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COURSE REQUIREMENTS FOR SUCCESSFUL COMPLETION

∗

Prerequisite course – Geotechnical Field Testing and Inspection (S-33), formerly known
as Standard Earth Density.

∗

Written Test – The test is open book. The time limit is 2 hours. A minimum grade of 70
is required. If the student fails the written test, the student shall retake the class and the
test.

∗

Successful completion is mandated by the following:
Illinois Department of Transportation
Policy MAT – 15 Quality Assurance Procedures for Construction
Federal Highway Administration
Code of Federal Regulations, 23 CFR 637
Illinois Emergency Management Agency / Division of Nuclear Safety
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ABBREVIATIONS
BMPR is the Bureau of Materials and Physical Research
CFR is the Code of Federal Regulations
DCL is Dosimeter Control Log
HMA is Hot Mix Asphalt
IAEA is the International Atomic Energy Agency
IDOT is the Illinois Department of Transportation
IEMA/DNS is the Illinois Emergency Management Agency/Division of
Nuclear Safety
PCF is Pounds per cubic foot
QC/QA is Quality Control/Quality Assurance
RPO is the Radiation Protection Officer located at the BMPR
RSO is the Radiation Safety Officer located in each highway district
SUV is a Special Use Vehicle
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1. RADIATION SAFETY

1.1

Radioactivity

To understand what radioactivity is, we must first look at the structure of the atom. Atoms are
comprised of three primary particles:

PARTICLE

SYMBOL

RELATIVE MASS

Proton
Electron
Neutron

P
E
N

1.0073
0.0006
1.0087

RELATIVE CHARGE
+1
-6
0

An atom is arranged with a nucleus containing the heavier proton(s) and neutron(s), with the
lighter electron(s) in orbit around this nucleus. An atom’s atomic number (Z) is the number
of protons in the nucleus (also the number of electrons in orbit in a neutrally charged atom).
The atom’s mass number (A) is the sum of the protons and neutrons in the nucleus.

An element is a substance that contains only atoms with the same chemical properties.
Typical elements are silicon, oxygen, gold, copper, and iron. Currently, 105 primary
elements have been identified, 90 natural, the rest man made. A few additional elements
have been created in the laboratory, but they decay very rapidly.
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Elements that have the same number of protons (same atomic number), but different
numbers of neutrons (different atomic mass numbers) are called isotopes. Hydrogen, an
element, has 3 isotopes: hydrogen, deuterium, and tritium. Hydrogen, the most abundant,
has 1 proton and 0 neutrons. Deuterium has 1 proton and 1 neutron. Tritium has 1 proton
and 2 neutrons.

Not all isotopes are stable. Isotopes with atomic numbers greater than 92 are unstable due
to the nuclear binding energy being too weak for such a large nucleus. Americium has an
atomic number of 95. It is a by-product from neutron bombardment of plutonium to produce
weapons materials. All 13 isotopes of Americium that have been identified are radioactive.
Some isotopes of lower atomic number are unstable. Cesium has an atomic number of 55.
Of the 22 isotopes identified, Cesium-133 (Cs-133) which is found in nature is stable.
Cesium-137 (Cs-137), on the other hand, a by-product of the manufacture of weapons
materials, is not. By nuclear reactions man has produced a large number of unstable
isotopes not found in nature.
An unstable isotope that gives off energy while decaying into a stable isotope is defined as
being radioactive. Like other forms of energy, radiation can be useful or harmful depending
upon its use.
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Radiation

There are four types of radiation that we will be dealing with:
Name

Mass

Charge

4

+2

e- or β

0.0006

-1

Gamma

γ

0

0

Neutron

on

1

0

Alpha
Beta

Symbol
2He

4

or α

1

1)

Alpha radiation – is a cluster of two neutrons and two protons ejected from an unstable
nucleus. It is essentially a helium atom with two electrons removed. Because of its
large size and +2 charge it has very little penetrating power. Most alpha radiation travels
only a few inches in air and can be stopped by the dead outer layer of your skin or a
piece of paper. This means it is not considered an external radiation exposure problem.
Alpha radiation sources are most harmful to humans if they are ingested or inhaled.

2)

Beta radiation – is a particle. It has the same mass and charge as an electron. The
difference is that it comes from the breakup of a neutron to a proton and an electron.
Beta particles travel further in air than alpha particles (12 to 15 feet). Beta particles,
because they are smaller, are more penetrating than alpha radiation. Usually protective
clothing will stop a beta particle. It can penetrate as deep as the live layers of your skin.
Although not as damaging externally, like alpha radiation if it gets inside your body it can
cause internal body damage.

3)

Gamma radiation – is electromagnetic energy that is released when an alpha cluster
breaks away from the nucleus. It has no mass or charge but is a wave packet of energy
(photon) that travels at the speed of light. The electromagnetic spectrum includes 60Hz
power at the low energy end radio waves and light in the middle, and x-rays and gamma
rays at the high energy end. X-rays are the same as gamma rays; they differ only in that
gamma rays come from changes in the nucleus, while x-rays are released by changes in
the orbital paths of electrons. Since they have no charge, these rays are very
penetrating.

4)

Neutron radiation – consists of neutrons that are free from the nucleus. The faster these
neutrons are traveling, the more kinetic energy they have and the more harmful they can
be. They have mass, but because they have no charge they are very penetrating. A
neutron could pass through your body colliding with some atoms, without being
completely stopped. With each collision it gives up some of its kinetic energy and may
deposit some of this energy in your skin and internal organs which could produce
damage. In space a free neutron is un-stable. It decays to a proton and electron with a
half-life of 12 minutes.
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Cesium-137(Cs-137) and Americium-241/Beryllium (Am241Be) as used in portable
moisture/density gauges produce all four types of radiation. The alpha radiation will be
stopped by the stainless steel capsule in which the sources are enclosed. We need only be
concerned with the external neutron and gamma type radiation.
In the process of decaying to Barium-137 (Ba-137), the Cs-137 releases beta particles
which will be stopped by the capsule wall. Most of the Ba-137 is in an active state; in going
to a stable state it releases gamma energy at 0.662Mev. This gamma energy will be used
to determine the density of the measured material.
The Am-241 decays to Neptunium-237 (Np-237). In the process it releases 0.06Mev
gamma energy and alpha particles. This additional source of low level gamma energy would
confuse our density measurement so it is shielded out by a 1/8 inch thick cup of carbide or
lead. The alpha particles will not leave the capsule. However, by mixing the Am-241 with
Beryllium-9 (Be-9), the alpha particles then bombard the Beryllium which results in the
emission of free neutrons. These free neutrons, also known as fast neutrons will have an
average energy of 4.5 Mev. When these fast neutrons collide with an average of 19
Hydrogen atoms they become thermal neutrons with a reduced energy of around 0.025
Ev. It is these thermal neutrons that the gauge counts to determine the moisture content of
a material.
Important Note:
Both sources used in the nuclear moisture/density gauge
continuously emit radiation regardless of whether the gauge is
“on” or “off”!

1.3

Ionizing Radiation
Alpha, Beta, Gamma, and Neutron radiation are ionizing radiation. They have sufficient
energy to change the charge balance of (ionize) an atom. The radiation may lose part of its
energy in ionizing an atom. In the human body these ionized atoms can affect biological
functions.
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One measure of energy that is useful at the atomic level is the electron volt (Ev). The
electron volt is defined as the energy possessed by an electron when it is accelerated
across a potential of one volt. A commonly used multiple of the electron volt is the Mev,
which represents one million electron volts.
Sunlight, microwave, radio waves, lasers, infra-red, and visible light are not-ionizing
radiation. They don’t have enough energy to knock electrons off atoms. However, they can
be damaging by other means, such as sunburn.

1.4

Measuring Radioactive Materials
Most materials are measured by weight or volume. Radioactive sources are measured by
the amount of activity that they exhibit. The number of atomic disintegrations that occur
each second is the material’s activity. The unit of activity, the curie (Ci), was established
based on the decay rate of one gram of radium. One curie will decay at a rate that produces
3.7 X 1010 disintegration per second.
The nuclear moisture/density gauges that are currently used by IDOT have 10 millicurie
(milli = 1/1000th) or smaller Cs-137 sources. These Cesium sources are used in the portion
of the gauge that measures density. The moisture measurement portion of the
moisture/density gauge has a 40 millicurie Am-241/Be source. Asphalt content gauges that
are now used by the department have a 100 millicurie Am-241/Be source.
One SI (metric) unit for measuring radioactive materials is the Becquerel (Bq). 1 curie is
equal to 37 gigabecquerels (giga = 1,000,000,000). Current regulations require that all
nuclear gauge shipping documents and labels list source activities in units of Becquerels.

1.5

Radioactive Half-Life
Through the process of decay all radioactive elements eventually reach a stable state
and stop emitting radiation. The amount of time these elements take to reach a stable
state varies greatly from one element to another and is measured in terms of half-lives.
A half-life (T0) is the time in which half the atoms of a particular radioactive substance
decay to another nuclide. All radioactive elements have precise and predictable half-lives
which vary from fractions of a second to more than a billion years.
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As stated earlier, the two types of radioactive material used in the department’s nuclear
gauges are Cs-137 and Am241/Be. Cs-137 has a half-life of 30 years and is used in the
density portion of the gauge.
To maintain the desired accuracy of data produced by the gauge, the density portion of the
gauge must be corrected approximately every two weeks due to the decay curve of Cs-137.
The moisture portion of the gauge should be corrected every eight months since the
Am-241/Be decays at a much slower rate. This correction is accomplished by using the
ratio of the test counts to a daily standard count taken on a known reference standard and
by the annual re-calibration of the gauge.

1.6

Radiation Exposure Units
We have previously discussed the units of measure for radioactive materials. Now let’s look
at the units of measure associated with the monitoring of radiation exposure.
When only X-ray and Gamma radiation were known to man, the exposure to this type
radiation was defined in roentgens, pronounced RAN KINS. Roentgen is defined as the
quantity of X or Gamma radiation that produces one electrostatic unit of charge in one cubic
centimeter of air; the roentgen is therefore a measure of the ionizing effect of radiation in air.
A unit based on the amount of energy absorbed is the Radiation Absorbed Dose or RAD,
which is defined as 100 ergs/gm of man type of radiation. For practical purposes,
1 RAD can be considered equal to 1 R. In order to take into consideration the effect of
various types of radiation on biological tissue, a Quality Factor (QF), must be introduced.
The product of RAD x QF is called Roentgen Equivalent Man (REM).
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Quality Factors for Various Radiation Types
Dose Equivalent (REMS) = Absorbed Dose (RADS) x QF
RADIATION

X QF

DOSE (REMS)

1 RAD of x-ray, gamma, or beta

1

1

1 RAD of slow neutron
1 RAD of fast neutron or high
energy proton

5

5

10

10

1 RAD of alpha

20

20

The REM is actually a large unit of measurement. For nuclear gauge users, the milliRem or
mRem (1/1000 of a REM) is more suitable.

1.7

Sources of Radiation Exposure
The average American is exposed every year of his life to about 360 Mrem per year. This
comes from several natural and man-made sources:
Annual Dose
Cosmic

Earth
Housing

Living

Man-made

From the sun and other space sources
and their reaction with the earth’s
atmosphere. It increases 1 mRem for
every100 feet (30.48 meters) of elevation
above sea level.
San Francisco (sea level)
Denver (5,280 feet(1609.34
meters))
From the natural radioactive materials in
the ground (including Radon)
From the materials that we use to build
our homes and work places
Stone house
Brick or concrete house

27 mRem
80 mRem
228 mRem
7 mRem
7 mRem

Eating/Drinking/Breathing
Body
Television
Jet plane trip (3000 miles (4828.03
kilometers)

25 mRem
40 mRem
0.3 mRem

Weapons testing fallout
Medical X-rays

4 mRem
53 mRem

2 mRem/Trip
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The two sources used in nuclear gauges when un-shielded, have dose rates as follows:
ACTIVITY

DOSE RATE @ 1 METER

Cs-137

10 mCi

3.3 mRem/hr

Am-241/Be

40 mCi

0.088 mRem/hr

When the source rod is in the safe position, the Cs-137 source is shielded by heavy lead
and carbide shield attenuating its dose rate. With this shielding that is built into the
Humboldt gauge the combined whole body dose rate is reduced to approximately 0.2
mRem/hr @ 3.28 feet (1 meter). For the Troxler gauge the whole body dose rate at 3.28
feet (1 meter) is approximately 0.6 mRem/hr.

