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15554 E 1204-93 Practice for dosimetry in gamma irradiation facilitigs for food
processing

15555 E 1205-93 Practice for use of a ceric-cerous sulfate dosimetry systém

15556 E 1261-94 Guide for selection and calibration of dosimetry dystems for
radiation processing

15557 EA275-93 Practice for use of a radiochromic film dosimetry system

15558 E1276-96 Practice for use of a polymethylmethacrylate dosimetry §ystem

15559 E 1310-94 Practice for use of a radiochromic optical waveguide¢ dosimetry
system

15560 E 1400-95a Practice for characterization and performance of high-dose
radiation dosimetry calibration laboratory

15561 E 1401-96 Practice for use of a dichromate dosimetry system
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E 1431-91 Practice for dosimetry in electron and bremsstrahlung irradiation
facilities for food processing

E 1538-93 Practice for use of the ethanol-chlorobenzene dosimetry system

E 1539-93 Guide for use of radiation-sensitive indicators

E 1540-93 Practice for use of a radiochromic liquid dosimetry system

E 1607-94 Practice for use of the alanine-EPR dosimetry system

E 1608-94 Practice for dosimetry in an X-ray (bremsstrahlung) facility for
radiation processing

E 1631-96 Practice for use of calorimetric dosimetry systems for electron
bearn dose measurements and dosimeter calibrations.

E 1649-94 Practice for dosimetry in an electron-beam facility for radiation
processing at energies between 300 keV and 25 MeV

E 1650-94 Practice for use of cellulose acetate dosimetry system

E 1702-95 Practice for dosimetry in a gamma irradiation facility ffor radiation
processing

E 1707-95 Guide for estimating uncertainties in dosimetry fpr radiation
processing

E 1818-96 Practice for dosimetry ip~an electron-beam facility for radiation

processing at energies between 80 keV and 300 keV
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Standard Practice for

ISO 15573:1998(E)

Dosimetry in an Electron Beam Facility for Radiation
Processing at Energies Between 80 and 300 keV'

This standard is issued under the fixed designation E 1818; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

2.3 'Methods Jor Calculating Absorbed Dose and Dose

his practice covers dosimetric procedures to be
to determine the performance of low energy (300
keV ofr less) single-gap electron beam radiation processing
facilitigs. Other practices and procedures related to facility
characferization, product qualification, and routine pro-
cessing| are also discussed.

1.2 The electron energy range covered in this practice is
from §0 keV to 300 keV. Such electron beams can be
generafed by single-gap self-contained thermal filament or
plasma| source accelerators.

1.3 [This standard does not purport to address all of the
safety [concerns, if any, associated with its use. It is the
respongibility of the user of this standard to establish appro-
priate §afety and health practices and determine the applica-

2.1 USTM Standards:

E 170 Terminology Relating to Radiation Measurements
and Dosimetry?

E 177 Practice for Use of the Terms Precision and Bias in

fof Radiation-Processing?
2.2 International’ Commission on Radiation Units and
Measurements,(ICRU) Reports?
ICRU Report 33 Radiation Quantities and Units
ICRU“Report 37 Stopping Powers for Electrons and

Distriburion:>
ZTRAN Monte Carlo Code
Integrated Tiger Series (ITS) Monte Carlo (odes
Energy Deposition in Multiple Layers (EDMULT) Elec-
tron Gamma Shower (EGS43) Monte Carlo Codes

3. Terminology

3.1 Definitions:

3.1.1 Definitions of terms used in this practice may be
found in Terminology.E 170 and ICRU Repdrt 33.

3.2 Definitions of Terms Specific to This Slandard:

3.2.1 absorbed dose (D), n—quantity of ionjzing radiation
energy imparted per unit mass of a specified material. The SI
unit of absorbed dose is the gray (Gy), where | gray is
equivalent to the absorption of 1 joule per kilogram of the
specified material (1 Gy = 1 J/kg). The | mathematical
relationship is the quotient of d€ by dm, where d< is the
mean incremental energy imparted by ionizigg radiation to
matter of incremental mass dm (see ICRU Riport 33).

