
Chapter 800 
Page 1 

 
 

Chapter 800 
 

Radiation Safety & Nuclear Gauge Operation - 14 
 
 
1. GENERAL CDOT NUCLEAR INFORMATION 
 
1.1 Training of Nuclear Gauge Operators 
 
RSO’s - Each Region Materials Engineer (RME) 
has appointed three properly trained individuals to 
act as the On-Site Radiation Safety Officers 
(RSO’s).  They will operate in coordination with the 
CDOT RSO to ensure full compliance with the 
Radioactive Materials License. 
 
Dept. Of Health Documents - The CDOT’s nuclear 
program is guided by two principle documents, 
both issued by the Colorado Department of Public 
Health and Environment: 
 

1) “Rules and Regulations Pertaining to 
Radiation Control” 

 
2)  “The Radioactive Materials License” 

 
Operator Training - All current or potential Nuclear 
Gauge Operators must complete the CDOT 
“School of Radiological Safety and Nuclear Gauge 
Operation.” After successfully passing the course, 

the individual may begin supervised instruction in 
testing with a nuclear gauge. 
 
Operator I.D. Card - A "CDOT Nuclear Gauge 
Operator Identification" card will be issued 
immediately after the On-Site RSO certifies that 
the individual is technically qualified to utilize a 
designated gauge and has acted in a manner 
equal to the responsibilities required by the CDOT 
Radioactive Materials License. 
 
Recurrent Training - The U.S.  Department of 
Transportation (49 CFR) stipulates that anyone 
who transports hazardous materials or prepares 
these materials for transport must receive training 
at intervals not to exceed three years. 
 
1.2 Radiological Safety 
 
Health Risks - Nuclear Gauges contain radioactive 
source material and are potentially dangerous if 
used improperly. However, research findings 
indicate no radiological health hazard exists for 
operators of nuclear gauges when appropriate 
safety precautions are observed. 
  

 
 
 
 
 

 
 

 
 
 
 
 
Personal Monitoring Devices 

 
 
 
 

The personnel dosimetry devices used by CDOT 
are categorized as “Whole Body” - the head and 
trunk in general.  The areas of specific concern 
are the lens of the eyes, active blood-forming 
organs, and the gonads. 
 
The maximum legal occupational dose 
(exposure) per year is 0.05 Sieverts (Sv) 
[5 REMs] to the “Whole Body”. 
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Reducing Exposure - Radiation exposure is 
significantly reduced by: 
 

1)  Decreasing time spent near a gauge 
2) Increasing distance from the gauge 
3)  Allowing the shielding incorporated in the 

design and construction of the gauge to 
be utilized as intended. 

 
Leak Wipes –Leak Wipes are to be performed 
annually on  Troxler & CPN gauges and semi-
annually on InstroTek gauges to ensure the 
integrity of the sealed sources (the radioactive 
source capsules that are double encapsulated). 
Leak Wipes are also performed if a nuclear gauge 
has been involved in an accident or a nuclear 
gauge operator has an unexplainably high 
radiation exposure on his/her personnel dosimeter. 
Personnel monitoring is the determination of the 
amount of ionizing radiation to which an individual 
has been exposed. 
 
ALARA - The CDOT operates under the concept 
of ALARA, As Low As Reasonably Achievable.  
Legal limits are not as important as minimizing 
radiation exposure. 

1.3 Nuclear Gauge Type and Radiological    
Description 
 
(1) Troxler Moisture/Density (M/D) Gauge: 

���� Americium-241:Beryllium  

(AM-241:BE) 
1.48 GigaBecquerel (GBq) [40 milliCuries 
(mCi)] 
Alpha & Neutron Radiation 

����Cesium-137 (CS-137) 
0.30 GigaBecquerel (GBq) [8.0 milliCuries 
(mCi)] 
Beta & Gamma Radiation 

 
(2) CPN Moisture/Density (M/D) Gauge: 

���� Americium-241:Beryllium  

(AM-241:BE) 
1.85 GigaBecquerel (GBq) [50 milliCuries 
(mCi)] 
Alpha & Neutron Radiation 

����Cesium-137 (CS-137) 
0.37 GigaBecquerel (GBq) [10 milliCuries 
(mCi)] 

  Beta & Gamma Radiation 
 
(3) InstroTek Moisture/Density (M/D) Gauge: 