1.8

Regulatory Exposure Limits
In recognition of the dangers posed by overexposure to radiation, both the United States
Nuclear Regulatory Commission (USNRC) and agreement states, have adopted a set of
maximum occupational exposure guidelines for yearly radiation dose. Agreement states are
those that have, and in agreement with the USNRC, implemented their own nuclear
regulatory programs. In Illinois, which is an agreement state, the Illinois Emergency
Management Agency/Division of Nuclear Safety (IEMA/DNS) is the nuclear regulatory
agency.

USNRC and AGREEMENT STATE
MAXIMUM OCCUPATIONAL EXPOSURE LIMITS
PORTION
Whole Body
Extremities and Skin
Eyes

YEARLY DOSE
5,000 mRem
50,000 mRem
15,000 mRem

A lethal dose is considered to be 500,000 mRem. 100% of people exposed to this level of
radiation will die within 30 days.
Occupational exposure to workers under the age of 18 is restricted to 10% of the adult
annual dose.
A declared pregnant woman is allowed to receive only 10% of an annual dose, or 500
mRem for the entire term of pregnancy. Female occupational workers must notify their
employer in writing that they are pregnant and are subject to the previously stated limit from
the date of notification through delivery.
The public, when near an occupational source, is allowed a dose of 100 mRem per year.
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The regulations allow that a worker may receive, in addition to the annual maximum dose
limits, a “special project annual maximum dose limit”. The regulations should be read
carefully since a number of other requirements are applicable. The dose rate from a nuclear
gauge is so low that this provision will not be of concern to the gauge operator.
These limits apply only to occupational exposure. They are however, an upper limit, and it
is most important to keep occupational exposure to a minimum. To this end, regulatory
agencies have introduced the ALARA concept for minimal exposure.

1.9

ALARA
ALARA stands for As Low As Reasonably Achievable. No matter what the allowable legal
limits are, the gauge operator and the department should continually review their methods to
determine if, with reasonable steps, the dose could be reduced.

1.10

Reducing Exposure

The three ways the gauge operator has to reduce the dose are:
TIME

Minimize the time of exposure. If the time is reduced by half, so
is the exposure if all other factors remain the same.

DISTANCE

Do not get closer to the source than necessary. Radiation
becomes less intense as distance increases. This decrease in
intensity can be expressed mathematically as

Where:

I1 = Intensity at Distance 1
I2 = Intensity at Distance 2
D1 = Distance 1
D2 = Distance 2

The above formula expresses the inverse square law, which states: The intensity of a point
source of radiation is inversely proportional to the square to the distance from the source.
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Simply, each time the distance from a radioactive source is doubled, the previous exposure
level is reduced by 75%, if all other factors remain the same.
SHIELDING

Place a shield between the source and the operator. The gauge
has such shielding built in. The operator should ensure that the
shielding has not been tampered with or removed, and that all
moving parts are functioning correctly.

For a given type of radiation and radiation energy level, the one half layer thickness is the
thickness of the materials that reduces the dose rate by 50%.

1.11

SOURCE

ONE-HALF LAYER

Cs-137
(0.662 MeV gamma rays)

0.25 inch (0.6 cm) Lead or 2.21
inches (5.6 cm) concrete

Am-241/Be
(4.5 MeV neutrons)

2.50 inches (6.3 cm) water or
plastic

Detecting Radiation

Radiation cannot be detected by any of our five senses. It cannot be seen, heard, smelt, tasted,
or felt. However, reliable instruments are available to detect the presence of radiation. The
CDV-700 Geiger-Mueller (GM) survey meter, or Geiger counter, is one such instrument. Survey
meters typically detect gamma and x-rays and they read out in roentgen/hr or counts/minute.
Other examples of detection devices would include the ion chamber and neutron meter.
Nuclear moisture/density gages currently used by IDOT have two GM detector tubes and one
helium-3 (He3) detector tube. Asphalt content gauges have four He3 detectors.
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A GM detector consists of a gas-filled metal cylinder with an anode wire running through the
center. When the gamma rays emitted by the Cs-137 pass through the special gas within
the cylinder, ions are produced. Each ionizing event in the gas produces an avalanche of
electrons, resulting in an easily detectable electronic pulse. These pulses are counted and
the count is then used to determine the density of the material being measured.
The construction of the He3 detector, which is used in the moisture measuring portion of the
gauge, is basically the same as the GM detectors with the exception of the gas used to fill
the cylinder. The gas used is helium-3 (He3). Since the neutrally charged neutrons emitted
by the Am-241/Be source do not directly produce ionization, a different approach to counting
these neutrons must be taken. As previously discussed, it is the thermal or slow neutrons
which the gauge must count to determine the moisture of a given material. When thermal
neutrons strike a He3 nucleus, a positively charged proton is ejected, which produces an
electronic pulse from the detector that can be amplified and counted by the gauge.
1.12

Personnel Monitoring

The IDOT is required to furnish some means of personnel monitoring for all persons
engaged in handling or operating devices containing radioactive sources (32 Illinois
Administrative Code, Chapter 2, Part 340.520).
Generally, personnel monitoring will be accomplished by film badges worn at the waist,
chest or lapel area. (32 Illinois Administrative Code, Chapter 2, Part 340.530).
a.

b.
c.
d.

Film badges are for personnel monitoring and not area monitoring and
should only be exposed to radiation when attached to the individual to
which they are assigned. This precludes storage of film badges in areas
containing radioactive sources and in or near any restricted area (defined
32 Illinois Administrative Code, Chapter 2; Part 310.20) Film badges
should not be stored in vehicles (heat from the sun will damage the film)
at any time.
Film badges should be identified as to the name of the individual and
exposure period.
Film badges shall be sent to the film badge monitoring supplier at the end
of the monitoring period whether or not they have been used.
Film badges, once assigned to an individual, will not be transferred or
used by another individual without permanent reassignment by the film
badge supplier.

As a gauge user you will be subject to the limits on occupational exposure mentioned
earlier. Also, you must complete a radiation safety course to become an authorized gauge
user. As an authorized gauge user your exposure to radiation must be monitored. Several
means of personnel monitoring, or dosimetry, exist. The most common method of
monitoring exposure is the film badge or TLD (ThermoLuminescent Dosimeter).
Film badges work much like photographic film does, in that the radiation exposes the film
used in the badge. After the film badge has been worn for a given period of time, it is sent
to a dosimetry service where the film is removed and developed. Then a dose level is
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assigned on the basis of the film’s exposure. The dosimetry service generates a report of
each operator’s exposure and these reports are monitored by IDOT to assure no one
receives unacceptable amounts of exposure. Each individual’s lifetime exposure records
are kept on file virtually forever.
The film badge issued to you, is to be worn only by you, they are not to be shared. Film
badges are for monitoring occupational exposure only and should not be taken home, nor
should they be worn during a medical x-ray. Steps should be taken to insure that the film
badge is not stored around sources of radiation when not being worn. Also, keep the badge
dry and away from heat or strong light. Treat your film badge with care: it’s a valuable
component in assuring your health and safety as a nuclear gauge operator.
1.13

Leak Testing

The sources used in the nuclear gauges are categorized a Class II Type A sealed
sources. These sources are doubly encapsulated in stainless steel. Although the
chances of this type of source leaking are very remote, regulations require that each
source be leak tested at no greater than 180 day intervals. This semi-annual test is
performed by IDOT on June 1st and December 1st and will usually be performed by the
district RSO. Any gauge at the BMPR on the aforementioned dates will be leak tested by
nuclear laboratory personnel. However, you may need to know how to leak test the gauge.
All leak tests conducted in the field should be placed in a plastic bag and that plastic bag
placed in an envelope marked “Radioactive Material Leak Test – No Label Required”. This
envelope should then be placed within a second envelope, addressed to the: BMPR,
126 East Ash Street, Springfield, IL 62704-4766, Attn: Nuclear Laboratory
When performing a leak test on a moisture/density gauge the source rod must be
locked in the safe position! To perform the leak test, a filter paper is first moistened with
alcohol. Then, using tongs, the filter paper is wiped at the closest accessible point to the
source. The first area to be wiped is located inside the gauge. After removing the control
panel, Troxler gauges are wiped on the yellow radiation label and Humboldt gauges are
wiped at the top of the source container, which is a cylinder with a yellow radiation label.
Next, with the same piece of filter paper, wipe the hole in the base of the gauge through
which the source rod passes. On asphalt content gauges, the wipe point is the hole or
yellow radiation label, located in the roof of the sample chamber. The wiped filter paper is
then placed on a paper towel and taken to a location where background radiation is at a
minimum and checked with a survey meter. Care should be taken not to touch the filter
paper once it has wiped the gauge due to possible contamination.
When the semi-annual leak test is performed, the filter papers that were used to wipe the
gauges are sent to the IEMA/DNS lab for analysis. The results of these tests are kept on file
at the BMPR’s nuclear lab in Springfield for five years. Additionally, leak test dates are
required to be recorded on the Leak Test Certificate found in the gauge’s field manual.
The source is considered to be leaking if there is 0.005 microcuries or more of removable
contamination. If the gauge is found to be leaking, it should not be moved and all personnel
should be kept at a safe distance. Immediately notify your RSO or other proper authority.
When unsure of the proper steps to be taken during an emergency, consult the gauge’s field
manual Incident Procedures and Emergency Response pages for more information.
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Transportation

Transportation of radioactive materials within the state requires conformance with USDOT,
IAEA, and IEMA/DNS regulations. The rules of 49 CFR (Code of Federal Regulations) also
apply to the transportation of nuclear gauges by motor vehicle on a public highway,
regardless of the carrier.
When you transport a nuclear gauge, you are required to follow certain rules and
regulations to insure your safety as well as the safety of others. These requirements are:
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.

The gauge must be logged out of the storage facility before it can be
taken to the job site. Likewise, the return of the gauge to the storage
area must be noted in the log book.
A copy of the most recent leak test and the manufacturer’s instruction
manual for the gauge are required to be at the job site.
The “Emergency Response Information” document must be in the
vehicle and immediately accessible to the driver.
A properly completed “Bill of Lading” must be in the vehicle and
immediately accessible to the driver. This document must include an
“Emergency Response Telephone Number”.
All nuclear gauges must be labeled with the appropriate required labels (i.e.
Radioactive Yellow - II and Hazardous Materials UN numbered labels.
Appropriate labels are defined in CFR 49 Part 172.406 and 172.438.
The gauge source rod handle must be locked. Additionally, the vehicle must be
locked when left unattended with gauge inside. The gauge shall be locked inside,
preferably in an area not visible from the outside (automobile trunk).
The gauge must be blocked and braced, with the base facing away from
the passenger compartment, such that it cannot move more than 1/8 inch
(3.2 mm).
The gauge must be transported in such a manner that the dose rate
must not exceed 2 mRem/hr in any position normally occupied in the
motor vehicle. The gauge must not be transported in the cab of a truck
or the passenger compartment of vehicle, with the exception of station wagons,
vans and SUVs.
The gauge and/or transport case when used must be properly labeled.
Additionally, the gauge and/or its transport case must be secured in such a
manner as to require the breech of two (2) distinct security barriers before it can
be removed from the vehicle. (i.e. the vehicle lock and a security cable attached
to the vehicle). When a transport case is utilized, the security cable application
should be such that the case cannot be opened to permit the removal of the
gauge from the transport case. If a transport case is not utilized, the gauge must
be secured to the vehicle with two (2) separate security cables and locks. The
lock on the source rod handle is not considered to be part of the security of the
gauge as it does not prevent the unauthorized removal of the gauge from the
vehicle but merely prevents the accidental extension of the source rod.

The BMPR’s nuclear laboratory is required to keep on record the following:
1. A current copy of the “IAEA Certificate of Competent Authority” Special Form
Source Certificate) for each source in the gauge.
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A copy of the results of the “Type A” package testing.

