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RADIATION AND CONTAMINATION SURVEY TECHNIQUES

1.0 Scope

This document provides guidelines for performing and documenting routine, job coverage, and waste characterization/shipment radiation and contamination surveys. These surveys are performed for routine radiation measurements, job coverage, and waste characterization, as well as for documentation of shipments of radioactive materials from Battelle Columbus Laboratories Decommissioning Project (BCLDP). This procedure does not apply to performing characterization surveys. An unconditional release of radioactive materials from controlled areas shall be performed in accordance with the provisions of Reference 3.1.1 of this procedure. Waste surveys shall be performed in accordance with the provisions of Reference 3.1.2 and the applicable Waste Management operating procedure(s). This procedure is applicable to Health Physics, to personnel who may perform radiation and contamination surveys under the surveillance of Health Physics, and to the Radiological Field Operations (RFO) Manager.

2.0 Purpose

The purpose of this procedure is to establish the methodology for performing and documenting radiological surveys and satisfies the provisions of Reference 3.1.3 of this procedure. 
3.0 References, Definitions, and Developmental Resources

3.1 References

3.1.1 HP-OP-011, Release of Materials from Controlled Areas

3.1.2 DD-98-04, Waste Characterization, Classification, and Shipping Support Technical Basis Document
3.1.3 DD-90-02, Radiation Protection Program for the BCLDP
3.1.4 TD-AP-04.0, Health Physics Technician Training and Qualification 
3.1.5 HP-OP-201, Hot Particle Controls

3.1.6 HP-OP-017, Health Physics Routine Surveillance

3.1.7 HP-AP-29.0, Control of Radiological Measuring and Test Equipment and Instruments (RMTEI)
3.1.8 HP-OP-012, Radiological Area Posting and Access Control

3.1.9 
3.1.10 
3.1.11 
3.1.12 
3.1.13 
3.1.14 
3.1.15 EL-TP-006, Determination of Gross Alpha and Beta/Gamma Activities Using the Tennelec LB 5100
3.1.16 
3.1.17 
D
3.2 efinitions

Refer to the BCLDP Procedures Dictionary for definitions of the following terms:
	Activity

As Low As Reasonably

     Achievable (ALARA)

Contact Dose Rate

Contamination

Controlled Area
	Corrected Beta Dose Rate

Fixed Contamination

Hot Spot

Minimum Detectable Activity (MDA)

Radiation Work Permit (RWP)

Survey



3.3 Developmental Resources

3.3.1 American National Standards Institute (ANSI) N3.1 - 1987, Selection, Qualification and Training of Personnel for Nuclear Power Plants 

3.3.2 U.S. Nuclear Regulatory Commission, Title 10 Code of Federal Regulations Part 20, Standards for Protection Against Radiation 



4.0 General

4.1 Health Physics performs radiological surveys to document the radiological conditions of work areas at the BCLDP and satisfy the applicable requirements of Reference 3.1.3 of this procedure. 
4.2 The Surveyor shall be qualified in accordance with the provisions of Reference 3.1.4 to perform radiological surveys and interpret laboratory analytical results.

4.3 Prior to entering the area or performing any survey, Health Physics shall check each radiation detection instrument for proper operation in accordance with the provisions of the applicable operating procedure.

4.4 The Surveyor shall follow all applicable RWP and posting instructions when performing radiation and contamination surveys.

4.5 The Surveyor shall leave an area if, during the survey, the radiation detection instrument in use appears to be malfunctioning.
4.6 The Surveyor shall use good health physics work practices to reduce a worker’s radiation exposure to as low as reasonably achievable.
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 



4.13 
4.14 
4.15 
5.0 Procedure

5.1 General Survey Requirements

NOTE:
The Health Physics Technician (Surveyor) shall perform the responsibilities of Section 5.1 of this procedure, unless otherwise indicated.