=4t
~dm “)

3.2.1.1 Discussion—The discontinued uni} for absorbed
dose is the rad (1 rad = 100 erg/g = 0.01 Gy). Absorbed dose
is sometimes referred to simply as dose.
3.2.2 air gap, n—the distance between the [product plane
and the electron beam window.
3.2.3 backscatter, n—the term used to desctibe additional
absorbed dose caused by scatter of the primary electron
beam from nearby material.
3.2.4 beam current, n—time-averaged electron beam cur-
rent delivered from the accelerator.
3.2.5 beam length, n—non-scanned election beam, the
active length of the cathode assembly in vacuum parallel to
the product flow and perpendicular to the bedm width.
3.2.6 beam power, n—the product of the ayerage electron
beam energy and the average beam current (y4nit kW),
3.2.7 beam width, n—non-scanned electrpn beam, the
active width of the cathode assembly in vacupm perpendic-

Positrons

! This practice is under the jurisdiction of ASTM Committee E-10 on Nuclear
Technology and Applications and is the direct responsibility of Subcommittee
E10.01 on Dosimetry for Radiation Processing.

Current edition approved June 10, 1996. Published August 1996.

2 Annual Book of ASTM Standards, Vol 12.02.

3 Annual Book of ASTM Standards, Vol 14.02.

4 Available from the International Commission on Radiation Units and
Measurements, 7910 Woodmont Ave., Suite 800, Bethesda, MD 20814.

utar-to-theproductflo "

3.2.8 bulk processing rate, n—mass throughput rate based
on the output power in watts of the electron beam, the mass
of the irradiated material and the dose. Expressed in kilogray
kilograms per kilowatt hour or Megarad pounds per kilowatt
hour.

S Available from the Radiation Shielding Information Center (RSIC), Oak
Ridge National Laboratory (ORNL), P.O. Box 2008, Oak Ridge, TN 37831.
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3.2.9 depth-dose distribution, n—variation of absorbed
dose with depth from the incident surface of a material
exposed to a given radiation (see Fig. 1 for calculated values).

3.2.10 dose uniformity ratio, n—ratio of the maximum to
the minimum absorbed dose within the process load. The
concept is also referred to as the max/min dose ratio.

3.2.11 dosimeter, n—a device that, when irradiated, ex-
hibits a quantifiable change in some property of the device
which can be related to absorbed dose in a given material
using appropriate analytical instrumentation and techniques.

3.2.12 dosimetry system, ‘n—a system used for deter-

mining absorb

ment instrumg
and procedure

nts, and their associated reference standards
5 for the system’s use.

3.2.13 electron energy, n—Xkinetic energy of the acceler-

ated electron
acceleration v,
energy in keV,
accelerator is ¢
in keV units.
than the max

beam (units—eV (electron volts)). Often,
bltage in kV is used to characterize beam
The maximum energy of the beam inside the
qual to the acceleration voltage but expressed

The beam energy at the product surface is less

imum energy inside the accelerator due to

losses in the bgam path, such as the window and the air gap.

3.2.14 trace
by means of
measurement
uncertainty wj

nbility, n—the documentation demonstrating
an unbroken chain of comparisons that a
is in agreement within acceptable limits of
th comparable nationally or internationally

recognized sta

dards.

3.2.15 pracfical electron range, n—distance from the inci-
dent surface of a homogeneous material where the electron

beam enters t
point (the infld
portion of the
axis.
3.2.16 procé
specified loadi
3.2.17 prodi

the point where the tangent at the steepest
ction point) on the almost straight descending
depth dose distribution curve meets the depth

ss load, n—a volume of material with a
hg configuration irradiated as a single entity,
iction run, n—continuous-flow irradiation;'a

series of procgss loads, consisting of materials or products

having similar]
irradiated sequ

radiation-absorption characteristics,” that are
entially to a specified range of absorbed dose.

