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ABSTRACT OF THESIS

FIELD VALIDATION STUDY OF THE MDA® INSTANT WORKING 
LEVEL METER IN A HIGH GAMMA BACKGROUND MINE ENVIRONMENT

Accurate and reproducible radon daughter measurements 
are essential to protect workers in the mining industry and 
assure compliance with federal regulations. Currently, the 

Kusnetz method is used almost exclusively for this purpose. 
Because of its forty minute time requirement for each 
sample, a more rapid means of working level determination 

has been marketed by MDA Scientific, Inc. The device is 
termed the Instant Working Level Meter (IWLM). The 
precision and accuracy of the IWLM has been questioned when 

it is used in a high gamma environment of an underground 

uranium mine. This thesis evaluates the IWLM in such an 
environment, for which no previous data has been published.

Comparative side by side sampling at a single 
underground mine station exhibiting a 3.0 mR/hr "gamma 
background" was conducted at the Schwartzwalder uranium 

mine. All manufacturer's recommendations for sampling were 
followed in determining the respective working level 

concentrations. A total of fifty sets of samples were 

taken. Twenty five sets were taken using an unshielded 

IWLM, and another twenty five were taken while the IWLM was
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shielded by a lead enclosure. The lead shield was chosen in 

an attempt to reduce the effect of the high gamma background 
radiation. IWLM, Kusnetz and their "baseline" Tsivoglou 

measurements were then analyzed.
Analysis of variance was conducted for each set of data 

to assess accuracy and precision. The results indicate a 
significantly large error associated with the IWLM in both 

the shielded and unshielded data groups; however, shielding 
reduced instrument error. Further data analysis suggested 
some degree of linearity, which indicates that the 
manufacturer could improve the instrument readings through 
circuit adjustment.

Steven D. Engleman 
17265 E. Flora Pi.
Aurora, Colorado 80013 
303/690-7193
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CHAPTER I 

INTRODUCTION

Radiation surveys constitute an important part of the 

work of health and safety personnel in their efforts to 
assure a healthy and safe mine environment. Although 
uranium mines are the focus of these surveys, it should be 
noted that radiation hazards do exist in many non-uranium 
mines. Levels have been recorded by the author of over 1.0 
WL in many Colorado metal mines.

Presently, the Kusnetz measurement is used as the 

standard sampling technique. The time required for this 

method is a minimum of forty minutes. In response to the 
increasing measurement requirements needed to adequately 
control radon daughter exposure, researchers have developed 

a rapid means of measurement. A commercially available 

instrument, the MDA® Model 811 Instant Working Level 
Meter(IWLM) resulted from these efforts. With its 
portability (24.2 Kg) and three and one half minute sampling 

time, this instrument provides a means to drastically 

shorten the required time of current sampling procedures.

Preliminary testing of the 811 has shown that its 

characteristics yield adequate accuracy and precision. 

However, with its increased usage in the field, some concern
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has been expressed about the effects of gamma background on 

the accuracy and precision of the instrument. This field 
evaluation has attempted to address the effects of a high 

gamma background of 3.0 mR/hr in an underground mine 
environment on the readings of the instrument.
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CHAPTER II

LITERATURE REVIEW

Physics of Radon
Uranium is one of 26 radioisotopes which form two 

natural radioactive families; uranium and thorium. Eleven 

elements are represented in these families. Ten of the 
elements are heavy metals with different chemical properties 
(uranium, protactinium, thorium, actinium, radium, astatine, 
polonium, bismuth, lead, and thallium), and one is an inert 
qas. In the uranium family, the inert gas is radon(Rn 2 2 2 ). 
In the thorium family, it is thoron (Rn220).

Uranium (U 2 3 8 ) has a half-life of 4500 million years. 
There are 13 linear radioactive decay products associated 

with its presence. There are a total of eight alpha 

emissions from the transition of U 2 3 8 atoms to P b 2 0 6 
atoms. Within this series, the sixth radionuclide is radon, 

the inert gas which gives rise to the short lived radio
nuclides which are considered a potential health risk in the 
mine environment.

Radon is the heaviest member of the chemically inert 

gases which includes helium, neon, and argon. Its atomic 

weight is 222, and atomic number is 8 6 . Radon is an alpha 

emitter and has a half life of 3.825 days.
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2 2 2Ra decays through a series of four short-lived 

products (RaA, RaB, RaC, and RaC1), called "radon 

daughters", each having a half-life of less than thirty

minutes. Ra A is Po^^, RaB is , RaC is B i ^ ^  and RaC '
214 2 1 0is Po . These products decay into RaB (Pb ), which is a

long-lived radionuclide with a half life of 22 years.

Because of the short half-lives of the first four daughter

products of radon, a significant degree of radioactivity is
associated with this stage of the decay series at any one

time.(1 )

Through the utilization of the Bateman equations, the 

growth of the activity of each radionuclide can be 
calculated using the known radon activity(I) of a constant 

source :
For Rn:

1- e-t/4.39 ^
1 + 0.128e~^/4.39_
1 - 0.235e~t/4.39_ 4.2596*^/38.1

+ 3.28296*^/28.4)

where time, t, is any consistant unit.(1)

Through the sequence of disintegrations associated wi^h 

radon, the alpha decay of RaC' is considered to be an alpha 

decay of RaC because of the very short half-life of RaC1 

(0.00016 seconds). Due to this factor, activity compu-

For Rn : IRn II H » 2

For RaA : ZA = IR n (
For RaB : IB = IRn (
For RaC : IIuH W
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tations of RaC 1 are incorporated in the RaC activity 
calculation.

From these equations, the concept of equilibrium amonq 
the daughter products emerges. In each of the equations of 

IA f Ig or Ic ; the activity of each daughter approaches the 
activity of the radon itself as time, t, increases. It 

takes over three hours for all the daughter products to 
reach equilibrium in a constant source of radon. Radio

active equilibrium exists when the activity of the daughter 
products does not change with the passing of more time.

Because of the airflow rate utilized in underground 
mining, equilibrium is usually not achieved. The air 

replacement time in most mines is less than 30 minutes, 
which will not allow growth of radon to its equilibrium 
state in the mine atmosphere.

For these small values of growth time, t, a general 
rule can be applied to determine the state of the daughter 
products. The general rule is that the nth decay product's 

initial growth increases with the nth power of time. For 
example, the initial growth of RaA varies linearly with 
time. The growth for RaB, the second decay product, varies 

with the square of time. RaC, the third decay product, has 

the initial growth varying with the cube of time. As 
previously mentioned, RaC 1 activity is the same as RaC, due
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to its very short half-life when observed for periods of 

over a second. From the growth curves generated, it is 
evident that these growth patterns will hold and are very 
useful when analyzing air containing radon in the first 

minutes (0 - 1 2 0  minutes) after decay product removal by 

particulate filtration (Figure 1).