���� Americium-241:Beryllium  

(AM-241:BE) 
1.48 GigaBecquerel (GBq) [40 milliCuries 
(mCi)] 
Alpha & Neutron Radiation 

����Cesium-137 (CS-137) 
0.37 GigaBecquerel (GBq) [10.0 
milliCuries (mCi)] 
Beta & Gamma Radiation 

 
(4) Troxler & CPN Asphalt Content (AC) Gauge: 
 

���� Americium-241:Beryllium (AM-241:BE) 
3.7 GBq [100 mCi] 
Alpha and Neutron Radiation  
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The Nuclear Lab of the Staff Materials Laboratory 
maintains copies of all personnel monitoring 
exposure records, leak test analysis records, 
correspondence with the Colorado Department of 
Health, Rules and Regulations Pertaining to 
Radiation Control, and the Radioactive Materials 
License. 
 

 

CONTACT: 

STAFF MATERIALS LABORATORY 

NUCLEAR LAB 

RADIATION SAFETY OFFICER 

Office 303/398-6547 Cell 303/319-9557 

4670 N. Holly Street, Unit A 

Denver, CO 80216 
 

 
1.4 Compliance With The Following Points Are 

Required. 
 
Age  - Nuclear gauge operation is prohibited by 
any CDOT personnel who have not attained the 
age of 19. 
 
Personnel Monitoring Device - All nuclear gauge 
operators are required to wear their personnel 
monitoring device during work hours. CDOT 
utilizes ThermoLuminescent Dosimeters (TLD’s) 
capable of detecting both gamma and neutron 
radiation. 
 
Identification - A "Nuclear Gauge Operators I.D." 
card must be possessed by any CDOT personnel 
operating a gauge while unsupervised. 
 
Shielded Compartments - Under no 
circumstances should field personnel enter or 
attempt to enter the gauge’s shielded 
compartment containing the radioactive source or 
attempt to remove the source rod. 
 
M/D “Safe” Position - Moisture/Density Gauges 
should not be placed outside of the safe position 
until actual testing is ready to begin.  This is the 
"safe" position only for gamma radiation; neutron 
radiation is always emitted from the bottom of the 
base. Operators should always be aware of the 
direction the base is facing to avoid exposure to 
themselves and others. 
 
Safe Distance from Gauges - Do not position 
your body within 6 feet of the nuclear gauge for 

more than a few minutes at a time, regardless of 
whether the source is shielded or unshielded. 
 
Restricted Areas – A restricted area is an area in 
which CDOT has control over access.  In the 
restricted area an individual can receive a 
maximum exposure of 0.05 Sieverts (Sv) [5 REM] 
per year. In unrestricted areas, those CDOT 
cannot control the access to, the maximum dose 
to the public is 0.02 milliSieverts (2 milliREM) per 
hour and 1.0 mSv (100 mREM) per year.  
 
Minors are prohibited from being within a restricted 
area. Non-gauge operators may be within a 
restricted area for only a few minutes at a time. 
The entire test trailer is a restricted area, as well 
as 2 meters around a gauge if outside of a 
building.  
 
 If a non-gauge user will be working in a 
restricted area their exposure shall be monitored.  
 
Storing Nuclear Gauges – All nuclear gauges 
shall be stored in such a way that two independent 
physical locks must be defeated to take the gauge. 
This means that if one of the locks is defeated the 
other lock remains in full effect.  
  
 At Region labs, the vault doors shall be closed 
and locked unless in the process of checking out 
or returning a gauge. 
  
 When a gauge is stored at a project trailer, it 
must be stored in a locked cabinet or chained and 
locked to a permanent structure in the trailer.  The 
structure shall be strong enough to adequately 
resist breakage.  When sharing a location with a 
consultant, the CDOT and consultant gauges will 
not be stored under the same lock.  Each will have 
differently keyed locks and they will not have keys 
to the other’s lock.  Each entity will post a copy of 
their Emergency Response forms in accordance 
with DOH requirements.  The gauge case will also 
be locked. 
 
