
APPENDIX BPRIVATE 


THERMOLUMINESCENT DOSIMETER SELECTION FOR BCLDP

1.0  INTRODUCTION

This document describes the characteristics, associated procurement process, acceptance criteria and monitoring period of thermoluminescent dosimeters used in the BCLDP.  The TLD badges are of three types, based upon purpose and construction; they are multipurpose, beta/photon and ring.


2.0  TLD THEORY

Thermoluminescent dosimeters are used to determine the dose to personnel resulting from beta, gamma, and/or neutron radiation.  These dosimeters are based on the capability of specific thermoluminescent phosphors, upon controlled heating, to emit light that is proportional to the radiation exposure received by the phosphor.  Using different phosphors, which have different radiation response characteristics, and using different filter materials between the phosphor and the source of radiation, an accurate measurement of the dose to personnel can be determined.  Because of the variability in the TLD response to different radiation types and energies, it is important that the TLDs be calibrated to radiation types and energies encountered in the work environment.  This will allow for accurate dose determination for personnel.


3.0  DESCRIPTION AND CONSTRUCTION OF TLD BADGES

A combination of three different TLD badges are used at Battelle to measure dose to personnel.  Multipurpose and beta/photon TLDs have a plastic card called an insert, which contains the TLD chips.  A plastic holder contains the insert.  The holder, that is in two parts, contains the absorption devices for the TLD elements as well as a machine-readable code and labels specifying model and ID numbers.  The TLD hangar is the component of the TLD badge 

badge as well as to provide protection from environmental factors which would interfere with that houses the TLD insert and holder.  It functions to enable the user to correctly wear the TLD proper readout.  The combination of the insert, holder, and hangar comprise the TLD badge.  Figure B3.1 provides illustrations of the components.  Ring TLDs are described later in this section.


The phosphors used in TLDs selected by Battelle have the characteristics of storing energy caused by radiation exposure.  Upon heating, light is emitted that is proportional to the radiation exposure received.  The phosphors, commonly referred to as chips, measure 3.18 mm square, by 0.89 mm in thickness.  The chip characteristics are identified in Table B3.1.  These chips may be mounted in TLD badge inserts and by properly calibrating and evaluating the TLD badge inserts and holders, the radiation exposure received by the phosphors may be interpreted in terms of dose to tissue and thus to personnel.

TABLE B3.1  CHARACTERISTICS OF PHOSPHORIC CHIPS


USED IN TLDs SELECTED BY BATTELLE

TLD-100 (Rings) and TLD-700 (Badges)



Form





LiF




Density, g/cm3




2.64




Effective Atomic number


8.2




Efficiency (a)




0.22nC/mR + 13%



(a)
Relative light output from readout on a Harshaw 2000 C automated reader for Cs-137.

Multipurpose TLD:



The multipurpose TLD is used to monitor the shallow, deep, and fast/intermediate neutron dose components received by radiation workers at Battelle.

Figure B3.1
TLD Badge Components


The multipurpose insert consists of four TLD-700 chips for beta/photon detection and neutron detection.  For fast neutrons (100 kev to 16Mev), a CR 39 track etch strip is used.  Recoil proton track etching and/or matrix damage in the material is the principal means used to quantify the incident neutron dose.


Holders are made of ABS grade T plastic with dimensions not to exceed 4.3 cm x 3.6 cm x 1.0 cm.  The holders shall be traceable to its manufacturing lot.  Each holder contains 4 sets of absorbers that are shown in Table B3.2.

 
Table B3.2  BETA AND GAMMA ABSORBER
     


Position

Absorber

Thickness (mg/cm2)



   1

Aluminum/Plastic


275

    


   2

Tin & Aluminum/Plastic

495

    


   3

Plastic



 
  70

    


   4

Open Window/Kapton

  

   7


The holders are made up of two components, the inner component which houses the insert and absorbers, and the outer component into which the inner component fits snugly and contains all pertinent information labeled on the outside.  The inner holder is configured so that there is only one way for the insert to fit.  These components, when put together, fit into the hangar which has a window in the front through which the information on the holder can be seen, and has a clip on the back which allows the TLD badge to be correctly worn.  

Beta/Photon TLD:   


The beta/photon insert is constructed the same as the multipurpose but contains no neutron detection materials.

