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HOT PARTICLE CONTROL

1.0 Scope

This procedure establishes methods for controlling the spread of hot particle contamination and minimizing exposure to personnel.  Samples for analysis by the Radioanalytical Laboratory are exempt from the requirements of this procedure.  This procedure is applicable to BCLDP Health Physics and the Radiological Field Operations (RFO) Manager.

2.0 Purpose

The purpose of this document is to identify the requirements necessary to control hot particle contamination, to minimize personnel exposure to hot particles, and to provide instruction for documenting hot particle contamination.  This procedure satisfies the requirements of Reference 3.1.8 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 HP-OP-019, Radiation and Contamination Survey Techniques

3.1.3 HP-AP-13.0, Personnel Decontamination

3.1.4 HP-AP-1.0, Issue and Use of Radiation Work Permits

3.1.5 HP-OP-012, Radiological Area Posting and Access Control

3.1.6 HP-OP-014, Control of Radioactive Material

3.1.7 HP-AP-2.0, External Dosimetry Program

3.1.8 
3.1.9 DD-90-02, Radiation Protection Program for BCLDP
3.1.10 PR-AP-17.1, Operation of the Project Records Management System
3.2 Definitions

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

Crud
Hot Particle Contamination Control Zones
Hot Particles 

3.3 Developmental Resources

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

3.3.2 National Council on Radiation Protection and Measurements, “Biological Effects and Exposure Limits for Hot Particles”, NRCP Report 130

4.0 General

4.1 Employees at BCLDP have the potential to encounter “hot particles” during the remediation efforts.  Radiation measurements are made to locate and contain the “hot particles” in order to reduce employee’s exposures to as low as reasonably achievable.
4.2 If unanticipated hot particle contamination between 500 mR/hr open-window and 5000 mR/hr open window are discovered, a recovery plan shall be implemented in accordance with the provisions of Exhibit 1 of this procedure. 

4.3 BCLDP “hot particles” are commonly fragments of irradiated nuclear fuel but may also contain 60Co.  The “hot particles” emit high energy beta radiation.  They tend to be electrically charged and therefore tend to be fairly mobile.

4.4 Hot particles on or very near the skin can expose small amounts of tissue to a large, non-uniform radiation dose.  Average doses can be calculated over any defined volume of tissue if the particle is characterized by nuclide and activity.  The calculated dose is strongly dependant on the area and the depth of skin over which the dose averaging occurs. Hot particle skin contamination shall be documented on DDO-259, “Personnel Contamination Report.”

4.5 The Radiological Technical Support Manager uses existing computer models to assess skin and tissue radiation doses.  The results of the computer models are used to assign an extremity dose, as described in Reference 3.1.7 of this procedure.

4.6 Hot particle contamination with activity levels of less than 3,000 cpm at 1/2" with a shielded 90 mg/cm2 count rate instrument (0.02 μCi) and less than 5,000 cpm at 1/2" with an unshielded count rate instrument (0.02 μCi) are exempt from the requirements of this procedure.  
5.0 Procedures

Health Physics shall perform the responsibilities of Sections 5.1 through 5.7 unless otherwise noted.
5.1 Hot Particle Zones

5.1.1 Health Physics shall establish hot particle zones to control the spread of hot particle contamination, as necessary.  In addition, hot particle zone controls shall be instituted prior to breaching systems or equipment that have significant potential for hot particle contamination. 

5.1.2 Zone I areas are those areas which are verified to be free of loose hot particles or are not expected to become contaminated with hot particles.  A Zone I area surrounds the perimeter of a Zone II control area.

5.1.3 Zone II areas are established to provide a buffer between Zone III areas when physical barriers are not present.  These areas are verified to be free of loose hot particles but have the potential for becoming contaminated by hot particles.  Zone II areas also provide a storage area for Zone III material that is bagged or otherwise enclosed, e.g., laundry bins or sealed plastic waste bags.  Any Zone II storage areas shall be posted as Zone II and does require notification and approval of Health Physics prior to entry; however, a Zone II storage area containing bagged or otherwise enclosed items only is exempted from monitoring and surveillance requirements of Section 5.3.2.2 of this procedure (except as described on the applicable RWP).

