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ABSTRACT

Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM)
provides technology for the planning, implementation, evaluation and recording of
radioactive surveys of the final state of building surfaces and surface soils in
decommissioning of nuclear facilities. Information to demonstrate compliance with
dose or risk-based regulations or standards. There are three methods for describing
measurements in MARSSIM that can be used to collect radiation data, including direct
measurements in the field, scanning, and sampling then sent to the laboratory for
measurement. The characteristics of these three methods are clearly described in the

MARSSIM, as well as the selection and use requirements of the relevant detectors.

This sub-project study mainly evaluates and analyzes the characteristics of the
detection instruments related to the radiation measurement and field investigation
process introduced in MARSSIM, and summarizes the types of measurement
instruments commonly used in decommissioning operations, characteristic
requirements, selection strategies, application examples and proposed the review and
verification procedures for radiation detection instruments. The results of the
consolidation will be used as a reference for the future review and verification of the

radiation analysis techniques and results of the relevant decommissioning workplaces.
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340 flr 23831 2 3238 U - S e ik
ERZFSRLU SR REYRENR
Approximate Sensitivity
Probe area  Background — Efficiency L- Ly MDC
Detector (cm’) (cpm) (cpm/dpm) (counts)  (counts) (Bq/m)’
Alpha 50 1 0.15 2 1 150
proporional
Alpha 100 1 0.15 2 1 83
proportional
Alpha 600 5 0.15 5 13 25
proportional
Alpha 50 1 0.15 2 1 150
scintillation
Beta 100 300 0.20 40 83 700
proportional
Beta 600 1500 0.20 90 183 250
proportional
Beta 13 40 0.20 13 32 1800
GM pancake

" Assumes that the size of the contamination area i at least as large as the probe area.
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® Methods of Air Sampling and Analysis (Lodge 1988)

® Annual Book of ASTM Standards, Water and Environmental technology. Volume
11.04, Environmental Assessment; Hazardous Substances and Oil Spill

Responses; Waste Management; Environmental Risk Assessment (ASTM 1997)
® Standard Methods for the Examination of Water and Wastewater (APHA 1995)
® EML Procedures Manual (DOE 1990b)

® Radiochemical Analytical Procedures for Analysis of Environmental Samples
(EPA 1979)

® Radiochemistry Procedures Manual (EPA 1984a)
® Indoor Radon and Radon Decay Product Measurement Protocols (EPA 1992d)

® USAEHA Environmental Sampling Guide (Department of the Army 1993)
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® National Council on Radiation Protection and Measurement (NCRP)
® American Society of Testing and Materials (ASTM)

® Radiological and Environmental Sciences Laboratory (RESL), Idaho Falls, Idaho
(Operated by the DOE)

® DOE Technical Measurements Center, Grand Junction, CO

® Environmental Measurements Laboratory (EML); formerly the Health and Safety
Laboratory of the DOE
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T B+ ¢ R Be/m®  E =5 MDC -

® REFIFRIFG ML L5ecm’ BREF FRIFERE- L4 FH AT
v ORI P 4 hdF Bt Eclicp B=40counts; #crc C: 5 dpm/count

Al

C = (5 dpm/count)(Bqg/60 dpm)(1/15 cm? probe area)(10,000 cm? /m?)
= 55.6 Bg/m? —counts;

#.3-2 X3+ & MDC: MDC=Cx (3+4.65v/B )

MDC = 55.6 x (3 + 4.65x4/40 ) = 1,800 Bg/m? (1,080 dpm / 100 cm?)

Btk Lo gt o)? ¥ jL3-1 435

Lc=2.33x +/B ) =15 counts

g b g > @ % pb- 2723 95% AL RID 5 4-kT 5 1,800
Bg/m2 (1,080 dpm/100 cm2) o 5 i * b > 2@ BH T ERIF > b- AP T @
%3 B5 B & 415 BiE i (55—-40=15) g ARy FA N R o
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% 3.8 MARSSIM ¢ & # True Positive £ False Positive &2 d’

pEN
E

False Positive True Positive Proportion

Popartion | ey | g5 | o0 | o5 | 0s0 | ass | oo | 085
0.05 190 | 200 | 26 | 12 | 248 | 268 | 19 | i
010 154 | 166 | 180 | 1% | 212 | 23 | 2% |
015 130 | 14 | 136 | 12| o1 | o208 | 22 | 2
0.0 10 | 122 | 136 | 12 | 16 | 18 | 20 | 248
035 093 | 106 | 120 | 13 | 1R | 1m | 1% | 23
040 078 | 09t | 105 | 120 | 136 | 136 | 180 | 25
035 066 | 07 | oot | w06 | 12 | 1 | 16 | 20
040 051 | 084 | 078 | 093 | 110 | 130 | 134 | 1%
045 038 | 052 | 066 | 0% | 097 | 17 | 141 | 17
030 026 | 038 | 032 | o0& | 0% | 104 | 12 | 164
035 012 | 026 | o040 | ot | o7 | oot | 15 | 1st
0.60 000 | 013 | 02 | o0& | 0 | om | 1o | 13
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239 REZERRIF ¥ - FHIFEIFFI KT FE IR AR

5 138 AR 4 e 2 4RI -

%239 2 pHF BT

2 T2 5 Bl 4 4 & 50 & (MDCR)*

Background (cpm) MDCE (net cpm) Scan Sensitivity (gross cpm)

45 50 5

60 60 120

260 120 380

300 130 430

330 140 490

400 150 550
1,000 240 1.240
3.000 410 3.410
4,000 480 4 480

*The sensitivity of the ideal observer during the first scanming stage 13 based on an index of sensitivity (d") of 1.38

and a }-second observation interval.
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ABSTRACT

Based on the past research conclusions of MARSSIM/MARSAME and practical
experience of international decommissioning cases, this research will establish a draft
guideline for the deposition survey project design for materials and equipment of
decommissioning nuclear-energy facilities. We will also study the US Environmental
Protection Agency's radiation operation risk assessment, and summarize measurement
technologies and sampling analysis methods which would be used in decommissioning
nuclear power plants. The establishment of the guideline will be useful to facilitate the

control and implementation of decommission nuclear facilities in our country.
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= A N i
31 Bt LRI AP HTER G eRER

% B % % % (U.S. Environment Protection Agency, U.S. EPA) 3 - i» <~ @
" Radiation Risk Assessment at CERCLA sites: Q&A (OSWER No. 9200.4-31P,
December 1999) ;> ix > © i* 4+ 44 CERCLA 4p B Hht chig o4 (T ¥ b %320 § 3 %
a2 o P2 7§ PFAREPA b %R 4n 3 11 2 it F 4 ¢h CERCLA 394 ¢
MR A& F g aF B EREFEZEFO RG> Fiedlp gz 4
W % ¢t CERCLA 32 b 1135 % R chh " 3= foik o ehd B o

“r3f 7 CERCLA 2 32 B "R £k B ¥ ~ 4 1 2 =2, (Comprehensive
Environmental Response, Comprehensive and Liability Act)sf§ & » m RCRA &_%
B " FRiE#Ew iz | (Resource Conservation and Recovery Act)srifi & - b 7 &
EELZFRFGS A ARG I NI ESRRE > R FRADSFE RS KR
P B3P A ER A FTRAIFIDNBAMI TP EFRAKE L - X3
WAMAPBEAPRIL PGSR E R HROREFL Y EFT A AR RAE AT
CERCLA 4= RCRA - # ¥ CERCLA hp {3t i‘f P I RRFTE RS
FIH L1 7 22% A& £ (Superfund) » ]t ¥ 4% 4 Superfund » CERCLA £_1980 #
%> 1986 &4 TEF K &£ 2 & 42 (Superfund Amendments and
Reauthorization Act)#7i2 & ; RCRA thE BL Aok 3 T A b hs ik 0 424 £

VAT L EREA R Pk 2 h KA 4% (1976 £) 5 3 1984 E4k T4 T RA S
F o3 & o CERCLA ok #idg 5 [ st x4 # Fab > RCRA Feak#7dp 5 1
Bhid R P B Hrak e