Remember, when you sign a gauge out of the storage facility, you are not only responsible for
its safe transportation, but also assuring that no unauthorized persons use or possess the
gauge. This requires constant surveillance on your part.
1.15

Storage

When not in use or in transit, sources shall be kept in protective enclosures of such material and
wall thickness as may be necessary to ensure that no person is subjected to more than the
applicable permissible dose (32 Illinois Administrative Code, Chapter 2. Part 340.310). This
enclosure should be locked to prevent unauthorized access to the source. The door or doors to
such an enclosure shall be labeled with the standard warning signs (32 Illinois Administrative
Code, Chapter 2, Part 340.910). This restricted area should be located as far removed from
permanently occupied areas. A log of radiation level readings shall be maintained with the
survey conducted when the maximum number of gauges are present and the exposure
maintained below the allowable 0.5 REM per year.
Any storage facility, whether permanent or temporary, in which nuclear gauges are stored when
not in use, must meet the following requirements:
1.
2.

3.

4.

5.
6.
7.

The storage area must be located at least 15 feet (4.57 meters) from any
permanent work station.
The storage area must be locked in such a manner as to require the breech of
two (2) distinct security barriers before the gauge can be removed from the
storage area to prevent un-authorized access and/or removal. The door to the
building is not generally considered to be one (1) of these barriers as many
individuals may have a key to the building. Additionally, the gauge source rod
handle must be locked in the safe position while the gauge is being stored within
the storage area.
The storage area must be posted with one or more “CAUTION RADIOACTIVE
MATERIAL” signs. A storage area for a large quantity of gauges where a user
could enter and experience a whole body dose rate exceeding 5 mRem/hr, also
must be posted with one or more “CAUTION RADIATION AREA” signs.
A radiological survey must be performed on the storage facility at no greater than
180 day intervals. The possible dose that the public could get at the outer
boundaries of the facility must be below regulatory limits of 2Mrem/hr or
100Mrem for 7 consecutive days if the person were continuously present. The
results of this survey are to be posted at the facility.
“Notice to Employees” IEMA/DNS Form KLA.001(available from the BMPR
nuclear laboratory) must be posted so the individuals entering the facility
can see it.
An accountability log must be used. This log must be kept up to date, and it must
reflect the location and who is in control of each and every gauge at any given
moment.
Regulations require that copies of the documents listed below shall be posted, or
a notice which describes the document and states where it may be examined
shall be posted in a sufficient number of places to permit individuals engaged in
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work under the license or registration to observe them on the way to or from any
particular work location to which the document applies:
a)
b)
c)
d)

CFR 10 Parts 19 & 20.
32 Illinois Administrative Code, Chapter 2, Parts 400 & 340.
The license, the license conditions and any documents
incorporated into the license by reference and amendments
thereto.
Any notice of violation involving radiological working conditions,
proposed imposition of civil penalty or order issued pursuant to
32 Illinois Administrative Code, Chapter 2, Part 310 and any
response from the licensee.

1.16 Security of Nuclear Testing Gauges
The security of nuclear testing gauges, while in a vehicle, has become an area of increased
concern. All who work with these gauges must take reasonable and prudent steps to
prevent the easy theft of this equipment from unattended vehicles, regardless of where the
vehicle is parked. The gauge operator and their supervisor shall review the usage and
storage of the devices to determine the most secure usage. The review needs to
concentrate on the least amount of risk of theft. The following is a list of guidelines which
can be used in this review.
1. The usage of triple lockage is strongly encouraged no matter where the gauge is
stored.

2.

3.
4.
5.

•

If a gauge operator is working out of the District or other permanent laboratory
office with only occasional testing, the nuclear gauge must be stored in a secure
location when not in use. Triple lockage is obtainable with the locked gauge
being placed in a locked closet or tool chest inside a locked building or work
trailer.

•

While the gauge is being transported in a vehicle, triple lockage is obtainable with
the locked transport case being placed in the vehicle, secured to the vehicle with
a locked cable or chain, with the vehicle being locked.
Nuclear gauges, stored overnight within the gauge transport case, must have
additional security measures taken which would prevent said case from being
opened or removed from the vehicle should the normal locking hasp become
inoperable. (i.e. a locked chain or cable should be placed around the case,
through the handles, which would not allow the chain or cable to be slipped off
the case and be physically attached to the vehicle).
If the gauge is taken to the operator’s place of residence, to be stored in the
locked vehicle, said vehicle should be parked inside of a locked garage, if
available.
Nuclear gauges or gauge transport cases, when unattended, must be locked
within the vehicle and must not be visible from the outside of the vehicle.
All gauge operators, storing nuclear gauges overnight within a locked vehicle,
must visually verify the presence of said gauge at the beginning of the next
working day.
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Under no circumstance, should a nuclear gauge be stored within a vehicle for
any extended period of time (i.e. gauge operator is away from work on vacation,
extended sick leave, leave of absence etc.). The nuclear gauge must be taken to
a suitable location as noted in (1) above.

1.17 Lending of Nuclear Gauges
The department’s use of nuclear moisture-density gauges is strictly controlled by the
conditions of the Radioactive Materials License as issued by the IEMA/DNS, as well as, the
regulations contained within the 32 Illinois Administrative Code, Chapter 2.
Under Part 340.810 of the above mentioned Code and Chapter, as the licensee, the
department is responsible for the safekeeping and security of equipment containing licensed
radioactive material including inventory control, leak testing and ensuring that only
authorized personnel are utilizing the devices. As such, the lending of any device containing
licensed material, to any other agency (i.e. contractor, consultant, local agency), either
licensed or not, does not permit IDOT to maintain the level of control that we are required to
exercise and places our Radioactive Materials License in jeopardy.
A number of years ago, districts lent gauges to city and county highway departments. The
practice of lending gauges to these agencies was due in part to the high cost of these
gauges. Since the advent of a statewide gauge contract, these agencies have been
afforded the opportunity to purchase their own nuclear gauges at our contract price leading
many to do so.
The lending of any gauge, by any district, to another agency is to be discontinued
immediately. Since all of the department’s nuclear gauges are inventoried, as perceived by
IEMA/DNS, under the license issued to the BMPR, failure to adhere to the above, again,
places the department’s statewide Radioactive Materials License and subsequently its
nuclear testing program in jeopardy.

1.18

Multiple Gauge Use

Under normal circumstances there is no need for a gauge operator to have and use more
than one nuclear moisture-density gauge in the field at any given time. It is highly
recommended that this practice not be used except under extenuating circumstances due to
the increased security risk. As all gauge operators should know, leaving a nuclear device
unattended and unsecured is strictly prohibited. Additionally, each gauge operator should
also know that while conducting tests another gauge must not be within 30 feet (9.1 meters)
of the gauge with which the test is being is performed, as said gauge could possibly interact
and influence test results.
The only exception to this condition is generally during the correlation operations of nuclear
gauges on QC/QA projects as a back-up gauge is required. Under these circumstances, the
second nuclear gauge must be kept at least 30 feet (9.1 meters) away, secured within the
vehicle, under normal security practices. With this in mind, either the primary or back-up
gauge, whichever is not being actually used, must be within the locked vehicle, out of sight
and secured with two separate locked physical restraints to prevent unauthorized removal.
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Incident Procedures

In order to provide for an expedient process to address the issues surrounding a nuclear
gauge involved in an accident or theft, specific steps have been established to insure the
safety of the public as well as addressing regulatory requirements. These processes have
been separated into five different areas, specific to five individuals, to ensure a chain of
communications so that all needed actions are completed. These procedures are aimed at
you as the gauge operator, the District RSO, the RPO, District Communications and
Communications Center (Station 1) located in the Hanley Building, Springfield, Illinois.
Familiarity with these processes should be made as past experience has demonstrated that
a lack of understanding can lead to an incomplete process and/or confusion in case of an
emergency.
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NUCLEAR MOISTURE-DENSITY GAUGE
INCIDENT PROCEDURES FOR NUCLEAR GAUGE OPERATORS

Gauge is physically damaged. (Example: Run over by a vehicle(s).)
Steps to be followed in order:
1.
2.
3.
4.
5.

Take care of injuries if there are any.
Stop vehicle and detain. Inform vehicle operator that his vehicle may
be contaminated. (Should vehicle leave the scene, call State Police
and have the vehicle detained for a radiation inspection.)
Survey the gauge for damage, if severe (case broken open, source
rod bent or broken) secure area, approximately 50 foot (15 meters)
diameter. Do not touch or move gauge unless absolutely necessary.
Make arrangements for traffic diversion if necessary.
Call district RSO

at Office

, Home

Cell
6.

If district RSO is not available, operator must call RPO, Dennis Rowe
or Trevor Satterlee at (Office) 217-782-1057, Rowe (Home) 217-4987924, Satterlee (Home) 217-563-8541. Give name, nature of
incident, location, and directions for reaching the location.

7.

If the district RSO and the RPO are not available, the gauge operator
must call the Illinois Emergency Management Agency/Division of
Nuclear Safety (IEMA/DNS) at 217-782-7860 or 800-782-7860. (This
is a 24-hour phone.) Items 5, 6, or 7 must be completed. Give name,
nature of incident, location, directions for reaching the location, and
any other information that may be requested.
If gauge is stolen, call local police and follow items 5 or 6.

8.
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Nuclear Moisture-Density Gauge Incident Procedures for District
Radiation Safety Officer (RSO)
Revised 10/16/2009

1. Ask caller for:
a. Name
b. Nature of Incident
c. Location
d. Directions to Location
e. Has Illinois Emergency Management Agency/Division of Nuclear Safety
(IEMA/DNS) been called at either 217-782-7860 or 800-782-7860
2. Are there injuries and do you need IMMEDIATE assistance?
3. If vehicles were involved have they been detained?

(If damage to gauge is

severe (case broken open, source rod broken or bent) vehicle must be surveyed
for radiation before release. Should the driver of the vehicle leave before the
vehicle has been declared safe, call State Police and have the vehicle detained
for radiation inspection.)
4. Call the RPO, Dennis Rowe or Trevor Satterlee at (Office) 217-782-1057,
(Home) Rowe, 217-498-7924, Satterlee, 217-563-8541. Give name, name of
operator, nature of incident, location and directions to reach location.
5. If neither of the RPOs are available, the RSO must call Springfield
Communications Center at 217-782-2937. (This is a 24-hour phone.) Give
name, name of operator, nature of incident, location and directions to reach
location.
6. Call District Communications and explain the situation. Ask them to standby to
assist operations as needed.
7. District RSO should check the area of the incident and the vehicle(s) for
contamination as soon as possible.
8. If gauge is stolen, see item 4 and make sure the gauge operator has notified the
local law enforcement agency.
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Nuclear Moisture-Density Gauge Incident Procedures for
Radiation Protection Officer (RPO)
Revised 10/16/2009

1. Ask caller for:
a. Name
b. Nature of Incident
c. Location
d. Phone number(s)
e. Directions to Location
f. Has Illinois Emergency Management Agency / Division of Nuclear Safety
(IEMA/DNS.) been called at either 217-782-7860 or 800-782-7860
g. Inform the caller you will call back as to whether the RPO or the Illinois
Radiological Response Team (IRAT) will be responding.
2. Check to see if transportation is available for the RPO to respond.
3. Return call to caller to inform them that the RPO can or cannot respond.
(Depending on transportation)
4. Call Illinois Emergency Management Agency/Division of Nuclear Safety
(IEMA/DNS) at 217-782-7860 or 800-782-7860. Inform them of the incident and
that you are or are not responding.
5. If the RPO is responding, the following items will be required:
A.

Ion chamber and CDV-700

B.

Lead Pig

C.

Tool Box

D.

Nuclear Emergency Response Kit., located in Calibration Bay
under desk.

E.

Safety vest and hat.

