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MARSAME (Multi-Agency Radiation Survey and Assessment of Materials and
Equipment Manual) is a supplementary report to MARSSIM (Multi-Agency Radiation
Survey and Site Investigation Manual). Its main application is to establish survey plans
for materials and equipment during nuclear power plant decommissioning and
dismantling by using statistical verification methods so as to evaluate survey data and
thus to provide appropriate disposal methods to ensure the radiation safety during the
survey process and ensure that waste leaves the site safely or is properly dealt with. The
decommissioning permit for the Chinshan Nuclear Power Plant was issued on July 12,
2019, and entered into force on July 16, 2019.

Taipower Corporation planned to carry out decommissioning and dismantling
operations in accordance with the decommissioning plan, and conducted radiation
survey and assessment, material and equipment departure control and other related
operations in accordance with the MARSAME manual. This research reviews the
practical experience of U.S. nuclear power plants using the MARSAME manual for
survey design, evaluation, and disposal methods, and conducts research and analysis on
relevant operations comparing to the procedures and guidelines of First (Chin-Shan)
Nuclear Power Plant and will put forward regulatory suggestions for the competent
authorities to carry out safety evaluation and on-site inspections of decommissioning
sites. This research will also provide education and training on radiation survey and
assessment of materials and equipment in decommissioned nuclear power plants, and
produce a set of teaching aid models for regulatory staff of the competent authorities to
familiarize themselves with the dismantling of reactors and other related equipment and

strengthen their professional knowledge.
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B NUREG-1761 MARSAME
- NUREG-1761: Radiological Surveys for | MARSAME: Multi-Agency Radiation
Controlling Release of Solid Materials Survey and Assessment of Materials and
Equipment
mEH NRC (£ Rt g 41L B €) NRC + EPA + DoE + DoD ( % 1% R 55 &
mH)
FiEER | 2002 2009/2022

B

NUREG #7358 2 (NUREG Technical
Report)

ip # 124 ~ ©#* (Regulatory Guidance /

Survey Manual)

#. 3.2 NUREG-1761fvrMARSAME 33§ * % &2 4 u%‘. 1 23
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7P NUREG-1761 MARSAME
VEFNRG LRSS PR E (R ZPE) HE (R Ee ERERETH
4 2 %9 )
L3 RET AT |30 ol **§%9~mﬁ@‘%ﬁﬁ‘
# 57 BRI ARE
LEAEGSSER |7 L REZEGIS Un 6743
HE? )
TSI RAY - RO Unconditional release (& i i+ ¢ i * conditional / unconditional
)54 release ~ reuse ~ survey planning
E A Y
REww IR R = SR ﬁiﬁﬁ"’%ﬁ"k’%ﬂﬂ\“*
N SREHERES T "‘"vf{"ﬁk’%lﬁ']ﬁ’f‘
A F R MR | A A oow TRAE AL
Y
AF e gAY R RiLE*
SRS VLT ¥, % £_ (EPA/NRC/DoE/DoD)

pet gtk g o B ALY 1 (4o 34) NUREG-1761 3§ & « 3 4 <
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/‘//l_
=S

AiFE R T oA T 0 7 MARSAME R * *2 { 5 fafgend oy » &+
FREAG ARG AT L e FEFEEARDE AER(G F
EaEw s B SR B AR TR N E VLR
73 % ¥u(Geographic Information System, GIS) » 7 % # B £ 23
# 3.5 NUREG-1761fvMARSAME 3 * %o 31
7P NUREG-1761 MARSAME
LAY | PR RS SR ks R Fuv v HEBRTDAEELG
(Final Release of Bulk Materials) (M&E Release or Reuse)
g Fl,f%{%if#a“r%%éﬁ*kiﬂ R riRESIERSBE S RFE
k.
x5 1 RS AHTG R PR R A RS FREXE L AFIT REARP
BREF DRABRMEFRRAI)ELR | S a B vt 1t > BiE
w3 %% NUREG-1761 2+ 5 < #8% | MARSAME 2784 £ - Hor i
E(eg, LX A" ~HmEHFITF)> B T B R LSRR T
FERE F <025mSv/yr» &7 %2 | (WRS Test) » FEzn & 3 M3t
R DCGL/AL ©
x5 2 EHIERFEDTE RS s | PRI R P I iE A | AR
quﬁ R IR LS FER- 1“{?&1& T REeE 7 4
BRI # * NUREG-1761 | Bt & 7 8 &40 A 47 0 45
HiFRFE D IBEREHE >3+ |MARSAME#%:+# 48 ~ » ¥ 37
BB R R E g . MDC ~Sc~Sp 4 47 » 314 7 *t 1 3
@@ poe
L5 A0 | HEHFEL(MSVyNEHFF o4 R A 0 B Lff_ ®(dpm ~ Bq) ~ 532 (p E > F)
25 3¢ ERL-B 0 Dt SN AR BRI R S 0 I Ak
ﬁ“ﬁ'ﬁ#‘;
FrE | uAERG L HEET RS | RREEATREL P  PREAHE
BiE F(A” ~FHFE1 A ~HmRELF) AR PRt LR R ARATE
JPEHE | MBI THBBEH DA F IR ST BB ERG
W3 (M&E)
AEPK | P RIS SHERADL DB ST P RBTRA S F R AR
K A I I RN YA~
TR
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FINUREG-1761{-MARSAME 14k & #5452 7 | > = K if * e 3] % i + K
FVOUTEfRL HE G P RSN SRR D R S (e R R ST
FRATRIE R ) R H R Y SE BB RED AR AR 2
B B RGP E) AA3SY 0 L EA BRG] RP - Fap BT g
EREAE S -

B AR RER R E RO i 0 BAPEA L 0 3§ R R b
213K & 2k " MARSAME i % ff 46 8 47 sk {2147 > & % #F9)™ » 5 NUREG-

T

1761 3 ot 2|7 AR > 7 dc L 25 eniFiE o £ 36458 Bl i (443K 35 i3
AR EBT T hE R F 47 £45 51 (MARSAME 2 NUREG-1761)4% 1 4

EE RSN T AR LN EY

#:3.6 NUREG-1761{-MARSAMEAp $f 3% B 4738 %5 % 1% 1% Habeen 3 12 3%

W

BB >+ %k P B

SHAaTE R L ] | NUREG-1761 B Az b p g e MERG MR
BEORIIHORT 2 E LRV ERE
INEA C-F-F S A T 5

BT E M E 4TS | NUREG-1761 & EREREN N B kb AR R

R MARSAME (A= -] | (NUREG-1761) ; £ 7 #ip| & A %5 > Bl4¢

BV ita F) MARSAME ;i 4% o

WL RA (R ﬁ R MARSAME B M&E #5 %] » MARSAME # W] 4-%f3i3 48

"I AR SR E RN R i ST

i1 Ee a4t | MARSAME FAHAL BRI EE BT

Br i & 9 %5 Scan—Static— $e3- 4§ i Ag o

H MR ALK E | MARSAME ¥ = MARSAME % %_Sc/Sp/Scan MDC >

JELREE N #pe WRStest 2| 2 £ F BT 5% -

0 73R RER/T B | MARSAME 5V fﬁ _{L WL E s A

i RFERD MARSAME $t % & if| £ et ¢ 587 4
¥ IAEA(*)%‘\» P iE o

Bix B e 3 ERE Y | NUREG-1761 + NUREG-1761 § # ¢t ## =%

B MARSSIM MARSSIM ¥ £ fie @ ¥ F & B % o

(*) IAEA, International Atomic Energy Agency
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",‘T% 7 NUREG-1761 » NUREG-1640 (“Radiological Assessments for Clearance of
Materials from Nuclear Facilities” NRC, 2003)iz (> A #IF 2 » » A+ RiF 2 7 &
NRC:= 5 T4l g if it ¢t §8 | & % (clearance criteria)ed| & 22 b *& #-73] (& 45 -
$ AR (o d B RS R 2 BRI G AR B
VR 03B O bk R PLE (Bg/g e Bg/em?) s @ 2 B £ 4 4236 10 uSv/yre
Hag&ppgteeds:

e Tz 7 ;% & (exposure pathway modeling)

o B R BRI E Bl G2 LI AR pEEE)

e X {fAcnE| £ 3 F]F (dose conversion factor, DCF) £ & % % &

o e B A BHcE 0 AR (FH 4R 2 (A-MARSAME ~ TAEA4p 3 1) 53

KRz -

A& et ik § 3 ENRCH] 2 % 42 “% ¥ #1152 (clearance level) st jisik 3
vl R A B T e o f ARSI R A 474 L 0 SRR TR AU AR S
€_I'y B~ (regulatory basis) °

i§ & %3 > NUREG-1640#% & 7 # € 27 ' (= J L% /42 & 5 ) MARSAME
PRI EFmPER T3 % > - F A\ 40 WA TP g b g
4 AR ) AR enR 4 0 @ NUREG-1761 014 * 2t % 3 4 T end i ¢F i3