A3 b ik ¥ CERCLA H-nenz & » TP T RT %k % W EPA ¥
CERCLA 33t (g 8L 7 220 28 (7 45 5 17 ¥ k *& 7™ % - Radiation Risk Assessment at
CERCLAsItes: Q&A &> < i fof=4F {73 1999 & > 2014 # &7 7 %R A& { #7°1999
&R R A B P44 CERCLA i # B3k > n@m s Ngr &
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B 22 if § & F(Applicable or Relevant and Appropriate Requirements, ARARS) |

2014 # Frimen 2R dofe @ % AT RERE DS ZEE T RE EUEP P
&P g ARE s &g 2 3x107 B b "k (cancer risk) e SR & B d 0.15 mSvly
1 012mSviyGGr: R o F g Y 2 mrem S H )0 gt ebs dep 1999

N

EZ (R PR P R~ the Y o

P EBIEPA Y OB M Ok A R Ip SR B AR ipARdp 2014
F79 00 F & 0.15mSv 2 15 SR B4 B L Bx10M KRB s S0 #7714 11 F £ 0.12mSv
Bl AR EORERHT

Pagze BPAReERADED S (DT HRERTE S QFHRETE
@)F MR (A2 A4Ee BAZIED > T A SRE P 2 o

311 FHL &=
- AR TRAEF T RORG BT -

BATENEY R ERH TR I RPORGEMETAETREST &
(Data Quality Objectives, DQOs) <% 2% 5 B - 4p B T F = &% & DQO A2 5 -

FweDQO 42 5 7 4+ Guidance for the Data Quality Objectives Process (U.S.
EPA 1994a) 2 Uniform Federal Policy for Implementing Environmental Quality
Systems: Evaluating, Assessing, and Documenting Environmental Data Collection/Use
and Technology Programs (U.S. EPA 2005b) & # p| ~ # » & Multi-Agency
Radiation Survey and Site Investigation Manual (MARSSIM) (U.S. EPA et al. Rev 1.
2000d) Y A_F B 7 $Fd MR R TR S0P B BT L g0 6] o

Fa il b R T BT AL E A

1 2 a4 H R fol B A B B foiedh ¢ 3
® iFd I (F
® % 4 F st i anE Aok g

® it AR
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3. FURIFAIREH AT ¥ P TR LT & R
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C ﬁa@%ﬂ#?ﬁﬁwﬁf R ik e
® PR B ER R B R B S (G Y T s R i)
® EILE MR IFEELN DA oS KX
© A SR e A P R
® > DQOs
S Rl BNk d e i fé °

F.

B2 LA P FE P B R TR S BRI LS L

SRR TR R E ) i AR

ARG ESIoEE S AP E A 5l4eM s L4 o 7 a3l A= B L st
T AT FARL SRR E R R G T AR R w5 S

o
&

=

A AR e S ﬁﬂﬂﬁ*onaa%—@*@fﬁ’wﬂ IR Y 5 4
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DAt bR R A ook G B P A ] AL 5 F) 5 (slope factor) 0 ¥
TRAEE RH T RA PRSP L Y e R R TR e
TREAIF R ERGFE CE RSP LRGN P ALFA IR ANTEED

PEREPAGIEA F TS ALY ARR T FRBEIS(R O ot IR E)
Bff st an ERAOVBER G 4 o PP AR T F S N D T 4
PREE PP AE SRR ERBRT 2 P E o
f& ¥ & J5 : Federal Guidance Report No. 13: Cancer Risk Coefficients for
Environmental Exposure to Radionuclides, U.S. EPA 1999c

PR F A S

\\\?{r

% 4 ¢ https://www.epa.gov/sites/production/files/2015-

02/documents/heast2_table_4-d2_0401.pdf

RS ENE SRS S LY LIRS LR VR

FaEFEN A1 TRAHMRSS TR G AR R R X R
B EE A RS A5 R T RIS MR AR Y s P
(e R AF)PER LR 2 S PP A aEn 2y JER (S 3nEH
S EM ARG A R Pk R) A% e B fk(Preliminary
Remediation Goals, PRGS) ~ & iE & & gt B e B s R B8 70 i o BB {7 gt it
RERTIEFT  FIARBE AT aorcsf BBk BT i € FsE R $fop 2
(ingrowth) @ *FPFE @ &1 > T B3 RAriianci P fifrz e £ %4 5 o

LTl S IR -y W - A

AR duE 2 e 7o (1) & st kR (2) A B s s
QB)F &b kif s A)ZERIBF CO)RBEIFT O WERGB R -7 7
*nARB G N A E 2 o B3l 5 - LA TR A BRI B(EH AR -
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= N FEE 9;.&/1'}’} 75 .Z;L *{&T}’}ﬁ"‘xmﬁzﬁ"ﬁ‘fé’ * E‘f”‘f}‘?—l?: °

A Hp G PR B US. EPA 2 37 &0 Hazard Ranking System (HRS) ( Appendix
A to 40 Code of Federal Regulations [CFR] Part 300) #Zif 7 3515 b 8 3
# 0 Yo s F £ CERCLA Finztdlahg Bhe o

Bh kTR RFE RIS 44 Rl E R g 512 444 Soil Screening
Guidance for Radionuclides (Rad SSG) documents (U.S. EPA 2000a, 2000b)#& & > 3%
ERls A TS T R e b gy £ R i il o

T ERIR T AR AT R BT A - 4 o

® Methods for Evaluating the Attainment of Cleanup Standards—\olume 1: Soil and

Soil Media (U.S. EPA 1989D)

® Statistical Methods for Evaluating the Attainment of Cleanup Standards—\Volume

2: Ground Water (U.S. EPA 1992a)

® Statistical Methods for Evaluating the Attainment of Cleanup Standards—Wolume

3: Reference-Based Standards for Soils and Solid Media (U.S. EPA 1992b)

BEARipd v X K B s R v P R R en sk 304 ST R

= E )‘f?‘_‘.ﬂ_:' Bi’-lE * %?%ié:]’:fi’?r?b’%iﬁd‘:k}_jg ﬂiL,}L,» °

- BREF AR BT ROV AHE FAAEP P EFRAED
% o #4218 (Not-to-exceed, NTE) 2 & % T #2(Area-average, AA) > = o ¥+ e -
PR - AR st P e B A R Y AR R Rk - R
DRI s At B RS A AR EREE R R - Y o e T
ki3 % - US. EPA sz 5 Ak & #7535 41 (Superfund remedial program)id & 2k i
* NTE = i - U.S. EPA sidg o fh & KO0 2 3] e 52 0% £ NTE = j% » 0
SAZH R ek R AA S 2o RAEFREE - S MR G L
Rm o AR A AR g T30 I BB (M4 7 R4 L TR 2 F 2N )
FI IR A AR B T AR R B A A G ol B AR B
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TR AAZ EFRRFELV R FRAEIMOT 2o 2 AAS 2P
Spatial Analysis and Decision Assistance (SADA, Stewart and Purucker 2011)z_ #§ <
TR ERe T A SATREHE T T EEABPI RSN B EA R o

T ARG ERREE
wo FE RGPS e ff B eRR o

R ECSES Ag fEFEROFER 0 ¥ R 2 e A HCE] ) R
L3RR hE i R o Guidance for Conducting Remedial Investigations
and Feasibility Studies under CERCLA (U.S. EPA 1988a) ¥ #% & 7 H-ht #1438 4 7%
Bochi- ddg P R TR AR B 2 Y st P E R T 4R Soil
Screening Guidance for Radionuclides documents (U.S. EPA 2000a, 2000b) -

EE- AN R T 2 kA R TS I BB A B
Fl& o ST A BN HF R B PR S TR E AN R
R R BB G B AR AT Rohd fEa B R b F BT AR
POy BB P R T G B 3 P BRI o yEPIRengEI R E g Sfo s Bt
VIR B e B A SRR ARAR S~ AT A R enE s > T At T
R NIRRT MG S AR EL N BV AR RBEL AP
ek & &g P hd e B A APM DR RBNE ST

\\\?{r

F MARSSIM/MARSAME -
I~ BHEHERRBauE® 2 H 0 PR -

SHR N B E R E PR R BT R T A R b
PR B T R AR s R R R E R R

Mot BRI § - k0 R H

\\\?{r

5

® Real-Time Measurement of Radionuclides in Soil: Technology and Case Studies
document (ITRC 2006)

® Real-Time Measurement of Radionuclides in Soil on-line training course (ITRC
2008)

® Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) (U.S.
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EPA et al. Rev 1. 2000d)
® Chapter 10 of RAGs Part A (U.S. EPA 1989a).

