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TEMPORARY SHIELDING

 LISTNUM  \l 1 
Scope
This procedure describes the application of temporary shielding in accordance with the provisions of the Battelle Columbus Laboratory Decommissioning Project (BCLDP) ALARA program. Radiation shielding is utilized by the BCLDP ALARA program to reduce individual and collective dose as the result of exposure to external radiation sources. Safe and efficient use of temporary shielding requires proper review and authorization prior to installation. Section 5.5 (Documentation) of this procedure is not applicable to shielding configurations that have been permanently installed or shielding that is designed to lower the radiation background for health physics instrumentation. This procedure is applicable to all BCLDP trained radiation workers.

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements for the identification, evaluation, design, installation, removal, periodic review, and documentation components of a program for temporary radiation shielding in accordance with the provisions of the Radiation Protection Program for the BCLDP.

 LISTNUM 
References, Definitions, and Developmental Resources
 LISTNUM  \l 2 
References

 LISTNUM  \l 3 
HP-AP-8.0, BCLDP ALARA Program

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

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

 LISTNUM  \l 2 
Definitions

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

Bremsstrahlung
Half-Value Layer

Net Dose Benefit Analysis
Permanent Shielding

Radiation Shielding Materials
Shielding Inspection

Structural/Safety Analysis
Temporary Shielding

Temporary Shielding Database (TSD)
Temporary Shielding Label

Tenth-Value Layer

 LISTNUM 
Developmental Resources

 LISTNUM  \l 3 
10 CFR 20, Standards for Protection Against Radiation

 LISTNUM 
DOE/EH-02561, USDOE Radiation Control Manual

 LISTNUM 
NRC Regulatory Guide 8.8-1978, Information Relevant to Ensuring that Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As Reasonably Achievable

 LISTNUM 
ICRP Publication 55-1989, Optimization and Decision-Making in Radiological Protection

 LISTNUM 
Nuclear Power Outfitters (NPO) Product Catalog, Shielding Applications and Technical Specifications

 LISTNUM 
ALARON Product Catalog, RAM-LOC Applications and Technical Specifications

 LISTNUM 
Radiation Protection Program for the Battelle Columbus Laboratories Decommissioning Project

 LISTNUM 
Health Physics and Radiological Health Handbook, 1992

 LISTNUM 
Basic Radiation Protection Technology, 3rd Edition, 1994

 LISTNUM  \l 1 
General 
 LISTNUM  \l 2 
Precautions

 LISTNUM  \l 3 
Shielding materials are heavy and bulky. Exercise caution when lifting, moving, or placing shielding materials.

 LISTNUM 
Placement is vital for some shielding installations. Shielding installations shall not be moved or altered without authorization from Health Physics and concurrence of the ALARA Coordinator.

 LISTNUM  \l 2 
Limitations

 LISTNUM  \l 3 
Shielding materials shall be selected for the type and energies of radiation that need to be reduced. See Attachment 1 of this procedure.

NOTE:
Layered shielding materials may be required in applications where high energy beta radiation is present (Bremsstrahlung production).

 LISTNUM 
Shielding materials, support systems, and contamination control materials shall be non-combustible materials. Exception to this shall only be approved by the ALARA Coordinator.

 LISTNUM 
Although the installation of temporary shielding may ultimately reduce dose, in many cases, it may not be reasonable to install the shielding. The ALARA Coordinator shall evaluate each request for temporary shielding installation. Installation of temporary shielding is dependent upon the following factors:

 LISTNUM  \l 4 
The net dose benefit, including radiation worker dose savings and the costs of shielding installation.

 LISTNUM 
Substitution of alternative administrative or engineering controls to achieve the desired radiation reduction effect.

 LISTNUM 
Effect upon decontamination and decommissioning (D&D) operations. For priority tasks, installation of temporary shielding may adversely affect D&D schedules without a significant dose savings.

 LISTNUM  \l 1 
Procedure
Unless otherwise specified, the ALARA Coordinator is responsible for completing the following:

 LISTNUM  \l 2 
Temporary Shielding Identification Process

NOTE:
BCLDP personnel may recommend the installation of temporary shielding for any work area; however, the ALARA Coordinator typically identifies the potential for temporary shielding installations.

