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Section 1. Purpose 

 

This Inspection Procedure describes and instructs URP inspectors on the quality control and 

quality assurance of portable radiation survey instrumentation. URP inspectors will be trained in 

the use of this procedure, and the instruments (or their equivalents) listed in the procedure, prior 

to any inspection using portable radiation instrumentation. This procedure also describes other 

sampling procedure QA/QC as necessary. For sampling instruction beyond those discussed in 

this Chapter the URP will rely on principles discussed in DOE, EPA, or NRC survey procedure 

manuals or equivalents.   

Section 2. Objectives 

 

(a) Ensure instruments are in calibration and functioning correctly prior to use; and 

(b) Ensure proper use and operation of the instrumentation, as well as understanding 

the meaning of the output reading. 

Section 3. Scope 

 

This Inspection Procedure describes the methods for the function check and use of direct reading 

portable radiation survey instruments. The objective of this procedure is to ensure that 

instruments are properly calibrated, to define checks to demonstrate that they are operating, and 

to provide records verifying that they are operating properly.  The URP Supervisor is responsible 

to provide education and direction to designated personnel to ensure that the proper procedures 

are followed and that instruments are properly calibrated. 

 

Portable survey instruments are used for a variety of purposes during routine operations at a 

licensee location.  These instruments may be used to detect contamination on surfaces and 

personnel to minimize the potential or the spread of contamination, or they can be used similarly 

to a direct gamma exposure rate meter, depending on the instrument setup, as described later in 

this procedure.  Direct gamma exposure rate meters are used to measure exposure rates for the 

purpose of determining background levels, locating areas where radionuclide concentrations may 

be elevated, and evaluating the potential radiation dose to workers or members of the public. 

 

In order to perform its function properly, a portable survey meter must be calibrated at an 

established frequency (normally one year or less) and its performance checked on a daily basis 

when the instrument is used.  Adequate records of calibrations and instrument checks must be 

maintained in order to assure the quality of the data obtained.  Instruments which are not in 

calibration must be sent to a qualified vendor for calibration prior to use. 

Section 4. Portable Radiation Survey Instruments 

 

A large variety of portable radiation survey instruments are available. For the purpose of 

detecting radiation from naturally occurring uranium, thorium, and the associated decay 

products, the three basic types of radiation that will need to be detected are: alpha, beta, and 



gamma radiations. The URP proposes to use a Ludlum Model 43-93 probe (or equivalent), 

paired to a Ludlum Model 2224-1 ratemeter/scaler (or equivalent) for the detection of alpha and 

beta radiation contamination. The Ludlum Model 43-93 is a “phoswich” probe, which consists of 

a silver doped zinc sulfide (ZnS(Ag)) scintillator and a plastic scintillator “sandwiched” together. 

The zinc sulfide scintillator responds to alpha radiation, while the plastic scintillator responds to 

beta radiation. The ratemeter/scaler may be operated such that the readout, in counts per minute 

(cpm) will be the response of the detector to alpha or beta radiation separately, with minimal 

cross-talk.  The ratemeter/scaler may also be operated so that the readout in cpm reflects the total 

of alpha and beta radiation. 

 

A Ludlum Model 19 (or equivalent), also known as a microR meter (or equivalent), will be used 

to identify exposure rates at various locations at licensee facilities. The Model 19 contains an 

internally housed 1 inch by 1 inch (1” x 1”) thallium doped sodium iodide (NaI(Tl)) crystal 

which responds to gamma radiation. The detector shall be calibrated to read out in 

microRoentgen per hour (µR/hr) in a radium 226 (Ra-226) gamma radiation field. 

 

The Ludlum Model 44-10 probe or its equivalent, paired with a Ludlum Model 3000 

ratemeter/scaler, or its equivalent, will be used to measure gamma radiation fields. The Model 

3000 may be programmed to read out in cpm, µR/hr, or a myriad of other output options. Table 1 

contains a list of radiation detection equipment the Uranium Recovery Program will make 

available to our staff.  

 

Table:1  List of Equipment Available for URP Staff Use 

Equipment Detector Quantity Date of acquisition 

Ludlum Model 19 NaI 3 6/1/16 

Ludlum 2224-1 Ludlum 43-93 2 6/1/16 

Ludlum 3000 Ludlum 44-10 1 TBD (before agreement) 

Ludlum Model 25 (Personal Radiation Monitor) 2 6/1/16 

 

Section 5. Instrument Quality Checks 

 

(a) Ludlum Model 19, Paired Ludlum Model 44-10/Model 3000, and Paired Ludlum 

Model 43-93/ Ludlum Model 2224-1 Quality Control and Daily Function Check 

Procedure 

 

The Model 43-93 probe or Model 44-10 probe is attached to the Model 2224-1 or 

Model 3000 ratemeter/scalar using a “C” connector cable. Ensure the cable is not 

damaged prior to use. The Model 43-93 has a thin metalized polyester window. 

