can purge the sample chamber and, in 10 minutes, 
you're ready to measure low levels again with 
reasonable accuracy. You can move from point to 
point in minutes, looking for radon entry points in 
foundation cracks or test holes. 

For continuous monitoring in one location over 
many hours, NORMAL mode is the way to go. 
NORMAL mode means that the RAD7 uses both 
radon peaks, A and C, to calculate concentration. 
With double the count rate, you increase the 
precision of the measurement. In indoor 
environments, the radon concentrations rarely 
fluctuate quickly enough to justify using SNIFF 
mode for continuous monitoring. 
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The best of both worlds is provided by AUTO 
mode. Here, the RAD7 starts a test run in SNIFF 
mode, and then, after three hours, switches 
automatically to NORMAL ·mode. In this way, 
the first few cycles give readings without any bias 
from either "old" radon daughters left on the 
detector, or the slow build-up to reach equilibrium 
in window C, while the rest of the readings 
benefit from the higher precision given by twice 
the number of counts in each cycle. 

For real-time monitoring, you are always better 
off to leave the mode in AUTO. The RAD7 is up 
to speed quickly, and is not influenced by old 
measurements. The final average of the run is 
therefore more accurate and more reliable. 

CAPTURE can read a data file and force SNIFF 
mode presentation of the data, allowing the user 
to change the setting retrospectively. 

Thus if, on looking at data taken in NORMAL 
mode, there is what appears to be a rapid change 
in radon concentration, changing to forced SNIFF 
mode.presentation in CAPTURE will permit 
another look at the changes with better time 
resolution. 

3.11 Background 

"Background" in a radon detector refers to 
spurious counts that occur even in the absence of 
radon. Background can arise from the properties 
of the instrument or its components, other forms 
of radiation in the instrument's environment, or 
contamination of the instrument. 

The RAD7's design makes it much less 
susceptible to background than other radon 
monitors, but one should still be aware of 
background in the RAD7 to avoid mistakes. The 
following list gives possible sources of 
background in the RAD7: 

3.11.1 Short-lived Radon and Thoron 
Daughters 

These are by far the most important components 
to background in the RAD7. Radon and thoron 
daughters that normally build up on the RAD7's 
solid state alpha detector continue to produce 
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alpha counts for some time after the radon and 
thoron gases have been removed from the 
instrument. These lingering daughters can greatly 
confuse the result when you try to measure a low 
radon sample immediately after a high radon 
sample. 

Many radon detectors require that you wait for the 
daughters to decay away (about three hours) 
before counting another sample. With the RAD?, 
however, you can go from high to low 
concentrations in a matter of minutes by counting 

. in SNIFF mode, since the RAD? distinguishes the 
different alpha-emitting daughters by their alpha 
energy. The resulting measurement responds with 
a 3.05 minute half-life. Thus, 10 minutes after the 
radon has been removed from the instrument, the 
background will have been reduced by more than 
90% and yoy can count a new sample. 

Thoron daughters are worse behaved than radon 
daughters. One thoron daughter, Lead-212, has a 
half-life of.10.6 hours, so that, with other radon 
monitors, if you build up huge amounts of this 
daughter, you may have to wait one to two days 
before using your radon instrument again. The 
RAD7's ability to distinguish daughters by their 
alpha energy almost always makes it possible to 
continue working. 

3.11.2 Adsorbed Radon Gas 

Radon atoms can adsorb on or absorb into internal 
surfaces of the RAD?, on the inside of tubing or 
on desiccant granules. This radon can stay behind 
after you purge the instrument, then des orb (or 
out-gas) from these surfaces and enter the sample 
cell volume. This effect is ordinarily negligible 
since only a small fraction of the radon ever 
becomes adsorbed. But at very high radon 
concentrations (over 1000 pCi/L ), even a small 
fraction can be significant, and you can expect to 
see some lingering radon after purging the 
instrument. 

The best solution is to purge for 10 minutes every 
few hours until the count rate goes down. Even in 
the worst possible case, the radon must decay 
with a 3.82 day half-life, so you will eventually be 
able to use the instrument again. 
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3.11.3 Intrinsic Background 

Due to very low concentrations of alpha emitting 
contaminants in the materials of the RAD7's 
construction, you can expect to get as much as 
one count every two hours (0.009 cpm) without 
any radon present. This count rate, corresponding 
to about 0.02 pCi/L, is low enough to neglect 
when doing routine indoor radon work. But for 
very low-leveled outdoor radon levels, or special 
clean room applications, this background may be 
significant. With painstaking technique, and 
long-term monitoring, it can be measured. Very 
low level readings can then be corrected for 
background, bringing the detection threshold of 
the instrument down below 0.02 pCi/L. 

3.11.4 Long-lived Radon Daughters 

After many years of use at elevated radon levels, 
your RAD7's detector will accumulate lead-210, 
an isotope with a 22-year'half-life. Though 
Lead-210 is itself a beta emitter, one of its 
daughters is polonium-210, which produces a 5.3 
MeV alpha particle. The RAD? is able to 
distinguish this isotope by its energy, and exclude 
it from all calculations. We do not expect 
lead-210 buildup to contribute significantly to 
background in the RAD?, even after years of 
ordinary use. 

3.11.5 Contamination by Radon, or Thoron, 
Producing Solids 

If radon- or thoron-producing solids, such as 
radium-226 or thorium-228, become trapped in 
inlet hoses or filters; they may emanate radon or 
thoron gas that will be carried through the filters 
and into the instrument. Certain dusty soils may 
contain enough of these isotopes to make this 
scenario possible. If you suspect this kind of 
contamination, please call DURRIDGE. We 
would like to discuss your experience with you 
and help you solve your problem. 

3.11.6 Other Alpha Emitters 

As long as you filter the incoming air stream, 
there is little or no possibility for contamination 
of the instrument with other alpha emitters. 
Virtually all solids will be stopped by the inlet 
filters. The only naturally-occurring alpha
emitting gas other than radon and thoron is 
radon-219, or "actinon." Actinon, which has a 
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very short half-life (less than four seconds), 
results from the decay of naturally-occurring 
uranium-235. But since uranium-235 is so much 
less abundant than uranium-238 (the ancestor of 
radon-222), we do not expect to ever see actinon 
in significant quantities apart from even more 
significant quantities of radon. 

3.11.7 Beta and Gamma Emitters 

The RAD7's solid state alpha particle detector is 
almost completely insensitive to beta or gamma 
radiation, so there will be no interference from 
beta-emitting gases or from gamma radiation 
fields. The most likely effect of high levels of 
beta or gamma radiation will probably be an 
increase in detector leakage current and increased 
alpha peak width. Typical environmental levels 
of beta and gamma emitters have absolutely no 
effect on the RAD7. 

3.12 Precision·& Accuracy 

3.12.1 Dry operation 

"Precision" means exactness of measurement with 
regard to reliability, consistency and repeatability. 
"Accuracy" means exactness of measurement 
with regard to conformity to a measurement 
standard. An accurate instrument is necessarily 
precise, but a precise instrument can be inaccurate 
(due to mis-calibration, for example). 

As long as the operator follows consistent 
procedures, counting statistics will dominate the 
RAD7's precision. Environmental factors have 
proven to be much less significant over normal 
ranges of operation. Aside from precision, the 
most important factor in RAD7 accuracy is 
calibration. 

DURRIDGE calibrates all instruments to a set of 
four "master" instrument with a calibration 
precision of about 1 %. The master instruments 
have been calibrated by way of inter-comparison 
with secondary standard radon chambers designed 
by the U.S. EPA. We estimate the accuracy of the 
master instrument to be within 4%, based on 
inter-comparison results. We estimate the overall 
calibration accuracy of your RAD7 to be better 
than 5%. We look forward to new developments 
in calibration standardization and traceability, 
which we expect will help improve calibration 
accuracy. 

The table below summarizes the precision of the 
RAD7 according to the contribution of counting 
statistics. Counting statistics depend on 
sensitivity (calibration factor) and background 
count rate. The RAD7's intrinsic, or "fixed," 
background count rate is so low as to be a 
negligible contributor to precision, for the range 
of radon concentrations covered by the table. 
Environmental and other factors may affect 
precision by as much as 2%. The uncertainty 
values reported by the RAD7 are estimates of 
precision based on counting statistics alone, and 
are two-sigma values, as are the values in the 
following table. 

Table: 3.12 Typical RAD7 precision based on counting statistics only. 

NORMAL mode with sensitivity 0.500 cpm/pCi/L. Table values are two-sigma uncertainty (or 95% 
confidence interval) in units of pCi/L (percent). 

1 pCi/L 4 pCi/L 20 pCi/L 100 pCi/L 

1 hr 0.37 (37%) 0.73(18%) 1.64 (8.2%) 3.65 (3.7%) 

2 hr 0.26 (26%) 0.52 (13%) 1.15 (5.8%) 2.58 (2.6%) 

6 hr 0.15 (15%) 0.30 (7.4%) 0.67 (3.4%) 1.49 (1.5%) 

24 hr 0.07 (7.4%) 0.15 (3.8%) 0.33 (1.7%) 0.74 (0.7%) 

48 hr 0.05 (5.3%) 0.10 (2.6%) 0.23 (1.2%) 0.53 (0.5%) 

72 hr 0.04 (4.3%) 0.09 (2.1%) 0.19 (1.0%) 0.43 (0.4%) 
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3.12.2 Humidity Correction 

Much of the superior functionality of the RAD7 is 
a result of the high-precision real-time spectral 
analysis it performs. The high resolution of the 
energy spectrum is obtained by precipitating the 
radon daughters, formed by the decay of radon, 
right onto the active surface of the alpha detector. 
The high sensitivity of the RAD7 is a result of the 
large collecting volume of the measurement 
chamber. The combination of a precipitation 
process and large collecting volume means that 
humidity inside the measurement chamber will 
affect the sensitivity of the instrument. The affect 
is a function of the absolute humidity; 
specifically, ions in the presence of water vapor 
will attract water molecules, as they are polar, 
until a cluster of 6 - 10 ·water molecules gathers 
around each of them. These cluster molecules 
move more slowly in the electrostatic field and 
thus there is more time for the 218-Po atoms to 
become neutralized en route to the detector 
surface, and therefore lost. So with high humidity 
the sensitivity of the instrument drops. In 
addition the high voltage (2,200V) that maintains 
the electrostatic field is from a high impedance 
source. Excessive humidity inside the chamber 
makes it more difficult to maintain the high 
insulation resistance necessary. 

At normal room temperature and with good 
desiccant in the air sample path, the humidity in 
the measurement chamber at the start of a 
measurement will quickly be brought down below 
10% RH and will eventually settle below 6%. In 
these conditions the collection has maximum 
efficiency and there is no humidity correction 
required. Should the desiccant expire and/or 
should the operating temperature rise well above 
normal room temperature, the absolute humidity 
may become significant and a humidity correction 
may be required to compensate for the drop in 
sensitivity. 

While high humidity reduces the sensitivity of a 
RAD7, CAPTURE offers an automatic correction 
of the data, bringing readings back close to dry 
values. Please note, however, that the precision 
will be degraded, compared with readings taken 
in dry conditions. See Chapter 6. 
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3.12.3 Concentration Uncertainties 

Obtaining accurate readings of a low radon 
concentrations often requires long cycle times, 
because when there are zero or very few counts 
within a given timeframe, the statistical 
uncertainty is proportionately high. Radioactive 
decays obey Poisson statistics, where the standard 
deviation (one-sigma) is the square root of the 
count. However, at very low counts Poisson 
statistics underestimates the uncertainty. To 
compensate, the RAD7 defines sigma as 1 + 
SQR(N+ 1 ), where N is the number of counts. 
Thus when there are no counts, instead of 
reporting a nonsensical zero uncertainty, the 
RAD7 reports an uncertainty value based on a 
two-sigma, 95% confidence interval, equivalent to 
+/- 4 counts for a cycle in which zero counts were 
recorded. 

Typically, an average count rate of 0.2 cpm (i.e. 
one count in five minutes) would indicate a radon 
concentration of about 36 Bq/m3, but sigma 
would be 1 + SQR(N + 1) or 2.4 counts, and the 
reported two-sigma value would be 4.8 counts. 
Thus after 5 minutes, the uncertainty would be 
reported as 0.96 cpm, or+/- 173 Bq/m3. 

Large uncertainty values are often the product of 
the fact that it is impossible to measure low radon 
concentrations quickly. Greater certainty can be 
achieved by increasing the cycle time and/or by 
averaging multiple cycles. In Sniff mode, 218-Po 
(which has a 3.05 min halflife) takes more than 
10 minutes to reach equilibrium with the radon 
concentration in the RAD7 chamber. Note that in 
Sniff protocol, which uses 5-minute cycles, it is 
important not possible to start averaging the 
readings to reduce uncertainty only after the first 
two cycles. 

It is possible to measure radon and thoron 
concentrations simultaneously, but since their 
requirements are sufficiently different, it may be 
desirable to optimize the measurement first for 
one gas and then for the other. For radon, it is 
advisable to select SNIFF protocol and then 
change the cycle time to 10 minutes. After 
starting a run, the first reading can be ignored, 
with only the second and subsequent readings 
being used. As more readings are recorded, more 
precise concentrations will be obtainable . 

I 

I 
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Occasionally, a concentration uncertainty greater 
than the base value may be reported, e.g. 0.00 +/-
83 .1 Bq/m3. Such values are typical for cycles 
containing zero counts. This should not be taken 
to suggest that a negative concentration may have 
occurred. The RAD? does not report different 
positive and negative uncertainties, and it is 
expected that the user will recognize that the 
negative uncertainty can never be greater than the 
base value of the reading . 
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3.13 Spectrum Examples 

3.13.1 Operational Radon Spectra 

A. Idealized radon in equilibrium 

This is what you would see if both the 
detector and electronics reached theoretical 
perfection. At full equilibrium, both peaks 
are at the same height. 

A 6.00MeV Po218 
c 7.69MeV Po214 

B. Radon in full equilibril11:11 

After more than three hours at a constant 
radon level. The count rate in window C is 
about the same as in window A. 

C. Newradon 

The RAD7 spectrum after less than one hour 
of exposure to radon. The peak in window C 
is just beginning to grow in, but its count rate 
is still much less than in window A. 

D. Oldradon 

The RAD7 spectrum after purging the 
instrument with radon-free air for more than 
10 minutes, following exposure to radon. 
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3.13.2 Thoron Spectra 
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A. New thoron 

The RAD7 spectrum while continuously 
sampling thoron laden air 

B 6.78 MeV Po216 

B. Thoron in equilibrium 

The spectrum after continuously sampling 
thoron laden air for more than 12 hours. The 
count rate in window A should be about half 
the count rate in window D 

A 
B 
D 

C. Old thoron 

6.05MeV 
6.78MeV 
8.78 MeV 

Bi212 
Po216 
Po212 

The spectrum after discontinuing a lengthy 
sampling of thoron laden air. The thoron 
peak, B, disappears immediately. The 
remaining two peaks decay together with a 
10.6 hour half-life. The count rate in window 
A should be about half the count rate in 
windowD. 
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3.13.3 Combination Spectra 

Radon and thoron spectra can add together to 
form combination spectra. Peaks in window B 
and/or D_ come from thoron, while a peak in 
window C comes from radon. The peak in 
window A is usually entirely from radon, but if 
there is a peak in window D, then there will a 
contribution of about half the D count rate to the 
peak in window A. 

2 3 4 5 6 7 8 9 
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46 

The RAD? takes this into account, and always 
adjusts the window A count rate to correct for the 
Bi212 count, before calculating the radon 
concentration. The spectra below have 
comparable amounts of radon and thoron, but you 
will usually see one of the two much stronger than 
the other. · -

A. New radon with new thoron. 

B. Equilibrium radon with new thoron 

C. Equilibrium radon with equilibrium thoron. 

The count rate in window A is roughly the 
rate of window C plus half the rate of window 
D. -

.A 

B 
c 
D 

6.00MeV 
+6.05 MeV 
6.78 MeV 
7.69MeV 
8.78 MeV 

Po218 
Bi212 
Po216 
Po214 
Po212 
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D. Equilibrium radon with old thoron 

The count rate of A is roughly the rate of 
window C plus half the rate of window D. 

E. Old radon with old thoron. 

The count rate in window A is no more than 
about half the count rate of window D. 

F. New radon with old thoron . 

Looks like an old thoron spectrum, but the 
count rate of window A is significantly more 
than half the count rate Of window D. 

G. New thoron with old radon. 
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3.13.4 Pathological Spectra 

If any of the following occur, and an external 
cause is not identified, the user should contact 

A I BI c ID 

2 3 4· 5 6 7 8 g 

DURRIDGE immediately. E:tp.ail to 
service@durridge.com: would be a good way to 
initiate the contact. 

A. No counts. 

Try a longer counting time. If there is not a 
single count in an hour, that is clear indication 
of instrument malfunction. 
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E. Smeared spectrum. 

Alpha peaks cannot be discerned by the eye. 
Severe electronic noise. 

F. Low energy noise. 

G. 

Independent of radon or thoron, such 
electronic noise may be intermittent or be 
associated with vibration. 

Shifted peaks. 

Peaks appear normal, but are shifted in 
position. Shows a malfunction of the RAD7, 
which should be returned to DURRIDGE for 
service without delay. 

H. Heavy tails on alpha peaks. 

The peaks are narrow, but have unusually 
thick tails. This may be caused by electronic 
noise, or by malfunction of the alpha detector. 
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4. USING THE RAD7: 
RADON AND THORON MEASUREMENT IN AIR 

4.1 Introduction 

The different ways of using the RAD7 may be 
arranged in six categories: 

(a) continuous monitoring ofradon in air 
(b) sniffing for radon and/or thoron 
(c) testing air grab samples 
( d) measuring radon in water 
( e) testing soil gas 
(f) measuring radon and thoron emissions from 

objects and surfaces. 

While ~ll six are discussed below, it is primarily 
categones (a) and (d) that require standard 
operating procedures. The other applications tend 
to be more interactive, and individuals will 
develop protocols which work best for them. This 
chapter focuses on using the RAD7 to measure 
radon and thoron in air, without the user of special 
hardware accessories. Chapter 5 introduces 
applications involving the RAD AQUA, RAD 
H20, and other DURRIDGE accessories. 

4.2 Continuous Monitoring 

4.2.1 · Preparation 

The RAD7 batteries should be fully charged so 
that, even if there is a power cut, the test will be 
completed. Similarly, there should be more than 
sufficient active desiccant in the Laboratory 
Drying Unit. 

For an EPA protocol test, the house should be 
fully closed from 12 hours before the start of the 
test. This means that ALL doors and windows 
sho~ld ?e shut tight. No air exchange system, or 
ventilation fans, may be running. 

In winter it is not difficult to satisfy this 
requirement. Continued operation of the furnace 
is ~e~itted. Closed house conditions are usually 
mamtamed anyway, to save heating costs. Doors 
may be opened momentarily, for access, but 
should otherwise remain closed throughout the 
test. 
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In summer it may be impossible to satisfy the 
requirement, without the residents moving out for 
the duration of the test. If doors and windows are 
left open, it can nullify the test, except that if 
there is a radon problem under these conditions 
then there will be a greater problem under clos~d 
house conditions. 

Air conditioning often includes some fresh air 
ventilation, which dilutes the radon. Even if there 
is no ventilation, the cold air in the house will 
want to sink, increasing pressure in the basement, 
and thus reducing any flow of soil gas into the 
house. So air conditioning in the summer will 
tend to lower the radon level in the house. 

For further detailed information, see the EPA 
"Indoor Radon and Radon Decay Product 
Measurement Device Protocols" publication, 
EPA 402-R-92-004, or view it at http:// 
www.ep3:.gov/radon/pubs/devprotl .html 

4.2.2 Purging 

For the RAD7 to be all set to go, ready to start a 
test, it should be purged for at least five minutes 
beforehand. This may be done in the car, en route 
to the test site. 

Locate an inlet filter, a piece of tubing with a 
sleeve at one end and small tube at the other, and 
the laboratory drying unit. Connect the filter to 
the tubing: It should be a tight fit into the small 
diameter section. Remove the plastic caps from 
the drying unit and push the sleeved end of the 
tubing onto the tube connector, on the drying unit, 
farthest from the metal screw cap. Now attach the 
filter to the inlet of the RAD7. 

Switch on the RAD7, push [MENU], [ENTER], 
[~]four times, to see >Test Purge on the 
display, then push [ENTER]. The pump will start. 
The display will show Stop purge? No. Leave 
the unit purging for five minutes, or longer. 
When you are ready to start the test, the easiest 
way to stop purging is to push the Menu key, or 
switch off the instrument. 
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4.2.3 Test Location 

In general, the test should be conducted in the 
"lowest area in the house that is used, or could be 
adapted for use, as a living area". This would 
include a full-height basement, but not a crawl 
space. 

Place the RAD7 near the center of the room, 
about 3 - 4 feet above the floor. Avoid walls, 
vents, fireplaces, windows, draft, and direct 
sunlight. 

Where possible, connect DC power to the RAD7, 
to conserve and recharge the baHeries. 

The air intake will be the connector of the drying 
unit without any tubing attached (nearest the end 
with the metal screw cap), or the far end of the 
tube if one is attached to this connector. Make 
sure the air intake is at least 30 inches (75 cm) 
above the floor, and away from the walls. 

Once set up in location, let the RAD7 continue to · 
purge until ready to start the test. 

4.2.4 Test Protocol 

In any location there is often a diurnal variation of 
radon level. It is preferable, therefore, that the 
test period be an exact number of whole days. 
The EPA protocols require an average taken over 
at least two days. The RAD7 gives time 
resolution as well. A choice must be made, 
therefore, of the cycle time and the number of 
cycles (recycle). For 24-hour and 48-hour tests, 
the RAD7 has preset protocols which will make 
the choice for you. You can always change the 
choices (even in the middle of a test!), and, if you 
wish, save your preferences as the user protocol. 
You may, for instance, prefer to conduct 3-day 
tests, and, perhaps, use 24 cycles, each 3 hours 
long. The longer the test, the greater the precision 
of the result. 

For a 24-hour or 48-hour test, using the preset 
protocol, before starting the test, go to >Setup 
Protocol [-+] 1-day, or 2-day, and push 
[ENTER]. You need, also, to decide whether to 
leave the tone Off, Chime, or Geiger, and whether 
to have short, medium or long format of printouts 
at the end of each cycle, and set the parameters 
accordingly. 
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For very long term monitoring, use the Weeks 
protocol. This sets the RAD7 to run indefinitely, 
with 2-hour cycles. The internal memory 
capacity, of 1,000 cycles, will last nearly 12 
weeks. If data is periodically downloaded to a 
PC, and erased from the RAD7, there is no limit 
to the measurement duration. With the laboratory 
drying unit used to dry the sampled air, the 
desiccant will have to be replaced every 7 to 14 
days, depending on the humidity. The RAD7 
needs external power for indefinite operation, but 
can survive, without loss of data, an interruption 
of power lasting up to 50 hours, or more, 
de!Jending on the condition of the batteries. 

For any other measurement period, you will need 
to set the parameters yourself. The cycle time, 
times the number of recycles, gives the duration 
of the total measurement. .In almost every case, 
for continuous monitoring, choose [Mode Auto], 
[Thoran Off], and [Pump Auto]. 

Once the RAD7 switches (after three hours) to 
NORMAL mode, the counts are included from 
Window C, which come from Po-214 atoms. 
These were once radon atoms, that entered the 
measurement chamber as much as an hour or 
more beforehand. Therefore, in NORMAL mode, 
the RAD7 is averaging the radon concentration 
from less than 20 minutes ago (Po-218) with the 
radon concentration from less than three hours 
ago (Po-214). So, for a long test in NORMAL 
mode, the cycle time should be set to one hour, or 
more. 

Where there is a requirement for a fast response 
and detailed time resolution, the cycle time may 
be set as short as half an hour, or even 20 minutes, 
but the Mode should then be set to Sniff, not 
Auto. Note however, that counting only Window 
A, and for such short periods, the number of 
counts per cycle will be less than for longer cycles 
in NORMAL mode, and so the individual 
readings will have more scatter. Note also that 
short cycle times will fill up the memory more 
quickly (the capacity is 1,000 cycles), use up the 
desiccant more quickly, and, if the printer is being 
used, produce more printout. 

4.2.5 To Print Or Not To Print 

It is not necessary to run the printer during a 
measurement as all data, except for the detailed 
spectra, are stored at the end of every cycle, and 
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are available for printing or downloading to a PC 
at any time. Furthermore, with no printer and the 
key pad locked, it is impossible for any 
unauthorized snooper to read the radon 
concentration.during the run. On the other hand, 
use of the printer gives a convenient and 
informative hard copy of the results. 

For routine continuous monitoring, it is usual to 
set the printer format to short (Setup, Format, 
Sha rt, [ENTER]). 

Place the printer on the face plate and switch on. 
Switch the RAD7 off, _then on again. Information 
about the RAD7, and the setup, will print out. 
Data will be printed at the end of every cycle, and 
a summary, bar chart and cumulative spectrum 
will print at the end of the run. 

4.2.6 Running the Test 

When everything is ready, start the test (Test, 
Sta rt, [ENTER]). The pump will start running 
and the LCD display will go to the first status 
window. 

The house should remain in closed condition for 
the duration of the run. At any time, the status 
windows can be viewed. The relative humidity, 
temperature and battery voltage are all parameters 
that are worth observing. Rising relative 
humidity may indicate that the desiccant is 
exhausted, or that there is a leak in the sample 
path. The temperature reading gives a base for 
future reference, see below. A dropping battery 
voltage may indicate that the power is not 
connected. 

4.2. 7 Security and Quality Control 

For a good measurement, it is essential that the 
RAD7 (or any ipeasurement device, for that 
matter) remain in its place, and the house remain · 
closed, throughout the run. 

Anti-tampering tapes are available for the 
windows and doors. A soft, plastic adhesive, such 
as Blue-Tack, HOLDIT or Tac'N Stik, under the 
RAD7, will stick better the first time than in 
subsequent placings. An experienced hand can 
tell if the RAD7 has been moved. But perhaps the 
best anti-tampering defense is the data itself . 
With the time resolution in the data provided by 
the RAD7, anomalies are clearly revealed. A 
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sudden change in radon concentration and in air 
temperature, during the measurement, is a strong 
indication of tampering, either by moving the 
instrument, or by opening windows. The key-pad 
lock prevents tamperers from looking at the data, 
or interfering with the measurement. 

A detailed and systematic quality control protocol 
must be established by any user seeking · · 
certification. This should include a description of 
the measurement process, and the steps taken to 
ensure that the readings are reproducible. 

The RAD7 is too accurate for any procedure in 
the field to be able to verify that it is working 
within specifications. However, it is good 
practice, on a regular basis, to compare the ·RAD7 
readings with some other device, such as a 
passive charcoal collector. The two devices 
should be placed close together, with the RAD7 
sampling point near to, but not touching, the 
charcoal collector. The IJ].easurements should also 
cover the same time period. The charcoal reading 
may then be compared with the RAD7 mean for 
the period. Remember, however, that some 
charcoal devices, and labs, may give readings 
which are in error by as much as 25%. If the 
RAD7 and the charcoal device differ by more 
than 10%, repeat the comparison as soon as 
possible, preferably with a different charcoal 
device, from a different lab. Look at the RAD7 
cumulative spectrum, printed out at the end of a 
run, to see if it appears normal. If the RAD7 
mean is consistently, significantly different from 
the readings of other devices in side-by-side tests, 
or if the spectrum looks abnormal, please call , or 
email, DURRIDGE for advice. In any case, we 
recommend that the RAD7 be returned to 
DURRIDGE Company, for recalibration, 
annually. 

An excellent quality test, for the RAD7, is simply 
an examination of the cumulative spe~trum 
printed out at the end of every run. If the 
spectrum looks normal, and the humidity, 
temperature, and battery voltage are within 
normal range, then that is very strong evidence 
that the RAD7 is working properly, and the 
readings are reliable. 

4.2.8 Finishing the Run 

Even if no printout has been made at the end of 
every .cycle, it is still useful to have a printout at 
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the end of the run. If the RAD7 can be accessed 
before the run is finished, simply place the printer 
in position on the face plate and switch it on. 
After the last cycle is completed, the RAD7 will 
print the run summary, including the mean value, 
the bar chart of all the readings, and the 

. cumulative spectrum. If the instrument cannot be 
accessed before the end of the run, the summary 
can be printed out later, but without the 
cumulative spectrum. 

Switch off the printer and the RAD7. Disconnect 
the tubing from the desiccant and replace the 
plastic caps over the hose connectors. If the. caps 
have been lost, a single piece of tubing may be 
attached between the two connectors, thus 
providing a seal to keep the desiccant dry. 

Remove the inlet filter from the RAD7. It is good 
practice to leave the inlet filter attached to the 
plastic tubing. Replace the short piece of tubing 
connecting the inlet to the outlet. Putting the 
jumper between the inlet and outlet keeps the 
internal space of the instrument sealed, and thus 
dry, while still allowing air flow should the pump 
start running. 

When moving the RAD7, please treat it with 
respect. It is rugged, but it is still an electronic 
instrument. Please avoid hard knocks and very 
harsh environments. 

4.2.9 Examining the Data 

In addition to the printout, data may be examined 
on the LCD, during or after a run. The records 
may also be downloaded to a PC, where they are 
then available for creating graphs and tables for 
printed reports. 

On reviewing a set of data, first check that the 
relative humidity in the instrument stayed below 
10% throughout the measurement. If it rose 
above 10%, it suggests that the desiccant was 
either removed, or became depleted. The RAD7 
reads low if the internal RH rises above 10%. 

The temperature during the measurement should 
remain fairly steady. Sudden changes of 
temperature in the record suggest that either the 
windows were opened, or the RAD7 was moved 
from i'ts location. 
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If the house was not properly closed up until the 
measurement was started, you may expect to see a 
rising radon concentration during the first few 
hours of the run. If that is the case, any very low, 
early readings should be discarded in the 
calculation of the mean value for the house. That 
would mean manual calculation of the average, · 
from the good readings. EPA protocols require at 
least 48 hours of continuous good data. If the 
house was not closed up beforehand, a 3-day test 
could satisfy the EPA requirement. 

If the air sampling point was changed for a while, 
or some windows opened, during the run, you 
may expect to see a change in air temperature, 
and change in radon concentration, during that 
period. Simultaneous changes of these two 
parameters is an indicator of tampering. 

4.2.10 Very Short Term Monitoring 

Some Home Inspectors choose to use the RAD7 
for a short-term test, just during the home 
inspection. This means that they have full control 
over the test, and they can take the RAD7 with 
them, when they leave, on completion of the 
home inspection . 

They close up the house, set up the RAD7 in the 
basement, choose a half-hour cycle time and a 
total run length (recycles) of, typically, four or 
five cycles. At the end of the mil, the RAD7 
prints out a bar chart of the increasing radon 
concentration, at half-hour intervals. The data 
gives the Home Inspector, and his client, a good 
indication of the radon situation. Adding 50% to 
the final half-hour reading gives an estimate of 
what would be the average radon level, for closed 
house conditions. If, during those two hours of 
the test, the radon concentration climbs towards, 
or over, the 4 pCi/L mark, then they can be 
confident that, with a full, EPA protocol test, 
covering 2 days, or more, the result would surely 
exceed the 4 pCi/L action level. 

