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JAPANESE INDUSTRIAL STANDARD JIS Z 4511 : 2005

Methods of calibration for exposure meters,
alr kerma meters, air absorbed dose meters
and dose-equivalent meters

Introduction This Japanese Industrial Standard revises JIS Z 4511:1999 completely
including the amendment added in the fiscal year of 2000. The revision responds to
enforcement of the new radiation hazard prevention related statute which incorporates
the new Measurement Law effective as of April, 2001 and ICRP-1990 recommendation.
The revision introduces an air kerma standard and concerns the fundamental matters
of the system of calibration.

1 Scope This Standard specifies the calibration method (however, excluding the
calibration based on the Measurement Law by a specified standard instrument or a
specified secondary standard instrument, etc.) of an exposure meter, an air kerma meter,
an air absorbed dose meter, and a dose-equivalent meter of photon energy 10 keV to 3
MeV (hereafter referred to as “meters”).

2 Normative references The following standards contain provisions which, through
reference in this text, constitute provisions of this Standard. If the indication of the year
of publication is given to these referred standards, only the edition of the indicated year
constitutes the provision of this Standard but the revision and supplement made
thereafter do not apply. The normative references without the indication of the year of
coming into effect apply only to the most recent editions (including amendments).

JIS Z 4001  Glossary of rerms used in nuclear energy
JIS Z 4331  Calibration phantom for X-, v - and /[ -ray personal dosemeters
JIS Z 8103  Glossary of terms used in measurement

JIS 7 8401  Guide to the rounding of numbers

[SO 4037-1:1996 X and gamma reference radiation for calibrating dosemeters and doserate
melters and for determining their response as a function of photon energy—
Part 1: Radiation characteristics and production methods

ISO 4037-3:1999 X and gamma reference radiation for calibrating dosemeters and doserate
meters and for determining their response as a function of photon energy—
Part 3: Calibration of area and personal dosemeters and the measurement
of their response as a function of energy and angle of incidence

3 Terms and definitions For the purposes of this Standard, the definitions given in
JIS Z 4001 and JIS Z 8103 and the following definitions apply.

Remarks 1 The dose equivalent per unit time is called “dose equivalent rate”, and
the dose equivalent (or dose equivalent rate) is expressed with “the dose
equivalent (rate)” in this Standard.
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2 The exposure per unit time is called “exposure rate”, and an exposure
(or exposure rate) is expressed with “an exposure (rate)” in this
Standard. Similarly, an air kerma and air absorbed dose per unit time
are called “the rate of an air kerma”, and “rate of an air absorbed dose”,
respectively. In this Standard, an air kerma (or rate of an air kerma) is
expressed with an air kerma (rate), and an air absorbed dose (or rate of
an air absorbed dose) is expressed with an air absorbed dose (rate).

a) Dose-equivalent-related terms and definitions

1) ICRU sphere a sphere where mass percentage is elemental composition of
oxygen 76.2 %, carbon 11 .1 %, hydrogen 10.1 %, and nitrogen 2.6 %, the density is
1 g/cm? and the diameter is 30 cm

2) ICRU slab a rectangular parallelepiped where mass percentage is elemental
composition of oxygen 76.2 %, carbon 11 .1 %, hydrogen 10.1 %, and nitrogen 2.6 %,
the density is 1 g/em® and the dimension is 30 cm X 30 cm X 15 ¢m

3) 1 cm dose equivalent generic name of 1 cm dose equivalent in connection with a
place, and 1 cm dose equivalent in connection with an individual

1 ecm dose equivalent in connection with a place is the dose equivalent at the depth
of 1 em from an entrance plane on the principal-axis along the direction of
incidence, when an ICRU sphere is irradiated with the photon of the plane parallel
beam of the single direction. Moreover, 1 cm dose equivalent in connection with an
individual is the dose equivalent at the depth of 1 em from an entrance plane on
the principal axis, when ICRU slab is irradiated at right angles to a principal
plane with the photon of the plane parallel beam of the single direction. 1 cm dose
equivlalent is indicated by H 1em.