Depth/Dose Proflie through FWT Nylon Dosimeter
Based on Monte Carlo Cede

3.2.18 product plane, n—the plane corresponding to the
top surface of the product being irradiated.

3.2.19 self-shielded accelerator, n—an electron beam
source that is integrally designed with radiation shielding,
product transport system, and irradiation chamber.

3.2.20 single-gap accelerator, n—an electron beam source
consisting of a vacuum tube and a high voltage power supply
that can accelerate a dispersed beam of electrons from a high
voltage potential to ground potential in one stage.

3.2.21 surface area rate coefficient (K), n—a quantity
relating area irradiated per unit time to beam current and
absorbed dose. Typically this value is expressed in kGy
meters? per milliampere minute, or Megarad Afedt> per
milliampere minute. Calculated values using Montq Carlo
simulation are shown in Table !. In the litératuse, this
processing rate concept is sometimes called the professing
coefficient.

3.2.22 uncertainty, n—a parametervassociated with the
result of a measurement that charactérizes the disperfion of
the values that could reasonably be attributed fo the
measurand or derived quantity (see Guide E 1707).

4. Significance and Use

4.1 A variety of processes use low energy electron
accelerators to modify product characteristics. Dogimetry
requirements, the\number and frequency of measurements,
and record keeping requirements will vary depending|on the
type and end\use of the products being processed. In many
cases dosifaetry may be used in conjunction with physical,
chemical; or biological testing of the product. In manly cases
reference standards may be developed, comparing dodimetry
results with other quantitative product testing; for example,
sterility, gel fraction, melt flow, modulus, molecular [weight
distribution, or cure analysis tests can be used to detgrmine
radiation dose in specific relevant materials. Wherever pos-
sible, the results of quantitative physical testing should be
used in conjunction with dosimetry in commercial ragliation
processing applications.

4.2 Radiation processing specifications usually ing
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TABLE 1 Calculated K Values at the Product Surface
Electron Beam Kilogray Metres2/ Megarad Feet?/Miliampere

Acceleration Voltage Milliampere Minute (K)A Minute (K)A
100 kV 6.0 6.5
125 kV 14.9 16.0
150 kV 243 25.1
175 kV 234 25.2
200 kV 233 25.1
225 kV 227 244
250 kV 214 23.0
275 kV 18.7 20.1
300 kV 18.5 19.9

A Based on Monte Carlo Integrated Tiger Series simulation, assuming Far West
(FWT

6.1.3 An extended demonstration of system performance

at specified ratings,
6.1.4 Operation of the system over the
voltage and beam current,

full range cof

6.1.5 Radiation survey at maximum operating voltage

and current,
6.1.6 Mechanical inspection of the system,
6.1.7 Electrical inspection of the system,
6.1.8 Performance of the inert gas system, i

f applicable,

6.1.9 Performance of the ozone exhaust system, if appli-

cable, and
6.1.10 Testing and calibration of product ha

ndling system

minimym or maximum absorbed dose limit, or both. For a
given application these limits may be set by government
regulatipbn or by limits inherent to the product itself.

4.3 (ritical process parameters must be controlled to
obtain geproducible dose distribution in processed materials.
The electron beam energy (in eV), beam current (in mA),
spatial |distribution of the beam, and exposure time or
process|line speed all affect absorbed dose (see Section 5). In
some liquid-to-solid polymerization applications (often re-
ferred o as radiation curing), the residual oxygen level
during fjrradiation must be controlled to achieve consistent
results. [A high level of residual oxygen can affect product
perfornjance in these curing applications, but it will not
affect the absorbed dose.

4.4 Before any radiation process can be utilized, it must
be valilated to determine its effectiveness. This involves
testing pf the process equipment, calibrating the measuring
instruments, and demonstrating the ability to deliver the
desired |dose within the desired dose range in a reliable and
reprodycible manner. The desired improvements, as well-as
any undesirable effects due to radiation damage to a specific
product, should be understood.