6. Record the time you leave BMPR and arrival time at location.
7. Recover and return gauge to BMPR.
Nuclear Regulatory Commission (312) 790-5500
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Nuclear Moisture-Density Gauge Incident Procedures for
District Communications
Revised 10/16/2009

1. Ask caller for:

(If caller is not district RSO)

a. Name
b. Nature of Incident
c. Location
d. Directions to Location
e. Are there any injuries?
2. If the caller is the district RSO, District Communications need only to standby to
assist the Communications Center at Springfield.
3. If the caller is the gauge operator or other person, they should be asked if:
a. Illinois Emergency Management Agency/Division of Nuclear Safety
(IEMA/DNS) has been notified at (217)782-7860 or (800)782-7860.
b. Has the RSO ________________ been called at Office _____________
Home________________?
c. Has the RPO, Dennis Rowe or Trevor Satterlee been called at (Office)
217-782-1057, Rowe (Home), 217-498-7924, Satterlee (Home) (217)5638541
d. If the answer is NO to either A, B or C, ask if you can make the call for the
caller.
4. If gauge is stolen, refer to item 3-B and 3-C.
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SECTION 40: NUCLEAR MOISTURE-DENSITY GAUGE
INCIDENT REPORTS

A nuclear moisture-density gauge is an engineering instrument used by IDOT engineers for
checking materials used in highway construction. Unusual incidents and/or accidents which
occur with these instruments are reported to the Communications Center (Station 1).
Procedures for handling calls pertaining to nuclear moisture-density gauge incidents are as
follows:

A.

Report from District Personnel:
Report of nuclear moisture-density gauge incident or accident from district personnel.
1.

Obtain name of person, phone number (or radio call number) making report.

2.

Request location of incident.

3.

Determine if district personnel have advised IEMA/DNS of incident.

4.

If IEMA/DNS has not been advised, call IEMA/DNS at 2-7860 and inform them of
incident details.

5.

Request IEMA/DNS to forward details to Illinois Radiological Assistance Team
(IRAT).

6.

If report is received during normal day shift, contact district dispatcher (if call
came direct from field personnel) and advise them of incident details.

7.

Report incident to one of the BMPR, Radiation Protection Officers (RPO) shown
below:
Name

Office Phone

Home Phone

Dennis Rowe

782-1057

498-7924

Trevor Satterlee

782-1057

563-8541

8.

Report incident to Duty Technician, who will in turn notify the Duty Officer.

9.

Take other actions as directed by above personnel.

10.

Enter all information in Dosimeter Control Log (DCL).

11.

If incident is reported during night, weekend, or holiday shift, underline all
information in DCL with red line.

12.

Determine if IRAT has been advised.

13.

If report received during normal day shift, contact district dispatcher and advise
them of reported details.

Extracted from Bureau of Operations Communications Operating Manuals
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Reports from IEMA/DNS:
Report of nuclear moisture-density gauge incident from IEMA/DNS.
1.

Obtain name of person making report.

2.

Obtain location of incident.

3.

Report incident to one of the BMPR, Radiation Protection Officers (RPO) listed
above.

4.

Report incident to Duty Technician, who will in turn notify the Duty Officer.

5.

Take other actions as directed by above personnel

6.

Enter all information in Dosimeter Control Log (DCL).

7.

If incident is reported during night, weekend, or holiday shifts, underline all
information in Dosimeter Control Log (DCL) with red line.

UPDATED 03-23-2007

Extracted from Bureau of Operations Communications Operating Manuals
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1.20 DISTRICT RADIATION SAFETY OFFICER RESPONSIBILITES

District Radiation Safety Officer Responsibilities
The District, On-Site Radiation Safety Officer (RSO) shall serve as the primary liaison for
communications between the nuclear gauge operator and the Illinois Department of
Transportation’s (IDOT), Bureau of Materials and Physical Research (BMPR), Radiation Safety
Officer, more commonly known as the Radiation Protection Officer (RPO), named on the
Department’s Radioactive Materials License, IL-01100-01, as issued by the IEMA/DNS. The
RPO will, in turn, act as the primary liaison for communications between IDOT and IEMA/DNS.
The responsibilities of the District RSO shall consist of but not be limited to the following:
1. Inventory control:
•
•
•

•

Knowing where all nuclear gauges are being used and stored at all times.
Performing required semi-annual (June 1 and December 1) radioactive source
leak testing to insure the integrity of all radioactive sources in accordance with
32 Illinois Administrative Code, Chapter 2, Part 340.410.
Performing required semi-annual (June 1 and December 1) surveys of all
temporary and permanent nuclear gauge storage facilities to ensure radiation
exposure to personnel in an unrestricted area is within the statutory limits, in
accordance with 32 Illinois Administrative Code, Chapter 2, Part 340.310.
Safe-keeping, currency, and compliance of all documentation related to IDOT’s
radioactive materials license and in accordance with 32 Illinois Administrative
Code, Chapter 2, Part 340.1110.

2. Nuclear gauge operator safety:
•
•
•

•

•

Field training in applications involving nuclear gauge use of all construction
materials being used (i.e. soils, HMA, aggregates and concrete).
Administration of recurrent HazMat training to all personnel utilizing licensed
radioactive materials as required by 49 CFR 172, Subpart H.
Radiation safety practices pursuant to transportation and use of all devices
containing licensed radioactive materials so as to promote IEMA/DNS’s “As Low
As Reasonably Achievable (ALARA)” policy, as defined in 32 Illinois
Administrative Code, Chapter 2, Part 310.20 regarding occupational exposure
to sources of radiation.
Any observed deficiencies in operational and/or radiation safety practices, that
may impact the Department’s ability to operate under the conditions of its
radioactive materials license may, at the discretion of the district RSO and /or
the RPO, be grounds for the immediate and possibly permanent removal of
authorization to possess and use any device containing licensed radioactive
material.
The district RSO shall be the first responder to any and all incidents involving
accidents and thefts of devices containing licensed radioactive materials
belonging to IDOT. This shall include the ability to respond immediately, 7 days
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per week and 24 hours per day when reasonably practical, anytime nuclear
gauges are assigned to personnel and field locations. Response to any incident
involving any device which contains licensed radioactive materials shall be in
accordance with applicable procedures outlined in “NUCLEAR MOISTUREDENSITY GAUGE INCIDENT PROCEDURES FOR DISTRICT RADIATION
SAFETY OFFICER”.
Control and personal distribution of all personnel radiation monitoring (i.e. film
badges) to all gauge users on a monthly basis as required in the Department’s
radioactive materials license and outlined in accordance with 32 Illinois
Administrative Code, Chapter 2, Part 340.210.
Provide an annual personnel monitoring report in writing to each individual
supplied a film badge to inform them: of both calendar year radiation exposure
doses and lifetime accumulated radiation exposure doses, in a timely manner in
accordance with 32 Illinois Administrative Code, Chapter 2, Part 400.130.

3. Nuclear gauge maintenance:
•
•

Periodic routine maintenance of all nuclear gauges to include cleaning and
visual inspections to verify the integrity of all gaskets and biological shielding.
Scheduling and transporting, of all devices containing licensed radioactive
material which require re-calibration and/or interim emergency repairs.
Transportation shall only be done so, by individuals who have successfully
completed the requirements of the S-34 Specific Task Training Program
Course “Radiation Safety and Density by the Nuclear Method” as approved by
IEMA/DNS and have additionally completed the required re-current triennial
HazMat training.
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Radiation Survey Instrumentation

Radiation detection instruments in the form of CDV-700 Geiger-Mueller (GM) survey meter,
more commonly known as Geiger counters, are provided to all district RSOs as a courtesy.
The use of these meters, since they are not kept in a calibrated state as required by
regulations to provide quantitative measurements, is strictly for indicative purposes only.
Geiger counters may be used as an initial investigative tool in the case of nuclear gauges
involved in incidents as well as the 180 day leak testing procedure to determine if a leaky
source exists. If, in either of the aforementioned cases, a source is leaking, or
contamination exists, these meters will indicate a level greater than their capability to
measure. If it is determined that a leak may exist, the measures outlined in the “Nuclear
Moisture-Density Gauge Incident Procedures for Nuclear Gauge Operators” should be
implemented and the site, gauge and/or leak test sample protected until proper authorities
have been notified and addressed all issues.
The BMPR nuclear laboratory maintains calibrated radiation detection instruments in the
form of an Eberline RO-3 and RO-20 ion chambers capable of making quantitative
measurements such as those required by the 180 day storage site survey requirements.
Under no circumstance, should a non-calibrated CDV-700 Geiger-Mueller (GM) survey
meter be used for making these measurements.
1.22

Recurrent Training Requirement

Since a nuclear gauge contains sufficient quantities of radioactive materials it is considered
to be hazardous materials. As a nuclear gauge operator or individual who transports
nuclear gauges, anyone who loads, unloads, transports or uses hazardous materials is
considered by the USDOT to be a hazardous materials employee. As such, you are
required to have adequate knowledge regarding the proper handling and transportation
regulations and meet the requirements of 49 CFR Part 172.
Additionally, as part of 49 CFR Part 172, hazardous materials employees are required to
receive and successfully complete recurrent training on a triennial basis. The Bureau of
Materials and Physical Research developed a PowerPointTM presentation to satisfy these
requirements. This presentation and its associated written exam have been distributed to
each district RSO and are administered on a three (3) year basis.
Upon the successful completion of the requirements of this course and its associated onehalf day field training under the direct supervision of the district RSO and/or the recurrent
training presentation, you, as a hazardous materials employee, will be issued a Nuclear
Gauge Operator Card. This card must be carried by the employee, whenever using or
transporting nuclear gauges, and, when requested by competent authorities such as
IEMA/DNS or USDOT personnel, must be presented as proof of training.
1.23

Licensing

The BMPR has been licensed by the IEMA/DNS to posses licensed material sealed sources
and will act as correspondent for all districts. The IEMA/DNS requires the registration of all
gauges as noted in 32 Illinois Administrative Code, Chapter 2, Part 320.10. The IEMA/DNS
also provides periodic inspections of all districts using 32 Illinois Administrative Code,
Chapter 2 and the Radioactive Materials License as a guide.
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Reports and Records

Accountability Log - A permanent record shall be kept of the issue and return of all
radioactive sources from the restricted area. This record shall include:
a.
Model and serial number of device issued and returned.
b.
Date of issuance and return.
c.
Purpose of issuance.
d.
Signature of person to whom source or device is issued.
e.
Signature of individual certifying return.
This log shall be current and available to the IEMA/DNS upon request.
Radioactive Material Inventory – A list of all source devices assigned to the restricted area
shall be maintained (may be part of the Accountable Log). Periodic physical inventories will
be accomplished every six months and discrepancies due to loss or theft shall be reported
immediately to the BMPR, as well as to IEMA/DNS.
Leak testing of all licensed material sealed sources shall also be conducted on a six-month
basis and the results in microcuries of each test will be recorded with the date on a
permanent record available for review by the IEMA/DNS (see Leak Testing).
Personnel Monitoring Records – A record shall be maintained of the annual cumulative
dosage and total cumulative dosage for each individual monitored.
Annual reading above the limits prescribed in 32 Illinois Administrative Code, Chapter 2,
Part 340.210 are to be reported to IEMA/DNS in accordance with 32 Illinois Administrative
Code, Chapter 2, Part 340.1230.
Readings of this magnitude will be the subject of an immediate investigation by the
IEMA/DNS and IDOT. It is IDOT’s responsibility to see that the proper reports are made and
a permanent record is maintained in each District or Bureau (32 Illinois Administrative Code,
Chapter 2, Parts 340.1230 and 340.1250).
Area Exposure Records – Records shall be kept of radiation levels monitored at regular
periods throughout the year in unrestricted areas (defined 32 Illinois Administrative Code,
Chapter 2, Part 340.310) adjacent to restricted areas. It may be necessary to estimate
individual exposures if the unrestricted area is used infrequently or if the sources in the
restricted area are frequently moved.
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2. GAUGE MAINTENANCE
WARNING! There is a risk of electrical shock from contact with internal components of
the gauge. Do not open the gauge unless you have to change a fuse or
reset a circuit breaker and have been trained in the proper procedures for
doing so.
SPECIAL NOTICE No Maintenance on the gauge (other than fuse replacement) may be
performed by the user. All repairs must be done by the BMPR’s
nuclear laboratory or the manufacturer.
2.1