Fa
I °

313 fAd A BT kg

(78 A X MARSAME it (74 2k & e #)E AKX E & chfgih > &
MARSAME~=~ i ¢ Roadmap 77 {76 fA 3 4 2 cfud sk on A2 i ¥ 108 B -V fd/ 65
bHE%E 5 H 0 b]4cBg/kg (Cs-137) ~ Bg/m? (at4) ~ Bq(Co-60)% » & £.d 7 F
iR Bk RSN EAER B IFNE - B3 & KR 2 -
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1. 3§ * e 4]*TiE (Applicable Regulatory Limits) : &€ ~ b '%& ~ 7F & ~ 2Rl *
%5 7% 824 44 9k H(64oREG guide 1.86 - NUREG 1640% % K2 4)

2. i * ch& R (Applicable Requirements) @ #5538 1] # :E 3% (] 4w IAEA RS-G-
1.7/GSG-18 ~ ANSI/HPS N13.12% R™:d * < i)

3. if * g e (Applicable Administrative Limits) @ B 3 4 @ i cdie < 18 o

4. & i% g 4] % (DOT requirements for shipping) : % Wl(@ﬁ%%’i)”ﬁ QS SRE® R ]
FFPEEQ011.10.1)" ~ AR ¢ Macsbp e 200 92.12.31 (P5aeE
B R RS D R FE RS FE 2w 2 0 A R R RO R
FEERP) o RS2 e Ko B RECFE CFRITEE P
FEIE o)

SRR o R A E - R VR S S e S
AV EEyE: ) > FAIVEE =5 0 EARB/MERBER)  BEP WAL G
TGS

M 4o SRE > P o

\

AR ik P AR R 2 s T 2 E AR
Al PFRERE N (EHEAF/ AT AL £ 4 By MABPf, & Ta 54
Bpifh ) 33 Faf) RCERTE > AR FERAEHEHE
(MSV/yr) 5 A o BESSR R R I F AR EZ AT E > LR BHEAEE > F

«—a

MARSAME ~ NUREG ~ & JAEA &2 B v 5 (TP £ 3.7 . p = S A8 R%E
o A RIVEHRA

237 SAERFEAG AR VEHEL

g/ ¥AL20ER FREE HH R GE T 1)
S#F% /R | 037/3.7Bg/em? (¥ | ~10/100 P g bR BNk B
RictpM < 28 | A 54 ) pCi/em? 222 % 4% IAEA/RS-G-1.7 2
F3t) ol d MARE iR

' DOT’s Office of Hazardous Material Safety (OHM), Title 49, transportation, Parts 100 to 177, Code of Federal

Regulation.
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TRPag i S 3
v IAEA 23 s 54 A 2t
CREREE N

IAEA(Safety #olE 037 0.37 Bgfem? ~ | IAEA & [ 2t ¢

Guides/TECDOC | Bg/em?*( % sk &3] 10 pCi/em? (clearance)/ *} 18 (release) | g

*) *):7mR 04 Pk AP de
Bq/cm*(ou)/4 (TECDOC/Safety Reports/RS-G-

1.7/GSG-18)2_® % %% - IAEA

2 E
Bq/cm*(B/y) & 4 it o P58 2 R R B PLE ()4

(GRyzF8/3 7)) HEHRE) R R FFFE
m2E e H - i i o
NEA/OECD(*)(R | % L31% :0.37 NEA/OECD #F 4 4 % % ®3c {7
wig 24 “ CPD % | Bg/em?~ & 0.4-0.5 F B (bl4ed 727 ~ KKN »
&) Bg/cm?*(# F B 7% Vandellos % % #]) » ¥ 4= 0.37
beg ) Bq/cm? % rﬂ“ﬁu R
% & (Radiation Bt 2 (ECRP % EU/EC = & &5 wfc ~ £ )
Protection ,% 71) ek blY §F A AR EGATIREZ 45 LR
0.37 Bg/em® £ & 1 g lgfens kB g R
BB VG EEE B E e’

B fceh e
GRPEfE e =)

Ny EH - E 5,000 dpm/cm®> | MARSSIM # NUREG-1640 ;i1

(NRC/MARSSIM/ | (MARSSIM/NUREG- | ~ 1.0 Bg/cm? g ek BA/AEF 4

NUREG/ANSI) 1640 3 i3 72 ~ H /DCGL | ; ANSI/HPS N13.12 #
¥ 4% % #0) 5 5,000 kG kT R R
dpm/cm? o F] g iﬂxt,z B T iRHH
ANSI/HPS N13.12 FHeHETE LDCGLJ
0.1~100 Bg/cm? ° mZEr — B }_*ié\%st FHciE o

(*) NEA/OECD, Nuclear Energy Agency / Organisation for Economic Co-operation and Development

2 Akt 4 a4 B € 2004 & 3% - https://www.nusc.gov.tw/share/file/e_law/DHV3BxBZLujxwzZbrMcWqQ__.pdf

3 TAEA-TECDOC-855, https://www-pub.iaea.org/MTCD/Publications/PDF/te_855 web.pdf
4 Radioactivity Measurements at Regulatory Release Levels, OECD/NEA 2006 - https://www.oecd-

nea.org/upload/docs/application/pdf/2021-02/nea6186-release.pdf
5 %.pe IAEA DS500/GSG-18, “Application of the Concept of Clearance”

6 NUREG-1640, Vol. 2, USNRC, https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1640/v2/sr1640v2 . pdf
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3.1.4 RG 1.86/8.23 - NUREG-1640 ~ ANSI/HPS N13.12 ~ TAEA RS-G-1.7 {§ it

B3 BT RR AR ¢ > Zion %‘:)&ﬁ”“ff B AL BB "FIARRE v R
L RTE LR 0 U R EREJEY 0 G oS IR K Y F Y (Pressurized Water
Reactor, PWR) » ** 1998 =& .x 2 B B > {& X d EnergySolutions i {7 "% [
(ZionSolutions) > £~ i /£ 7 /5 % *1 & (REG guidel.86)i& & |/ MARSSIM & +
S AR AL AR i A b

B R R BATRF etk B2 Tk AR AR Y ZionT Ak
& * REG Guide 1.863% 4 5 75 2 ki 2| VB X F 7 L g 2T iE— #
FAlE e RE o FF R 0 pUp R T BERE AP L

A g T gl S 4 -

Pl e MR E S SR TEAT vt r | hx A & R E
A8 ~ 4% HR) > EnergySolutionsi& — # 7 NUREG-164003-8 # & 4 47 > * k&
FERFATFTFT U * M F AP YRR (HAc g B R T2 FE R o K
A E HEF <10 puSv/yr (& At U)o P E 4 2 REG guide 1.864#& /2 J& ¥14F 52
BR T AR

I RS FR B E Y MARSSIME 2 Ha1 B ﬁ}u{;;u % i& » Final
Status Survey (FSS)FF £ > BB R ®(F B % ~ W2 F ~ w2 ;Eg)«'fglz VAR s
MARSSIMAZF o 2§ crff 75 50 ifu{x;& FEMARSSIM# -1t 4] 4 5 Class 1/2/33
BE A(FAREF M) FFRFIRAET F o f SRR ) kAL
TS L A RS GE ¥ £<025 mSv/yr) 0 £ * 53t T (4 Sign Test &
Wilcoxon Rank Sum Test)% # &7 7 *t§f o P ch I AR In 28 72 H o
B+ b % o

Bk > REG guide 1.86 F P &EX A ¥ F i 2 1 £ » NUREG-
1640 F_ Ak & *t 2 b " P PFende 38 55 MARSSIM & 3-ht & %t i prve -
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Bt iz gp e AR & 3.8 {7 1 Zion TRA BIATE BRRRE L RE B Y

R -

#3.8 % (PR A BB e Y R (4 Zion T S B1)

P EC i R AP S A A

17k 4 REG guide 1.86 295 ARA TR B e (G ER)
B NUREG-1640 T ow o4 A% A8 bokR(E A E)
BRFHN 4 MARSSIM E AR IR

AR RE R iR

Toa ik = BRIk s AP R e 2

it 3% & 42 ANSI/HPS 13.12(2013) 22 TAEA RS-G-1.7¢h*h 4R » v 9 & p ché 4 -

Ry B F R G o A39H LD F  pie 2 B b e

-

#3.9 ﬁ;{%:ﬂ,% AR B P Bl

REG guide 1.86 | NUREG-1640 ANSI/HPS IAEA RS-G-1.7
N13.12
# 7H = | NRC NRC ANSI/HPS IAEA
(% 7 1&3) ("2 4)
FHER | 1974 1999 1999 2004
(2013 Fiz) (2011 % 7 %)
TGN AR FENE | FRE vs BER | PAEBRVE | BASE RS
(dpm/cm?) #(Bq/g) (Bq/g) BrE
HEFE» | & 7 % 4
(£ -3 (<10 pSv/yr) (<10 puSv/yr)
Rk Y R I 7 7 7
38 (F Hc#t 7 48) (Rt 3) | (L% )
o | - T(AFRAL | F(HTAHFE
a7k 89 (4435 %) (F 4 2 A 4) 25 B iEiR)
(=2