Ensure there is no damage to this window prior to use. Should a hole in the 

window occur, a “light leak” will be present and the instrument background will 

increase dramatically with exposure to light. One way to check this (as holes can 

be small and difficult to see, i.e. “pin holes”) is to hold the instrument up towards 



a light source and examine the count rate.  Should the count rate increase 

dramatically once the detector is held up to the light, the window is damaged and 

this instrument must be repaired. The Model 19 is a single unit that requires no 

cables or cords. The Model 19, Model 3000, and the Model 2224-1 require D 

batteries to operate. To check the battery level, press “BAT”, or turn the selector 

to “BAT”. Change the batteries if the needle stops near or below the “BAT OK” 

mark, or below approximately 4.6 V for the Model 3000. 

 

Upon receipt of the paired instruments from the calibration facility, the instrument 

will be fully quality-checked and efficiency-checked to ensure the instrument 

arrived in functioning condition. Upon receipt of an instrument, the Quality 

Check Form for the specific instrument type, an example of which is available in 

the appendices, shall be used to ensure the instrument is properly functioning. If 

the instrument is not functioning properly the instrument shall be returned to the 

calibration facility to be recalibrated or repaired. Subsequent function checks will 

be performed daily prior to use. The Ludlum Model 43-93/Model 2224-1 Daily 

Function Check sheet found in Appendix D may be used for this purpose, or an 

equivalent form may be used. A beta-emitting check source, such as a Tc-99 or 

Sr/Y-90 source, and an alpha-emitting check source, such as Th-230, will be 

made available to the inspector for this purpose.  For the Model 19 and Model 44-

10, a gamma-emitting source, such as a Cs-137 source, will be made available. 

 

The Ludlum Model 19, and Model 44-10/Model 3000 will also need to be quality 

controlled and function-checked in the same manner as the Ludlum Model 43-

93/Model 2224-1. However, the Model 19 does not have an integrating scaler 

capability. Therefore, instead of 1-minute counts, the user will record 10 

consecutive readings in the “Slow” mode (subsequent to allowing the detector 

ample time to equilibrate in the radiation field). 

 

More advanced issues or questions than what are addressed in this inspection 

procedure should be researched at the Ludlum website (www.ludlums.com), or by 

calling the manufacturer directly. 

 

(i) Upon receipt of the instrument: 

A. Record the pertinent instrument information on the quality control 

form in Appendix A. 

i. Make and Model of the detector and ratemeter; 

ii. Serial numbers of both the detector and ratemeter; 

iii. Date of calibration, ensure this is within one year prior to use; 

iv. Source types used (e.g. Th-230, Tc-99) and the source serial 

numbers; and 

v. Source strength in decays per minute (DPM) (decay corrected 

as necessary) 

http://www.ludlums.com/


B. Take 10 background 1-minute counts in both the alpha and beta 

channels (or only the single channel for the Model 44-10/Model 3000 

and Model 19). 

C. Take 10 1-minute counts with the probe completely centered over the 

alpha-emitting source in both the alpha and beta channels. For the 

Model 19 and Model 44-10/Model 3000, use the gamma-emitting 

source (Cs-137) and proceed directly to step “E”.  

i. Ensure the source is returned to the holder. 

D. Take 10 1-minute counts with the probe completely centered over the 

beta-emitting source in both the alpha and beta channels. 

i. Ensure the beta source is returned to the holder and placed at 

least a meter away from the detector when not in use. 

E. Using the form in Appendix B, and the provided equations therein, 

determine the efficiency and control values of the Model 43-93 for 

both alpha and beta radiation. Consult the URP Health Physics 

Supervisor if you have questions or issues. 

 

(ii) Daily prior to use: 

A. Record the pertinent instrument information on the function check 

form in Appendix A. 

i. Make and Model of the detector and ratemeter/scaler; 

ii. Serial numbers of both the detector and ratemeter/scaler; 

iii. Date of calibration, ensure this is within one year prior to use; 

iv. Source types used (e.g. Th-230, Tc-99) and the source serial 

numbers; and 

v. Source strength in DPM (decay corrected as necessary). 