5. Dosimetry System

5.1 The documents listed in Section.2 provide detailed
informdtion on the selection and( use of appropriate
dosimefry systems for gamma-ray and,electron beam irradi-
ation. IDue to the limited depth ofpenetration of low energy
electron) beams and the narrow.air gaps that are inherent in
self-shiglded equipment, thin film dosimeters are usually
preferrdd over thicker .systems (see Refs 1, 2, and 3,°
Practicgs E 1275 and E 1650, and Guide E 1261).

6. Instgllation Qualification and Testing

6.1 Equipment Testing—The first phase of qualifying an
irradiatjon facility is to determine that the processing equip-
ment pg¢ i rdance with desi ifications. The
process should include mechanical and electrical testing of
the electron beam accelerator and related processing equip-
ment, and should include, but not be limited to, the
following:

6.1.1 Operation of all safety interlocks,

6.1.2 Operation of all system interlocks,

6 The boldface numbers in parentheses refer to a list of references at the end of
this practice.

over the full performance range.
6.2 The second phase of qualifying an(rrad
is to characterize the performance of;the equ

iation facility
ipment using

dosimetry. The purpose of these measurements is to qualify

the dose delivering characteristiés -of the e
performance acceptance and for future refere

huipment for

cess should include, but not bé.limited to, the
6.2.1 Surface Area Rate Measurements

hce. The pro-
following:
inimum of

five measurements over the voltage range of interest with at
least five dosimeters equally spaced across th¢ width of the
beam at the product plane at a nominal dqse level. The

surface area rate measurement should be
typical operating voltage level at several d
current levels to establish and test the linearity
current and surface dose (see Appendix X1).

6.2:2.Beam Uniformity Measurements—mi
dosimeter per 2.5 cm over full width. Three
should be made at the product plane (see App

6.2.3 Depth-dose Measurements—A minin
measurements should be made at each voltag
voltage range of interest measured with the d
at the product plane (see Appendix X1).

7. Frequency of Dosimetric Measurements

should be conducted in accordance with Secti

7.2 Product Validation—Surface area rate
should be made during product validation to
the results of product testing.

NoTE 1—Absorbed dose distribution measurements|
for regulated processing applications.

7.3 After Routine Maintenance—After ro
nance such as window changes, a minimum n
surface area rate measurements should be ma

7.4 After Major System Maintenance—
system maintenance such as cathode or insy
replacement, a minimum number of three sul
and beam uniformity measurements should bx

7.1 Initial facility performance cvaluatiE

peated at a
fferent beam
between beam

imum of one
easurements
endix X1).
hum of three
covering the
simetry stack

dosimetry
n 6.

easurements
compare with

may be required

itine mainte-
mber of three
e.

LAfter major
lator bushing
face area rate
made.

rate measure-

7.5 Routine Process Control—Surface area

applications process control dosimetry may b
regulation or may be desirable for quality control record
keeping.

8. Throughput Calculations

fun. In some
e required by

8.1 Mass Processing Rate—The beam power of an elec-

tron beam machine can be expressed in watts, which is the
product of the beam voltage (kV) and the beam current
(mA). An absorbed dose of 10 kGy (1 Mrad) corresponds to
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kilogra;

For a machine having an output o
to a bulk processing rate of 360 kg (
to an absorbed dose of 10 kGy (1
beam power utilization.

8.1.1 Actual beam power utilization is lower than 100 %,
so in order to utilize this concept for a given situation the
efficiency of radiation absorption in the product must be
known. This concept is typically expressed by the simple

nance, includi ; 1d all
equipment failures, the nature of the problem that causéd the
failire and anv anrrastiva antinn talras
AGAUiA vy QUL QL) VULAVVWMYLY aLuul lanll,
,,,,,, 9.2 Review and Approval:
9.2.1 Review and approve all dosimetry\records in accor-
dance with an actahlichad Anality anntr~l dasen
J MRV Vi G4 VorRVMOUVG (Jualll, VVULWULVY pl alll,