Z P &% OREG Guide 1.863% = % % 5 2t ' E »

S T2

(S RS R &

B R EME A (dedpm/100cm?) @ A F m AL AE S R > BB b
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BAER G A F AP RS L e a2 1996F 01997 # »NRC#10 CFR
20:8 7237 > 4Fw|E 30 0 7 T 25w 2k 200 | (License Termination Rule, LTR) » #-
Ha B EEEP R T EF E25mrem(0.25mSv) 0 2o EX B HE T F i ATD
ETE O REL 20 I RA AR RAEFT R L% # FRG 186N F i
P FRLRG 186 ieindk & i3 APV E @ F L ATehi2 Rrdp ¥~ BorimE o Ft 7
LT E > Frr PFRE2016&87 12p » BoiX U e R e T L
* RG 1.179 — Standard Format and Content of License Termination Plans for Nuclear
Power Reactors’
* RG 1.184 — Decommissioning of Nuclear Power Reactors®
* RG 1.185 — Standard Format and Content for Post-Shutdown Decommissioning
Activities Report’
e NUREG-1757 vol. 2 - Consolidated NMSS (Nuclear Material Safety and
Safeguards) Decommissioning Guidance.'® (b < & P gzt 7 B34 & 75 452
B fodul ¥ 2R nEm T ) -
Gl BB LRATE 25 dp o R E T PR KRBT aF S
B 0 @ 3EFUR ¢ 1k 3+ % (Licence Termination Plan, LTP) et 58 82 1 %% ~ 52 (7% 85 00
AR > NE LG FLOVESERES
@ REG guide 8.23 - Radiation Safety Surveys at Medical Institutions (1999) » 4=
1.86F AT 7 2% AL s RiE e d & R ”‘?51%‘ X5 Hfew RS 2018
£827p " Few B Fl» £ F] 5 NRC % =< 23710 CFR 20435 > i {#RG 8.237
A EF LR B RPA R 2 h¥ 5 NUREG-1556, Volume 9 -

Consolidated Guidance about Materials Licenses: Program-Specific Guidance about

7 NRC ADAMS ML110490419

8 NRC ADAMS ML13144A840

® NRC ADAMS ML13140A038

10 NRC ADAMS ML032530405

! Federal Register / Vol. 83, No. 152 / Tuesday, August 7, 2018 / Notices, page 38729
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Medical Use Licenses (2001.7, 2005.5, 2008.1,2019.9)'2 » & -4 B 3 Fr * ik s
HHRFT LM E o e B 2R AR 2 S 0 T f L
(As Low As Reasonably Achievable, ALARA) R B erijis * o

NUREG-1640% REG guide 1.86:4r 53 4% » ¥~ 7 HE g1 & > #4447 F3F
B3R~ mm s L B B amE LI N ERPAL AR
o TR R A (Bg/g) 8 2 TR P (0 uSVAT) ¥ 2t A A9
AR BT AERE G S R

IAEA RS-G-1.78JAEAzZ = cnR "% |2 T 25 41 3% | (exemption levels) » # # 3¢
H e fEHOE T &R o R E g R o BE R ] 310 uSv/yrenl/10 - T B
oI o v 2P EREF ﬁé enES F. 5 & (Activity Concentration > Bg/g) 12 % 3%,7%5 &
(Total Activity) e 4] » F] LS Yo e F N ERERAE s B, S S * g2 £ % ]
i%%ﬁﬁ’%ui@uﬂﬁW%%&lﬁﬁﬂfVﬁi*‘Bi‘éﬁﬁﬁé
AR - AL S U r) G L3

ANSI/HPS N13.12% & 2|4+ K 25 fi &2 42 48 ﬁm%ﬁﬁﬁﬁﬁméﬁ“%%
& *LiE (volume concentration limits > 4wBq/g) » & fa 'L E K 3+ P % 5 < 10 uSv/yri
Boaote 30 Qg airEse Mg RS Egﬁgﬁﬂuﬁﬁiféﬁ i

oo fgF B it o BT E R SRR X 2ENRCH: FIR S fe F A F (45

FEer o ek WAL TR WA G SRR T I E kT REG
Guide 1.86 » # M Pig | R X B ¥ U g - HE A S F o Aok & F 3T
TR BE T R E2 TR ERE > FREF Ui NUREG-1640 & ANSI/HPS
N13.12 » 4% & ®/% & i’t% (R = R 51 4 )Ih? iz * JAEA RS-G-1.7 % &
PERFF R EEE A LRI e AR ED LIRS T‘bﬁ 1
MARSSIM/MARSAME snsuzt g 3% o ,T&;? IVEE e L S

12 NRC ADAMS ML19256C219
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3.1.5 TAEA GSG 18 (IAEA DS500) f§ it

3.1.5.1 j&DS5003|GSG 183 %

IAEA DS500 > & % " Application of the Concept of Clearance (i “,/TT B HIPAE 2
B )y AR R i ¥ (IAEA) 2021 # & 1 eh% 2 4 31 (Safety Guide) ¥ % »
B PEEIE - ~ JAEAS > 5% £ 2 (IAEA Safety Standards Series) ¥ & 343 ' {2
“T # #l(Clearance) | PEA " 354 > R R p R Gatnes ¢ | WP A% i H =
(Authorized Parties) &2 1% & & | % # (Regulatory Bodies) 7 #< & * GSR Part 3
(Radiation Protection and Safety of Radiation Sources: International Basic Safety
Standards)'?® R WELE AR £ X2 R EREE TR DL M ERA
FB AR RAPRME A A% 2RI T o £2 0 5 2 F )f@%%ﬁfl

DS500:0) A FI i3 7 % 245 5/RS-G-1.7, “Application of the Concepts of
Exclusion, Exemption and Clearance!* (3 oL R FAEA 2 ) g
TR FoRS-G-1.Th APk E = BAAE: "f (Exclusion) ~ 25 ¢. (Exemption) ~ f%
f’g #1(Clearance) » @ #7ehdg 51 Xk RIARATA 57 B~ 2> 2 ¢ DS4993 18 2 354 -
P L F A0 g 0 5 DSS002 AL 5 Rt F 41 e R g A1 e
T A BEEERLATRG 4730 > £~ BATNE% 2 GSR Part 3¢ #iFE 2

She

TREL B T &R (BAcH B B IFH) -

iz #% GSR Part 3 > f% “% ”g FlenE g %w Fl & 3% ¢ 1 4L (Materials) ~ 4=
(Objects) ~ 2= & 4~ (Buildings) » io4: 4 & k30 T H 2 st 7 8 859 K~ $ IR 5 &
AR RGT L 0V EEMBEFIREOE g E R o pilahi R R
B4 -f*J”fi“fbifF?;{F'“lm KA SRS P FE 1 RSP

13" https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1578 web-57265295.pdf
14 https://nucleus-apps.iaea.org/nss-oui/Content/Index?Collectionld=m_dcff71{5-ff97-4d11-8¢04-
dce6bb144ct8&type=PublishedCollection
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14 A B 4 L e ? P%? B~ LR H R ATkt e f;‘r,g *EARLZR ? FEFA5 o
Dwmwﬁﬁﬁﬁ,{ﬁﬁﬁﬁﬂﬁ%ﬁ%éﬁfii\%€@%#$ﬁ%
B REPFEEZ T EmEDE 4Ry s T2 RS LEFEFIS A o FENGT
WA 0§ R RV AT LA W2 AP MARSE o RN i ?‘rﬁ'*”
PIALR & RPR RS - e
WP IAEAhiR % % 4 42 B > DS500% & p 7% 5 & 7§ 3k (Consultants’
Meetings)it# > 5 d B % 2R 8E L F ¢ (Waste Safety Standards Committee,
WASSC) ~ §5 4% > % 4 B ¢ (Radiation Safety Standards Committee, RASSC)
ZEEE >
BRIttt € B M2 B 7SR 7 37%% (Member States Review) » & € R BIE L1212
TE X 5% 2% 4 B € (Commission on Safety Standards, CSS)# # %8 » 3¢

> % 4 R ¢ (Transport Safety Standards Committee, TRANSSC) % +% > =

Y

2023 & & ;N5 5 & GSG-18" T jz "f B #I1#L4L 9 * (Application of the Concept
of Clearance) » i »>72023# 7| » IAEA% > E% 5] > = 5 € B W%a 8 #'Jﬁﬁi“$
IR Lo S LR RN I A S IR
GSG-17' (Application of the Concept of Exemption, 2023) -
R KRG P A OGSG-18F i 7 B fReg F lamiieiE ok o ik F T AL
1. 22 RA22E P }li'ZF’K,/f B Al RE R #i:}*-‘”f 'frﬁék"* BAIPPEAE - - ﬁiﬁi“}%
BAIRE > R AR S hf i o
2. farF E AIEAT R MRS B - BBk Ao AEE 2T o
3. RME iR A f RERRRIA G AL E AIRE S T E G
T RIS B R R LS T
4.@Wﬁq%mﬁwfgﬁ PRSI F MR AR T
FERY % -