5.1.4 Zone III areas are established to control the spread of hot particle contamination.  Zone III areas are known to be contaminated with loose hot particles.  A Zone III area may be established where loose hot particle contamination is suspected but radiological conditions make it impractical to detect them.
5.1.5 Hot particle contamination control zones are established for whole body entries.  However, when practical, a Zone III control zone should be used to minimize the spread of hot particle contamination when reaching into a Zone III area.

5.2 Posting Hot Particle Zones

5.2.1 Controlled areas shall be posted in accordance with the provisions of Reference 3.1.5.

5.2.2 Each accessible area established as a hot particle contamination control zone shall be conspicuously posted as Zone II or Zone III.

5.2.3 A step-off pad shall be used between contaminated control zone entry/exit area boundaries.

5.2.4 Contaminated control zones expected to be present for periods of less than eight hours do not need to be posted if continuous Health Physics coverage is provided to control the spread of hot particle contamination.

5.3 seq level2 \h \r0 Health Physics Coverage of Hot Particle Zones
5.3.1 Health Physics coverage is required for Zone II and whole body/reach-in Zone III work.

5.3.1.1 Zone II:  During work evolutions that can significantly increase the probability of personnel contamination or the spread of hot particle contamination, continuous coverage is required. Otherwise, intermittent coverage is required.

5.3.1.2 Zone III:  Continuous Health Physics surveillance is required when occupied.

5.3.2 Conducting area surveys

5.3.2.1 Conduct area surveys for hot particle contamination as necessary to evaluate the spread of hot particle contamination and to adjust the frequency of personnel survey(s) according to the levels of hot particle contamination present.

5.3.2.2 Follow the direct and indirect hot particle radiological survey techniques in accordance with the provisions of Reference 3.1.2 of this procedure and document the results accordingly. The recommended survey frequencies depend upon the zone and the work in progress:

· Zone I:  Once per shift when work is in progress

· Zone II:  Every four hours during work that can significantly increase the levels of contamination

· Zone III:  Every hour during work which can significantly increase the levels of contamination.

5.3.3 Conducting personnel surveys

5.3.3.1 Follow the minimum survey requirements established to control the spread of hot particle contamination and to minimize skin exposure from hot particle contamination in accordance with the provisions of Exhibit 2 of this procedure.

5.3.3.2 Conduct personnel surveys for hot particle contamination to minimize skin exposure to hot particles and to evaluate the spread of contamination. Follow the direct and indirect survey techniques described in this procedure and document the results accordingly. Personnel survey frequency depends upon the zone:

· Zone II:  Every 4 hours during work evolutions that may introduce hot particle contamination into the Zone II.

· Zone III:  During work activities that can significantly increase the levels of contamination and, at a minimum, the frequency specified in Exhibit 2 and upon exiting Zone III. As soon as practical following a whole body Zone III entry, personnel are required to exit the contaminated area and perform a whole body frisk or pass through a whole body monitor such as the PCM‑1B.

· Reach-in (Zone III):  Survey the worker’s gloves at the frequency specified in Exhibit 2, Table 1 and whenever the hands are removed from the local Zone III. A whole body survey is required at the end of the job.

5.3.4 Surveying items removed from zones

Contaminated tools and equipment that are removed from Zone II and Zone III areas shall be surveyed for hot particle contamination. If hot particle contamination is found or suspected, take the following precautions to prevent the spread of hot particle contamination.

5.3.4.1 Bag the hot particle contaminated item.

5.3.4.2 Ensure that the bag is sufficiently strong to contain the material inside. If the bag does not appear to provide adequate integrity, consider using Herculite or a strong tight container to properly contain the item of interest.