 If leaving a gauge in an unattended vehicle 
you still need 2 locks.  Each lock must act 
independently to secure the gauge.  If one is 
defeated the other must prevent the gauge from 
being taken. Transportation cases that the gauge 
case fits into are acceptable.  Transportation 
cases must be secured by 2 locks that prevent the 
transportation case from being taken as well as 
opened.  You can also satisfy the 2 lock rule by 
locking the gauge to something in the vehicle, 
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such as the steering wheel, and locking the doors. 
This should be done only when absolutely 
necessary.     
  
 For AC gauges that are chained to the bench, 
lock the front of the gauge when not in use.  AC 
gauges that are used in Region labs shall 
be locked to the bench or an anchor in the wall, if 
they will not be supervised at all times.  The front 
door shall also be locked when it is not in use.  At 
the Region storage vaults, keep the doors closed 
and locked at all times.  If possible, it is best to 
return the gauge to the vault during prolonged 
down time.  
 
Proper Placarding - A test trailer or Region 
Materials Lab must be placarded so that an 
individual approaching the facility or room will see 
the “CAUTION RADIOACTIVE MATERIALS” 
placard, the completed “CDOT NUCLEAR 
INCIDENT PROCEDURES” sheet (Page 9), and 
the Colorado Department of Health’s “NOTICE TO 
EMPLOYEES” sheet (Page 10). 
 
Completing Nuclear Logs - The “NUCLEAR 
MOISTURE/DENSITY GAUGE LOG” CDOT Form 
#746 and the “NUCLEAR ASPHALT CONTENT 
GAUGE LOG” CDOT Form #772 must be 
completed, specifically with the operator’s full 
name, every day in which either gauge is operated. 
They must be returned to Staff Materials-Nuclear 
Lab upon completing the last line on the Form and 
always by the end of the calendar year. (Pages 12-
13). 
 
Transporting Nuclear Gauges - A nuclear gauge 
may only be transported within a DOT Type “A” 
carrying case. It shall be securely fastened to the 
vehicle to prevent it from moving or being ejected 
in the event of an accident.  Gauges will only be 
transported by certified gauge users. Gauges shall 
not be transported outside of the state of 
Colorado. 
  
 In all vehicle types the gauge shall be placed 
as far from the driver as possible. This typically 
means the right rear corner of the vehicle. The 
gauge case shall be locked. 
 
 In vans, SUV’s and cars, the doors shall be 
locked during transport.  The doors serve as one 
lock.  At least one other lock must be in effect.  
 
 In a pickup with a topper, the topper shall be 
locked during transport. 

 In open pickup beds, the gauge shall be 
secured by 2 independent locks. If one lock it 
defeated the other must prevent the gauge and 
case from being removed. Gauges will not be 
transported in the passenger compartment. 
 
Nuclear Gauge Binder - The binder must be 
accessible to the driver at all times while the 
vehicle is transporting a nuclear gauge.  If the 
gauge is stored in the vehicle and it is not being 
transported, place the red gauge binder on the 
driver’s seat or in a pocket on the driver’s side 
door.  Four documents must be kept in the gauge 
binder: Bill of Lading, Source Certificate, Nuclear 
Incident Procedures, and CDOT’s Radioactive 
Materials License. 
 
Reporting Unsafe Conditions - Any apparent 
unsafe situation involving the use or storage of 
nuclear gauges shall be reported directly and 
immediately to the CDOT RSO. 
 
Gauge Operation During Pregnancy - All female 
nuclear gauge operators must notify the RSO at 
Staff Materials immediately once she decides to 
“declare Her Pregnancy” (Page 11). 
 
 
 
2. SAMPLE DOCUMENTS 
 
 
2.1   CDOT Nuclear Gauge Reference 
Information.   (Color photographs of current CDOT 
Nuclear Gauges)…………………………..…Page 5 
 
 
2.2 Nuclear Gauge Reference Information 

…………………………………….………Page 6 
 
2.3  On-Site Radiation Safety Officer Emergency 

Notification Telephone Directory……….Page 7 
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2.1 CDOT Nuclear Gauge Reference Information 
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NUCLEAR GAUGE REFERENCE INFORMATION 
 
PROPER SHIPPING NAME, CLASSIFICATION, LABELING and MARKING: 

 USA DOT 7A TYPE A RADIOACTIVE MATERIAL, SPECIAL FORM, UN 3332 RQ 

 TYPE A PACKAGE, RADIOACTIVE YELLOW II,  TI<0.5 
SPECIAL FORM CERTIFICATE:  Radioactive materials used in these gauges have been certified as 

 "SPECIAL FORM" by a recognized "COMPETENT AUTHORITY". 
LEAK TEST:  The Colorado Department of Transportation performs a leak test on each nuclear gauge  

 semi-annually to reveal that the removable activity is less than 0.005 micro curies. 
PROPERTY OF CDOT DECAL:  The decal has been affixed to all nuclear gauge shells and their respective 

 US DOT 7A TYPE A carrying cases. 