15 https://www-pub.iaea.org/MTCD/Publications/PDF/PUB2058 web.pdf
16 https://www-pub.iaea.org/MTCD/Publications/PDF/PUB2060 web.pdf
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S R E HIET CRP b R AHEE A G T e e
LRk 3 H1
6. FlEAMM S g DR ARG FHIEA o 2 I E M T o e
T ILfZ o
PeAg Sl TR i s RSE R BTSRRI 0 o PR R~ A
P ERE S H gl di s S0 \%i‘é,:l-:ri}%j%%g?‘;{%g\1éf;fi¢\f}§ 2 35
BRS TR ok B
RS

o
-~

%
IAEA GSG-18 (2023)2 RS-G-1.7 (2004)sh% B &2 i3 £ B A7) 3 F T 7158
-1 S
1~ 2RO FERE

RS-G-1.7F PR3 0% ~ A2 f2% F 412 B PG > GSG-18H4-£ BLR B0 7
REAIE o PR EBL Y 4] R G8G-17 ¢
2. A ARG R AT

RS-G-1.7 17 ## % #p eBSS(Basic Safety Standards, 1996) % 2 # > GSG-18R1] { #7
B JATIE 37 enGSR Part3(2014) 2 A#H > H P ¢ 7 D EBATHRHIFEREE -3 B
IRBEAGE R~ FEER) 2 LN LR LR F AR
3. F ARG P v 5] A

GSG-184 » € R BIi520 %k ch e ak (rigsb s £ & 0 ¢ 38 0 127 4 107
ﬁﬁ@wﬁﬁﬁ‘ﬁﬁ%‘ﬁ%‘%%#?ﬁ%?ﬂﬁﬁﬁ@%%&&iﬁ‘m
FEY EERAAMIMPEIHERZFE 2 T BT B g # 41 (Specific
Clearance) s fi * i3 £7 45 5
4, S STP A AT G 1 2 R A

RS-G-1.71 & I €20 - B2 enfdik & 411 L > GSG-184-f2 f SRR R
Ao TR G A ERE R FHOE M Blde D B P (B4 A
s £~ 2I)RF F AL AR SRR Rl s MR E AR AR 2 4
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5. # 4 flE

RS-G-1.7 .41

MR k]

FH o N ORI REEL R o

6. #B 1 4751 chF P BT R T

GSG-18 32 B2 & 9 534k (e > bldo @ 38 B4k (T2 5 &2

FAM G (b4 2R BB BH)LE S 5
FEBR I % Bedp 310 P R E AIEAR Y Ao one B2

H A L

BN L ,f B #1422z (Discharge)fL & t 0% W

% E 5 > GSG-18P
& H

s & 40 B

Fi:niaof
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3.1.5.3 TAEA GSG-18 %454 & GE H 234 &)

> AnmnexT RUZEHEHRFR 2L EFIREORE A
i IAEA GSG18 e g(F itz ) ¥ » Annex | #% ¥ 7 Dose criteria and the dose
basis for clearance levels » FLP? 2 ",’TT B AIRE SRR ¢ 45 10 uSv/yr sk iR & dy o
1 13 % ICRP(International Commission on Radiological Protection)¥ IAEA % > B
o T RAER P o
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¥ Mok iz g TAEA/ICRP f3r § % BALSP B /R0 B ] haIE Rl -
2. MABF R v L FH AR TN niE B (Mo R pee s s R bR
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R AIL AR ERT 0T iR RMRS KT T (LB

FERH Gl E HAE P S 17 RS 5 ha/piEe R ARG 0 E
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6. %=} (Conservatism) @ #73 $HEH ~ T8 BEREHA G 2 RBTFET > 1
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# (Basic Safety Standards, BSS)¥¥ — 4x % > & % (General Safety Requirements,
GSR) & » ¥3% r%@é@/ﬁﬁ% B bt > B R B B A B eoH|
i@%%#@«ﬁ’u@ﬁ&%@ﬁg?@;%®w°?ﬁ%%%*r%%%
# (planned exposure) | d MR B fpd] 0 BETIRLE o
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R ®)A_ 1 mSv/yre gprt 2. » 10 uSv/yr 4 & B L4 K % % (1/100) =0
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3. %% B2 £HREHMFFT ¢ & TAEA 1 " Derivation of Activity Concentration
Values for Exclusion, Exemption and Clearance | (Safety Reports Series No. 44)# >
,ﬁh‘g 10 uSv/yr AR BR] . To% 2 Kjg E 4 %’ri’eé’u/ﬁ’:ﬂr‘?ﬁf SR ER K
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4. b " E "t’7r*§ XHY R AP ETRY > FLEEEHE D 74

Boledrdl v s FEATH  FRAYD ALE f BB £ AL 10 uSviyr i

17 TAEA Safety Reports Series No. 44, “Derivation of Activity Concentration Values for Exclusion, Exemption and
Clearance,” 2005, https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1213 web.pdf
18 JAEA TECDOC-855, “Clearance levels for radionuclides in solid materials, Application of exemption principles Interim
report for comment,” 1996, https://www-pub.iaea.org/MTCD/Publications/PDF/te_855 web.pdf
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RS T AR R A B RS £ Al (T RE o R ¢ 4 51 T L MR Rk
(DIN25457-4, “Activity measurement methods in the clearance of radioactive
substances and components of nuclear facilities - Part 4: Contaminated and activated
metal scrap”) » # & ﬁ‘,ért BHPEES TR PR EBFEEDD 2 SRR w
St ab LR RS e SR LY el SR S o C S A T A A
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< Decision measurement

< Treatment < Preliminary examination

Facility-wide
characterisation
(in advance)

Characterisation
by system
(near-term)

Characterisation on the basis
of decontamination media

Description of the material to be cleared
Specification of clearance strategy

Y

Sampling (selection representative for
the facility or facility section,
taking account of operating history)

System-related sampling taking
account of operating history

Y

'

Analysis of radionuclide mixture.
Specification of the key nuclides
for the facility or facility section

Analysis of radionuclide mixture.
Specification of the key nuclides
for the radiologic (sub-)system

Y

'

Determination of spatial
distribution of activity
Contamination and activation

Determination of spatial
distribution of activity
Contamination and activation

Y

'

Classification of material
selection of clearance option

Selection of clearance option

'

!

Division into batches as similar
as possible with regard
to material type,
clearance option and origin

Division into batches as similar
as possible with regard
to material type, clearance option
and the radiologic subsystem

................... i

............... l

i

Division in batches as similar
as possible whilst taking account
of system-oriented technical
relationships, operating history
and level of activity

Secondary segmenting, if appropriate

Secondary segmenting, if appropriate

Secondary segmenting, if appropriate

{

!}

!

Secondary decontamination,
if appropriate

Secondary decontamination,
if appropriate

Decontamination
(e.g. chemical)

................... i

If appropriate, verification of nuclide
vector by random control samples

L

i

..................... &

Sampling from the
decontamination medium

'

Analysis of radionuclide mixture,
specification of batch-specific
key nuclides

'

Specification of parameters for
decision measurement
(e.g. ratio of surface areas to mass)

Specification of parameters for
decision measurement
(e.g. ratio of surface areas to mass)

Specification of parameters for
decision measurement
(e.g. ratio of surface areas to mass)

Y

'

If appropriate, guidance measurement
(verification of homogeneity
of activity distribution)

If appropriate, guidance measurement
(verification of homogeneity
of activity distribution)

Y

'

'

Proof that mass-specific clearance
values and, if applicable,
clearance values for surface
contamination are not exceeded

Proof that mass-specific clearance
values and, if applicable,
clearance values for surface
contamination are not exceeded

Proof that mass-specific clearance
values and, if applicable,
clearance values for surface
contamination are not exceeded

B 3.1 B & Benfa g 3 #1425
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> Annex VIII 45 § % - BT RMF &GOy @ B F i
BRI PEARE ¥ - PR RE 1 0 P ASUREY T A 4 it
h’«f’”?ﬁ—b%}%—qj;}wxﬁif’ré}i\ﬁb"’? TN E R R R S w T ALY R0k o

_| Calculation of caesium activity concentration of material for recycling within |
the Fukushima nuclear power plant site, based on the dose rate at 1 m

| i Currently 1 uSv/h outside building,

Decrease radioactive . . . and 0.1 puSv/h in buildings in the

caesium concentration Evaluation for validation of 1F site

restricted use

1 4 l

[ (1) Additional effective ] [ (2) Impact to effective dose J [ (3) Impact of radionuclides J

dose for workers at the site boundary migrating to the ocean
" 5 L

No _— Below2msSv/a, __—Below 1mSv/aat —__ No " Belowthe T~ No
— 10% of dose limit = the site boundary 1 : operational target S
_forworker i —__ evaluated B G- -~ Vvalue _~— '
e i T~~~ with distance to| S i dickonce fo
Yes l Yes | the boundary | Yes | the ocean 1