5.1.1 Perform radiation and contamination surveys on an as-needed basis. The need to perform a radiological survey may be identified by, but not limited to, the following:
5.1.1.1 Submittal of DDO-106, RWP Request
5.1.1.2 Requirement to generate an RWP to perform an approved job

5.1.1.3 Procedural requirement

5.1.1.4 A condition where radiological data are needed to assist decision making by management

5.1.1.5 Investigation of abnormal conditions

5.1.1.6 Requirement to update RWP or posting conditions

5.1.1.7 Requirement to document the effects of temporary shielding

5.1.1.8 Routine surveillance in accordance with the provisions of Reference 3.1.6 of this procedure. 
5.1.2 Prior to the performance of the survey, be aware of
5.1.2.1 Any special survey end-use requirements, e.g., transportation limits, mixed waste criteria 
5.1.2.2 The nature of the work to be performed in the survey area
5.1.2.3 The anticipated range of radiation and contamination levels in the area to be surveyed
5.1.2.4 Activities in the area that may affect the radiological safety conditions
5.1.2.5 Safety considerations and requirements in effect in the area to be surveyed.

5.1.3 Determine the type of survey to be performed and select the proper instrument for the survey.

5.1.3.1 Review the RWP to identify the current radiological conditions and tasks to be performed.
5.1.3.2 Select an instrument capable of detecting and calibrated for the type of radiation to be surveyed.

5.1.3.3 Select an instrument capable of detecting the dose rate range or contamination level expected.

5.1.3.4 Select an instrument calibrated to the range of expected emission energy.

5.1.4 Review and sign-in on the applicable RWP for the area to be surveyed.

5.1.5 Operate instruments used to perform radiation and contamination surveys in accordance with the provisions of the applicable operating procedure and Reference 3.1.7 of this procedure.

5.1.5.1 Log out the instrument.
5.1.5.2 Examine the instrument for obvious physical damage that could interfere with proper operation.
5.1.5.3 Verify that the instrument has been calibrated as documented on DDO-292, Calibration Data Sticker.

5.1.5.4 Verify that the calibration period has not expired.
5.1.5.5 Verify that the performance test was completed and the instrument is operating correctly.
5.1.6 Examine the area or item to be surveyed for safety hazards and wear work gloves when performing smears or large area smear wipes on surfaces with sharp or jagged edges.
5.1.7 Post hot spots in accordance with the provisions of Reference 3.1.8.
5.1.8 The Surveyor should utilize an ion chamber for dose rate surveys used to determine RWP requirements, job coverage, or stay times.

5.1.9 The Surveyor should use a Geiger-Mueller detector, e.g., Teletector, to measure gamma radiation for waste containers or vehicle surveys.
5.2 Performance of Radiation Surveys

NOTE:
The Health Physics Technician (Surveyor) shall perform the require​ments of Section 5.2 of this procedure, unless otherwise indicated.


5.2.1 When surveying for radiation levels using an ion chamber, take the gamma reading with the beta window closed.

5.2.2 When entering posted or suspected high radiation areas, position the ion chamber range selector switch on the highest range and move it down through the lower ranges until the meter indicates an on-scale reading.

5.2.3 
5.2.4 Document measured exposure rates.

5.2.5 Perform radiation surveys for radioactive waste characterization, e.g., specific points of survey (center-line), in accordance with the provisions of Reference 3.1.2 and the applicable Waste Management operating procedures.
5.2.6 General area beta/gamma radiation surveys:
5.2.6.1 For general area room surveys, hold the instrument detector at waist to chest level, using the highest reading obtained for documentation of survey records and postings. Normally, general area surveys are performed at a distance greater than 30 cm (~12 in.) from relevant components and equipment.

5.2.6.2 Normally, perform general area surveys to measure only gamma radiation levels. However, when suspected, measure general area beta radiation levels with an RO-20 or RSO-5/50 (or equivalent ion chamber instrument) using the instrument’s beta correction factor (BCF). Document all corrected general area beta radiation levels (10 millirad per hour (mrad/hr) on DDO-138.

5.2.6.3 When performing general area room surveys for RWPs, the Surveyor should include all accessible areas and positions or levels where personnel will be performing work.