5.3.4.3 Highly contaminated items should be double bagged.

5.3.4.4 Ensure that the external surface of the bag or container is free of hot particle contamination.

5.3.4.5 Materials used for contamination control in a Zone III should not be mixed with non-Zone III material.

5.3.4.6 Zone III material shall be conspicuously marked with the words “Zone III.” Label the bag or container in accordance with the provisions of Reference 3.1.6. All Zone III bags or containers shall be stored within a hot particle Zone II area.

5.3.4.7 If a Zone III package is enclosed in a strong, tight container, the container may be stored outside a Zone II area provided that the outside of the container is labeled in accordance with the provisions of Reference 3.1.6. The strong, tight container is considered to be the Zone II boundary and shall be indicated as such.  See Section 5.1.3 of this procedure.
5.3.4.8 If transferred to another area, the bag or container shall be escorted by Health Physics to ensure that the item is properly stored in accordance with the provisions of References 3.1.1 and 3.1.6.

5.3.5 Responding to the detection of hot particles outside a Zone III

5.3.5.1 If it is necessary to control the spread of contamination, stop work activities and traffic in the affected area.

5.3.5.2 If practical, collect the particle(s) and send to the Radioanalytical Lab for isotopic analysis.

5.3.5.3 Perform a radiological survey in accordance with the provisions of Reference 3.1.2 of this procedure in the affected area to determine the extent of the problem.

5.3.5.4 Notify the RFO Manager.

5.3.5.5 Determine the cause and implement corrective action.

5.3.6 Responding to personnel contamination

5.3.6.1 Immediately decontaminate the individual, in accordance with the provisions of Reference 3.1.3.

5.3.6.2 If practical, isolate the particle(s) and send to the Radioanalytical Lab for isotopic analysis. Note any underlying garment that may be used for exposure calculation purposes.

5.3.6.3 Complete the Personnel Contamination Report (DDO‑259) in accordance with the provisions of Reference 3.1.3.

5.3.7 Responding to hot particle contamination on protective clothing

5.3.7.1 If hot particle contamination is greater than expected on protective clothing, decontaminate the individual by wiping off the contamination or by removing the outer layer of protective clothing.

5.3.7.2 If practical, isolate the particle(s) and send to the Radioanalytical Lab for isotopic analysis.

5.3.7.3 Notify the RFO Manager.

5.3.7.4 Document the survey. Note the location on the body, any underlying garments, and duration of exposure.

5.3.7.5 The RFO Manager shall forward all documentation to the RTS Manager.  The RTS Manager shall initiate an exposure evaluation and Personnel Contamination Report based on the survey data if the potential exposure from a hot particle on protective clothing exceeds 5 μCi-hours or likely to exceed 1 rem.  The RTS Manager may complete the exposure assessment using a selected computer model, (i.e. VARSKIN) and document the results of the exposure evaluation.

5.3.7.6 Survey the work area and other workers in the area, and adjust the survey frequency in accordance with Exhibit 2.
5.4 Personnel Protective Equipment

5.4.1 Radiological Work Permit requirements shall be established as necessary to minimize exposure from hot particle contamination in accordance with the provisions of Reference 3.1.4.

5.4.2 Worker exposure attributed to hot particle contamination of protective clothing shall be minimized by performing personnel contamination surveys in accordance with the provisions of Exhibit 2 of this procedure. 

5.4.3 Anti-contamination clothing requirements for entry into hot particle Zone II and Zone III areas are as follows:

NOTE:
These are supplemental requirements and are in addition to the basic anti-contamination clothing requirements for entry into contaminated/highly contaminated areas.

5.4.3.1 Zone II: Extra rubber gloves and extra shoe covers (rubber/plastic) are required to control the spread of contamination.

5.4.3.2 Zone III: Disposable plastic suit, rubber gloves, plastic booties, and plastic hood. In addition, disposable Tyvek coveralls may be used in place of the disposable plastic suit with prior approval from the RFO Manager.

· For hot particles with activities >10 μCi, a plastic rain suit (higher material thickness) is recommended.

· When exiting a Zone III through a Zone II, extra rubber gloves may be worn over the required rubber gloves to control the spread of hot particle contamination.