Available for restricted use at the Fukushima Daiichi nuclear power plant site

B 32465 % - P RAURN ¥ lod Tt E R B B AR T & R

ﬁﬁﬁﬁﬂ%ﬁ’%ﬁﬂﬁ%ﬁ%ﬁ%ﬂ%%ﬁ@ﬁ BA Lz

1. 3¢ 3 3¢t (Category 1) : P ~Tk 5 4 2016 & 4] 27 &Hﬂ‘!r‘ﬁj_ Te # %j 5
drw o )T Kok 0 R X 2 Ren® 2 0 L4 2 RETE 2L P (D
WER R E) D AP AFRFERE RSN 1 ERBE L0
mSv; 23R A EEEF 5 8,000Bgkg (Gt it kR ) AL M A S
"R ERP ) MRS SRR E MO R T iy R e (7 -
YRR IR

2. 3P 3 Hp (Category2): L 7 & # = @ (Tokyo Electric Power Company, TEPCO)
HAREIPFAARFEFUE T I(EERmP &) p 2RI PP REY
##(Japan Atomic Energy Agency, JAEA)¥ i (737 » & ™ wfgif i
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(Hz IF-%’FJ”J.& GE b4 2R A @428 2 mSv (1 ;r%ﬁf’x}qiu & 1 10%) 5 (2)
Reeb @R o ®E g s 7 M3 1 mSv; Q) ak & 7 ke 5 X84 o st

P ARy R o B RS 4o 3.2 47T o

JAEA = 358517 B w Tt RIER B 0 blde
* BT EERAMF 13,000 Bgkg
o R EE AR 100,000 Bgkg

[ ]
G
ol
¥
et

=
%
£
|-

: 16,000 Bq/kg

T I FIET PREORERE UG EMRERER  REL I MR s L |
Ei i SR =

c 1 f'Fiﬁ G R

. FrpEEFERPLENTE o

o LHEREREESR THHZHENAR > IMIEBERE RE R ER £

3. 3P I3 (Category3): 2 FRER » P b AR F o Fl 5 LHP 35
SRR T L ARG B AR R B RRRA 5 BT R
AARHM e

MEBIFEMEP TP AR - PR R E R BES AR e A ffe

=}

FieB R E 0 T Aol AR UEET 5 B ;‘ﬁ%bﬁ—:@:ﬁgﬁyfiggﬁgﬁw ARG

|

SRR TR R S R RN 2
B % o

%5 12 8,000 Ba/kg € % 4 ik # # (designated waste) 2 5 148 (Cs-134+Cs-
137)E & P HR 2 8 k45 P 238 4 (Ministry of the Environment, Japan)+] Z_
SRR F RIS JAEA S3HE S TR HE Y [t AR =R 2 0 MR
o E AR <1mSviyr) s » A E P % T TABA % 3% F 4197 10 uSviy 1
B ICRPERDHUBREFFP > 7L TERAREFF R P A
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Frdy 0 2 e r @AY G REGCE RO E R AR 7§ R 2

CERBPEFEZEAE G T Fp ¥ 8,000 Bakg i iFrE b b My R
%ﬁ%JWﬁwwz#%?ﬁﬁé%%,%@@%aﬁ%ﬁﬁkaﬁﬁSQM&wg
g T kR y 0 FRRGEEIGT 0 £ F M 8,000 Bakg 7 3
T AR Y G TR - R AR (B LA 1Y) > B A4 8,000
Ba/kg & 2Lty g 4IRS 0 A Ap A MRE > e 22T GSG-I8 ¢ 10
nSvly ) mﬁ'*“’f?ﬁ? [DERLEGLF 5 73kt 23F Bgkg) RFAREE
TRV AR PR EAR .

IAEA 7 GSG-18 Annex VIII ® 40 o % &) > &5 7 B T L"T‘ Atk g

&

BERT > P B R AT T g B o 190

» Annex IX ﬁi%‘,ffg—;p]g@,fg_ﬂ g B E

dOTRIEE RS A R G MR R R AR DE 2 fra R o ip
FAOESREE R - R LY F AR 4o E F T B ko R
7 € AT o K& HE LE(10 uSvlyr) o

G

< 1+ B3k (Conservative Assumptions (1R 4EBL 4 B3t 3 b3 £ #07) ¢
BEDNZ 25T ERFHPFR > EFETR ATERFR T O RE
g AR PR BER Fﬁlféf’*ﬁ&ﬁ“ (o % 3 ) ~ s R 2

T EA(100%7E 1) ~ P4 B rad B A (L (2INE X AR S B A A R D
ﬁ)‘ }\/},%1 g}zwi °
G AREFFIARRER T TR PR BEC (% S AR

19 TAEA assistance to the Ministry of the Environment, Japan on ‘volume reduction and recycling of removed soil arising
from decontamination activities after the Accident of the Fukushima Daiichi Nuclear Power Station’ (2024)
https://www.iaea.org/sites/default/files/24/09/24-03514¢_nsrw_report.pdf
20 Additional Report of Japanese Government to IAEA - Accident at TEPCQ's Fukushima Nuclear Power Stations, Second
Report (2011). https://www.iaea.org/sites/default/files/japanreport120911.pdf, https://www.iaea.org/sites/default/files/ajr-
attachments.pdf
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JEE) & A ¢ FPERE S B PR Ry F - BT R R
(#8233 ~ e & - R )KRFF T -

A TR R T R ERRRARRERERY  BE -
B2 T 10uSv/yr A B R B x LFERERGL ¥4I Bg/g &) UK
TfEgE FIRE

Bt TAEA %A T Bk e R AT £ T @M P IR (E o B BRI By

W
s
Er}

ERFaoal
B E RS PIRE C SHERFTL IR E o)
b23kd AR T HIREGE AR 58 iR
FER RS b i E R E R XS R B B A R fES
FAIFCREE D Ry TR R SR G ACE R Y B BRR 0 L ENE
BORTAER T
w8 2 GSG-18 i
e

ToF A T R B A MR R RN o (Bde R oA BT R

Annex IX P! 75 4w

&
FEEILZ 2 el B T o ¢ 7 P BB W T aq4 0 GSG-18 a7 3 'ds
i F A A (Annex 1- 1) ~ 9 6] & * (Annex IV - V, VIII) ~ ¥ 32 §{ vs 2 4073
(Annex VI-1IX) » = & RAGTH TR A+ cnfeg # 414 7 2 F RRE 54
AR R WP Aok 312 97T o

# 3.12 TAEA GSG-18 siitsh(H a2 )} 7 £

Wi S B i &
Annex [ el S S "f BWNE ﬁ’%"‘f B AEE SRR > ¢35 10 uSv/yr i
# & £ 3k # (Dose criteria | % ik k5 > 1 % ICRP &2 IAEA % > P & -

and the dose basis for clearance

levels)

Annex 11 ARERSERTHRE PO | RE AR RBE P EDEHE
(Examples of activity | (USV) ek 45 &) » #f B43K A% F AR -
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concentration and dose
conversion)

Annex I | f#% 3§ 41HR 3 chdl R0 2 9 | jatde o URAI R 326 2 (5 R > 22 2 3%
B #- 4] (Approaches and | ¥ #]1% 8 (b4t * S BN LR E W
assumptions for deriving | &) °
clearance levels)

Annex IV T AP F B KR Gi FAIR | P ARG E T Ao F 32 Te-99m ~ 1131 £ &
%] (Example of the application | 2 % #f {1 fEcH R # % % % i 2R o
of the clearance concept in a
small nuclear medicine facility)

Annex V EHR TR RF W N | - WA AR AT R i 1B 73
(Example ~of a national | 1L 12375 &2 £ BiF ik -
approach to the clearance of
scrap metal)

Amnex VI | 3% § #1B AL T AL s 0 81 | Jo st do i B0 A0 IR PR R~ 8 5
3 B (Collection  of | # 4 £ F T3 HE TR &y o
information on the
characteristics of material to be
cleared)

Annex VII fErg g AR gl ce | RAEREE ST RS B S 0E
& ¢ 712 (Management systems | & |+ o
for clearance including record
keeping)

Amex VIII | A& § F e il w jc &2 & | p 2 A8~ v IR BERUVERXR TH 6] >
i > £ (Screening method | # %|;& # 8,000Bg/kg *LiE & * o
applied after the Fukushima
Daiichi accident for recycling
of material and disposal of
waste to landfill)

Annex IX frrg g AR T R WP e @ TR ) HERE A E

*® # & (Examples of the
application of the concept of
conservative

clearance and

assumptions)

PEURERE
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3.2 MARSAME $u3* A # 0 73 (Sign Test/WRS Test/ R 738 & # &)

et boenzb S e w (b 4e Sign Test f= Wilcoxon Rank Sum Test) 2% 1§ & <
St g F et 2 T