BT A b5 A SRR T AMB SRR E AT EART Y LA AR L R

A
5 b
q’ﬁ)ﬁ%%‘b

® Guidance for Data Usability in Risk Assessment, Part B (U.S. EPA 1992d).
F o RSP R %R E AT

S P AR B A 17 0 ULS.EPA HUBR T TR TR £

® Multi-Agency Radiological Laboratory Analytical Protocols Manual (MARLAP)
(U.S. EPA et al. 2004b)

® Inventory of Radiological Methodologies for Sites Contaminated with Radioactive
Materials (U.S. EPA 2006)

® EPA’s Radiochemistry Procedures Manual (U.S. EPA 1984)

He MARLAP % R3] - %5 o3P @ ¥ Wit P % 3 A e d /&
L4095 US EPA 2006 i3 ip % ik 1 % 20 A d § SR P B TR B 5
HRTRE A 4T S E 0 8 4R EFIE S JE e S P R A 45 5 ULS.EPA1984 £ 0 Bt

B 5 S P AR A AT eh R A
S s W EFTROETRE -

ST PR TE RS PR S S & R B R 3t 31(Quality Assurance
Project Plan, QAPP) ™ 4c & » t%3 31k & 453§ % Plicdp o 1R IE o

T M & e QAPP dip Bl st i frdn s 0 T SRR
EPA Quality Program Policy CI1O 2106.0

EPA Requirements for Quality Management Plans (QA/R-2)
EPA Requirements for QA Project Plans (QA/R-5)

Guidance on Systematic Planning Using the Data Quality Objectives Process EPA
QA/G-4)

(rF = 2 ¥ 3 http://epa.gov/quality/document B~ 1¥)
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312 HHRB T
S IERR B R IR D B o

A i f’“’Lgma‘QﬁB v ¢ R BRI R S
Tkt 425 DCGLs £ % ¢ Fl#ic(area factors, AFs) % » ,*g,f iEAeY T & 5
LA o HO R B RO %ﬁa Heor g Mz 37 78 %“#?“,f&fﬁ%ﬁéf?

b BRI AR B
' P BE 45 - REFRE > BPF & US EPA a3 317 %4 o
(7= 7 EPA 19979 ~ 1999d ~ 2000f) » # J& i * 7 i § (FECER - S R E

)‘Lé o U.S. EPAW 4'7.}5517\}'} i‘{’iwk&/r

TR R FERF RO Ao AMARN 0 X R EPA S X
TR AREEGod LT L EREPARNREHRBRE TR AR Y 03 8
P AP Befe 0 HB M P e £50 WRHITES >
» BB R BT cdp MR

BEREPARET EEIGE Y o RHPPERE TGP ERE T
% Ap 2 > ﬁfﬁgﬁféﬁﬁjﬁkﬁﬁf&j&v‘b% :

—\

“J\-

1. R G R 2

3. BPRABER
4 BPRAEHE R -

AP R B LR 0 i T R SR it (6]
Yol r XS L Evk 2 R e 2 K F 4T F ) FEEH(T 55
Fo X BHR) N IR E 7 a0 AT & 2 EP M PO ERER T

o foitin s Lch B st PR B R - 7 3 R A
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f
AP R R AT o

Outdoor [or Composite) Worker: Soil Exposure

i inbalisanct

: Fudcden

Dirkct Exta il | Expciire
0 Soune

Resident: Soil Exposure

W 3-2 £ Y ehk it PRARB AL
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s A g e R R A I B F]E o Fp o F
RBELET DG EHFOFRT DT ORI ok BISEE 0 L 2
FH )

BB A T ER PR BRI AR R BOEET I LRI LR
(e ARFFBPFEEXFL 400 AR EFF P EPXFLap g 2
W) 0 L E RN b IR o

«)-

%
4%

~
Pg

=3
4o
|
5\
W
e

L

=

frt.
|4

AP TR F AP T e B B0 R b TR

B
N
3

QIR TS IR L A=y S he LR P T e o
e

»
24
e

(o TFH R BB ETAE(PHrg Fa 220G R FDREEBERES
A bR F kD) o

|
=
=

T o RBAEEFGEFE S 1000 £ o
SRR S AR R R AP -

SR RSP S R GRS AL P ERAS > ol kS R
(o)t g 2 bR R AT G 3 Fende L L B8 M - BBV PR RBGE
A Aok FRAL S R PAEE G LR s R A AR 2
BB LG RATPE T A e el PR BTG Y R T R R AS DT Sk
A R R & M - T (e gl i

LHRE R R A BT E TR 0 AR E B A 4 ehd £ P fE R
B AR B2 - > APT R Y F S T BEEA R RS Y PR
SERER R FA) 0 G A B R A P T B o SR AL
%]+ (slope factor)fr| £ # 3 ]+ (Dose Conversion Factor, DCF)¥™ i § tif § &
T R R RAS 0 KB E A E R R b 0 ot B ¥ BR

T RE A ;’K MG B AsT P A AR I ek & O (T secular equilibrium) o i

\4-\

FA A E TR R e R O HCAR Y VAT E AR E R R L
s Py h e R HE o TR F LB 2 i {r(a sum of the fractions
approach) k g T_i4 b & & & E o
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T~ PP EREFREFDIR -

WP AER BTG 5 R U IR Gt B 0 P 0k R A s e
S B SR TR SUENEEEGEEVIE F N L

Fl 5 b Al kRS foR B T L ER T 0 SR ER P ER
AvenT I EnTsE o A 'R ERARREE o 2 LEF A pF
HEEREONET SN R I S T SRR LI PV UNEE S
AT RS PERE R R RIE SRR B S 2 RBERE A
S AP o ot P b O S O P B R R A PR S S R
TR SR % T S Rk e e

313 & HiFR
- RSP R P S R -

bt B R Y G R 4y B s P iR i F o d ittt
TR g st 242580 > 22 MY 24 V8F i+ A d 2L
fmre A AT T DNA(Z § PipETiR) > A a i % B4 7 DNA § 2 £.3 & chi
FlF o (GL: EIEHT L ERE © 4 2 B B> v CERCLA 3-ib ik ' 3
Y BT R ) o

Ay s R R H M £ # 45 (Linear Energy Transfer, LET) &3 i< 17 4

Ko D R R EARE B E iRy - I ET S B LET ) wk S
fe? Rl 5 B LET-d ‘?i*?%ﬁ.ﬁéﬂ'?’ﬁ b R AR R LA e

CEROTFHLG S PR o e B R h SIE = Jkg o #F Y
* Gray 27 (1 Gy =1Jkg) - Gz : s e&E @l =% rad (1 rad = 100 ergs/g
=0.01 Gy) -

= BAEFF S AHE RS

U.S.EPA ] % & F]3 # 38 5 B Flst » ~ e » ot 3000 i [ 4] Se S {24
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fam HRBRER &4 o B E AR F TS LT Mg F E R (linear
no-threshold model) - 2 ¢ T3oR Z3v % st i fd ol R G » EFRBRE
AT B AFE CE BRI RBEREE S PR F)nE
WL iak LR Bk E 2 5 (US. EPA 1989a) o P % U.S. EPA i 3k siia i 4 P 6
#L % 713 (U.S. EPA2002a, 2007, 2009a) = # 3= % p Federal Guidance Report No. 13:
Cancer Risk Coefficients for Environmental Exposure to Radionuclides (U.S. EPA
1999c) e #4 fo it W) T B 2 b4 e B % 07 (U.S.EPA1999c) - H ¢ {3k B A A