5.4.3.3 (Zone III) Reach-In:  
5.4.3.4 Extra rubber gloves shall be worn; only the hands may touch the Zone III surface. Rubber gloves shall be discarded appropriately and not mixed with non-Zone III material.

5.4.4 Facial contamination protection requirements for entering hot particle Zone II and Zone III areas are as follows:

NOTE:
When any area of the skin is exposed to contamination if face shields are worn, Health Physics shall perform personnel contamination surveys on a more frequent basis.

5.4.4.1 Protective measures to prevent facial contamination are required for Zone III whole body and Zone III reach-in work.

5.4.4.2 A face shield/equivalent may be used at the discretion of the RFO Manager in place of a full face-piece respirator.

5.4.4.3 For hot particles with activities >10 μCi, a bubble hood and safety glasses or equivalent respirator is recommended.

5.5 Hot Particle Surveys
Indirect surface monitoring (large area surveys) using treated cloths and direct surface monitoring shall be used to evaluate for the presence of hot particle contamination in accordance with the provisions of Reference 3.1.2 of this procedure.

5.5.1.1 
5.5.1.2 
5.5.1.3 
5.5.1.4 
5.5.1.5 
5.5.1.6 

5.5.1.7 
5.5.1.8 
a. 
b. 
5.5.1.9 
5.5.1.10 
a. 
b. 
c. 

5.5.2 
5.5.2.1 
5.5.2.2 
5.5.2.3 
5.6 Documentation and Notification of Hot Particle Survey Results 

5.6.1 Survey results for area contamination levels are to be completed and submitted to the RFO Manager or designee for review and evaluation.

5.6.2 The RFO Manager or designee shall be promptly notified in the event that hot particles are discovered in Zone I or Zone II control areas or a hot particle is discovered on one’s skin with the exposure rate found to be in excess of 25 mrad/hr with an appropriate survey instrument (i.e. open window RO-20).

5.6.3 Contamination exhibiting hot particle characteristics should be documented on DDO-138, Health Physics Survey Report. Document results as follows:

5.6.3.1 Hot particles without isotopic analysis information should be logged as follows:

· When using a G-M frisker (RM-14, Ludlum 3, or equivalent), log EITHER the unshielded net CPM OR the shielded net (using a 90 mg/cm2 shield over the open probe face) CPM.

· When using an ion chamber (RO-20, or equivalent), log the unshielded net mR/hr ONLY.

· Beta correction factors shall not be used when calculating results.

5.6.3.2 If it is necessary to calculate a contact skin dose rate, multiply the unshielded open window instrument reading by 200 for the contact skin dose rate in mrad/hr. See Exhibit 3 of this procedure for dose rate to activity conversion.

5.6.3.3 For hot particles with isotopic analysis results, log the total microcurie content and whether it has been tentatively identified as a fuel fragment or non-fuel fragment.







































6.0 Records

The following records are generated by following this procedure and should be forwarded to Project Records monthly in accordance with the provisions of Reference 3.1.9 of this procedure.

· Health Physics Survey Report

· Personnel Contamination/Injury Report

7.0 Forms, Exhibits, and Attachments

7.1 Forms

· DDO-138, Health Physics Survey Report (Reference 3.1.2)

· DDO-259, Personnel Contamination/ Injury Report (Reference 3.1.3)

7.2 Exhibits

· Exhibit 1, Hot Particle Area Recovery Plan

· Exhibit 2, Personnel Survey Frequency

· Exhibit 3, Hot Particle Thumb Rules

7.3 Attachments

None.

EXHIBIT 1
HOT PARTICLE AREA RECOVERY PLAN

8.0 Purpose

The purpose of this exhibit is to provide a method for recovery if hot particle contamination between 500 mR/hr open window and 5000 mR/hr open window is found in the work area.