25 %-$c ¥u3* (nonparametric statistics)dp sHE 7 F & Bk T £ 45 LA F (B
4o B A W )it 2 > AP e Sl i3t (parametric statistics)id O EK FAE
KRR E (Gl k B A ) £ E B G B A T R iR(
HETioE ~ fhd) 0 »t0 T2 %8k AL LR AR AR AL F AR R R
R TR S B (B P i BRI e ek Bt

BRI b B A BRI T o BIE TR E S ERER)F
¥ AR ¥ oac E_ L i (skewed 0 3 $H4L) - F s B (outliers) ~ & E &
B o] o DAL ER T (e ttest) T AT R IEE Toack 24 > H T €
B FeniEdh o @ 2E % ¥icdé T(E_ Wilcoxon Rank-Sum Test fv Sign Test)¥ £ % &
FER N FFEASTER O ATIOVRT Fs F 2 F ks et e
FHEES g 2t (RE(FT S PFEFHATE

E#8 k35 > Sign Test #* kbt - BT (bl4ek B S E R & HE ) fo- B
AEE(B4e® R B AR B A i G VR TR AT
£~ o] 3t AR E Ak 4 o Wilcoxon Rank-Sum Test (WRS Test) B % 48 * %k
s B A (PSR AEF FHRAMET R Th- B¢ ik, o ® 5 A
AP EWRERSTRL ) P2 TR RTHEE R gD e fod 0 7 F S
I 5 o A EEREEY T RS 0 AR R i T BRI .
3R R RER o

PG Rk i BASHE TR A 2k s B T 0 R R R
" B R T iRy 0 B ALAE R TG S AP B o T B - P s SR

WA A PES foR TR 6] o
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3.2.1 Sign Test/ WRS Test fj /i &3+ ¥ § &

3.2.1.1 Sign Test 7§ 73§ b
Sign Test . MARSAME § 7+ & * ¢ St @ & % st pligz - » v -

S EARF 2o K g TFRE AP ATV VEOFR > 218 P

I=N-5 < Ty = ARl 5N
FHIRFENARAGSE I EREEF AR A FEF AT - HH K
WoAPFTUBEERY SignTest REZZPHHAFRILTHEFE T30 o H L
_g_ 2 fu;Lé@L ] Lls’lt"ﬁ‘\*“«!—\% K i )"ﬁ “f§
> & MARSAME & * #-# T ¢ Sign Test ¥ T_in 42
# 2

F?

5']:'1 T3 ORIEE o EGD) RS -
s HmABKH  "HAKRAEHFRERG L8 (3 )
o HrBEHaAL THASEEE | EEE ) (F @)
Gr:edon EBERIAKSF FLT ,T&L{ScenarioB ek Y A Bk B
/scenario k r LB EE 0 {4 @ 2% 3 TH WIS BT HRGEE)
IR L ETET IS Y S

Mt Ee R s P BIR R S AR SR T - B
TogL Pl T Bl A e
HHI R SR T

PEP RS (R S 4 & B F p-valuee & p-value< &
FOREQE Y 005 Ad RSP FERBEDIERAYVEY ST MR o F
p-value> 2 F-KBGL ¥ 0.05) 27 p 9 A 2% 7 7 ﬁri’ iy R R &
#46% Ho» » ﬁ‘%a BRI AR F YRR o

za

BT
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4o % Sign Test etz FE AT &7 i > T LR F O FH W hoT

Lo s etk Ay 7 U gh = 3120 & 30 3Bie Tt A R R EL G 4 D
s

2. & * Wilcoxon Rank Sum test (WRS test) : Fr ¥ ¥ jg | #% & 27 *F 458 it B
maE o B R -

3. BEHE AT /\’H)I}' FERATET SR AE EF AREE THENE

(-4~ % H B R > fE T + 10 pSv/yr > % PR IE-REE T ROR : SN
uSv/yr)

4. 4ok W ##% *m d TR RN EFYERS LS SR HRERF MO ERE
B AL e i ARG R ER AR F

TAL TR B F R B (o) AT MR GRS R W F R TR 0.050 F At
REPTEE TARELIKEERS? 5% h'e > - BHEFF Lol g =~ Fix
RO EER oo At EI%—EL?%? 3| e Typelerror » 453 % £% 7 Ho» @ &
27 Ha» 9 Hod A8 S £35 0 TFARALHEFHOTHEERE, 2
FLRF B ERDE ] Bl v e
> Sign Test cHfj % #c i §= b

BRAPEFT - BEIRIOGI L DR f)

BIEHE A [0.6,0.8,0.9,1.0,0.85,0.95,0.7,0.6, 1.1, 1.05, 0.9] Bg/cm?

‘AR 1.0 Bg/cm?

BEHAEF 11 B@=11)> &7 &K 2!

* BABXH : "HAAHEAEEEERZT L8 (3wt
o HEERHas THEAZREECNEEE (7o)

Bt AR R - - R R 8 Bt ERE 3 B
BA AR oE A (T BLlE )R 8

BEFFRRB L= T o XSl 8L FHF o AEAPT U E
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P(= 7 = #=8)n=11 = Cz1 x (0.5)* x (0.5)> = 0.0806
P(2 # = #=9) =11 = CI1 x (0.5)? x (0.5)*> = 0.0268
P(= 7 = #=10)r-11 = CI}§ x (0.5)'° % (0.5)' = 0.00537
P(= # & #=11)}r-11 = CH x(0.5)" x (0.5)° = 0.00049
Foipl PR Aede k> (B F] S
p-value = 0.0806 + 0.0268 + 0.00537 + 0.00049 = 0.1133 > & % -k & 0.05
SR F (LG )R T EAH G R A B2IES Hoo s R
ALK AENEEE LI REFAL ) TEZRERKAEFMONAEERE
ST B R B D % At enpEh b B2 R bR o
2 AT R g Al T2 8 g SRy i d o LG g A T
8, L AFHZ K HatDfis » = 3850 > v vt B3 RIS & e iR A
AR B8t T SR e A, ,Mfﬁ Poan e S8 PID T A gkt > R E
TR AIEFPT A G T B R (R ETRIE AT ER /M)
B E (B EE) -
SRR FAP TR A BRAKAY BF S BHRAKIARMIEE, A
B PRI RN T R R ARG ABRAMA PR A
BERIFE T MEER? $E5E 9B > Fl 5 P(9OHP(10)+P(11)<0.05 » #7120 4

BRG OBLMHM - el ERT A i E o

3.2.1.2 Wilcoxon Rank Sum Test i» MARSAME § ilnffv ]

% MARSAME ¥ # 3| Wilcoxon Rank Sum Test (* f# Mann-Whitney U &
) A - A FEATE o ¥ O RS h R AT G LR
TR B TR R AT o FI AN A7 (X Bdp itk
Aol BES PR E)EN G

A MARSAME # » T 3 & 4% kX% A AH AP cp|E B X FHFFF
# & (Background Reference Area) - fj 8 ki » ,Thz‘?’-\’(ﬁ g
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Fipd A AR R B R R R ?
> 7 MARSAME & * 3% T 59 WRS Test ¥ 7+ 4
HI e FFHES R TR ER
R ATAAE AP DR RIE(He KK L5 off S PREE )

2u B AR PR R EGES F)

* K Ep &K Hos ’F‘irr';”ﬁﬁijl’#J P E R K p (T ) .
o HrBEAHAL THRALERAEFFNFRE,, (i HE)

2 R A
et B (A g B PP ARA 0 B3 £ L(Rank)

%23+ 5 Rank fic

AETEARE ARE R AR Lo NI 4§~ o Rank Sum
BAA: B T

vt % Rank Sum £ §& 7 i@ (critical value)et 3+ & U B & Z B8 78 ¥ 1tk T

P17 p-value - Fp-value< 3 F-REGL ¥ 0.05)> 277 ez BEL R > %%

PERPE o Fp-value> EFRE Lo b AR FLRE SR EKL-HP U
kPR LB N ks R PN R A (& o <20)Hk TP kg W
g Uil iRk T EEFE-Z 872 L2 #pEDE 28U B
MR s mstE o AR A m>20)F Y & Z 4 F 4 F 8 p-value - it

< N\'-

FEVLSUBVY MY ZE v F FHY EEEEL o LAY BT - d i

>1
F

BTG LT AR mPERILZPN 0 5 M p-value FBERE 0 T U
* ¥zt B (SPSS 2 SciPy/Python % » @ Microsoft Excel B # & f& 1= 4p B & #co

S
SR EEMHAE R REFAI)EREDT > m &N PR R TR

» WRS Test 7§ %’aﬁﬁ::’ﬁ% )
BEAPEFTT - P (%},ﬁ 1: pﬁﬁ"?ﬁ:%) ¥ 5 H ;ufr'"gt T 2T ELP
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v = > — 2 Kl
BT Z e

Bl BREE AT

i

B & (Bq/cm?)