4.3 Sniffing 

4.3.1 Why Sniff? 

There are two main reasons for sniffing. One is to 
obtain a quick, spot reading of radon 
concentration, as a simpler substitute for grab 
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sampling, and the other is to locate radon entry 
points. For each application, the method will be 
slightly different. 

4.3.2 Locating Radon Entry Points 

There is a very good chance that thoron will be 
present in the soil gas entering the building. It 
will, however, be detectable only close to the· 
entry points. Thoron, therefore, if it is in the soil 
gas, can be considered as a tracer for fresh radon 
gas. Sniffing to locate radon entry points may, 
therefore, be focused on detecting thoron, if it is 
there, to speed, and simplify, the process. The 
same procedure will also give radon -
concentrations, provided that the sampling point 
is kept at one spot for at least 15 minutes. 

4.3.3 Preparation 

Detailed instructions are given iri Chapter 1.5. 
Choose Thoron in the Setup Protocol meriu, and 
set the Tone to Geiger. Employ a small drying 
tube and, preferably, just a yard of tubing to the 
inlet filter. ' 

4.3.4 Purging 

While it is always good practice to purge the 
instrument before using it, there is less necessity 
before sniffing. In SNIFF protocol, the pump 
runs continuously, so the air sample will be 
flushed through every minute or two, and the 
measurement chamber will quickly dry out, even 
if the relative humidity starts above 10%. 

To bring the humidity in the instrument down 
without wasting desiccant, the RAD7 outlet may 
be connected to the open end of the drying tube, 
making a closed loop, during the purge cycle. 

After detecting high concentrations of radon and/ 
or thoron, it is good practice to purge the 
instrument immediately after use. 

4.3.5 Running the Test 

With the RAD? strap over one shoulder, holding 
the small drying tube as a wand, start the test. 
The first status window will be displayed in the 
LCD. Push the right arrow five times, to reach 
the B window status screen. This will show the 
cpm for thoron. You may also listen to the beeps, 
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which have a different pitch for different 
windows. Thoron has a high-pitched beep. 

Floor/wall, wall/wall and split-level seams are 
common locations for radon entry points. So are 
sumps, wells, beam pockets and utility conduits, 
entering the building from below ground level. It 
is useful, before starting the sweep, to have a 
sketch map of the area, with the likely culprits 
marked, on which to write down the readings. 
While making this sketch map, the RAD? can be 
taking a benchmark radon measurement in the 
center of the room. Take at least four 5-minute
cycle readings. Later radon readings, at likely 
entry points, can then be compared with this 
benchmark. 

To start the sweep, hold the small drying tube as a 
wand, with the open end either in, or as close as 
possible to, the most likely radon entry point. 
Keep it there for at least five minutes. If the 
thoron count, in window B, during this time, 
exceeds 2 cpm, say, then you know a) that you 
were right in your suspicion, and that you are, 
indeed, close to a radon entry point, and b) that 
thoron is present in the soil gas, so you can 
concentrate on thoron for the rest of the survey. 
Move the wand a foot or so in any direction to see 
if the window B cpm changes appreciably, in the 
next cycle. 

If there are few or no counts in window B, then 
either the location is not a radon entry point, or 
there is no appreciable thoron in the soil gas. You 
must, then, keep the wand in that position for 
another 10 minutes, or until the counts in window 
A start to rise rapidly. If, after fifteen minutes, 
there are still only a few counts in window A, and 
the radon concentration, displayed at the end of 
the third 5-minute cycle, is still very low, then you 
can be confident that the position is not a radon 
entry point. On the other hand, a high radon 
concentration, without thoron, does not 
necessarily indicate a radon entry point if the 
whole basement is high. In either case, you need 
to note the reading on your sketch map, and move 
to another likely point to repeat the process, first 
looking for thoron. 

If no thoron is found at any time, then the map of 
radon concentrations, will help to identify entry 
points. Once thoron has been detected, the whole 
search is made much easier. Reset the cycle time 
to two minutes. Spend one complete cycle at 
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each suspected radon entry point, observing the 
counts in window B, or listening for the 
characteristic thoron beeps. You will quickly 
determine the location and relative strengths of 
the radon entry points, from the cpm in window 
B, for the different locations. Note that, in this 
procedure, you must ignore the counts in window 
A, because they refer to radon that entered the 
measurement chamber as much as 10 minutes 
previous to the observed counts. 

Even if thoron is present at some points, there is 
still a possibility that there may be a radon entry 
point showing little or no thoron. This could 
occur if the path taken by the soil gas was very 
long, or the flow was slow. Conduit for a utility 
service, or a path up a hidden shaft in a wall, 
could delay the entry of the soil gas by several 
minutes. Each minute's delay halves the 
concentration of thoron. 

4.3.6 Drilled Sampling Points 

Some mitigators drill a number of test holes 
through the concrete slab, to sniff the soil gas 
beneath and to test the communication between 
different areas of the slab. They then install the 
suction points of the mitigation system where the 
sub-slab radon readings are highest. This 
approach is complementary to the search for 
actual radon entry points, as described above. 
Both methods are likely to result in a similar, final 
configuration of the mitigation system, though 
locating the entry points can also indicate where 
additional sealing is required. 

4.3.7 Spot Readings 

A spot reading may be accepted only as a rough 
indicator of the radon level at any location. This 
is not only because a short-term reading is less 
precise, but also because it does not average out 
the fluctuations in radon level through a typical 
day. The EPA protocol calls for a measurement to 
cover at least two days. Quite often, the indoor 
radon concentration tends to be higher in the early 
morning, after a cold night, and lower at the end 
of a warm day. 

Furthermore, the radon concentration, typically, 
takes hours to recover from open doors and 
windows so, unless the house was closed up tight · 
for many hours beforehand, the spot-reading 
radon level will be significantly lower than an 
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average, taken over several days, in closed house 
conditions. 

For this spot reading, the sampling point should 
be away from walls and floor. Thoron is not an 
issue in this measurement, so the larger, 
laboratory drying unit may be used, instead of a 
small drying tube. The cycle time may be left at 
five minutes. At least four, better six, cycles 
should be taken, of which the first two should be 
ignored. Alternatively, increase the cycle time to 
10 minutes, or more, and ignore the first reading. 

To measure a radon level of 4 pCi/L, with a 
standard deviation of no more than 10%, needs a 
run of one hour (six cycles often minutes, say). 

4.4 Grab Sampling 

4.4.1 Applicability 

The ability of the RAD7 to "grab" a collected 
sample is useful when it is not possible to take the 
RAD7 to the location to be tested, or when the 
RAD7 is pre-occupied with continuous 
monitoring and will not be available until later. 
The Grab functionality is also useful when many 
samples must be gathered from different rooms of 
a building within a short timeframe. 

However, ifthe RAD7 is available and can be 
taken to the test location, then data quality is 
much improved by a) monitoring the radon level 
over an extended period of time, such as 1-day, or, 
ifthat is not a possibility, b) making a short-term 
measurement such as described in Chapter 4.2.10, 
or else just sniffing for a spot reading, as 
described above. 

Grab samples have the same shortcomings as spot 
readings. The radon concentration 'grabbed' is 
unlikely to be representative of the EPA average 
level at the location of the sample. The precision 
of the reading is also limited by the short time for 
counting. 

4.4.2 Preparation 

It is important that the RAD7 be well dried out 
prior to accepting the grab sample. First, purge 
the unit with fresh, dry air for five minutes. Then 
connect the laboratory drying unit in a closed loop 



• 

• 

• 

Chapter 4 Using the RAD? 

with the RAD? so that air from the outlet passes 
through the desiccant and back into the inlet. 
Note that air should always flow the same way 
through the desiccant. Purge for ten minutes then 
check the relative humidity (push [MENU] 
[ENTER] [ENTER], then [ 7] [ 7 ]). If the RH is 
not below 8%, repeat the process. Keep the pump 
running until ready to take the grab sample. 

4.4.3 Protocol 

Choose the Setup, Protocol, Grab menu 
selection, and push [ENTER] . This will set up all 
the measurement parameters correctly. For the 
printout, choose Setup, Format, Short. 

4.4.4 . Taking the Sample 

If the RAD? is at the location, simply start the test 
([MENU] [ENTER] [7] [ENTER]). 

Alternatively, samples may be taken in tedlar air 
sampling bags. Samples of at least five liters are 
required .. Any sampling pump may be used. 
Even the RAD? could be used as a sampling 
pump, but remember to purge the instrument of 
old air first. 

These bagged samples may be connected to the 
RAD? and analyzed later. Make sure there is 
active desiccant and the inlet filter in place, 
between the sample bag and the RAD?. 

4.4.5 Analysis 

With the grab sample source connected to the 
RAD?, start the test ([MENU] [ENTER] [ 7] 
[ENTER]). The pump will run for five minutes, 
flushing the measurement chamber, and then stop. 
The RAD? will wait for five more minutes, and 
then count for four 5-minute cycles. At the end of 
the run, the RAD? will.print out a summary, 
including the average radon concentration, a bar 
chart of the four cycles counted, and a cumulative 
spectrum. The measurement process takes 30 
minutes. 

If the analysis is made more than an hour after the 
sample was taken, a correction must be applied 
for the decay of radon in the sample. 
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4.5 Thoron Measurement 

4.5.1 Thoron and Radon 

Thoron is an isotope of the element radon having 
an atomic mass of 220, so it is also known as 
radon-220. The word "radon" without a mass 
number almost always refers to radon-222. 
Thoron and radon have very similar properties. 
They are both chemically inert radioactive gases 
that occur naturally from the decay" of radioactive 
elements in soils and minerals. Both thoron and 
radon are members of decay chains, or long 
sequences of radioactive decay. 

While radon results from the decay of natural 
uranium, thoron results from the decay of natural 
thorium. Both uranium and thorium are 
commonly found in soils and minerals, sometimes 
separately, sometimes together. The radioactive 
gases radon and thoron that are produced in th~se 
soils and minerals can diffuse out of the matenal 
and travel long distances before they themselves 
decay. Both radon and thoron decay into 
radioactive decay products, or progeny, of 
polonium, lead, and bismuth before finally 
reaching stable forms as lead. 

Thoron and radon and their respective progeny 
differ very significantly in their half-lives and in · 
the energies of their radiations. While radon has a 
half-life of nearly 4 days, thoron has a half-life of 
only 55 seconds. Since thoron is so short lived, it 
cannot travel as far from its source as radon can 
before it decays. It is commonly observed that 
compared to that of radon gas, a much smaller 
fraction of the thoron gas in soil ever reaches the 
interior of a building. Even so, thoron can still be 
a hazard since its progeny include lead-212 which 
has a half-life of 10.6 hours, more than long 
enough to accumulate to significant levels in 
breathable air. 

4.5.2 Thoron Measurement Issues 

Many difficulties impede the accurate 
measurement of thoron gas. The presence of 
radon gas (often found together with thoron} c~n 
interfere with a measurement. The short half-life 
of thoron gas makes some aspects of the 
measurement easier, but makes sampling method 
a critical issue. Thoron concentration can vary 
greatly through a space, depending on the speed 
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and direction of air movement as well as 
turbulence. The position of the sample intake can 
strongly affect the results. 

In many instruments, radon and thoron interfere 
with each other. Generally speaking, it is difficult 
to measure one isotope accurately in the presence 
of the other. But compared to other instruments, 
the RAD7 is much less susceptible to radon
thoron interference due to its ability to distinguish 
the isotopes by their unique alpha particle 
energies. The RAD7 separates radon and thoron 
signals and counts the two isotopes at the same 
time with little interference from one to the other. 

Some issues of concern in measuring radon do not 
apply to thoron. The short half-lives of thoron (55 
seconds) and its first decay product (Po-216 - 0.15 
seconds) mean that thoron measurements can be 
made quickly and in rapid succession, since there 
is little concern with growth and decay delays. 
The RAD7 responds virtually instantly to the 
presence of thoron; its time constant for response 
to thoron is less than 1 minute. The chief limit on 
the thoron response speed is the pump's ability to 
fill the internal cell. And the RAD7 clears just as 
rapidly when you purge the instrument with 
thoron-free air. In fact, you need not purge the 
instrument at all as thoron's short half-life ensures 
that it will be gone in a few minutes. 

In thoron measurement the sample pump must run 
· in a continuous fashion, at a steady consistent 
flow rate. If the flow rate of the sampling pump 
changes, then the RAD7 thoron result will also 
change. Flow rate affects the amount ofthoron in 
the internal cell, since a significant fraction of the 
thoron decays in the sample intake system as well 
as within the instrument. For the most accurate 
thoron measurements we recommend that you use 
a consistent sample intake system (always use the 
same hose and filter arrangement) and pay special 
attention to air flow rate. Be sure the filters, 
hoses, and RAD7 inlet and outlet ports remain 
free from obstruction. It is recommended that the 
RAD7 be plugged into an external power supply 
and that its batteries be fully charged so that the 
battery voltage remains steady at close to 7V 
This will ensure a high and consistent air flow 
rate, providing the optimal thoron sensitivity. Use 
a flow meter (rotameter or "floating ball" type) to 
check that the flow remains consistent. Note that 
the flow rate affects the thoron reading, but not 
radon due to its much longer half-life. 
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The RAD7 measures thoron concentration in the 
air at the point of sample intake. Since thoron 
varies from place to place depending on the 
motion of the air, the instrument operator may 
find it necessary to make measurements in several · 
locations to properly assess a thoron situation. 
Fortunately, rapid-fire thoron measurements are 
very easy to do with the RAD7. 

4.5.3 Calculation and Interference 
Correction 

The RAD7 calculates thoron concentration on the 
basis of the count rate in spectrum window B 
which is centered on the 6.78 MeV alpha line of 
Po-216, the first decay product of thoron gas. To 
further avoid interference from radon, the RAD7 
applies a correction to the thoron count rate to 
compensate for a small percentage of "spillover" 
from window C. 

If the spill from window C to window B is too 
great relative to the base amount in window B, it 
becomes impossible to calculate thoron 
concentrations with sufficient certainty. This 
situation can be avoided by purging the RAD7 
with fresh air and waiting with the unit turned off 
for two hours prior to testing for thoron. This 
provides enough time for the peak in window C to 
decay to one tenth of its original value. 

The RAD7 calculates radon concentration from 
the count rate in window A (SNIFF mode) or 
windows A plus C (NORMAL mode). The RAD7 
compensates for interference from the long-lived 
progeny of thoron (10.6 hours) by applying a 
correction to the radon count rate in both SNIFF 
and NORMAL modes. The correction is based on 
a fixed fraction of the count rate in the D window 
(around the 8.78 MeV peak of Po-212) which 
predicts the amount ofthoron progeny activity in 
the A window (due to the 6.05 and 6.09 MeV 
peaks ofBi-212). Note that the uncertainty 
figures given with each reading include the effect 
of these corrections. 

4.5.4 Avoiding Longer Lived Decay Products 

Although the RAD7 now corrects for the buildup 
of the long-lived thoron progeny (10.6 hour), we 
recommend that you avoid unnecessary exposure 
of the instrument to high levels of thoron for long 
periods of time. The presence of these long-lived 
progeny can make low level radon measurements 



• 

• 

• 

Chapter 4 Using the RAD? 

somewhat less accurate than would otherwise be 
possible. But if you err, the 10.6 hour half-life of 

· the thoron progeny makes for a temporary 
inconvenience of a few days at worst. 

4.5.5 Decay Correction, Flow Rate, and 
Thoron Calibration 

As discussed above, thoron's rapid decay causes 
the intake path and the air flow rate to become 
important factors in calibration. The RAD7 
factory calibration for thoron is based on a 
standard RAD7 inlet filter, a standard 3-foot long, 
3/16 inch inner diameter vinyl hose, and a 
standard small (6 inch) drying tube. Deviation 
from this arrangement can change your thoron 
results. For example, if you were to use a very 
long hose for thoron sampling, then the sample 
might decay significantly befoi:e it ever reached 
the instrument inlet. The same thing would 
happen if you substituted the small drying tube 
with the full-sized laboratory drying unit. In that 
case, the thoron reading should be multiplied by a 
factor of approximately 2.0. Additionally, if you 
were to use a non-recommended inlet filter, the 
flow might be restricted enough to greatly lower 
the result. 

4.5.6 Calculating Sample Decay 

The thoron concentration at the inlet of the 
RAD7, Cl, can be expressed mathematically as 

Cl =CO * exp( -L * Vl I q) 

where CO is the original sample concentration, Vl 
is the volume of the sample tube+ drying tube+ 
filter (around 50 mL), q is the flow rate (around 
650mL/min), and L is the decay constant for 
thoron (.756 /min). A typical value for Cl/CO is 
then 

Cl/CO= exp( -.756 * 50 I 650) = .943 = 94.3% 

This is the number DURRIDGE assumes in the 
factory calibration. Adding a few extra feet of 
hose will not matter much (about 0.5% per foot), 
but if we were to use a 100 foot hose instead (Vl 
is around 580 mL) then the same calculation 
would give .509 or 50.9%, a significant reduction 
from 94.3%! 
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4.5.7 Calculating Internal Cell 
Concentration 

The sample decays slightly in going from the 
RAD7 inlet to the internal cell, due to internal 
hose and filter volumes. This decay can be 
calculated in a similar fashion to the above, giving 
the internal cell inlet concentration, C2, about 
95.5% of Cl. Within the RAD7 internal cell, the 
equilibrium thoron concentration, C3, will be 
determined by the following formula: 

C3 = C2 I ( 1 + L * V2 I q ) 

where L and q are as above, and V2 is the volume 
of the internal cell (around 750 mL). Typical 
values then give C3/C2 as 

C3/C2 = l/(1+.756 * 750/650) = .534 = 53.4% 

Multiplying this result by the sample decay 
factors calculated above, we obtain an overall 
concentration in the internal cell of 48.1 % of the 
original sample. Recognizing the uncertainty of 
several of the inputs to these formulas, 
particularly the flow rate, we will round the 
overall result to 50% . 

4.5.8 Internal Cell Thoron Sensitivity 
Calibration 

Preliminary investigations have shown that the 
RAD7's internal cell thoron sensitivity in cpm/ 
(pCi/L) is identical to its radon SNIFF mode 
sensitivity, to within 25%. We have no reason to 
expect any sizable difference between the thoron 
and radon SNIFF mode sensitivity values; so we 
are presently assuming that the two values are 
indeed nearly equal, and claim an uncalibrated 
thoron precision of+/- 30%. 

With calibration against a thoron standard 
assessed by gamma spectrometry we are able to 
state the thoron sensitivity with much higher 
certainty. This thoron calibration is offered as an 
option and for this we claim an overall accuracy 
of+/- 20%. Otherwise we estimate the overall 
thoron sensitivity to be 50% of the radon Sniff 
sensitivity to account for sample decay in the 
intake and internal cell. The RAD7 has a typical 
radon Sniff sensitivity of .25 cpm/(pCi/L), so we 
estimate the typical thoron sensitivity to be 
around .125 cpm/(pCi/L). 



• 

• 

• 

Chapter 4 Using the RAD? 

4.5.9 Setting up a Thoron Measurement 

Sniffing for thoron is much the same as sniffing 
for radon, except it tends to be a little faster. If 
you are just "prospecting", you probably will not 
be very interested in getting the most accurate 
results possible, so technique is not critical. But if 
you are trying to make an accurate measurement, 
technique is of great importance. 

For accurate thoron measurement, always use the 
same sample taking arrangement. Keep the 
sample tubing short: no more than 6 feet (2 
meters) total length. Use one of the small drying 
tubes supplied with the instrument, positioned 
vertically and filled with fresh (blue) desiccant. 
Always use an inlet filter, free from flow 
restrictions or clogs . Avoid obstructing the intake 
of the sample tube. If possible, keep the RAD7 
plugged in and its battery charged for optimal 
pump operation. The recommended configuration 
is pictured below. For the most accurate results, 
check the flow rate with a flow gauge to be sure it 
is consistent from measurement to measurement. 
Use the RAD7's Setup Protocol command to 
choose Thoron protocol for a 5 minute repeating 
cycle. Be sure the instrument has been "dried 
out" before making a measurement. Position the 
sample tube intake and start the test. 

4.5.10 Thoron Mode 

Thoron mode causes the RAD7 to print both 
thoron and radon concentrations (in pCi/L or Bq/ 
m3) in continuous data logging or in subsequent 
printing of data. Thoron mode also directs the 
automatic pump setting to continuous pump 
operation to assure a fresh sample. 

The setup parameter "Setup Thoron" allows you 
to select Thoron mode On/Off, for configuring a 
particular test to perform thoron readings. 

The protocol "Protocol: Thoron" provides a 
standard test for sniffing both radon and thoron in 
5 minute cycles. 

Recommended RAD7 Thoron Configuration 

5/16" to 3/16" Reducer----

2" L 5/16" ID---1 

Small Drying Tube--

Theron Sampling Point---~ 

___... 
Air Flow 

3/16" to 1/8" Reducer---·• 

2" L 1/8" ID---• 

2" L 1/8" ID External Power 
-------(Recommended) 

~============== Air Output ___... 
Air Flow 

•-+---- 3/16" to 1/8" Reducer 

RAD? (Thoren Protocol) 
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4.5.11 Thoron Measurements in Standard . 
Radon Mode 

When the RAD7 is configured to perform a 
· standard radon measurement, it will detect both 
radon and thoron, but the thoron readings will be 
unreliable because most of the thoron will have 
decayed before it ever reached the RAD7's 
measurement chamber. This is because a standard 
radon measurement typically involves a larger 
drying unit and a lower average airflow rate than 
is stipulated for thoron measurements. However 
even under these unfavorable conditions it is often 
possible to apply adjustments to the reported 
thoron readings to determine the actual thoron 
concentration. 

When the RAD7 is configured for measuring 
radon, a full-sized laboratory drying unit is 
typically used. Each cycle begins with five . 
minutes of continuous pump activity, and then the 
pump typically operates for one minute in fi:V~ ~or 
the remainder of the cycle. The thoron sens1tlv1ty 
will be about half normal (because of the 
laboratory drying unit) for the first five minutes, 
when the pump is running, and then close to 1 % 
of normal for the rest of the cycle, due to the 
reduced pump activity. If the cycle is T minutes, 
the average thoron sensitivity will be: 

(2.5 + 0.01 *(T-5)) IT* Thoron Sensitivity 

That means the thoron reading should be 
multiplied by the following factor: 

TI (2.5 + 0.01 *(T-5)). 

Using this logic, if Tis 30 minutes, then the scale 
factor will be around 10 or 11 times. 

When RAD7 data is graphed in CAPTURE, 
thoron data will not be viewable on the graph by 
default unless the software detects that the RAD7 
was configured optimally for the measurement of 
thoron. However thoron data can always be 
graphed by overruling CAPTURE's objections. 
More details are available in the CAPTURE 
user's manual. 
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4. 6 Managing Background 

A major concern in radon testing is background. 
The RAD7 has a number of features that help to 
keep short and long-term background under 
control. These are discussed in Chapter 3 .11. 
Following a few simple rules will help to keep 
background to a minimum. 

Short term background is activity left in the 
detector after the air sample has been flushed 
from the measurement chamber. The higher the 
radon concentration and the longer the sample is 
held in the cell, the more daughter activity it 
leaves behind. So, to avoid background, when 
you see high radon readings, finish your 
measurement, and purge the sample cell promptly. 
Take the instrument somewhere with little radon, 
~uch as outdoors. Make sure the drying tube is 
connected, and select >Test Purge. Let the 
RAD7 purge for 5 to 10 minutes, or longer if the 
sample was exceptionally "hot". 

The two alpha peaks decay at different rates. The 
polonium-218 peak, in window A, decays with a 
3.05 minute half-life. So in 10 minutes it will be 
down to about one-tenth of its original count rate . 
The peak in window C, however, will take over 
two hours to get down to one-tenth its count rate. 

Rather than wait around for hours, you can start 
the next radon test in SNIFF mode, which ignores 
window C. In fact, the preset, one and two-day, 
monitoring protocols, in the RAD7, use AUTO 
mode which starts a measurement in SNIFF , 
mode and automatically changes to NORMAL 
mode after three hours. This takes care of all but 
extreme exposure. to very high radon. 

You can always measure the short-term 
background, with 5-minute SNIFF mode tests. 
Run a few to see that the background is low. 

4. 7 Airflow Rate Limits 

When the RAD7's pump is set to OFF (Setup, 
Pump, Off [ENTER]), it is permissible to use 
an external pump device, such as the DRYSTIK, 
which may provide a higher or lower airflow ra~e 
than the RAD7's built-in pump. However certam · 
flow rate limits should be observed . 
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High flow rates are useful for thoron 
measurement and for fast response RAD AQUA 
monitoring of radon and thoron in water. Low 
flow rates are useful for continuous soil gas 
monitoring and for sampling gases, such as stack 
gases, that need significant conditioning. 

4.7.1 Maximum Airflow Rate 

The maximum recommended airflow rate is 2.5L/ 
minute. Beyond that rate the RAD7's sensitivity 
will eventually drop, because the very fast 
movement of air interferes with the electrostatic 
precipitation process. Airflow rates approaching 
the 2.5L/min limit are suitable for measuring 
thoron, which must be brought into the RAD? 
swiftly due to its rapid decay. 

If the RAD? has been specifically calibrated for 
thoron however, the specified thoron sensitivity 
will remain in effect only when the RAD? is 
configured exactly as instructed on the Thoron 
Calibration Certificate. Generally this entails 
operating the RAD? in Thoron Protocol, causing 
its internal pump to run continuously, producing 
an airflow rate of about 800mL/min. 

4.7.2 Minimum Airflow Rate 

If the RAD7's cycle time exceeds 5 minutes and 
its internal pump is set to Auto, the pump 
normally runs continuously to dry out the RAD? 
until the RH drops below 10%. After that the 
pump runs for 5 minutes at the start of every cycle 
to put an entirely fresh sample into the 
measurement chamber, and thereafter for one 
minute in every five, to keep the air sample fresh. 
Therefore the typical average flow rate is less 
than 0.2L/min. For certain applications lower 
airflow rates may be preferred. To determine the 
minimum acceptable airflow rate, consider the 
following parameters: 

a) The distance from the sample source to the 
RAD? (very slow flow rates may allow 
significant radioactive decay of the radon 
before it reaches the RAD?). 

b) Whether thoron is being measured (with a one
minute half life, sample decay during 
acquisition is significant). 

c) The required response speed of the RAD? (a 
low flow rate may cause an unacceptably long 
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time to change the sample in the measurement 
chamber). 

d) The radioactive decay during residence in the 
RAD7's measurement chamber. 

Regarding point c), the amount of time it takes to 
change the measurement sample should be short 
compared to the required response time. 

Regarding point d), the radon sample in the 
measurement chamber should have nearly the 
same concentration as the radon at the sampling 
point, to within a small fraction of the acceptable 
uncertainty. Ideally less than 1 % of the original 
sample concentration will be lost to radioactive 
decay before the measurement occurs. This 
requires that the transit time frorri the sampling 
point plus the time that radon remains in the 
RAD7's chamber is less than one hour. The 
RAD? has.a volume ofless than lL, so a flow 
rate of lL/hour, or 0.016L/min is sufficient to 
satisfy the residence criterion, but the response 
time to a step change in radon concentration at the 
sampling point would then be about 1 hour. For a 
l 5min response time, the flow rate would have to 
be at least five times greater, or 0.08L/min. 

The 3min halflife of 218-Po limits the radon 
response time to a little less than 15 minutes, so 
there is little benefit in a flow rate greater than 
O. lL/min unless the source is far away or thoron 
is being measured. 

4.8 Harsh and Hazardous 
Environments 

4.8.1 Splashing Water 

Extra care should be taken to prevent water from 
splashing onto the RAD? face plate or entering 
the instrument through the RAD? inlet. Either 
situation can cause malfunctions and corrosion. If 
the RAD? is to be operated in a harsh 
environment, such as a cave or mine, where water 
may splash around, the RAD? may be protected 
in two ways: 

a) A thin plastic film may be stretched over the 
face plate and down the sides of the case. It 
can be pushed down around the hose 
connectors and plugs can be pushed into data 
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and power sockets, pushing the plastic film 
down around the pins. The result is to make 
the instrument almost waterproof. 

b) The RAD7 can be enclosed in a large 
transparent plastic bag with the opening 
gathered, and held with an elastic band, around 
the incoming air-sample tubing. 

c) The dry air from the RAD7 outlet may be 
exhausted to the interior of the bag, ensuring 
that the operating environment is clean and dry. 

If water ever enters the RAD7, immediate steps 
should be taken to minimize the impact on the 
instrument. For detailed instruction see Section 
8.4, Water Catastrophe. 

4.8.2 Dusty Environment 

Dust may coritaminate the desiccant and cause 
elevated radon background due to radon emitted 
by trace amounts of radium deposited in the 
desiccant by the contaminating dust. To prevent 
this, a dust filter should be attached to the tubing 
at the sampling point, upstream of everything . 

A suitable dust filter is supplied with every 
RAD7. The filter should be replaced when it 
becomes soiled. Replacements may be purchased 
from a car-parts supplier as 1960's VW Beetle in
line gasoline filters, part number 803-201-511C, 
or FRAM G4164, or from DURRIDGE Company. 

Please note that any restriction to air flow, 
including a plugged dust filter, upstream of a 
passive DRYSTIK will reduce the effectiveness of 
the DRYSTIK. In a dusty environment, with a 
dust filter in place, an Active DRYSTIK will 
continue to work well even if the dust filter 
becomes partially blocked . 
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4.8.3 Radiation Hazard 

If the RAD7 is to be placed in a location that is 
hazardous to the health of individuals, remote 
communication may be established through either 
a wireless Bluetooth connection or a local 
wireless network. For details please see Chapter 
6, and the Long Distance Connectivity section of 
the CAPTURE user's manual. (The CAPTURE 
manual is available from within the program's 
Help Menu, as well as from the DURRIDGE , 
website.) 
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5 . USING RAD7 ACCESSORIES: 
TESTING FOR RADON IN THE GROUND AND WATER 

5.1 Introduction 

With the addition of various accessories offered 
by DURRIDGE, the RAD7 can acquire the ability 
to detect radon in water samples, flowing water, 
soil gas, hard and soft surfaces, and collected 
objects. These applications and the accessories 
required for each are described below . 

. The accessories discussed here are not included 
with the RAD7. For full details on the usage of a 
given accessory, please see its user manual. All 
product manuals are available in print form, and 
on the DURRIDGE website (www.durridge.com) 
in PDF format. 

5.2 Radon in Water 

5.2.1 The RAD H20 Accessory 

The RAD H20 is an accessory for the RAD7 that 
enables you to measure collected water samples to 
detect radon with high accuracy over a wide range 
of concentrations, obtaining your reading within 
an hour of taking the sample. It is particularly 
suited for well water testing, where immediate 
results are often required. 