In addition, this dose equivalent rate 1s indicated by A icm.

4) 70um dose equivalent generic name of 70z m dose equivalent in connection
with a place, and 70 » m dose equivalent in connection with an individual

70 1 m dose equivalent in connection with a place is the dose equivalent in the
depth of 70 1 m from an entrance plane on the principal-axis along the direction
of incidence, when an ICRU sphere is irradiated with the photon of the plane
parallel beam of the single direction. Moreover, 70 1 m dose equivalent in
connection with an individual is the dose equivalent in the depth of 70 x m from an
entrance plane on the principal axis, when ICRU slab is irradiated at right angles
to a principal plane with the photon of the plane parallel beam of the single
direction. The 70 1 m dose equivalent is indicated by H 70, m.

In addition, this dose equivalent rate is indicated by " 70, m.

5) ICRU-sphere dose equivalent (rate) generic name of 1 cm dose equivalent (rate)
and 70 pm dose equivalent (rate) in connection with a place

6) ICRU slab dose equivalent (rate) generic name of 1 cm dose equivalent (rate) and
70 pm dose equivalent (rate) in connection with an individual
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7) dose-equivalent conversion factor conversion factor used when computing the
ICRU-sphere dose equivalent (rate) or the ICRU slab dose equivalent (rate) from
an air kerma (rate) in the free space

8) air absorbed dose conversion factor conversion factor used when computing an
air absorbed dose (rate) from an exposure (rate) (= 33.97 Gy x kg/C)

9) air kerma conversion factor conversion factor used when computing an air kerma
(rate) from an exposure (rate) (=33.97 x (1— @ ! Gy x kg/C). Here, gshows the loss
rate by bremsstrahlung

b) Calibration-related terms and definitions
1) exposure meter meter for measuring an exposure (rate)
2) air kerma meter meter for measuring an air kerma (rate)
3) air absorbed dose meter meter for measuring an air absorbed dose (rate)

Hereafter, in this Standard, for the photon not exceeding 1.5 MeV, an air absorbed
dose meter is included in an air kerma meter.

4) dose-equivalent meter meter for performing measurement of an ICRU-sphere or
the ICRU slab dose equivalent (rate)

5) exposure (rate) standard exposure (rate) used as the standard which is set up by
the calibrating apparatus

6) air kerma (rate) standard air kerma (rate) used as the standard which is
obtained by multiplying an exposure (rate) standard by an air kerma conversion
factor

7) air absorbed dose (rate) standard air absorbed dose (rate) standard used as the
standard which is obtained by multiplying an exposure (rate) standard by an air
absorbed dose conversion factor

Hereafter, in this Standard, an air absorbed dose (rate) standard is included in an
air kerma (rate) standard.

8) dose-equivalent (rate) standard the ICRU-sphere dose equivalent (rate) or the
ICRU slab dose equivalent (rate) used as the standard which is obtained by
multiplying an air kerma (rate) standard by a dose-equivalent conversion factor

9) dose (rate) standard generic name of an exposure (rate) standard, an air kerma
(rate) standard, an air absorbed dose (rate) standard, and a dose-equivalent (rate)
standard

10) calibration to find a relation between a dose (rate) standard and a value
indicated by a meter

11) calibrating apparatus a reference instrument, irradiation equipment, or vy -ray
source used as a standard for setting up an exposure (rate) or an air kerma (rate)
standard
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12) specified standard instrument standard meter which the Minister of Economy,
Trade and Industry specified based on the Measurement Law

13) specified secondary standard instrument standard instrument which are
calibrated by using a specified standard instrument based on the Measurement
Law

Moreover, in this Standard, this category includes the standard instrument
(working standard) which is deemed to be equivalent to a specified secondary
standard instrument based on the Measurement Law.

14) reference instrument meter which serves as a standard when calibration is
carried out

In the class of reference instrument, there are a reference meter and a practical
reference meter. Moreover, in the class of practical reference meter, there are an
exposure or an air kerma practical reference meter, and a dose-equivalent
practical reference meter.