5.2.6.4 When performing RWP surveys, document radiation readings at approximately 30 cm from the source(s) of radiation.

5.2.6.5 The Surveyor should document survey data in accordance with Section 5.4 of this procedure.

5.2.7 Contact beta/gamma radiation surveys:
5.2.7.1 The Surveyor should take contact surveys within one inch of relevant components and equipment.

5.2.7.2 Perform contact beta radiation surveys on open radioactive systems and exposed contaminated equipment internals or when accessing ports or entranceways to hot cells.




5.2.7.3 The Surveyor should also take contact radiation readings on relevant components and equipment that personnel will likely encounter during the performance of their work.

5.2.7.4 When conducting contact surveys on surfaces with high levels of exposed surface contamination, obtain an open window reading and a closed window reading to determine the beta exposure.

5.2.7.5 Denote all corrected beta readings (10 mrad/hr on DDO-138.

5.2.7.6 In the event that hot particles are detected, perform a direct surface monitoring of the suspected hot particle as follows: 

a. As determined by the RFO Manager or designee, direct hot particle surveys may be excluded based upon an evaluation of the work process/area for increased radiological hazards or other specific considerations.  In these cases, indirect survey methods shall be utilized.
b. Select the appropriate instrument(s) for the activity level(s) and type(s) of radiation and nuclides being surveyed. Perform this survey with an open window instrument, e.g., Ludlum Model 3, RM-14 with a pancake probe, NE Delta/Electra, or open window RO-20, etc.

c. Hold the detector approximately 1/2 in. from the surface being monitored and scan the area at a rate of 1 to 2 in./sec. If a hot spot (i.e., five times the general area activity on the surface of the item being surveyed) is located, isolate the suspected hot particle in accordance with the provisions of Section 5.3.4 of this procedure and advise the RFO Manager or designee.
5.2.7.7 Document survey data in accordance with Section 5.4 of this procedure.

5.2.8 Radiation streaming:
5.2.8.1 Be aware that the detector may not respond correctly to a radiation beam with a diameter smaller than the sensitive area of the detector. The incorrect response will be proportional to the fraction of volume ionized in the chamber to the full chamber volume.
5.2.8.2 The Surveyor should complete a detailed survey to correctly characterize the beam and the potential radiation exposure.
5.2.8.3 Conduct a visual inspection of the area to be surveyed. Identify sources of streaming, such as a beam port, shield plug, cell window, or a shielded area. Streaming may result from voids or non-homogeneous construction in a wall behind which radiation sources are stored. 
5.2.8.4 Measure the radiation dose rates on contact with the potential beam. Traverse the edge of the port or plug and verify that the meter response does not significantly change as the detector is moved around the edge of the port or plug.
5.2.8.5 Measure the radiation dose rate at least five detector diameters from the source to the detector center. Traverse the edge of the port or plug and verify that the meter response does not signifi​cantly change as the detector is moved around the edge of the port or plug.

5.2.8.6 In the event of a significant change in the meter response, either on contact or at the desired distance from the source, select a different instrument with a smaller diameter detector. Repeat the survey.
5.2.8.7 If a radiation beam is indicated, use the area radiation measurements (i.e., not on contact with the source) and use the inverse square relation to calculate the dose rate at the desired distance (e.g., contact).
5.2.8.8 Verify that the area, including the radiation beam, is properly posted. Shielding may be required for the radiation beam.
5.3 Performance of Contamination Surveys

NOTE:
The Health Physics Technician (Surveyor) shall perform the requirements of Section 5.3 of this procedure, unless otherwise indicated. 

5.3.1 Quantitative smear surveys:
5.3.1.1 Wipe a cloth or paper disc over an area of 100 cm2 applying an even pressure to the surface area.  
NOTE:
100 cm2 is approximated by a 4-in. square or an 18-in. “S.”