The RAD H20 uses a standard, pre-calibrated 
degassing system and pre-set protocols, built into 
the RAD7, which give a direct reading of the 
radon concentration in the water sample itself. 
The method is in fact a special variation of the 
grab sampling method described in the previous 
chapter. 

The most widely supported sample sizes are 
40mL and 250mL, as these correspond to the 
RAD7's built-in Wat-40 and Wat250 protocols. 
Large water samples of up to 2.5L may be 
sampled using a separate product, the Big Bottle 
System, in which radon concentrations are 
calculated using the provided CAPTURE 
software for Windows and Mac OS X . 

The RAD H20 and Big Bottle System manuals 
contain further information on these products. 

The RAD H20 Accessory 

The RAD AQUA Accessory 
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5.2.2 The RAD AQUA Accessory 

The RAD AQUA accessory handles the 
continuous.monitoring of radon in water, offering 
accurate results in as little as half an hour. 
Applications for the RAD AQUA include testing 
water from running faucets and water being 
pumped from the bottom of a lake. In addition to 
its rapid response time, the RAD AQUA offers a 
high degree of sensitivity. 

The RAD AQUA functions by bringing air into 
equilibrium with water passing through an 
exchanger in a closed loop. During this process, 
the RAD7 is set to operate in continuous mode, as 
described in Chapter 4.2. 

Since the equilibrium ratio of radon in. air to radon 
in water is affected by temperature, a temperature 
probe is used to collect water temperature data, 
and DURRIDGE CAPTURE software for 
Windows and Mac OS X later accesses the RAD7 
data and the water temperature data and calcula~es 
the final radon in water readings. 

Users are encouraged to refer to the RAD AQUA 
manual for further details . 

5.2.3 The WATER PROBE Accessory 

The Water Probe is used to collect radon samples 
from large bodies of water. The probe consists of 
a semi-permeable membrane tube mounted on an 
open wire frame. The tube is placed in a closed 
loop with the RAD7. 

When the probe is lowered into water, radon 
passes through the membrane until the radon 
concentration of the air in the loop is in 
equilibrium with that of the water. As with the 
RAD AQUA, the RAD7 data and water 
temperature data are collected simultaneously and 
accessed by CAPTURE to determine the final 
result. 

As compared to the RAD AQUA, the Water Probe 
takes longer to make a spot measurement. 
However it does not require a pump, so power 
requirements are reduced. 
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5.3 Soil Gas Sampling 

5.3.1 Application 

The radon concentration in the soil gas 
surrounding a house is one of many parameters 
that impact radon health risk. The construction of 
the house, the porosity of the soil, the height of 
the water table, and several other factors are all 
important. Even if there is no radon in the 
surrounding soil, the house may still be at risk if it 
has a well in the basement, or is built on rock, 
over a fissure. Regardless, it is often of interest to 
determine the radon concentration in soil gas. 

Thoron is usually associated with radon in the 
soil. When measuring soil gas, it is therefore 
particularly useful to determine the thoron content 
as well as the radon content. Should there be 
significant thoron, it may be used as a tracer, to 
find radon entry points inside the house. See · 
Chapter 4.3.2 for details. 

5.3.2 The Soil Gas Probe Accessory 

The cost and complexity of a soil gas probe 
increases with the depth to which it can be 
inserted. A variety of probes are available from 
DURRIDGE, the simplest of which will penetrate 
to a depth of 3 feet. 

5.3.3 Soil Gas Probe Preparation 

For full details on using a soil gas probe, please 
refer to the appropriate user's manual found at the 
DURRIDGE website (www.durridge.com). The 
basic procedure can be summarized as follows. 

Insert the soil probe. Make sure that there is a 
reasonable seal between the probe shaft and the · 
surrounding soil, so that ambient air does not 
descend around the probe and dilute the soil gas 
sample. 

Between the probe and the RAD7, connect the 
included water trap (which could be just ajar with 
two air-tight hose connectors in the lid). Then 
connect the laboratory drying unit, and the inlet 
filter. A water trap is included in the package 
when the DURRIDGE soil gas probe is 
purchased . 
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Set the protocol to Sniff. Soil gas is normally so 
high in radon that it is not necessary to use long 
cycle times to gain precision. Five minute cycle 
times are sufficient. 

5.3.4 Running the Test 

Startthetest. (Test, Start, [ENTER]). On 
the LCD screen you will see the first status 
window. Push the right arrow twice and the 
screen will display the temperature, relative 
humidity, battery voltage and pump current. Pay 
particular attention to the relative humidity and 
pump current. The humidity should gradually 
drop down to below 10%, and stay there. 

If the pump current starts to rise much above 100 
mA, it suggests that the soil is not porous, in 
which case it may be that a good soil gas sample 
cannot be drawn, no matter how powerful the 
pump is. With the RAD7 pump current above 
100 mA, the air flow rate will be significantly 
reduced from the nominal 1 L/min. This will not 
affect the radon reading, but will reduce the 
effective sensitivity to thoron, as more of the 
thoron will decay en route to the RAD7. If 
desired, an additional pump may be used, but it 
should be placed upstream of the RAD7, so that 
the RAD7 is operating at normal pressure. In 
fact, with an external sampling pump in use, the 
RAD7 pump can even be switched off altogether. 

5.3.5 Interpreting the Data 

As with any Sniff test, the first two 5-minute 
cycles should be ignored. The next one or two 
cycles should be averaged, to arrive at the radon 
concentration of the soil gas. 

For thoron, some estimate has to be made of the 
time taken for the sample, after it has left the soil, 
to reach the RAD7. This requires an estimate of 
the volume of the sample path, including the 
probe, water trap, tubing and drying unit, and an 
estimate, or measurement, of the flow rate. For 
example, if the total volume of the sample path is 
2L and the flow rate is 0.5L/min, then the sample ' . 
delay is about 4 minutes. If the thoron decays by 
half every minute, then after four minutes the 
concentration will be just 1/16th of the 
concentration in the ground. So, the thoron 
concentration measured by the RAD7 would be 
multiplied by 16. 
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5.4 Emission Measurements 

5.4.1 Application 

With its internal pump, sealed sample path, and 
inlet and outlet connectors, the RAD7 is well 
suited to the measurement of radon emissions 
from objects and surfaces. Furthermore, the 
ability to count only the polonium-218 decays 
means that dynamic measurements are clean, and 
not complicated by long-half-life events. 

5.4.2 Open Loop Configuration 

Emissions may be sampled from collected objects 
using DURRIDGE's Bulk Emission Chamber. It 
is also possible to analyze emissions from soft or 
hard surfaces, with the aid of a DURRIDGE 
Surface Emission Chamber, which consists of a 
plate-like enclosure capable of forming a tight 
seal around the surface in question. In both cases 
the RAD7 draws air from within the enclosed 
space, through the desiccant and inlet filter, and 
into the measurement chamber. The air may then 
be returned to the enclosure from the RAD7 
outlet, to form a closed loop. Alternatively, in an 
open loop configuration the air being drawn from 
the enclosure may be replaced with 'zero' air from 
a cylinder, or with ambient air, which should have 
a low but known radon concentration. 

With the open loop configuration, a steady and 
known flow rate must be established. If a 
cylinder of 'zero' air, or nitrogen, is used, then the 
RAD7's internal pump may be set to Off, and a 
pressure reduction valve and needle valve may be 
used to control the flow rate. With ambient air, 
the RAD7's internal pump may be set to On, for a 
continuous flow. In both cases, a flow meter is 
required. Once a steady state has been achieved, 
a long-term measurement may be made. The rate 
of emission will equal the increase in radon 
concentration times the flow rate, The precision 
will depend on the radon concentration and the 
duration of the measurement. 

5.4.3 Closed Loop Configuration 

In a closed-loop configuration, the system is first 
purged, then sealed. Next the radon concentration 
within the loop is monitored in SNIFF mode, with 
short, e.g. 15 min., cycle times, for a few hours . 
It is necessary to know the total volume of the 
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closed-loop system. For this purpose the volume 
inside the RAD? may be taken as 800mL. The 
initial rate of increase in radon concentration 
(neglecting the first 15-min cycle), multiplied by 
the volume, gives the rate of radon emission. A 
reduction in the slope, as the radon level builds 
up, may be due to leaks in the system, or to a 
reduction in the net emission. 

DURRIDGE 's CAPTURE software can be used 
to position a slope line on the graph and inspect 
the change in radon concentration over time. The 
line should be set to begin after the initial 
response delay and before any observable drop 
from either leakage or decay. CAPTURE will 
express the slope of the line in the units of your 
choice. 

5.4.4 Very Low Emission Rates 

Very low emission rates can be measured by 
placing the sample in an airtight container with 
sealable inlet and outlet valves, and allowing the 
ingrowth of radon to occur over at least a week 
(after which the ingrowth must be calculated) and 
preferably a month or more (after which the 
ingrowth may be assumed to have reached 
equilibrium). The container is then connected to 
the RAD? in a closed loop. The valves are 
opened and the RAD? measures the radon 
concentration. The concentration will rise as the 
radon is distributed around the loop. Eventually 
the concentration will settle to a slowly 
decreasing value. 

5.4.5 Bulk Emissions 

The DURRIDGE Bulk Emission Chamber is an 
airtight box with two well separated hose 
connectors . The material to be tested is placed in 
the chamber, which is then connected to the 
laboratory drying unit, and thence to the inlet 
filter on the RAD?. The other box connector has 
tubing attached, which is either connected to the 
RAD? outlet for closed-loop operation, or to a 
cylinder of zero gas or ambient air. 

Note that bulk emissions are affected by pressure 
fluctuations and by temperature and humidity. All 
these parameters can and should be controlled in 
both the closed-loop and open-loop 
configurations. Radon emission is also dependent 
on the grain size of loose materials, and the 
porosity of any bulk material. 
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In addition to radon, thoron can also be measured 
in the Bulk Emission Chamber. In the open loop 
mode, a correction is required for the decay of the 
thoron during the time between its emission and 
measurement in the RAD?. In closed loop mode, 
another correction must be made for the portion 
of thoron that gets fed back to the enclosure. 
Note that for thoron, both the closed loop and 
open loop modes are steady-state measurements. 

5.4.6 Surface Emission 

DURRIDGE offers two surface emission 
chambers, one for solid hard surfaces, and another 
for soft soil surfaces. Each consists of an circular 
plate which is sealed against the surface under 
investigation. The Solid Surface Emission 
Chamber accomplishes this using a rubber seal, 
while the Soil Surface Emission Chamber uses a 
penetrating metal rim. 

The measurement procedure is similar to that of 
the Bulk Emission Chamber described above. 
Once the total emission rate within the enclosure 
has been calculated, it may be divided by the area 
of the surface within the sealed boundary, to 
determine the emission per unit area. 

The Bulk Emission Chamber 
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The Surface Emission Chamber 

5.5 Supporting Accessories 

5.5.1 Overview 

DURRIDGE offers additional RAD7 accessories 
which improve the accuracy of radon and thoron 
reporting by optimizing operating conditions. 

The RAD7 is able to detect radon in 
concentrations of up to 20,000 pCi/L (750,000 
Bq/m3) . For applications involving higher 
concentrations of radon, DURRIDGE offers the 
Range Extender, a device which removes 90% of 
the radon from the air sample entering the RAD7, 
giving the instrument the ability to operate in 
conditions under which it would otherwise be 
unable to cope. A final concentration figure is 
attained by multiplying the reported result by ten. 

Another limitation of the RAD7 is that it loses 
reporting accuracy under high humidity 
conditions. The use of desiccant ensures that the 
air entering the RAD7 inlet is not too humid, but 
since desiccant is expended quickly when 
exposed to very moist air, DURRIDGE offers the 
DRYSTIK, an instrument which removes 
moisture from the air entering the RAD7 without 
removing the radon itself. The premium 
DRYSTIK model is capable of reducing the 
humidity of a typical air sample to 4% in under 20 
minutes, greatly prolonging the life of the 
desiccant, or eliminating the need for it altogether. 
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The Range Extender and DRYSTIK are described 
in more detail below. For full documentation on 
each, please refer to the Range Extender and 
DRYSTIK user manuals, available in PDF format 
at the DURRIDGE Website (www.durridge.com). 

5.5.2 The Range Extender 

The Range Extender mixes fresh air with the air 
being sampled, reducing the concentration of 
radon entering the RAD7 by a factor of ten. This 
greatly increases the instrument's effective range. 

The Range Extender consists of two parallel 
capillary tubes joined at one end to an outlet hose 
connector. Fresh air is fed to the input of one tube 
while the incident radon sample is fed to the 
other. A differential pressure sensor across the 
two tube inputs, with a needle valve for 
adjustment, is used to ensure that both capillary 
tubes have the same pressure drop across them. 

With this system the radon concentration 
delivered to the RAD7 is reduced by an order of 
magnitude, regardless of the strength and flow 
velocity of the RAD7 's internal pump. The RAD7 
pump can cycle on and off without affecting the 
reduction factor. 

The Range Extender can be used for the 
measurement of very high radon concentrations in 
air, in soil gas, and in water. It can also be used 
with any other instrument that has its own pump, 
for any gas. If used to extend the range of thoron 
measurement, care must be taken to assess and 
correct for the additional decay of the thoron due 
to sample acquisition delay. 

The Range Extender 
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5.5.3 The DRYSTIK 

The DRYSTIK reduces the humidity of the air 
entering the RAD7 by transferring moisture from 
the sample about to enter the RAD7 to the air 
being pumped out of the instrument. As the air 
enters the desiccant in the drying unit (which is 
not included with the DRYSTIK) on its way to the 
RAD7, it will have already lost most of its 
moisture, greatly extending the life of the 
desiccant in the drying unit. In certain cases the 
need for desiccant is eliminated altogether. 

The DRYSTIK has at its heart a Nafion.humidity 
exchanger with diaphragm pump, fixed and 
variable flow limiters, and a built-in Duty Cycle 
Controller. These are all contained in a compact, 
portable enclosure. The DRYSTIK's pump 
compresses the sample air inside the membrane 
tubing, initiating the transfer of water molecules 
to the outer purge flow, drying the incoming air as 
it moves through the device. 

The DRYSTIK is available in three variants, 
I , 

based on the length ofNafion tubmg used. The 
premium 144-ADS model is capable of bringing 
the relative humidity of air flowing at O. l 5L/min 
down below 10% in less than four hours, and 
maintaining the RH below 6% indefinitely 
without any desiccant. This allows a RAD7 to 
operate under optimum conditions with the 
highest sensitivity and lowest operating cost. At a 
higher flow rate of 1.2L/min, the DRYSTIK can 
bring the RH down below 12%, which is 
sufficient for enhanced-sensitivity thoron 
measurement. 
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For soil gas measurement, the DRYSTIK provides 
a high flow capability, supporting the detection of 
short-lived thoron. For radon, the ability to lower 
the flow with the built-in Duty Cycle Controller 
means that continuous soil gas readings may be 
made indefinitely, without any risk of fresh air 
diluting the soil gas sample by diffusing from the 
surface down to the extraction point. Given its 
versatility, the DRYSTIK is effective for a wide 
range of applications. 

The DRYSTIK (Model ADS-3R) 
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6 . PC Connectivity 

6.1 PC Connectivity Basics 

The RAD7's built-in serial port allows you to 
transfer radon data to your computer and to 
communicate with the device remotely in real 
time. DURRIDGE provides a free software 
utility for Windows and Macintosh OS X, 
CAPTURE, which makes it easy to perform these 
actions, as well as to monitor the RAD7's status, 
graph radon and thoron data, apply corrections to 
account for environmental factors, and export the 
results for analysis in a spreadsheet program or 
other software. 

It is also possible to use a terminal emulator 
program to interface with the RAD7, and to write 
your own RAD7 communications software using 
the protocol documented later in this chapter. 

An overview of the CAPTURE software is 
provided in Section 6.2, and the full program 
documentation is available at www.durridge.com/ 
capturehelp/. This documentation is also 
accessible from within the CAPTURE 
application, using the Help menu. 
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Following the.section on CAPTURE, the 
remainder of this chapter contains technical 
information which will be of interest to advanced 
users who intend to communicate with the RAD7 
via a terminal window and those who wish to 
write their own software for communicating with 
theRAD7. 

6.1.1 Connecting the RAD7 to the Computer 

On most systems the RAD7 should be connected 
to the computer using the included USB to Serial 
adaptor, and it will be necessary to install the 
included adaptor driver software. If your 
computer has a physical serial port however, it is 
possible to instead use an RS232 DB9 female to 
female null modem cable to connect the RAD7 

. directly to the computer, without the need for 
adaptors or drivers. 

The diagrams on the next page show how to 
connect the RAD7 to a computer using two 
different kinds ofUSB to Serial adaptors: the 
StarTech adaptor (top), and the Keyspan adaptor 
(bottom) . 
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Computer with StarTech Adaptor 
Driver and CAPTURE Software 

Star Tech 
USS to Serial 
Adaptor Cable 

OURRIDGE RA07 

--- External 
Power 

Connecting the RAD7 to a computer using the StarTech USB to Serial Adaptor 

Computer with USS/Serial Driver 
and CAPTURE Software 

USS/Serial 
Adaptor 

USB-B Cable 

Null Modem Cable 

DURRIDGE RAD7 

- -External 
Power 

Connecting the RAD7 to a computer using the KeySpan USB to Serial Adaptor 

It is recommended that the RAD7 remain plugged 
into external power to prevent its battery from 
dying while it is connected to the computer. 

For connecting more than one RAD7 to a 
computer, it is possible to use several USB to 
serial adaptors simultaneous ly, with each plugged 
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into a USB port on the computer (it is not 
advisable to plug multiple adaptors into a single 
USB hub.) Alternatively, a multi-port USB to 
serial adaptor may be purchased. 
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6.2 CAPTURE Software 

CAPTURE is intended to simplify the transfer of 
data from the RAD7 to a computer. It also 
provides a wealth of graphing and data analysis 
options, and offers the ability to export data to 
other programs for further review. The software 
is available for Windows and Macintosh OS X. 

This section serves as a brief introduction to the 
CAPTURE software. 

6.2.1 CAPTURE Installation 

The latest version of the CAPTURE software may 
be downloaded from the DURRIDGE website 
(www.durridge.com/capture). Download the 
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file Edit Yoow Window Help 

Open : ta f ile... I 

Download RAD7 Data 

iii 
Chart Pecordtr 

Is sue RA07 Command 

RAD7 0014 I RAD7 3076 I 

Optn As Graph 

Cone. Unit: I Automatic 

r, mp. Unit: !Automatic 

Point Styl e: !Normal 

lln.e Weight: !1 

./ Show Grid Lints 

./ Show Chart legend 

View Range: jAutomatic 

Hours: 3.95 

Plot lines: 

J Radon 

Thnron 

A:.Jdon In Water 

Thoron tn Water 

Relay RAD7 Commands AirTempuature 

Water Temperature 

Relative Humidity 

J RA07 Printer Present 

tJ 
RAD7 Groupl 

·I 

·I 
·I 

1/30/13 
14:00 

RAD7 3076 connected to COM19at19200 Baud. Ca librat ion Date: U/12/12. 

0 
Add RAD7 

appropriate version of the software for Windows 
or Mac OS X. In Windows an installer program 
will install the necessary components and place 
shortcuts in the Start Menu and on the desktop, if 
desired. To install CAPTURE for the Macintosh, 
open the downloaded .dmg disk image fi le and 
drag the CAPTURE application into the 
Applications folder or to the location of your 
choice. 

Next connect the RAD7 to the computer using the 
provided adaptor cable as described in Section 
6.1. 
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6.2.2 Feature Summary 

· CAPTURE's capabilities fall into three main 
categories: downloading RAD7 data, graphing 
and analysis, and real-time RAD7 monitoring. An 
overview of each is described below. 

6.2.3 Downloading RAD7 Data 

CAPTURE's original and primary function is to 
download RAD7 data. Once connected to a 
RAD7, the program can download all of the 
device's data, or a particular data run. For a more 
complete record set, supplementary output 
containing thoron concentration records may also 
be obtained. When a download operation is 
complete, the results are saved to disk in the 
format of the user's choice. 

In addition to being able to download data from 
RAD7s connected directly to the computer, 
CAPTURE can obtain data from remote RAD7s, 
connected via a remote desktop software, a local 
network, or a modem. 

6.2.4 Graphing and Analysis 

Once RAD7 data has been downloaded and saved 
to disk, it may be displayed as a graph. 
CAPTURE's Graph Window allows for the 
display of radon, thoron, temperature, and 
humidity data. Navigation controls make it 
possible to select the data points within a specific 
date range and zoom in to that region for a closer 
look. 

Accompanying the graph display is a statistics 
panel showing information about the point nearest 
to the cursor and the points within the selected 
region, as well as the points comprising the entire 
data set. 
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A synthesized spectrum display appears in 
another panel, providing an indication of the 
changes that occur within the RAD7 as a testing 
session progresses. 

RAD7 Profiles based on device calibration data 
may be applied to graphs to improve the accuracy 
of the data shown. Data points may also be 
corrected for temperature, humidity, and other 
variables. Any problematic data records will be 
examined by CAPTURE's comprehensive error 
catching system and reported to the user. 

CAPTURE supports the exporting of both raw 
RAD7 data and more complete error-corrected 
RAD7 data in a number of formats, for use in 
spreadsheets and other analysis tools. Summary 
reports may also be generated, providing general 

· overviews of the collected data. 

6.2.5 Real-Time RAD7 Monitoring 

CAPTURE is capable of monitoring multiple 
local and remote RAD7s simultaneously in a 
Chart Recorder, displaying status details and 
plotting radon concentrations in real time as they 
are recorded. A statistics panel is automatically 
refreshed as new information arrives. 

Besides tracking the sate of each connected 
RAD7, it is also possible to issue menu 
commands, performing such tasks as starting and 
stopping tests and setting the protocol. All of the 
functionality of the RAD7's physical controls are 
accessible from within CAPTURE's graphical 
interface. 

As stated above, it is suggested that users examine 
the complete CAPTURE documentation, 
available from the www.durridge.com/ 
capturehelp/, and from within the program's Help 
menu . 
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6.3' RAD7 Communication Protocol 

6.3.1 Communication Requirements 

Although DURRIDGE's CAPTURE software for 
Windows and Mac OS X provides a complete 
solution for downloading RAD? data and issuing 
RAD? commands, it may be desirable to 
communicate with the device using a terminal 
window, or with custom communication tools 
designed to fulfill specific needs. 

The RADLINK firmware, installed standard with 
every RAD? sold, enables the RAD? to respond 
to commands issued through its serial port. With 
RADLINK installed, all of the commands 
available through the RAD? keypad will also be 
available via the serial port. From a computer 
you may, for example, change the RAD7's 
operating parameters, complete a test, and then 
download the accumulated data. 

6.3.2 RAD7 Command Format 

The format of commands issued to the RAD? 
serial port generally match, as closely as possible, 
the format of the commands available to the user 
at the RAD? keypad. For example, the command 
to change the cycle time to 1 hour is "SETUP 
CYCLE 01: 00". The command to tum off the 
audio beeper is "SETUP TONE 0 FF". The 
command to s_end over the data from run number 
3 in comma-delimited form is "DATA COM 3". 
(This particular command is described further in 
Chapter 6.3.3, Parsing RAD? Data.) 

Besides the ordinary RAD? commands, additional 
commands have been implemented via 
RADLINK which add functionality and in some 
cases substitute for other commands. These 
commands aU start with the'word "SPECIAL". 
One such command is "SPECIAL STATUS", 
which gives information about the current status 
of the instrument. It is like "TEST STATUS", but 
does not continue to update the information every 
second; instead, it returns control to the user. 

The third standard ASCII character, ETX, 
functions as a remote "menu" key that can be used 
to interrupt certain RAD? activities and prepare it 
to accept a new command. The RAD? replies 
with a prompt, the greater-than character">", that 
tells you it is ready for a new command. When 
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using a terminal emulator program, you will 
always type commands at the prompt. 

All commands must be followed by a carriage 
return (the thirteenth standard ASCII character), 
denoted here as <CR>. No command will be 
activated until the <CR> goes through. Once you 
have typed a command, always end with a 
carriage return keystroke. This key may be 
marked "Enter" or "Return" on your keyboard. 

If the RAD? cannot understand your command, 
for example if you typed words in the wrong 
order or misspelled something, it will respond 
with 

?ERROR 

followed by a list of acceptable command words. 

The case of the command does not matter, nor 
does the numeric format of numbers. In the last 
example, "data com 03", "Data Com 3", 
and"dAtA coM 03.00"allworkequallywell. 

6.3.3 Parsing RAD7 Data 

Stored RAD? data can be obtained through the 
"Data Com ##"command. Specify the run 
number in the command line and finish with a 
carriage return. Alternatively, issue the "Special 
ComA l l" command to download all runs from the 
RAD?. 

Each cycle produces a record containing 23 fields. 
Carriage-return line-feeds separate the records, 
and within each record, commas separate the 
fields. Fields may have leading zeros, extra space 
characters, trailing decimals, etc., which may 
need to be trimmed. When the RAD? responds to 
a Data Com or Special ComAll command, each 
line returned represents a different cycle. Here is 
an example of a single line: 

009,99,10,29,04,18,4823.,337i8,45.4, 
2.9,46.6,0.3, 2201,14, 23.7, 5, 7, 
7.09, 00, 125, 28.32743, .8500846, 
255<CRLF> 

The meaning of each of these values is described 
in the table on the next page. 
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• Table 6.3.3 RAD7 Data Record Content 

ID Field Name Notes 
' 1 Record Number Ranges from 001 to 999 

2 Year 2 digit value 

3 Month 2 digit value 

4 Day 2 digit value 

5 Hour 2 digit value 

6 Minute . 2 digit value 

7 Total Counts Integer indicating total counts recorded during test 

8 Live Time Expressed in minutes 

9 Percent of total counts in win. A These 4 windows will not always add up to 100% since 

10 Percent of total counts in win. B counts can come into channels below or above these 

11 " Percent of total counts in win. C windows. 

12 Percent of total counts in win. D 

13 High Voltag~ Level Ranges from 2200V to 2300V 

14 High Voltage Duty Cycle Ranges from 0-100%; typically 10-20% 

15 Temperature Measured in °C or °F depending on RAD? setup 

16 Relative humidity of sampled air. Should be kept below 10% for most accurate test 

17 Leakage Current Ranges from O to 255. Above 20 is cause for concern. 

18 Battery Voltage Below 6.00V is a discharged battery. Does not affect 

• accuracy of test but indicates need for recharge . 

19 Pump Current Ranges from 0-260mA. Typically 40-BOmA; Above 1 OOmA 
possible clogged filter or obstruction. 

20 Flags Byte Bit 0 indicates whether pump is in TIMED mode 
Bit 1 indicates whether pump ON continuously 
Bit 2 is not defined 
Bit 3 indicates whether tone is in GEIGER mode 
Bit 4 indicates whether beeper is activated 
Bit 5 indicates if spectrum will print after each test 
Bit 6 indicates if there are multiple (recycle) tests 
Bit 7 indicates whether RAD? is in SNIFF test mode. 

21 Radon concentration Expressed in pCi/I, Bq/m3, cpm, or# counts, depending on 
the units the RAD7 has been set to use. 

22 Radon concentration uncertainty Two-sigma uncertainty - of concentration in the SAME units 
as the base radon concentration (not %}. 

23 Units Byte Bits O and 1 indicate the concentration unit: 
00 = counts per minute 
01 = number of counts 
10 = Bq/m3 
11 = pCi/L. 

Bit 2 through Bit 6 are not defined . 
. Bit 7 indicates the temperature unit used on printer output 

(0 = °F, 1 = °C) 

• 
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6.3.4 Terminal Emulator Tips 

If you are using a terminal emulator to interact 
with the RAD7, you can gain access to additional 
functionality by making sure the terminal has 
been set up to give ANSI standard escape codes 
for the function keys and cursor control keys. Set 
the terminal for either ANSI, VT-52, or VT-100 
mode to get these functions. The function keys 
Fl, F2, F3, and F4 act as a remote RAD7 keypad, 
corresponding to the RAD7 keys [MENU], 
[ENTER], [+-],and [-+] . The Control-C 
character also acts as the remote [MENU] key 
(ETX). The backspace/delete key on your 
keyboard allows you to correct misspelled ' 
commands before the carriage return. If this key 
does not work, then Control-H may handle the 

. same function .. 

6.4 Serial Port Specifications 

6.4.l Communication Protocol 

The RAD7 serial port follows RS-232C 
convention for signal levels. Positive voltage 
(+3V to +15V) indicates logic state 0 (SPACE), 
while negative voltage (-3V to -15V) indicates 
logic state 1 (MARK). 

The connector pin-out follows the IBM PC 
convention for the 9 pin serial port. The 
handshaking lines (DTR, DSR, RTS, and CTS) 
are not fully implemented, and should be 
considered non-functional (NF), but X-on/X-off 
flow control can be used. 

Table 6.4.1 a Serial Port Pin Assignments 
Pin Function Comment 

1 Carrier Detect (CD) NF 

2 Receive Data (RD) 

3 Transmit Data (TD) 

4 Data Terminal Ready (DTR) NF 

5 Signal Ground (SG) I 

6 Data Set Ready (DSR) NF 

7 Request To Send (RTS) NF 

8 Clear To Send (CTS) NF 

9 Ring Indicator (RI) NF 

75 

The RAD7 serial port implements two-way 
communication at 300, 600, 1200, 2400, 4800, 
9600, and 19200 bits per second (baud); these 
speeds are available through the 'Special' 
commands of the RADLINK remote control 
package. The default speed is 1200 bps. 

If a terminal emulator or custom software 
application is used, it is recommended that 
communication be conducted at a data rate not 
exceeding 9600 baud. This will significantly 
reduce the risk of characters being dropped from 
sent commands. 

Table 6.4.1 b Communication Parameters 

Default Rate 1200 bps 

Maximum Rate 19200 bps 

Recommended Rate 9600 bps 

Data Bits 8 bits 

Parity Bit None 

Stop Bits 1 bit 

The RADLINK remote control software resides in 
the RAD7's non-volatile memory (NVRAM), but 
its presence does not decrease the amount of 
memory available for storing radon data. 

6.4.2 Extending the RS-232 Range 

The simple, direct serial port to serial port 
connection has a range limited to around 50 feet 
(15 meters) by the RS-232-C standard. Options 
for extending this range include RS-232 line 
boosters, current-loop and other types of 
interface converters, short-haul modems, and 
leased-line modems. 

You may use standard data modems to 
communic.ate over the telephone system to one or 
more remote RAD7 monitors, so that when you 
want to get some data or start a new run, just "dial 
up" the instrument of your choice. The modem 
should be Hayes compatible and should be set to 
auto-answer. 

The CAPTURE user's manual contains a section 
titled Long Distance Communication, detailing 
several strategies for communicating with distant 
RAD7s that are fully supported by CAPTURE. 
These include the transmission of commends via 
Bluetooth, local area networks, and more. 



• 

• 

• 

Chapter 7 Maintenance 

7 . Maintenance 

If the RAD7 is treated with respect, the only 
maintenance required is its regular recalibration. 
For this, it should be returned to DURRIDGE 
Company, who will check the health of the 
instrument, and who will incorporate the new 
calibration factors in the instrument firmware. 