Unit of Measurement
The "Working Level"(WL) is employed throughout the 

world as a unit of radon decay product concentration. A WL 

is considered to be any combination of short-lived decay 
products of radon which result in the emission of 1.3 X 10~* 

MeV of alpha energy.(2) The unit was proposed in 19 57 by 
the United States Public Health Service (USPHS) after 
recognition that radiation exposure to miners was 

predominantly due to radon decay products, since the radon 
gas itself has a long half-life and provides a minimal 
dosage amount. Therefore, this unit takes no notice of the 
activity of radon gas. The WL is concerned only with the 
alpha energy emitted from the subsequent nuclides. The beta 

and gamma rays emitted by RaB and RaC are minimal 
contributors to the radiation dosage.

Basing the WL on an equilibrium mixture of RaA, B, C, 

and C ' at 100 pCi, each of the products contributes to the 

total energy output. RaA, which contributes its own alpha
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particle and ultimately a particle from its generated R a C 1, 

generates 6.0 MeV from RaA and 7.68 MeV from the RaC 1 

disintegration. This generates a total of 13.68 MeV of 
alpha energy by each atom of RaA in the mixture. With an 

initial 100 pCi energy level, there are 977 atoms of RaA, 
each contributing 13.68 MeV to the system. RaA accounts for 
ten percent of the total alpha energy content. RaB, with an 
activity level of 100 pCi, yields only the alpha particle 
from the RaC 1 disintegration of 7.68 MeV. With its 8580 
atoms/100 pCi concentration, RaB contributes 52 percent of 
the total alpha energy. RaC also contributes the alpha 
energy from the RaC 1 disintegration. With 6310 atoms in a 
100 pCi concentration with an alpha particle energy of 7.68 
MeV per atom, RaC yields 38 percent of the total energy. 
Finally, R a C ' with its 0.0008 atoms per 100 pCi activity 
level vields virtually no percentage of the total energy 
output. The energv from RaB contributes over half of the 
output. This is because RaB has the longest half-life and 
supplies the largest number of atoms per 100 pCi of 
activity.( 1 )

The WL unit is based on an equilibrium atmosphere which 
is not likely to be found in a mine environment. However, 

this concept is applied to all mixtures of radon daughter 
concentrations which may be encountered in a mine or milling
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operation.

The arowth of each radon daughter product and its 

contribution to the total WL can be shown. In the first 
three to four minutes, RaA is responsible for almost the 

entire WL measurement. After four minutes RaB becomes 
significant, and contributes almost linearly to the growth 
from four to 20 minutes. RaC becomes significant only after 

20 minutes has passed as indicated by Figure 1.
Potential alpha energy in a confined area is directly 

related to the length of time of containment. For example, 
air containing 100 pCi of radon gas which has been allowed a 

three minute growth period, commonly referred to as "three 
minute air", has a total activity of 0.06 WL, generated 

entirely by the RaA disintegrations. If the air were to 
"age" to 30 minutes, an activity level of 0.40 WL would be 

achieved. Thus, an increase of activity level of over 600 

percent has developed. Consider a 20 minute average air 
supply underground. Only 30 percent of the decay WL will be 
developed. Therefore, air containing 100 pCi of radon per 
liter of air would develop only 0.3 WL before being 

discharged from the mine atmosphere. This clearly indicates 

that it is most advantageous to utilize non-contaminated air 

as quickly as possible.
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Since most rapid air sampling methods utilize "filtered 

particle activity" as a means of determining working levels, 

the principles of filter growth are important. The 

increasing activity of each captured daughter product and 

its indivdua1 contribution to the total activity output 

accumulates in a predictable way. When a single radio

nuclide is captured, the activity of that particle follows

the re lat ionship : ,
I = QCT (1-e 7 )

where Q is the volume of air in liters taken from a larger 

body of air containing a concentration, C(pCi/1). The mean 

life of the radionuclide is represented by T , and the time 

that was required to accumulate the necessary 0 is denoted 

by t. When the sampling period, t , is greater than the mean 

life, T, of the radionuclide, I=QCT is the maximum achiev

able activity. If shorter sampling times are used, activi

ties are proportional to the mean lives of the nuclide 

invo1ved.(1)

When two or more radionuclides are being filtered, 

equality of concentration (pCi/1) does not denote equality 

of activity. The differences in the mean lives of the 

radionuclides will force a ratio involving their seperate 

activity levels.
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The decay of any mixture of RaA, B, or C can 

theoretically be determined, using the growth curves from 

the summation rules which combine aspects of growth and 
decay to the sums of individual radionuclide activities. 
Several assumptions are made in making this determination. 
The air being filtered is assumed to have a constant con
centration of radon, and the decay products are considered 

to be in equilibrium with the radon content. The filter is 
also assumed to be 1 0 0 % efficient in retaining the daughter 

products, and the sample flow is considered to remain 

constant.( 1 )

Biological Effects of Radon
Alpha radiation is characterized by a stream of 

particles; each is physically the same as a helium 

nucleus ( 2 H e 4) which contains two neutrons and two 
protons. The particles are emitted spontaneously during 

decay of the heavier elements, such as radon and polonium. 
Each alpha particle is emitted at a specific energy level. 
Uranium 238 emits an alpha particle which has 4.188 million 
electron volts(MeV) of energy. Radon 222 alpha particles 

generatee 5.49 MeV each and the alpha particles of polonium 
214 have 7.69 MeV of energy per particle. Most of the 

energy levels of radionuclides which emit alpha particles 

fall within the range of 4.0 to 8.0 MeV. Each energy has a
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definite range of penetration in the materials it may 

encounter. A polonium 214 particle, which has an energy 
level of 7.69 MeV, will travel about 6 . 8  centimeters(cm) in 

air.(3) The horny layer of the skin, the stratum corneum, 
will completely stop any external alpha energy from 
penetrating living tissue.(4)

Biologically, the body is affected somaticaly by alpha 
particles, since the radiation does penetrates living cells 
in the soft tissue, such as that found in the lungs. When a 
person respirâtes short-lived radon daughter products, these 
aerosolized particles are deposited to varying degrees 
within in the respiratory system. Because of the compara
tively large mass of the alpha particles emitted, their 

energy is transmitted very efficiently to the adjacent 
cells. The energy absorbed may be localized within a 
relatively small amount of tissue. Alpha particles are 
1 0 0 , 0 0 0  times more destructive than a gamma ray in this 
situation.(4)

The daughter products of radon settle in the 
respiratory system both as unattached free ions and as alpha 
particles associated with aerosols. These aerosols can be 

dust, oil fog from drills, or diesel emissions which are 

always encountered in mining environments. The size of the 

aerosols determine to what extent and where they are
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deposited in the human respiratory system. Lung retention 

rates have been reported as high as 70 percent for free ions 

and 25 percent for aerosols with no consideration of size 

distribution. (5)

The energy of 7.59 MeV associated with polonium 214 can 

travel about 70 microns in soft tissues. When inhaled, 

the lung's epithelial linings are penetrated. When struck 

by an alpha particle, these cells can be affected in two 

different ways. The cell can be destroyed, in which case 

the body is able to biologically absorb and excrete the 

material. A more serious situation arises when a cell is 
only damaged. In repairing itself, this cell may have had 

its genetic material altered in some way. This could lead 
to malignant cancerous growth. The critical tissue in this 

situation is the basal cells which are regenerated every six 

to seven days. These basal cells lie approximately 
65-7 0 microns below the surface of the lung tissue, making 
them vulnerable to the alpha particle's destructive energy.