Ring TLD:   


The ring TLD is constructed using one TLD-100 chip that differs from the TLD-700 chip in that the natural percent of Lithium-6 is present.  The chip is sealed in a plastic ring and is covered by polystyrene with a density thickness of 40 mg/cm2
4.0  PROCUREMENT AND PROCESSING

Personnel Dosimetry devices in use at Battelle are vendor-supplied and processed.  The administration of the external dosimetry program is implemented in accordance with NRC requirements through procedure HP-AP-2.0, "External Dosimetry Program".  An audit system has been implemented by Battelle whereby the vendor undergoes quality assurance checks to determine whether the processing, calibration, equipment, facilities, and operating practices meet DOE standards as set forth in DOE/EH-0026 Appendix B, “Criteria for Onsite Assessment”.  Battelle management has chosen to use TLDs that are DOELAP accreditable and NVLAP approved.  The documentation of audit results and the resolution of findings are kept on file in the Dosimetry Department.  The performance summary for the TLD-700 is shown in Table B4.1.


5.0  ACCEPTANCE CRITERIA AND MONITORING PERIOD

The specific TLD badge to be used at Battelle is selected on the basis of the particular radionuclides and associated energies which have been characterized and listed as being present by the Battelle Health Physics and Characterization personnel.  The badges are chosen by the irradiation category for which they have been calibrated and have passed NVLAP/DOELAP testing.  Table B5.1 is a list of all irradiation categories as listed in DOE/EH-0027, “Standard for the Performance Testing of Personnel Dosimetry Systems”.   Irradiation categories used by Battelle are shown in Table B5.2. 

Table B4.1 PERFORMANCE SUMMARY OF THE TLD-700 TYPE DOSIMETER + CD CR-39 FOR FERMI NATIONAL ACCELERATOR LABORATORY

PRIVATE 
Category
Test Depth
Bias (B)
Std. Dev. (S)
Unc. (E)
Perf. Index
Test Criteria (L)
Pass/Fail

I
Deep
-0.043
0.048
0.027
0.064
0.30
Pass

II
Deep
-0.012
0.040
0.020
0.032
0.30
Pass

IIIA
Shallow Deep
  -0.092   -0.101 
   0.058    0.044
0.027 0.027
 0.123  0.118 
        0.30         0.30
      Pass      Pass 

IV
Shallow Deep
   0.007  -0.001 
      0.029              0.029 
0.031 0.031
    0.005     0.001
        0.30         0.30
      Pass       Pass

VA
Shallow
-0.087
0.097
0.045
0.042
0.40
Pass

VB
Shallow
0.007
0.054
0.025
0.036
0.30
Pass

VC
No Test
No Test
No Test
No Test
No Test
No Test
No Test

VI
Deep
-0.183
0.160
0.025
0.318
0.30
Fail

IIIA+IV
Shallow Deep
  -0.050   -0.066 
      0.092           0.077     
0.031 0.031
 0.111  0.112
        0.40         0.40
      Pass       Pass 

IIIA+VA
Shallow Deep
  -0.046   -0.152 
   0.120    0.079 
0.037 0.027
 0.129  0.204
         0.40          0.40
      Pass       Pass

IIIA+VB
Shallow Deep
  -0.149   -0.058 
    0.206     0.123
0.027 0.027
 0.328  0.154
        0.40         0.40
      Pass       Pass

IV+VA
Shallow Deep
-0.072 0.000
    0.068     0.085
0.037 0.031
 0.103  0.054
         0.40          0.40
      Pass       Pass

IV+VB
Shallow Deep
-0.031  0.015
      0.107       0.068
0.031 0.031
 0.107  0.052
        0.40         0.40
      Pass       Pass

IV+VC
No Test
No Test
No Test
No Test
No Test
No Test
No Test

III+VI
Deep
0.373
0.110
0.038
0.445
0.40
Fail

IV+VI
Deep
0.373
0.167
0.031
0.509
0.40
Fail


Table B5.1  IRRADIATION CATEGORIES

Category
Energy
Test Range
Test Depths

I  Low-Energy Photons (X-Ray) = High Dose NBS Filtered Technique 

M150
70 keV
10-500 rad
Deep

II  High-Energy Photons – High Dose 

Cs-137
662 keV
10-500 rad
Deep

IIIA  Low-Energy Photons (X-Ray) – 

General

M30

S60

150

150
20 keV

36 keV

70 keV

120 keVa
0.03-10 rem
Shallow Deep

IIIB  Low-Energy Photons (X-Ray) –Plutonium Environments

Monoenergetic

Monoenergetic

Am-241b
15 to 20 keV

55 to 65 keV

59 keV
0.03-5 rem
Shallow Deep

IV  High Energy Photons

Cs-137
662 keV
0.03-10 rem
Shallow Deep

VA  Beta Particles – General (Point Geometry)

Tl-204c
Sr-90/Y-90 (filtered)
0.76 MeVd
2.3 MeVd
0.15-10 rem
Shallow

VB Beta Particles – Special (Slab Geometry)