B. Take a background 1-minute count in both the alpha and beta channel. 

(or only the single channel for the Model 44-10/Model 3000 and 

Model 19). 

C. Take a 1-minute count with the probe completely centered over the 

alpha-emitting source in both the alpha and beta channels. For the 

Model 44-10/Model 3000 and Model 19, place the Cs-137 source 6 

inches from the center of the probe. Use the provided template in 

Appendix A for this purpose. Proceed to step “E”. 

i. Ensure the source is returned to the holder. 

D. Take a 1-minute count with the probe completely centered over the 

beta-emitting source in both the alpha and beta channels. 

i. Ensure the beta source is returned to the holder and placed 

away from the detector by at least a meter when not in use. 

E. Using the appropriate form in either Appendix A or B, and the 

provided equations therein, determine that the instrument is within the 

provided control values, calculated in Section 5(a)(i) above. If within 

the control values, proceed using the instrument. If not, ensure that 



there is no other issue with the instrument, e.g. batteries need replaced, 

the high voltage needs adjusted, or high radon levels in building. If an 

issue is identified do not use the instrument for values which will be 

recorded or used to identify issues. Keep the function check sheets for 

each inspection with the documentation from that inspection. 

 

Documentation shall be maintained to indicate instrument operability and/or 

malfunction problems on a daily basis when instruments are in use.  QA 

documentation should be kept for both background counts and counts with a 

check source.  The attached instrument QA daily check charts in Appendices C 

and D are available for use.  An equivalent form may also be used.  The 

“Calculation of Mean and Control Limits” charts attached in Appendices A and 

B, are also available for use.  Equivalent charts may be used at the discretion of 

the URP Health Physics technical lead. Daily instrument checks could be 

completed on a chart, similar to the attached daily instrument QA charts in 

Appendices C and D. 

 

(b) Use of the Ludlum Model 19 

i. Using the buttons on the left side of the top plate, check the HV and BAT and 

complete the quality control procedure, per the procedure in (a). 

ii. Once the quality control procedure is completed, use the switch to turn the 

operation to FAST mode (F, with a rabbit pictogram). 

iii. Turn the selector from OFF to 25 (in red). This is the lowest reading setting, 

used for measuring low level radiation from 0 to about 25 microRoentgen per 

hour (µR/hr). If the needle is “pinged” to the far right of the scale, switch to a 

higher setting, starting at 50, and increase the selector settings as necessary. 

iv. To read the instrument, use the needle and scale. Red range values (25 and 

250) should be read from the red scale.  Black range values (50, 500, and 5000) 

should be read from the black scale. 

v. To take a measurement to be recorded, switch from FAST mode to SLOW 

mode. Measurement recordings should be completed in SLOW mode, which 

helps to stabilize the reading. Allow the instrument ample time to stabilize in 

slow mode. 

 

(c) Use of the paired Ludlum Model 43-89/Ludlum Model 2224-1 

i. Using the toggle for HV and the turning selector knob for the battery, check the 

HV and BAT and complete the quality control procedure, per the procedure in 

(a). 

ii. Turn the selector knob to “x1”, increasing the scale if areas which max out the 

scale are found. 

iii. For scanning, slowly move the detector over the area of interest in the alpha 

only mode. Hold the detector above the surface of the area of interest by less 



than 1 cm, preferable less than 0.5 cm. Remove debris which may puncture the 

thin window. 

iv. For scaler counts, turn the MIN selector knob to 1-minute. Hold the detector 

against the object or area of interest only if you can be sure that the action will 

not contaminate the detector. Otherwise, hold the detector 0.5 cm above the 

surface of the area of interest. Press the button in the handle of the Model 

2224-1 to begin the scaler count. 

 

(d) Use of the paired Ludlum Model 44-10/Ludlum Model 3000 

i. Pres the ON/ACK button for approximately one second to turn the Model 3000 

ON (press for >3 seconds to turn the Model 3000 OFF). 

ii. Press the MODE button to advance between the three operating modes. 

iii. Use the COUNT mode for scaler counting, the RATE mode for exposure rate 

measurements, and the MAX mode to discover the highest recorded reading of 

the session. 

iv. The instrument should be set up by the URP Health Physics technical lead 

prior to use. The programming should not be attempted by inspectors unless 

they are trained to do so. 