Epidemiology

The first written record of lung disease among miners 
was made by Agricola in 1557.(6) He was practicing as a 

physician in the village of Joachimsthal, located in the Erz 

mountains of central Europe. In treating the men who worked 

the mine, he noticed a high fatality rate among those who
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worked for over ten years in that environment. Of the 

victims, he described similar symptoms of death in 70 

percent of the cases.
In 1896, Henri Bequerel discovered radiation in France 

and shortly thereafter : Rutherford, Dorn and Debierne made 
independent observations leading to the discovery of radon 
"emanations". During the years 1910 to 19 39, radon measure
ments were made in the Joachimsthal and other mines of the

region to establish its presence. According to evaluation by 
Evans and Goodman, the average concentration of radon in 

those mines was approximately 3000 pCi/1.(7)
The first scientific data on incresed morbidity and 

mortality among mine workers was made by Harting and Hesse 

in 1879.(8) In studying the miners of Schneeberq, Germany, 
they diagnosed the fatal disease as neoplasia of the lung.
Of the 600-7 00 miners who worked in the mine, thirty died
every year. Seventy five percent of the fatalities were 
caused by malignancies resulting in edema of the lungs. A 
latency period of 15-20 years was also established.

In 1913, Arnstein reported that of 665 Schneeberg 
miners dying during 1875-1912, 40 percent, or 276 men, died 

of lung cancer.(9) Systematic investigations by Rostoski 

showed that of the 13 miners who died between 19 21 and 1925, 

nine were caused by lung cancer.(10) Diagnosis was made by
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autopsy and histological studies.

In 19 39, Pel1er reported that the miners of 

Joachimsthal were subject to a mortality rate of 9.77 per 
1000.(11) This was drastically higher than that of the 
males of Vienna in the same period(0.39 per 1000).

According to the statistics of Peller, from the 89 miners 
who died during 1929 to 19 38, lung cancer was found to be 
the cause in 42 of the cases.

Heuoer reviewed the scientific evidence in 19 42.(12) 

Based on the data accumulated on the miners of Joachimsthal 
and Schneeberg, he cited the radioactive emanations as 
probable cause of the lunq cancers. In 1944, Lorenz 

reviewed data for miners of uranium bearing ores.(13) He 
concluded that radon was not the sole cause of excess lung 

cancer. However, in 1951, Bale showed that Lorenz greatly 
underestimated the exposure of radon to miners, which 
affected his conclusions.(14) Bale pointed out the 

importance of radon daughter effects to selectively 
irradiated bronchial epithelium.

With the increase in uranium mining in the United 

States during the 1940's, the United States Public Health 

Service(USPHS) started a program to delineate the hazards of 

radiation to uranium miners.(2) During the period 1950 to 
1960, periodic medical surveys were conducted among miners
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and millers. The first study of radiation in the mine 

environment was conducted by the Atomic Energy 
Commission(AEG) and the Colorado Department of Health in 

1947.(15) The results showed greater levels of radon in 
some of the U.S. mines than was encountered in the european 
mines where the increased mortality had been noted. In 
response, the USPHS increased its monitoring in 1950. In 

19 57, the USPHS established the WL unit, providing a 
standard measurement unit for monitoring purposes.

At the 19 61 Special Conference of Governors of States, 
on whose territory uranium was mined, reference was first 
made to high mortality of uranium miners in the United 
States.(16) During 19 5 0-1959, 11.4% of the deceased miners 
were diagnosed as lung cancer victims. This was five times 

the corresponding index for U.S. males of the same age 
group.

Subsequent observations by Wagoner in 1964, showed that 
among workers who had worked underground for five or more 

years during 1950 to 1962, 1 1 % died of lung cancer, which is 
ten times the expected rate.(17) At the same time, those 
workers with less than five years underground exposure, a 

high mortality due to lung cancer was not found. Wagoner 

demonstrated that the mean cumulative radiation exposure of 
the miners with respiratory cancer was significantly greater
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than that of miners with nonrespiratorv disease and also 
healthy miners.

Because of the accumulated data, the U.S. Secretary of 

Labor promulgated a 12.0 Working Level Month(WLM) per year 
standard with gradual reductions to a 4.0 WLM per year 

regulation. The WLM was defined as the accumulated Working 
Level Hours(WLH), the WL multiplied by the number of hours 
spent in each particular concentration, divided by the 
average number of hours worked in a month, 173.(18)
Although this standard reduced the allowable ceiling 
concentration and cumulative exposure, there were still 

questions raised about the adequacy of the 4.0 WLM/year 
standard.

Since 1971, several studies have addressed the adequacy 
of the 4.0 WLM exposure limit. In 1976, the Ham Commission 

of Canada reported a significant excess of lung cancer 
mortality among 15,000 miners who had worked underground for 

one or more months during the years 1955 to 1974.(19)

Eighty o n e (81) deaths due to lung cancer were observed, 
contrasted to the 45 expected. This study also demonstrated 

that the risk of lung cancer among uranium miners increased 
with increasing exposure. There was a linear relationship 

between the 1-120 Cumulative Working Level Month(CWLM) 
exposures, where CWLM is the WLM accumulated over the entire
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work history of an individual. On this basis, the 

Commission recommended further review. In a follow-up study, 
Hewitt concluded that the threshold for lung cancer existed 
below 61 CWLM.(20)

In similar studies conducted in Czechoslovakia and 
Sweden, CWLM exposures to radon of less than 120 WLM 
apoarently caused excess lung cancer.(21) In 1974, Archer 
related histological lung cancer types and cumulative 

radiation exposure of uranium miners.(22) This study showed 
that the excess lung cancers have similar histological type 
distribution in each CWLM category considered.

Measurement and Instrumentation Requirements
With continual studies being conducted and further 

pressure being placed on industry and governments to lower 

the standard, more personnel, more reliable, and more 
efficient instrumentation is necessary to assure adequate 

protection for the worker exposed to radon.

The American National Standards Institute(ANSI) has 
published a_"consensus standard" for radiation protection in 

uranium mines.(2) According to this standard, a monitoring 

system for radon daughters must be capable of measuring the 
annual accumulated exposure in WLM with an uncertainty 

interval of 50 percent at the 95 percent confidence level.
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In-mine samples are collected by pumping a known volume 
of air through a filter that collects the radon progeny.

The activity of the radon daughters is then measured with a 
suitable detection unit. A scintillometer and scaler are 
normally used.