@A H A~ (groupA)

0.002, 0.003, 0.004

8 %% % (group B)

0.001, 0.002, 0.0025

L 2
- v

BEFRATFIEELE o d T ARE B (2 20 FREER) > 73

Rank & :

18
0.001
0.002
0.002
0.0025
0.003
0.004

41

R

AL¥F 3t 8 Rank &,40( ,E,&? 3):
# 4 H ~(groupt A) Rank Sum=2.5+5+6=13.5
# ¥ % (group B) Rank Sum=1+25+4=7.5

% * Wilcoxon 258 (B E 24V FUENZ B A ] EAERETHD

4o o
'y
Ui = tigg it &2) R,
= jig
e ¥ T
gy
W= Wy )
L "'_fnn_-(nlqhn‘_wd;
=V (5% £)
B mEn=3 0 R=I13S 0 TR E N USTS 0 221310 & 2 AK AT @A R
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E & % p-value 52

p-value =2 x P(Z > 1.31)= 2 x 0.0951 = 0.19
Fl % p-value=0.19 =+ 005> 273 EREHRDZDLE ~PF 448

&

%3

.Eﬁ#

%$¢%§’Mﬁwlﬁh“f@4ﬂiéﬁ’wuéﬁﬂﬁ°ﬁé%wéaE.
2

Bgr 28 FHEAEEY S > 8 Z 20085573 5 HMENES: 2

w3

SciPy it {7 2 #23- 5 » 7 1 9 5| L #FEch p-value 5 0.2683 » ik 22 B 3% 0.05 -
HE R BEEANU GRS > SR AE A Sl 2483 > 7 a0 2

?@*1’ﬁﬁ%%&’@&ﬂé@&%&ﬁin£“+ﬁﬁﬁ+m¢i%$

BZP o pvalue AEH P LT A Ho 22T BERERF MR UR

&

‘L*-\

g st B)2 5 o (Bt s bliEs Ui=7.5) 4ok Ho = 2 > 7RAZ 7 &
PIFIenE B R EREHE A A AR E T ot E R REE DR
Foa L eher LT R BFIAPRAT A EHE S AU p-value
L F e A e Bhp LT RBTEH > FRRARR HINER S g3 4
¥ 7 (<5%) > EFET A KI76 > Hop ¥ ac Adpene

FHARCEAACIHBEAFERAP RIS PRI F LT BR(RA

Bk Hos "HR&EZF B H, > wrlZE % E(F 1 h ) F p-value %] >
rAvE TigEd R AR GENA L) B pIE SRR A R BT R
#(DCGL # AL) > )Ihi« LR AUE AL RS 2 B A m T s

2o EMHTEE 0 &g n @ ¥ chiF 5 (Scenario A & B)d

3.2.1.3 @ * Fr %k %)t #& Sign Test = WRS Test

A i oG Sign Test enf§ % g % 6] » :2* WRS Test k € #7387 - =<
V_Lb;‘L 3 ‘Ai °

RS E AT

Bl € # *(GroupA) : [0.6,0.8,0.9,1.0,0.85,0.95,0.7,0.6, 1.1, 1.05, 0.9] Bg/cm?

2! https://datatab.net/tutorial/z-distribution
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¢t $#4L % (Group B) © 1.0 Bg/em? x 11 (F= 11 " giadt % 30 % ¢ 408
s mEBRH Z "TAAKEAZAREERG L8, (3R
© HEXRHAZ THRABARRF YRR (F b

BTy BB EE o d PSR AR L F0 Rank EAeT S

=R ¥ %] | Rank
0. A 1.5
0.6 A 1.5
0.7 A 3
0.8 A
0.85 A 5
0.9 A 6.5
0.9 A 6.5
0.95 A 8
1.0 A 14.5
1.0 B x 11 14.5
1.05 A 21
1.1 A 22

A EX P 2 (Rank Sum, Ra)

Ra = 1.5+1.5+3+4+5+6.5+6.5+8+14.5+21+22=93.5

1995 WRS test h§ i iTiv 2 38(Fla @ADE A FER S > % Ao
BEREKAZ)

R_
7 — A — MR
OR
He
n1=n2=11
ni(n,+n,+1 11(23
=T D_1ED
nin,(ny +n, +1
Gszlz(llzz ) e
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 93.5-1265
- 15.6 -

LA
p-value =P(Z <-2.11)=0.0174 < % % -k % 0.05
E%%$&+%ﬁ&%w’£¢@%ﬁ’@ﬁﬂﬁﬁﬂwﬂﬁiirﬁﬁﬁ
AB R MFLE A THEAEFONREE | QEBER A
e g) S R AP
FOE B Y APFR- 24 AR RN F- BRI Y Sign Test &
WRStest > £ 3 ¥ =% 27 e % : SignTest 2 37152 7 2 #t 8 » 2 WRS test 47
WE A RTF] i SignTest F 3 gtE & M3 BEEHE > 5 WRS test
P53 (& _Rank Sum 7% £)¥ g3 A L P HEREDR S > KA F I
BRI 0 T a4 WRS test s % 0 b R BE HALaeh @ o
> AR A R R e
ErdmiEBeFe o1l BRA-H P 8B MR 3 BAZIE SiF WRS

'mmb#wgsérﬁfujbxﬂaﬁﬁﬁﬁgfwarﬁaﬂ’@wbw+; " el

2

i
&

B b7 BRI EROR A SR 7 A4 BRI B AT B AR
Mehk B

T mﬁﬁLJ&§1~’“mSmng%iwmﬁ%%ﬁPﬁﬁﬁ Eilize) 3
Wes 2R v Z4E - fr o 8 HEFRAEET S Lo 4ok povalue %
T EATREREES TAAK AL MEERE G L8 PEX filiﬁéi%

PURARRRECIREE ) DA TR RRRERR L
ﬁ@%i#ﬁan R AR A0 REEER TR S0
CH_TRESRGEIL, LR TG 3 BR AR AT -
Poe > R pRe wAzE o AR T S BRIALIL L S Bouli o
AT GRS RS SRR G TR GRS RS RAE R K

ERER T AL S - B AR
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bR O B RAUIE T 2T A

L FEHmTPHE P URTE T E- AR BEE22TRE 7R
2 RNt RR e

20 AR E R AT R 0 2 3HRAZIE R L 27%AHR 0 L BE g o T
- W RS RSB L TR

3. ITERAY DR A P FRP LGHRAY 3 A T HHAHRE O R

T Z IR A S o

4, ERATFEHAE Y M WRStest B AL F ERITRF 2 G REBE
hrdoo R HAF VGG AN 2355 4 WRStest T At K G AR & o

3.2.2 WRS Test & * | 33 34 73t

Fart o T 82 - A

BABXH S TH&EL3 A4,  HkRILERpEBE B A RRIEA
R 3% < DCGL(# R iLA2ik) » $e3- e T p-value < 0.05 (33t &4 F 5 ¥ £
£)°

G FAkG BER R FEL A E 0 RA T BT i

—

B ] s SR E A EON AL

&) e

FFTHEE 0.3 dpm/cm?
BEEHEA 0.7 dpm/cm?
DCGL : 1.0 dpm/cm?
KEBEFE<005)FIAXRAZFEFR T2 -, LI F25 REHPE
Pl o 1 V i R RAE- R RAE RDAZ 2 EUN o LA AP A FY

FIEE 2R AR —%ﬁf%', ’&é.f?»i”ﬁ 23 RETFEG R DE LR GG L D
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e

# 7 Ti5:E 1 0.01 dpm/cm?
AL EHEA 0.4 dpm/cm?
DCGL : 1.0 dpm/cm?

BX 04 Bat 2 Rp o LR T RLIER O RP IRV URTHE - &K

el b XU F FEOAREN > BB P B e TR AR 0 BT E
2 FE o

btk 0 AR | 287 LG HE 0 A L3TE AR TR
BB BT (F LR F BN

VR IE B FRHEL BEAKEA i3
¥ AR T 3502 T 1504 £ 02
T B T 35(0.01 T 350,11 % 0.1

@@ﬁi@’%ﬁﬁﬁﬁwéﬁﬁ%%af BRI oA LA 10
Ko FhR LRy 2 R

HoE 0.01 %2 0.11 (1,000%)i& 4% et — 200 0.2 % 2 0.4 (200%) itk T+ { P
Mooa MAFFEE VAR ) o S RELS e § o B S AR %
Bl EMALZHEFALR -

SRR S LA E R

RS L S A R S NI SRS ET 2% S R
# F & 0.02 dpm/cm?
# A% 0.06 dpm/cm?
‘AR 1.0 dpm/em?
PR AL T 10 7 e
#7120 MARSAME 22 & REF F B mapikw
1. 3% & ™% F (reference background) » 7 * B i » @ % — B P42 2 1L

&
BT EE -
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2. 2L EcHE T(4o WRS Test)jt > M4 B ERERE F DA ' o