Section 6. Other Inspection Sampling Processes 

 

Occasionally, soil sampling, air sampling, liquid (surface or ground water) sampling, swipe 

sampling, or other sampling may be completed at the discretion of the URP. These may be taken 

as confirmatory samples, split samples of licensee samples, field duplicates of licensee samples, 

or other samples. These samples will be sent to laboratories deemed appropriate by the URP. 

These laboratories’ Quality Management Programs will be reviewed by the URP for QA/QC 

procedures deemed appropriate by the URP.  Specific procedures for each sampling effort will 

be developed by the URP prior to any sampling event. URP will rely on principles discussed in 

DOE, NRC, or EPA documentation in the development of any sampling event.  

 

(a) Soil and Sediment Sampling – General Procedure 

 

NOTE: This procedure should be viewed as a general procedure. While this 

procedure could be used in aiding the development of a more specific soil 

sampling procedure, this procedure is not specific to a single sampling event. 

SOP’s, by definition, are specific to a planned event or goal, and not general in 

nature. However, this procedure is provided as guidance for a future procedure, 

developed specifically to the goals of the sampling event. Procedures for specific 

types of sampling, such as composite sampling, or soil profiles should be 

completed prior to any sampling event requiring these types of samples.  

 

(i) Equipment and Supplies 

Commented [SR1]: 83. On page 850 of 1010, Uranium 
Recovery Inspection Procedure (URP-05) Section 6, “Other 
Inspection Sampling Processes,” please include procedures 
to specify how field samples of soil or water will be taken, 
handled, packaged and shipped for analysis. 
 



A. Trowel, auger or other soil gathering tool acceptable for the required 

sampling 

B. Plastic re-sealable bags (half-gallon or larger) (Zip-Loc type) 

C. Permanent Marker 

D. Laboratory Supplied Chain of Custody 

E. Field Notebook 

F. Handheld GPS 

G. Equipment Manuals 

H. Tape Measure or Ruler 

I. Stiff bristle brush 

J. Spray bottle filled with water (deionized or distilled) (as necessary) 

K. First Aid Kit 

L. Digital Camera (as necessary) 

M. Personnel Protective Equipment (as necessary) 

N. Water resistant ink pens 

O. Hard sided shipping container or cooler 

P. Shipping Tape 

Q. Disposable Gloves 

R. Pin flags 

S. Water resistant sample labels 

T. Paper towels 

(ii) Obtaining Samples 

A. Wash hands or change disposable gloves prior to sample collection as 

necessary 

B. Locate the sampling location utilizing the GPS instrumentation 

available 

C. Note the location coordinates in the coordinate system of interest for 

the site. Adjustments to a previously decided upon location should be 

made in cases of dangerous conditions (such as on the side of a steep 

slope).  

D. Clear grass, rocks, sticks, debris, and organic substances from the top 

of the location. If present in the sample, remove these items as well to 

the extent practical.  

E. Using the auger or trowel, sample the soil to the depth of interest, 

generally the top 0-5 cm or 0-15 cm.  However, in some cases, a soil 

profile may be of interest, generally, 0-30 cm, 30-60 cm, and 60-100 

cm. Development of a specific soil profile sampling procedure should 

be completed prior to completing a soil profile sample.  If a composite 

sample is being taken, the development of a composite sampling 

procedure should be completed.  

F. Record relevant information in the logbook such as sampler name, 

sample ID, date, time, soil type, soil color, moisture, QA/QC 

information, irregularities in the sample/sampling technique, other 



field observations, sample coordinates etc. Take a picture using the 

digital camera as necessary. 

G. Record the date, time, and sample ID onto the bag and the label. A 

label may include other information, such as relevant analytes or 

conditions relevant to the sample 

H. Store samples in the hard sided container 

I. Complete the COC as necessary for the sample and analysis 

J. Clean the sampling tool with the spray bottle, paper towels, and brush 

as necessary for QA/QC purposes 

(b) Surface Water Sampling 

(i) Equipment and Supplies 

A. Permanent marker 

B. Laboratory supplied Chain of Custody 

C. Field notebook 

D. Handheld GPS 

E. Equipment manuals 

F. First aid kit 

G. Digital camera (as necessary) 

H. Personnel protective equipment (as necessary) 

I. Water resistant ink pens 

J. Hard sided shipping container or cooler 

K. Shipping tape 

L. Disposable gloves 

M. Water resistant sample labels 

N. Paper towels 

O. Preservatives as required 

P. Sample collection containers (e.g. beaker, dipper) 

Q. Dissolved oxygen/pH/conductivity/temperature meters as necessary 

R. Ice packs 

S. Filtering equipment 

T. pH buffers and standards as necessary 

(ii) Obtaining Samples 

A. All sampling equipment should be free of residuals, rinsed using DI 

water, and decontaminated prior to sampling events. 