The field instrumentation used consists of a pump which 
is equipped with a flowrate meter for calibration purposes.
It must be capable of a flowrate of 2-5 liters per minute 
(1pm) for an eight hour shift. The pumps must be rugged and 
resistant to adverse environmental conditions.

The filters can be a matrix of either membrane of glass 
fiber. They have a median pore size of no greater than 
0.8 microns and are generally 25 millimeters(mm) in diameter. 

The filter must have a low self absorption quotient and be 
at least 9 9  percent efficient in radon daughter collection.

Two types of counters are used for alpha activity 
measurements. One is the proportional counter, used 
primarily as a laboratory counter , which consists of a gas 

filled chamber containing a wire to which an electrical 
potential is applied. The potential can be varied so that 
the output voltage is proportional to the energy detected. 

This allows selective measurement of different radiation 

levels. Scintillation detectors are the second counter 
type. They function on the principle that an alpha particle
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striking a zinc sulfide crystal produces a light flash. The 
phosphor impulses are converted to electrical signals by a 
photomultiplier tube within the detector. The signals are 
amplified and transmitted to a counter. The zinc sulfide 

crystal is shielded for external light by a very thin 
alumunized mylar "window" which will allow alpha particle 
penetration, but will block out all the environmental 
visible light. The detector must be equipped with a 

sealable recepticle to minimize background counts which may 
be present due to "plateout" , the attachment of the charged 
radon daughter particles to the surfaces of the receptacle.

In order to measure the WL in a mining atmosphere, 

three independent quantities (RaA, RaB, and RaC) have to be 
determined, and many methods have been proposed. The best 
accuracy is obtained when all three are measured indepen

dently . (23,24,25) However, several designs have been 

developed which derive the WL from only two measure
ments. (26,27,28) Working levels have also been determined 

by a single gross alpha measurement.(29,30)
The "modified Tsivoglou" method for the measurement of 

radon daughters is based on counting the alpha activities of 

filtered air samples over set time intervals after 

sampling.(31) Based on counting statistics, a sampling time 

of five minutes followed by thirty minutes of counting was
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selected. The start of the first counting interval is set 
at two minutes after the end of sampling. The alpha 

activity is then counted for three minutes, creating an 1 (2 - 
5) minute counting interval. The second interval is then 
1 (6 - 2 0 ) minutes and the third and last interval runs from 
1(21-30) minutes.

To obtain air concentrations of PaA, RaB and RaC 
directly from time interval counts, Thomas applied the 
Bateman equations to yield :

C2= ( 0.16894 ^-0.08200 2 0 + 0.07753 X^^

0^= — ^ 2 ( 0.00122 X 2  ̂ -0.02057 Xg 2 0 + 0.04909 X^^ j^)

C 4= A  (-0. 02252 X 2 ( 5 + 0.03318 X g _ 2 0 - 0 . 03771 )

where C 2 , , and are concentrations of RaA, B and C
in pCi/1, V is the sampling rate in liters per minute,
E is the alpha counter efficiency, and X is the interval 
counts. The equation for WL in terms of the individual 

nuclide concentrations is :
WL = 0.00103 C 2 + 0.00507 + 0.00373

where C 2 , and are the concentrations of R a A , B and C 
in pCi/1. "Precision" of better than 2% is found in the 

0.5 to 1.0 WL range.(32)
A study conducted through the Atomic Energy Control 

Board of Canada has further studied this method and
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suggested optimization of counting intervals which provide a 
37% improvement in the RaA concentration.(33)

The method used almost exclusively in the mines to 
determine WL is the Kusnetz method developed in 1956. (29)
It is a "one measurement" technique that requires filtering 
a predetermined volume of air. Usually a five minute sample 
time at a flowrate of two liters per minute is used. After 
a waiting period of between 40 and 90 minutes, a measurement 

of gross alpha activity is taken for one to five minutes.
The WL is then calculated by:

T7 _ GCTS - BG
K -L - = - K Ë T V ---s

where GCTS=gross counts per minute, BG=background counts, 

K=Kusnetz factor, T^=sampling time in minutes , V=flowrate 
in liters per minute, and E=counter efficiency.

The factor , K , is a number which depends on the time 
between the end of the sampling interval and the middle of 
the counting interval. It has been shown that because 
variations in the daughter mixtures exist, intrinsic errors 
are established. For instance, in "young air" and low WL, 
the "error" is as high as 25%. For high WL and air which 

has "aged", the "error" is reduced to 6-7%. (34)
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The minimum sensitivity of the Kusnetz method was 

studied by Breslin, et al .(35) The "precision" was
determined to be 15% at 0.3 WL, but degenerates rapidly at

lower concentrations. In more recent studies, "errors" were 
found to be 6-9% at the same relative concentrations.(36,37) 

Although these errors are significant, they are

considered to be acceptable.(38,41) The biggest drawback to
this method is the 45 minute minimum delay.

Another "one measurement" method developed in 1969, 
called the Rolle method, claims systematic "error" of 1 2 % 
with counting for 10 minutes after a 5 minute waiting 

period.(39) The same sampling technique as the Kusnetz is 
used, and it is also hampered by the time delay.

In response to demands for a method which will yield a 
suitable WL measurement in a relatively short period of 

time, several procedures have been suggested.(26,27,34) 
Various "Instant Working Level Meters"(IWLM) have been 

developed and tested.(40) The first IWLM1s were "bulky and 
not sufficiently reliable." The "precision" of the early 
measurements was 50-100%, and considered unsatisfactory.

However, a new group of IWLM1s have evolved and have 

been tested to varying degrees.(34,41,42) Within this group 

is the MDA® Model 811 IWLM, which is a compact, portable 

instrument weighing approximately eleven pounds. All
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sampling steps are controlled by light emitting 

diodes(LED's) on the front panel. A glass fiber filter is

inserted in a special filter holder and sampling head
through which air is drawn at 2.5 1pm for two minutes. The 
specially designed filter holder is then placed in the IWLM 

recepticle. After a 30 second delay, the alpha and beta 
activities are counted for one minute.(43) In tests 
conducted through the U.S. Bureau of Mines(USBM), the MDA® 
technique demonstrated "inherent error" of 4-15% and
"precision" of 3-5.5% at the 0.3 to 1.0 WL range in a period
of three and one half minutes.(37)
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CHAPTER III

PURPOSE AND SCOPE

Health and Safety professionals commit many manhours to 
underground mine radiation surveys. In an effort to maxi

mize the effectiveness of mine monitoring , the MDA® Model 
811 Instant Working Level Meter(IWLM) has been developed to 

measure radon daughter concentrations in 3.5 minutes. Use 
of this device greatly enhances both the personnel and 
control strategies of a radiation control program. Limited 
studies of precision and accuracy have been conducted for 

this instrument, although not in high gamma background 
environments.