 LISTNUM  \l 3 
Determine if temporary shielding is necessary upon review of Radiological Work Permit requests and radiological surveys of the proposed work area.

 LISTNUM 
Request supplemental radiological surveys of the proposed work area from Health Physics if necessary.

 LISTNUM 
Determine if an evaluation is necessary. If necessary proceed to Section 5.2. If not necessary, then document that temporary shielding will not be established for the proposed work on DDO-115, ALARA Considerations.

 LISTNUM  \l 2 
Evaluation and Design of Temporary Shielding Installations

 LISTNUM  \l 3 
Perform a net dose benefit analysis using the following formula:

H-(HS + HC)=HB
HC
=
estimated collective dose (cost) to install/remove shielding

HS
=
estimated collective dose with shielding

H
=
estimated collective dose without shielding

HB
=
net dose benefit (expressed in collective reduction or exposure rate reduction)

 LISTNUM 
Initiate the temporary shielding installation if the net dose benefit indicates that the temporary shielding will effectively reduce personnel dose.

 LISTNUM 
Evaluate the following:

 LISTNUM  \l 4 
Geometry and dose rate of the source

 LISTNUM 
Physical dimensions of the work area in relation to the location of the source

 LISTNUM 
Dose reduction achievable

 LISTNUM 
Selection of shielding materials.

 LISTNUM  \l 3 
Design the temporary shielding to achieve the greatest reduction of exposure and to maintain safe, efficient working conditions (see Attachments 2, 3, and 4).

 LISTNUM 
Determine if a structural analysis is necessary when the design has been completed. If the structural analysis indicates that the design of the temporary shielding is acceptable, the temporary shielding can be constructed in accordance with the provisions of Section 5.3.

 LISTNUM  \l 2 
Construction of Temporary Shielding Installations

 LISTNUM  \l 3 
Coordinate the installation of the temporary shielding in the work area with Project Managers and Health Physics.

 LISTNUM 
Construct the temporary shielding in accordance with the following provisions of Reference 3.1.1.

 LISTNUM  \l 4 
Selected shielding materials shall be staged at the work location prior to the start of work.

 LISTNUM 
Shielding materials may be wrapped to facilitate removal from the work area if the temporary shielding is to be placed within an area with loose radioactive contamination.

 LISTNUM 
Temporary shielding should be clearly and legibly marked to indicate that the shielding installation shall not be removed or altered without authorization of BCLDP ALARA (see Exhibit 1).

 LISTNUM  \l 3 
Direct and oversee construction of temporary shielding in accordance with the provisions of the structural analysis.


CAUTION:
Temporary shielding materials are very heavy and bulky. Workers shall exercise caution when handling shielding materials.

After construction, Health Physics shall perform a radiological survey of the proposed work area. Dose rates shall be documented and forwarded to the ALARA Coordinator. If necessary, the work area shall be re-posted in accordance with the provisions of Reference 3.1.3 of this procedure.

 LISTNUM 
Record actual installation dose  in the TSD.

 LISTNUM 
Assign a unique identification number to all shielding installations. 

 LISTNUM 
Document all relevant information about the shielding installation in the TSD in accordance with the provision of Section 5.4. The shielding installation shall be indicated to be ACTIVE in the TSD.

 LISTNUM  \l 2 
Review and Removal of Temporary Shielding Installations

 LISTNUM  \l 3 
Inspect temporary shielding installation periodically to verify that the installation has not been altered or repositioned. Inspection of temporary and permanent shielding installation may also be performed by Health Physics.

 LISTNUM 
Maintain Radiological supplemental surveys of shielding installations.

NOTE:
In some instances, it may be necessary to reposition a temporary shielding installation due to the effects of radiological work, e.g. decontamination. Shielding configurations that are mobile may also be relocated at the direction of the Health Physics Operations technician. Mobile configurations will retain the same identification number and other information will be updated in the TSD as applicable. Shielding configurations that require extensive assembly, e.g., lead bricks, shall require another evaluation and structural analysis in accordance with the provisions of Section 5.2. Shielding configurations requiring alteration shall be considered to be a new shielding installation and will be assigned another identification number.