5.3.1.2 Place the smear in a protective envelope or equivalent to avoid cross-contaminating the samples. Use proper handling techniques for the survey media.
5.3.1.3 The Surveyor should use the portable survey instrumentation to count smears suspected to be >5,000 disintegrations per minute (dpm) beta-gamma or >1,000 dpm alpha.

5.3.1.4 
5.3.1.5 Count all smears taken for the purpose of determining if the item or area smeared is below the posting requirements for loose activity on low background survey instruments. This equipment should have an MDA less than 20 dpm for alpha and 1,000 dpm for beta-gamma (e.g., the Ludlum 2929). In addition, the Surveyor may count smears in accordance with the provisions of Reference 3.1.9 of this procedure.


NOTE:
Paper smears taken for alpha analytical analysis shall be completely dry prior to counting. 

5.3.1.6 Report results in units of dpm/100 cm2 and document in accordance with Section 5.4 of this procedure.

NOTE:
Smear results >50,000 counts per minute (cpm) beta-gamma may be reported in mrad/hr/100 cm2 using an appropriate conversion factor.
5.3.2 Qualitative large area smear survey (wipe):
5.3.2.1 Use large area smears to obtain a qualitative indication of contamination levels in large areas or on pieces of equipment suspected to have contamination present. The Surveyor may also use large area smears to check areas or equipment for presence of hot particle contamination.

5.3.2.2 Wipe over the surface to be surveyed applying moderate pressure. Do not exceed 1 square meter in area.
NOTE:
This technique may not be adequate to characterize irregular surfaces.
5.3.2.3 Count the wipe with portable instrumentation (e.g., count rate meter equipped with an HP-210 probe or equivalent for beta-gamma and/or a Nuclear Enterprise Delta 3 or Electra, or an equivalent instrument for alpha).
5.3.2.4 Use the highest reading obtained for reporting results. 
5.3.2.5 Results should be reported in units of dpm/wipe or mrad/hr above background.
NOTE:
Do not attempt to quantify the survey area.
NOTE:
A qualitative survey, conducted in a clean area, may indicate activity above background. The survey should be repeated using disc smears. 


5.3.2.6 Document the results in accordance with the provisions of Section 5.4 of this procedure.

5.3.2.7 In areas where wipes are not effective, the Surveyor should use sticky rollers or other approved methods to obtain accurate information regarding actual contamination levels.

5.3.3 Fixed contamination surveys:
5.3.3.1 The Surveyor should maintain contamination monitoring instruments at a distance of 0.25” to 0.5” from the surface of the object when surveying for fixed contamination. Contact Health Physics or the RFO Manager for direction to survey at distances outside this range.
5.3.3.2 The rate at which the probe is moved over the suspect surface and the corresponding detection limit should be established before the survey begins. The scanning rate should be approved by Health Physics or the RFO Manager. 

5.3.3.3 Plastic film coverings should be used to avoid contamination of survey instruments in contaminated areas. Avoid covering mylar windows, since this may decrease the beta and alpha detection efficiencies or completely shield the alpha radiation.

5.3.3.4 If mylar windows are exposed, exercise caution to avoid puncture of the detector.

5.3.3.5 If any instrument response is detected during probe movement, conduct a static reading for a period not less than 30 seconds to allow the instrument reading to stabilize and verify the response.

5.3.3.6 Results should be recorded as described in Section 5.4. The size of the detector’s active area should be recorded or the data should be normalized to 100 cm2.
5.3.4 Hot particle contamination surveys:
Conduct indirect surface monitoring (large area surveys) using treated cloths to evaluate for the presence of hot particle contamination as follows:
5.3.4.1 Wipe the cloth over a surface area of approximately 1 ft2.

5.3.4.2 If the area being surveyed is greater than 1 ft2, fold the cloth such that an unused portion is exposed and continue wiping as stated above.

5.3.4.3 For very large plane surface areas (e.g., floors, walls), attach the cloth to a masslinn mop and fold the cloth to an unused portion after wiping an area of approximately 100 ft2.

5.3.4.4 Spread the sample media out evenly on a smooth flat surface. Carefully remove the cloth from the mop if the mop was used to perform the survey.