If the instrument is to be used in a harsh 
environment, where water and/or mud may be 
splashed on the face plate, the RAD7 should be 
put in a box or large transparent plastic bag. The 
air input may be brought into the container by a 
plastic tube from the sampling point. The air 
outlet should be left in the container, so that the 
RAD7 becomes surrounded by clean and dry air. 

7.1 Accessories - Usage and Care 

7.1.1 Desiccant 

Two sizes of desiccant tubes are supplied. In the 
NORMAL mode, use the large 2" diameter tube 
(laboratory drying unit). This unit will last for 
days under continuous operation at high humidity 
before it needs regeneration. 

When used as a Sniffer, the small desiccant tube 
is recommended. It will last for several hours 
before replacement or refilling of the tube is 
necessary. To regenerate the desiccant, the 
granules should be removed from the tube and 
spread evenly in a thin layer on a metal or Pyrex 
glass tray. Heat at about 200°C ( 400°F) for at 
least two hours or until granules tum uniformly 
blue. Allow the desiccant to cool in a closed, but 
not airtight, container before refilling the acrylic 
laboratory drying unit or small drying tube. 

The following sections provide insight into how 
long the desiccant will last in various scenarios. 

7.1.2 Laboratory Drying Unit 

The column holds approximately 500 grams of 
Drierite desiccant. This desiccant can adsorb at 
least 10% of its weight in water, so the water 
capacity of the column is at least 50 grams. The 
RAD7 pump develops a flow rate of about lL/ 
min. With the RAD7 set for continuous 

monitoring with timed pump operation, the pump 
operates 20 to 30% of the time. We will assume 
an average flow rate of 0.3 liters per minute. 

The following table shows the expected lifetime 
of a charge of desiccant in the Laboratory Drying 
Unit under various temperature and humidity 
conditions. 

Table 7.1.2 Laboratory Drying Unit Life 

RH Deg.C Deg.F Column Life 

30% 20 68 23.1 Days 

30% 35 95 9.8 Days 

50% 20 68 13.3 Days 

50% 25 77 10.0 Days 

90% 10 50 13.7 Days 

90% 15 59 10.0 Days 

90% 20 68 7.4 Days 

90% 25 77 5.5 Days 

90% 30 86 4.2 Days 

7.1.3 Small Drying Tube 

The small drying tubes each contain 30 grams of 
Drierite desiccant. The water capacity of each 
tube is 3 grams. We will assume that the RAD7 
pump operates continuously, for an average flow 

.. rate of lL/min. The following table shows the 
expected lifetime of a small drying tube under a 
variety of temperature and humidity conditions. 

Table 7.1.3 Small Drying Tube Life 

RH Deg.C Deg.F ·Tube Life 

30% 20 68 10 Hours 

30% 35 95 4.2 Hours 

50% 20 68 5.7 Hours 

50% 25 77 4.3 Hours 

90% 10 50 5.9 Hours 

90% 15 59 4.3 Hours 

90% 20 68 3.2 Hours 

90% 25 77 2.4 Hours 

90% 30 86 1.8 Hours 
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7.1.4 Cascading Drying Tubes 

To extend the time before desiccant depletion, you 
may cascade several drying tubes in series. Two 
factors limit the number of drying tubes you can 
use. First, each additional drying tube or column 
adds a small amount of resistance to the air flow, 
so the pump will have to work a little harder. But 
the resistance added by a drying tube is much less 
than the resistance of the inlet filter, so you should 
be able to cascade several without severely 
restricting the air flow. Second, each additional 
tube adds a time lag between sample intake and 
instrument response. 

For continuous monitoring, a 10- to 20-minute lag 
may be perfectly acceptable, but for sniffing it . 
may not be. You can conservatively estimate the 
time lag by taking four times the volume of the 
drying system and dividing by the average flow 
rate. Consider a continuous monitor application 
using a laboratory drying column of volume 0.8 
liter with the pump in timed operation, giving an 
average flow rate of 0.2 liters per minute. Four 
times the volume divided by the flow rate gives 
16 minutes for the estimated lag time. This would 
be perfectly acceptable for continuous 
monitoring. For radon sniffing, you will usually 
use the small drying tubes (volume .032 liter), 
which create negligible delays of less than a 
minute, even at low flow rates. You can cascade 
several small drying tubes without trouble. 

Do not cascade drying tubes when sniffing for 
thoron, since thoron's 56-second half-life 
necessitates that you keep delays to an absolute 
minimum. For thoron sniffing, use a single small 
drying tube, and set the pump for continuous (on) 
operation. Keep hose length to 6 feet (1.8 meter) 
or less. 

7.1.5 · Filters 

Inlet filters are supplied that fit the metal inlet 
fitting (male Luer type). These filters block ultra 
fine dust particles and all radon daughters from 
entering the RAD? test chamber. 

The filters are manufactured in various pore sizes 
by several companies, including Millipore and 
SRI. We favor pore sizes of 1.0 microns or less; 
pore sizes as small as 0.4 microns can be used 
with the RAD? pump. 
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The filter should be replaced when it has become 
noticeably discolored or has clogged enough to 
impede the flow of air. If you cannot suck air 
easily through the.filter yourself, it's time to 
change the filter. 

When you operate the RAD? in construction areas 
or basements, dust can quickly build up in 
sampling hoses, drying tubes, and inlet filters. 
This dust will slowly clog the filter, restrict air 
flow, and create strain on the pump. You will 
have to replace the inlet filter. To greatly slow the 
buildup of dust, we recommend that you attach a 
"prefilter" to the intake of the sampling hose, to 
prevent coarse dust particles from entering. Then, 
the inlet filter will remove the ultra-fine dust 
particles that pass through the prefilter and drying 
system. 

We find that automotive gasoline filters can serve 
as convenient and inexpensive prefilters. A 
particular filter, intended for Volkswagens, is a 
small, disposable, clear-plastic capsule containing 
a pleated paper filter. This filter effectively 
removes most dust from the air stream, greatly 
extending the life of the inlet filter. You can buy 
this type of filter in almost any auto parts store for 
around $3. 

7.1.6 Batteries 

Your RAD? has enough battery capacity to go for 
two to three days without any external power 
source. Electronic circuits control the charging 
and discharging of the battery, avoiding 
overcharge or destructive discharge. If you 
maintain the batteries according to the following 
directions, you can expect to get two to five years 
of heavy service from them. 

Keep the batteries fully charged as much as 
possible. Try to recharge promptly after use. The 
RAD? batteries charge whenever the unit has DC 
power. With the power cord plugged in and the 
RAD? measuring radon, the batteries will charge 
slowly. Full recharge takes about 48 hours. 

With the power cord plugged in and the RAD? in 
fast charge mode (not measuring radon), the 
batteries will charge more quickly. Full recharge 
takes about 24 hours. The battery voltage 
indicator on the display (go to Status Window 1) 
will reach 7 .10 to 7 .20V when the batteries are 
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fully charged and the power cord is still plugged 
m. 

If the batteries are deeply discharged, to the 
threshold of battery damage, an electronic circuit 
will completely disconnect them to avoid further 
discharge. The circuit will then not allow battery 
operation until they are completely recharged. If 
this occurs, you may still be able to operate the 
RAD7 from DC power until the batteries 
recharge. Expect the recharge to take 48 hours. 

Never store the RAD? without first recharging the 
batteries. If you intend to store the RAD? for a 
long period of time, you must recharge the 
batteries at least every four months, as they can be 
damaged by self-discharge on the shelf. 
Otherwise, you may have to replace the batteries 
before you can use your instrument again. 

Battery voltage can be read from the Status 
display, and appears on printed output. A fully 
charged battery will rest at 6.40 to 6.50V. As the 
battery discharges, its voltage drops steadily to 
6V. If the battery voltage ever goes below 6.00V, 
it is fully dis,charged and should be recharged as 

7.2 Operating ranges 

soon as possible. As the battery charges, its 
voltage rises steadily until it goes above 7V. 
Consider the battery fully charged if it charges at 
or above 7V. 

7.1.7 Real-time Clock and Non-volatile 
Memory 

The RAD7's Real-Time-Clock (RTC) and Non-· 
Volatile Memory unit (NVRAM) allows the 
RAD? operator to switch power off without 
losing data or disrupting the clock time and date. 
These :functions are powered by a lithium cell 
with an expected lifetime often years. 

. 7.1.8 Printer and Adapter 

Infrared printer documentation is provided in 
Appendix A at the end of this manual. It is 
important to familiarize yourself with its 
operation, and to be aware that the printer 
operates through an infrared optical link and 
should be positioned on the top of the RAD? to 
match the data link on the detector. The printer 
runs on its own batteries. 

Parameter Minimum Value Maximum Value 
Temperature 0°C (32°F) ( 40°C (104°F) 

Relative Humidity, external 
0% 95% 

. (Must be non-condensing) 

Relative Humidity, internal 0% 10% 

Battery Voltage 6.00V 7.20V 

Pump Current.(pump off) Om A 10mA 

Pump Current (pump on) 30mA 90mA 

High Voltage 2100V 2400V 

HV Duty Cycle 8% 20% 

Leakage Current (room temp.) 0 20 

Leakage Current (max. temp) 5 80 

Signal voltage level 0.15V 0.30V 

Table 7.2 RAD7 Operating Ranges 

78 



• 

• 

• 

Chapter 7 Maintenance 

7.3 Service and Repair 

7.3.1 Calibration 

DURRIDGE maintains a professional radon 
calibration facility that includes a controlled, 
standard source of radon gas, and a controlled
temperature environmental chamber. All RAD7 
alignment and calibration is done here, as well as 
basic testing and quality assurance. We determine 
calibration factors by direct comparison to 
"master" RAD7's, which were themselves 
compared with EPA and DOE instruments and 
which have participated in international inter
comparisons of radon instrumentation. The 
calibration accuracy is independently verified by 
direct determination of the radon chamber level 
from the calibrated activity and emission of the 
standard radon source. In addition we 

. ' 
periodically intercompare with other radon 
chambers. We generally achieve a reproducibility 
of better than 2% with our standard RAD7 
calibration. Overall calibration accuracy is in the 
range of5%. 

The EPA recommends (and we agree) that all 
continuoµs radon monitors be calibrated at least 
every six months in a radon calibration chamber 
although most RAD7 users are satisfied with ' 
annual recalibration. DURRIDGE's standard 
RAD7 calibration requires four to five working 
days from the receipt of the instrument. As a 
preliminary to recalibration, we give every RAD7 
a brief inspection, and test one or two critical 
parts. If additional service is required, this may 
delay the return of the instrument. 

We recommend that you arrange for your RAD7 
calibration to be conducted ahead of time to 
avoid possible delays. When sending the,RAD7 
fo!-" calibration, please send the instrument only, 
w~thout the accessories, and please pack it well, 
with at least an inch of padding on all sides of the 
instrument. 

At present, only DURRIDGE can make 
adjustments to your instrument's alignment and 
calibration factors. If you determine, on the basis 
of an independent intercomparison (e.g., another 
calibration chamber) that you would like to adjust 
your RAD7's calibration by a known amount, we 
can generally perform this service and send back 
your instrument within one day. Requested 
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calibration adjustments of more than 10% are 
considered highly unusual and require the written 
permission of the instrument's owner. 

7.3.2 Repair 

If you discover that your RAD7 is 
malfunctioning, we recommend that you first call 
DURRIDGE and talk to a technician. A 
surprising number of minor "disasters" can be 
avoided by long-distance consultation. The next 
step, if consultation fails, usually is to send your 
instrument in for evaluation and repair. Please 
send any documentation of the problem that you 
might have (notes, printouts, etc.) and a short note 
describing the problem. Be sure that you put your 
name and telephone number on the note. Within 
48 hours of our receipt of the instrument, we will 
call you to give a prognosis. 

Bear in mind that a repaired instrument often 
requires complete re-calibration, so a one-week 
tum-around may be the best we can do. If you 
absolutely need an instrument during the repair 
time we can sometimes arrange to send you a 
"loaner" instrument. · 

7.3.3 Shipping 

We recommend that you arrange for your RAD7 
servicing ahead of time, to avoid possible delays. 
When sending your RAD7, please send the 
instrument only, without the accessories, unless 
they are relevant to the problem. 

Each RAD7 is originally shipped in a plastic bag, 
packed in a box with "popcorn", and finally 
packed inside another box that also holds all the 
accessories. The inner box by itself is too small 
for the return trip, when you need a calibration or 
repair job. You will need to find a bigger box, 
with space for one inch packing all round the 
RAD7. A 14" cube box is fine. Pack the box well 
with at least an inch of padding all around, and ' 
seal it carefully. 

Inbound shipments to DURRIDGE must be 
prepaid to our door. We regret that we cannot be 
responsible for import duties, or for delivery 
charges incurred to our facilities either in the UK 
or USA. If you are in the European Union, or it is 
otherwise easier and more cost-effective for you 
to return your RAD7 to our UK office, please do 
so. Otherwise, please ship to our USA office. 

/ 
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The office addresses are listed in the Introduction 
section of this manual. 

We strongly suggest that you contact one of the 
major couriers (UPS, FedEX, DHL, TNT, etc.) 
and arrange a "CONTROLLED SHIPMENT". 
This means that your shipment will be delivered 
to us without incurring USA (and potentially UK) 
import customs and duty charges, and then it will 
be returned to you. It costs just a little more, but 
avoids import charges at both ends. 

5. If you must ship to us some other way (via a 
freight forwarder, etc.), please specify that the 
shipment is sent "DDS", which is the formal 
"INCOTERM" for "Delivered Duty Paid". That 
means delivery to our door, with ALL charges 
paid. Unless you instruct us otherwise, we will 
return your RAD7 via the same shipping method 
you used to get it to us - from "slow boat" to "next 
day air" - freight collect. DURRIDGE can pay 
for the return shipment CIF (Cost, Insurance, & 
Freight) to you, but our cost will be invoiced to 
you before shipment. 

7.3.4 Upgrades 

Whenever you send your RAD7 in for repair or 
calibration, you have the option of having the 
latest available software installed. Most RAD7s 
can be upgraded to the latest hardware 
configuration as well. You will be informed 
periodically of whatever new features are 
available for your RAD7. Please advise us if you 
want to have an upgrade made. We intend to keep 
our RAD7 customers happy by keeping their 
instruments up-to-date, state-of-the-art. 

7.4 RAD7 Quality Assurance 

While the annual inspection and calibration, 
carried out by DURRIDGE Company, is the most 
effective quality assurance, and the prime 
requirement of EPA, there are other tests and 
observations that may be made that will give 
assurance of good performance throughout the 
year. 

7.4.1 Spectrum 

At least once a month, the spectrum printed by the 
IR printer should be observed. The cumulative 
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spectrum, printed at the end of a run, has the most 
data points and is, therefore, the most useful for 
this purpose. All that is required is that the printer 
be placed on the face plate at the end of a 1-day or 
2-day run. It doesn't matter what format is 
chosen, the summary printed at the end of the run 
will conclude with a cumulative spectrum, after 
the bar chart. 

Alternatively, the RAD7 will print a spectrum at 
the end of every cycle if the format is set to 
LONG. However, this will include only the 
counts during that cycle. For the spectrum to be 
useful it should have at least 100 counts. There 
should be clearly defined peaks and little or no 
noise across the spectrum. The peaks should be 
located in the middle of the windows. A clean 
spectrum is indicative of an instrument in perfect 
working order, and hence of reliable and accurate 
readings. 

7.4.2 Spill Factor 

Due to the occasional alpha particle emitted, from 
a polonium atom on the detector surface, at 
grazing incidence to the surface, there is always a 
small, low-energy tail to the peaks. This may be 
observed in the printed spectra. There is thus a 
spill of 214-Po counts from window C into 
window B. It is normally around 1 % to 1.5% in a 
current production RAD7. The actual value is 
measured during the calibration process and the 
spill factor used to compensate for this 
phenomenon when measuring thoron in the 
presence of radon. · 

If the detector becomes contaminated in use, or 
either electronic or detector failure causes noise in 
the system, thus making the low-energy tail 
thicker, or the peaks broader, then this spill factor 
will increase. The value can be calculated from 
any reading, provided tha,t it is known for sure 
that there was no thoron in the chamber. The 
percentage of counts in windows B and C is given 
in fields 10 and 11 of each record in memory (see 
Chapter 6.3.3). The spill factor is simply the ratio 
of the values in those two fields. 

It is recommended that the spill factor be noted 
every month. Any sudden change is cause for 
further study of the instrument, and an 
examination of the spectrum. 
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8. TROUBLESHOOTING 

8.1 Display 

8.1.1 Blank Display 

If the unit is switched on, the most likely cause of 
a blank display is discharged batteries. Please see 
Chapter 7.1.6. 

Make sure the RAD7 is properly plugged in to an 
external power source and is switched on. 

If the instrument has been run on the batteries and 
not recharged, or if it has been left untouched for 
a lengthy period, the batteries may be completely 
flat. In that case, the instrument should be left 
plugged in and switched on for many hours, 
preferably 24 hours or more. If this fails to 
restore the display, the RAD7 should be returned 
to DURRIDGE Company for service. 

8.1.2 Frozen Display 

If the display shows "DURRIDGE RAD7" and 
does not respond to key strokes, the key pad has 
been locked. Hold down the ENTER and two 
arrow keys until you hear a beep, release the three 
keys and immediately push MENU. You should 
then be rewarded by "Test" on th~.display. If the 
tone was set to OFF, then you will not hear the 
beep, so hold the three keys down for three to four 
seconds, before releasing them and pushing 
MENU,.- try hold-down times a little longer, or 
shorter, if at first you do not succeed. Please refer 
to paragraph 2.2.6. 

8.1.3 Incomplete Or Garbage Characters 

Incomplete or garbage characters may indicate a 
faulty LCD display. Please return RAD7 to 
DURRIDGE Company for service. 

8.2 Readings 

8.2.l No Counts 

The total number of counts so far in any cycle is 
displayed in the bottom righthand comer of Status 
Window 1. If, near the end of a cycle, there are 
no counts, or less than 10, say, it probably means 
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the cycle length is too short. Increase the cycle 
length to increase the number of counts in a cycle 
and to improve the precision of the individual 
readings (>Setup Cycle, HH.MM [ENTER]). 

If, with a cycle time of one hour or more, the total 
count near the end ofa cycle continues to be zero 
and it is known that there is radon in the sample, 
then either the sample path is blocked or there is a 
fault with the RAD7 and it should be returned to 
DURRIDGE Company. Check that air is flowing 
using any of the following measures: 

a) Feel the air exiting the outlet when the pump is 
running. · 
b) Stop the outlet of the RAD7 and feel the 
buildup of pressure. 
~) Clamp the sample input tubing, hear the change 
m pump sound and see the change in pump 
current (third status window). 
d) Feel the suction at the sampling point. 

· 8.2.2 Excessive Uncertainty In Reading 

If the uncertainty in the reading is greater than the 
base concentration value or if there is a large 
scatter in the readings, the cycle length is too 
short for the radon concentration being measured. 

Increase the cycle time to reduce the scatter. Four 
times the cycle time will produce half the scatter. 
and half the uncertainty. For past data, use 
CAPTURE to graph the data and use 
"Smoothing" to smooth out the statistical scatter 
in the data. 

8.2.3 Run/Cycle Number 0000 

A Run/Cycle number of 0000 indicates that the 
RAD7's memory is full. Download the RAD7's 
contents to a computer using CAPTURE. Then 
erase the RAD7 data using >Data Erase. The 
memory will be emptied and the data structure 
reset. 

8.3 Relative Humidity high 

Relative humidity (displayed in the third status 
window) normally starts high unless the 
instrument has been well purged just before 
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starting the run. Depending on how long it has 
been since the last measurement, it may take an 
hour or more of measurement to bring the relative 
humidity down to below 10%. 

If it takes too long to bring down the relative 
humidity, check the following: 

a) The desiccant is used up. Replace it. 
b) The desiccant insufficiently regenerated. 
Follow the instructions in Chapter 7.1.1. 
c) There is a leak in the drying unit. Clean the 0-
ring and seating before replacing the desiccant. 
Be sure to draw the air sample from the end 
furthest from the screw cap. 
d) There is a leak in the connection to RAD?. 
e) There is a blockage in the air path. Squeeze the 
inlet tubing and note any change in the sound of 
the pump. Feel for suction at the sampling point. 

If none of the above succeed in lowering the 
relative humidity, there may be a problem with 
the humidity sensor. Measure the relative 
humidity of the air leaving the RAD?. If no 
humidity sensor is available, another RAD?, if 
one is available, would do. The two RAD7s can 
be connected in series. Set the downstream 
RAD? pump to OFF (Setup, Pump, Off 
[ENTER]). If the downstream RAD? reads a 
lower relative humidity than the upstream one, 
then the upstream humidity sensor is wrong and 
should be replaced. Return the RAD? to 
DURRIDGE Company for service. 

If none of these solutions are applicable, 
measurements made at high humidity can be 
corrected automatically using CAPTURE. See 
Chapter 3.12.2. 

·8.4 Water Catastrophe 

If water ever enters the RAD?, or ifthe RAD? 
ever goes swimming in the water, it will probably 
cease to operate and immediate steps should be 
taken to minimize the impact on the instrument. 
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Keep the RAD? upright. This will prevent water 
from touching the detector, which is close to the 
face plate at the top of the dome. Put a piece of 
tubing on the RAD? outlet with the other end in a 
sink. Use the RAD? pump if it still works or, 
otherwise, an external pump into the inlet, to blow 
air through the instrument. When water ceases to 
be blown out of the outlet, put desiccant upstream 
of the RAD? to dry out the air path. When the air 
path is fully dry (after dry air has been blown 
through it for approximately one hour), remove 
the face plate from the case, empty the water out 
of the case and blow dry the case and the RAD? 
electronics. 

Once there is no visible water in or on the 
instrument, it can be put in an oven at 50°C for a 
few hours to dry out completely. Additionally, 
desiccated air can be passed through the air path 
until the air leaving the RAD? drops below 10% 
RH. After this treatment further corrosion will be 
prevented, and the RAD? will boot once more and 

· you can use the internal RH sensor to measure · 
how dry the air path is. At this point the 
instrument should be returned to DURRIDGE for 
service. 

8. 5 Battery Voltage Low 

Keep the RAD? plugged into external power and 
switched on until the battery voltage (Status 
Window 3) recovers to about 7.lV The RAD? 
may safely be left charging all night. 

8. 6 Pathological Values and Error 
Messages 

A Bad Offset Voltage error message, a 100% duty 
cycle, or leakage (L) above 15 (Status Window 4) 
all indicate faults in the RAD?, which should be 
returned to DURRIDGE Company without delay. 
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Appendix 1: Wireless Infrared Printer 

Al.I Infrared Printer Description 

Al.1.1 General 

A portable wireless printer is provided as a 
standard accessory with the RAD?. It uses 
infrared technology to communicate with the 
instrument using the Infrared Data Association 
(IrDA) standard, or HP protocol. 

The printer is designed around a patented easy
loading paper mechanism, which consists of a 
main cavity into which a paper roll is dropped for 
loading. The thermal print head is at the front of 
the cavity and a rubber roller is attached to the lid 
of the mechanism. When the lid is closed the 
paper is pinched between the rubber rolle; and the 
print-head to give a close alignment and a 
consistent pressure. 

Al.1.2 Features 

• Wireless printing 
• IrDA standard or HP protocol 
•Small size 
• Quiet, and fast printing 
• Direct line thermal printing 
• Easy loading paper 
• Easy maintenance and head cleaning 

·•User settable parameters using external buttons 
• Self-test function 

Al.1.3 Power Switch 

The Power switch, located on the left side of the 
printer, is used to tum the unit ON and OFF. 

Al.1.4 Indicator LEDs 

• Power LED (Green): Glows steadily when the 
printer is turned ON. 
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• Error LED (Red): Flashes once-per-second 
when the printer is out of paper; the buffer is full; 
or when the print head temperature exceeds 140°F 
(60°C). This LED will also flash one time when 
the printer is placed into its set-up mode (refer to 
Section Set-Up Mode). 

Al.1.5 Push Buttons 

FEED Button: 

Momentarily press the FEED button to advance 
the paper. Press and hold down to feed paper 
continuously. 

This button in conjunction with the ON/OFF 
switch is used to start the printer's self test 
function (refer to the Self Test section). 

When the printer is in its set-up mode, this button 
is used to modify the selected printer parameter 
(refer to the Set-Up Mode section). 

SELButton: 

Used in conjunction with the ON/OFF switch to 
place the printer into its set-up mode (refer to the 
Set-Up Mode section). 

With the printer in its set-up mode, use this button 
to select the desired printer parameter. 

Al.1.6 Sensors 

Paper Out: When the paper roll runs out, the 
printer is disabled to prevent damage to the print 
head. This condition is indicated by the Error 
LED flashing red. 

Infrared Sensor: Located at the front of the 
printer, this sensor receives the infrared output of 
an external instrument. 
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Paper 
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Power 
ON<=!>OFF 
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/ 

Battery Cover 
(bottom of printer) 

Power LED (Green). 
Glows steady when 
printer is turned ON. 
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. Infrared Sensor 
Window 

Top View of 
FEED Button 

@_· 

FEED Button: 
1) With printer already ON, 

press to advance paper. 
2) Enter Self-Test Mode by 

holding down this button 
· and turning ON the 

printer. 
3) With printer already in its 

Set-Up Mode, press to 
change value of printer 
parameter as selected by 
the SEL button. 

SEL Button: 
1) Enter Set-Up Mode by 

holding down this button 
and turning ON the 
printer. 

2) With printer already in its 
Set-Up Mode, press to 
select printer parameter. 
Change value of selected 
parameter by pressing 
the FEED Button. 

Error LED (Red): 
Flashes once-per-second 
when paper is out; set-up 
mode is selected; buffer 
is full; or when print head 
temperature exceeds 
140°F (60°C) . 

Infrared Printer Component Locations and Functions 
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AJ.2 Infrared Printer Operation 

Al.2.1 Precautions 

To ensure the proper operation of the printer and 
preyent the possibility of voiding the warranty, be 
sure to observe the following precautions: 

• Avoid dirty or dusty locations, or those with 
excessive heat or humidity 

• Choose a stable level surface to place the printer 
•Use only alkaline batteries 

· •Use only the appropriate thermal paper 

Al.2.2 Self-Test 

The self-test mode checks the printer's control 
circuit functions, setup parameters, software 
version, and printer quality. 

Before running the self test, make sure there is 
sufficient paper to run the test (18" [46 cm]); the 
paper cover is closed; and that the printer is 
switched OFF. 

With the printer initially switched OFF, press and 
hold down the FEED pushbutton, and then switch 
ON the printer to begin the test. Note: The test 
can be aborted by switching OFF the printer. 

The following typical information is printed, 
followed by the printer's complete character set: 

Version: 
Data bit: 
Parity: 
Baud rate: 
Handshaking: 
Country: 
Print Mode: 
Paper: 
Density: 
IrDA: 
Buffer Size: 
Head volt: 
Head temp.: 

x.xx 
8 bit 
None 
9600bps 
DTR 
U.S.A. 
Text (upright) 
Normal paper 
100% 
IrDA-SIR 
7000Byte 
6.0V 
25°C 
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Al.2.3 Setup Mode 

The printer has been set up at the factory with the 
following default parameters: 

Baud rate: 
Handshaking: 
Country: 
Print Mode: 
Paper: 
Density: 
IrDA: 

9600bps 
DTR 
U.S.A. 
Text (upright) 
Normal paper 
100% 
IrDA-SIR 

If necessary, the default parameters can be 
changed as follows: 

1. With .the printer initially switched OFF, press 
and hold down the SEL pushbutton; and then 
switch ON the printer. 

2. The printer now goes into its set-up mode as 
indicated by the red LED flashing. At this time 
all of the printer's current parameter settings 
are printed, followed by the first parameter that 
can be modified. 
Note that if no button is pressed within 15 
seconds, the set-up mode is automatically 
terminated without changing the original 
parameters. 

3. IrDA is the first parameter printed. Pressing the 
FEED button causes the value of that 
parameter to change in the sequence shown in 
the following table. 

Table A1 .2.3 Set and Feed Functions 

SEL Button FEED Button 

Baud Rate 300-115,200 
Handshaking DTR, X-on/X-off 

Country U.S.A., Korea, Cyrillic, 
Denmark2, Norway, Japanese, 
Spain, Italy, Sweden, Denmark1, 
U.K., Germany, France 

Print Mode Text(upright), Data(inverted) 

Paper Normal Paper, Reprint Paper 

Density 50-150% in 5% steps 
lrDA lrDA-Off, lrDA-SIR, HP~lr 

4. Press the SEL button to print the next 
parameter, and then use the FEED button to 
change that parameter to the desired value. 
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5. Repeat Step 4 as necessary to change all 
desired parameters. 

6. Once all parameters have been set, press and 
hold down the SEL button, and then press the 
FEED button to save the new settings; after 
which the message "Data Keeping, Setting 
mode END ! ! " should be printed. 

Power LED (Green) 

Al.2.4 Using the Printer 

Tum the printer ON and observe that the Power 
LED should glow green. Align the printer's 
infrared sensor to the infrared output of the 
RAD7. The printer should not be more than 18 
inches ( 45 cm) away from the instrument, at an 
angle of no more than 30 degrees. Issue a RAD7 
command such as Data Print to initiate printing. 

If the printer does not print, or if random 
characters are printed, check that the baud rate 
and communication protocol (IrDA-SIR or HP-Ir) 
settings of the printer is set to the correct value. 

Power 
ON¢:!>0FF Align the printer's infrared sensor to the 

infrared output of the external instrument. 
The printer's sensor should not be more than 
18 inches (45 cm) away from the instrument, 
at an angle of no more than 30 deorees. 

· Using the Infrared Printer 

Al.3 Infrared Printer Maintenance 

Al.3.1 Battery Installation 

The printer requires four 'AA' alkaline batteries. 
To install or replace the batteries, first tum the 
printer OFF. Next, unlatch and remove the 
battery cover. Remove any old batteries and 
dispose of them properly. Then insert four new 
'AA' alkaline batteries, observing the polarity 
marked inside the battery compartment. Finally, 
replace the battery cover. 

Al.3.2 Paper Installation 

When the printer runs out of paper as indicated by 
the front panel red LED flashing, install a new 
paper roll as follows: 
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1. Lift up paper cover latch, and then open paper 
cover as illustrated on the following page. 

2. Remove spent paper core and dispose it it. 

3. Drop in a new paper roll so that it will rotate in 
the direction shown in the illustration. 

4. Close the paper cover so that the paper is 
pinched between the roller and the print head. 
Remove any slack by pulling out about l;2 inch 
of paper from printer. 

Note: Ifthere was unprinted data in memory 
when the paper ran out, and the printer was not 
shut OFF, then the printer will automatically print 
the remaining data 5 seconds after closing the 
paper cover. 
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Close Paper Cover so 
that paper is pinched 
between the Roller 
and Print Head 

' ' ' 

Paper Roller 

Paper-Cover 
Lach 

- Paper Cover 

Paper Roll 

Print Head 

Red LED flashes 
when paper runs 
out 

' Battey Cover 
(bottom of printer) 

Infrared Printer Maintenance 

Al.3.3 Cleaning the Printer 

External surfaces of the printer may be kept clean 
by simply wiping with a damp cloth. Do not use 
any solvents that may attack the plastic case. Be 
sure that the inside surfaces are kept dry at all 
times. 