S~ Z 6120k > 2 e ¥ A & 120 £ hs s 5 F)(competing causes of deaths) o

TUER EPA RHF AFF T EFTHEMHEGITERF 3 S REREI B EE 2N
g SRR S 0 B aficd] 3 o~ 5 5 F](competing causes of deaths > & P
competing mortality) - #£% 7 F| &, 5 4 AR EFE A @ s bldee W i ﬁiﬁz
BEXFRBEL ARG S a7 o FTREA BT - BAKAE65 1208 &

BT iofg sk 4 Y R aa o F e

B PR B % 75 DCF(& Ak £ i) hdp & H o~ & AR B
i fge SRR o DCFs # *0 30k 30k f ~ BB & 5 » ehriesf P fﬁéﬁ@::&ﬁg
HiRABRBREADEHHE cDCFs ¥ 1S AR LA FABMEF & F 48D
B &S B A B bR L o #DCFs 1 F v~ R~ ch kit
PP daE i (R S MEL O MRBEER) (7 FH LW 22 - poeh
bt 448 DCFs & 7 & &40 d %] % B #-73] » % & Federal Guidance Report No. 13:

Cancer Risk Coefficients for Environmental Exposure to Radionuclides (U.S. EPA
1999c) -

N gtgéfﬂ’ug;z B o

BRBIVIRE Y PRGN D2 kT i F HERBEGE ERE) R
REBGERMre & 4 Al 24 RF & 358 W) foRod (e 2 s 02
g2 Ao T ) o £ Rk FF E0](U.S. EPA 19893, 1994b)3, ) it {4 5

EF AU HRE A Sk RT3 3G R o Bk
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CERCLA FipHsrin&Prcfs™ 3 FRAY G > AL 2L PPEF S g

- BB R B AM R E DR
N S LEREE RIS

U.S. EPA - S i A0 45 843 (2 (d PFadg 538 = cnid B s ly) K= Bk
BB LR @A AT R R EIEG - R Rk e TR IEAG B0k
BFAEHABTE G- V83 Py ip TS A 33 e
Ao FIEHME B R FERRFRHGHECEILEFAREER
I cArREFHG DRI PIFR  FREPAZRIE kBT F Y b i
* Regional Screening Levels for Chemical Contaminants at Superfund Sites (RSL) 2+

§E (US.EPA200B) » it p 4 M chgh e # (US. EPA2003) 2 5t o
314 B %K
-~ RBEPER G i

WS AR P 1B R A e R T2 B
R (blhe 130 T 225 E R E/LE)G K o HEr 02 RGH )
HER LS - ES LA i RN AR T B SR LR R TR erd
"”—’L‘**'f’fﬁ(ﬁ*‘-*"‘/% ME L REEREL S TR MR A BNy 2 Rp AN

AT R BRI AT RSP DR R e

= ’){E’TH*%%é& (] L;sﬁ&_ uﬁm%

U.S. EPA #-p] OSWER directive 9200.4-18 (U.S. EPA 1997a)4p 1 &= CERCLA
indrah? ERacb it P i et B R B ERIER AP e B R B T R
R Rl e B R B RV R R B R C R s L
Aipl B A TR P LMl e L A B E e R e il

PEAPREE W SRR G M £5 A% 5 H - 955 RAGS Part. A (U.S. EPA
1989a) sfuE ik > S P fEIr 5 A hh e s BE S A RT Ah el
LD H A -
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HMEWA LG RFENERA D 0 ¢ FRBROE R PHH S £ HB Ui
uh$t 5 DCGLs £ F & Fl#c(Area Factors, AFs) % » &4 it d ¥ 2 &
WP P S o B R N2 R TR AR RRETTES S

R EEARE RN R p R i A e )

U.S. EPA R 23 bt P f b & % #1295 RAGS Part. D (U.S. EPA 1988a) ¥
ik B4R 2 42 58 > U, S, EPA guidance for risk characterization (U. S. EPA 19953,
1995b)45 o1 % ek e A el w4 i

=

BRR & 0B P 4BF (central tendency)if i (P dic T 3EE) ;

N

BRER & 3 2 (high-end)3g & (b4 ¢ % 95 F A i=¥#k) ;
3HAHI ER WA G(MA  BARBLABRIAE)
4, A FHp 'k o

B A R & & 12 E + 98 & (Reasonable Maximum Exposure, RME) % 3+ % 7+ %
vﬁlﬁ&ﬁﬁ%'fr&%},ggﬂ' RME fz 2% 15 #X K’E’;m J—fj\ml ’l\’;at"g\’f?_?,l'lﬂz)\%‘ﬁ
el gy ik AR R R R R R (Blde 0 B ABE S AR 3 R)

7 CERCLA 31t B R &>t Bk % 53¢ > 3 72 T 1 (uncertainty)
B4 AR GEEARNRF 2 - - US EPARAGS frf dp B ¥R (U.S.
EPA 1995a, 1995b) 35 3 it & & I 1% 2 b *& % 3+ A #F 707 Fx T4 (uncertainties) -

I;T‘J

L4 (limitations) fr % (assumptions) enE & (4 o 134 TAL ™ * P AeFF Pk & 0
SV MEE R PN TETR AER- ﬁ T s 2R Fw@“;}ﬁ A 3 3
(A L P LR~ S W3 0 )R A (BRI L BT FF LA
B el ARG S i) o

\\

HF¥SEFH TR EFRE MBI K G B KRB P fod st P fboh
MIPRE R ' AR ¥ A A Ak < kR R P ficip T
I AR B R o 4 T v sl 2 FEO T R R o St P e i B 4 ehal
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I

FFF TR R b e B F R A AP RF RS R S ) B E -
WE P AR F T RER(A ST E )BT A ST 3R TR
K] Bl G bt P fiengl & Fl 3 4 & RE A A5 3 LA E e iy TR
B2 e banRIR v i 8% 0 & et BT i b P e o fe R iR B
SRR LR A oA kL HAEAR S (P4t FoR B )Rk

£APM -

# % kb *& =% (Probabilistic Risk Assessment, PRA)¥ #* %3 ik "3 ¢ 7
I famz et R s '3 F 52 RT3 RAGSPart A ¥ #4it cry T+
(Bhig3t) 3 iZeid w2 BEF K)o k220§ A * a0 A7 ARR Bk
WARRIEA L Rk o BRI AR Y AT R ¥ B L EDERE
Sz B crdp B2 AR s 2 Sl E o RCR] B ahA WA o BT A TR
chittmdp 7 2 4% 0 Use of Probabilistic Techniques (Including Monte Carlo
Analysis) in Risk Assessment (U.S. EPA 1997¢)#2 Guiding Principles for Monte Carlo
Analysis (U.S. EPA 1997d).