9.2.2 Audit all documentation periodically to ensurg that
records are accuraie and compieie.

Q13 tention of Records

9.3 Retention of Records

9.3.1 Retain all records at\the facility and have them
available for inspection as neéded. Keep the files for a period
of time specified by relevant‘authorities (see 4.1).
i0. Measurement Uncertainty

o ) 16.1 To be meaningfui, a measurement of dose shaii be
account the elgctron energy, absorption efficiency, beam  accompanied by an estimate of uncertainty. Components of
current, spatial |dispersion, and process line speed. In this uncertainty shall be identified as either Type A or Type R
case the surface[area processing rate can be expressed by the according.tetheir method of evaluation. Type A evaluption
simple equation| of standard uncertainty is based on the statistical analypis of

KT a series; of observations, and Type B is based on all pther
Areq processing rate = W, - V; = —— (3  methods of analysis. Additional information is given in
- Guide E 1707 and Refs 4 and 5. In addition to Type A and

WHEre; Type B classifications, other ciassifications may be usefui.
K = surface ajea rate in kGy m?/mA min or Mrad ft?/mA NoTe 3—This standard uses the methodology adopted in 1993 by
min, the International Standardization Organization (ISO) for estirhating

n — Annn e LN o AL rimanetateter Thic 20 210 acace oo 4L o . a2l o _a_*_ . P R
r = Q0S¢ in KUYy Or iviradq, uncenainty. 1ms is u{ll?lcul 1I0m we way wuc unceriainty nas oeen
W, = beam width in mor ft traditionally expressed in terms of “precision” and “bias” pwhere
.7 Py o . e . . nrecicion ic a meacnra af tha avtant ta whish ranlinnta mranccabeante
¥V, = line speed in m/min or ft/min, and PRSI B N RISy R M VATV U WHIGE ITpUtac measuromnenis
T e Tanee vsdenod Sen oea A i ’ made under specilied conditions are in agreement, and bias |s the
‘S 'TT ;f‘“i‘ F“ ‘(;E‘ ‘i‘ “‘é‘K . ( lerat; systematic error (see Practices E 170, E 177, and E 456). Thd new
>ee 1able 1 lorfc culated K values at specific acceleration method for treaiment of uncertainiies is in conformance with cfirrent

voitages. internationally accepted practices.

10.2 The components of uncertainty involved in mea-
suring absorbed dose using this dosimetry system shaii be
estimated or determined. The overall uncertainty i ab-

0 ‘ . N ‘\— ~ -vv\:- AAAA“:I\I. a A-A\d‘5 ASAAYZ Y HA.IA\':’A b“:ul,! :L Qau—
; 1 i Est‘a" IlS ar .cor Laddd tati . hat sorbed dose may be estimated from a combination of these
o sablich o rocord and documentation system that components,and the procedure for combining these cofapo-
aodumenis au SUNCUY dala irom Iacility insiallaiion and nents should be specifically stated or referenced in all regults.
testing procedurps, process validation, machine maintenance ’
and change histQry. 11. Keywords
9.1.1.1 Recor‘the rforma ¢t 11.1 absorbed dose; dosimeter; dosimetry system; eie¢tron
gliaHSV tt:e dose a g 3 > equipment, beam; electron beam accelerator; ionizing radiation; radia-
a PSS | PR, RPN JIPRE T Y LY 3 L . ae . PP 1% . -
The Irradiation Control Record musti have the date, time, tion processing; radiation crosslinking; radiation curing
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APPENDIX

DOSE UNIFORMITY

X1.1 This appendix describes methods for measuring  conditions. Therefore, a thickness of two index cards should
surface area rate coefficient (K), dose depth, and dose  be used to prevent backscatter from the beam stop from
uniformity, affeciing the dose measurements.

X1.2| Method for Measuring the Surface Area Rate Coef X1.2.6 A commonly used dosimeter for|this type of
ficient (K): measurement is thin ﬁlm radiochromic), dgsimeters (see

X1.2|1 The surface area rate is a measure of the electron  Practice E 1275).
beam efficiency at t."e surface of the product. Tl'us coeff.c:em X1.2.7 (‘are must be exercised in-preparing the dosime-

modergte beam current or the dose of interest over the
dynamic operating voltage range.