15) irradiation equipment generic name of the vy -ray irradiation equipment or
X-ray irradiation equipment which are used for calibration

16) reference vy -ray source a v -ray source used as the standard for setting up a
dose (rate) standard, whose value is decided by a specified secondary standard
instrument

17) practical vy -ray source a vy -ray source used only in order to calibrate a practical
meter

There are a practical standard vy -ray source whose dose rate was decided by the
reference meter, and a v -ray source without a dose-rate standard for calibration
for confirmation.

18) practical irradiation equipment simple irradiation equipment for setting up a
dose (rate) standard

19) practical meter meter which is in practical use

There are an exposure practical meter, an air kerma practical meter, an air
absorbed dose practical meter, and a dose-equivalent practical meter. In this
Standard, an air absorbed dose practical meter is included in an air kerma
practical meter.

20) reference calibration calibration of a specified secondary reference instrument, a
reference meter, or a practical reference meter

21) practical calibration calibration of a practical meter

22) confirmation calibration simple calibration performed about the practical meter
which is in practical use, without using a dose (rate) standard and with paying
attention to whether the calibration constant varies or not due to a practical
radiation source, whose purpose is to confirm periodical performance maintenance
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23) substitution method method to calibrate by placing alternately a reference
instrument and a meter to be calibrated in the irradiation field of the same
condition

Here, the substitution method includes the two methods. One is that a meter to be
calibrated and a reference instrument specified in ISO 4037-3 are simultaneously
irradiated. The other is that the beam monitor which monitors the output change
of irradiation equipment is concurrently used.

24) radiation-source method method to calibrate a meter to be calibrated by using a
reference v -ray source or a practical reference vy -ray source

25) inverse square law method to calculate the exposure, the air kerma, or the dose
equivalent (rate) at an arbitrary distance based on a dose (rate) standard, and to
calibrate a meter to be calibrated

26) calibration constant value obtained by dividing the exposure (rate), the air
kerma (rate), or the dose equivalent (rate) specified as a standard by the indicated
value of a meter to be calibrated

4 System of calibration The system of calibration which is traceable from a national
standard to primary, secondary and a practical exposure (rate), or an air kerma (rate)
standard is specified in figure 1 and the following:

a) Calibration is classified into the reference calibration for a specified secondary
standard instrument, a reference meter, or a practical reference meter, and the
practical calibration for a practical meter.

b) Reference calibration consists of calibration by the primary exposure (rate) or the
primary air kerma (rate) standard of a specified secondary standard instrument,
calibration by the secondary exposure (rate) or the secondary air kerma (rate)
standard of a reference meter, and calibration by the practical exposure (rate), the
practical air kerma (rate) or the practical dose-equivalent (rate) standard of a
practical reference meter.

¢) Practical calibration consists of the calibration of an exposure practical meter and
an air kerma practical meter by the practical exposure (rate) standard and the
practical air kerma (rate) standard, respectively, as well as the calibration for
confirmation. Calibration of a dose-equivalent practical meter shall be based on the
dose-equivalent (rate) standard which is obtained by multiplying the practical air
kerma (rate) standard by the dose-equivalent conversion factor. It shall also be
based on the practical dose-equivalent (rate) standard whose value is decided by the
practical dose-equivalent (rate) standard, as well as the calibration for
confirmation.

d) A specified standard instrument is a national standard instrument of the highest
class in the Measurement Law. A specified secondary standard instrument is a
standard meter which is calibrated by the primary exposure (rate) standard or the
primary air kerma (rate) standard.
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e) A reference vy -ray source is a v -ray source where a specified secondary standard
instrument determines the value of the exposure rate, the rate of an air kerma, or
the dose equivalent rate of a radiation source. When v -ray irradiation equipment
with the similar value setting is used independently, it shall be included in this
category.

f) A practical reference v -ray source is a vy -ray source where a reference meter
determines the value of the exposure rate, the rate of an air kerma, or the dose
equivalent rate of a radiation source. When v -ray irradiation equipment with the
similar value setting is used independently, it shall be included in this category.