315 2 BB PR

US. EPA & & B3 - f2cbst 4 fi 28 % (Radiological Ecological Benchmark,
REB, U.S.EPA2014b):* & % » 2+ 8§ CERCLA -4t 2cit{t 4 3 cnif kB o
‘b > 3y 1 U.S EPA 45 » (OSWER Directive 9285.7-25, Ecological Risk Assessment

Guidance for Superfund: Process for Designing and Conducting Ecological Risk
Assessments, U.S. EPA1997¢) 7 % i8i& CERCLA 34t el {14 foif § A 3at

L bR o0 dpe X2 g BRI SR AR 1 By
FREANAGZFREEE F XU e ¢ M AR T T Bend
BBk '™ % > 3%4p» ¢ Ecological Risk Assessment and Risk Management Principle

for Superfund Sites (U.S. EPA 1999b):& {7 48 "L zip? o

B335 BLAhd Gh%G =R RBELERA > 27 @ % hfl7fr 3

¥2ig * »+ U.S. EPA2014b 2+ & E o
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Aquatic Animals Aquatic Plants

Extemnal Dose Pathways

External Dose Pathways

= Exposure to radionucides
in :;mwrh ) a = Exposure lo radionuchdes.
b= Exposure to radionucides ) in sedments

b = Exposure lo radionuchdes.

in waler
in wiater

Internal Dose Pathways

c = Exposure 1o radanuclides via
ingestion of contaminated
vegetafion. including water content
with dissolved nuirients and minerals

d = Exposure 1o radionuclides
bismagnified through the foad wab

Riparian Animals

External Dose Pathways

& = Exposurs 1o radionucides "
in sedimants

b= Exposure to rdionuckdes

In water

Intemal Dose Palliways

& = Exposure to radionuclides taken up
In water including dissabed
nutrients and minerals

d
[-i

- 8|
—

Internal Doce Pathwaye
& = Exposurs 1o mdanuchidas via
ingestion of contaminated
vegatation, inchuding water content
With disscived nutrients and minerais
d = Exposure i radicnuclides

through the food web

Terrestrial Animals

|Internal Dose

¢ = Exposure 1o rad nnuumm ingestion of contaminated
vagatation, including waler content with disscived nutrients
&/nd mingrals

|4 = Exposare 1o radionuchoes via ingastion of contaminated fand
and goil, and via inhalabon of soil

| & = Expoaure to radk via ingastion of wats

3 Exposure to erﬂ(.ﬂ@i in ol
5 1o des in water

B 3-3 £ 4] focdf b P iR ik AT -

3.1.6 ¥ B iF bterug

FEFR T FHHILAFREATREL LI T R L8> Sk
AP PSR ST A ARFR ST R RS A RpE S AR U
FARILS B LM L hE A A g st S B 2B A chd B IR 6 S sk Tl R

FETIRSBER 3 ERIGHE 52 B o blder £45-226 fo§ -222 7 F 3544 B
SF A A TRREE PR R R A B SR E M o AT ISR el
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- PARFEFARE Y 7 E K
EEGR G PR T ISR
R4 3% 5 IR L 3 o0 ¥
BRS¢ 421 R -

THNFREFIT REHE s 5 ¥R HHE 5L
TR E T RAY Ak R L
B % ss £ 0 » 40 CFR19212(b)(1)F 9% p §

B 53 ME FdEsadphl 730> ¥ 02 £ B Role of Background in the
CERCLA Cleanup Program (U.S. EPA 2002b) and the section “Background
Contamination” in OSWER Directive 9200.4-18 (U.S. EPA 1997a).

3.2 l,ﬁef;’l’lf* % ta#ﬁfﬁg:- BB ERIEAE A 2

Fﬁ‘?’??xf ik % M&E i 4&3K3 ~ SRIBIFE B 4 452 2 0 AT B
P S0 M B e (TP 22 4E 3 0 #-2 NUREG-1761 e 2 A a4 5 A
A BT AT o

321 NUREG-1761 2 # i & g2 B F T Xt Bz

MARSAME % = & #; ¢ TR GRS B 0 B g
BB A e fle s e LA PPREATE R A 2 i RES
FRenF % c MARSSIM 12 2 2 A g A 2o R A 7 B E A~ e

-

MARSAME %t % 5 1 5232 5 9 M&E > $HE A7 1 R & chd o ff ~ * K
PR L SR~ F AenE RS E 0 T MRE Skl s o
LR RLE TS SEE S L

%A\fk‘ﬁfﬁ%ﬁﬁ” HEMEH T RGP A LRI L RS
PR 0 T BT M&E A BRSO BB 2 o AR

Ko 5L HA L I(1)F S LA RRSRE (M A R L £ ()
?_%'_'%i%?j:ﬁfz ¢ oepd Ak ﬁ#—,,rr,‘;,g\,,}tn%‘ro (IR s e A B 05 LN A =i R A

i Nm G oA oo HiE 2 A DQO 2/ ait (7 > ¥ 4 i M&E i -
TREALZ el HENEY T T EHBELTLER RTR o

~m'

NUREG-1761 =47 9~ % Radiological Surveys for Controlling Release of Solid
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Materials » # 1 & & ZE{ 3% 4 B FRHE B0 & 9583~ R Ffosebonfpr
Fite BMA 5 STREAFMPE A A S RRRI BT R
REEAERE ORI KL T F I RDI AR L2 B ARS R

P BEFNPIREAREDD B o N Eyn R el ETARE I g

Lo e 35 oA AR 0% - H R R AR AL 5 R iy =
E R R A #E 1T 5 0 4o NUREG-1761 4.2 & 973 » & 1711 B3E B k(7% & (%
LBER e A A A GHRE L FEEAR Y R ¥ Lehg bR
FEAOMEE FRFEHGFAENARE- B2 G DER]) ok 31 47T
i%—**;‘jf‘u? BRI AL SR e s S R ARG AR B i AR 2] L F
MR LE 7B S 5T 2 Rl 5000 & DQO eht £ @ & {718 4
IR s T o
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% 3-1 NUREG 1761 %% 4~ % 4

LY

Concrete rubble
(R 1)

i i
RpATpERESHE - L7 JHEL
5 1 4 5% © AP R o

- R RS

Concrete slab

(REE2 )

25 R (b 0 30Cm) g % A (i : 2.4g/em®) i i 2 g
2 Ao H s G RE A (P L2mx18m) - EF
BRI L o F R H IR B Blhrgs B
% H -

Small-bore pipe

(h v g )

BTt 6emo kop ot Rk wrfi??, B E o R T
PR RL2-18m: FEPAIAT L BAERRFE S o
(H*»E/6em~&£ & 15mi| v /i dig » ik H ~2 ¢t
MEF A LTmY) -

Large-bore pipe
(+r 2§ )

BAAR6Ooms kp pR A BRIMKPEIER 12 -
1.8m> g3 p 307 5 BAERIKR B o(H>E 42 30em-
ERLSmMx v mpiE o WieH A2 hINEE LG AR S
72m?) .

Structural steel

EE A S22 mH o TR ZEAEL - BEE 12

(%% H4n) - l8mendedE o @ 3 L AlG >~ BHEA - T L B A
thet His 7 Bes i -

Copper wire ¢ RS REHR(EZ 0.6 cm) - dFsE -

(4% 30) ME o £ 8 075 2w ¥k * In-toto £pI(HH Jfﬁﬁf v

X

RO M&E sE 7 R p]) iR R R

Copper ingots

R R s B T bom B 2 bl d g ff &

(4 £2) 15m2o 7 & % % BAEMK o

Soil FHEAG NI EOF T mh Rk > #E T 15 cm
(2 #) B A og s 50m?e

Large items for reuse BRBEHARE S AARE T I dER 02
(% 3% fed) %M B TRITUBITENRAG o L B TR g

P S SRS BE TR L
.__Br‘é‘:'-i'f SQ\F#F

Scrap metal pile ol R avRiR A VAR BN R A 2
(B & 3t) j’fp\’— BEEBER L LW AR H L 10m2e

Scrap equipment and
small items for ruse

(BREE AT IF)

&5 ]ﬁ?‘%&ﬁ+\i1“\*%l CEEEY
BaA xg ﬁ.‘ #ﬁngfé # m’Pﬁ N ‘\K i ;ﬁﬁ,*-@;j‘%’vﬂv—@
el nEiT > FRHEKEL 152 *F'
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Bl 3-4 &2 3-5 5 NUREG-1761 #r#& 2. FRE Y T i 3% *H R AZ ] o 4ol A2 R 97
T o ¢k 4‘@@7@_5 - % 51]-}55}? » B -}53&1/ FEC R KT or v B o 1y
DQO AR z&?{ e ﬁ}_-}-&B?“M S AT L

