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No.3 145 41 19 6.5 4 1 — —
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3.96. Registrants and licensees, in

cooperation with employers where

appropriate, shall establish, maintain

and keep under review a programme for

workplace monitoring under the

supervision of a radiation protection

officer or qualified expert.

10 TSO 11929:2010 Determination of the characteristic limits (decision threshold,
detection limit and limits of the confidence interval) for measurements of ionizing

radiation — Fundamentals and application

11 Method to account for measurement uncertainties when performing metrological
tests within the scope of the German X-ray Ordinance (RoeV) and the German

Radiation Protection Ordinance (StrlSchV)

12 Development of decommissioning standards in Germany, integration at EU level



3.97. The type and frequency of
workplace monitoring:

(a) Shall be sufficient to enable:

(i) Evaluation of the radiological
conditions in all workplaces;

(ii) Assessment of exposures in
controlled areas and supervised areas;
(iii) Review of the classification of
controlled areas and supervised areas
(b) Shall be based on dose rate,
activity concentration in air and
surface contamination, and their
expected fluctuations, and on the
likelihood and magnitude of exposures
in anticipated operational occurrences

and accident conditions.

ZDOEDITED XD RO KU R P
FH 2 & ORREE OB TIT 9 2T B 72
T7u—=FEMND ZLBIRENTWD,
The application of the requirements of
these Standards in planned exposure
situations shall be commensurate with
the characteristics of the practice or
the source within a practice, and with
the likelihood and magnitude of

exposures.

HESNTWLEENT 70 —F 1T
DEIBRLDTHD,
3.6. The application of the
requirements of these Standards shall
be in accordance with the graded
approach and shall also conform to any
requirements specified by the

regulatory body. Not all the
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requirements of these Standards are
relevant for every practice or source,
or for all the actions specified in
para. 3. 5.
@ TAEA GSG-7

TEZERMNCSER/TAT O B2 ankmiZ B8
LT, EESZOE=2 Y 7L EDLTO
EoITHEESN TV D,
3.56. The assessment of exposures in
the prior radiological evaluation may
be made by one or more of the
following methods:
(a) Use of workplace monitoring. This
method can give a good assessment of
the doses that workers will receive,
provided that the radiological
conditions in the workplace are
reasonably predictable over a long
period (at least for several months).
Workplace monitoring should be
repeated at appropriate intervals, and
certainly when the working conditions
change significantly.
(b) Use of data from the scientific
literature and information from
comparable facilities. Some dose
values are given in the literature for
various workplace situations. These
can, in principle, be used to judge
whether monitoring is needed.
(c) Use of simulations. Numerical
simulations can be powerful and can
provide information instantly on the
parameters that influence doses that

would be received in given exposure



situations. The results of simulations
should be verified by measurement

(d) Use of confirmatory measurements.
Performing confirmatory measurements
with personal dosimeters can help to

determine whether individual

monitoring is needed.

@ TAEA SSG-46
ERDEORMELEE L, FELTOE
=X VT OREE L L TREMENEE X
B DIEEICEERT D 97 TOME A E
DL R FEbRRB SN TN D,
Paragraphs 3.96-3.98 of GSR Part 3 [3]
establish the requirements and
responsibilities for workplace
monitoring.
Workplace monitoring comprises
measurements made in the working
environment and the interpretation of
the results.
Workplace monitoring serves several
purposes, including routine
monitoring, special monitoring for
specific occasions, activities or
tasks, and confirmatory monitoring to
check assumptions made about exposure
conditions.
Workplace monitoring can be used to
verify the occupational doses of
personnel whose work involves exposure
to predictable low levels of
radiation.
It is particularly important for staff

members who are not individually

monitored. Further general guidance on
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workplace monitoring is given in GSG-7
[23].

Fio. BEOWRWAE DS EHEITIIE
(G OE=FV T EMELE L TN,
3.101. Workplace monitoring in areas
around each item of medical
radiological equipment in the
radiology facility, when it is being
operated, should be carried out when:
(a) The room and shielding
construction has been completed,
regardless of whether it is a new
construction or a renovation, and
before the room is first used
clinically;

(b) New or substantially refurbished
equipment is commissioned (both direct
and indirect radiation such as leakage
and scatter radiation should be
measured) ;

(c) New software for the medical
radiological equipment is installed or
there is a significant upgrade;

(d) New techniques are introduced;

(e) of

radiological

Servicing the medical

equipment has been

performed, which could have an impact

on the radiation delivered.