Documents
PROTECTED BY COPYRIGHT Document Sharing Hub

Full document details: JIS Z 4511-2005


http://www.avadocuments.com/doc/jis-z-4511-2005
http://www.avadocuments.com/doc/jis-z-4511-2005

- 2006

74511

UOJEOYISSE0
uoneicied

uogelqes

voneuugog |

UoT)BIQI[ED JO Wo)SAg T oandryj

80Jnos AeJ- 4

|eolorld

...... - aounos Aes- 4
souBIalel [EONOEI]

...... — [( wewdinbs uojerpeu
Ker- 4 Jeonoesd]

19}0W doULISOL
|esnoeld

L/ U \\
Jsjew [eanoe.d I8y

‘_m_m_m__m_mUh%m‘a 8sop paglosqe Jie _mo_ﬂumi .........
jusjeainbs asaq 10 Ul Uiy aJnsodx3 _
J\ AN |
\l IJ \\ U .
piepuels (s1eJ) _
juseainbs-asop :
asayds NYII A| .............. [T T T T T T T

........... P ﬂ
— H

L.d.—.. -
plepue)s (eyel) || \J

\

saInos Ael- & sauslsyey <

Juswdinbe
uoneipe. Aes-x]

........ —| [(huewdnbs
uogeipe Aey- 4 |

euusy Jie [eonoeld Jo (81el) N
ainsadxa |eanoeld

1910W SoUBISNRY ¢

[uswdinba

P Y
N

u._mucmuwﬂﬁm.c
aunsadxa Aiepuodag

“uoyeipe Aes- 4 |

JuswINAsul pJepuels

uswdinbe
Alepuodas psloadg

uonelpeul Aer-x]

©

plepugis
{sjel) aunsodxs Alewlid __

[ustudinba

JoR) LOSISAUCD
Jeleanbe-ssoq

" uoneipedl Aei-y]
[wswdinba
uoleipeu Ae- & |
__ JUETTRGE]
1| piepuejs peyoeds

pJepue)s |euoljeu __
(e1eJ) ainsodxy (I

paepueys

(s1e4) Bunsodx3

Juawdinbe

uope.gieg

Documents

Document Sharing Hub

PROTECTED BY COPYRIGHT

Full document details: JIS Z 4511-2005


http://www.avadocuments.com/doc/jis-z-4511-2005
http://www.avadocuments.com/doc/jis-z-4511-2005

8

7 4511 - 2005

(pepnouod) T aan3ryg

"parRIqI[BD 9q UBD 19jaw [edo13orad asop

POQIOSqE IT8 UR ‘POT B [ONS U] "PIRPURIS (9)8I) 9S0P PAqIosqe are [esnorad oyl Jo pary oyj dn 308 0} I9pI0 UT 10308]
UOTSISAUOD 950D Poqaosqe Are oY) Lq porjdiynuw st paepue)s (9)er) sansodxe [gorjorad oy} USAOSIOJN "PIEPURIS (D)B)
BULIOY I8 UB SB POSn 9 UEBD 31 PUE 10}0BJ UOISISAUOD BWISY IIe ue Aq porpdijnut st piepuels (93ed) sansodxe uy
1

2In31y poyoe)Ie T XoUUY Ul UMOYS ST PIBPUER)S (938J) jus[eamba-asop qe[s YOI Ue £ UOTHBI|I[BO 9} JO WISAS oY,
"paepUE)S (9)8d) Jus[BAINbo.0SOp

axayds. DI Teomoreid B 0] UOTIB[OI O} SMOYS OUI] PIYSEP 3I0YS.o[qnOp Poysep 3Uo[ Y "pIBPUR}S 20UISJOI
PUR pIEpUR]S [BUOT}RU B U92M])a( JO UOTIR[AI SMOYS SUI] Pa1JOP B JO MOLIR [} PUB UOT)B[aI [BNJOR SMOYS dUT[ PI[OS