Because the instrument utilizes a beta detector (Pilot 
B ), which is gamma sensitive, MDA® has recommended tungsten 
shielding in environments where gamma background exceeds 1 . 0  

mR / h r . or 0.7% UgOe. This recommendation is not based on 
any published study. A pilot study was therefore conducted 

to determine potential adverse effects of a qamma back

ground. The results did not indicate anv significant degree 
of error. Further analysis seemed appropriate to verify 
gamma effect.

The intent of this field study is to study the effect 
of a normal high gamma background in an underground uranium
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mine on the precision and accuracy of the MDA Model 811, 
and access the effectiveness of a high mass shield. The 

information will be used to determine the effectiveness of 

exclusive use in high grade uranium mining areas exhibiting 
greater than 0.7% U^Og, and recommend correction equations.

Comparative sampling was conducted between the MDA 
instrument, the Kusnetz and modified Tsivoglou methods. The 
modified Tsivoglou measurements were considered "baseline" 
due to its degree of accuracy. Because the Kusnetz method 
is currently used by the majority of mining operations and 
officially accepted , it was also used for comparison data.

The study was conducted at a single underground station
with a measured gamma background of 3.0 mR/hr - 10%. In
order to address the most critical levels of exposure and to 
minimize instrument error , the range of measurements was 
limited to 0.33 WL or greater.

Two sets of side by side samples were established. One
consisting of 25 concurrent M D A , Kusnetz and Tsivoglou 
measurements utilizing an unshielded MDA Model 811. A 
second set was taken using one quarter inch lead shielding 
for the MDA which provided a measured 10% reduction in 

gamma bacground. Precision and accuracy of the MDA 

instrument in a high gamma background environment was 
determined. Linearity of the data was determined to provide
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some indication of future manufacturer modifications of the 
instrument.
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CHAPTER IV

METHODS AND MATERIALS

The Objective of this study was to determine the effect 
of a high gamma ( 3.0 mR/hr) background on the accuracy and 
precision of the MDA Model 811 IWLM and the improvement, if 
any, made by lead(Pb) shielding. In order to address the 
problem, two sets of field measurements were taken over a 
two week period. One set was taken using an unshielded 

instrument and the other set of measurements was gathered 
while the instrument was encased by one-quarter inch lead. 
Triplicate, side by side sampling was conducted using the 
recommended techniques for the IWLM, the Tsivoglou and the 
Kusnetz measurement. A working level value for each method 
was then computed with the Tsivoglou value serving as the 
"baseline".

Calibration

In preparation for sampling, three MSA Model S pumps 
were calibrated at the mine site. The pumps had been fully 
charged and run for 30 minutes prior to calibration allowing 
for Nickel-cadmium battery stabilization. A one-liter 

burette system was used as the standard to calibrate the 
sampling train. An in-line, Gelman, Type A/E glass fiber
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filter and holder were incorporated. Each pump was 

calibrated to a flow of 2.0 and 2.5 liters per minute to 

facilitate the two necessary flowrates to be used in the 

samolinq. Because of the different sampling heads used, the 
lengths of tubinq in the sampling train were adjusted so 

that the filters would be at the same height(Figure 2 ).
An Eberline® Model PRS-2 Serial 341 scaler and SPA-1 

scintillation detector with a Th-230 alpha source were 
submitted to the Mine Safety and Health Administration 
Radiation Branch facility in Lakewood, Colorado for 
calibration(Figure 3). Results from that calibration 

indicated that the instrument at a high voltage output of 

875, had a counting efficiency of 28%. The Th-230 standard 
was reported to be 2 1 0 0  counts per minute(cpm) for field 
calibration purposes. However, upon receipt, 2100 cpm was 

not attainable in the field. Resubmittal yielded a Th-230 
source of 698 cpm, which reduced the accuracy of the field 

calibration by 5%.(43)
The MDA® Model 811 IWLM Serial 780 was calibrated using 

the supplied 811-alpha and beta standards supplied by the 

manufacturer(Figure 4). The IWLM was fully charged and had 

been run through five counting cycles for battery stabili
zation before calibration. A series of ten alpha and ten 
beta calibrations were taken.(44) The instrument calibrated
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Figure 3. Eberline Model PRS-2 Scaler
and SPA-1 Scintillation Detector
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to within the recommended 5% range(actual +3% alpha, -0.9% 

beta). A counting cycle was performed with the counting 
chamber empty. There were no counts indicating chamber 
contamination.

In-Mine Measurements
A suitable site for sampling was then found at Cotter 

Corporation's Schwartzwalder uranium mine near Golden, 
Colorado. The 900 foot level dump site was selected in 
order to facilitate a relatively high gamma background(3 

mR/hr), optimal control of ventilation, minimal mining 
activitv and easy accessibility. Ventilation was controlled 

bv doors located near the intake air shaft which governed 
all fresh air coming to the sampling area. This enabled the 

study to be conducted with minimal ventilation fluctuation 

and at greater than 0.25 (>0.25) working level 
concentrations, in order to minimize statistical counting 
errors(42).

A sampling station was placed in a suitable location at 
the dump site (Figure 5). Gamma background was then read at 
that station using an Eberline® Model E-120 geiger counter. 

Gamma fluctuation between 2.8 and 3.2 mR/hr was observed.
In order to insure consistency of sampling, an instrument 

arrangement at the station was established which remained 

constant throughout the experiment.
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The comparative sampling was conducted from May 10th to 

May 21st, 1982. Each concurrent sampling consisted of two
air samples, one for the Kusnetz and Tsivoglou value, and 
one for the IWLM. A ten liter sample was taken for the 
Kusnetz and Tsivoglou methods. A flowrate of two 1pm for a 
time period of five minutes was used. Secondly, the recom
mended five liter sample for the IWLM method was drawn at a 
rate of 2.5 1pm for a two minute period. The two pumps were 
started simultaneously. Strict control of the ventilation 
doors was maintained throughout the sampling cycles in order 
to minimize error introduced by radon fluctuations. The 
time intervals for the IWLM pump cycle and counting periods
were controlled by the instrument light emitting

diodes(LED's), while those for the Tsivoglou and Kusnetz 
measurements were made using a stopwatch.

During the IWLM pumping cycle, the Model 811 takes a 

background count in the first minute. This gives some 
indication of the background gamma radiation and is used in 
the WL counting cycle as a means of instrument discrimina

tion between gamma and beta radiations. At the end of that
first minute, a "READ" LED illuminates. At this time, the
background readings were recorded. After the two minute 

sampling cycle has concluded, the lighted "PUMP" LED goes 
off. The pump was then shut off, and the filter was then
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transferred to the IWLM counting chamber. The alpha and 
beta activities are counted over a one minute period that 

extends from 2.5 to 3.5 minutes after the sampling began.