@ NCRP Report No. 147

LU 0 &9 Wi THF OO RgRE oD B 21703 5
S, BEEEY TAT T b RSN T
Wd,
Voids in the barriers of the completed
facility should be located by the use

of a suitable x— or gamma-ray source



and a sensitive radiation detector such
(GM)

or

as a Geiger-Mueller tube,

scintillation detector another
radiation detection instrument with a
fast response. The use of an audible
indicator with a meter will save time
in finding areas of unexpectedly high
transmission. X-ray film may also be
used to find defects. Searching for
voids is difficult using a radiographic
source since exposure time is limited
to a few seconds. Alternatively, the
fluoroscopic source in an R&F room or a
portable C-arm fluoroscopic unit that
allows continuous operation at low mA
can be used with a scattering phantom.
A radionuclide source may also be used,
however, regulatory or licensing issues
related to this specific use for these
sources may have to be addressed. If a

radionuclide is to be used, a low—

energy gamma-ray source such as *"Tc is

desirable. If the facility has a

nuclear medicine department, the
surveyor may be able to obtain a sample
of ®“Tc to test the shielding. If not,
a radioactive materials license that
specifically permits the transport of

the radionuclide to the facility and

its subsequent disposal may be required.
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from patients during Ra-223 alpha radionuclide therapy. Sci Rep. 2018; 8: 10976
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BEMLoDH5. ZO%E X BEHRIEE O A\ O ERHMIE 331 Sl #E L TTW, X
R CT ZEE IOV TIIARIEIZ X 25l 21T 9. IV EIT L 2NN R T 2 72 DI 4 T
BERFIRELIZLOD ) big KMEZREELE L, ZOEDO XBEHEEDOELEEHTD. U
YU RERXH CT EBIIREPICT A VB X —(ENBET 5720, W WVHEERE
TR ATRERIPHN T T A V& o Z — L IRBER BRI IR L R DALIE TRIA T 5 2 & 24
By 5.

3. R
3.1 FHESME
1) XARCTHRFIE T, 1 HM7- 0 EERE 1508, (REEIRE 50 MF 24T 5 REo & PR X
BERL, R, BN R XK X ORISR T IR A VB EORTR 21T 5. X R CT =
O m% Fig. 1 1Zx L7,
2) A%
BT <+« 120 kV
1S 7Z0 OFHDLP «+ -« GHES 890 mGy « cm
REES 750 mGy ¢ cm
AL <.« EHES 15f/1H
Ry 50 f4:/1 H
USRS -+« 5 H/HE
3) U EESE « oo AT T AZE (2.0 mmPb)
WEA~VVEE (2.0 mmPb)
a7 J—hk 20 cm (BE 2.10 g/cm’)

3.2 Bl

3.2. 1 EA~WELEDFHEA

S A FHELEQ, P C FHELEOMEICH T DR AV EEE IR A L kD 5.
(1) K&y

2

1
Kgec(head) = kpeaqg X f X DLP % (3)

2

1
=1.8x 107* x 1.0 X 867750 x (ﬁ)

= 10.8 (mGy/3 J )
(2) K&y

2

1
Ksec(body) = 1.2 X kyogy X f X DLP X (E)
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1 2
=12x%x6.0x107%x 1.0 x 2437500 % (ﬁ)

= 121.5(mGy/3 H[#)
(3) kv
Es = {K,..(head) + K. (body)} X D, X (E/Ka) X U X T
= (10.8+121.5) x 8.03 X 10™* x 1.433 x 1.0 X 1.0
= 1.5E + 2(uSv/3 A )
khowa @ 1.8X10* cm™
Kooty 6.0X10" cm!
£ 1.0 (v RYFHRBIODTFHETIEARWZEDMO )
DLP :  BAER 5 867750 mGy - em/3 HE] (1 H 154F, #5 H, 13 )
PRERES 5 2437500 mGy - em/3 AfH (1 A 50 {4, 15 H, 133#)
d: @; 3.8m @; 3.8m
Dy: EASWEE (B2 2.0 mm) OFEEFE = 8.03X10*

E/Ka : 1.433
U : 1.0
7 : 1.0

*  SROFTHERILEEF 331 FHEEOE 2 OfEEFEH L7-.
3.2.2 WEANWH T ABNEDEHE

S A FHELSOMEICE T DR 2 W EF R IR L v kD 5.
(1) K&y

)