A PR AT ALY NG e A S AR A blde | B S o e R R (B e
FEE P BRIk RS S & i B RRIA R e ) o

b. 7§ & ek PR M AIE i 0 4 & BT LR (7R B

C. P¥FHpAMME S IL i@ T AN L LB odok iy TR
‘HRE AR AOR

~=

N

d. 58P RS T IR £ 3 R hiE 2

I

6. BX P BAOFMH IR H F st enES 0 A 4F Class 12 & 3 chpi

WH A ARG R AP

f. Bodat3F o8 A F)E (b]de R R P IR s A ’H'}',-;-meﬁ,\-ﬂ\ ’ “f
3 /F /?‘f‘?;ﬁ'uf m’ﬁ' * oo E /’?"/? “h 1&;% 4 E‘h? *) o ﬁ’i‘/p ek ﬁ L
st e E I

g. & * DQO /ifz > RypFMHAL LT ~ 5 LA  ERFFIR
e 2 v R E o

h, AT ETF¥ N EFH > AP FAREEE B E 8 J%%#MMﬂ
WiEHf P EHH (M4 s # Y BRI FENRBES CSM3B A R
EEAR)AEEHEEE BT BRYRRE in toto R & FH AT 4 F R &4 37

BFRE o

L RBE PR R RS E o TR E R F RS P s dp M
i WK 3T N AE( e 0k & 4 31 -k T (Derived Concentration Guideline

2 & ] ¥ 1§ jp]Jk & (Minimum Detectable Concentration, MDC)
ﬁig?]z 7% & B & 48.(Convoyerized Survey Monitoring, CSM)
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Level, DCGL) > b4 @ @ * 1@ frio— L QAT R0 E 2 FIT DR B o

&Laféliﬁgfrff,? AT L EAMHE AT EA G TR G RY G
_—;.F’a—fr']:fff"*alil\mé@| ’,}‘ ﬂ.xeif«rl;*%ﬁm#« 5‘, ;_gl_ s 1l & p%x,]}é*j-ilfk‘?“qll
Mg

| FERHFfi MDC 2 455 MDC » 1135 2 it % -

#-# 5 MDC fr##4 MDC ¥ DCGLc(DCGL for clearance):& {7 vt fiz o 4% #2 i
MDC /|- ** DCGLc> it {7 i # (% 2% p); & 4c% #4 MDC /| > DCGLc - Rl3=
RAFEAHHRET U B % (% 0) o 4ok MDC friF$5 MDC +

* DCGLc > 72 T A F ¥ M e iRl £ $-dcrt i > MDC( 2 m) -

. [CSM/conventional scanning] 7z € &% ¥ 2 { P& S8 g > HFH MDC -
Yo% T Lo B 378 MDC ¥ #-H 27 DCGLc i 7+ #& o 4r% 3743 MDC
1%t DCGLe 3% 445 h BEE 7 1ok B 6 5 % (% 2 0) 4o % #% MDC
# g '8 3] DCGLe svk T » F g ié * # & 2 42 2 RI0H 3 n) o

[In toto/conventional static/media samples] 7& = &_F 7 12 { 2T & P S B 5>
ik MDC o 4o% 7 12 > 3+ 5 #7¢n## f§ MDC &% 42 #7 DCGLc 2 (71 i o 4o
% #70#% fi MDC /|t DCGLc it {7 4k (% ¢ p) » 4o % # f& MDC 7 i
3] 143 DCGLc ek F » £ AT:% & e B EH(H 3 T) o

d >4 ds MDC 7 s *% 5| €% DCGLc vk » Bt A E ¥ - B i ot
B2 L7 e kLo 5AN R FRERRY BAYRLRE - in
toto EipIFATe 1 iR ST F RPN MERY FRFFIRIRS
E oAk V- AR AT REATT R AR EAG )

IR RELT A SRS o ok L FHRE UK OB &
TR EFRE P s %ﬁ*’t‘?ln\‘f’?" BT A o TR
£ enficR e * DQO #ALFE R0 & ¥ T 0L F TSt ik ko R K
2L,

=
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p. [CSM/conventional scanning] #*+ ¥ 45 iF- % F i > & * S E PR A &
REZFH BEFNOREARET o 4ok 3 p Ber i 537 U
o, B R ERPIEA T RS EFE FhRAS

il F 4 B PR A ke

[In toto/conventional static/media samples] #*t# L 2 & E R # > @ * A3 5L
e R R EFE R Y F AL E N RERE LR Ry R Lk
IETRRE BATRREEF intoto R o FF 4 g BpeTit
PR B oA T A TR EEcd )R FERER - A RA AR E R

P B 7o

Q. R EREELFY ARLER D B EFHFREREE LDFHPE - ok
HBESFETANTR TR L KT 3 - B Rips % BT UKFRAL R
ife Gt S PR R T EATA B F R PBGER R T EATH (4
L) FHRME A RS Tl ng -

rE AT B RS E T
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a. Evaluate physical description of solid material (4.2)

h 4
b. Evaluate and document process knowledge/characterization of solid material (4.3)

No
Release | « wwd? (4.3) & (4.4)
Yes
h 4
d. Specify release criteria and conditions for solid material (4.1)
Y
e. Classify material (4.4)

Cost considerations No
*Cost of disposal/WAC survey . 1. Re-evaluate
«Value of material f. Is clearance an option? (3.2) disposition
*Cost of clearance survey options
*Cost of decontamination
*Cost of dismantlement

Yes

B 3-4 NUREG 1761 enH 84~ F 5% *t i 425

B-29



g Consider survey approach based on
nature of matenial & added radioactivity

&)

No
h. Can scanning be used to release material? (5)

CSM/conventional scanning A
In fotfo/ conventional static/ media samples

| i. Application of DCGLs (4.5) |

| i Application of DCGLs (4.5) |

v
| . Determine backeround (5.1) | | ;. Determine background (s.1) |
— Determ.iﬂe‘SrcaﬂMDC (462)| [« Determm;;\.-!IDC (461) |—

Yes

1. Scan MDC <DCGL (5)

Yes
m. Can scan MD
be reduced? (5)

No

p. Perform survey:
*Statistically-based sampling

p. Perform conventional

— design for conventional static |

survey based on Perform scannine- and media samples

classification P & In toto survey (3)

) d dir only survey based on
SCamming an ect classification (3)
measurements & media
I ASemmERT Sy e e e L PR R
—Dl 1. Re-evaluate disposition options
A
)l g. Evaluate survey results (6) |d

¥ 3-5 NUREG-1761 snH 8 4 Fi#% ¢t i A2 W (H)
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R fos A OE - H TR LR - Hoa UG AIIE S N
Bfos AP R RILIZR 72— H A LAMHE LI T LA BA TR 7
freripl £ 2 342 & DQO ch&k Ko ipst F g & NUREG-1761 #7k #5119
PR R TR o (TR AT B A P e R R R Y o e
TR LT T o el o fr g 4 E ot § LA #F SR A NUREG-
1761 #73% gt 304 chp % > Bl EF 4o » M&E ehif k- 23 A %09 - kg
Pl i o

#p #3Y MARSAME %t M&E #h3 & & 47 -
Lo #el: B RiEd - 18 EAE - FRRE GEERE.