Cleaning the Gauge
During the normal use of the nuclear gauge, you, as the gauge operator, will be required
to clean the gauge periodically. It is very important that the gauge is kept clean to insure
its continued accuracy and proper shielding of the source.
No attempt should be made to perform any maintenance on the gauge without wearing
your film badge. Always stand behind or to the side of the gauge while cleaning or
removing the bottom plate assembly.
DO NOT REMOVE THE SOURCE ROD!!! To do so would expose you to an
unnecessarily high dose of radiation and would be in violation of federal and state
regulations.
Keep the gauge shell and keypad or control panel clean. Gently wipe the display window
with a soft damp cloth using care not to cause scratching of the surface. These windows
scratch very easily and once scratched must be replaced.
Periodically inspect the gauge to insure the integrity of all gaskets and seals. Inspect for
any openings which could allow the introduction of moisture or any other contamination
into the gauge. If any such problems are found, arrangements should be made to send
the gauge to the BMPR’s nuclear lab for repairs.
The base of the gauge should be kept as free of material build-up as possible. Material
remaining on the gauge base can cause errors in the information generated by the
gauge. When the gauge has been used on HMA, the base should be cleaned of all HMA
and mineral filler with a non-hydrocarbon based solvent. Solvent 140 or one of the citrus
based solvents available are recommended. DO NOT use diesel fuel, kerosene, gasoline,
etc.
The gauge will require cleaning of the sliding shield and its cavity. This area should be
cleaned at least once a week and more often if the gauge has been used on sandy or
silty materials, or if mineral filler has been used. This requires the removal of the bottom
plate located on the base of the gauge. The source handle must be locked in the safe
position and the base of the gauge must face away from the operator during this procedure.
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Standing behind the gauge, remove the plate and inspect it to determine if the scraper ring,
which is mounted in the plate, is intact and floating freely in its groove. If the scraper ring
appears to be binding due to excessive amounts of material being deposited around it,
removal will be necessary. This requires the removal of the “c” clip which retains the
scraper ring. Once the clip and ring have been removed, wipe them and the hole clean.
Reassemble, with the wide lip of the scraper ring against the “c” clip.
Next remove and clean the sliding shield and spring. Clean the sliding shield cavity
using a long handled brush. Care should be taken to remove any unwanted material
without removing the dry lubrication that was applied during calibration to the bottom
plate, sliding shield, and sliding shield cavity.
DO NOT touch the source rod with your hand and DO NOT look directly into the cavity.
Use a mirror to examine the cavity if necessary.
When reinstalling the sliding shield, verify that the spring has sufficient pressure to hold the
shield tightly in place with no gap between the shield and the cavity wall opposite to spring.
This is necessary to insure proper shielding of the source rod. No additional lubrication
such as grease or oil should be used during reassembly.
Once the gauge has been reassembled, the source rod should be lowered through the
bottom plate (source rod depth of 2 inches (50 mm) or greater) to verify proper assembly
and alignment of the bottom plate and sliding shield. This should be done quickly and in
such a manner as to keep the exposure from the source to a minimum.
2.2

Battery Maintenance
Rechargeable batteries have a memory and repeated needless charging will shorten battery
life. Therefore, batteries should only be charged when the gauge indicates that it is
necessary. When charging becomes necessary the A.C. charger should be used.
In an emergency, where it becomes necessary to finish out the day and the gauge goes
dead, the D.C. adapter can be used. A 30 minute charge will provide several hours use.
After the day has been finished, the gauge should receive a full charge with the A.C.
charger.
Troxler 3401B – A battery low condition would be indicated by “BAT” being displayed in
the left hand side of the scaler window. The 3401B model gauge requires a 14 hour
charge.
Troxler 3440 – A display of “<Batteries low!>” at the bottom of the display window
indicates that the 3440 needs to be charged. It should be charged for 16 hours and only
a full 16 hour charge will reset the battery life indicator. When the 3440 gauge is
plugged into the charger it should automatically power-up, and once it reaches a full
charge it should automatically shut off.
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Troxler 3401B, 3411 & 3440 – If the gauge fails to power-up when turned on, this could
also indicate a low battery condition. First, plug the charger into the gauge and observe if
it will not power-up.
Gauge will power-up – Unplug the charger from the gauge, if it stays on momentarily, the
gauge’s batteries are probably low, and they should be charged for the full charging
cycle. If it shuts off immediately, a check of the fuses or the circuit breaker should be
made by removing the scaler to access the inside of the gauge. Use caution to avoid
contact with the high voltage circuits once the scaler is removed. Whether your particular
gauge has fuses, a circuit breaker, or neither depends upon the gauge model and serial
number. If no problems are found, notify your supervisor because repairs may be
necessary.
Gauge will not power-up – Verify that the charger is operational. If it is, notify your
supervisor because repairs may be necessary.
Humboldt 5001P & 5001C – These gauges make use of alkaline batteries which are
NOT rechargeable. If a low battery condition exists, the batteries must be replaced.
Some 5001P models use 6 “D” cells; these gauges should be returned to the BMPR’s
nuclear lab for battery replacement. Some 5001P models and all 5001C models use 6 “AA”
cells; these batteries may be changed at the district level if it becomes necessary.
The 5001P model gauge will display “LO BAT” in the upper left side of the depth display
window for a low battery condition. The 5001C model will display “LO BAT” in the upper
left of the status display window when the batteries are low.
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If the gauge will not power-up, the scaler must be removed and the circuit breaker
checked to verify that it has not been tripped. If the gauge is allowed to become too hot,
it is possible that the breaker will trip due to the excessive heat. If the breaker is not
tripped or has been reset and the gauge still will not power-up, then the batteries should
be replaced with new cells of the same type and size. If, after replacing the batteries, the
gauge still will not power-up, notify your supervisor because repairs may be necessary.
3. GAUGE OPERATION
The following section is intended to provide general information and procedures to aid the
gauge operator in performing the most common tasks that one would encounter in the
field. It is not intended to replace the gauge manufacturer’s operation and instruction
manual. As required by regulations, the manufacturer’s manual should be present at the
job site at all times. Read the manual, become familiar with it, and should any questions
arise concerning proper gauge operation, refer to it.
3.1

Gauge Measurement and Detection Systems
The nuclear moisture/density gauge has two independent source/detector systems which
share a common electronic means of counting and displaying the output of the detectors.

3.2

Density Measurement System
The density system consists of a Cs-137 source and two Geiger-Mueller detectors with
amplifiers. The source is a glass bead approximately 0.60 inch (1.5 mm) in diameter,
double encapsulated in stainless steel. This capsule is welded to the end of the source rod
so as to enable the gauge operator to lower the source into the material to be tested.
The Cs-137 source emits gamma ray photons. After passing through the material being
tested, some of these photons strike the detectors which in turn generate an electronic
pulse. The number of these photons that reach the detectors is determined by several
factors which are too complex to address in this brief discussion. Let us just say for the
sake of simplicity, that as the density of the material being tested increases, the number
of photons reaching the detectors decreases.
The pulses from the detectors are amplified and counted by the gauge’s electronic
circuits. This resulting count is then used by the gauge to calculate and display the
desired density information, or in the case of the 3401-B, the counts are simply displayed
and the operator must perform the calculations.

3.3

Moisture Measurement System
The moisture system consists of an Am-241/Be source and one He3 detector and
amplifier. The source is in the form of a pressed pellet double encapsulated in stainless
steel. This source is mounted in the base of the gauge in a permanent backscatter
position.
The Am-241/Be source emits 70,000 neutrons per second. These neutrons are classified,
as a result of their high energy level, as fast neutrons. When fast neutrons collide with
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hydrogen atoms (such as those found in water) they are slowed to a much lower velocity.
These slower neutrons are called thermal neutrons.
Once a neutron emitted from the Am-241/Be source passes through the material being
tested collides with 19 hydrogen atoms, it becomes thermalized. If it then contacts the He3
detector an electronic pulse is generated.
The pulses from the detector are amplified and counted by the gauge’s electronic circuits.
This resulting count is used by the gauge to calculate and display the desired moisture
related information, or in the case of the 3401-B, the counts are simply displayed and the
operator must perform the calculations.
The depth of the moisture measurement, or the depth at which 98% of the counted neutrons
pass before reaching the detector, is generally a function of the moisture content of the
material being tested. This function can be expressed by:
DEPTH (inches) = 11 – (0.17 x M), where M is Moisture in PCF
Note:

3.4

There are elements that absorb neutrons such as boron, cadmium, and
chlorine that could cause problems when attempting to measure moisture.
A special calibration may be required for the gauge if moisture measurements
are required in materials with significant amounts of these elements.

Gauge Geometry
Gauge geometry refers to the physical relationship between the gauge’s source and its
detectors, and thus the paths that the radioactive emissions of the source must travel to
reach the detectors. The nuclear moisture/density gauge has two such geometries or
modes of operation that the gauge operator should be familiar with. These are
backscatter and direct transmission.

3.5

Backscatter
The backscatter mode is used by both the density and moisture measurement portions of
the gauge.
For density measurements in the backscatter mode, the source rod handle is placed in
the first notch down from the safe position on the index rod. In this position the Cs-137
source is not extended past the base of the gauge. It is however no longer shielded as it
was when in the safe position.
For moisture measurements the Am-241/Be source is stationed permanently in the
backscatter position, so all moisture measurements are taken in this position.
Regardless of the measurement being taken, when the backscatter mode is used, the
photons or the neutrons must be scattered (or reflected) at least once to reach the
detectors. This reflected radioactivity is what is counted by the gauge to provide the
desired measurement.
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Direct Transmission
The direct transmission mode is used only by the density measurement portion of the
gauge.
For density measurements in the direct transmission mode, the source rod is lowered into
the material to be tested by placing the source rod handle in the notch of the index rod
that corresponds with the desired depth of measurement. In this mode the Cs-137 source
is now extended past the base of the gauge to a depth of, from 2 inches (50 mm) – 8 inches
(200 mm), some gauges measure depths up to 12 inches (300 mm).
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In the direct transmission mode, the photons emitted from the source which reach the
detectors, must travel through the material under test. While passing through the
material, the photons collide with the atoms of which the material is made. As a result of
these collisions, some of the photons are prevented from reaching the detectors. When the
density of the material being tested increases, the number of photons reaching the detectors
decreases. The photons that reach the detectors can then be counted by the gauge to
determine the density of the material.

3.7

Count Time
When a test is to be run using the nuclear gauge, time duration for the test must be
selected.
The nuclear gauge has three time options which are: 15 seconds of FAST, 1 minute or
NORM, and 4 minutes or SLOW. As the count time increases, the confidence level of the
count increases as well. The confidence level of a 15 second count is 37%, 1 minute is
64%, and 4 minutes is 95%.
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When a standard count is to be taken using a gauge which has a standard count function
key (3440, 5001P & 5001C models), the count time will automatically be set to 4 minutes
by the gauge. For the model 3401B, a 4 minute count time must be manually selected.
3.8

Standard Count
As discussed earlier, the nuclear sources in the gauge are continually in a state of decay.
To compensate for this slow reduction of the radioactive emissions, it is necessary to
periodically “adjust” the counts produced by the gauge. This “adjustment” is
accomplished by taking a daily standard count with the gauge sitting on a reference
standard block. This standard count must be taken each time the gauge is turned on.
The following rules should be observed when taking the standard count:
1. The gauge must be turned on and allowed to warm up for at least 20 minutes
before test counts can be taken. If the gauge is turned “off” and then turned
“on” again, another warm-up period and new standard count is required.
2. All standard counts should be taken with the reference block resting flat on
material that has a known density of 100 PCF (1602 kg/m3) or greater and a
moisture content of 15 PCF (240 kg/m3) or less.
3. All reference standard counts should be taken a minimum of 30 feet (9.1 m) away
from another gauge and a minimum of 15 feet (4.6 m) from any other mass.
4. All reference standard counts should be taken using a count time of 4 minutes. This
time will be automatically set on all gauge models, with the exception of the 3401B,
which must be manually set on the SLOW time setting.
5. The reference block is labeled with the serial number of the gauge to which it
belongs. DO NOT use a reference block under a gauge that does not belong to that
gauge; they are not interchangeable.
6. Remove the lock from the source rod handle, leaving the source rod in the safe
position. Apply slight momentary downward pressure to the source rod handle on
Troxler gauges to verify that it is properly seated in the safe position notch of the
index rod. On some Humboldt gauges, verify that the gauge is locked in the safe
position by rotating the locking mechanism fully clockwise.
7. Keep yourself and others at least 6 feet (1.8 m) away from the gauge while counts
are being taken. Do not leave the gauge unattended!
Care should be taken to assure that the reference block is positioned under the gauge
properly. Be aware that the Humboldt gauge is placed on the reference block with the
metal bumper plate pressed firmly to the source rod end of the gauge. The Troxler
gauge is to be placed on its reference block with the metal bumper plate pressed firmly
against the gauge end opposite the source rod. Additionally, the gauge, regardless of
manufacturer, should be seated firmly against the left side rail of the block.
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PROPER GAUGE ORIENTATION ON THE REFERENCE BLOCK
WHEN TAKING STANDARD COUNTS