B. Instruments for field measurements, such as any conductivity or 

dissolved oxygen meters should be calibrated prior to the sample 

event, or in the field, per the manual for the instrument. These readings 

and calibrations shall be recorded in the field notebook. 

C. Prior to sampling, field conditions shall be recorded in the field 

notebook. Any abnormalities will be recorded.  

D. Grab samples will be collected near the edges of water bodies such as 

ponds and lakes. For streams and rivers, grab samples will be taken in 

areas easily accessible and safe for the sampler. If an ephemeral stream 



shall be sampled, sampling devices will need to be placed in the 

thalweg of the drainage such that any amount of water flow in the 

drainage may be collected. 

E. Water samples will be labeled clearly and the COC will be filled.  

F. The following information will be recorded in the field notebook: 

i. the sampling location; 

ii. the actual time and date when the sample was obtained; 

iii. the person(s) performing the sampling; 

iv. the temperature, pH, conductivity and dissolved oxygen (as 

required); 

v. the sample identification numbers, including those for any 

QA/QC samples; 

vi. the number of samples taken; 

vii. all field observations; and 

viii. any irregularities or problems that may have a bearing on the 

sample QA/QC 

(iii) QA/QC Sampling 

A. QA/QC of field measuring equipment involves the review of 

calibration procedures and the use of standards.  QA/QC of field 

sampling documentation involves the routine verification of field log-

books and/or forms and the required sign-off on the Chain-of-Custody 

(COC) forms.  Each QA/QC sample should be labeled with the correct 

QA/QC identification number and sent along with the other samples to 

the independent laboratory for analysis.  The number and frequency of 

QA/QC samples to be collected is generally defined as 10% of the 

samples taken (i.e. when collecting monthly samples this would 

correlate to one of each type of field QA/QC sample every ten months) 

or one per year, whichever is more frequent. Specific work plans may 

specify a different frequency of QA/QC samples Sample containers 

and preservatives for QA/QC samples should be prepared in the same 

manner as all other sample containers. 

i. Field Duplicate Samples – samples that have been divided into 

two or more portions at some step in the measurement process. 

Each portion is then carried through the remaining steps in the 

measurement process. An example of a field duplicate sample 

is a water sample that has been collected and poured into two 

sets of sample containers. 

ii. Equipment Rinsate Samples – samples that are obtained by 

collecting deionized or distilled water that has contacted the 

decontaminated sample collection equipment (i.e. beaker or 

dipper). These samples are then sent to the laboratory for 

analysis of the same parameters as the sample taken with the 

same equipment. These samples will be used to determine if 



decontamination procedures have been effective. Equipment 

rinsate samples may also be taken from decontaminated 

equipment planned for dedicated used, prior to use at the 

dedicated location. 

iii. Field Blank Samples – samples that are collected by pouring 

deionized water directly into a sample container.  The blank 

will be analyzed for the same parameters as the samples that 

were collected or are associated with that blank. 

iv. Matrix Spike Samples – The laboratory will analyze the sample 

for the analytes being measured in other related samples within 

the sample delivery group. The laboratory will then add (spike) 

a known quantity of a specific analyte to the sample and 

reanalyze the sample for the spiked analyte.  The percent 

recovery of the spiked analyte is determined and matrix 

interferences are evaluated.  A sufficient quantity of sample 

will be collected to allow the laboratory to spike the sample for 

each analyte to be analyzed. 

(c) Packaging and Shipping 

i. All samples will be sent to qualified laboratories for analysis 

ii. Ship samples in a cooler or hard-sided container, as necessary, as soon as 

possible and ensure samples will not exceed analyte-specific holding times.  

iii. Make a copy of the final chain of custody for site records and insert the 

original into a re-sealable bag and tape it to the inside top of the shipping 

container. Tape the container shut and sign the custody seal, if used. Ship 

samples as coordinated with the laboratory.  

iv. All records and documentation associated with sample collection shall be 

retained in accordance with regulatory requirements. Chain of Custody forms 

are maintained in a binder or folder designated by the Project or Field Manager 

for that purpose. The site logbook is maintained electronically or by bound 

logbook as designated by the Project or Field Manager. Laboratory results are 

maintained electronically and by hard copy in a binder or folder designated by 

the Project or Field Manager for that purpose. 

 