Al.3.4 Cleaning the Print Head 

To maintain a good print quality, it is 
recommended that the print head be cleaned at 
least once a year or up to once a month if the 
printer is used heavily. The print head should be 
cleaned immediately, however, if the print 
becomes visibly fainter due to contamination of 
the print head. The cleaning procedure requires 
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isopropyl alcohol and cotton swabs, and should be 
completed as follows: 

1. Switch the printer OFF, and allow the print 
head to cool before cleaning, otherwise damage 
to the print head may occur. 

2. Open the paper cover and remove paper roll. 

3. Using a cotton swab dampened with alcohol, 
wipe the heating dots of the print head. Be 
careful not to touch the heating dots with your 
fingers. 

4. Allow the alcohol to dry. 

5. Reload the paper and close the paper cover. 
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• Al.4 Infrared Printer Specifications 

The following table contains the physical and technical specifications for the infrared printer. 

Printing Method Direct thermal 

Number of Columns G2, 48 columns, 384 dots/line 

Character Size 0.06 x 0.12 in. (1.5 x 3.0 mm) 

Line Pitch 0.1 in (4.0 mm) 

Paper Width 2.25 in. (57.5 mm) 

Interface lrDA and Serial (RS-232C) 

Protocol lrDA-SIR, HP-Ir, lrDA-Off 

International Characters U.S.A., France, U.K., Denmark I, Sweden, Italy, Spain, Japan, Norway, 
Denmark II, Korea 

Buffer 7 kB 

Baud Rate 300 - 115,200 bps, lrDA: 9,600 - 115,200 bps 
Power 4 'AA' Alkaline Batteries 

Weight with batteries 0.8 lb. (0.4 kg) 

Dimensions 3.2" W x 5.6" L x 1 .6" H (81 x 142 x 41 mm) 

Table A 1.4 Infrared Printer Specifications 

• 
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Appendix 2: RAD7 Specifications 

Specifications for the RAD7 exceed those of all radon gas monitors made in North America, as well as 
those in its price range world-wide. This is a partial list of specifications that make the RAD7 so highly 
regarded in the field. 

Table A2.1 Functional Specifications 

Modes of Operation SNIFF Rapid response and rapid recovery radon measurement 
THORON Radon and thoron measured simultaneously and independently 
NORMAL High sensitivity 
AUTO Automatic switch from SNIFF to NORMAL after three hours run 
GRAB Analysis of grab samples 
WAT Automatic analysis of water samples with RAD H20 accessory 

Measurements Radon· in air with Sniff protocol for quick, spot reading 
Thoran protocol for searching for radon entry points 
Radon in. air 1-day, 2-day or weeks protocol for long term mea_surement 

· Radon in water batch ~amples with RAD H20 and Big Bottle RAD H20 
Continuous radon in water with RAD AQUA arid Radon-in-Water Probe 
Radon in soil gas with Soil Gas Probe and Active DRYSTIK 
Radon emission from soil and hard surfaces with surface emission chamber 
Bulk radon emission from bulk materials and objects 

Data Storage 1,000 records, each with 23 fields of data 
Log of printer output also stored 

Sample Pumping Built-in pump draws sample from chosen sampling point 
Flow rate typically 800mL/min 

Print Output Short, medium or long format data printed after each cycle 
Run summary printed at end of run, including averages and spectrum 

PC Connectivity RS232 serial port, full remote control implemented in CAPTURE Software 

Audio Output GEIGER Tone beeps for radon and thoron counts 
CHIME Chime only at the end of each cycle, otherwise silent 
OFF No sound 

Tamper Resistance TEST LOCK command locks keypad to secure against tampering 

Table A2.2 Technical Specifications 

Principle of Operation Electrostatic collection of alpha-emitters with spectral analysis 
Passivated Ion-implanted Planar Silicon detector 
SNIFF mode counts polonium-218 decays 
NORMAL mode counts both polonium 218 and polonium 214 decays 

Built-In Air Pump Nominal 1 L/min flow rate 
Inlet and outlet Luer connectors 

Connectivity RS-232 P.Ort up to 19,200 baud rate 
USS adaptor is included with every RAD7 

Measurement Accuracy +/~5% absolute accuracy, 0% - 100% RH 

Nominal Sensitivity SNIFF mode, 0.25 cpm/(pCi/L), 0.0067 cpm/(Bq/m3) 
NORMAL mode, 0,5 cpm/(pCi/L), 0.013 cpm/(Bq/m3) 
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• Radon Concentration· 0.1 - 20,000 pCi/L (4.0 - 750,000 Bq/m3) 
Range 

Intrinsic Background 0.005 pCi/L (0.2 Bq/m3) or less, for the life of the instrument 

Recovery Time Residual activity in Sniff mode drops by factor of 1 ,000 in 30 minutes 

Operating Ranges Temperature: 32° - 113°F (0° - 45° C) 
Humidity: 0% - 100%, non-condensing 

Cycle Range . User controllable number of cycles, from 1 to 99 to unlimited, per run 

' User controllable cycle time, from 2 minutes to 24 hours 

CAPTURE Software Compatible with Microsoft Windows XP and 7, and Mac OS X 
' Automatic RAD7 location, connection and data download 

Graphs radon, thoron, temperature and humidity over time 
\ Automatic humidity correction 

Statistical analysis tools track concentration averages and uncertainties 
Chart Recorder mode provides real-time RAD7 status monitoring _ 
Control RAD7 operations from computer via direct or remote connection - Automatic calculation and display of radon in water for RAD AQUA 
Automatic combination of multiple RAD7 data 

Table A2.3 Physical Specifications 

Dimensions 11.5" x 8.5" x 11" (29.5 cm x 21.5 cm x 27.9 cm) 

Weight 9.6 pounds (4.35 kg) 

• LCD Display Output 2 line x 16 character, alpha-numeric display 

Case Material High density polyethylene 

Infrared Printer Omniprint OM1000 Wireless Infrared Printer included 

Power Supply 11-15V DC (12V nominal) @ 1.25A, center pin positive, or included internal 
Enersys sealed lead acid rechargeable battery pacl{ (6V nominal, 30Wh, 

- 5Ah) 
) 

Battery Longevity 24 hours in SNIFF mode; 72 hours in Monitor mode 

• 
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TE LEST 
Job No: 451307-001-02 Client: _K_U_C _____ Page _ 1_ 0 L.i_ 

--------

Task: Bromide Concentration in Computed By:T. Tigges 
Tailings lmpoundment 

Date: 9/19/2017 

Checked By: W. Niccol i Date: 9/19/2017 -----------

Problem Statement: Calculation Documentation 

RAI no. 3 from the NRC includes the following statement: 
1. Specify the concentration and volumetric rate at which the potassium bromide tracer "will be 
injected into the tailings discharge line prior to its discharge at the impoundment" and quantitative 
predictions of the resulting bromide concentration in the tailings impoundment as a function of 
time." 

Objectives: 

1. Find the concentration and volumetric rate at which bromide (potassium bromide) will be 
injected into the tailings discharge to achieve a constant concentration in the 
impoundment 

Approach: 

1. Use the mill and tailings water balance to calculate the concentration of bromide in the 
tailings impoundment overtime and the rate at which potassium bromide will need to 
be added to keep the bromide concentration in the tailings constant 

Data and Assumptions: 

1. The water and bromide balance for th·e area of interest is given below: 

235 GPM 

C = 0 mg/L 

Evaporation 
,-----------------------------------------------, 
1 C = O mg/L 1 
I I 

328 GPM 534 GPM 

Re ycle 

I 
I 
I 
I 
I 

45 GPM 251 GPM 
C = 10 mg/L , 

~ r:. l!'i e_c! i9!:1 ________________________________ : 
48GPM 
C=? 

Evap. Ponds 

146 GPM 

C = 10 mg/L 

Retained 
137 GPM 

C = 10 mg/L 
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TELE ST 
Job No: 451307-001-02 Client: _KU_C _____ Page _ 2_ oL.! 

Task: Bromide Concentration in Computed By:T. Tigges 
Tailings lmpoundment 

___________ Checked By: W. Niccoli 

Date : 9/19/2017 

Date:9/19/2017 

2. In addition to the flow rates shown in the water balance, the evaporation from the 
tailings impoundment is 42 inches/year (which is 70% of pan evaporation) and the 
precipitation is 5.44 inches/year 

3. The area of the impoundment is approximately 1,822,500 ft2 

4. The molecular weight of Br is 79.094 
5. The molecular weight of K is 39.0986 
6. As determined from the calculation set, "Bromide Transport", a minimum 

concentration of 10 mg/L needs to be maintained in the tailings impoundment 
7. Timesteps are monthly 

Calculations: 

1. The mass balance for bromide is 

tis 
= QLeach CLeach + Qnew waterCnew water + Qinjectiom Cinjection 

- QEvap PondsCEvap Ponds - Qlmpoundment EvapCimpondment Evap 

137gpm x 10 mg/L 
= 235gpm X 0 + 48gpm X Cinjection -146gpm X 10mg/L - (42 - 5.44)in/yr 
x 1,822,500ft2 x 0 

Solving for Cinjection: 
mg 

48 gpm X Cinjection = 137gpm X 10£ + 146gpm X 10 mg/L 

Cinjection = 59 mg/L 

Convert to potassium bromide: 

( 

KBr) mg 79.094 + 39.0986 g-l mg 
59-Br x B mo = 88-KBr 

L 79.094 g _.!.._ L 
mol 
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TELE ST 
Job No: 451307-001-02 Cl ient: _K_U_C _____ Page _ 3_ of _i_ 

Task: 

--------

Bromide Concentration in Computed By:T. Tigges 
Tailings lmpoundment 

Checked By : W. Niccoli ----------

Date: 9/18/2017 

Date: ___ _ 

2. Find the initial mass flow rate of Br needed to achieve 10 mg/Lin the tailings 
impoundment: 

365 
mg L min hour 12 days 

534 gpm x 10 L x 3.78541 gal x 60 hour x 24 day x month 

= 885,377,116 mg/month 

The mass of Br in the tailings impoundment is then the mass flow rate multiplied by the 
time interval. After the first month this is 885,377,116 mg. After the first time interval (1 
month}, the mass flow rate of Br entering the tailings impoundment will be able to 
decrease to sustain 10 mg/L Br in the impoundment due to evaporation from the 
impoundment. This is found in Step 8. 

3. Find the volume of liquid in the tailings impoundment from the mass balance. The 
concentration in the tailings impoundment is then the mass of Br (in Step 1) divided 
by the volume of water in the tailings impoundment. After the initial concentration 
has been established in the impoundment, the concentration during the following 
time intervals will be affected by the recycle from the impoundment, the mass flow 
rate of Br to the evaporation ponds, and the evaporation from and the precipitation to 
the impoundment. 

mg Br in tailings impoundment(t) 

=Mass flow rate Br entering tailings impoundment(t) mg h x 1 month 
mont 

+mg Br in tailings impoundment (t - 1) 

- mass flow rate br to recylce ( mg h) x 1 month 
mont 

- mass flow rate Br to evap. ponds ( mg h) x lmonth 
mont 

+mass flow rate Br from CCD ( mg h) x lmonth 
mont 

4. The mass flow rate of Br that is recycled is the flow rate to recycle (251 gpm} multiplied by 
the concentration in the impoundment (10 mg/L}. 

Mass flow rate Br to recycle 
mg L min 24hr 365 days 

10-L x 251gpm x 3.78541-l x 60-h x-d- x 12 h ga r ay mont s 
= 416,160,405 mg/month 
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TE LEST 
Job No: 451307-001-02 Client: _K_U_C ____ _ 

Task: 

--------

Bromide Concentration in Computed By:T. Tigges 
Tailings lmpoundment 

Page ~ of _i__ 

Date: 9/18/2017 

Checked By: W. Niccoli ---------- Date: ___ _ 

5. The mass flow rate of Br that goes to the evaporation ponds in the flow rate (146 gpm) 
multiplied by the concentration in the impoundment (10 mg/L} . 

Mass flow rate Br to Evap Ponds 
mg L min 24hr 365 days 

10-L x 146 gpm x 3.78541-l x 60-h x -d- x 
12 

h 
ga r ay mont s 

= 242,069,399 mg/month 

6. To account for the amount of bromide that is recycled back to the impoundment, the 
mass flow rate of bromide entering the Leach and CCD processes are calculated: 

Mass flow rate Br to/from Leach 
mg L min 24hr 365 days 

10- x 45gpm x 3.78541-l x 60-h x-d- x 
12 

h 
L ga r ay mont s 

= 74,610,431 mg/month 

Mass flow rate Br to/from CCD 

=Mass flow rate Br from Leach (m7:th) + 10 ~g x 206gpm x 3.78541 g~l 
min 24hr 365 days 

x 60-h x-d- x 
2 

h = 416,160,405 mg/month 
r ay 1 mont s 

7. Precipitation and evaporation are then added and subtracted, respectively, to the tailings 
impoundment: 

. ( L ) in yr ft 2 28.3168 L 
Precip. h = 5.44- x 

2 
h x -

2
-. x 1,822,500ft x f 3 mont yr 1 mont s 1 m t 

( 
L ) in yr ft 28.3168 L 

Evap. h = 42- x 
2 

h x -
2
-. x 1,822,500ft2 x f 3 mont yr 1 mont s 1 m t 

Evap. -Precip. = 13,102,537 L/month 

8. The Goal Seek function in Excel was used to find the concentration of Br that needs to be 
added to the water entering the impoundment maintain a concentration of 10 mg/L 
within the impoundment. This concentration was found to be 3.8 mg/L. 

Results: 

The pot assium bromide tracer will be injected at a concentration of 88 mg/Lat a flow rate of 48 
gpm, with the makeup water. The concentration of bromide in the tailings impoundment will 
remain at a constant 10 mg/L. 

Calculations for the mass flow rate and concentrations over time in the impoundment and 
evaporation ponds are included in the attach spreadsheets. After the initial establishment of 10 
mg/L Br in the impoundment, approximately 0.37 tons/month Br will have to be added to the 
tailings impoundment, which is approximately 1.13 tons/month of KBr. 
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Tailings lmpoundment Capacity: 

Flow rate into tailings impoundment: 

Tailings to evaporation: 

Tailings to recycle: 

Cone. Br. Entering tailings, initial; 

Cone. Br. Entering tail ings, regular : 

Mass flow rate Br entering tailings, initial : 

Mass flow rate Br entering tailings: 

MW_Br: 

MW_K: 

Mass flow rate KBr entering tailings, initial: 

I Mass flow rate KBr entering tallings: 

Evap rate: 

lmpoundment Area : 

Precip: 

Month 

1.0 

2.0 

3.0 

4 .0 

5.0 

6.0 

7 .0 

8 .0 

9 .0 

10.0 

11.0 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

18.0 

19.0 

20.0 

21.0 
22.0 

23.0 

24.0 

3,000,000.00 cubic yards 

534 gpm 

146 gpm 

251 gpm 

10.0 mg/ L 
3.8 m L 

885377115. 7 mg/month 

20214.0894 mg/min 

2.67386556 lb/ hour 
0.975960929 ton/ month 

338191337 .9 mg/month 
7721.263423 mg/min 

1.021348028 lb/ hour 

0 .37279203 ton/month 

79.094 

39.0986 

1.46 ton/month 

1.B lton/month 
42 inch/ year 

1,822,500 ft2 

5.44 inch/ year 

Time interval lmpoundment Volume (L) 

1 88,537,712 

1 98,149,905 

1 107,762,099 

1 117,374,293 

1 126,986,487 

1 136,598,681 

1 146,210,875 

1 155,823,069 

1 165,435,263 

1 175,047,457 

1 184,659,651 

1 194,271,845 

1 203,884,039 

1 213,496,233 

1 223,108,427 

1 232, 720,620 

1 242,332,814 

1 251,945,008 

1 261,557,202 

1 271,169,396 

1 280,781,590 

1 290,393,784 

1 300,005,978 

1 309,618,172 

mg Br in tailings impoundment 

885,377,116 

981,499,054.98 

1,077,620,994 

1,173,742,934 

1,269,864,873 

1,365,986,812 

1,462,108,751 

1,558,230,691 

1,654,352,630 

1,750,474,569 

1,846,596,508 

1,942,718,448 

2,038,840,387 

2,134,962,326 

2,231,084,265 

2,327,206,205 

2,423,328,144 

2,519,450,083 

2,615,572,022 

2,711,693,962 

2,807,815,901 

2,903,937,840 

3,000,059, 779 

3,096,181,719 

Mass flow rate Br to Mass flow rate Br leaving 
Mass flow rate Br Impoundment 

mg/L Br in tai lings impoundment Mass fl ow rate Br to recycle (mg/month) Mass flow rate Br to evap ponds (mg/month) Leach Volume (L) mg/L Br in Leach to/from CCD evaporation (minus 
Leach (mg/month) leach (mg/month) 

(ml(/month) orecio) (Um on th) 
10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 . 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 

10 416,160,405 242,069,399 74,610,431 54,382,714 1 74,610,431 416,160,405 13,102,537 



• 
Tailings to evaporation: 
Evap rate: 
Evap ponds area: 
Evap ponds capacity (8 cells): 

Precip: 

Month 

1.0 

2.0 

3.0 
4.0 
5.0 

6.0 
7.0 
8.0 
9.0 
10.0 

11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 

24.0 

146 gpm 
42 inch/year 

3,484,800.00 ft2 
608.2 acre ft 

26,493,131.18 ft3 
5.44 inch/year 

Time interval 
Mass flow rate Br to evap 

ponds (mg/month) 

1 242,069,399 

1 242,069,399 
1 242,069,399 

1 242,069,399 
1 242,069,399 
1 242,069,399 

1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 
1 242,069,399 

1 242,069,399 

1 242,069,399 

• • 
Evap Ponds evap 

Evap Ponds Volume (L) mg Br in Evap Ponds mg/L Br in Evap Ponds minus precip 
(L/month) 

24,206,940 242,069,399 10 25,053,345 
23,360,534 484,138, 797 21 25,053,345 
22,514,129 726,208,196 32 25,053,345 
21,667,723 968,277,595 45 25,053,345 
20,821,318 1,210,346,993 58 25,053,345 
19,974,912 1,452,416,392 73 25,053,345 
19,128,506 1,694,485,791 89 25,053,345 

. 18,282,101 1,936,555,189 106 25,053,345 
17,435,695 2,178,624,588 125 25,053,345 
16,589,290 2,420,693,987 146 25,053,345 
15,742,884 2,662, 763,385 169 25,053,345 
14,896,479 2,904,832, 784 195 25,053,345 
14,050,073 3,146,902,183 224 25,053,345 
13,203,668 3,388,971,582 257 25,053,345 
12,357,262 3,631,040,980 294 25,053,345 
11,510,856 3,873,110,379 336 25,053,345 
10,664,451 4,115,179,778 386 25,053,345 

9,818,045 4,357,249,176 444 25,053,345 
8,971,640 4,599,318,575 513 25,053,345 
8,125,234 4,841,387,974 596 25,053,345 
7,278,829 5,083,457,372 698 25,053,345 
6,432,423 5,325,526,771 828 25,053,345 
5,586,017 5,567,596,170 997 25,053,345 
4,739,612 5,809,665,568 1226 25,053,345 
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Designation: D 1246 - 95 (Reapproved 1999) 

Standard Test Method for 
Bromide Ion in Water 1 

This standard is issued under the fixed designation D 1246; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon ( e) indicates an editorial change since the last revision or reapproval. 

This standard has been approved for use by agencies of the Department of Defense. 

1. Scope 

1.1 This test method is applicable to the measurement of 
bromide ion in water, ground water, and drinking water. 

1.2 Samples containing 0.5 mg/L to 1000 mg/L of bromide 
may be analyzed by this test method. The concentration range 
may be extended by the dilution of an appropriate aliquot. 

1.3 The precision and bias statements were determined on 
natural and ground waters. It is the responsibility of the analyst 
to assure the validity of this test method for untested matrices. 

1.4 A titrimetric and two colorimetric test methods for 
iodide and bromide were discontinued. Refer to Appendix Xl 
for historical information. 

1.5 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro
priate safety and health practices and determine the applica-

.ility of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 1066 Practice for Sampling Steam 2 

D 1129 Terminology Relating to Water 2 

D 1193 Specification for Reagent Water 2 

D 2777 Practice for Determination of Precision and Bias of 
Applicable Methods of Committee D-19 on Water 2 

D 3370 Practices for Sampling Water from Closed Con
duits 2 

D 4127 Terminology Used with Ion-Selective Electrodes 2 

3. Terminology 
3 .1 Definitions-For definitions of terms used in this test 

method, refer to Terminologies D 1129 and D 4127. 

4. Summary of Test Method 

4.1 Bromide ion is measured potentiometrically using a 
bromide ion-selective electrode in conjunction with a single
junction, sleeve-type reference electrode. Potentials are read on 
a pH meter having an expanded millivolt scale capable of being 

1 This test method is under the jurisdiction of ASTM Committee D-19 on Water 
and is the direct responsibility of Subcommittee D19.05 on Inorganic Constituents 
in Water. 

Current edition approved Dec. 10, 1995. Published February 1996. Originally 
published as D 1246- 52. Last previous edition D 1246- 88 (1995) •1

• 

• 
2 Annual Book of ASTM Standards, Vol 11.01. 

Copyright © ASTM, 100 Barr Harbor Drive. West Conshohocken. PA 19428-2959. United States. 

read to the nearest 0.1 mV, or a selective ion meter having a 
direct concentration scale for bromide. For less precise work, a 
pH meter having a millivolt scale capable of being read to the 
nearest 1.0 mV is adequate, however, no supporting data are 
available. 

4.2 The electrodes are calibrated in known bromide solu
tions and the concentrations of unknowns are determined in 
solutions with the same background. In most cases, addition of 
an ionic strength adjustor to both standards and samples is 
sufficient to maintain constant background ionic strength. For 
samples above 0.1 M in ionic strength, prepare standard 
solutions similar to the sample composition. 

5. Significance and Use 
5.1 By analysis for bromide in water, wastewater, and 

brackish waters, it is possible to evaluate the origin of the 
water, its potential as a source of bromide, and its condition 
with regard to pollution. 

6. Interferences 
6.1 Strongly reducing solutions and solutions containing 

ions which form insoluble silver salts may coat the electrode 
membrane. These may be removed by polishing the membrane 
surface. Sulfide ion and cyanide ion both poison the electrode, 
and should be removed (see Section 11). 

6.2 Halide ions form complexes with some metals. Since 
the electrode responds only to free bromide ions, the presence 
of any complexing agents lowers the measured concentrations. 
Concentrations of free metal ions causing a 10 % error of a 
bromide concentration of 8.1 mg/L are bismuth +

3
, 80 mg/L; 

cadmium +2
, 100 mg/L; lead +2

, 1600 mg/L; tin +2
, 2400 mg/L; 

and thallium +3
, 4 mg/L. 

6.3 Chloride ion and hydroxide ion do not interfere when 
present in the concentrations of up to 400 and 30 000 times the 
bromide concentration, respectively. There will be no interfer
ence from ammonia when present in concentrations twice that 
of bromide, nor from thiosulfate 20 times as concentrated as 
bromide. Iodide is an interference at a concentration ratio as 
low as 2 X 10 - 4

_ Mercury should be absent from samples. 

7. Apparatus 
7.1 pH Meter, capable of reading to 0.1 mV, or a selective

ion meter. 
7.2 Bromide Ion-Selective Electrode . 
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7.3 Sleeve-Type Single-Junction Reference Electrode, filled 

•

ith manufacturer's filling solution. 
7.4 Mixer, magnetic, with a TFE fluorocarbon-coated stir

ring bar. 
7.5 Laboratory Glassware. 

8. Reagents 

8.1 Purity of Reagents-Reagent grade chemicals shall be 
used in all tests. Unless otherwise indicated, it is intended that 
all reagents shall conform to the specifications of the Commit
tee on Analytical Reagents of the American Chemical Society, 
where such specifications are available. 3 Other grades may be 
used, provided it is first ascertained that the reagent is of 
sufficiently high purity to permit its use without lessening the 
accuracy of the determination. 

8.2 Purity of Water- Unless otherwise indicated, reference 
to water shall be understood to mean reagent water conforming 
to Specification D 1193, Type I. Other reagent water types may 
be used, provided it is first ascertained that the water is of 
sufficiently high purity to permit its use without adversely 
affecting the bias and precision of the test method. Type II 
water was specified at the time of round robin testing of this 
test method. 

8.3 Ionic Strength Adjustor (42.5 g/100 mL NaN03)-In a 
100-mL volumetric flask, dissolve 42.5 g of sodium nitrate 
(NaN03) in water and dilute to volume. 

8.4 Nickel Sulfate Solution, 1 M-In a 100 mL volumetric 
flask dissolve 26.3 g of nickel sulfate hexahydrate (NiS04 • 

•
H20) in water and dilute to volume. 
8.5 Sodium Bromide Standard Solution, 1000 mg/L-In a 1 

L volumetric flask dissolve 1.288 g dried sodium bromide in 
water and dilute to volume. 

8.6 Sodium Bromide Standard Solutions, (100, 10, and 1 
mg/L)-Dilute 1 volume of the 1000 mg/L bromide standard 
with 9 volumes of water to prepare the 100 mg/L standard. By 
further 1 +9 serial dilutions, prepare the 10 and 1 mg/L 
standards. 

9. Sampling 

9.1 Collect the samples in accordance with Practice D 1066 
and Practices D 3370, as applicable. 

10. Calibration and Standardization 

10.l To 100 mL of the 1, 10, 100, and 1000 mg/L standards 
add 2 mL of the ionic strength adjustor (ISA). If any samples 
require treatment for interferences, prepare standards with the 
same background. 

10.2 Connect and fill electrodes in accordance with manu
facturer's instructions. 

10.3 Transfer the 1 mg/L standard-ISA mixture to a 150 mL 
beaker and stir gently using the magnetic mixer. Immerse the 
electrodes in the solution and wait 2 min for the potential to 
stabilize. Record the value. 

3 Reagent Chemicals, American Chemical Society Specifications, American 

•

hemical Society, Washington, DC. For suggestions on the testing of reagents not 
led by the American Chemical Society, see Analar Standards for Laboratory 

Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia 
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville, 
MD. 
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10.4 Rinse electrodes thoroughly and repeat for the 10, 100, 
and 1000 mg/L standard-ISA mixtures. Wait 2 min and record 
the potential. 

10.5 The calibration curve is generated by plotting on 
semilogarithmic graph paper, the potential observed versus the 
concentration of the standard used. Note that volume correc
tions are incorporated into the calibration, so that samples 
analyzed according to Section 11 of this test method can be 
read directly. 

11. Procedure 

11.1 To any sample containing sulfide or cyanide ion, add 
0.1 mL nickel sulfate solution to 100 mL sample. 

Norn I-This concentration of nickel sulfate will react with 58 mg/L 
sulfide and 11 7 mg/L cyanide. 

11.2 Transfer 100 mL sample to a 150 mL beaker and add 2 
mL ionic strength adjustor. Stir thoroughly for 1 min using the 
magnetic mixer. 

11.3 Immerse the electrodes in the sample-ISA mixture and 
wait 2 min for the potential to stabilize. Record the value. 

11.4 Read bromide concentration of the sample, in mg/L, 
directly from the calibration curve. Note that volume correc
tions are incorporated into the calibration. 

12. Precision and Bias 4 

12.l Precision-The overall and single-operator precision 
of this test method may be expressed as follows: 

12.1.1 For Reagent Water: 

Sr = 0.077X + 1.10, coefficient of correlation = 1.0 

Sa = 0.067X + 0.79, coefficient of correlation = 1.0 

12.1.2 For Water Matrices: 

Sr = 0.064X + 0.84, coefficient of correlation = 1.0 

Sa = 0.049X + 0.09, coefficient of correlation = 1.0 

where: 
Sr 
So = 
x 

overall precision, mg/L, 
single-operator precision, mg/L, and 
concentration of bromide determined. 

12.2 The selected water matrices included natural waters, 
ground waters, and tap water. These data on precision and bias 
may not apply to waters of other matrices. 

12.3 Bias-Recoveries of known amounts of bromide from 
reagent water and selected water matrices were as shown in 
Table 1. 

12.4 This information is derived from round-robin testing, 
in which five laboratories, including eight operators, partici
pated. Of the eight sets of data ranked, as described in Practice 
D 2777, none was rejected. One operator submitted reagent 
water data only. One outlier data point within each set was also 
rejected. Four sample levels were run on three days and blanks 
were obtained for the water used. 

12.5 This section on precision and bias conforms to Practice 
D 2777 - 77, which was in place at the time of collaborative 
testing. Under the allowances made in 1.5 of Practice 

4 Supporting data for this test method have been filed at ASTM Headquarters. 
Request Research Report RR:Dl9-1078. 



TABLE 1 Recoveries of Known Amounts of Bromide from 

• Reagent Water and Selected Water Matrices 

Statistically 
Amount Amount 

±Bias, 
Significant 

added, found, 
% 

(95 % Con-
mg/L mg/L fidence 

Level) 

Reagent 0.65 0.77 + 18.5 yes 
Water 1.00 1.19 + 19.0 no 

92.7 96.4 + 3.99 no 
864 854 - 1.16 no 

Water 0.65 0.80 + 23.1 yes 
1.00 1.21 + 21.5 yes 
92.7 95.6 + 3.2 no 
864 836 -3.3 yes 

D 2777 - 86, these precision and bias data do meet existing 
requirements for interlaboratory studies of Committee D-19 
test methods. 

13. Keywords 

13.l bromide; ISE; ion-selective electrode 

APPENDIX 

(Nonmandatory Information) 

Xl. RATIONALE FOR DISCONTINUATION OF TEST METHODS 

•

X 1.1 Colorimetric and Titrimetric Test Methods for Iodide 
d Bromide 

Xl.1.1 These test methods were discontinued in 1988, and 
the title of the standard was changed because no iodide test 
methods remained in the standard. These test methods may be 
found in their entirety in the 1988 Annual Book of ASTM 
Standards, Vol 11.01. Additional relevant data may be found in 
Research Report RR:D-19-57, which is filed at ASTM Head
quarters. 

Xl.1.2 Former Test Method A-Colorimetric for Iodide 
Xl.1.2.l This test method covers the colorimetric determi

nation of iodide in water when concentrations up to 100 µg/L 
are present. 

Xl .1.2.2 This test method is based on the catalytic effect of 
traces of iodide on the rate of oxidation of arsenious ion by 
eerie ion in acid solution. In the presence of a small amount of 
iodide, the reaction follows first-order reaction rate kinetics, 
and, at any given temperature and reaction time, the extent of 
reduction of eerie ion is directly proportional to iodide con
centration. Since solutions of eerie ions are yellow and those of 
cerous ions colorless, the extent of the reaction may be 
determined photometrically. 