 

 
COLORADO DEPARTMENT OF TRANSPORTATION 

Staff Materials Laboratory 

4670 Holly Street, Unit A  

Denver, Colorado 80216-6408 

303-398-6547 

Colorado State Patrol Hazmat Office 

(303) 239-4546 

    CDOT Form #1247 
 

 CDOT NUCLEAR GAUGE SPECIFICATIONS 

 
MOISTURE/DENSITY (M/D) GAUGE:  Troxler 3400 series, InstroTek 3500 & CPN MC-3 

 RADIONUCLIDE: Cesium-137 (Ce-137) 

 ACTIVITY: Troxler: 0.30 GigaBecquerels (GBq) [8.0 milliCuries (mCi)] 

   CPN & Instrotek: 0.37 GBq (10 mCi) 

   Sealed Source located in the tip of the source rod. 

 RADIONUCLIDE: Americium-241:Beryllium (Am-241:Be) 

 ACTIVITY: Troxler & Instrotek: 1.48 GBq (40mCi) 

   CPN: 1.85 GBq (50 mCi) 

   Sealed Source located in the center of the base. 

 
ASPHALT CONTENT (AC) GAUGE:  Troxler 3241-C & CPN AC-2R 

 RADIONUCLIDE:  Am-241:Be 

 ACTIVITY:  3.70 GBq (100 mCi) 

   Troxler Sealed Source located in top center above chamber. 

   CPN  Sealed Source located in bottom center below chamber. 
 EMERGENCY ASSISTANCE-RADIATION SAFETY OFFICERS ONLY! 

 
COLORADO DEPARTMENT OF PUBLIC HEALTH & ENVIRONMENT: 

 LABORATORY & RADIATION SERVICES DIV:   Days    303-692-3428 

 EMERGENCY MANAGEMENT UNIT:   Nights/Weekends/Holidays  877-518-5608 
TROXLER ELECTRONIC LABORATORIES, INC.: 
 EMERGENCY ASSISTANCE:             24 HOURS, EVERY DAY            919-549-9539 

2.2 Nuclear Gauge Reference Information 
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2.2 ON-SITE RADIATION SAFETY OFFICER EMERGENCY NOTIFICATION TELEPHONE DIRECTORY 
 
 

REGION PERSONNEL   OFFICE LOCATION WORK PHONE HOME PHONE 

 

1  Brent Loomis    Denver   303-398-6804   

  Kevin O’Reilly  Tunnel   303-512-5675   

  Leslie Kochis  Limon   719-775-8004   

 

2  Robert Bergles  Pueblo   719-546-5776   

      Christine Genger  Colorado Springs 719-634-2323   

  Troy Branom  Lamar   719-336-3228 

 

3  Trevor Woolley  Grand Junction  970-683-6371   

  Cecil Cubbison  Grand Junction  970-683-6376   

  Andy Rosedahl  Grand Junction  970-683-6374   

 

4  Steve Gonser  Evans   970-381-0213   

  Joe Burrows  Boulder   303-546-5647   

        Mike Ellis   Evans   970-350-2383   
  
5  Patrick Murphy  Durango   970-759-5300   
  Robert Byrd  Alamosa   719-587-6520   
  Russell Ebel  Durango   970-385-8364   
 
   

6  Matt McMechen Denver   303-398-6704          

  Eric Bemenel  Denver   720-497-6962   

  Paul Gonzales  Denver   303-972-9112   

 

HQ  Paul Smith  Denver   303-398-6547                C 303-319-9557  

 

STAFF  Eric Prieve  Denver   303-398-6542 

   

 

 Revised  3-14-2013 
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2. SAMPLE DOCUMENTS  (continued) 
 
2.4 Certificate of Acceptance for Radiological Safety and Nuclear Gauge Operation. .................Page 9 
 
2.5  CDOT Nuclear Incident Procedure. .......................................................................................Page 10 
 
2.6 Colorado Department of Health - Notice to Employees. .......................................................Page 11 
 
2.7 Nuclear Gauge Operation During Pregnancy. .......................................................................Page 12 
 
2.8 CDOT Form # 746: Nuclear Moisture/Density Gauge Log. ...................................................Page 13 
 
2.9 CDOT Form # 772: Nuclear Asphalt Content Gauge Log. ....................................................Page 14 
 
. 
 