5.3.4.5 Select the appropriate monitoring instrument(s) for the activity level(s) and type(s) of radiation and nuclides that are being surveyed. In cases where beta and/or beta/gamma emitters are suspected, perform the following surveys with an open window instrument of the suspected activity range, e.g., Ludlum Model 3, RM-14 with a pancake probe, NE Delta/Electra, open window RO-20, etc.

5.3.4.6 Direct scan the sample media in a low background area with the appropriate instrument to determine if any high activity areas (five times the general activity on the cloth) are present. When surveying for hot particles with characteristically high energy beta emitters (i.e., fuel fragments), cover the open window of the instrument with a shield of approximately 90 mg/cm2 thick and repeat the steps as stated above.

NOTE:
Only shields of approved thickness (0.002‑in. stainless steel shim stock) shall be used. Typical credit cards or site badges are too thick to be used for this purpose.

5.3.4.7 If no high activity areas are detected, consider performing a direct survey as described in Step 5.2.6.6 of this procedure.

5.3.4.8 If a high activity area is located on the sample media, determine whether the high activity area is a hot particle. Several techniques may be used to determine if the source of high activity is a discrete particle. Examples include the following:

d. Cut out approximately 1 in.2 of the sample media such that the high activity areas are located on that portion of the sample. Cut the 1‑in.2 sample in half, survey both pieces and determine which half now contains the high activity area. Continue cutting the sample in half until the sample containing the high activity area is reduced to less than 1 cm2.

e. While monitoring the count rate (or dose rate) of the high activity area, slowly move a shield (such as the point of a pair of scissors) over the area containing the high activity. If the count rate (dose rate) drops dramatically when the shield is moved over an area less than 1 cm2, assume that the high activity area may be a hot particle.

5.3.4.9 If a suspected hot particle is isolated, contact the RFO Manager or designee. The RFO Manager or designee will determine if further identification or analysis of the suspected hot particle is necessary.

5.3.4.10 If what is believed to be a hot radioactive particle is isolated as stated above, attempt to verify that the sample has radiological characteristics that differ from normal crud. Several techniques may be used to identify unique isotopic distributions or radio​logical characteristics. (See Reference 3.1.5 of this procedure). Examples include the following:

f. Have the Radioanalytical Lab perform an isotopic analysis of the sample. If the sample contains an isotopic distribution indicative of a particle (i.e., a single isotope such as 60Co or a pure fission product distribution from a spent fuel fragment), assume that the sample contains a hot particle.

g. Compare the beta-to-gamma ratio of the sample with the same ratio of a crud sample of similar activity. If the beta-to-gamma ratio is different from the crud ratio, assume that the sample contains a hot particle.
h. Use a shield of known density (90 mg/cm2) to approx​imate the beta energies associated with the sample. If the beta energies are significantly different than those associated with a crud sample of similar activity, assume that the sample contains a hot particle.

NOTE:
Only shields of approved thickness (0.002‑in. stainless steel shim stock) shall be used. Typical credit cards or site badges are too thick to be used for this purpose.

5.4 Documentation and Review of Radiological Surveys

NOTE:
The Health Physics Technician (Surveyor) shall perform the requirements of Section 5.4 of this procedure, unless otherwise indicated.


5.4.1 Document all radiation and contamination surveys on DDO-138, Health Physics Survey Report; DDO-134, Counting Room Analysis Report (or applicable form); and, if necessary, on DDO-103, Summary and/or Special Report Form. 

5.4.1.1 Record in the appropriate columns the results of smears counted with portable instruments.

5.4.1.2 Include drawings as necessary to clearly designate survey locations.

5.4.1.3 Complete DDO-138 to identify instrumentation used to perform the survey.

5.4.1.4 Obtain survey numbers from DDO-137, Health Physics Survey (HPS) Issue Log.

5.4.1.5 Report corrected beta dose rates as mrad/hr.

5.4.1.6 
5.4.1.7 Denote alpha values by the α symbol.