2. ¥w2:

gl

AECHRTES R e B S AR S BIRE

3. %i:ﬂ?’_3:&§iﬁ’\7§ B ¢ m,;;g@‘r\;ﬁgﬁ‘r]gﬁ(ﬁrﬁ /ﬁgﬁ\;ﬁ%ﬁﬁyi ’Fﬂf‘—‘liﬁ

NUREG-1761 # e B FIM AL o f 0 W3k 3~ 7 foge et 3n 4 4
FH P FiTF & > MARSAME ¢ s M&E 7 B AL A © 0 { & 7R
FRHALA I AMBRR L AT (HE3 Bl NEEFEAFRT LS
1 M&EE (41 B2 47 44)

322 FFARF FERIPEIABRLSITE -

%ﬁﬁﬁ%&é?&M&Ez@ﬁ&%’éiﬁgmmﬁﬁwﬁwﬁyﬁg
11702 4 7 f ok B BRBLATA 2 0 M&E 7 00 7§ e iiis 4 enprfd
/g\‘g_ ~ TL gﬁ*ﬁg;}’g\‘tl‘i\ ;é)ig'??;% ) —:‘ﬁ.p %l}b/i_'—‘* J-‘ll—L M&E m}%@ﬁ_ = =3 oéb“l—
W E - FEIHRRIEMT RIS RS LS R s oG RR S B
2EFRE DG E PR IR B S YRR G foprands 12
ﬂ°§ﬂ&%ﬁ$@ﬁ%?%ﬁ%%ﬁﬁﬁM&E@ﬁ&?%%%%?ﬂai,
U] ’F a;?ﬁ*igt%m,ﬁ SR I l?q*f?ﬁé_‘g_i?'l 2 RkES P FT RoY - 3 )
by rfegP=d e acecht U WU - QUNEE S C s it 2)° o - A LI AV LD 1ol L S
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FHEABER  c BRESLL A ART AL P LMo s B F
EHR R ER AP HRAITE T FE R B LKA 0 bl ér* e E
3 iE ~ 47 %k (Multi-Channel Analyzer, MCA) = r R 1 %7 2 jfd &
R R ol A S U R R pan S ABE R I P AR
e Ao ARG EREFEA I ARH TG S s TR I A2 ‘i%{&ﬁ?
PR RBIFMTE ST F IR X E RFRF L APNE S 22 H
iFH P o

- ~ M&E 7 & F s
1. # # ##7(Scanning Technologies)

e A3 7 MARSAME el @ PFE i E » B F > 2 > W § 7 1
BFIPRETREI A2FE 23 hF AT RERS B ApREGE D M
Az A o Frdy FATT AR E fpid o % P M&E Al R i &4 (scan-
only surveys) ; # '}5 » Frde Py ¥ * 32 MARSSIM A4 3¢ ehid 4 (MARSSIM-type
www%%?ﬁ%ﬁ%%WEégiﬂ’i?%ﬂﬁﬁﬁ%ﬂ%%iﬁ%ﬂﬁﬁ

B LT F R H BRI TR RS R KT

LS F R L G AT M iEd AR i sy S SRR B - SR
THENOEHERE FRBATORE AP Aie 2 AR - B agE
%ﬁﬁiT,u%iﬁﬁﬁﬁﬁﬁ}&ﬁ%%?%ﬁ%&éﬁﬁﬁﬁw’ﬂﬁﬁ
R R R MO FE e RO W R B ST eng i > TP R JE R & M&E K
RSP
e

2

3

W] &8 P (Measurement Quality Objectives » MQOS) » i F 4 45 i# & B~ 430
e B NRACR RIS R 2 R E ORI 2R g i R K 355
cm/se 7 i > 3RS Gk FO iR FIE L5 RIBER D RIRAR  WHEY L
Pothdf fg 38 R o 41T s 5 0P endR TE R R R Ay SR B P PR TARAE B g m@aj
Moo - B bR AR A R BRG R T R e V- PG
M&E » ¥ 1@ * BN R BEGFH LR T o e {frd B2 T H &
EHFATORE Ao BEF N AAAP AR F oot S A2 AR FH
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Fo W B ALY o R e B8 MRE 2 P g b R RERLE 1 F i R £
Fls o BB LA AR S B AN LE N RE R LRk o0 MEE 7
S o BT e R A AR R F M&E 2t BANEAE HHiE RS B
o gERRLIDG A Gk B A A 4R R R § i S BRI R RN

2. B &P (In-situ Measurements)

REER A B REREIEMEE B i 8 ~ 4 6 & UERPDF L g > ¥ ¥
EAR T IR N B TR R > AR M&E e E A5 L) 0 7 e b
MHEERIZFTUEBREY L FTAAT L LB EMEE BUAEES Emid o
BRI E 7 U L S E P 7 A MARSSIM-type 118 3% 3
ZTRERFH BRI - AR T CMHEERY Y NRE JRTTRLFLFEANA
benT st P fEE R A SR BB HY - BB ] G AR g A
WEHE DS S F At N A Rk OB Eo I Y g3 REERE
RIFFFETE o P o g = BIRSGERIFTT * 3 M&E ancst i e A
FF RSB L BRI E B PSR G @R ¥ E - AR R
RATRITE R AR R g S AR R B R b s el TR
prorbo IR R AR A F P R R TR PR K S AT AR
F OB AR R e &P AT

(1) B2 F R F Fo st B anl G 2 2 08 0 B g s aE § 5
FERTRIDERRE o LR

W EPEESEE 2 2 T AT 0 AR E G RTINS SR B G e ® 0 1 i
PP LR R g D e R 0 f 2HE 7 e A 45 0 I 2 AL I
&ﬁﬁ%@ﬁk&%%&‘ﬁm%%o*a’&@%aﬁﬁﬂmﬁﬁﬂfﬁ
VOB R AEA A B T A AT et B R B SRR L H g et e F]pt o gt 2 R
FEREPCANE S B R v det R G BRAR S AHEFERR G B &G F

W Bdgst 2 Enp|EARR (BERE & 6 ey B B Kk B
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B %)

(2) 75 % B p) : Hedd 23 (smeartest) &% kWA G A G T HGE R AT AR
Pt @A fRYREAA TS TR PR e LG L DELRE
TRt M S A EB DR o BT IR SRR KRR
SEESSRERCR S = Ul SE RS S A AL S N AR L
o3 hE A AR o d SR D R d G RS E R KR R P
REDL o fi s il PR REE - BY H S EERST g 7
S FEE o Ft o $NT B0R 046 5 AF R 0 M&E Bkl T e
BBk B R @wu'%*&%ﬁW$,éﬁaﬁﬁﬁm%aa
oo bilhe © E FA RTINS 5400.5 BLA £ BT @ B iRl BRI T B R
BPE R chdg 510 dg 51 ¢ W T i * gl S st ok Mg 100 om? e A
Beag PR A g PR A o gt vt R RN 6 5 A RS BGR Bgka
RIEEE > 109 chd & b s B AL TIH - 8 oo hpaRiEd
WHEA L F R B AR O T B ERERRRE S TR
e o SOBRAIEHLZ FORL L BPRBFFRY LG w0
At R R B  T 0 R0 RO SR it F

GACB PR TR LR R b R4

e

F
K

1

B)vsAdr 1 R * R FHAAT 2T U EPS P AR T s
PR eDfR S SRR 2 DT R R AR T o B R RB A D 2 RE
EEFEL o R HATT ¥ o Py HREWREMEPEH Y - BER
B ARF y HANHK BT QR RFEP AR SR T
;ﬁd WEFFFEE SV OUEATRIE G y RS R ERAE T4 e S
AER s T RALFEP LS BF AL T ERGOEMFRES L RE
%éﬁﬁ&ﬁ%Wiﬁﬁﬁwﬁﬁﬁﬂwi4%%2W§%¢ﬁﬁ%ﬁﬁﬁ’
Tt B EHEE o - A T 0 X R |- E AP AR RO 4
Py LT AR At o WA BTSSP A ki

S FEER R B A S LA o T o gt RE R A TR L
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Ay AT g R RE v HRaTEE R AER o B R
B PR R FASE U ehpe

3. B~ A7

O R SRR R RESEER AL FRIE M&E ¢ B0 4
Bofis URLEFHEBATHREAI LA EIR SR LR
O ARECTIFE RPN LR T RN R 0 M&E > R R { B iR
oo H PR A AT R {0 A ATAR SRS L e (R & P BB ST AR
ILE AR R R PR ARSI R o Bk G IR R B e R
ﬁ%i&ﬁiﬁﬁﬁﬁé&%’é&%?ﬁiﬂ$9ﬁ%§’jﬁ%ﬂiﬁaé
B FH g fi MR AT PR T Ry S e B AR S
Gt s Sk (7 o 47 102 MARSSIM-type itk 3t BRI K T 2 HF R
s HPPETAAF N EETOERNFER > A FHAT LT AR
PP EER S ER ] RIBABLBRT R N HER Y H v P AT
Fenfeip £ 3 L ROAAETRE T Bie A PRI N S FREAFERIWEZ S 4
PRy s 2 26l m fFa AT B 2B st PR R 2 s E R A
P AT BT ook EPOH AR LT PR AT N R R R A
SeATE B blde 85 0 W Be S G AT R A EA TR R SR PR R
Pt ERABIr AR F LB MY B R L AABFT I H ] § P
A o