 
3.   CDOT Forms - Applicable for Nuclear Gauge Testing, Examples and Instructions 
 
# 427  Nuclear Soils Moisture/Density Test  ........................................................................... Page 15-16 
 
# 428 Nuclear Asphalt Density Test ....................................................................................... Page 17-18 
 
# 469 Nuclear Asphalt Density Correction ............................................................................. Page 19-20 
 
# 599 Nuclear Asphalt Content Correlation ............................................................................ Page 21-22 
 
# 106 Nuclear Asphalt Content Test………………………………………………………………..Page 23-24 
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2.4 Certificate of Acceptance for Radiological Safety and Nuclear Gauge Operation 
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2.5 CDOT Nuclear Incident Procedures 
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2.6   Colorado Department of Health – Notice to Employees 
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2.7   Nuclear Gauge Operation During Pregnancy   
 

 



Chapter 800 
Page 13 

 
 

2.8   CDOT Form #746: Nuclear Moisture/Density Gauge Log 
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2.9   CDOT Form #772: Nuclear Asphalt Content Gauge Log. 
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3. SAMPLE DOCUMENTS, FORM INSTRUCTIONS AND EXAMPLES 
 
CDOT FORM #427 INSTRUCTIONS 
 
The Nuclear Soils Moisture/Density Test form is a field work sheet used to calculate the in-place dry density 
and the in-place percent moisture of soil and soil-aggregate.  This is the designated form to be used with CP 
80, In-Place Density and Moisture Content of Soil and Soil-Aggregate by the Nuclear Method. 
 
Record the moisture reading and the density reading after each one-minute test interval.  When recording the 
moisture readings record the percent moisture not the moisture pounds per cubic foot (PCF).  When recording 
the density reading record the dry density, not the wet density.  After you have obtained your four readings 
average the results. 
 
Curve Values:  Obtained from Form #1274, Report from Central Lab.    

The W/R (with Rock) values are derived from the same report once the % retained on no.4 sieve 
(rock) has been determined.  

 
% Relative Compaction:  Divide the In-Place Dry Density by the Maximum Dry Density (W/R if applicable), and 

then multiply by 100. 
 
Calculations for Percent Rock:  The Wet Weight Total Sample is collected from beneath the Moisture/Density 

Gauge.  The Wet Weight Rock is the Dry Weight Total Sample multiplied by the % Retained on No. 4 
Sieve. 

 
Rock Correction Formula: The wt./cu.ft. of + #4 rock is the specific gravity of the + #4 x 62.4, the weight of a 

cubic foot of water (i.e. SpG. of 2.588 x 62.4 = 161.5) 
 
Compaction Cylinder Moisture & Density Data:  Derived from the utilization of CP 25. 
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CDOT FORM # 428 INSTRUCTIONS 
 
The Nuclear Asphalt Density Test form is a field work sheet used to calculate the percent relative compaction 
of the in-place hot mix asphalt pavements.   This is the designated form to be used with CP 81, Density of In-
Place Bituminous Pavement by the Nuclear Method. 
 
Record the density reading after each one-minute test interval.  When recording the density reading record the 
wet density, not the dry density.  After you have obtained your four readings average the results. 
 
T 166 or T 209:  List the Laboratory Maximum Specific Gravity under the appropriate test procedure and N/A 
(not applicable) under the other procedure.  Obtained from CDOT Form #43.  Convert the Laboratory 
Maximum Specific Gravity to Laboratory Maximum Density by multiplying the Laboratory Maximum Specific 
Gravity by 62.4 lbs/cu. ft. 
 
Adjusted Field Density:  The field density plus the correction factor from CDOT Form #469. 
 