2

QU -

Koo (head) = kpeaq X f X DLP X (

2

=

= 1.8 x 10~* x 1.0 X 867750 x (2

o)

=19.9 (mGy/3 1 )

(2) &y
1 2
Ksec(bOdy) =1.2X kbody X f X DLP X (a)
1 2
= 1.2 X 6.0 X 10~* x 1.0 X 2437500 X (ﬁ)
= 223.9(mGy/3 )
(3) K&y

Es = {Kgec(head) + Koo (body)} X D, X (E/Ka) X U X T
= (19.9 + 223.9) x 8.03 x 107 x 1.433 X 1.0 X 1.0
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= 2.8E + 2(uSv/3 A )

khowa @ 1.8X10* cm™
kiody 1 6.0X10" cm
£ 1.0 (v RYFHRBIOD T HETIEARWZEDMOHH)
DLP : HHER ;867750 mGy » em/3 HE (1 H 154F, #5 H, 13 )

RS 5 2437500 mGy - em/3 AW (1 B 50 {4, 15 H, 1338)
d: ©@; 2.8m
Dy WEANTT AL ($5 2.0 mm) OFEEE = 8.03x10*

E/Ka : 1.433
U : 1.0
7 : 1.0

3.2.3 A F VU FIHOFE
Al A, C, E, FEELAO®, ©, ©®, @OfiE (T kU HR) BT 5 VREHRIX

WALV KD D.
(1) kY
1 2
Koo (head) = kpeaq X f X DLP X (E)
1 2
— -4 -
= 1.8 % 1074 x 0.1 x 867750 x (2.5)
= 2.5 (mGy/3 HH])
(2) kY
1 2
Ksec(body) = 1.2 X kpoqy X f X DLP X (E)
1 2
= 12%6.0 x 10~ x 0.1 x 2437500 X (ﬁ)
= 28.1(mGy/3 A )
(4) kv

1 \/t1/10
) X (E/Ka) xUXT

Bs = (Ksec(head) + Kyee(body)} x (15
= (2.5428.1)x227x 1073 x 1.433 x 1.0 x 1.0
= 1.0E + 2(uSv/3 A )
knead : 1.8X10% cm™
Kooty © 6.0X10*" cm!
£ 0.1 (Fr b VITk2WINAHIE)
DLP :  HAER 5 867750 mGy - em/3 AR (1 H 154F, 5 H, 13 )
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RS 5 2437500 mGy - em/3 AW (1 B 50 {4, 15 H, 1338)
d: ®;25m ©@;2.5m ®; 45m @®; 1.2 m
to . EEEI120 KVICBTH227 U —FD 1/101E = 64.3 mn*
t : Ay’ U —hO%MES 170 mm**

E/Ka :  1.433
v 1.0
r : 1.0

HEAROQ, ©, GOV THREBEICHEEZIT- 7.
* a7 U— O 1/10 & I LEECE 331 SElHOR 9 OfEZMHEH L.

k kT U — NOBEERHIE
EEE 331 @M DR 3 D7 ) — FOFGIERT — HITHEN 2.35 g/em® THDH. Xl
By ) — NOEEIT2.10 g/cn’® TH D720, BELHFIFRICE WV EMES 2KD 5.
FEARIE, 331 Bl d L BRI O L o ~OWEHE SRR~ =2 7L 2007 2 2 S
W

2.10

:VﬁU*F@%@Eé=(Z£%QO:U8@m)

LARANZFAG L, EE3E 331 S@AOR 3 OEELE 120 kV, JES 17 cn OFZWET —F %
AL XBCTEBTIEZ A NVAREL 2D LV E—ARHE o TWNWDH I EAFJEL,
EBIZLAEMNTT HITIENCRP Report No. 147 DX A 2 R A 3 ITREN TV HHIRERT
—HEHANLZEEEZILND.