9.0 Recovery Plan

9.1 Stop the work activity, have the workers leave the area, and perform a whole body frisk. Notify the RFO Manager.

9.2 Perform a contamination survey of the Zone III and surrounding area to determine the extent of the contamination.

9.3 Establish a recovery plan [Should include special Radiological Work Permit (RWP)/As Low As Reasonably Achievable (ALARA) considerations].
9.3.1 Establish a plan for removing the hot particle using a remote handling tool or equivalent to reduce personnel exposure to ALARA.

9.3.1.1 Workers are not permitted to come into direct contact with the hot particle.

9.3.1.2 Personnel capturing the hot particle should be surveyed at least every five minutes until the hot particle is captured.

9.3.2 Determine the minimum number of HP personnel required to control the operation.

9.3.3 Establish a method for transporting the hot particle, such as in a shielded container.

9.3.4 If it is impractical to remove the hot particle, contact the RFO Manager to evaluate shielding.

9.4 Perform a pre-job briefing with personnel who will recover the area.

9.4.1 Review contamination survey information, including the location of present hot particle contamination.

9.4.2 Review the established recovery plan and assign personnel tasks as necessary.

9.5 Recover the area and perform a post-decontamination survey.

9.6 The RFO Manager or designee will determine the hot particle controls necessary to continue work activities.

EXHIBIT 2
PERSONNEL SURVEY FREQUENCY FOR ZONE III

10.0 Purpose

The purpose of this exhibit is to minimize the exposure of workers to hot particles and control the spread of contamination.

11.0 Survey Frequency

11.1 Personnel survey frequency is dependent upon two factors.

11.1.1 The limiting hot particle that is expected to be present in the work environment.

11.1.2 Whether the hot particle contamination is being monitored on protective clothing or directly on skin.

11.2 When all areas of the skin are covered (for example when full face respirator or bubble hoods are used), monitor workers for hot particle contamination using a 90 mg/cm2 shield to attenuate low energy beta radiation at the frequencies specified in Table 1 of this exhibit.

NOTE:
When high levels of contamination are found on protective clothing, the contamination shall be removed by decontamination or removal and replacement of the outer layer of protective clothing (PC).


If a high level hot particle is found on protective clothing which is larger than the limiting hot particle that was expected, a dose evaluation may be required. Refer to Section 5.3.7, “Responding to hot particle contamination on protective clothing.”

11.3 When areas of the skin are exposed (for example when a face shield is used), monitor workers for hot particle contamination using an unshielded detector to detect both low and high energy beta radiation at the frequencies specified in Table 2 of this exhibit.

NOTE:
When monitoring the exposed skin, only use direct survey methods.


When contamination is found on skin, the contamination shall be removed and a personnel contamination survey shall be completed and documented on DDO-259.

PERSONNEL SURVEY FREQUENCY
TABLE 1: PROTECTIVE CLOTHING

	
	C-R INSTRUMENT
	R0-20/EQUIV

	FREQUENCY
	ACTIVITY (μCi)
	CPM SHIELDED
	mR/HR SHIELDED

	EVERY 2 HOURS
	<.5
	<75k
	<5

	EVERY HOUR
	0.5 - 2
	75K - 300K
	5 - 25

	EVERY 30 MINUTES
	2 - 10
	300K - 1.5M
	25 - 125

	EVERY 15 MINUTES
	10 - 20
	1.5M - 3M
	125 - 250

	SEE RFO Manager
	20 - 200
	>3M
	250 - 2500

	SEE RFO Manager
	>200
	---
	>2500


TABLE 2: WHEN SKIN IS EXPOSED

	
	C-R INSTRUMENT
	RS020/EQUIV

	FREQUENCY
	ACTIVITY (μCi)
	CPM UNSHIELDED
	MR/HR UNSHIELDED

	EVERY 2 HOURS
	<.1
	<25K
	<2.5

	EVERY HOUR
	0.1 - 0.25
	25K - 60K
	2.5 - 5

	EVERY 30 MINUTES
	0.25 - 0.5
	60K - 125K
	5 - 10

	EVERY 15 MINUTES
	0.5 - 1
	125K - 250K
	10 - 25

	SEE RFO Manager
	>1
	>250K
	>25


NOTE:
All count-rate readings are at ½". Count-rate instruments readings on contact are two times higher than count-rate instrument readings @ ½".