The "READ" LED once again lights, and the alpha and beta 
readings were recorded. These two readings are added 

together to give the IWLM WL measurement.
The Kusnetz-Tsivoglou sampling pump was shut off at the 

end of its five minute sampling period. The filter was then 
transferred to the Eberline® scintillation chamber. After 
two minutes had elapsed from the air sampling "end 
time"(ET), a continuous three-minute count of the alpha 
activity was started for the Tsivoglou(2,5) count interval 
used to determine the RaA concentrations. Then the 
Eberline® counter was stopped at that five minute mark, and 
the counts were read and recorded.

In order to determine the RaB concentrations from the 
Tsivoglou(6,20) interval the scaler was again activated and 

a continuous count was made. At the 20 minute mark, the 
counter was stopped, read and the counts were recorded. A 
final Tsivoglou counting interval from 21 to 30 minutes was 
conducted, read and recorded, in order to determine the RaC 

concentration. Forty (40) minutes after the sampling pumps 
had been stopped, a two minute count was taken to establish 
the counts per minute(cpm) necessary to calculate the
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Kusnetz working level measurement.

A total of fifty samples were taken ; 25 samples for 

IWLM analysis in a high qamma background, and 25 samples for 
benefit analysis of lead(P b ) shielding the IWLM (Figure 6). 
The 50 samples are the total of completed sampling cycles.
If variations of ventilation, miscounting of activities, or 
any other known error occurred, the sample was immediately 
terminated. During each sampling d a y , a field calibration 

of both the MDA® and Eberline® units was conducted.
Subsequent to the experimental sampling, a check of the 

sampling pumps was made to verify the calibration of the 

flowrates. The Eberline® unit was also checked for its 
accuracy and calibration factors at the Bureau of Mines 
facility in Lakewood, Colorado. A radon chamber is used for 
this purpose which is constantly monitored by a system 

developed by Droullard.(44)

Data Analysis
In order to avoid sampler bias, calculation of the 

Kusnetz and Tsivoglou concentrations was made after 
completion of all sampling. In calculating the Kusnetz
readings, the following formula was used :

_ 3.7 x CPM 
WL " 150 x 10

where WL is the working level, 3.7 is the reciprocal of the 

counting efficiency of the instrument, CPM is the counts per



Figure 6 . Fabricated Lead Enclosure 
at Sampling Station
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minute, 150 is the Kusnetz factor and 10 is the liters of

air pulled through the filter.

The Tsivoglou readings were calculated using the Bureau 

of Mines computer program giving the concentrations (pCi/1) 
of each daughter product, the WL, and the standard deviation 
of each WL measurement. The program is based on work by 
Thomas .(32)

Once the Tsivoglou concentrations of RaA, RaB and RaC 
had been established, these mixtures were plotted on a 

triangular map developed by Holub.(46) The axes of the 
triangle represent concentrations in pCi/1iter of RaA and 

RaB respectively. By definition every location within the 
triangle is normalized to a mixture of radon daughters 
equivalent to one working level. The concentrations of RaA 
and RaB are read directly from the vertical and horizontal 
axes. The concentrations of RaC, which is not shown, is 
constrained so that RaA + RaB + RaC equals one working 

level. For example, the lower apex of the triangle 
represents pure R a A (973 :0 : 0) pCi/liter. The upper right- 
hand apex represents pure RaB(0:197:0) pCi/1iter and the 
upper left hand corner represents pure RaC(0:0:268) 

pCi/liter. Any possible mixture of radon progeny which 
yields one working level is uniquely represented by a single 
point on the triangle. The average mixture of values
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normalized to one working level is 224 : 102 : 67 pCi/1iter.(46)
Further data analysis utilized the derived triangular 

error maps developed by Holub.(42) Various one and two 
measurement techniques had been analyzed by a computer code 
structured to sequentially scan the triangular data points. 

At each position, the prescribed mixture was processed 
through each desired technique, i.e. Kusnetz and MDA® IWLM. 

The computed value of working level for this mixture was 
then compared with the actual value and the percent error 
stored in a memory location associated with the mixture. 

After the triangle had been completely scanned, contour 
lines were connected to values of equal inherent error. The 
error maos of the MDA® IWLM technique and the Kusnetz method 
were then superimposed over this study's mixture data.

The data was then subject to variance and regression 

analysis. Fquations for improved IWLM readings in a high 
gamma background of 3.0 mR/hr were derived from the 
accumulated data.
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CHAPTER V

RESULTS AND DISCUSSION

Initially, the "baseline" Tsivoglou measurements were 
compared to previously measured mixtures of radon daughters 
in the mine environment to determine if the samoles taken 
are representative of normally encountered concentrations 
and mixtures. A method developed by Holub was used which 

plots relative concentrations of radon daughters.(46) As 
shown in Figure 7, a triangular shaped graph results from 
plotting RaA, RaB and RaC concentrations.

Analysis of Bureau of Mines samples taken in various 
uranium mines led to a pattern of definition for those 
concentrations and mixtures normally found. This pattern is 

shown in Figure 7. On the graoh, this area is defined as 

those points lying within the normal growth curve and the 
line drawn from the equilibrium point(t) to the intersection 
of the RaA and RaC axes.

This method was incorporated by Borak in the analysis 

of the inherent errors associated with the various one and 
two count measurement techniques used in the industry. The 
errors calculated are plotted on the graph, allowing quick 

determination of error at particular concentrations and at
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gamma backgrounds considered to be 0 mR/hr. The error maps 

of the Kusnetz and MDA methods were used to analyze the 
accuracy for 90% of mixtures. An approximate 9% error for 
the Kusnetz and 15% for the MDA® techniques was deter
mined. (37) Any MDA® error found in excess of the 15% could 
be attributed to the effect of gamma background.

Using the same plotting method, this study's measure

ments were plotted on the triangle(Figure 7). The samples 
exhibit a wide range of mixtures and measurements with the 
large maiority falling in the area noted as representing 

normality. Those points outside the noted area may have 
been due to unusual ventilation practices or sampling and 
counting errors.(47) For the purpose of this study, all the 
samples were considered typical air and included in the data 
analysis. When inherent error maps of the techniques were 
superimposed, some indication of differences of error could 

be interpreted(Figures 8 and 9). A Kusnetz negative error 
bias of approximately three percent over the MDA® method was 
determined, contradicting the Borak study results stated 
previously.(37)

All of the completed samples have been compiled in 
Tables I and II. Each set is composed of 25 sample sets. 