3.2.4 FOMALEOFE
FOMOFHBE LM EOICBT DA WVBREEIIRRLVERD 5.

(1) XXV
1 2
Kgec(head) = kpeaqg X f X DLP % (3)
1 2
=13x1¢4x10x&ﬁnmx(§§
= 12.8(mGy/3 H )
(2) X&XV

2

1
Ksec(body) = 1.2 X kyoqy X f X DLP X (E)

2

1
=12x6.0x10"%x 1.0 x 2437500 X (ﬁ)
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= 143.3(mGy/3 A [8)
(3) kv
Es = {K,..(head) + K. (body)} X D, X (E/Ka) X U X T
= (12.8+143.3) x 3.94 X 10™* x 1.433 x 1.0 X 1.0
= 8.8E + 1(uSv/3 A )
khowa @ 1.8X10* cm™
kbogy 1 6.0X10" cm
£ 1.0 (v RYFHRBIOD T HETIEARWZEDMO )
DLP :  BAER 5 867750 mGy - em/3 HE (1 H 154F, #5 H, 13 )
RS 5 2437500 mGy - em/3 AfE (1 H 50 {4, 15 H, 1338)
d: @;3.5m ®; 40m @; 40m ®; 3.56m @; 42m @; 42 m
@; 6.0m @; 6.0m @; 1.8 m @; 1.8 m @; 10.0m €D; 10.0 m

@; 100.0 m
Di: arZVU—hk17 cn DFER = 3.94X10™*
E/Ka @ 1.433
U: 1.0
7 : 1.0

ARAG, @, ®, O, ® ©, O, 6, O, O, OF=E, @EEXEK @FEEHRHhERIC
DVTHRRRICEITHEZTT o 72,

3.3 FHEMER
AEEFEICHEH LTS/ A —2 % Table 1 IR LT-. F7-, el SI1230T 53 EER
% Table 2 TR L7=.

2% 3R

) JBAGBEEERR. TERERITHRIO -2 80ET 28 5 OMTIC OV T O—#
SCIEIZ DUV T, SRR 26 4F 3 A 31 HAHTEEEEE 0331 55 16 5.

2) National Council on Radiation Protection and Measurements. Structural shielding
design and medical x—ray imaging facilities, MD: NCRP; NCRP Report No. 147. 2004.
3) International Electrotechnical Commission 60613, Edition 3.0. Electrical an
loading characteristics of X-ray tube assemblies for medical diagnosis, 3rd ed.
IEC International Standard 60613: IEC; Switzerland, 2010.

4) Cole JA, Platten DJ. A comparison of shielding calculation methods for multi-
slice computed tomography (CT) systems. J Radiol Prot. 2008; 28:511-23.

5) RGAM, HEREE, =HAIE, . XB2HREOWEAWIEMECRET 2MAIIE. A
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fcH a5, 2009; 65 (1) :57-63.

6) Wallace H, Martin CJ, Sutton DG, Peet D, Williams JR. Establishment of scatter
factors for use in shielding calculations and risk assessment for computed
tomography facilities. J Radiol Prot. 2012; 32:39-50.

7) Hiroshi Watanabe, Kimiya Noto, Tomokazu Shohji, et.al. A new shielding
calculation method for X-ray computed tomography regarding scattered radiation.
Radiol Phys Technol. 2017;10 (2): 213-226.

8) WMENENEF N Lt 7 —. BEBRER O L e ~WEHRES ~ =27/ 2007,
Bt 2007.
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@FE : 10.0 m @/FFEXE, 0 10.0 m
® I @

®
®
®
6.0 m 4.5 m 6.0 m
®
e 3.0m 40m
— 8m
1.8 m 12m
4.0 m 4.2 m —
® ®@ @ @
F
ol |[0] @mpsss < 1000 m

Yol

Fig. 1. X## CT ZE@E DM~ FHE
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Table 1 T 7 AMEBHE L 2 ~WitEEOD

i OOz
7 RO HOCT=
~A A AR
e ik TR
i 20 (KY) 120
Stk |1RE L7 Y OFHDLP  (mGy - om) o 890
e 750
A OREM K B 975
(NG 3250
SEMO¥DLP (mGy - cm/3 A ) PR 867750
(N 2437500
K ea 1.8 104
Z 0 | HEARK (cm™) rea x
fthod Koody 6.0x10™"
RIE(F . BIEBIEGH A b 0.1
= Ot 1.0
E/Ka @ #HER#EH (Sv/Cy) 1433
U : {EBRRE 10
T  BEEREK 10
ary ) — FOBE  (g/cm’) 51
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VR 30 AFHE RGBT B ) 4
BT 72 72 1B IR RSS2 R RRBGEIZ B 3 2 P9 )
SRR