Once the standard count is completed, the resulting moisture and density counts should
be recorded in the standard count log. These counts should be compared to the average
of the last four standard counts and the percent of change should be determined using
the formula:
Average of Last Four Standard Counts – New Standard Count
---------------------------------------------------------------------------------- x 100 = % Change
Average of Last Four Standard Counts

This percent of change is referred to as the gauge’s daily drift. The daily drift should be
no greater than 1% for density and 2% for moisture.
Note: The Troxler 3440 will perform this task automatically and display the results
indicating whether the new standard count has passed or failed. If the
standard counts fail to fall below this limit, you are allowed to take another
standard count. If it fails a second time, then the gauge may be
malfunctioning. Report this to your supervisor.
Note: If the gauge has not been used and thus a standard count not taken for an
extended period of time, it is possible that the new standard count will fall
outside the drift limits, even though it is a valid count. Should this happen, a
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new standard count base can be established by taking the average of a
series of four new standard counts. This average would then be used for
comparison to future standard counts.
Additionally, the gauge’s standard counts should not exceed a long term drift limit of 3%
for density and 6% for moisture. This limit would generally be a comparison of the daily
standard count against the standard counts taken at the time of the last calibration.
3.9

Calibration
To ensure the continued reliability and accuracy of all nuclear gauges used by IDOT, a
comprehensive maintenance/calibration program is administered by the BMPR’s nuclear
laboratory.
Once each year the districts are required to send their gauges to Springfield, where they are
cleaned, serviced, and calibrated. All of the gauge’s mechanical and electronic systems are
inspected and then serviced as required.
When a gauge is calibrated, it is subjected to a statistical stability test, a short term drift
test, and a five block calibration. Calibration standards shall consist of magnesium,
aluminum, laminated magnesium/aluminum, granite, and limestone blocks. A sixth
calibration standard, utilized for moisture calibrations, shall consist of either laminated
magnesium/polyethylene or laminated aluminum/polyethylene. The counts, which are taken
on each block at every source rod position (backscatter, 2 inches (50 mm) – 8 inches (200
mm) and 10 inches (250 mm) and 12 inches (300 mm) if applicable) are used to generate
calibration curves for soils with a density range of 70-170 PCF (1121-2723 kg/m3). A sixth
block made of laminated magnesium/polyethylene layers is used in conjunction with the
magnesium block to produce a moisture calibration line that is valid for moisture contents of
0-40 PCF (0-640 kg/m3).
After completion of the calibration process, the gauge is then tested to verify its
accuracy by taking test counts on materials of known moisture and density. Once the
gauge has been found to read accurately using the new calibration data, it is returned to
the district.
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4. FIELD OPERATION PROCEDURES
4.1

MODEL 3401B ON HOT MIX ASPHALT (HMA)
1. Turn the power switch on at least 20 minutes prior to testing to stabilize the
detectors.
2. Standard counts shall be taken at the start of each day of whenever the gauge is
turned on. The standard count procedure is as follows:
a) Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or more
and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet (4.6 m)
from any mass and 30 feet (9.1 m) from another gauge.
b) Place the gauge on the reference standard scaler end against the metal bumper
plate, between the raised edges, firmly seated to the left side rail.
Proper Positioning of the Gauge on the Reference Standard

c) Remove the padlock, leaving the source rod in the safe position. Apply
slight momentary downward pressure to the source rod handle to verify
that it is properly seated in the safe position notch of the index rod.
d) Place the PWR/TIME switch in the SLOW (4 minute) position and press the
START switch. Keep yourself and others at least 6 feet (1.8 m) from the gauge
while the ERR symbol is in the display window, indicating that the gauge is
counting. Do not leave the gauge unattended!
e) When the ERR symbol disappears, use the DISPLAY knob to view and
then record the moisture and density standard counts.
3. Pick a site that is representative of the material to be tested.
4. Fill surface voids with mineral filler and scrape off surplus (only the high points of the
mix should show through the mineral filler). Place the gauge on the prepared site.
5. Starting with the gauge in the safe position, press the trigger and push the source
rod down to the next notch. Verify that it is now seated in the backscatter position
notch of the index rod by placing slight downward pressure on the source rod
handle.
6. Set the PWR/TIME switch to the NORM (1 min.) position. If time permits, use the
SLOW (4 min.) position for a higher degree of confidence. Press the START switch,
and keep yourself and others at least 6 feet (1.8 m) away from the gauge while
counts are being taken. Do not leave the gauge unattended!
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7. When the ERR symbol disappears, use the DISPLAY knob to view and then record
the density count.
8. Divide the density count by the density standard count to obtain the density count
ratio. Locate the count ratio on the backscatter page in the gauge’s field manual
and record the corresponding wet density in PCF.
9. Multiply the “D” (specific gravity furnished by the laboratory) by 62.37. This
converts the “D” value to PCF. Divide the gauge wet density by “D” in PCF, and then
multiply by 100. The resulting value is the percent of compaction.
10. Corrections will be made to nuclear HMA density determinations utilizing the
following procedure when crushed slag (“D” less than 2.40), steel slag (“D” greater
than 2.60), and other materials (expanded shales etc.) with similarly high or low “D”
values are used. Corrections will also be made when the nominal plan thickness is
one and one-half inches (38 mm) or less provided the correction is greater than onehalf PCF. Corrections to the first thin lift over a rotomilled base are not
recommended without extreme care and caution. Method II may be used in place of
Method I.
a) Before the job starts up, or ahead of the paver, take at least ten density
determinations in an area that is representative of a significant portion of
the base to be overlaid.
b) The ten base determinations shall be performed following the standard
operating procedures in items 3-10 above. The determinations shall be
taken diagonally across the base if possible to prevent undue influence of
cracks on the determinations.
c) Next, average the ten determinations taken on the base. Then using the
nomograph (3401 revised 4-15-86) in Section 6-14, place a mark on the vertical
line at the left labeled “DENSITY OF BOTTOM LAYER (PCF)” at the
corresponding pounds per cubic foot.
d) Perform the density determinations required using the standard operating
procedures in items 3-10 above. Take several thickness measurements to
an accuracy of 1/10th inch (2.54 mm) at each of the five determinations per
location and compute the average thickness.
e) At the bottom of the nomograph find the line for the average thickness
measured. Move up this line to the horizontal line labeled on the right with
the wet density determined by the gauge. Where these two lines intersect,
make a mark.
f) Carefully draw a straight line from the mark on the left side of the
nomograph made in step “c” through the mark made in step- ”e” extending
the line until it intersects the right most line labeled “DENSITY OF TOP
LAYER AND GAUGE DENSITY (PCF).”
g) Read the actual density of the mat where the line intersects the “DENSITY
OF TOP LAYER AND GAUGE DENSITY (PCF)” line to the right side of the
nomograph.
h) Convert the wet density to percent compaction following the standard operating
procedures in item 9.
4.2

MODEL 3401B ON SOIL AND BASE COURSES
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1. Turn the power switch on at least 20 minutes prior to testing to stabilize the
detectors.
2. Standard counts shall be taken at the start of each day or whenever the gauge is
turned on. The standard count procedure is as follows:
a. Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or more
and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet (4.6 m)
from any mass and 30 feet (9.1 m) from another gauge.
b. Place the gauge on the reference standard scaler end against the metal bumper
plate, between the raised edges, firmly seated to the left side rail.
Proper Positioning of the gauge on the Reference Standard

3.
4.
5.
6.

7.
8.

9.

c. Remove the padlock, leaving the source rod in the safe position. Apply
slight momentary downward pressure to the source rod handle to verify
that it is properly seated in the safe position notch of the index rod.
d. Place the PWR/TIME switch in the SLOW (4 minute) position and press
the START switch. Keep yourself and others at least 6 feet (1.8 m) from the
gauge while the ERR symbol is in the display window, indicating that the gauge
is counting. Do not leave the gauge unattended!
e. When the ERR symbol disappears, use the DISPLAY knob to view and
then record the moisture and density standard counts.
Pick a site to test that is representative of the material to be tested.
Use a shovel or call in a blade to first prepare the test area.
Finish smoothing out the test area with the edge of the drill rod guide plate, filling in
the voids with native fines.
Using the drill rod and drill rod guide, drive a hole at least 2 inches (50 mm) deeper
that the desired test depth (if the hole is more than 2 inches (50 mm) deeper it does
not matter). Remove the drill rod by rotating and pulling straight up. DO NOT loosen
the drill rod by moving or tapping it from side to side; this will distort the shape of the
hole and could cause errors in the counts taken by the gauge.
Place the source rod in the hole to the desired depth of measurement. Use care in
placing the source rod in the hole so as not to damage the sidewalls of the hole or
the area around it.
Pull the gauge so that the source rod is in firm contact with the side of the hole
toward the scaler end of the gauge. Also, check to assure that the source rod is
still seated in the bottom of the notch by applying slight momentary downward
pressure to the gauge handle.
Set the PWR/TIME switch to the NORM (1 min.) position. If time permits, use the
SLOW (4 min.) position for a higher degree of confidence. Press the START

Page 47 of 89
HARD COPIES UNCONTROLLED

S-34 Specific Task Training Program Course
Radiation Safety and
Density by the Nuclear Method

Revised March 2, 2010

switch and keep yourself and others at least 6 feet (1.8 m) away from the gauge
while counts are being taken. Do not leave the gauge unattended!
10. When the ERR symbol disappears, use the DISPLAY knob to view and then record
the moisture and density counts.
11. Depress the trigger and return the source rod to the safe position. Replace the
padlock.
12. Divide the density measurement count by the density standard count to obtain the
density count ratio. Divide the moisture measurement count by the moisture
standard count to obtain the moisture count ratio.
13. Locate these ratios, which are listed on the page for the depth at which the test was
run, in the gauge’s field manual. Record the corresponding wet density PCF and
moisture PCF.
14. Subtract the moisture PCF from the wet density PCF to obtain the dry density PCF.
15. Divide moisture PCF by dry density PCF, then multiply the result by 100 to obtain
percent (%) moisture. ∗
16. Divide the percent (%) moisture by the Proctor moisture, and then multiply the result
by 100 to obtain percent (%) optimum moisture.
17. Divide dry density by the standard dry density (SDD) and multiply the result by 100 to
obtain percent (%) compaction.
∗

Moisture samples for oven dry tests should be obtained at each point of test
(approximately 10) on each soil that has not previously been tested by nuclear gauge
to verify the moisture curve or to determine an adjustment factor, if necessary. All
oven dry results must be converted to PCF.

Example:

Oven Dry in % X Gauge Wet Density
______________________________ = Moisture in PCF
Oven Dry in % + 100
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MODEL 3440 ON HOT MIX ASPHALT (HMA)
1. Turn on the gauge at least 20 minutes prior to testing to stabilize the detectors.
WARNING: Do not turn the gauge off during the 300 second self-test.
2. Standard counts shall be taken at the start of each day or whenever the gauge is
turned on. The standard count procedure is an follows:
a)

Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or
more and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet
(4.6 m) from any mass and 30 feet (9.1 m) from another gauge.

b)

Place the gauge on the reference standard scaler end against the metal
bumper plate, between the raised edges, firmly seated to the left side rail.