% Relative Compaction:  Obtained by dividing the adjusted field density by the laboratory maximum density. 
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CDOT FORM # 469 INSTRUCTIONS 
 
The Nuclear Asphalt-Density Correction form is a field work sheet used to perform the calculations necessary 
for the correlation of density readings from a nuclear gauge to cores.  These correlations are required by 
specifications for Compaction Test Sections and Check Testing Programs.  This is the designated form to be 
used with CP 82, Field Correction of the In-Place Measurement of Density of Bituminous Pavement by the 
Nuclear Method.  Density measurements can have a profound effect on payment to the Contractor and the 
long-term performance of an asphalt pavement; for these reasons, it is important that all nuclear gauges used 
on a paving project be correlated to the same set of cores. 
 
Gauge #1 - Owner:  If the gauge belongs to the Colorado Department of Transportation, enter CDOT; 
however, if it belongs to a consulting engineering company, enter the name as it appears on the Radioactive 
Materials License. 
 
Gauge #1 - ID# & SN:  A non-CDOT ID# is that which is listed on the CDOT generated calibration table.  The 
SN (Serial Number) is the gauge serial number, not the radioactive source serial number. 
 
Gauge #2 - Owner:  Whether the nuclear gauge is owned by the Paving contractor or by its designated agent, 
this name must be as it appears on the Radioactive Materials License. 
 
Gauge #2 - ID# & SN:  The ID# listed must be unique to their gauge inventory and the SN is the gauge serial 
number, not the radioactive source serial number. 
 
Station & Transverse Location:  Required information that must be provided. 
 
Nuclear Gauge #2 SpG:  The Contractor or the Contractor's consultant tester may pursue quality control 
through the use of a nuclear gauge; however, if quality control is accomplished through other means then it 
must be noted under the comment section. 
 
Correction Factor:  The value must be carried out to the third decimal place, just as the nuclear gauge SpG's 
are recorded to the third decimal place.  This value will be used on CDOT Form #428. 
 
Gauge Operator:  Nuclear gauge #1 & #2, name must be entered. 
 
Supervisor:  Nuclear gauge #1 & #2, name must be entered. 
 
Nuclear gauge #2:  The make & model of the gauge must be entered between the line for company name and 
supervisor. 
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CDOT FORM #599 INSTRUCTIONS 
 
The Nuclear Asphalt Content Correlation form is a field work sheet used to correlate a nuclear asphalt content 
gauge to the actual quantity of asphalt cement in a mix.  This is one of the designated forms to be used with 
CP 85, Asphalt Cement Content of Asphalt Concrete Mixtures by the Nuclear Method.   
 
Section 8 of CP 85, Correlation, describes the procedure to be followed to perform a correlation and the 
CDOT Form #599 guides the user in its completion by showing the relevant formulas. 
 
The Standard Deviation, #K, is generated by the AC Gauge and displayed for each sample pan.  The 
correlation Slope and Intercept, #M, are also generated automatically by the AC Gauge and must be 
appropriately recorded.  The Correlation Factor must be greater than or equal to 0.9990 to be considered 
acceptable, and the AC Gauge also automatically generates this value. 
 
Note: The Slope as generated by the AC Gauge is not the same value as you would determine through 
mathematical calculation.  In the example, the Slope is 3.995; however, if you were to perform the math the 
slope would be .003995. 
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CDOT FORM #106 INSTRUCTIONS 
 
The Asphalt Test form is a field work sheet used to determine apparent asphalt content and correct for 
moisture content, in addition to recording in one location a variety of test results.  This is one of the designated 
forms to be used with CP 85, Asphalt Cement Content of Asphalt Concrete Mixtures by the Nuclear Method. 
 
Section 8 of CP 85, Correlation Pan Preparation, describes the procedure to be followed to determine the 
asphalt content of a sample of production bituminous mixture. 
 
The Gauge % AC and the Measure Count are shown on the scaler display.  In the Moisture Correction for the 
Mix, divide the sample weight loss by the dry mass, and multiple by 100 to obtain the % Moisture.  The 
Corrected % AC is the percent asphalt determined by the AC Gauge minus the percent moisture retained in 
the mix. 
 
Perform the Moisture Correction for Aggregate and the Sieve Analysis as required by the Schedule for 
Minimum Materials Sampling, Testing, and Inspection.  Testing for asphalt content and testing of aggregate 
gradation will often not coincide as in this example.  
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