‘g Xouuy
Ul UMOYS ST UOTJBIQI[ED UOIIBULIGUOD JO POYJSUI 93 ISAOIO] ‘paepuelg sy} Jo odoos oy} apIsjno s1 (piepuess
S0USIRYOIL BUIYIOM € JUIPN]OUTL) I9}0W 9OULIDISL B PUE JUSWINIISUL PIEPUE)S ATRPUODSS Poyoads & JO UOLBIqI[E))

: 9oUads]ay

[ syteluay

‘prepuels (3ed) juseamnbs.ssop ageyds.NYD] [BO1I0kId € 195 UeD IT pue ‘(91e1) Jus[eAImba asop ateyds-NYDI
oy} Aq onfea e poudisse sT juowrdinbe uorjerperar Ler. 4 [edgoeag ‘(93eX) Jud[RAInba osop axoyds-NYHI Oyl
JO 90anos ABI- A doUaIdfAX 91 J0 Juawdinbe UOIJBIPBILIL 8] SB Pasn 8 UBD 11 PUB T0JOB] UOTSIDAU0D jua[rATnba-asop
€ Aq por[dijnux ST 90N08 AvI. A 90UBISAI B 10 juowdinbs Uoryerpelll Ael. A ad4L} 9)BWI[0D B JO (9)BJ) BULIOY IIB 8YJ, (1) 9ION

Documents

Document Sharing Hub

PROTECTED BY COPYRIGHT

Full document details: JIS Z 4511-2005


http://www.avadocuments.com/doc/jis-z-4511-2005
http://www.avadocuments.com/doc/jis-z-4511-2005

9
Z 4511 : 2005

5 Method to obtain the uncertainty of the calibration constant The reliability in the
uncertainty of the calibration constant shall be 95 %. Synthesis of uncertainty shall be
the square root of the sum of square of the uncertainty related to each event. The
uncertainty in calibration shall be found the square root of the sum of the square of
uncertainty of the field where a standard was set (uncertainty of the calibration
including the performance of a reference meter, or uncertainty of calibration of a
reference vy -ray source) and the sum of the square of uncertainty of a meter to be
calibrated (including uncertainty of calibration).

6 Uncertainty of calibration

6.1 Uncertainty of reference calibration The uncertainty of reference calibration
shall be specified as follows:

a) In the field where the vy -ray energy of 137Cs or 6°Co was used to set the practical
exposure (rate) standard or the practical air kerma (rate) standard, when an
exposure or an air kerma practical reference meter is to be calibrated, its
uncertainty shall be 6 % or under.

b) In the field where the vy -ray energy of 137Cs or $°Co was used to set the
dose-equivalent (rate) standard, when a dose-equivalent practical reference meter is
to be calibrated, its uncertainty shall be 6 % or under.

Information : In the field where the secondary exposure (rate) standard or the
secondary air kerma (rate) standard was set, when a reference
meter is to be calibrated, its uncertainty shall be 5 % or under.

6.2 Uncertainty of practical calibration The uncertainty of practical calibration shall
be specified as follows:

a) In the field where the practical exposure (rate) standard or the practical air kerma
(rate) standard was set, when an exposure or an air kerma practical meter is to be
calibrated, its uncertainty shall be 20 % or under.

b) In the field where the practical air kerma (rate) standard was multiplied by the
dose-equivalent conversion factor, and the dose-equivalent (rate) standard was set,
when a dose-equivalent practical meter is to be calibrated, its uncertainty shall be
20 % or under.

In addition, the error of the dose-equivalent conversion factor for finding a
dose-equivalent (rate) standard shall not be considered.

7 Reference instrument and irradiation equipment

7.1 Reference meter The detector of a reference meter shall be an
ionization-chamber type. The ionization chamber shall have the wall thickness or
entrance window thickness and meet the performance indicated in table 1, depending
on each energy range used.
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