Proper Positioning of the Gauge on the Reference Standard

c) Remove the padlock, leaving the source rod in the safe position. Apply
slight momentary downward pressure to the source rod handle to verify
that it is properly seated in the safe position notch of the index rod.
d) Press the STANDARD key. The gauge will display the current standard
count and ask if you would like to take a new count.
e) Press the YES key. The gauge will display the message: “Is gauge on
reference standard with handle in the safe position?” Pressing the YES
key will start the four minute standard count. Keep yourself and others at
least 6 feet (1.8 m) away from the gauge whenever counts are being taken.
Do not leave the gauge unattended!
f)

When the count is complete, the gauge will beep and display the new
standard count, the percent of change, indicate whether the counts pass
(P) or (F), and ask if you want to use the new counts.
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g) If both counts pass press the YES key. If either count fails, press the
NO/CE key, check that the gauge is positioned on the block properly, and
return to step “d” above. You are allowed to try a second time to obtain a
good standard count. If the standard count fails for the second time, then
there may be a problem with the gauge. Report this to your supervisor.
h) Record the standard counts in the standard count log.
3. Select the test mode by pressing SHIFT then MODE. The gauge will then display
the current mode (soils or asphalt) and ask if you want to change modes. Press 2
to select the asphalt mode if the gauge is in soils. Then the gauge will prompt you
to select either 1 for % Marshall or 2 for % Voids. If the gauge is already in asphalt
mode and the desired % Marshall or % Voids is selected, then press NO/CE to abort
this function.
4. Select a test time by pressing the TIME key, then choosing the desired time from
the menu. Select the one minute test time by pressing the 2 key. If time permits,
the four minute test time, which gives a higher degree of confidence, should be
selected.
5. Pick a site to test that is representative of the material to be tested.
6. Fill surface voids with mineral filler and scrape off surplus such that only the high
points of the mix show through the filler.
7. Place the gauge on the prepared site.
8. Depress the trigger and place the source rod in the backscatter position (first notch
down from the safe position). The gauge should display a depth of BACKSCAT.
Apply slight momentary downward pressure on the source rod handle to verify that
it is seated firmly in the backscatter notch of the index rod.
9. Press the START/ENTER key to begin the test. Keep yourself and others at least
6 feet (1.8 m) away from the gauge while counts are being taken. Do not leave the
gauge unattended!
10. When the test is complete, the gauge will display:
%MA WD M%M %VOIDS -

percent Marshall
wet density
moisture
percent moisture
percent voids

11. Convert the wet density determination in PCF to percent (%) compaction by the
following method:
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Multiply the “D” (specific gravity furnished by the laboratory) by 62.37. This
converts the specific gravity to PCF. Then divide the gauge wet density by “D” (in
PCF) and multiply by 100. The resulting answer is the percent (%) compaction.
Note:
The gauge will not calculate the percent (%) Marshall or the percent (%)
voids without previously entering the correct Marshall (in PCF (Kg/m3))) for the mix.
This would be accomplished using the PROCTOR/MARSHALL key.
4.4

MODEL 3440 ON SOILS AND BASE COURSES
1. Turn on the gauge at least 20 minutes prior to testing to stabilize the detectors.
WARNING: Do not turn the gauge off during the 300 second self-test.
2. Standard counts shall be taken at the start of each day or whenever the gauge is
turned on. The standard count procedure is as follows:
a. Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or more
and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet (4.6 m)
from any mass and 30 feet (9.1 m) from another gauge.
b. Place the gauge on the reference standard scaler end against the metal bumper
plate, between the raised edges, firmly seated to the left side rail.

Proper Positioning of the Gauge on the Reference Standard

c. Remove the padlock, leaving the source rod in the safe position. Apply slight
momentary downward pressure to the source rod handle to verify that it is
properly seated in the safe position notch of the index rod.
d. Press the STANDARD key. The gauge will display the current standard count
and ask if you would like to take a new count.
e. Press the YES key. The gauge will display the message: “Is gauge on reference
standard with handle in the safe position?” Pressing the YES key will start the
four minute standard count. Keep yourself and others at least 6 feet (1.8 m) from
the gauge while counts are being taken. Do not leave the gauge unattended!
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When the count is complete, the gauge will beep and display the new standard
count, the percent of change, indicate whether the counts pass (P) or fail (F), and
ask if you want to use the new counts.

g. If both counts pass press the YES key. If either count fails, press the NO/CE
key, check that the gauge is positioned on the block properly, and return to step
“d” above. You are allowed to try a second time to obtain a good standard count.
h. If the standard count fails for the second time, then there may be a problem with
the gauge. Report this to your supervisor.
i.

Record the standard counts in the standard count log.

3. Select the test mode by pressing SHIFT then MODE. The gauge will then display
the current mode (soils or asphalt) and ask if you want to change modes. Press 1
to select the soils mode if the gauge is in asphalt. If the gauge is already in soils
mode then press NO/CE to abort this function.
4. Select the test time by pressing the TIME key, then selecting the desired time from
the menu. Select the one minute time by pressing the 2 key. If time permits, then
the four minute test time, which gives a higher degree of confidence, should be
selected.
5. Pick a site to test that is representative of the material to be tested.
6. Use a shovel or call in a blade to first prepare the test area.
7. Finish smoothing out the test area with the edge of the drill rod guide plate, filling in
the voids with native fines.
8. Using the drill rod and drill rod guide, drive a hole at least 2 inches (50 mm) deeper
that the desired test depth (if the hole is more than 2 inches (50 mm) deeper it does
not matter). Remove the drill rod by rotating and pulling straight up. DO NOT
loosen the drill rod by moving or tapping it from side to side, this will distort the
shape of the hole and could cause errors in the counts taken by the gauge.
9. Place the source rod in the hole to the desired depth of measurement. Use care in
placing the source rod in the hole so as not to damage the sidewalls of the hole or
the area around it.
10. Pull the gauge so that the source rod is in firm contact with the side of the hole
toward the scaler end of the gauge. Also, check to assure that the source rod is
still seated in the bottom of the notch by applying slight momentary downward
pressure to the gauge handle.
11. Press the START/ENTER key to start the test. Keep yourself and others at least 6
feet (1.8 m) away from the gauge while counts are being taken. Do not leave the
gauge unattended!
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12. When the test is completed the gauge will display the following:
%PR DD WD M∗ %M ∗

∗

4.5

Percent Proctor
Dry Density
Wet Density
Moisture
Percent Moisture

Moisture samples for oven dry tests should be obtained at each point of test
(approximately 10) on each soil that has not previously been tested by nuclear
gauge to verify the moisture curve or to determine an adjustment factor, if
necessary.
Note: The gauge will not calculate or display the percent (%) Proctor without
previously entering the correct Proctor (S.D.D.) in (PCF (Kg/m3) for the material.
This would be accomplished through the use of the PROCTOR/MARSHALL key.

MODEL 5001P ON HOT MIX ASPHALT (HMA)
1. Turn on gauge at least 20 minutes prior to testing to stabilize the detectors. If
“LO BAT” is displayed at any time, replace batteries at next opportunity.
2. Standard counts shall be taken at the start of each day or whenever the gauge is
turned on. The standard count procedure is as follows:
a) Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or more
and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet (4.6 m)
from any mass and 30 feet (9.1 m) from another gauge.
b) Place the gauge on the reference standard, between the raised edges,
with the source end of the gauge seated firmly against the handle of the
standard and the left side rail.

Proper Positioning of the Gauge on the Reference Standard
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c) Remove the padlock, leaving the source rod handle in the safe, topmost
position. Verify that the handle is locked in the safe position notch of the
index rod by firmly rotating the locking mechanism fully clockwise.
d) Press the SHIFT ad STD keys at the same time to start the count. Keep
yourself and others at least 6 feet (1.8 m) from the gauge while the counts are
being taken. Do not leave the gauge unattended! The DEPTH display will
indicate “C” while the gauge is counting. After the count is complete, the
“C” will disappear and the standard count will be stored by the processor
for later use. Standard counts may be recalled at any time by pressing DS
for density standard and MS for moisture standard.
Note: Standard Counts are to be recorded in a standard count book each day the
gauge is used. The density standard must be within 1% and the moisture
standard must be within 2% of the average of the last 4 daily standard counts
respectively.
3. Pick a site to test that is representative of the material to be tested.
4. Fill surface voids with mineral filler; scrape off any surplus (only the high points of the
mix should show through the mineral filler).
5. Place the gauge on the prepared site.
6. Place the source rod handle into the backscatter position by rotating the locking
knob counter clockwise and carefully pressing the handle down to the next notch
on the index rod. Verify that this new position is the backscatter position. When in
position, firmly rotate the locking knob fully clockwise to lock the handle.
7. Set the DEPTH display to “b” for backscatter using the UP or DOWN key.
8. The measurement can now be taken by pressing the NORM key for a 1 minute
count. If time permits, a SLOW 4 minute count may be taken to achieve a higher
confidence level. A “C” will be displayed in the DEPTH window while the gauge is
counting. Keep yourself and others at least 6 feet (1.8 m) away from the gauge
while the counts are being taken. Do not leave the gauge unattended!
9. When the “C” is no longer displayed in the DEPTH window, the count is complete.
Press the WD key to view and record the wet density.
10. Release the latch by rotating the locking knob counter clockwise, pull the handle to
the top position and re-latch by turning the locking knob clockwise. Replace the
padlock.
11. Convert the wet density measurement in PCF to percent (%) compaction by the
following method:
a) Multiply the “D” (specific gravity furnished by the district laboratory) by
62.37. This converts the specific gravity to PCF.
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b) Divide the gauge derived wet density (in PCF) by the “D” in PCF, then multiply by
100. The result is percent compaction.
4.6

MODEL 5001P ON SOILS AND BASE COURSES
1. Turn on gauge at least 20 minutes prior to testing to stabilize the detectors. If
“LO BAT” is displayed at any time, replace batteries at next opportunity.
2. Standard counts shall be taken at the start of each day or whenever the gauge is
turned on. The standard count procedure is as follows:
a) Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or more
and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet (4.6 m)
from any mass and 30 feet (9.1 m) from another gauge.
b) Place the gauge on the reference standard, between the raised edges,
with the source end of the gauge seated firmly against the handle of the
standard and the left side rail.
Proper Positioning of the Gauge on the Reference Standard

c) Remove the padlock, leaving the source rod handle in the safe, topmost
position. Verify that the handle is locked in the safe position notch of the
index rod by firmly rotating the locking mechanism fully clockwise.
d) Press the SHIFT and STD keys at the same time to start the count. Keep
yourself and others at least 6 feet (1.8 m) from the gauge while the counts are
being taken. Do not leave the gauge unattended! The DEPTH display will
indicate “C” while the gauge is counting. After the count is complete, the
“C” will disappear and the standard count will be stored by the processor
for later use. Standard counts may be recalled at any time by pressing DS
for density standard and MS for moisture standard.
Note: Standard Counts are to be recorded in a standard count book each day the
gauge is used. The density standard must be within 1% and the moisture
standard must be within 2% of the average of the last 4 daily standard
counts respectively.
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3. Pick a site to test that is representative of the materials to be tested.
4. Use a shovel or call in a blade to first prepare the test area.
5. Finish smoothing out the test area with the edge of the drill rod guide plate, filling in
the voids with native fines.
6. Using the drill rod and drill rod guide, drive a hole at least 2 inches (50 mm) deeper
than the desired test depth (if the hole is more than 2 inches (50 mm) deeper it does
not matter). Remove the drill rod by rotating and pulling straight up. DO NOT loosen
the drill rod by moving or tapping it from side to side, this will distort the shape of the
hole and could cause errors in the counts taken by the gauge.
7. Place the source rod in the hole to the desired depth of measurement by rotating
the locking mechanism counter clockwise and pushing the handle down. At the
correct depth, firmly rotate the locking knob fully clockwise to accurately lock the
source rod in position.
Note: Use care in placing the source rod in the hole so as not to damage the
sidewalls of the hole or area around it.
8. Pull the gauge so that the source rod is in firm contact with the side of the hole
toward the scaler end of the gauge and check to assure that the source rod handle
is still locked in the notch.
9. Set the DEPTH display to the actual depth of the test being run by pressing the UP
or DOWN key until the desired depth is displayed in the depth window.
10. The measurement can now be taken by pressing the NORM key for a 1 minute
count. If time permits, a SLOW 4 minute count may be taken to achieve a higher
confidence level. A “C” will be displayed in the DEPTH window while the gauge is
counting. Keep yourself and others at least 6 feet (1.8 m) away from the gauge
while the counts are being taken. Do not leave the gauge unattended!
11. When the “C” is no longer displayed in the DEPTH window, the count is complete.
Press and record the following:

WD
DD
M
%M

key for wet density
key for dry density
key for moisture
key for percent moisture

12. Release the latch by rotating the locking knob counter clockwise, pull the handle to
the top position and re-latch by turning the locking knob clockwise. Replace the
padlock.
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MODEL 5001C ON HOT MIX ASPHALT (HMA)
1. Turn on gauge at least 20 minutes prior to testing to stabilize the detectors. If
“LO BAT” is displayed at any time, replace batteries at next opportunity.
2. Standard counts shall be taken at the start of each day or whenever the gauge is
turned on. The standard count procedure is as follows:
a)

Place the reference standard on a flat surface of 100 PCF (1602 Kg/m3) or
more and 15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet
(4.6 m) from any mass and 30 feet (9.1 m) from another gauge.

b)

Place the gauge on the reference standard, between the raised edges,
with the source end of the gauge seated firmly against the handle of the
standard and the left side rail.
Proper Positioning of the Gauge on the Reference Standard

c)

Remove the padlock, leaving the source rod handle in the safe, topmost
position. The STATUS window should now read “SAF” indicating the safe
position. Verify that the source rod handle is locked in the safe notch of the
index rod by firmly rotating the locking mechanism fully clockwise.