X1.2|2 It is important to determine the value of X over a
range of voltages because the value of K can vary widely with
voltagelas shown in Table X1.1. In general, X will be highest
at voltdges of about 175 kV and will be lower in value at
voltage either lower or higher than 175 kV. At lower
voltage§, the variation in K is the result of the increased
attenudtion of the dose caused by the energy loss in the
window and the air gap. At higher voltages, the reduction in
K is a fesult of the energy deposition peak moving beyond
the plape of the dosimeter as shown in Fig. X1.1.

X1.213 The value of K is determined from dosimeter
mcasurﬁments at different voltages using the simple equation
given in 8.2.

X1.214 The first step in determining K is to prepare-a
series df index cards, each with a minimum of five dosime-
ters. The dosimeters should be located adjacent/.to one
another in a row across the center of the.card. The
dosimejters should be taped to the card at the edges of the
dosimeter. When taping the dosimeters to' the cards, care
must. be taken not to cover the center  portion of the
dosimeter where the reading will be taken.

X1.2.5 In characterizing the machine, it is important to
elimindte any backscatter from the beam stop from inter-
fering With the measurement of X since the value of K should
be diregtly related to machiné.output rather than processing

TABLE X1.1 Example-of Depth Dose Distribution at 300 kV

(Air Gap 2.5,¢m, 13 um Titanium Foil Window)

o] s potog  Dom, oapn N

i Depth, pm kGy (mg/cm?) Dose

1 50 50 325 5.7 100 %
2 50 100 33.7 11.4 104 %
3 50 150 35.2 171 108 %
4 50 200 34.4 228 106 %
5 50 250 34.2 28.5 105 %
6 50 300 32.0 34.2 98 %
7 50 350 273 39.9 84%
8 50 400 23.2 458 %
9 50 450 17.8 51.3 55%
10 50 500 12.3 57 38%
1 50 550 74 62.7 23%
12 50 600 36 68.4 1%
13 50 650 1.5 74.1 2%
14 50 700 0 79.8 0%

exceed thédimits of accuracy for the partic
chosen ;and not to exceed the range at w
calibrated.

X1.2.9 Once the beam current and web spj
set for the selected beam voltage, the dosimeter
through the electron beam. If the dosimeters :
ered during their exposure, care must be exe
errors due to UV light exposure, exposure to
contamination. If a thin covering material is
the dosimeter, a correction factor for the K vj
applied to compensate for the attenuation o
material.

X1.2.10 A minimum and a maximum voltz
intermediate voltages should be selected to
sufficient number of measurements to accura;
the K values in the voltage region of interest.

X1.2.11 Record the average dose at each poltage. These
data along with the web speed, current and bgam width will
define the K value. See formula in Section 8.2.

X1.3 Method for Measuring Depth-Dose Dfstribution:

X1.3.1 Electron beam treatment of homogeneous mate-
rials produces absorbed dose distributions that vary with
depth within the material. The shape of the depth-dose curve
is determined by collisions of primary and sgcondary elec-
trons with atomic electrons and nuclei in [the absorbing
matenal So, the shape is depcndent on the atpmic composi-

otk R gy- The depth of
penetratxon (electron range) is proportlonal to the electron
energy. This can be seen in the family of depth-dose
distribution curves shown in Fig. 1.

X1.3.2 The depth-dose distribution curves are usually
plotted in normalized units. Penetration is expressed in mass
per unit area or thickness multiplied by density.

X1.3.3 The first step in measuring and plotting the
depth-dose distribution of a machine is to prepare a dosim-
eter stack. The thickness of the dosimeter stack must be

hich they are

eed have been
card is passed
are left uncov-

ised to avoid
:Fumidjty, and

sed to protect
rlue should be
[ the covering

ige and several
provide for a
tely determine
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