Xl.1.3 Former Test Method B-Colorimetric for Bromide 
Xl.1.3.l This test method covers colorimetric determina

tion of bromide in water when concentrations equivalent to no 
more than 100 µg/L are present. 

Xl.1.3.2 This test method is based on the catalytic effect of 

•

aces of bromide ion on the rate of oxidation of iodine to 
date by potassium permanganate in sulfuric acid solution. 

3 

Under controlled conditions of pH, temperature, and concen
tration of reactants, and for a given reaction time, the concen
tration of unreacted iodine is inversely proportional to the 
concentration of bromide. To determine bromide, the reaction 
is stopped after a given time by extraction of the unreacted 
iodine with carbon tetrachloride and measuring the color 
intensity of the exact solution at 515 nm. 

Xl.1.4 Former Test Method C-Titrimetric, for Iodide and 
Bromide 

Xl.1.4.1 This test method is recommended for samples 
containing appreciable amounts of iodide or bromide, or both, 
at concentrations greater than 5 mg/L. 

Xl.1.4.2 Any iodide in the sample is oxidized with bromine 
to the iodate in a buffered solution, the excess bromine being 
destroyed subsequently. Iodine equivalent to the iodate is 
liberated from potassium iodide and titrated with sodium 
thiosulfate. 

Xl.1.4.3 Iodide and bromide occurring together are oxi
dized to iodate and bromate, respectively, with hypochlorite. 
Iodine equivalent to the combined reaction products is liber
ated and measured after destroying the excess hypochlorite. 

Xl.1.4.4 The bromide content of the sample is calculated by 
difference between the iodide and combined iodide and bro
mide determinations. 

Xl.1.5 These test methods were discontinued because there 
were insufficient laboratories interested in participating in a 
collaborative study to obtain the necessary precision and bias 
data as required by Practice D 2777. 
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, at the address shown below. 

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. 
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail}; or through the ASTM website (www.astm.org) . 

4 
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METHOD 300.0 

DETERMINATION OF INORGANIC ANIONS BY ION CHROMATOGRAPHY 

SCOPE AND APPLICATION 

1.1 This method covers the determination of the following inorganic anions: 

PART A. 

Bromide 
Chloride 
Fluoride 
Nitrate 

PART B. 

Bromate 
Chlorate 

Nitrite 
Ortho-Phosphate-P 
Sulfate 

Chlorite 

1.2 The matrices applicable to each method are shown below: 

1.2.1 Drinking water, surface water, mixed domestic and industrial 
wastewaters, groundwater, reagent waters, solids (after extraction 11. 7), 
leachates (when no acetic acid is used). 

1.2.2 Drinking water and reagent waters 

1.3 The single laboratory Method Detection Limit (MDL defined in Section 3.2) for 
the above analytes is listed in Tables lA and lB. The MDL for a specific 
matrix may differ from those listed, depending upon the nature of the sample. 

1.4 Method A is recommended for drinking and wastewaters. The multilaboratory 
ranges tested for each anion are as follows: 

1.5 

Analyte 

Bromide 
Chloride 
Fluoride 
Nitrate-N 
Nitrite-N 
Otho-Phosphate-P 
Sulfate 

0.63 - 21.0 
0.78 - 26.0 
0.26 - 8.49 
0.42 - 14.0 
0.36 - 12.0 
0.69 - 23.1 
2.85 - 95.0 

This method is recommended for use only by or under the supervision of 
analysts experienced in the use of ion chromatography and in the 
interpretation of the resulting ion chromatograms. 
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1.6 When this method is used to analyze unfamiliar samples for any of the above 
anions, anion identification should be supported by the use of a fortified 
sample matrix covering the anions of interest. The fortification procedure is 
described in Section 11.6. 

1. 7 Users of the method data should state the data-quality objectives prior to 
analysis. Users of the method must demonstrate the ability to generate 
acceptable results with this method, using the procedures described in 
Section 9.0. 

2.0 SUMMARY OF METHOD 

2.1 A small volume of sample, typically 2-3 mL, is introduced into an ion 
chromatograph. The anions of interest are separated and measured, using a 
system comprised of a guard column, analytical column, suppressor device, 
and conductivity detector. 

2.2 The main differences between Parts A and B are the separator columns and 
guard columns. Sections 6.0 and 7.0 will elicit the differences. 

2.3 An extraction procedure must be performed to use this method for solids 
(See Section 11. 7). 

2.4 Limited performance-based method modifications may be acceptable provided 
they are fully documented and meet or exceed requirements expressed in 
Section 9.0, Quality Control. 

3.0 DEFINITIONS 

3.1 Calibration Blank (CB) -- A volume of reagent water fortified with the same 
matrix as the calibration standards, but without the analytes, internal 
standards, or surrogate analytes. 

3.2 Calibration Standard (CAL) -- A solution prepared from the primary dilution 
standard solution or stock standard solutions and the internal standards and 
surrogate analytes. The CAL solutions are used to calibrate the instrument 
response with respect to analyte concentration. 

3.3 Field Duplicates (FD) -- Two separate samples collected at the same time and 
placed under identical circumstances and treated exactly the same throughout 
field and laboratory procedures. Analyses of field duplicates indicate the 
precision associated with sample collection, preservation and storage, as well 
as with laboratory procedures. 

3.4 Instrument Performance Check Solution (IPC) -- A solution of one or more 
method analytes, surrogates, internal standards, or other test substances used 
to evaluate the performance of the instrument system with respect to a defined 
set of criteria. 



• 3.5 Laboratory Fortified Blank (LFB) -- An aliquot of reagent water or other blank 
matrices to which known quantities of the method analytes are added in the 
laboratory. The LFB is analyzed exactly like a sample, and its purpose is to 
determine whether the methodology is in control, and whether the laboratory 
is capable of making accurate and precise measurements. 

3.6 Laboratory Fortified Sample Matrix (LFM) -- An aliquot of an environmental 
sample to which known quantities of the method analytes are added in the 
laboratory. The LFM is analyzed exactly like a sample, and its purpose is to 
determine whether the sample matrix coritributes bias to the analytical results. 
The background concentrations of the analytes in the sample matrix must be 
determined in a separate aliquot and the measured values in the LFM 
corrected for background concentrations. 

3. 7 Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank 
matrices that are treated exactly as a sample including exposure to all 
glassware, equipment, solvents, reagents, internal standards, and surrogates 
that are used with other samples. The LRB is used to determine if method 
analytes or other interferences are present in the laboratory environment, the 
reagents, or the apparatus. 

3.8 Linear Calibration Range (LCR) -- The concentration range over which the 
instrument response is linear. 

3.9 Material Safety Data Sheet (MSDS) -- Written information provided by 
vendors concerning a chemical's toxicity, health hazards, physical properties, 
fire, and reactivity data including storage, spill, and handling precautions. 

3.10 Method Detection Limit (MDL) -- The minimum concentration of an analyte 
that can be identified, measured and reported with 99% confidence that the 
analyte concentration is greater than zero. 

3.11 Performance Evaluation Sample (PE) -- A solution of method analytes 
distributed by the Quality Assurance Research Division (QARD), 
Environmental Monitoring Systems Laboratory (EMSL-Cincinnati), U.S. 
Environmental Protection Agency, Cincinnati, Ohio, to multiple laboratories for 
analysis. A volume of the solution is added to a known volume of reagent 
water and analyzed with procedures used for samples. Results of analyses are 
used by QARD to determine statistically the accuracy and precision that can be 
expected when a method is performed by a competent analyst. Analyte true 
values are unknown to the analyst. 

3.12 Quality Control Sample (QCS) -- A solution of method analytes of known 
concentrations that is used to fortify an aliquot of LRB or sample matrix. The 
QCS is obtained from a source external to the laboratory and different from 
the source of calibration standards. It is used to check laboratory performance 
with externally prepared test materials. 
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3.13 Stock Standard Solution (SSS) -- A concentrated solution containing one or 
more method analytes prepared in the laboratory using assayed reference 
materials or purchased from a reputable commercial source. 

4.0 INTERFERENCES 

4.1 Interferences can be caused by substances with retention times that are similar 
to and overlap those of the anion of interest. Large amounts of an anion can 
interfere with the peak resolution of an adjacent anion. Sample dilution 
and/ or fortification can be used to solve most interference problems associated 
with retention times. 

4.2 The water dip or negative peak that elutes near, and can interfere with, the 
fluoride peak can usually be eliminated by the addition of the equivalent of 1 
mL of concentrated eluent (7.3 lOOX) to 100 mL of each standard and sample. 

4.3 Method interferences may be caused by contaminants in the reagent water, 
reagents, glassware, and other sample processing apparatus that lead to 
discrete artifacts or elevated baseline in ion chromatograms. 

4.4 Samples that contain particles larger than 0.45 microns and reagent solutions 
that contain particles larger than 0.20 microns require filtration to prevent 
damage to instrument columns and flow systems. 

4.5 Any anion that is not retained by the column or only slightly retained will 
elute in the area of fluoride and interfere. Known coelution is caused by 
carbonate and other small organic anions. At concentrations of fluoride above 
1.5 mg/L, this interference may not be significant, however, it is the 
responsibility of the user to generate precision and accuracy information in 
each sample matrix. 

4.6 The acetate anion elutes early during the chromatographic run. The retention 
times of the anions also seem to differ when large amounts of acetate are 
present. Therefore, this method is not recommended for leachates of solid 
samples when acetic acid is used for pH adjustment. 

4. 7 The quantitation of unretained peaks should be avoided, such as low 
molecular weight organic acids (formate, acetate, propionate etc.) which are 
conductive and coelute with or near fluoride and would bias the fluoride 
quantitation in some drinking and most waste waters. 

4.8 Any residual chlorine dioxide present in the sample will result in the 
formation of additional chlorite prior to analysis. If any concentration of 
chlorine dioxide is suspected in the sample purge the sample with an inert gas 
(argon or nitrogen} for about five minutes or until no chlorine dioxide remains. 

5.0 SAFETY 



5.1 The toxicity or carcinogenicity of each reagent used in this method have not 
been fully established. Each chemical should be regarded as a potential health 
hazard and exposure should be as low as reasonably achievable. Cautions are 
included for known extremely hazardous materials or procedures. 

5.2 Each laboratory is responsible for maintaining a current awareness file of 
OSHA regulations regarding the safe handling of the chemicals specified in 
this method. A reference file of Material Safety Data Sheets (MSDS) should be 
made available to all personnel involved in the chemical analysis. The 
preparation of a formal safety plan is also advisable. 

5.3 The following chemicals have the potential to be highly toxic or hazardous, 
consult MSDS. 

5.3.l Sulfuric acid (Section 7.4) 

6.0 EQUIPMENT AND SUPPLIES 

6.1 Balance -- Analytical, capable of accurately weighing to the nearest 0.0001 g. 

6.2 Ion chromatograph -- Analytical system complete with ion chromatograph and 
all required accessories including syringes, analytical columns, compressed 
gasses and detectors. 

6.2.1 Anion guard column: A protector of the separator column. If omitted 
from the system the retention times will be shorter. Usually packed 
with a substrate the same as that in the separator column. 

6.2.2 Anion separator column: This column produces the separation shown 
in Figures 1 and 2. 

6.2.2.l Anion analytical column (Method A): The separation shown in Figure 
1 was generated using a Dionex AS4A column (PIN 37041). An 
optional column may be used if comparable resolution of peaks is 
obtained, and the requirements of Section 9.2 can be met. 

6.2.2.2 Anion analytical column (Method B): The separation shown in Figure 2 
was generated using a Dionex AS9 column (PIN 42025). An optional 
column may be used if comparable resolution of peaks is obtained and 
the requirements of Section 9.2 can be met. 

6.2.3 Anion suppressor device: The data presented in this method were 
generated using a Dionex anion micro membrane suppressor 
(PIN 37106). 

6.2.4 Detector -- Conductivity cell: Approximately 1.25 µL internal volume, 
(Dionex, or equivalent) capable of providing data as required in 
Section 9.2. 



• 6.3 The Dionex AI-450 Data Chromatography Software was used to generate all 
the data in the attached tables. Systems using a stripchart recorder and 
integrator or other computer based data system may achieve approximately 
the same MDL's but the user should demonstrate this by the procedure 
outlined in Section 9.2. 

7.0 REAGENTS AND STANDARDS 

7.1 Sample bottles: Glass or polyethylene of sufficient volume to allow replicate 
analyses of anions of interest. 

7.2 Reagent water: Distilled or deionized water, free of the anions of interest. 
Water should contain particles no larger than 0.20 microns. 

7.3 Eluent solution (Method A and Method B): Sodium bicarbonate 
(CASRN 144-55-8) 1.7 mM, sodium carbonate (CASRN 497-19-8) 1.8 mM. 
Dissolve 0.2856 g sodium bicarbonate (NaHCOJ and 0.3816 g of sodium 
carbonate (Na2CO~ in reagent water (Section 7.2) and dilute to 2 L. 

7.4 Regeneration solution (micro membrane suppressor): Sulfuric acid 
(CASRN-7664-93-9) 0.025N. Dilute 2.8 mL cone. sulfuric acid (H2S04) to 4 L 
with reagent water. 

7.5 Stock standard solutions, 1000 mg/L (1 mg/mL): Stock standard solutions 
may be purchased as certified solutions or prepared from ACS reagent grade 
materials (dried at 105°C for 30 minutes) as listed below. 

7.5.l Bromide (Br-) 1000 mg/L: Dissolve 1.2876 g sodium bromide (NaBr, 
CASRN 7647-15-6) in reagent water and dilute to 1 L. 

7.5.2 Bromate (Br03-) 1000 mg/L: Dissolve l.1798g of sodium bromate 
(NaBr03, CASRN 7789-38-0) in reagent water and dilute to 1 L. 

7.5.3 Chlorate (Cl03-) 1000 mg/L: Dissolve l.2753g of sodium chlorate 
(NaC103, CASRN 7775-09-9) in reagent water and dilute to 1 L. 

7.5.4 Chloride (Ci-) 1000 mg/L: Dissolve 1.6485 g sodium chloride (NaCl, 
CASRN 7647-14-5) in reagent water and dilute to 1 L. 

7.5.5 Chlorite (C102-) 1000 mg/L: Dissolve l.3410g of sodium chlorite 
(NaC102, CASRN 7758-19-2) in reagent water and dilute to 1 L. 

7.5.6 Fluoride (F-) 1000 mg/L: Dissolve 2.2100g sodium fluoride (NaF, 
CASRN 7681-49-4) in reagent water and dilute to 1 L. 

7.5.7 Nitrate (N0-3-N) 1000 mg/L: Dissolve 6.0679 g sodium nitrate (NaN9, 
CASRN 7631-99-4) in reagent water and dilute to 1 L. 

7.5.8 Nitrite (N0-2-N) 1000 mg/L: Dissolve 4.9257 g sodium nitrite (NaN9 , 
CASRN 7632-00-0) in reagent water and dilute to 1 L. 



•• 7.5.9 Phosphate (P0=4-P) 1000 mg/L: Dissolve 4.3937 g potassium phosphate 
(KH2P04, CASRN 7778-77-0) in reagent water and dilute to 1 L. 

7.5.10 Sulfate (SQ4=) 1000 mg/L: Dissolve 1.8141 g potassium sulfate (I) SQ, 
CASRN 7778-80-5) in reagent water and dilute to 1 L. 

Note: Stability of standards: Stock standards (7.5) are stable for at 
least one month when stored at 4 °C. Except for the chlorite standard 
which is only stable for two weeks. Dilute working standards should 
be prepared weekly, except those that contain nitrite and phosphate 
should be prepared fresh daily. 

7.6 Ethylenediamine preservation solution: Dilute 10 mL of ethylenediamine (99%) 
(CASRN 107-15-3) to 200 mL with reagent water. Use 1 mL of this dilution to 
each 1 L of sample taken. 

8.0 SAMPLE COLLECTION. PRESERVATION AND STORAGE 

8.1 Samples should be collected in plastic or glass bottles. All bottles must be 
thoroughly cleaned and rinsed with reagent water. Volume collected should 
be sufficient to insure a representative sample, allow for replicate analysis, if 
required, and minimize waste disposal. 

8.2 Sample preservation and holding times for the anions that can be determined 
by this method are as follows: 

Analyte Preservation Holding Time 

Bro mate None required 28 days 
Bromide None required 28 days 
Chlorate None required 28 days 
Chloride None required 28 days 
Chlo rite Cool to 4°C immediately 
Fluoride None required 28 days 
Nitrate-N Cool to 4°C 48 hours 
Combined cone. H2S04 28 days 
(Nitrate/Nitrite) to a pH <2 
Nitrite-N Cool to 4°C 48 hours 
0-Phosphate-P Cool to 4°C 48 hours 
Sulfate Cool to 4°C 28 days 

Note: If the determined value for the combined nitrate/nitrite exceeds 
0.5 mg/Las N-. a resample must be analyzed for the individual concentrations 
of nitrate and nitrite. 

8.3 The method of preservation and the holding time for samples analyzed by this 
method are determined by the anions of interest. In a given sample, the anion 
that requires the most preservation treatment and the shortest holding time 
will determine the preservation treatment. It is recommended that all samples 



• be cooled to 4 °C and held for no longer than 28 days for Method A and 
analyzed immediately in Method B. 

Note: If the sample cannot be analyzed for chlorite within ~10 minutes, the 
sample may be preserved by adding 1 mL of the ethylenediamine (EDA) 
preservation solution (Section 7.6) to 1 L of sample. This will preserve the 
concentration of the chlorite for up to 14 days. This addition of EDA has no 
effect on bromate or chlorate, so they can also be determined in a sample 
preserved with EDA. Residual chlorine dioxide should be removed from the 
sample (per Section 4.8) prior to the addition of EDA. 

9.0 QUALITY CONTROL 

9.1 Each laboratory using this method is required to operate a formal quality 
control (QC) program. The minimum requirements of this program consist of 
an initial demonstration of laboratory capability, and the periodic analysis of 
laboratory reagent blanks, fortified blanks and other laboratory solutions as a 
continuing check on performance. The laboratory is required to maintain 
performance records that define the quality of the data that are generated. 

9.2 INITIAL DEMONSTRATION OF PERFORMANCE 

9.2.1 The initial demonstration of performance is used to characterize 
instrument performance (determination of LCRs and analysis of QCS) 
and laboratory performance (determination of MDLs) prior to 
performing analyses by this method. 

9.2.2 Linear Calibration Range (LCR) -- The LCR must be determined 
initially and verified every six months or whenever a significant change 
in instrument response is observed or expected. The initial 
demonstration of linearity must use sufficient standards to insure that 
the resulting curve is linear. The verification of linearity must use a 
minimum of a blank and three standards. If any verification data 
exceeds the initial values by ±10%, linearity must be reestablished. If 
any portion of the range is shown to be nonlinear, sufficient standards 
must be used to clearly define the nonlinear portion. 

9.2.3 Quality Control Sample (QCS) -- When beginning the use of this 
method, on a quarterly basis or as required to meet data-quality needs, 
verify the calibration standards and acceptable instrument performance 
with the preparation and analyses of a QCS. If the determined 
concentrations are not within ±10% of the stated values, performance of 
the determinative step of the method is unacceptable. The source of 
the problem must be identified and corrected before either proceeding 
with the initial determination of MDLs or continuing with on-going 
analyses. 

9.2.4 Method Detection Limit (MDL) -- MDLs must be established for all 
analytes, using reagent water (blank) fortified at a concentration of two 



• 

• 

to three times the estimated instrument detection limit. cei To determine 
MDL values, take seven replicate aliquots of the fortified reagent water 
and process through the entire analytical method. Perform all 
calculations defined in the method and report the concentration values 
in the appropriate units. Calculate the MDL as follows: 

where, 

MDL = (t) x (S) 

t = Student's t value for a 99% confidence level 
and a standard deviation estimate with n-1 
degrees of freedom [t= 3.14 for seven replicates] 

S = standard deviation of the replicate analyses 

MDLs should be determined every six months, when a new operator 
begins work or whenever there is a significant change in the 
background or instrument response. 

9.3 ASSESSING LABORATORY PERFORMANCE 

9.3.1 Laboratory Reagent Blank (LRB) -- The laboratory must analyze at least 
one LRB with each batch of samples. Data produced are used to assess 
contamination from the laboratory environment. Values that exceed the 
MDL indicate laboratory or reagent contamination should be suspected 
and corrective actions must be taken before continuing the analysis. 

9.3.2 Laboratory Fortified Blank (LFB) -- The laboratory must analyze at least 
one LFB with each batch of samples. Calculate accuracy as percent 
recovery (Section 9.4.2). If the recovery of any analyte falls outside the 
required control limits of 90-110%, that analyte is judged out of control, 
and the source of the problem should be identified and resolved before 
continuing analyses. 

9.3.3 The laboratory must use LFB analyses data to assess laboratory 
performance against the required control limits of 90-110%. When 
sufficient internal performance data become available (usually a 
minimum of 20-30 analyses), optional control limits can be developed 
from the percent mean recovery (x) and the standard deviation (S) of 
the mean recovery. These data can be used to establish the upper and 
lower control limits as follows: 

UPPER CONTROL LIMIT = x + 3S 
LOWER CONTROL LIMIT = x - 3S 

The optional control limits must be equal to or better than the required 
control limits of 90-110%. After each five to 10 new recovery 
measurements, new control limits can be calculated using only the most 
recent 20-30 data points. Also, the standard deviation (S) data should 



• 

• 

• 

9.3.4 

be used to establish an on-going precision statement for the level of 
concentrations included in the LFB. These data must be kept on file 
and be available for review. 

Instrument Performance Check Solution (IPC) -- For all determinations 
the laboratory must analyze the IPC (a mid-range check standard) and 
a calibration blank immediately following daily calibration, after every 
tenth sample (or more frequently, if required) and at the end of the 
sample run. Analysis of the IPC solution and calibration blank 
immediately following calibration must verify that the instrument is 
within ±10% of calibration. Subsequent analyses of the IPC solution 
must verify the calibration is still within ±10%. If the calibration cannot 
be verified within the specified limits, reanalyze the IPC solution. If the 
second analysis of the IPC solution confirms calibration to be outside 
the limits, sample analysis must be discontinued, the cause determined 
and/ or in the case of drift, the instrument recalibrated. All samples 
following the last acceptable IPC solution must be reanalyzed. The 
analysis data of the calibration blank and IPC solution must be kept on 
file with the sample analyses data. 

9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY 

9.4.1 Laboratory Fortified Sample Matrix (LFM) -- The laboratory must add a 
known amount of analyte to a minimum of 10% of the routine samples. 
In each case the LFM aliquot must be a duplicate of the aliquot used 
for sample analysis. The analyte concentration must be high enough to 
be detected above the original sample and should not be less than four 
times the MDL. The added analyte concentration should be the same 
as that used in the laboratory fortified blank. 

9.4.1.1 If the concentration of fortification is less than 25% of the 
background concentration of the matrix the matrix recovery 
should not be calculated. 

9.4.2 Calculate the percent recovery for each analyte, corrected for 
concentrations measured in the unfortified sample, and compare these 
values to the designated LFM recovery range 90-110%. Percent 
recovery may be calculated using the following equation: 

c -c 
R = _s_xlOO 

s 

where, R = percent recovery 
Cs = fortified sample concentration 
C = sample background concentration 
s = concentration equivalent of analyte added to sample 
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9.4.3 Until sufficient data becomes available (usually a minimum of 20-30 
analysis), assess laboratory performance against recovery limits for 
Method A of 80-120% and 75-125% for Method B. When sufficient 
internal performance data becomes available develop control limits 
from percent mean recovery and the standard deviation of the mean 
recovery. 

9.4.4 If the recovery of any analyte falls outside the designated LFM recovery 
range and the laboratory performance for that analyte is shown to be in 
control (Section 9.3), the recovery problem encountered with the LFM is 
judged to be either matrix or solution related, not system related. 

9.4.5 Where reference materials are available, they should be analyzed to 
provide additional performance data. The analysis of reference samples 
is a valuable tool for demonstrating the ability to perform the method 
acceptably. 

9.4.6 In recognition of the rapid advances occurring in chromatography, the 
analyst is permitted certain options, such as the use of different 
columns and/ or eluents, to improve the separations or lower the cost of 
measurements. Each time such modifications to the method are made, 
the analyst is required to repeat the procedure in Section 9.2. 

9.4. 7 It is recommended that the laboratory adopt additional quality 
assurance practices for use with this method. The specific practices that 
are most productive depend upon the needs of the laboratory and the 
nature of the samples. Field duplicates may be analyzed to monitor the 
precision of the sampling technique. When doubt exists over the 
identification of a peak in the chromatogram, confirmatory techniques 
such as sample dilution and fortification, must be used. Whenever 
possible, the laboratory should perform analysis of quality control 
check samples and participate in relevant performance evaluation 
sample studies. 

9.4.8 At least quarterly, replicates of LFBs should be analyzed to determine 
the precision of the laboratory measurements. Add these results to the 
on-going control charts to document data quality. 

9.4.9 When using Part B, the analyst should be aware of the purity of the 
reagents used to prepare standards. Allowances must be made when 
the solid materials are less than 99% pure. 

10.0 CALIBRATION AND STANDARDIZATION 

10.1 Establish ion chromatographic operating parameters equivalent to those 
indicated in Tables lA or lB. 

10.2 For each analyte of interest, prepare calibration standards at a minimum of 
three concentration levels and a blank by adding accurately measured volumes 
of one or more stock standards (Section 7.5) to a volumetric flask and diluting 
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10.3 

10.4 

10.5 

to volume with reagent water. If a sample analyte concentration exceeds the 
calibration range the sample may be diluted to fall within the range. If this is 
not possible then three new calibration concentrations must be chosen, two of 
which must bracket the concentration of the sample analyte of interest. Each 
attenuation range of the instrument used to analyze a sample must be 
calibrated individually. 

Using injections of 0.1-1.0 mL (determined by injection loop volume) of each 
calibration standard, tabulate peak height or area responses against the 
concentration. The results are used to prepare a calibration curve for each 
analyte. During this procedure, retention times must be recorded. 

The calibration curve must be verified on each working day, or whenever the 
anion eluent is changed, and after every 20 samples. If the response or 
retention time for any analyte varies from the expected values by more than 
±10%, the test must be repeated, using fresh calibration standards. If the 
results are still more than ±10%, a new calibration curve must be prepared for 
that analyte. 

Nonlinear response can result when the separator column capacity is exceeded 
(overloading). The response of the detector to the sample when diluted 1:1, 
and when not diluted, should be compared. If the calculated responses are the 
same, samples of this total anionic concentration need not be diluted. 

11.0 PROCEDURE 

11.1 Tables lA and 1B summarize the recommended operating conditions for the 
ion chromatograph. Included in these tables are estimated retention times that 
can be achieved by this method. Other columns, chromatographic conditions, 
or detectors may be used if the requirements of Section 9.2 are met. 

11.2 Check system calibration daily and, if required, recalibrate as described in 
Section 10.0. 

11.3 Load and inject a fixed amount of well mixed sample. Flush injection loop 
thoroughly, using each new sample. Use the same size loop for standards and 
samples. Record the resulting peak size in area or peak height units. An 
automated constant volume injection system may also be used. 

11.4 The width of the retention time window used to make identifications should 
be based upon measurements of actual retention time variations of standards 
over the course of a day. Three times the standard deviation of a retention 
time can be used to calculate a suggested window size for each analyte. 
However, the experience of the analyst should weigh heavily in the 
interpretation of chromatograms. 

11.5 If the response for the peak exceeds the working range of the system, dilute 
the sample with an appropriate amount of reagent water and reanalyze . 
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11.6 If the resulting chromatogram fails to produce adequate resolution, or if 
identification of specific anions is questionable, fortify the sample with an 
appropriate amount of standard and reanalyze. 

Note: Retention time is inversely proportional to concentration. Nitrate and 
sulfate exhibit the greatest amount of change, although all anions are affected 
to some degree. In some cases this peak migration may produce poor 
resolution or identification. 

11. 7 The following extraction should be used for solid materials. Add an amount 
of reagent water equal to 10 times the weight of dry solid material taken as a 
sample. This slurry is mixed for 10 minutes using a magnetic stirring device. 
Filter the resulting slurry before injecting using a 0.45 µ membrane type filter. 
This can be the type that attaches directly to the end of the syringe. Care 
should be taken to show that good recovery and identification of peaks is 
obtained with the user's matrix through the use of fortified samples. 

11.8 It has been reported that lower detection limits for bromate (~7 µg/L) can be 
obtained using a borate based eluent(7

). The use of this eluent or other eluents 
that improve method performance may be considered as a minor modification 
of the method and as such still are acceptable. 

11.9 Should more complete resolution be needed between peaks the eluent (7.3) can 
be diluted. This will spread out the run but will also cause the later eluting 
anions to be retained longer. The analyst must determine to what extent the 
eluent is diluted. This dilution should not be considered a deviation from the 
method. 

12.0 DATA ANALYSIS AND CALCULATIONS 

12.1 Prepare a calibration curve for each analyte by plotting instrument response 
against standard concentration. Compute sample concentration by comparing 
sample response with the standard curve. Multiply answer by appropriate 
dilution factor. 

12.2 Report only those values that fall between the lowest and the highest 
calibration standards. Samples exceeding the highest standard should be 
diluted and reanalyzed. 

12.3 Report results in mg/L. 

12.4 Report N02• as N 
NQ3· as N 
HP04 as P 

13.0 METHODS PERFORMANCE 

13.1 Tables lA and 2A give the single laboratory (EMSL-Cincinnati) MDL for each 
anion included in the method under the conditions listed. 



• 13.2 Tables 2A and 2B give the single laboratory (EMSL-Cincinnati) standard 
deviation for each anion included in the method in a variety of waters for the 
listed conditions. 

13.3 Multiple laboratory accuracy and bias data (SJ and estimated single operator 
values (S0 ) for reagent, drinking and waste water using Method A are given 
for each anion in Tables 3 through 9. Data from 19 laboratories were used for 
this data. 

13.4 Some of the bias statements, for example chloride and sulfate, may be 
misleading due to spiking small increments of the anion into large naturally 
occurring concentrations of the same anion. 

14.0 POLLUTION PREVENTION 

14.1 Pollution prevention encompasses any technique that reduces or eliminates the 
quantity or toxicity of waste at the point of generation. Numerous 
opportunities for pollution prevention exist in laboratory operation. The EPA 
has established a preferred hierarchy of environmental management techniques 
that places pollution prevention as the management option of first choice. 
Whenever feasible, laboratory personnel should use pollution prevention 
techniques to address their waste generation. When wastes cannot be feasibly 
reduced at the source, the Agency recommends recycling as the next best 
option. 

14.2 Quantity of the chemicals purchased should be based on expected usage 
during its shelf life and disposal cost of unused material. Actual reagent 
preparation volumes should reflect anticipated usage and reagent stability. 

14.3 For information about pollution prevention that may be applicable to 
laboratories and research institutions, consult "Less is Better: Laboratory 
Chemical Management for Waste Reduction," available from the American 
Chemical Society's Department of Government Regulations and Science Policy, 
1155 16th Street N.W., Washington, D.C. 20036, (202) 872-4477. 