5.4.1.8 Denote beta values by the β symbol.

5.4.1.9 Denote contact readings by underlining the value.

5.4.1.10 Denote readings at 30 cm from source by the * symbol.
5.4.1.11 Denote smear locations by consecutive numbers inside circles.

5.4.1.12 Denote large area smear wipes by consecutive letters inside circles. Attach curved lines to the circle to indicate the approximate location surveyed.

5.4.1.13 Denote air sample locations by consecutive numbers inside triangles.

5.4.1.14 Report fixed surface contamination as dpm/direct frisk/100 cm2 and specify the survey locations inside a rectangle.
5.4.2 Use the following symbols to identify area conditions (boundaries, postings, and hazards) for survey documentation on DDO-138:

5.4.2.1 CAB—Controlled Area Boundary

5.4.2.2 RWP—Radiation Work Permit required for entry

5.4.2.3 RA—Radiation Area

5.4.2.4 HRA—High Radiation Area

5.4.2.5 VHRA—Very High Radiation Area

5.4.2.6 CA—Contaminated Area

5.4.2.7 HCA—High Contamination Area

5.4.2.8 FSC—Fixed Surface Contamination

5.4.2.9 RMA—Radioactive Materials Area

5.4.2.10 HPZ—Hot Particle Zone (II or III to be designated after HPZ)

5.4.2.11 VHRS—Very High Radiation Streaming may occur if plug is removed

5.4.2.12 IC—Internal Contamination

5.4.2.13 ARA—Airborne Radioactivity Area

5.4.2.14 NHPE—Notify HP Prior to Entry

5.4.2.15 ND—None Detectable

5.4.2.16 NT – Not Taken

5.4.2.17 SOP—Step Off Pad

5.4.2.18 -X-X-X- —Boundary Markings

5.4.2.19 Triangle (()—Air Sample Locations

5.4.2.20 TLD—Thermoluminescence dosimeter required for entry

5.4.2.21 PSR—Personal Survey Required on exit

5.4.2.22 MSR—Material Survey Required on exit

5.4.2.23 RPR—Respiratory Protection Required.
5.4.3 The Surveyor should include on the survey a narrative explanation of abnormal or unsafe conditions.

5.4.4 Denote area postings on the survey.

5.4.5 Include a key on DDO-138 to define acronyms and symbols required for interpretation of the survey that are not listed in Sections 5.4.1 or 5.4.2 of this procedure.

5.4.6 The Surveyor should record detailed narratives of radiological survey information on DDO-103 and attach to DDO-138.

5.4.7 Attach analytical results (e.g., isotopic, Tennelec) to the DDO-138. Record the survey number on each page. 

5.4.8 Document instrument serial number, calibration data, as well as applicable correction factors. Background information should also be documented.
5.4.9 Upon completion of document(s), submit the document(s) to the RFO Manager or designee for review. 

5.4.10 The RFO Manager or designee shall review the radiological survey for completeness and technical accuracy.

5.4.11 If correct, the RFO Manager or designee shall sign all pages of the survey. Signature indicates that the content has been reviewed and approved. If approved, a radiological survey shall be submitted to Project Records in accordance with the provisions of Section 6.0 of this procedure. If not approved, the RFO Manager or designee shall return the documentation to the Surveyor for correction or completion.
6.0 Records

The following records are generated by the use of this procedure. These records shall be reviewed by the RFO Manager or designee and forwarded to Project Records on a monthly basis.

· Summary and/or Special Report Form, DDO-103

· Counting Room Analysis Report, DDO-134

· Health Physics Survey Log, DDO-137

· Health Physics Survey Report, DDO-138

7.0 Forms, Exhibits and Attachments

7.1 Forms

· DDO-103, Survey and/or Special Report Form (Reference 3.1.10)
· DDO-134, Counting Room Analysis Report

· DDO-137, Health Physics Survey Log

· DDO-138, Health Physics Survey Report

7.2 Exhibits

None.
7.3 Attachments

None.
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