T RRIBIR 31T 2 B BRI B3 D WF5E )

i wasitEa
AR REERREREER Y o Z — R E R
Wt 17

BiRssl BEEFREREER 7 — SRS

wILEAL  HORASA SR ER - R U =y 7 ER BT E B E
INEEARE AR ETENRF L et v 7 —

RSN AU R AR I B U #E

EAREME  BRORFMR R AR R B R B A £ v 2 —

(w5 &

P AR T U TR BV C s B 72 IR R 3 @ I e LT X TV 5, UR#RIR
BETIT, HERIAREEBEN S SN D TIE LW E] 2. DARENEET S TIEL
RS - FIPH ) ~IEREIC IS5 Z ENEETH H, BERIEREBE» DI S bk
SRR A R O R R -« R L 0 BRI - SR E LD, Z O E D
PNZIE, WEONARIE ST FEHE L e D gt - SBALEE (BT, SEYERESRD 2R3 2203,
BRSOl 2 O EREG I ORENIES TERBEMT b Tunian, ZofER AR O
IIE TR LI S WHERR A TFEIE L, — O BURBRIBH iR Tld, HELE S 2 B © AL
MREFFORIER ;M STV, F 72 BERBRIAR L E O BB B O G - SRR, 26
SEBREIC L VR INDIARNE TH L, ENIZEBWTZE ORI 2 FET DI b b
57, BB ORI HIE 51T E & L TR, TS ORI T AR 252
Mg D3 L 70 2 AR E O BN AT 5 EERBETH V| EIRE 7 O N R
BHEE DB DIES R OLEMEZE IO TRMEIT IO LERH D EEZ B,

[WFFET7 1572 B ONTHE R ]

WEAREE 100 SLYERR BRT OIE, 72 & ONZAME U RRIBHRIEE 0 55 — B HEBIIC & 2 R AL
IEDEREFA ATV, ESHRIAHIE OAF A U LB AR L 0 BARRIRET & . ZhUcHE D =
WA E~DEERITEE Z Y 5 2B OV TIRET 21T > TE 7o, AWHJE TORFIE B IZLL
TO3RTHD,

1. SRR EGT & BALFTORIED FERE
2. EHRHEBIIC 31 D AME U RIB I HEE O 55 — H BN & 2 MREROE O EfR I
3. IEHUEO X REFH & ERFER ~ DR

3. OIEMHEDx G E LT, ORIECHIHY 2 ERFa REH & BALEH, @5 = HEBIC X
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7 LU AREFHIOAR L 1FIC 1 BEIREZZT5b0LT5, LanTnd (B
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EEAF 1 BIFERT 52 ERRD LN TN D, BRI BEFRIEEE AT, AWM
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B3 (b e Y S iy s sy ﬁ%A42$W)%%#Lt%®%ﬁr#é 2017410 A 1
A BULE O BUR BB s AL 834 Migk C. sk s ARES M 2% 5 & 852 fiiak &
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WFFEfi% CRENCERARE EIT DR ORI E T T D, ). @IT DN T, iiER
B OB EOME (HORE) 1%, RMETCIEX, 77 A& 2 AV b8 &R E %
Fhi L TW5D, ZOHIBRERET 3 FIC—EOEmMPHEREEINTND, RMEIZLSTE
FERAREEE (X)) OMOBREREERIER OART —FIZL D & 27T FEN LT
K 29 HEEE N R E &2 S U 7= FE R SR L CiE, 2 O T ARREEHE AW = R
BE A £ LTV D O 343 gk RS-,

INHEZETDH L, OBMRMREG L BAFORIEIZ DWW TOERNKIZ X 2 EREE
ORIy Ofisk CRIEZR N2 ER PRSI, EHHEIZE L TWD B X 5, Fie.
Q% =BT L 2 EFRHEEE DI U BB AERE O H ) R O MR IT, BUIR, FEh R
BADEHUTZE L TV W2 LTS & BIRER T, IEfET 2 2 LI R e Z 2 6
I, T L AR, 23 A 2B EEHL SRS O E B EICB W TR Y T 5 2 & 2% Y
ThdHEEZD,

VLEX Y| RS CROE S - BHER AR E G & BALFHC X 2 O rin s as o 7147
AEIZ DWW T OESRIZ AT T, BhEMK & OF%E (A AR IS P2, B ARE SIS
A AR 2 2) 24T 5 o IERMIZ A 72 BB (R & OFFRIE RO NE 2 45 B [ (A
R L T, BRENDTETHD,

[£Lw]
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vz ECUERDIREEVERT %,
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