 LISTNUM  \l 3 
Inspect and document temporary shielding installations in the TSD in accordance with the provisions of Section 5.4.

 LISTNUM 
Remove or disassemble temporary shielding due to the following:

 LISTNUM  \l 4 
Completion of task requiring shielding

 LISTNUM 
Change in radiological conditions, e.g. decontamination

 LISTNUM 
Another application being available that could provide an additional dose savings.

After removing the temporary shielding, Health Physics shall perform a radiological survey of the work area and re-post the area in accordance with the provisions of Reference 3.1.3.

 LISTNUM 
Update the TSD to indicate that the specific shielding installation is INACTIVE.

 LISTNUM  \l 2 
Documentation of Temporary Shielding Installations

 LISTNUM  \l 3 
Maintain the TSD as the computerized database that lists and describes all BCLDP temporary shielding installations to generate specific temporary reports more effectively.

 LISTNUM 
Enter the following information into the TSD:

 LISTNUM  \l 4 
Unique Shielding Installation Number. The ALARA Coordinator shall assign the unique number.

 LISTNUM 
Active/Inactive. Each shielding installation shall be designated as active or inactive.

 LISTNUM 
Location. Location of the shielding installation within the work area.

 LISTNUM 
Material. Any shielding material in each installation, e.g., lead bricks, lead blankets, RAM-LOC.

 LISTNUM 
Configuration. Configuration of the shield design, e.g., shield wall with lead blankets, lead brick pig, lead brick well, rubber floor matting.

 LISTNUM 
Structural Analysis. Any information related to the structural stability of temporary shielding installations shall be maintained by the ALARA Coordinator. Manufacturer-prepared technical specifications and operation criteria will be sufficient for pre-fabricated ALARA shielding components. Other shielding components or floor load ratings etc., shall be rated and approved for use by a BCLDP engineer or other qualified individual.

 LISTNUM 
Pre-Shielding Survey. Enter the date and HPS# of the pre-shielding radiological survey.

 LISTNUM 
Post-Shielding Survey. Enter the date and HPS# of the post-shielding radiological survey after the shielding has been removed from the work area.

 LISTNUM 
Net Dose Benefit Analysis. Enter the estimated collective dose reduction as a result of temporary shielding installation. Calculate the Net Dose Benefit in accordance with the provisions of Section 5.2.

 LISTNUM 
Estimated Dose to Install/Remove. Enter the estimated total dose necessary in order to install and remove the temporary shielding.

 LISTNUM 
Date Established. Enter the date that the shielding was installed and approved for use.

 LISTNUM 
Installation Dose. Enter the actual accumulated dose from the installation of the temporary shielding.

 LISTNUM 
Date Removed. Enter the date that the shielding was removed from active use.

 LISTNUM 
Removal Dose. Enter the actual accumulated dose from the removal of the temporary shielding.

 LISTNUM 
Inspection Interval. Enter the intervals at which a shielding installation is to be inspected by Health Physics or the ALARA Coordinator. Intervals may be weekly, monthly, quarterly, or semi-annually depending upon the location of the shielding, whether active work is being performed in the shielding area, and the type of shielding.

 LISTNUM 
Last Inspection Date. Enter the date of the last inspection of the shielding installation and the initials of the individual that performed the inspection.

 LISTNUM 
Next Inspection Date Due. This field is automatically filled when Last Inspection Date and Inspection Intervals fields are filled.

 LISTNUM 
Remarks. Enter any applicable remarks.

 LISTNUM  \l 1 
Records
The temporary shielding database and associated records (shielding diagrams, structural analyses, shielding surveillance documentation, etc.) shall be submitted to BCLDP Project Records on an annual basis by the ALARA Coordinator.