15.0 WASTE MANAGEMENT 

15.l The Environmental Protection Agency requires that laboratory waste 
management practices be conducted consistent with all applicable rules and 
regulations. Excess reagents, samples and method process wastes should be 
characterized and disposed of in an acceptable manner. The Agency urges 
laboratories to protect the air, water, and land by minimizing and controlling 
all releases from hoods and bench operations, complying with the letter and 
spirit of any waste discharge permit and regulations, and by complying with 
all solid and hazardous waste regulations, particularly the hazardous waste 
identification rules and land disposal restrictions. For further information on 
waste management consult the "Waste Management Manual for Laboratory 
Personnel", available from the American Chemical Society at the address listed 
in Section 14.3. 



---------------------------------------------------

• 16.0 

• 

• 

REFERENCES 

1. "Determination of Inorganic Disinfection By-Products by Ion Chromatography", 
]. Pfaff, C. Brockhoff. ]. Am. Water Works Assoc., Vol 82, No. 4, pg 192. 

2. Standard Methods for the Examination of Water and Wastewater, Method 
4110B, "Anions by Ion Chromatography", 18th Edition of Standard Methods 
(1992). 

3. Dionex, System 4000 Operation and Maintenance Manual, Dionex Corp., 
Sunnyvale, California 94086, 1988. 

4. Method Detection Limit (MDL) as described in "Trace Analyses for 
Wastewater",]. Glaser, D. Foerst, G. McKee, S. Quave, W. Budde, 
Environmental Science and Technology, Vol. 15, Number 12, page 1426, 
December, 1981. 

5. American Society for Testing and Materials. Test Method for Anions in Water 
by Chemically-Suppressed Ion Chromatography D4327-91. Annual Book of 
Standards, Vol 11.01 (1993). 

6. Code of Federal Regulations 40, Ch. 1, Pt. 136, Appendix B. 

7. Hautman, D.P. & Bolyard, M. Analysis of Oxyhalide Disinfection By-products 
and other Anions of Interest in Drinking Water by Ion Chromatography. ]our. 
of Chromatog., 602, (1992), 65-74 . 



• 

• 

• 

17.0 TABLES. DIAGRAMS. FLOWCHARTS AND VALIDATION DATA 

TABLE lA. CHROMATOGRAPHIC CONDITIONS AND DETECTION LIMITS 
IN REAGENT WATER (PART A) 

Analyte Peak#* 

Fluoride 1 
Chloride 2 
Nitrite-N 3 
Bromide 4 
Nitrate-N 5 
o-Phosphate-P 6 
Sulfate 7 

Standard Conditions: 

Columns: as specified in Sesction 6.2.2.1 
Detector: as specified in Section 6.2.4 
Eluent: as specified in Section 7.3 

Retention Time MDL 
(min) (mg/L) 

1.2 0.01 
1.7 0.02 
2.0 0.004 
2.9 0.01 
3.2 0.002 
5.4 0.003 
6.9 0.02 

Pump Rate: 2.0 ml/min. 
Sample Loop: 50 µL 

MDL calculated from data system using a y-axis selection of 1000 ns and with a 
stripchart recorder with an attenuator setting of 1 uMHO full scale . 
*See Figure 1 · 

TABLE lB. CHROMATOGRAPHIC CONDITIONS AND DETECTION LIMITS 
IN REAGENT WATER (PART B) 

Analyte Peak#* 

Chlorite 1 
Bromate 2 
Chlorate 4 

Standard Conditions: 

Column: as specified in Section 6.2.2.2 
Detector: as specified in Section 6.2.4 
Eluent: as specified in Section 7.3 

·see Figure 2 

Retention Time MDL 
(min) (mg/L) 

2.8 
3.2 
7.1 

Pump Rate: 1.0 mL/min. 
Sample Loop: 50 µL 

Attentuation - 1 
y-axis - 500 ns 

0.01 
0.02 
0.003 



• TABLE 2A. SINGLE-OPERATOR ACCURACY AND BIAS OF STANDARD ANIONS 
(METHOD A) 

Mean Standard 
Sample Known Cone. Number Recovery Deviation 

Analyte Type (mg/L) of Replicates % (mg/L) 

Bromide RW 5.0 7 99 0.08 
DW 5.0 7 105 0.10 
SW 5.0 7 95 0.13 
WW 5.0 7 105 0.34 
GW 5.0 7 92 0.34 
SD 2.0 7 82 0.06 

Chloride RW 20.0 7 96 0.35 
DW 20.0 7 108 1.19 
SW 10.0 7 86 0.33 
WW 20.0 7 101 5.2 
GW 20.0 7 114 1.3 
SD 20.0 7 90 0.32 

Fluoride RW 2.0 7 91 0.05 
DW 1.0 7 92 0.06 
SW 1.0 7 73 0.05 
WW 1.0 7 87 0.07 
GW 0.4 7 95 0.07 • SD 5.0 7 101 0.35 

Nitrate-N RW 10.0 7 103 0.21 
DW 10.0 7 104 0.27 
SW 10.0 7 93 0.17 
WW 10.0 7 101 0.82 
GW 10.0 7 97 0.47 
SD 10.0 7 82 0.28 

Nitrite RW 10.0 7 97 0.14 
DW 10.0 7 121 0.25 
SW 5.0 7 92 0.14 
WW 5.0 7 91 0.50 
GW 10.0 7 96 0.35 
SD 2.0 7 98 0.08 

o-Phosphate-P RW 10.0 7 99 0.17 
DW 10.0 7 99 0.26 
SW 10.0 7 98 0.22 
WW 10.0 7 106 0.85 
GW 10.0 7 95 0.33 

Sulfate RW 20.0 7 99 0.40 
DW 50.0 7 105 3.35 
SW 40.0 7 95 1.7 
WW 40.0 7 102 6.4 
GW 40.0 7 112 3.2 



• TABLE 2A. SINGLE-OPERATOR ACCURACY AND BIAS OF STANDARD ANIONS 
(METHOD A) 

Analyte 
Sample 
Type 

R.W =Reagent Water 

DW = Drinking Water 
SW= Surface Water 

Known Cone. 
(mg/L) 

Number 
of Replicates 

Mean 
Recovery 

% 

Standard 
Deviation 

(mg/L) 

WW = Mixed Domestic and Industrial 
Wastewater 
GW = Groundwater 
SD = USEPA QC Solid (shale) 



• TABLE 2B. SINGLE-OPERATOR ACCURACY AND BIAS OF BY-PRODUCT 
(PART B) 

Mean Standard 
Sample Spike Number Recovery Deviation 

Analyte Type (mg/L) of Replicates % (mg/L) 

Bromide RW 5.0 7 103 0.07 
1.0 7 98 0.04 
0.1 7 155 0.005 
0.05 7 122 0.01 

DW 5.0 7 95 0.04 
1.0 7 85 0.02 
0.1 7 98 0.005 
0.05 7 98 0.005 

Chlorate RW 5.0 7 101 0.06 
1.0 7 97 0.01 
0.1 7 100 0.01 
0.05 7 119 0.05 

DW 5.0 7 101 0.04 
1.0 7 115 0.01 
0.1 7 121 0.005 
0.05 7 110 0.01 

Chlorite RW 5.0 7 100 0.04 
1.0 7 98 0.01 
0.1 7 86 0.01 
0.05 7 94 0.01 

DW 5.0 7 96 0.03 
1.0 7 100 0.02 
0.1 7 76 0.00 
0.05 7 96 0.01 

RW =Reagent Water 
DW =Drinking Water 

• 



• TABLE 3 . MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
FLUORIDE 

oun 
Added Amount Found Bias 

Water mg/L mg/L st so % 

Reagent 0.26 0.25 0.08 0.11 -3.8 
0.34 0.29 0.11 -14.7 
2.12 2.12 0.07 0.12 0.0 
2.55 2.48 0.14 -2.7 
6.79 6.76 0.20 0.19 -0.4 
8.49 8.46 0.30 -0.4 

Drinking 0.26 0.24 0.08 0.05 -7.7 
0.34 0.34 0.11 0.0 
2.12 2.09 0.18 0.06 -1.4 
2.55 2.55 0.16 0.0 
6.79 6.84 0.54 0.25 +0.7 
8.49 8.37 0.75 -1.4 

Waste 0.26 0.25 0.15 0.06 -3.8 
0.34 0.32 0.08 -5.9 
2.12 2.13 0.22 0.15 +0.5 
2.55 2.48 0.16 -2.7 
6.79 6.65 0.41 0.20 -2.1 

e 8.49 8.27 0.36 -2.6 

• 



• TABLE 4. MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
CHLORIDE 

Amount 
Added Amount Found Bias 

Water mg/L mg/L st so % 

Reagent 0.78 0.79 0.17 0.29 +1.3 
1.04 1.12 0.46 +7.7 
6.50 6.31 0.27 0.14 -2.9 
7.80 7.76 0.39 -0.5 

20.8 20.7 0.54 0.62 -0.5 
26.0 25.9 0.58 -0.4 

Drinking 0.78 0.54 0.35 0.20 -30.8 
1.04 0.51 0.38 -51.0 
6.50 5.24 1.35 1.48 -19.4 
7.80 6.02 1.90 -22.8 

20.8 20.0 2.26 1.14 -3.8 
26.0 24.0 2.65 -7.7 

Waste 0.78 0.43 0.32 0.39 -44.9 
1.04 0.65 0.48 -37.5 
6.50 4.59 1.82 0.83 -29.4 
7.80 5.45 2.02 -30.1 

20.8 18.3 2.41 1.57 -11.8 

e 26.0 23.0 2.50 -11.5 

• 



• TABLE 5 . MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
NITRITE-NITROGEN 

Amount Amount 
Added Found Bias 

Water mg/L mg/L st so % 

Reagent 0.36 0.37 0.04 0.04 +2.8 
0.48 0.48 0.06 0.0 
3.00 3.18 0.12 0.06 +6.0 
3.60 3.83 0.12 +6.4 
9.60 9.84 0.36 0.26 +2.5 

12.0 12.1 0.27 +0.6 

Drinking 0.36 0.30 0.13 0.03 -16.7 
0.48 0.40 0.14 -16.7 
3.00 3.02 0.23 0.12 +0.7 
3.60 3.62 0.22 +0.6 
9.60 9.59 0.44 0.28 -0.1 

12.0 11.6 0.59 -3.1 

Waste 0.36 0.34 0.06 0.04 -5.6 
0.48 0.46 0.07 -4.2 
3.00 3.18 0.13 0.10 +6.0 
3.60 3.76 0.18 +4.4 
9.60 9.74 0.49 0.26 +1.5 

• 12.0 12.0 0.56 +0.3 

• 



• TABLE 6. MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
BROMIDE 

Amount Amount 
Added Found Bias 

Water mg/L mg/L st so % 

Reagent 0.63 0.69 0.11 0.05 +9.5 
0.84 0.85 0.12 +1.2 
5.24 5.21 0.22 0.21 -0.6 
6.29 6.17 0.35 -1.9 

16.8 17.l 0.70 0.36 +1.6 
21.0 21.3 0.93 +1.5 

Drinking 0.63 0.63 0.13 0.04 0.0 
0.84 0.81 0.13 -3.6 
5.24 5.11 0.23 0.13 -2.5 
6.29 6.18 0.30 -1.7 

16.8 17.0 0.55 0.57 +0.9 
21.0 20.9 0.65 -0.4 

Waste 0.63 0.63 0.15 0.09 0.0 
0.84 0.85 0.15 +1.2 
5.24 5.23 0.36 0.11 -0.2 
6.29 6.27 0.46 -0.3 

16.8 16.6 0.69 0.43 -1.0 

e 21.0 21.1 0.63 +0.3 

• 



• TABLE 7 . MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
NITRATE-NITROGEN 

Amount Amount 
Added Found Bias 

Water mg/L mg/L st so % 

Reagent 0.42 0.42 0.04 0.02 0.0 
0.56 0.56 0.06 0.0 
3.51 3.34 0.15 0.08 -4.8 
4.21 4.05 0.28 -3.8 

11.2 11.1 0.47 0.34 -1.1 
14.0 14.4 0.61 +2.6 

Drinking 0.42 0.46 0.08 0.03 +9.5 
0.56 0.58 0.09 +3.6 
3.51 3.45 0.27 0.10 -1.7 
4.21 4.21 0.38 0.0 

11.2 11.5 0.50 0.48 +2.3 
14.0 14.2 0.70 +1.6 

Waste 0.42 0.36 0.07 0.06 -14.6 
0.56 0.40 0.16 -28.6 
3.51 3.19 0.31 0.07 -9.1 
4.21 3.84 0.28 -8.8 

11.2 10.9 0.35 0.51 -3.0 
14.0 14.1 0.74 +0.4 



• TABLE 8 . MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
ORTHO-PHOSPHATE 

Amount Amount 
Added Found Bias 

Water mg/L mg/L st so % 
Reagent 0.69 0.69 0.06 0.06 0.0 

0.92 0.98 0.15 +6.5 
5.77 5.72 0.36 0.18 -0.9 
6.92 6.78 0.42 -2.0 

18.4 18.8 1.04 0.63 +2.1 
23.l 23.2 0.35 +2.4 

Drinking 0.69 0.70 0.17 0.17 +1.4 
0.92 0.96 0.20 +4.3 
5.77 5.43 0.52 0.40 -5.9 
6.92 6.29 0.72 -9.1 

18.4 18.0 0.68 0.59 -2.2 
23.l 22.6 1.07 -2.0 

Waste 0.69 0.64 0.26 0.09 -7.2 
0.92 0.82 0.28 -10.9 
5.77 5.18 0.66 0.34 -10.2 
6.92 6.24 0.74 -9.8 

18.4 17.6 2.08 1.27 -4.1 

• 23.1 22.4 0.87 -3.0 

• 



• TABLE 9 . MULTIPLE LABORATORY (n=19) DETERMINATION OF BIAS FOR 
SULFATE 

Amount Amount 
Added Found Bias 

Water mg/L mg/L st so % 

Reagent 2.85 2.83 0.32 0.52 -0.7 
3.80 3.83 0.92 +0.8 

23.8 24.0 1.67 0.68 +0.8 
28.5 28.5 1.56 -0.1 
76.0 76.8 3.42 2.33 +1.1 
95.0 95.7 3.59 +0.7 

Drinking 2.85 1.12 0.37 0.41 -60.7 
3.80 2.26 0.97 -40.3 

23.8 21.8 1.26 0.51 -8.4 
28.5 25.9 2.48 -9.1 
76.0 74.5 4.63 2.70 -2.0 
95.0 92.3 5.19 -2.8 

Waste 2.85 1.89 0.37 0.24 -33.7 
3.80 2.10 1.25 -44.7 

23.8 20.3 3.19 0.58 -14.7 
28.5 24.5 3.24 -14.0 
76.0 71.4 5.65 3.39 -6.1 

• 95.0 90.3 6.80 -5.0 

• 
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Figure 1. Chromatogram showing separation using the AS4A cclumn 

Method B 

1 2 

0 2 

3 

4 
Minutes 

4 

6 

Figure 2. Chromatogram showing separation using the AS9 column 
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El\ERGY 
LABORATORIES 

Billings, MT 800.735.4489 •Casper, WY 888.235.0515 
Gillette, WY 866.686.7175 • Helena, MT 877 .472.0711 

LABORATORY ANALYTICAL REPORT 
Prepared by Casper, WY Branch 

.Client: 
Project: 

Kennecott Uranium Company 
Sweetwater Uranium 

Lab ID: C17060647-001 
Client Sample ID: Tailings 

Analyses 

MAJOR IONS 
Bromide 

A Report 
- Definitions: 

RL - Analyte reporting limit. 

QCL - Quality control limit. 

Result Units 

ND mg/L 

D - RL increased due to sample matrix. 

Qualifiers 

D 

RL 
MCL/ 

Report Date: 07/28/17 
Collection Date: 06/19/17 09:41 

DateReceived: 06/21/17 
Matrix: Aqueous 

QCL Method Analysis Date I By 

E300.0 07/05/17 16:24 / jcg 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 



El\ERGY 
LABORATORIES 

Trust our People. Trust our Data. 
www.energylab.com 

Billings, MT 800. 735.4489 • Casper, WY 888.235.0515 

Gillette, WY 866.686.7175 •Helena, MT 877.472.0711 

LABORATORY ANALYTICAL REPORT 
Prepared by Casper, WY Branch 

Revised Date: 08/11/17 
Report Date: 08/01/17 

Collection Date: 06/26/17 13:40 
DateReceived: 06/28/17 

Matrix: Aqueous 

.lient: 
Project: 

Kennecott Uranium Company 
Sweetwater Uranium 

Lab ID: c 17060868-001 

Client Sample ID: RDW-1 

Analyses 

MAJOR IONS 
Bromide 

~eport 
W"'efinitions: 

RL - Analyte reporting limit. 

QCL - Quality control limit. 

Result Units 

ND mg/L 

MCL/ 
Qualifiers RL QCL Method Analysis Date I By 

0.05 E300.0 0110511111:161 jcg 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 



El\ERGY 
LABORATORIES 

Trust our People. Trust our Data. 
wvrw.energylab.com 

Billings, MT 800. 735.4489 • Casper, WY 888.235.0515 
Gillette, WY 866.686.7175 •Helena, MT 877.472.0711 

LABORATORY ANALYTICAL REPORT 
Prepared by Casper, WY Branch 

.lient: Kennecott Uranium Company 
Project: Sweetwater Uranium 
Lab ID: C17060921-001 
Client Sample ID: RDW-8 

Analyses 

MAJOR IONS 
Bromide 

-~eport 
wuefinitions: 

RL - Analyte 'reporting limit. 

QCL - Quality control limit. 

Result Units 

ND mg/L 

Qualifiers RL 

0.05 

MCL/ 

Report Date: 08/02/17 
Collection Date: 06/27/17 15:14 

DateReceived: 06/29/17 
Matrix: Aqueous 

QCL Method Analysis Date I By 

E300.0 07/05/17 17:33 / jcg 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 
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Trust our People. Trust our Data. 
www.energylab.com 

Billings, MT 800. 735.4489 • Casper, WY 888.235.0515 
Gillette, WY 866.686. 7175 • Helena, MT 877.472.0711 

LABORATORY ANALYTICAL REPORT 
Prepared by Casper, WY Branch 

.Client: 
Project: 

Kennecott Uranium Company 
Sweetwater Uranium 

Lab ID: c 17070426-003 
Client Sample ID: TMW-5 

Analyses 

MAJOR IONS 
Bromide 

•

Report 
Definitions: 

RL - Analyte reporting limit. 

QCL - Quality control limit. 

Result Units 

ND mg/L 

Qualifiers RL 

0.05 

MCL/ 

Report Date: 08/23/17 
Collection Date: 07/11/1711:35 

DateReceived: 07/13/17 
Matrix: Aqueous 

QCL Method Analysis Date I By 

E300.0 08/03/17 14:20 I jcg 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 
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Trust our People. Trust our Data. 
www.energylab.com 

Billings, MT 800. 735.4489 • Casper, WY 888.235.0515 
Gillette, WY 866.686.7175 • Helena, MT 877.472.0711 

LABORATORY ANALYTICAL REPORT 
Prepared by Casper, WY Branch 

.Client: 
Project: 

Kennecott Uranium Company 
Sweetwater Uranium 

Lab ID: c 17080080-002 
Client Sample ID: TMW-18 

Analyses 

MAJOR IONS 
Bromide 

A Report 
-Definitions: 

RL - Analyte reporting limit. 

QCL - Quality control limit. 

Result Units 

ND mg/L 

Qualifiers RL 

0.05 

MCL/ 

Report Date: 09/06/17 
Collection Date: 07/31/17 09:37 

DateReceived: 08/02/17 
Matrix: Aqueous 

QCL Method Analysis Date I By 

E300.0 08/03/17 15:12 / jcg 

MCL - Maximum contaminant level. 

ND - Not detected at the reporting limit. 
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TELE ST 
Job No: 451307-001-02 Client: _K_U_C _____ Page _ 1_ of 2-_ 

Task: Bromide Trans art Computed By:T. Tigges Date: 9/19/2017 

__________ Checked By: W. Niccoli Date: 9/19/2017 

Problem Statement: Calculation Documentation 

RAI no. 3 from the NRC includes the following statement: 
1. Provide quantitative predictions (such as by solute transport modeling) of: {1} the expected 
maximum travel times of the tracer to the monitoring wells and (2) the concentrations of the tracer 
at these wells resulting from a comprehensive range of continuous fluid volume releases of given 
bromide concentration from the tailings impoundment. The quantitative predictions should include a 
sensitivity analysis of the parameters involved. 

Objectives: 

1. Find the expected maximum travel times of the tracer to the monitoring wells 
2. Find the range of possible concentrations of the tracer at these wells 
3. Find the bromide concentration needed in the tailings impoundment to be able to detect 

bromide after a leak 
Approach: 

1. Use Darcy's law to calculate how long it would take for the tracer to travel to each well 
through advection . 

2. Calculate the minimum concentrations of bromide needed in the tailings impoundment 
to maintain a concentration of bromide in the groundwater above the detection limit. 

3. Determine the effect of dispersion on these calculations. 

Data and Assumptions: 

1. Well elevations and distances are obtained from 
R:\Sweetwater\SweetwaterUranium\Calculations\GIS\20170917 _transportGWcontours 
-Generic_for _RAls.gmw 

Groundwater elevations are from 2015. 
1. Horizontal hydraulic conductivity of the aquifer material is 8 ft/day and vertical 

hydraulic conductivity of the soil is 0.8 ft/day 
2. From the "Final Design" report of the Sweetwater uranium facility, the minimum 

hydraulic conductivity of the liner will be 10-7 emfs 
3. Calculations will assume that there is a leak in the liners. Assume the 40-mil HDPE 

synthetic liner and the upper 60-mil HDPE synthetic liner have failed and there is a 1 ft 2 

leak. 
4. The effective porosity of the soil underneath the impoundment is 0.2 in the saturated 

zone. Unsaturated flow occurs at 0.5 moisture content and the vertical conductivity 
remains constant. 

5. Dispersion is negligible in the vadose zone. 
6. The detection limit for bromide in the groundwater is 0.05 mg/L 
7. The well screens are each 50 feet thick 
8. The wells are approximately 50' deep 
9. Use a dispersion coefficient range of 10 ft to 100 ft 



TE LEST Task : Brom ide Trans ort Computed By:T. Tigges Date: 9/19/2017 

Client: _ K_U_C ____ _ 
--------

Page __2_ of ~ 451307-001-02 

• ___________ Checked By: W. Niccoli Date:9/19/2017 

Calculations: 

TMW-64 is shown as an example for the calculations below: 
1. Find the flow path from the impoundment to TMW-64: 

• 
2. Find the elevations along the flow path and the lengths from the well to the 

impoundment: 

Point ID x y Elevation (ft) Length (ft) Total Length 
1 325004.1 149791.4 6542.492 
2 324949.6 149886.6 6542.655 109.7 109.7 

3 324901.9 149985.2 6542.82 109.5 219.2 

4 324865.6 150088.2 6543.002 109.2 328.4 
5 324837.7 150193.1 6543.392 108.6 437.0 
6 324821.7 150300.2 6543.819 108.3 545.3 

7 324820.3 150408.5 6544.056 108.3 653.6 

8 324829.7 150517 6544.155 109.0 762.5 

9 324848.S 150624.4 6544.251 109.0 871.6 

10 324875.8 150729.7 6544.341 108.7 980.3 

11 324915.5 150830.9 6544.432 108.8 1089.1 

12 324962.7 150929.5 6544.511 109.2 1198.3 

13 325016 151025.3 6544.6 109.6 1307.9 

14 325074.9 151117.3 6544.69 109.3 1417.2 
15 325139.9 151204.8 6544.767 109.0 1526.2 
16 325213.8 151285.1 6544.863 109.1 1635.3 
17 325292.5 151361.1 6544.962 109.4 1744.8 

18 325373.3 151435.4 6545 .121 109.8 1854.S 
19 325458.8 151504.2 6545 .31 109.7 1964.2 

20 325545.9 151571 6545 .5 109.8 2074.0 
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Job No: 451307-001-02 Client: _K_U_C ____ _ 

TE LEST Task: Bromide Trans ort Computed By:T. Tigges 

Page 2 of 2-

Date: 9/19/2017 

__________ Checked By: W. Niccol i Date: 9/19/2017 

3. Calculate the horizontal groundwater velocity and the travel time to the well: 

tih K 
v=-X-

l </J 

L 
Tt =-

v 

For the first point upstream of the well: 

6542.655 - 6542.492 ft 8 ft/day 
v = f x = 0.059 ft/day 

109.7 t 0.2 

109.7 ft year 
Tt = x = 5.1 years 

0.059 ft/day 365.25 days 

The velocity and travel time from all points are summarized in the following table: 

From 
Location 

TMW-64 

NW Corner 

Point ID 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Cumulative time to well 
v (ft/day) (years) 

0 

0.059 5.1 

0.060 10.0 

0.067 14.5 

0.144 16.6 

0.158 18.5 

0.088 21.8 

0.036 30.l 

0.035 38.5 

0.033 47.5 

0.033 56.4 

0.029 66.8 

0.032 76.0 

0.033 85.1 

0.028 95 .7 

0.035 104.1 

0.036 112.4 

0.058 117.6 

0.069 122.0 

0.069 126.3 
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Client: _K_U_C ____ _ Job No: 451307-001-02 

TELE ST Computed By:T. Tigges Task : Bromide Trans ort 

Checked By: W. Niccoli 
~---------

4. Calculate the darcy flux in the saturated zone: 

D.h 
qave = L X K 

Page ~ of 2-_ 

Date: 9/19/2017 

Date: 9/19/2017 

= 6545.5-6542.492 ft X 8 _!!__ X 7.481 gal X day = 6_03 X 10-5 m/ft2 
qave 2074.0 ft day ft 3 1440 min gp 

5. Calculate the darcy flux in the vadose zone, with and without the clay liner. 

10-7 cm inches 1 f oat 60 s 7.481 gal 6 2 ql k l = x x x-x = 1.473x10- gpm/ft ea _cay s 2.54 cm 12 inches min ft 3 

_ 0.8 ft day 7.481 gal _ _3 2 
qzeak_noclay - day X 1440 min X ft 3 - 4.16 X 10 gpm/ft 

6. Calculate the travel time to the well based on the flux, with the clay liner (from the 
bottom of the clay) and without the clay liner 

100 ft 2.54 cm 12 inches hr day year 
Ttvadose_clay = 10-7 cm/s x inches X 1 ft X 3600 s X _2_4_h_r X 365.25 days 

= 965.9 years 

Travel time through the clay liner itself would be so large that it is not included in this 
calculation set. 

100 ft year 
Ttvadose_noclay = f X 

365 25 d = 0.0342 years 
0.8-d t x 0.2 x 0.5 · ays 

ay 

7. Calculate the dilution ratio based on the darcy fluxes from Steps 4 and 5: 

(6.03 x 10-5gpm/ft2 x 50ft2 ) + (4.16 x 10-3gpm/ft2 x 1ft2) 
DR = = 1 73 leak_noclay (4.16 X 10-3gpm/ft2 X 1ft2) . 
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451307-001-02 Client: _K_U_C ____ _ 
--------

Page ~ of _s_ 

TELE ST Task: Bromide Transport Computed By:T. Tigges Date: 9/19/2017 

Results: 

___________ Checked By: W. Niccoli Date: 9/19/2017 

8. Find the minimum concentration of bromide needed in the tailings to be able to detect 
bromide at the well 

. . . Concentration in Tailngs 
Dilutwn Ratw (DR) = D . L' . ( L) 

etectwn imit D 
Without clay liner: 

Concentration in Tailngs = 1.73 x 0.05 ~g = 0.1 mg/L 

6. Dispersion was calculated on the attached sheet using the following equation: 

1 ( L - vt) 
C(t) = C0 x 2 er[ c Z.Jai vt 

The average velocity and average concentration from the adjective transport calculations, for 
all monitoring wells, were used as input parameters. Dispersion calculations are attached to 
the calculation set . 

The advective transport calculations and results for each monitoring well are included in the 
attached spreadsheets. The travel times to the wells considering travel through the clay liner are 
high {almost 1,000 years in some instances). Therefore, we only need to consider the 
concentration of bromide needed in the tailings impoundment in the case of the clay liner failing. 
A concentration of 10 mg/L Br in the tailings will allow for a minimum concentration of 0.05 mg/L 
Br in all the monitoring wells. 

Results are summarized in the table below for the scenario of the clay liner failing: 

Advective Front 
Min . Travel 

Time 1.8 years 

Advective Front 
Max. Travel 

Time 126.3 years 

Dilution Ratio 
Min 1.73 

Dilution Ratio 
Max 2.48 

Dispersion calculations also found that bromide would arrive at the monitoring wells at the 
detection level anywhere from 65 days to 58 years. 
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• 

Dispersion Coefficient of 1 Oft 

al:= IO·ft 

ft 
v := 0.09·

day 

Dispersion Coefficient 

Average velocity from advective transport calculations 

mg c0 := 4.9·- Average concentration from advective transport calculations 
L 

cmin(t) := Co Lerfc(-8_5._6_·ft_-_v_·t) 
2 2·Jarv·t 

] (2380·ft - V·t) Cmax<t) := c0 - ·erfc ~ 
2 2·varv·t 

5..-~~~~~~~~~~~~~~~~_,..~~~~~~~~~~~-. 
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• 

Dispersion Coefficient of 1 OOft 

~= IOO ·ft 

ft 
v:= 0.09·

MA day 

Dispersion Coefficient 

Average velocity from advective transport calculations 

mg 
~=4.9·

L 

Average concentration from advective transport calculations 

~t .= o-·erc r . r ) . C 1 ti ( 85.6·ft - v·t) 
2 2-Jorv·t 

~t) := c0 -·erfc ----1 (2380·ft - v·t) 
2 2·~arv·t 

5.--~~~~~~~~~~~~~~~~~~~~~~~~~~~~--. 

mg 

L 
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4 
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2.8 -
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00 
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Advective Front Travel Times 
Min 1. 8 
Max 126 . 3 

Dilution Ratios 10 
DR Min 1. 73 5 . 8 mg/L 
DR Max 2 . 48 4 . 0 mg/L 

Adv . Front Cone. 
Min 2 . 0 mg/L 
Max 2 . 9 mg/ L 

• 



TMW- 31 
K 

~ 
q ave 

C sr_DL 

ScreenThick 

q leak clay 

DR1eak_ clay 

C taili ng s_mi n 

Ttvadose_clay 

q leak noc l ay 

DR1eak_clay 

C tailings_mi n 

Ttvadose _noc l a y 

8 ft/day 
0 . 2 

7.16E- 05 gpm/ft' 
0 .05mg/L 

50 ft 

1. 473E-06 gpm/ft' 

2433 
121. 6 mg/L 

From 
Location 

TMW - 31 

965 . 9 years from bottom of clay 

4.16E- 03 gpm/ft' 
1. 86 

0 .1 mg/L 
0 . 017 111 6 years 

Cumulative 
time to 

v well 
(ft/day) (years) 

0 
0 . 069 3 .7 

Point 

7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x y 
327 1 94 . 5 149901.7 

27274.2 149948 . 3 

Elevation 
(ft) 

6546 . 356 
6546.515 

Length 
(ft) 

92 . 3 

Total 
Length 

92.3 



TMW- 64 
K 

~ 
q ave 

Cer_DL 

ScreenThick 

q leak cl ay 

DR1eak_c lay 

C tailings_min 

Tt vados e_c lay 

q leak noclay 

DR1eak_clay 

C taili ngs_min 

Tt vadose _ noclay 

Check. 