“Shielded” means open window readings above background through a 90 mg/cm2 shield used to attenuate low energy beta radiation.

Some instrument readings have been rounded for ease of use and are on the conservative side.

Exhibit 1, Hot Particle Area Recovery Plan, provides a recovery plan when hot particles >20 μCi are found in the work area.

General area background radiation and contamination levels must be low enough to permit detection of hot particle contamination.

EXHIBIT 3
HOT PARTICLE THUMB RULES
These “thumb rules” are based upon documented personnel particle contamination incidents at a commercial generating utility. Hot particles were recovered and submitted for gamma spectroscopy. A summary of analysis results yielded the following thumb rules for hot particles. The empirically derived values provided in this exhibit are conservative.

These “thumb rules” are only applicable when the following instrumentation is used:

•
G-M count rate instruments (RM-14, Ludlum 3, or equivalent) with a 15.5 cm2 pancake probe

•
Ion chamber instrument (RO-20 or equivalent)

1.0
G-M Count rate instrument (Ludlum Model 3, RM-14, or equivalent) activity conversion factor for a 1 μCi fuel fragment.

	
	SHIELDED(1)
	UNSHIELDED

	CONTACT
	300K  cpm
	500K  cpm

	@ 1/2"
	150K  cpm
	250K  cpm


2.0
Conversion factors by activity using a G-M frisker (or equivalent) or a RO-20 (or equivalent ion chamber dose rate instrument).

	
	SCALER W/HP-270 OR EQUIV
	RO-20/EQUIVALENT

	ACTIVITY (μCi)
	SHIELDED(1)
	UNSHIELDED
	SHIELDED(1)
	UNSHIELDED

	0.01
	1.5k cpm
	2.5k cpm
	--
	--

	0.1
	15k cpm
	25k cpm
	1.2 mR/hr
	2.5 mR/hr

	1.0
	150k cpm
	250k cpm
	12.5 mR/hr
	25 mR/hr

	10
	1.5M cpm
	2.5M cpm
	125 mR/hr
	250 mR/hr

	100
	--
	--
	1250 mR/hr
	2500 mR/hr


NOTES:
(1)
Shielded means the open window reading above background through a 90 mg/cm2 shield used to attenuate the low energy beta radiation.

Use shielded readings to identify fuel fragments that contain high energy betas. Use unshielded readings to measure cobalt hot particles that have low energy betas.

K is for thousands (cpm) and M is for millions (cpm).

If 50% of beta penetrates a 90 mg/cm2 shield, the particle can be assumed to be irradiated fuel fragments or other high energy beta emitters.

If 10% of beta penetrates a 90 mg/cm2 shield, the particle can be assumed to be Co-60 or other low energy beta emitter.

3.0
Conversion Factors for Skin Dose Rates

	RO-20 (equiv.)
	Multiply the unshielded open window reading by 200 for contact skin dose rate in mrad/hr for true surface dose rate.

	RM-14 (LUD-3 or equiv.)
	Multiply the unshielded frisker reading in cpm by 0.02 for contact skin dose rate in mrad/hr (X 0.02 = true surface dose rate).

	Dose Rate-to-Activity
	5,000 mrad/hr per μCi.

	Gamma Spectral Analysis
	Multiply the activity on a gamma spectral analysis by 2 to obtain the total activity of a fuel fragment hot particle.


The data presented is representative of actual measurements taken at an operating commercial reactor. The values are based primarily upon the zirconium/niobium-95, lanthanum/cerium-140, and cerium-141 decay chains, which are characterized by high beta energies and high specific activity. The most probable fuel fragments at the West Jefferson site, based upon their age, will probably be cerium/praseodymium-144 and ruthenium/rhodium-106 decay chains, which are characterized by low to mid-range beta energies and moderate specific activity values. Cobalt particles are less of an exposure hazard due to the low energy betas and relatively low specific activity.
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