 LISTNUM 
Forms, Exhibits, and Attachments
 LISTNUM  \l 2 
Forms

DDO-115, ALARA Considerations (see Reference 3.1.2)

 LISTNUM 
Exhibits

•
Exhibit 1, Temporary Shielding Label

•
Exhibit 2, Temporary Shielding Database (TSD) Report <Example>

•
Exhibit 3, Temporary Shielding Design Report <Example>

 LISTNUM  \l 2 
Attachments

•
Attachment 1, Shielding Material Specifications

•
Attachment 2, Penetration Ability of Beta Radiation

•
Attachment 3, Average Half-Value and Tenth-Value Layers of Shielding Materials (Broad Beams)

•
Attachment 4, Useful Formula/Thumb-Rules

EXHIBIT 1

TEMPORARY RADIATION SHIELDING LABEL

	TEMPORARY RADIATION SHIELDING

	DO NOT REMOVE OR ALTER WITHOUT AUTHORIZATION OF BCLDP ALARA

	CONTACT 4-7795 FOR INFORMATION


EXHIBIT 2

TEMPORARY SHIELDING DATABASE

<EXAMPLE>
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EXHIBIT 3

TEMPORARY SHIELDING DESIGN REPORT

<EXAMPLE>
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ATTACHMENT 1

SHIELDING MATERIALS SPECIFICATIONS/ 

THUMB-RULE VALUES FOR HVL-TVL

	Material
	Configuration
	Dimensions
	Weight
	HVL-TVL Thickness

	Lead
	Brick
	2” x 4” x 8”
	27 lbs/each
	HVL = ½”

TVL=2”

	Lead
	Blank Standard
	1’ wide x various lengths
	10 lbs/sq ft
	3/16” lead equivalent

	Lead
	Blank 1.5 density
	1’ wide x various lengths
	15 lbs/sq ft
	¼” lead equivalent

	Carbon Steel
	2” Plate
	81.68 lbs/sq ft
	490 lbs/cu ft
	HVL = 1”

TVL = 3”

	Steel
	RAM-LOC
	8” wall thickness
	74 lbs/block

(std wall brick)
	4” lead equivalent

	Water
	
	Various 62.4 lbs/cu ft
	8.34 lbs/gal
	HVL = 8”

TVL = 24”

	Concrete
	Block
	8” x 8” x 16”
	147 lbs/cu ft
	HVL = 6”

TVL = 11”


	Radiation
	Half-Value Layer (cm)
	Tenth-Value Layer (cm)

	
	Lead
	Iron
	Concrete
	Lead
	Iron
	Concrete

	125 kVp x-rays
	0.027
	0.09
	1.6
	0.088
	0.3
	5.3

	6 MeV x-rays
	1.7
	3.0
	10.4
	5.6
	9.9
	34.5

	Cesium-137
	0.65
	1.6
	4.8
	2.1
	5.3
	15.7

	Radium-226
	1.66
	2.2
	6.9
	5.5
	7.4
	23.4

	Cobalt-60
	1.2
	2.1
	6.2
	4.0
	6.9
	20.6


ATTACHMENT 1 (continued)

LEAD WOOL BLANKETS
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TEMPORARY SHIELDING DATABASE
<EXAMPLE>
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ATTACHMENT 1 (continued)

RAM-LOC
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TEMPORARY SHIELDING DESIGN REPORT
<EXAMPLE>

Shield Diagram for Hot Equipment Storage Room
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ATTACHMENT 2

PENETRATION ABILITY OF BETA RADIATION
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ATTACHMENT 3

AVERAGE HALF-VALUE AND TENTH-VALUE LAYERS OF SHIELDING MATERIALS (BROAD BEAMS)
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ATTACHMENT 4

USEFUL FORMULA/THUMB-RULES

POINT SOURCES

Thumb-Rule:
As long as the distance away from the source is at least three times the longest dimension of the source, then inverse square law calculations will give the correct answer to within a percent.
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Where:
D
=
R/hr @ 1 foot from point source

C
=
number of curies

E
=
gamma energy (Mev)

N
=
photons/disentegration
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Where:
D
=
R/hr at 1 meter from point source
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Where:
I1
=
exposure rate @ distance D1
I2
=
exposure rate @ distance D2
LINE SOURCES

Inside L/2:  
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Outside L/2:   
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Where:
L
=
Length of line source

PLANE SOURCES
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Where:
H
=
Dose equivalent
r
=
radius of plane source
H2
=
dose equivalent at h2
H1
=
dose equivalent at h1
h2
=
distance at H2
h1
=
distance at H1
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