- M&E k2 K EER
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(2) WA 238 E (Volumetric Counters)

WA e i e 23809 Y LG 4-rdcS ek pl L
Pl R ik RSB AR 2 By ke Brenit T B AT OB o WA AR
BEFTH NP ET ) A M&E 2 I 3-8 B o

(3) @ix A ;% 1 4% & Bl % 5L (Conveyorized Survey Monitoring System)

BEF SRR AT A BT M&E k] A e AT @
B A0 M&E @ J LB 0 R F LA K F g O o 00 it
PFoop Y i) B Y F BRI e BT o

(4) 33 y s ¥ & (In-situ Gamma Spectroscopy)

WH Y A iR e X EMO PIE -~ MFEREE i H R B ER B
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(5) Al ¥ #& % (Portal Monitors)
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¥ o M&E 4 2 & 7 4 1 30258 50 U FIREE A e B AR R
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(6) 7 % % ~ 7 (Laboratory Analysis)
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VLA AT S P A A R A2 e SR R AR RS R O RS B R ReD
Bipfrr it Eni %2 A 22303 d ¥ - T RIS PFmL ™
TUBFFHREAWAD EEE RPN TR A FREA T F R
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=~ M&E & #7222 2 B&F P % (Measurement Quality Objectives)

it 7 M&E det B K 0 375 TR G hE RS F g A -
BAAY R 0 B TR BRI T E TR Y DR E R e hE R
w2l b R B4y F R E (Geiger-Miller counter) ~ 7L it g PP i 4% (Nal
scintillation detector) ~ 14 % yic 3# ik (gamma spectrometer) * - @ & R|H AR dp
Frde ~ HER S M EPARE P RIE 2 0T e R R RIE G E TR
PR REERALE T P F AU DRI N AR 2 EAKEDLL TG Tt 2
FIG ER 2T I M&E e A AR FEFAER L (Fo- M

’; ’
BERFER P ZFREHBALA BV hB % I(-) FRB5E7T U T T
BRI ZAEMAS d LR Bk e 7 A E Rl W RR RN
2% o bldel BRI EFTEGEST UL TRERY L 5 2 Brix2 Emeapl it
S E TR R R A G 1 2 iy TR A&7 100 Y%rdrde 1R e
() R EEFT UELTL T B L MEE Al kP& B2 FL G o
M B @il e A2 5 2RI&F P 1R (Measurement Quality Objectives >
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Byt B2 Wenbl G p RERA 7 enT ok i~ 2 % § % - MARSAME
32 MARLAP £ ¢ 7| — B & ZF 0 ~ 4 e P2 2 i HHcMQOs » & 35 ¢
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Pdpiz ™ 3 3 O T RIEM P A 4~ (6) 2RIP LT
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Concentration

W36AFEHBAIoTIW: 0+ » LR DAERKL A/

Frequency of Occurrence

Concentration

W37THHEEHBAIoTRAR: 0] » L] hAERE ] hAlo

2. W plsc * (Detection Capability)

B¢ arcsHE R RIT 2 L 2k S R MRS R 0

Il

WWEiEUﬂﬁﬁg&ﬁ%ﬁéﬁ“iﬁﬁ%ﬁﬁiﬁ%ﬁ%ﬁoﬂ&’Wi
e B - HEE S MQO T hEol T HRER MDCo B & & % % £pl & B

33

LT R R A R ko SR R A f ook R RES F YT EB
JRHE-Z & AT i PR 2 a4 o
B-42



0 S

=
R
W O e e e e o o

& D

W) 3-8 4t Sc 2 :&']'F 'ﬁ?E‘Jﬁ@%“%%{ ( -z; &)SDifFfsm

AOFEREERL T ARER > B AR R o &R (null
hypothesis) & 4 &K & F L& &) 7 @ RIAFE AW F & F > 4R 3-8 #7771 >
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3. & i s * (Quantification Capability)
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B AERZT ORAATERIA BV R T ERMEAMBIE 2R S A
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i TAPEAREE L e chd ] d5 S stk R 0 - RIE Y DAp ¥R L S 1006 -
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4 E“ﬂﬁ% THRER MDC REHPIE > %> T AD AR
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RIEET R A 0 SRR (G ERR L F 0 MDC ¥ i 3~5 B8
PIHEE L oM 10% ~50% 7 DCGL RI¥ & > € RIHEE L om 5 002 ~0.17
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(T H R K€ MDC eh® R L6 F o

4. @ pl$ K (Range)

B st PR R RFRT L AR E T T &
Moo & 5 oo s+ fﬁm%ﬁim%%@ﬁﬁ%ﬁﬁﬁka’ﬁa’gﬁw%
Bl o Rl tes RPN H A2 B 25 £ & B R 2 i e &
EF137E MQO - d ¢+ MQO 137 2w X E R FFLL- B KT HFiEdi
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HEA BT R OE R ML PIEREHFE T 5 S 55 oo
6. % F1+ (Ruggedness)

R AN BB B RFERA I NSRS E N
2 RSHEEROD A E O RE S E T AT N € £ BE R B Bk
BIE B2 R TEML N N U S lcE R P andp AR T T IR
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Forp AR E Lk R M SRR S R 2 e R EATRP
AERE KL FED G T 0 2B MARSAME #4 chiifesr = 2ie 74 3
BB BT - el o

& US. NRC - i» i 3% ¥ # (R. A. Eid, “Generic Overview of the Status of

Characterization Survey & Guidance for Decommissioning”, Workshop on Radiological
Characterization for Decommissioning, Nuclear Energy Agency/OECD/WPDD, April 17-19,
2012, Studsvik, Sweden) 2£ ¥ #F f§ # - MARSAME «7— 44 3% (Generic Approach) 7 1 :

1. EFI T4 400 4 o

2. fu it M&E -

(1) #1208 e syt A

QFEFEFRERRD

(3) & &= M&E -

(4)EH TR G5
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(5) + © b if ks -
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2. % & I3 M&E -

J945 M&E s 04 foff st drbe > o2 2 B RIA AR TR ~ ] B AT~ A 0 %
1) % M&E it 17 1.4 -

3. XTEB&EH P HE (MQOs) »

® Lz #p7 & (Measurement Uncertainty, 2 «3g2 322 = -~ 1)
B-48



® iz Fpldplat 4 (Measurement Detectability, L A4r % 3.22 = ~2.)(MDC)

® Lz ¥ PIE a4 (Measurement Quantifiability, L 23+ 3.2.2 = ~3.) (MQC)

)I‘se Bl HumboldtBay 7 7 M&E fe ¥ 4434 %5 US.NRC ¥ A & 1»"? 1
% 2 % B MARSAME i 4 ) (40 & 77 3 37 4 ' ¢ - )g’gf—? 14 AL R 2 %
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A% M&E 27 £ B 82

2. LT FRAKIER?

6. T KT

#e -z M&E L7 % 3 %f{MA%%MEﬁﬁ%%—%%,ENMMMME?
% # ¢ (MARSAME Glossary, GL-4 )¢ $% 8 B2 £ 40T ¢

Impacted is a term applied to M&E that are not classified as non-impacted. M&E with a
reasonable potential to contain radionuclide concentration(s) or radioactivity above
background are considered impacted (10 CFR 50.2).
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Non-impacted is a term applied to M&E where there is no reasonable potential to contain

radionuclide concentration(s) or radioactivity above background (10 CFR 50.2).
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