~L :- 207~ft 

. Ll.H 
1:- 

Ll.l 

<I> :- 0.2 

Kh :- S -~ 
or day 

v .._ .1 
. <l• 

8 ft / day 
0.2 

6.03E- 05 gpm/ft' 

0 . 05 mg/L 
50 ft 

l.473E-06 gpm / ft ' 

2048 
102. 4 mg/L 

From v 

Location (ft/day) 
TMW- 64 

965.9 years from bottom of clay 

4 . 16E- 03 gpm/ft ' 

0 . 059 

0.060 
0.067 
0.144 
0.158 

0.088 
0.036 
0.035 
0 . 033 

0.033 
0.029 
0.032 
0.033 
0 . 028 
0 . 035 
0.036 
0.058 
0.069 
0.069 

1. 73 

0.1 mg / L 
0 . 0342231 years 

q-0.012~ 
day 

q - 6 .02 10- 5 gpm 

, ._ 0.058~ 
day 

... 
ft . 

NW Corner 

e 
Cumulative 

time to 
well 

(years) 
0 

5.1 

10.0 

14.5 
16.6 
18.5 

21. 8 
30.1 

38.5 
47.5 

56 . 4 
66.8 
76 . 0 

85.1 
95.7 

104.l 
112. 4 
117 . 6 
122.0 
126. 3 

• 
Elevation Length Total 

Point ID x y (ft) (ft) Length 
1 325004.1 149791.4 6542.492 
2 324949.6 149886.6 6542.655 109.7 109.7 

3 324901. 9 149985.2 6542.82 109.5 219.2 

4 32 4865.6 150088.2 6543 . 002 109.2 328.4 

5 324837.7 150193.1 6543 . 392 108.6 437.0 
6 324821.7 150300.2 6543.819 108.3 545.3 

7 324820.3 150408.5 6544 . 056 108.3 653.6 

8 324829.7 150517 6544.155 109.0 762.5 

9 324848 . 5 150624 . 4 6544 . 251 109.0 871. 6 

10 324875 . 8 150729 . 7 6544 . 341 1 08.7 980 . 3 

11 324915.5 150830.9 6544.432 108.8 1089.1 

12 324962.7 150929.5 6544 . 511 109. 2 1198.3 

13 325016 151025.3 6544.6 109.6 1307.9 

14 325074.9 151117.3 6544.69 109.3 1417 . 2 

15 325139.9 151204.8 6544 . 767 109.0 1526 . 2 
16 325213.8 151285.1 6544.863 109 . 1 1635.3 
17 325292. 5 151361.1 6544.962 109.4 1744.8 
18 325373.3 151 435.4 6545.121 109.8 1854.5 

6545.31 109.7 1964. 2 
151571 6545.5 109.8 2074.0 



• 
TMW- 65 
K 

$ 
q1We 

Car DL 

Scree nThick 

qleak clay 

DR1eak_clay 

Ctailings min 

Ttvado.se clay 

qleak noclay 

DR1eak_clay 

Ctailinq.s min 

Ttvado.se noclay 

8 ft/day 
0 . 2 

8. 29E- 05 gpm/ft' 
0 . 05 mg/L 

50 ft 

1. 473E- 06 gpm/ft' 
2815 

140 . 7 mg/L 

From 
Location 

TMW- 65 

965 . 9 years from bottom of clay 
4 . 16E- 03 gpm/ft' 

2 . 00 
O. lmg/L 

0 . 0171116 years 

v 
(ft/day) 

0 . 067 
0 . 067 
0 . 069 
0 . 132 
0 . 179 

Cumulative 
time to 

well 
(years) 

0 
3 . 8 
7 . 6 

Point x 
325382 

325382 . 3 
32538 4. 7 
32539 1 . 5 
325399 . 8 
325411 . 8 
325429 . 4 

325785 . 8 
325856 . l 
325926 . 7 
32599'8 . 1 
326070 . 8 
326145 . 9 
326222 . 9 
326300 . 7 
326378 . 4 
326455 . 6 
326532 . l 
326608 . 5 

• 
Elevation Length Total 

y (ft) (ft) Length 
149849 . 9 6542 . 469 

149943 6542 . 625 93 . l 93 . l 
15003 6 . 1 6542 . 781 93 . 1 186 . 2 
150 128 . 9 6542 . 942 93 . 0 279 . 2 
15022 1 . 5 6543 . 249 93 . 0 372 . 3 
150313 . 6 6543.664 92 . 8 465 . l 
150404 . 5 6544 . 024 92 . 6 557 . 7 

6544 . 167 92 . 3 650 . 0 
6544 . 304 92 . 3 742 . 3 
6544 . 443 92 . 1 834 . 4 
6544 . 581 92 . l 926 . 5 
6544 . 752 92 . 3 1018 . 8 

15086"/ . 5 6544 . 932 92 . 7 1111.5 
150929 . 9 6545 . 103 93 . 0 1204 . 6 

150991 6545 . 27 93 . 1 1297 . 7 
151051 . 6 6545 . 438 93 . l 1390 . 8 
151111 . 3 6545 . 606 93 . l 1483 . 8 
151169 . 3 6545 . 775 93 . 0 1576 . 8 
151223 . 9 6545 . 942 92 . 9 1669.7 
151276 . l 6546 . 107 93 . 0 1762.7 
151327 . 3 6546.268 93.1 1855 . 8 
151378 . 6 6546 . 428 93.l 1948 . 9 
151430 . 6 6546 . 589 93 . 1 2042 . 0 
151483 . 7 6546 . 75 93 . l 2135 . l 
151536 . 8 6546 . 912 93 . 1 2228 . 2 



e 
Cumulative 

time to 
From v well Elevation Le ngth Total 

TMW- 75 Location (ft/day) (years) Po int ID x y ( ft) (ft) Length 
K 8 ft / day TMW- 7 5 0 l 325 98 5 .9 1 49783 .4 65 42 .7 07 

<I> 0 . 2 0.146 1. 8 2 326052 .7 149850.2 6543 . 051 94.5 94 . 5 

q ave l . 05E- 04 gpm/ft' 0.171 3.3 3 32 611 9 .4 14991 7 . 2 65 43 . 455 94.5 189.0 

Car DL 0 . 05 mg/L 0.17 1 4. 8 4 326185.4 14998 4.8 65 43. 8 6 94 . 5 2 83.4 
ScreenThick 50 ft 0 . 135 6 . 7 5 326251. 2 150052 . 6 654 4 .1 8 94.5 377 . 9 

0.117 8.9 6 326 31 6 .8 1501 20.6 65 44 .457 94.5 472 . 4 

q leak clay 1 . 4 73E- 06 gpm / ft ' 0 . 119 11.1 7 326382.3 1501 88 .7 6544 . 73 7 94.5 566.9 

DR1eak_clay 3576 0.121 13. 2 8 326448 . 2 1 50256 . 3 6545 . 023 94 . 4 661.3 

Ctailing.s min 178.8 mg/L 0.125 15.3 9 32 6515. 7 150322 65 45 . 3 18 94 . 2 75 5 .5 

Ttvadose_chy 965. 9 years from bottom of clay 0.129 17 . 3 10 32 65 86 . 5 15 0384 6545 . 621 94 . 1 849 . 6 

q lea k noclay 4 . 1 6E- 03 gpm/f t' 0 . 127 19 . 3 32 6661.1 150441.5 654 5 . 92 94.2 943.8 

DR1eak clay 2 . 27 0 . 090 22.2 326737.7 150496 . 6 6546 . 133 94.4 1038.1 

c tailings_min 0.1 mg/L 0.070 25.9 326815 . 3 150550.5 6546 . 299 94.5 1132. 6 

Ttvadose noclay 0 . 0171116 years 0.070 326893 .4 150603.6 6546 . 465 94.4 1227.1 
0.071 326972 . 5 150 655 . 1 65 4 6.632 94.4 1321. 5 
0 . 071 327 053.3 150703 . 9 65 4 6. 8 94 . 3 141 5. 8 
0 . 068 32 7 1 3 5. 4 15075 0 . 3 65 4 6 . 961 94 . 4 1510 . 2 
0 . 047 32721 8 . 3 1507 95.7 65 4 7 . 072 94.5 1604 . 7 
0 . 038 327 3 00.9 15084 1. 6 65 4 7.161 9 4. 5 1699 . 2 
0 . 0 38 327383 . 3 150887 . 7 654 7. 251 94 . 5 1793 . 6 



e • 
Cumulative 

time to 
From v well Elevatio n Length To tal 

TMW-78 Location (ft/day) (years) Point x y (ft ) ( ft) Le ngth 
K 8 ft/da y TMW- 7 8 0 325602.8 149903 . l 6542.613 
~ 0.2 0.075 3 . 6 325627.6 149998.9 6542.799 9 9. 0 9 9. 0 

q ave 8 . 53E- 05 gpm / ft ' 0 . 082 6 .9 325665 150090.3 6543.001 98 . 8 1 97 . 7 

Car DL 0.05 mg / L 0 . 145 8 . 8 4 325707 150180.4 6543.36 99.3 297 . 0 
Scr ee nThi c k 50 f t 0 . 157 1 0 . 5 5 325750 . 5 150269.2 6543.748 98. 9 39 5. 9 

0 . 132 1 2 . 6 6 325799 150354.8 6544.073 98.4 4 94. 3 

q leak clay 1. 473E- 06 gpm/ f t' 0 . 099 15. 3 7 325857 150434.3 6544. 316 9 8 . 4 592 . 8 

DR1eak_clay 289 7 0 . 101 18 . 0 8 325920 . 4 150510 . 3 6544.567 98 . 9 691. 7 

C tailings mi n 14 4.8 mg / L 0 .111 20 .4 9 325987.l 150583 . 9 6544.842 99 .3 791. 0 

T t vadose_clay 965. 9 years from bottom o f cla y 0 . 098 23 . 2 10 326056.4 150655 6545. 0 84 99 . 3 890 . 3 

q leak noclay 4.16E - 03 gpm/ft ' 0 . 0 80 2 6.6 11 326127 . 2 150724.6 6545. 2 83 9 9 . 3 989. 6 

DR1eak clay 2 . 03 0.0 83 12 326198.9 150793.5 6545.49 9 9 . 4 10 8 9 . 0 

C tailings_nun 0 .1 mg/ L 0 . 083 1 3 3262 70 . 7 150862 .1 6545.69 5 99 .4 11 8 8 .4 

T t vadose noclay 0 .0171 11 6 yea r s 0 . 083 326343.6 150929.5 6545.901 99 . 3 1 28 7.7 
0 . 076 326418.8 150994.l 6546.09 99 . 2 13 8 6 . 8 
0 . 07 1 326497.l 151055.2 6546 . 266 9 9 . 2 1486.0 

326577 151114 .1 6546.441 9 9 .3 1585.4 
326658 151171 . 7 6546.617 99 .4 1 684.7 

19 326739.7 151228 . 3 6546.7 92 9 9. 4 17 84 . l 
20 3268 21.9 151284.l 6546 .966 99. 4 18 83 . 5 
21 326904.6 15133 9 .3 6547.085 99. 4 1 982 . 9 
22 326988 151393.2 6547.189 9 9 .4 20 82 . 3 

327071. 7 151446.8 6547. 29 2 99 . 4 218 1. 6 
327157.9 151495.9 6547.395 99 . 2 22 80. 8 
327247.1 15153 9 .5 6547.497 99 . 3 2380 . l 



• 
TMW-85 
K 

~ 
q ave 

C er_DL 

ScreenThi ck 

q leak clay 

DR1eak_clay 

C tailings_mi n 

Ttvadose_cla y 

q leak noclay 

DR1eak_clay 

C tailings_min 

Ttvadose _noclay 

/j 
L-

. ,, 

8 ft/day 
0 . 2 

1 . 23E - 04 gpm/ft ' 
0 . 05 mg/L 

50 ft 

1 . 473E - 06 gpm/ft' 
4170 

208.5 mg/L 

Cumulative 
time t o 

From v well 
Location (ft/day) (years) 

TMW - 85 0 
0 . 111 2 . 1 
0 . 110 4 . 2 
0 . 1 51 5 . 8 
0 . 235 6.8 

965 . 9 years from bottom of clay 

4 . l 6E - 03 gpm/ ft' 

0 . 181 

0 . 069 
0 . 069 
0.069 
0.069 

8 . 1 

11. 5 
14 . 9 
18 . 3 
21. 7 

2 . 48 
0 . 1 mg/L 

Point 

• 
Elevation Length Total 

x y (ft) (ft) Length 
326621. 3 149706 . 6 6544 . 372 
326692 . 9 149753 . 6 6544.61 85.6 85 . 6 

326764 . 2 14980 1 6544 . 845 85 . 6 1 71. 2 
326835 . 9 149847 . 7 6545 . 169 85 . 6 256 . 8 
326908 . 5 149892 . 9 6545. 671 85.6 34 2 . 4 

326982 149936.8 6546.058 85.6 428.0 

327056 149979.8 6546.206 85.6 513.6 
327130 150023 6546 . 354 85 . 6 599 . 2 

327204 . 1 150065 . 8 6546.501 85.6 684 . 8 
327280 .1 150104 . 9 6546 . 648 85 . 5 770.3 



• • • 
Cumulative 

time to 
From v well Elevatio Length Total 

TMW - 3 Location (ft/ day) (years) Point ID x y n (ft) (ft) Length 
K 8 ft/day TMW - 3 0 1 324355.3 145987 . 2 6541.931 
<P 0 . 2 0 . 042 6 . 6 2 324447 . 2 146027 . 7 6542 . 036 100 . 4 100.4 

qave 5 . 23E- 05 gpm/ft' 0 . 037 14 . 1 324540.4 146065 . 3 6542 . 128 100 . 5 200 . 9 
CBr DL 0 . 05 mg/L 0 . 037 21. 6 324634 . 1 146101.5 6542 . 22 100 . 5 30 1 . 4 
ScreenThick 50 ft 0 . 037 29 . 0 324728 . 1 146136 . 9 6542 . 313 100 . 4 401. 8 

0 . 037 36 . 5 324822 . 7 146170 . 5 6542 . 405 100 . 4 502 . 2 

qlnk chy l . 473E- 06 gpm/ft' 0 . 036 44 . 1 7 324918 . 4 146200 . 5 6542 . 496 100 . 4 602 . 6 
DRluk clay 1777 0 . 036 51. 7 8 325015 146227 . 9 6542 . 587 100 . 4 703 . 0 

ctdlings min 88 . 8 mg/L 0 . 037 59 . 1 9 325112. 5 14 6252 6542 . 68 100 . 4 803 . 4 
Ttvadose_clay 965 . 9 years from bottom o f clay 0 . 037 66 . 6 10 325210 . 4 146274 . 7 6542 . 772 100 . 4 903 . 8 

qluk nochy 4 . 16E- 03 gpm/ft' 0 . 037 74 . 0 11 325308 . 5 146296 . 2 6542 . 865 100 . 5 1004 . 3 
DRluk_clay 1. 63 0 . 037 81. 5 12 325406 . 9 146316 . 3 6542.958 100 . 4 1104 . 8 
ctailings min 0 . 1 mg/L 0 . 047 87 . 3 3 325505.7 146334 . 3 6543 . 076 100 . 4 1205 . 1 
Ttvadose_nocl.ay 0 . 0171116 years 0.054 92 . 4 4 325605 146347 . 8 6543 . 212 100 . 3 1305 . 4 

0 . 053 97 . 5 5 325704 . 9 146356. 7 6543 . 345 100 . 2 14 05. 6 
0 . 052 102 . 9 16 325805 146359 . 4 6543 . 474 100 . 2 1505 . 8 
0 . 052 108 . 1 17 325905 . 1 146356.1 6543 . 604 100 . 1 1605 . 9 
0 . 052 113 . 4 18 326004 . 7 146345 . 8 6543 . 735 100 . 1 170 6 . 1 
0 . 053 118 . 5 19 326103 . 6 146329 . 9 6543 . 869 100 . 2 1806 . 3 
0 . 053 123 . 6 20 326201 . 7 14 6308 . 8 6544 . 003 100 . 3 1906 . 6 
0 . 076 127 . 3 21 326299 . 1 146284 . 5 6544 . 194 100 . 4 2007 . 0 
0 . 077 130. 8 22 326396 . 1 146258 . 1 6544 . 387 100 . 5 2107 . 5 
o. 076 23 326492.8 146230 . 9 6544 . 579 100 . 5 2207.9 
o. 076 146204. 6 6544.771 100 . 5 2308 . 4 
o. 076 146178.5 6544 . 962 100 . 5 2408 . 9 

~-

Ll ."' ,,.. \ ,,.,-
7 = .:.:-= -

=•O .~··fl. •:HF f\,. 



• 
NW- SW 
K 8 ft/day 
cp 0 . 2 
qave 4 . 90E- 05 gpm/ft' 

Car DL 0 . 05 mg/L 
Screen Th i ck 50 ft 

qluk clay 1. 473E- 06 gpm/ft' 

DR1eak clay 1664 
ctailinqs min 83 . 2 mg/L 
Ttv•dose_chy 965 . 9 years from 

qleak noclay 4 . 16E- 03 gpm/ft' 

DR1uk_clay 

ctailin93 min 

Ttvado.9e_noclay 

1. 59 
0 . 1 mg/L 

0 . 0171116 years 

I 
-·r ~-.. 

. ./ 

I 
8NVylEJ_L 

/ 

-----

Cumulative 
time to 

From v well 
Location (ft/day) (years) 

NW- SW 0 
0. 026 16.9 
0. 029 31. 9 
0 . 044 42 . 0 
0 . 048 51. 2 
0 . 049 60 . 2 
0 . 049 69 . 3 
0 . 049 78.4 
0 . 038 90.0 

bottom of clay 0.034 103 . 1 
0 . 034 
0 . 034 
0 . 033 
0 . 031 

234.4 
240 . 1 
245 . 7 
250 . 6 

• 
Elevatio Length Total 

Point y n (ft) (ft) Length 
146054 . 2 6540.757 
146102 . 3 65 40.863 161. 7 161. 7 

323433 146148 . 3 6540 . 982 161.6 323 . 3 
323588 . 6 146192 . 2 6541 . 16 161. 6 484 . 9 

5 3237 43 . 1 146239 . 5 6541 . 354 161 . 6 646 . 5 
6 323896 . 3 146290 . 6 6541 . 551 161.5 808 . 0 
7 324047 . 7 146346 . 9 6541.748 161 . 6 969.6 
8 324198.4 14 6405 . 5 6541.944 161 . 6 1131. 2 
9 324349 146464 . 3 6542 . 099 161 . 7 1292.9 

10 324500 . 1 14 6521. 6 6542 . 235 161.6 14 54 . 5 
11 324652 . 4 146575 . 6 6542 . 372 161. 5 1616 . 1 
12 324806 . 8 14 6621. 1 6542 . 507 161. 0 1777 . 1 
13 324963.9 146654 . 5 6542.64 160.6 1937 . 7 

325123 . 7 146672 . 4 6542.765 160 . 7 2098 . 5 
325284 . 6 146679 . 4 6542 . 893 161 . 1 2259 . 6 
325445 . 9 146677.2 6543 . 036 161. 3 2420.8 
325606. 7 146665.6 6543 . 22 4 161. 2 2582.1 
325766. 7 146645 . 3 6543.417 161. 3 2743 . 3 

19 325925 . 7 146617 . 9 6543 . 612 161. 4 2904 . 7 
20 326083 . 6 146583.8 6543.806 161. 5 3066.2 
21 326240.6 146545 . 9 6544 . 015 161.6 3227.8 
22 326396 . 6 146503 . 6 6544.324 161.6 3389 . 4 
23 326552 146459 . 1 6544 . 641 161.6 355 1. 0 
24 326706 . 3 146410 . 9 6544.956 161 . 6 3712 . 6 
2 326858 . 9 146357 . 9 6545 . 323 161 . 6 3874 . 2 





• 
TMW- 53 
K 

ip 

qave 

Car DL 

sc;::eenThick 

qleak clay 

DRleak_clay 

Ctailing:s_min 

Ttvado:se_cla y 

qleak noclay 

DR1eak_clay 

ctdling:s_min 

Ttvado:se_noclay 

8 ft/day 
0.2 

4 . 78E- 05 gpm/ft' 
0 . 05 mg/L 

50 ft 

1 . 473E- 06 gpm/ft' 
1622 
81 . lmg/L 

965 . 9 years from 

4 . 16E- 03 gpm/ft' 
1. 57 

0 . 1 mg/L 
0.0171 11 6 years 

I' 
1 

Cumulative 
time to 

From v well 
Location (ft/day) (years) 

TMW- 53 0 
0 . 080 4 . 8 
o. 079 9 . 6 
0 . 012 40 . 9 
0 . 011 74 . 3 
0 . 011 107 . 7 
0 . 039 117 . 4 
0 . 038 127 . 3 
0 . 032 139 . 5 

bottom of clay 0.024 
0 . 028 
0 . 026 
0 . 027 
0 . 026 
0 . 037 

-------·------- - --

• • 
Elevatio Length Total 

Point x y n {ft) {ft) Length 
323913 . 7 147849 . 3 6541.401 
32 4030 . 9 147773 . 3 6541 . 682 139. 7 139 . 7 
32 4149 . 7 147699 . 8 6541. 958 139 . 7 279 .4 
32 4255 . 5 147610 . 2 6542 138 . 6 418 . 0 
324333 . 9 147494 . 6 6542 . 04 139 . 7 557 . 7 
32 44 09 . 4 14 7377 . 1 6542 . 08 139 . 7 697 . 4 

147260 . 1 6542 . 217 139 . 6 837 . 0 
14 7161. 6 6542 . 35 138 . 8 975 . 8 
147090 . 4 6542 . 46 139 . 6 1115 . 4 

32 4831. 2 147034 . 5 6542 . 545 139 . 3 1254 . 8 
32 4966. 1 14 6998 . 8 654 2 . 64 1 139 . 5 1394 . 3 
325103 . 3 14 6972 . 6 65 42 . 731 139 . 7 1534 . 0 

13 325237 . 1 146933 . 2 6542 . 824 139 . 5 1673 . 5 
14 325370 . 2 146890 . 8 6542 . 916 139 . 7 1813 . 2 
15 325503 . 5 14 6848 . 9 6543 . 044 139 . 7 1952 . 9 
16 325636 . 8 146807 . 2 6543 . 213 139 . 7 2092 . 6 
17 325770 . 1 1 46765 . 5 6543 . 383 139 . 7 2232 . 3 
18 32590 3 . 7 14672 4. 8 6543 . 554 139 . 7 2371. 9 
19 326038 . 3 146687 . 2 6543 . 724 139 . 7 2511. 6 
20 326172 . 7 146649 . 1 6543 . 893 139 . 7 2651. 3 
21 326306 . 9 146610 . 3 6544 . 104 139 . 7 27 91. 0 
22 32644 1. 3 146572 . 2 6544 . 39 139 . 7 2930 . 7 
23 326575 . 8 146534 . 6 6544 . 671 139 . 7 3070 . 4 

326709 . 3 146493 . 6 6544 . 944 139 . 7 3210 . 1 
146457 6545 . 25 139 . 6 3349 . 7 



• 
TMW- 4 9 
K 

<I> 

qave 

Csr_OL 

ScreenThick 

qleak clay 

DR1eak_clay 

Ccdlin95_min 

Ttvado5e_clay 

qleak noclay 

DR1eak_clay 

ctailing:s_min 

Ttvado:se_noclay 

_,.-'\ 
1 

I 

8 ft/day 
0.2 

5 . 52E- 05 gpm/ft' 
0 . 05 mg/L 

50 ft 

1.473E- 06 gpm/ft' 
1874 
93 . 7 mg/L 

965 . 9 years from 
4 . 16E- 03 gpm/ft' 

1. 66 
O. lmg/L 

0 . 0171116 years 

<'_ 
__ .,_,"'-~-----~-··__," ~- -

Cumulative 
time to 

From v wel l 
Location (ft/day) (years) 

TMW- 4 9 0 
0 . 035 7 . 9 
0 . 040 14 . 9 
0 . 039 21. 9 
0 . 040 28.9 
0 . 039 36.0 
0 . 039 43 . 1 
0 . 039 50.1 
0.039 57 . 1 

bottom of clay 0 . 036 64 . 7 
0 . 039 71. 7 
0 . 048 77 .4 
0 . 052 82.7 
0 . 048 88.5 
0 . 050 94.0 
0 . 048 99.8 
0 . 049 105.4 
0 . 049 111.1 
0 . 049 
o. 076 
0 . 082 
0 . 082 
0.082 
0 . 083 
0 . 090 

• • 
Elevatio Length Total 

Point ID x y n (ft) (ft) Length 
324836 . 1 147708.9 6542.017 
324895.3 147626 . 9 6542 . 106 101.1 101.1 
324955 . 7 147545.8 6542 . 206 101.1 202.3 

4 325016 . 2 147464 . 8 6542 . 305 101.1 303 . 4 
5 325075 . 9 147383 . 2 6542.405 101.1 404 . 5 
6 325134 . 7 147300 . 9 6542 . 504 101.1 505 . 6 
7 325193 . 1 147218 . 5 6542 . 603 101. 0 606.6 
8 325254.6 147139.3 6542 . 701 100.3 706 . 9 

325323 147067 . 6 6542 . 797 99 . 1 806 . 0 
10 325402.7 147009 6542 . 885 99 . 0 905.0 

14 6961. 5 6542 . 983 99 . 8 1004 . 8 
146922 . 1 6543 . 105 100 . 8 1105. 6 

325678 146886 . 7 6543 . 236 101.0 1206 .6 
325773.5 146853 . 5 6543 . 357 101 . 1 1307. 7 
325869 . 4 14 6821. 4 6543 . 483 101.1 1408.9 
325965 . 6 146790 . 4 6543 . 605 101 . 1 1510.0 
326062.2 146760 . 3 6543 . 729 101 . 1 1611 . 1 
326159 . 1 146731.3 6543 . 853 101 . 1 1712 . 2 
326256 . 3 146703 . 6 6543 . 976 101 . 1 1813.4 
326353.9 146677 . 3 6544 . 167 101 . 1 1914.4 
326452 . 1 146653 . 5 6544 . 375 101. 0 2015.5 
326550 . 9 146632 . 3 6544 . 583 101 . 1 2116. 6 
326650 . 1 146612 . 4 6544 . 791 101 . 1 2217.7 

146594 . 8 6545 . 002 101 . 1 2318.8 
146577 . 9 6545 . 229 101 .1 2420.0 



• 
Cumulative 

time to 
From v well 

TMW- 44 Location (ft/day) (years) 
K 8 ft/day TMW- 4 4 0 
$ 0 . 2 o. 079 4 . 8 

qave 7.91E- 05 gpm/ft' 0. 085 9 . 3 
Csr_DL 0 . 05 mg/L 0 . 074 13 . 5 
ScreenThi c k 50 ft 0 . 058 22 . 5 

0 . 060 30 . 1 

qleak clay l. 47 3E- 0 6 gpm/ft' 0 . 064 37 . 0 
DR1ea1t_chy 2686 0 . 075 42 . 5 
ctailings_min 134 . 3 mg/L o. 092 48 . 8 
Ttvado5e_clay 965 . 9 years from bottom of clay 0 . 092 52 . 6 

G1eak nochy 4.16E- 03 gpm/ft' 0 . 088 55 . 8 
DR1ea1t_clay 1. 95 
Cuilings_ain 0 . 1 mg/L 
Ttvadose_noclay 0 . 0171116 years 

• 
Point ID 

1 
2 
3 
4 
5 
6 

17 
18 
19 
20 
21 
22 
23 
24 
25 

x 
325590.2 
325665.4 
325756 . 6 
325837 .1 
325987 . 4 
326129 . 7 

Elevatio 
y n (ft) 

147611.5 6542 . 27 
147496 . 1 6542 . 543 
147388.8 6542.844 
147308 . 2 6543 . 056 
147187 . 5 6543 . 336 
147101. 6 6543.585 
14 7031. 8 6543 . 844 
146978 . 1 6544.129 
146927 . 1 6544 . 621 
146905.6 6544 . 909 
146894 . 9 6545 . 134 

• 
Length Total 

(ft) Length 

137 . 7 137 . 7 
140. 9 278.6 
113 . 9 392 . 5 
192 . 8 585 . 3 
166 . 2 751. 5 
160 . 9 912 . 3 
152 . 0 1064 . 4 
212 . 9 1277 .2 
125 . 3 1402. 5 
102 . 6 1505 . 1 



- - - --·- ~-- -

• • • 
Cumulative 

time to 
Fr om v well Elevatio Length Total 

TMW- 45 Location (ft/day) (years) Poi nt x y n (f t) (ft) Length 
K 8 ft/day TMW- 45 0 326194. 2 14 7 620. 5 6543.0 39 
4> 0 . 2 0 . 091 1. 7 326234 . 2 147581.3 6543.166 56 . 0 56 . 0 
qave l . 05E- 04 gpm/ft' 0 . 086 3 . 5 32 627 4 . 4 14 75 42 . 3 6543 . 287 56 . 0 112 .o 
Csr_OL 0 . 05 mg/L 0 . 087 5 . 2 326315 . 2 147504 6543 . 409 56 . 0 168 . 0 
ScreenThick 50 ft 0 . 087 7 . 0 3263 56 . 5 147466 . 3 6543 . 531 56 . 0 223 . 9 

0 . 085 8 . 8 326399 . 5 14 7430 . 6 6543 . 64 9 55 . 8 279 . 8 
qleak clay l.473E- 06 gpm/ft' 0 . 097 10 . 4 14 73 97 . 7 6543. 784 55 . 7 335 . 4 
DR1eak_clay 3557 0 . 089 12 . 1 14 7369 . 2 6543 . 908 55 . 7 391. 1 
Ctailing.,_min 177 . 8 mg/L 0 . 115 13 . 4 14734 3 6544.068 55 . 8 446 . 9 
Ttvadose_clay 965 . 9 years from bottom of clay 0 . 120 14 . 7 14 7318 . 8 6544 . 236 55 . 9 502 . 9 

qleak nochy 4 . 1 6E- 03 gpm/ft' 0 . 118 16 . 0 14 72 96 . 5 6544 . 401 55 . 8 558 . 7 
DRleak_clay 2 . 26 14 72 77.9 6544.5 56 55 . 7 614 . 4 
ctailings_min 0 . 1 mg/L 14 72 61. 9 6544 . 71 1 55 . 8 670.2 
Ttvadose_noclay 0 . 0171116 years 147250 . 1 6544 . 867 56. 0 726 . 2 

1472 40 . 2 6545 . 01 56 . 0 782 . 2 