From this data, overall mean concentrations (X), standard 
deviations (SD) and coefficients of variation (CV) were
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Figure 8 . Two-dimensional Plot with 
Superimposed IWL11 Error Map
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PERCENT ERROR
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Figure 9. Two-dimensional Plot with
Superinposed Kusnetz Error Map
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TABLE I

CONCURRENT WORKING LEVEL (WL) MEASUREMENTS OF
THE TSIVOGLOU, UNSHIELDED IWLM, AND KUSNETZ METHODS

Sample # Tsivoglou Unshielded IWLM Kusnetz Sampling Date

1 1 .07 1 .35 1 .09 5-14-82
2 .65 .89 .61 5-10-82
3 .41 .44 .35 5-21-82
4 . 8 6 1 .08 .92 5-10-82
5 .94 1 .25 1 .04 5-21-82
6 .99 .98 .78 5-10-82
7 . 6 6 1 .38 .72 5-10-82
8 . 59 . 52 .54 5-10-82
9 . 34 . 8 8 .34 5-10-82

1 0 .61 1 . 39 .45 5-10-82
1 1 .28 .50 .31 5-11-82
1 2 . 53 .63 .51 5-11-82
1 3 .34 .70 . 35 5-11-82
14 .73 .89 .69 5-11-82
1 5 .84 1 .05 .80 5-11-82
16 .96 1 . 0 1 .64 5-11-82
17 .85 1 .32 .75 5-11-82
18 . 38 .78 .40 5-11-82
19 . 55 .96 .60 5-11-82
2 0 .40 .89 .38 5-11-82
2 1 1 .15 1 .43 1 . 1 1 5-11-82
2 2 .70 . 8 8 .72 5-14-82
23 .95 1 .25 1 .03 5-14-82
24 1.17 1 .34 1 . 2 0 5— 14— 82
25 .27 . 33 .34 5-14-82
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TABLE II

CONCURRENT WORKING LEVEL(WL) MEASUREMENTS OF

THE TSIVOGLOU, SHIELDED IWLM AND KUSNETZ METHODS

Sample # Tsivoglou Shielded IWLM Kusnetz Sampling Date

26 1 . 1 0 1.13 1 .04 5-14-82
27 .93 .94 .97 5-14-82
28 .82 .89 . 8 6 5-14-82
29 .67 . 85 .65 5-14-82
30 .77 .99 .76 5-14-82
31 . 33 .55 .29 5-18-82
32 .38 .62 .34 5-18-82
33 .51 . 59 .53 5-18-82
34 .24 .69 .23 5-18-82
35 .63 .73 .63 5-18-82
36 .32 .96 .34 5-18-82
37 .43 .90 .42 5-18-82
38 .78 .96 .76 5-18-82
39 . 8 6 .97 .79 5-18-82
40 1 .03 1.13 .93 5-18-82
41 .85 1 .08 .67 5-18-82
42 .60 .82 .58 5-18-82
43 .31 . 39 .29 5-20-82
44 .62 .64 .55 5-20-82
45 .77 .98 .76 5-20-82
46 .28 . 39 .26 5-20-82
47 .85 .72 .73 5-20-82
48 .45 .90 .41 5-20-82
49 . 8 6 .98 .77 5-20-82
50 . 6 6 1 .26 .55 5-20-82
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calculated and noted in Tables III and IV. The range of 

both sample sets is large and represents WL concentrations 
which minimize the error caused by activity counting 
suggested by Holub.(42) The strongest degree of accuracy is 

represented by the Kusnetz measurement method. Neaative 
errors of three and six percent were exhibited by the 
Kusnetz method in this study. These findinqs confirmed the 
predictions of the USBM error maps and analysis of error 

bias of "young air" by Groer.(42,34)
Analysis of the unshielded IWLM data indicated a 

positive error of 39% over the Tsivoglou "baseline" 
readings. The lead(P b ) shielding of the instrument provided 
an eight percent improvement in accuracy. However, the 
shielded instrument still had a positive error of 31%. If 
the accuracy requirement of the MSHA testing is applied, 
which required the IWLM to be within ±10% of the Tsivoglou 
readings or as accurate as the Kusnetz method, the results 
of this test are not favorable.(41) If the error above the 
predicted 15% error map analysis is attributed to gamma 
background, 24% is due to the high background radiations 
encountered.(37)

In order to verify the significance of the IWLM and 

Kusnetz data to the "baseline" Tsivoglou readings, a paired 
t-test was conducted (48) The following formulas were used
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TABLE III

AVERAGE WORKING LEVEL MEASUREMENTS OF TSIVOGLOU, 

UNSHIELDED IWLM AND KUSNETZ MEASUREMENT TECHNIQUES

Tsivoglou Unshielded IWLM Kusnetz

Range 0.27-1 . 17 0.33-1.43 0.31-1.20
Mean 0.69 0.96 0.67
Standard
Deviation 0.28 0.32 0 .28
Coefficient 
of Variation 40.6% 33.3% 41 .8 %
Error +39.0% -3.0%
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TABLE IV

AVERAGE WORKING LEVEL MEASUREMENTS OF TSIVOGLOU, 

SHIELDED IWLM, AND KUSNETZ MEASUREMENT TECHNIQUES

Tsivoglou Shielded IWLM Kusnetz

Range 0.24-1 .10 0.39-1.26 0.23-1.04
Mean 0.64 0.84 0.60
Standard
Deviation 0.24 0.23 0.24
Coefficient 
of Variation 37.5% 27.4% 40.0%
Error + 31% - 6 %
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to compute the experimental values which are tabulated in 

Table V.

n i _ n 2
t = --------------/--------------------exp s v mi - m 2

mi + mz

m 1 + m2 - ^
where n = mean of data set, s = mean square of the standard 

deviations and m = the number of measurements in each set. 
When the teXp is compared to the t coefficient at the 95% 
confidence interval, it is apparent that more than random 
error is involved in both sets of IWLM data, unshielded and 

shielded. The Kusnetz data showed differing results. The 
t-test of the first 25 samples gathered indicated random 

error at the 95% confidence level. However, the second set 
of Kusnetz measurements showed significant error associated 
with the instrument readings, perhaps associated with the 

radon daughter mixtures encountered.
To determine if the relationship between the "baseline" 

Tsivoglou, IWLM and Kusnetz measurments was linear, a 

regression analysis was conducted to develop a model to 
optimize or correct the instrument readings in high gamma 

fields.
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TABLE V

PAIRED t-TEST OF SET DATA AT 95% CONFIDENCE LEVEL

Workinq Levels

Set Methods X SD T . 025,48 texp

Unshielded IWLM- 0.96 0.32
Tsivoglou 0.69 0.28

48 2 . 0 6.5
Shielded IWLM 0.84 0.23
Tsivoglou 0.64 0.25

48 2 . 0 5.3
Kusnetz- 0.67 0.28
Tsivoglou( 1 ) 0.69 0.28

48 2 . 0 1 . 2
Kusnetz- 0.60 0.24
Tsivoglou(2) 0.64 0.25

48 2 . 0 3.6

X = Mean 
SD = Standard Deviation 
df = Degrees of Freedom 
t 0 2 5  4g = Test Statistic 

tpxo = 'Calculated Experimental t-Test Statistic
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The appropriate calculations were performed for the 

corrected sums of squares of x (Sx x ) and the corrected cross 
products of x and y (SXy ) using the following forumlas:

( I X . ) 2

n 2 i= 1 1
S = I x -------------
xx i= 1  i n

( I ) ( I
i= 1  i= 1

n

From the calculations, the least squares estimations of the 
slope ( 3 1 ) and intercept ($o) were computed and an estimated 
simple linear regression model was computed and an estimated 

simple linear regression model was expressd 

as y = 3o - 3 ix.
The models found for the Kusnetz versus Tsivoglou 

methods were y = 0.93 x + 0.03 and y = 0.93 x + 0.01.
Figures 10 and 11. The results for the IWLM versus 
Tsivoglou methods were y = 0.88 x + 0.36 for the unshielded 

IWLM and y = 0.62 x + 0.44 for the shielded unit. Figures 12 
and 13. For the IWLM versus Kusnetz data, regression models 

of y = 0.88 x + 0.37 for the unshielded IWLM and y = 0.63 x

n
S =  I x iy i -
xy i- 1
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Figure 10. Linear Regression Model of Kusnetz(1)
versus Tsivoglou Data Showing
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Figure 11. Linear Regression Model of Kusnetz (2)
versus Tsivoglou Data Showing
Individual Sample Points
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Figure 12. Linear Regression Model of Unshielded
IWLM versus Tsivoglou Data Showing
Individual Sample Points
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Figure 13. Linear Regression Model of Shielded
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+ 0.46 for the shielded IWLM were calculated. Figure 14 and 
15 .

The regression and residual mean square values were 

calculated in order to determine the significance of the 
regression models. Experimental F values were calculated 
and compared to the critical F value at 95% confidence 

(Table VI). If the experimental value of F0  exceeds the 
critical F value, a linear relation exists between the 

slopes of the regression lines. The greater the difference 
between F0  and F is indicative of more significant 
linearity.

Figures 10 and 11 show a strong linear trend between 
the Kusnetz and Tsivoglou measurements. This fact could 
have been enhanced by the use of the same filter for both 
count methods. A weak linear trend also exists between the 

IWLM versus Tsivoglou readings according to the F statistic 
and considerable scatter is present in Figures 12 and 13.
The least amount of linearity through F statistic analysis 
was indicated by the Kusnetz versus IWLM data shown in 
Figures 14 and 15.

The coefficient of determination (R 2) was calculated 
for all cases and reported in Table VI. This coefficient is 

loosely described as the amount of variability in the data 
accounted for by the regression model.(49) R 2 values range
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Figure 14. Linear Regression Model of Unshielded
IWLM versus Kusnetz Data Showing
Individual Sample Points
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IWLM versus Kusnetz Data Showing
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from 0 . 0  to 1 .0 , with more linear significance being 

associated with values approaching 1.0. Again, the 

strongest degree of linearity was exhibited, by the 
Tsivoglou versus Kusnetz data, followed by the IWLM versus 
Tsivoglou measurments. As in the previous analysis, the 

Kusnetz versus IWLM showed the least degree of linearity.
A pilot study was conducted at various times during the 

year prior to the initiation of this field evaluation. The 

samples were taken throughout the Schwartzwalder mine at 
different WL concentrations and gamma background levels. 
Table VII. A different MDA® IWLM was used and only Kusnetz 

measurements were calculated for comparison purposes. The 
mean gamma background was the same as that used in the field 
evaluation. Mean WL concentration also fell into the range 
used in the main study criteria. The pilot study mean IWLM 
reading was very close to the mean Kusnetz measurement. 
Consequently, some or all of the difference between the IWLM 

and Tsivoglou concentrations in the main body of the study 

might be attributable to the particular instrument used, 
even though it was calibrated before and after testing.
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TABLE VII

PILOT STUDY RESULTS GATHERED IN 1980-81 UTILIZING 

IWLM AND KUSNETZ METHODS IN VARIOUS GAMMA
BACKGROUND RADIATIONS

Sample # IWLM(W L ) Kusnetz(W L ) Gamma 
(mR/hr)

1 0 . 1 2 0 . 1 2 1 . 8
2 0.47 0 . 1 0 7.0
3 0.61 0.65 1 .9
4 0.34 0.35 5.0
5 0.57 0 . 6 8 1 . 8
6 0.05 0.07 4.6
7 0.07 0.15 1 . 6
8 0 . 06 0.05 1 . 0
9 0.03 0 . 0 2 2 . 0

1 0 0.13 0.05 3.5
1 1 0 . 2 0 0.28 2 . 8
1 2 0.14 0 . 1 0 3.4
13 0.04 0.06 3.6
14 0.09 0.19 2.8
15 0.14 0.26 5.0
16 0.37 0.37 1 . 0
17 0.14 0 . 2 0 3.6
18 0.18 0.15 3.2
19 0.23 0.98 3.6
20 0.57 0.53 2 . 0
2 1 2.59 2.44 5.0
2 2 0.60 0.71 1 . 0
23 2.99 2.59 2 . 0

Means 0.46 0.48 oro
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CHAPTER VI

SUMMARY AND RECOMMENDATIONS

The evidence of this field evaluation indicates a large 
degree of error associated with the IWLM in a 3.0 mR/hr. 

gamma background environment. A slight improvement was 

provided by shielding the instrument in lead(P b ). However, 
a 31% error still existed. The relationship between the 

IWLM working level values and the Tsivoglou data was 
moderately linear (R 2 = 0.58). When shielding was used, 
linearity decreased slightly (R 2 = 0.43).

The general tendencies of preliminary studies conducted 
by MSHA-USBM are contradictory to this studies results.(50) 
Not only do these contradictions exist in the degree of 
error, but in the positive versus negative biases involved. 
These indications were supported by the pilot study results. 
However, both the MSHA-USBM and pilot study were hampered by 
multiple location sampling and/or multiple sampling 

personnel. Additional research is necessary to resolve this 
issue.

Further analysis is needed in several areas. A large 
error may be associated with instrument malfunction.

Adequacy of manufacturer calibration schemes should be 
analysed for all environments which might be encountered. A
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Tsivoglou formula for a 5 liter volume, 2 minute sampling 

period should be derived and tested. This would reduce 

error associated with the air sampled and the counting of 

two filters. One filter could be used to determine the 

Tsivoglou and IWLM WL measurement.

The MDA recommended tungsten shield should be 

incorporated in future studies. Because the tungsten shield 

was very expensive ($3000.00), it was not used in this 

experiment and cost benefit analysis is recommended. The 

addition of the shield increases the instrument cost by 

approximately 50%. To this date, no shield has been 

manufactured for the instrument.

The results of this study showed an unsatisfactory 

correlation between the IWLM and Tsivoglou sampling data. 

However, the IWLM measurements gave higher WL values in all 

but a few measurements and should be considered conserva

tive. Since only one IWLM instrument was used in the study, 

these conclusions should not be extended to all IWLM's or 

even all MDA Model 811 1 s.

If the instrument is to be used in a high gamma 

background area, the least squares fit equation of 

y= 0.88 x + 0.36 should be used for correction purposes 

until further analysis can be made. The use of lead(Pb) 

shielding is not recommended, since it would reduce
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the ease of use and portability.
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