Uranium
2.3 MeVd
0.15-5 rem
Shallow

VC Beta Particles – Special (Point Geometry

Tl-204e
Sr-90/Y-90
0.76 MeVd
2.3MeVd
0.15-10 rem
Shallow

VI Neutron

Cf-252 (moderated)f
Cf-252 (unmoderated)

0.2-5 rem
Deep

VII Mixture Categories

III & IV

III & V

IV & V

III & VIg
IV & VI
One energy from each category
0.05-5 rem

0.2-5 rem

0.2-5 rem

0.3-5 rem

0.3-5 rem


a

Average.

b
Effective.

c

The241Am source is optional.  A: the option of the testing laboratory, it may be used in lieu of the 55- to 65-keV monoenergetic source.

d
A modified performance algorithm is recommended.

e

Maximum.

f

Moderated by 15 cm of D2O

g

For work environments containing plutonium, use the monoenergetic of 241Am sources.

 The selection of a routine monitoring period is done on an individual basis and is a decision based on many elements such as, job function, hours spent in a radiation area, and the 

average dose rates the work takes place in.  Monitoring for compliance with NRC and administrative limits, the use of accurate and well-documented work area surveys, and precise exposure history records all combine to enable a reliable routine monitoring frequency to be chosen.  Routinely, TLD badges are read on a quarterly basis.  In some cases, such as personnel entry into very high radiation fields, the badges may be read on a more frequent basis.  The capability of a 24-hour turnaround time between receipt of the TLD and reporting the results exists in special cases.
Table B5.2  TLD-700 Irradiation Categories



Category II.
High Energy Photons-High Dose



Category IV.
High Energy Photons




Category VB.
Beta Particles-Special (Slab Geometry) Uranium




Category VC.
Beta Particles-Special (Point Geometry) SrY-90




Category VI.
Neutron Cf-252 (Unmoderated)



Category VII.
Mixture Categories:
IV & VB








IV & VC









IV & VI


6.0  REPORTING OF RESULTS
When the TLD badges are sent to the contracted processor, the processor will read the TLDs and report the results.  Each report lists the deep and shallow dose equivalents for each badge, based upon the amount of radiation to which the badge has been exposed.  The premise is that the radiation that exposed the badge is closely related in both quantity and quality to that radiation which exposed that part of the body on which the badge was worn.


A control badge is included with each lot of TLD badges when sent from the processor to Battelle.  The control badge provides a means to determine the radiation received to the badge during shipment and to determine the background exposure to the badge while in storage.


Dose equivalents for the monitoring period below the minimum are not recorded on the report.  For documentation purposes, they are recorded in the Dosimetry database as 0 mrem.  The minimum dose equivalent for the TLD badge is 10 mrem for x and gamma radiation, 40 mrem for energetic beta particles, and 20 mrem for intermediate and fast neutron.  The minimum dose equivalent for TLD ring dosimeters is 30 mrem for x and gamma rays and 40 mrem for energetic beta particles.


Cumulative totals are calculated and stored in the Dosimetry database to satisfy requirements of the NRC and other regulatory bodies.  The Dosimetry Supervisor may make amendments to these cumulative totals if errors are discovered or additional previous exposure is discovered.


The deep dose equivalent is the dose from all radiation at a depth of 1 centimeter 

(1000 mg/cm2) to soft tissue.  Considered are the effects of build-up and attenuation

of radiation in the body as estimated using the 30 cm diameter sphere of tissue equivalent material specified by the ICRP.  The shallow dose equivalent is the dose equivalent from all radiation at a depth of 0.007 cm (7 mg/cm2) in soft tissue.  Similar to the deep dose, the contributions to the shallow dose equivalent from radiation scattered throughout the body is considered.  The deep dose is considered the whole body dose and the shallow dose is considered to be the dose to the skin of the whole body.


Dose equivalents arising from exposures to x or gamma radiation have a deep and shallow value reported.  Depending on the energy of the x or gamma radiation, the deep and shallow values may or may not be equal.  For neutron exposures, the deep and shallow dose equivalents are reported as the same value.  Beta exposures are reported as only shallow dose equivalent unless the lens of the eye is not sufficiently shielded from the radiation.  In this case, the doses are measured at a depth of 0.3 cm (300 mg/cm2) and the deep dose reported is this value.  


Ring badges are reported as shallow dose due to gamma radiation.  If the dose is due to x radiation or particles, the reported value may be incorrect unless correction factors are applied.  In any event, all dose equivalence to the extremity is applied as tissue dose.  


The reports are entered in the monitored individual's permanent exposure history as legal occupational exposure.
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