Note: The most recent version of the model “C” gauge no longer has the
rotating locking mechanism built into the end of the source rod handle.
On this style gauge, it is necessary to seat the source rod handle in the
index rod notch by applying slight, momentary, downward pressure, once
the handle is in the desired position.
d) Press the STD button to start the counts. The STATUS display will
indicate “C:SAF” while the count is being taken and the DATA display will
indicate the time remaining until completion. Keep yourself and others at
least 6 feet (1.8 m) away from the gauge while the counts are being taken. Do
not leave the gauge unattended! After the count is completed, the “C” will
disappear and the standard counts will be stored by the processor for later
use. Standard counts may be recalled at any time by pressing DS for density
standard and MS for moisture standard.
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Note: Standard counts are to be recorded in a standard count book each day
the gauge is used. The density standard must be within 1% and the
moisture standard must be within 2% of the average of the last 4 daily
standard counts respectively.
3. Pick a site to test that is representative of the material to be tested.
4. Fill surface voids with mineral filler; scrape off any surplus (only the high points of
the mix should show through the mineral filler).
5. While holding down the SHIFT key, press the CLEAR key twice. This will remove
any previous data and clear the accumulating registers.
6. With accumulating registers cleared, leaving the source rod handle in the safe
position; press the S/A key to toggle between the SOIL/ASPH (asphalt) test modes.
Select the ASPH mode and press ENTER. This will enable the gauge to display
the proper test information.
7. Place the gauge on the prepared site.
8. Place the source rod handle into the backscatter position by rotating the locking
knob counter clockwise and carefully pressing the handle down. When in position,
firmly rotate the locking knob fully clockwise to accurately lock the handle into
position. “BAC” (backscatter) should be displayed in the STATUS window.
9. A measurement can now be taken by pressing the NORM key to take a 1 minute
count. If time permits, a 4 minute count may be taken by pressing the SLOW key
to achieve a higher confidence level. The STATUS display will not indicate
“C:BAC”. The DATA display will indicate the count time remaining. Keep yourself
and others at least 6 feet (1.8 m) away from the gauge while the counts are being
taken. Do not leave the gauge unattended!
10. When the “C” disappears from the STATUS display, the counting process is
complete. The wet density will now be displayed in the DATA display.
11. Press and record:
WD
DC
VR
%AV

for Wet Density
for Density Count
for Void Ratio
for Percent Air Voids

12. Release the source rod by rotating the locking knob on the handle counter
clockwise, pull the handle to the top position and re-latch the handle by rotating the
locking knob clockwise.
13. Replace the padlock in the handle.
Note: Gauge will be unable to calculate %COMP (percent compaction) unless a wet
density has been entered in the MAX D register. Likewise, the gauge will be
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unable to calculate VR (void ratio) or %AV (percent air voids) unless a value has
been entered in the SPG register.
4.8

MODEL 5001C ON SOILS AND BASE COURSES
1. Turn on gauge at least 20 minutes prior to testing to stabilize the detectors. If “LO BAT”
is displayed at any time, replace batteries at next opportunity.
2. Standard counts shall be taken at the start of each day or whenever the gauge is turned
on. The standard count procedure is as follows:
a) Place the reference standard an a flat surface of 100 PCF (1602 Kg/m3) or more and
15 PCF (240 Kg/m3) moisture or less, at a location at least 15 feet (4.6 m) from any
mass and 30 feet (9.1 m) from another gauge.
b) Place the gauge on the reference standard, between the raised edges with the
source end of the gauge seated firmly against the handle of the standard and the left
side rail.
Proper Positioning of the Gauge on the Reference Standard

c) Remove the padlock, leaving the source rod handle in the safe, topmost position.
The STATUS window should now read “SAF”, indicating the safe position. Verify
that the source rod handle is locked in the safe notch of the index rod by firmly
rotating the locking mechanism fully clockwise.
Note: The most recent version of the model 5001C gauge no longer has the rotating
locking mechanism built into the end of the source rod handle. On this style
gauge, it is necessary to seat the source rod handle in the index rod notch by
applying slight, momentary, downward pressure, once the handle is in the
desired position.
d) Press the STD button to start the counts. The STATUS display will indicate “C:SAF”
while the count is being taken and the DATA display will indicate the time remaining
until completion. Keep yourself and others at least 6 feet (1.8 m) away from the
gauge while the counts are being taken. Do not leave the gauge unattended!
After the count is complete, the “C” will disappear and the standard counts will be
stored by the processor for later use. Standard counts may be recalled at any time
by pressing DS for density standard and MS for moisture standard.
Note: Standard counts are to be recorded in a standard count book each day the
gauge is used. The density standard must be within 1% and the moisture
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standard must be within 2% of the average of the last daily standard counts
respectively.
3. Pick a site to test that is representative of the material to be tested.
4. Use a shovel or call in a blade to first prepare the test area.
5. Finish smoothing out the test area with the edge of the drill rod guide plate, filling in
the voids with native fines.
6. Using the drill rod and drill rod guide, drive a hole at least 2 inches (50 mm) deeper than
the desired test depth (if the hole is more than 2 inches (50 mm) deeper it does not
matter). Remove the drill rod by rotating and pulling straight up. DO NOT loosen the
drill rod by moving or tapping it from side to side, this will distort the shape of the hole
and could cause errors in the counts taken by the gauge.
7. While holding down the “SHIFT” key, press the “CLEAR” key twice. This will remove
any previous data and clear the accumulating registers.
8. With the accumulating registers cleared, leaving the source rod handle in the safe
position, press the “S/A” key to toggle between the SOIL/ASPH (asphalt) test
modes. Select the “SOIL” mode, and press “ENTER”. This will enable the gauge
to display the proper test information.
9. Place the source rod in the hole to the desired depth of measurement by rotating
the locking knob counter clockwise and pushing the handle down. At the correct
depth, firmly rotate the locking knob fully clockwise to accurately lock the source
rod handle in position. The STATUS window should now display the desired
depth.
Note: Use care in placing the source rod in the hole so as not to damage the
sidewalls of the hole or the area around it.
10. Pull the gauge so that the source rod is in firm contact with the side of the hole
toward the scaler end of the gauge and check to assure that the source rod handle
is still locked in the notch. A measurement can now be taken by pressing the
NORM key to take a 1 minute count. If time permits, a 4 minute count may be
taken by pressing the SLOW key to achieve a higher confidence level. The
STATUS display will now indicate “C:XXX”. The DATA display will indicate the
count time remaining. Keep yourself and others at least 6 feet (1.8 m) away from the
gauge while the counts are being taken. Do not leave the gauge unattended!
11. When the “C” disappears from the STATUS display, the counting process is
complete. The dry density will now be displayed in the DATA display.
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12. Press and record:
DC
MC
WD
DD
M
%M
%COMP

for Density Count
for Moisture Count
for the Wet Density
for Dry Density
for Moisture
for Percent Moisture
for Percent Compaction

13. Release the source rod by rotating the locking knob on the handle counter
clockwise, pull the handle to the top position and re-latch by rotating the locking
knob clockwise.
14. Replace the padlock in the handle.
Note: Gauge will be unable to calculate “%COMP” (percent compaction) unless a dry
density has been entered in the “MAX D” register.
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5. FORMULAS
5.1 – FORMULAS FOR SOIL AND SOIL RELATED MATERIALS
DENSITY COUNT
= DENSITY COUNT RATIO
DENSITY STANDARD COUNT

MOISTURE COUNTS
= MOISTURE COUNT RATIO
MOISTURE STANDARD COUNT

DENSITY COUNT RATIO => gauge derived or count ratio book = WET DENSITY
MOISTURE COUNT RATIO => gauge derived or count ratio book = MOISTURE
WET DENSITY - MOISTURE = DRY DENSITY
MOISTURE
X 100 = % MOISTURE
DRY DENSITY
% MOISTURE
X 100 = % OPTIMUM MOISTURE
∗ PROCTOR MOISTURE
DRY DENSITY
X 100 = % COMPACTION or % PROCTOR
∗ PROCTOR DENSITY
(STANDARD DRY DENSITY)
∗∗ O.D. MOISTURE (%) X GAUGE WET DENSITY (PCF)
= MOISTURE COUNT (PCF)
O.D. MOISTURE (%) + 100
Note: To convert PCF (lb/ft3) to Kg/m3 multiply by 16.018
To convert Kg/m3 to PCF (lb/ft3) divide by 16.018
∗

provided by laboratory

**

oven-dry also provided by laboratory
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5.2 – FORMULAS FOR HOT MIX ASPHALT (HMA)

WET DENSITY
= “d”
3

WEIGHT OF FT H2O (62.4 PCF)

WET DENSITY
X 100 = % COMPACTION or % MARSHALL
∗ “D”

“D” X 62.37 = “D” in PCF
“d”
X 100 = % COMPACTION
“D”

WET DENSITY
1 -

X 100 = % VOIDS
∗ MARSHALL

Note: To convert PCF (lb/ft3) to Kg/m3 multiply by 16.018
To convert Kg/m3 to PCF (lb/ft3) divide by 16.018

∗
∗∗

provided by laboratory
oven-dry also provided by laboratory
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ILLINOIS MODIFIED TEST PROCEDURE (Reference AASHTO T 310-06)
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6.1
ILLINOIS MODIFIED TEST PROCEDURE (Reference AASHTO T 310-06)
(Continued)
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6.1
ILLINOIS MODIFIED TEST PROCEDURE (Reference AASHTO T 310-06)
(Continued)
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6.1
ILLINOIS MODIFIED TEST PROCEDURE (Reference AASHTO T 310-06)
(Continued)
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The form; MI701N Field Soil Compaction (Nuclear) on the following pages may be
accessed from the InsideIDOT website at:
https://insideidot.portal.illinois.gov/Pages/Default.aspx
by clicking on the Forms Button
and clicking on Forms(By Bureau)
and clicking on +Originating Office: Bureau of Materials & Physical Research, DOH
and clicking on BMPR MI701N Field Soil Compaction(Nuclear)

OR
accessed from the IDOT internet website at:
http://www.dot.il.gov/materials/materialforms.html
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The form; MI303N Quality Assurance Nuclear Density Report QC/QA on the following
pages may be accessed from the InsideIDOT website at:
https://insideidot.portal.illinois.gov/Pages/Default.aspx
by clicking on the Forms Button
and clicking on Forms(By Bureau)
and clicking on +Originating Office: Bureau of Materials & Physical Research, DOH
and clicking on BMPR MI303N Quality Assurance Nuclear Density Report QC/QA

OR
accessed from the IDOT internet website at:
http://www.dot.il.gov/materials/materialforms.html
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Copies of this form are controlled and may be obtained by contacting the BMPR nuclear
laboratory at 217-782-1057.
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