3.%Wﬁ%ﬁZm%u&%&%’%%iﬂﬁﬁ&%ﬂﬁﬁéﬁ%o

4. FRAHELBETEFTRAR

w3 At T Rk AR, BF
PRAEAIF TR EG RO kR AL 4 € E3R p-value (] 0 L F A AR

T2 E2THE AR >R FEER M DCGL(ER) » VT EH55%

e 57

PRI E AT BRI OER ST T RPEF R TELL ) - &

FWENIE AT LT ARTORRARR) DAL A Ecds < €1 = 3535
WA R F A L ABT PEHI e BHIR o ek BG5S Bk A(p=0.3) iz
%3 200 B A > Vi HR p<0.00] 0 HEFHP P Ei0E e Ak kA F 5
BEFFREFLE  RMERRIE - F LA A(LATHE - EATHRE) 0 X

WA PR KT FE S o

I R E o G S AT ARERTNET HHEF ER
ST B b A Y 0 3 B3 p-value 0 » & 5k R AT A& RS (DCGL)
KRETFFgHRAE U FLERRIM AL RLE -

m MARSAME ##& & #cendh o R Bl A4

Quality Objectives, MQOs) kX3 > @ 2 EF XK T > UV € 1245 Sc~Sp~a ~ f14 2
T R E JidhtEicE 0 MARSAME P 3 &7 St o N2 251 B R s &
A ¥ Laudigicd 3.13 ¢

£3.13 ¥ LarfhicE 2R

%4 =S Ak %3
R KA 8-10 & 1 ¢ WEAF R BT
ABALE A 15-20 & 2 ¢ %25t T_4 (power)

BH AL A 30-100 & 12} #. DCGL & MQO p &3 &
28 s % (4 t-test) Tk L B A 7 P FEpE

2t S fctk T (4 Wilcoxon) Tl A=A E I SATTER ® YA F BEROT R
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BB MARSSIM 4% S8 o2
_(Z1-at+ 213 ?
\ Ale

Ziofe Zip t 25 & i cnfpfh B

Ho

A=Sc—Sp: & Tc? #TF E R AFE
EHREL (RERE + T ARG

Alo 1P ¥ i #%

Ty DL iR T 95%E 2R B 90% s AE R
% Sc=0.5dpm/cm? Sp=0.3 dpm/cm? > o =0.05 (Z1.,=1.645) ~ $=0.1 (Z1p=1.281) »
06=0.32 dpm/cm? p%F > #7 F &k A~ fic 5 22 ¥ - MARSSIM *i4% D ¢ Table D.1 “Relative
Shift vs. Sample Size at different alpha/beta”s # &7 R bl a4 1 5 » 7 &R
FFH Aol B ARKE o ¥ 7 B NUREG-1505 (1998) Chapter 4 "Application
of the Sign Test", Section 4.2 » . 4rim A2t S B i3k T (Sign Test)iE # % & 2 &
RPNt > TRELARSY B R AE

MARSAME #k * #K 357 § 2 PR LR DA vl & PHRES 0 U4
i MEFTRIF(-PIIIE L F a3 2 28 FPx RidlaGE L0505
A) AFLRRAL T TR GRS RAE G R RN 5 REE I
Fle g P RSB AL
. p-value R BRAR T 2T AR RS G P
2. M H AR R 0 1 AR B OR S EARIESR o
# 3% false positives + = > 3 4e Type I 45 2% o
G Hh T ERABER o FRL S A4 LI

#t12 MARSAME 22 3 (& # i) :

p—

W

22 Eq. D.2, page D-6, MARSSIM Rev.1, Appendix D.2 “Estimation of the Required Number of Samples”
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1. +§3:}7§MQO§{7‘¢3§?\$’£’ RG> R TREsHY

2. FR G hRe T TRl 4 2 T2 EA B
3. FARINAR D F SpDKScr o PEAHRR NIEIET 5 pARE D S TTAR A o

MARSAME ¥ i h fegi 3 o At e L aqpdl T 4Gk 1 &> L
—ﬁ*ifﬂ‘%“r&%%;ﬁﬁdﬁ@“¥rﬁgﬁ%ﬁMMfﬂ oo d - B
R et ok & F ARV (70T GER iR o

BEXF > PR EREPAAEDCGL 2T » ¢ p-value<0.05 > » % X £ B %
AR FERE-HRRRFEALG(AIERBE) RaRTRIF(ATHS
Scenario) ~ ¥ g " & ¥ 8Pk R Sp ¥ MQO & % & -

P TEREEMEONAEBEE & TR R T RE | LA T
KAr™

Bt 2B L wRE
¥ B ERETFE <DCGL (*}§4£ %)

() avhQE > EHFFHHE
(\) 4o% 2426 — &~ 5 - B

- B SR T p-value £ F A F (<0.05)

() FHEF (p20.05)— 7 i

g
Wi
-
1%
=
g
E-D
b -]
L

!
gl!
%

(V) B (p<005)— BRAEREH LHP T AL — ZiE- HTRF R -
AEE N N A

IR - BEME - LIRS g iR -
Tyr% A BE AP > W4 0B AAE BB (DCGL/AL) 7R E B B E A E
BT U EF?

SRR AT G 3 FEHE(] BHRAC § B EOTRE S 3 BAEDHF) ) 4o
RRFGFAFTS R T N G SO LU R E T PHo B
v h) o P E Rk AL AR R T (A T TR R
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B f) o pARY - AR F B (Hot W) R p i B AL SRR A AL
T B @ AR F o

WP EHenRt 38 0 B MARSAME #4 » g3 s £ & e 255 P > 7§ £
BB eE 2T FLEDCCGL 28 "8k Pl 3 - TN AHEWMFTL > ZRE-
Haotr o REEE g LT HEFP<0.05) ok FHigF 2 B34 F > 27
FLEEE o RBSHRPEA > T MR F AT cnd| g AR
Step 1 * ¢ H 28 F 4¢:F DCGL

ok T 58 A <DCGL, * 73 > #(blde 1~2 B)42iF |

TEARERBRALTEZEF L DR Y E?

F PR AT R B 0
e

ooe R B FA S B

EEERR: AR AR ETARL T Asn

:r : MARSSIM %f** T Hot Spot | th#_s& §_3 > #1 2L/ ¥ 4L ] (Hot spot decision
rule) » T RS A P AEK LEEG LR (de | MR Bt kR (e B
3xDCGL) » T if 2| T 5 #1805 7 i AQEH B L3 enfg 88+ 'L o
Step 2 & {7 ki3t #% 7 (4 Wilcoxon Rank Sum Test)

HEEALE AR ST R R A S T

% p-value>0.05(F : AEFFFNHFF) > ¥

% p-value <005 - FHEF I3 F LR - FHAALAN P =8E A
(subunit)

AR P endEra B 7 %7 ¥ & MARSSIM/MARSAME &n5uzt pl:#(WRS/sign
test) (¥ TR A 2 F B304 )~ 3 Bk & 4 $7(Spatial analysis/GIS mapping)( ¥

Az 1R BE-2_ 7 FR) ~ MARSSIM #_& ¢ 24 7 2L B[ (Hot spot decision rule)( ¥ i

FHER FRAINBLEE TIP3 T AF) 2T LTEZPRELFTP %
(MQO)( s n3F ehiphs (e S B E L 5) o
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MU EBEF R TRy A, cREg TEMETRS, &
MARSAME £ MARSSIM il #74 @ 7 Z40E — 2L @ 807 482t 3 58 2] g5
WA G o T T ek R A BRI 7 R R § R
S 7 A FAMQO Ak 2|

B EE b

DCGL = 1.0 dpm/cm?

AAHEAX205 %A HY 25 5 1.1 2 1.3dpm/cm?

—%g;

fi f-‘n

o

>

HAe 18 % 5 0.5~0.9 dpm/cm?
EREFEEF AT RTEE  FPp=018> EFRLEIMT o TRF (4

2t hotspot B % ) o B AF R TEE p=001— HFI F — 7 %F » E2HA R

eI
Tt APT L GEYLT- BT A AERE I E AR 0 ol 33
A e FERALPEEHFARIAYRABERX Ho: R2AFREFFERG £ 3

(X3 AF o) a2 HAaG'RABPRFNTRE(G AH 27
(7) > Ao s Rp F ek o 78R p-value sk ]t R R E AR E
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46 5 #1985 5

RTHAT
5ﬁﬁ$@& p=0.05
PAT 3R
p<0.05 R )t
REWH &

B13.3 ff 50 g 30 AP e (774 )

323 #ELEH T A-F

%%ﬁ&ﬁﬂ%*%%ﬂ%ﬁ%ﬁ’&MMB&M@&?ﬁMﬁﬁ”
LEAT TG AME s AR T ROER RS RIS ANTEE LD
ﬁ%ﬁﬂﬁﬁﬁEﬁ’ﬁﬁmﬁﬁiﬁﬁiﬁﬁxﬁﬁﬁ’#iﬁ%%é

© RIFAZF R
© KA R A
© ARV FIF R A

:FL % ﬁ—‘f&' R fi i

. 7 gi’aé} AT S
° g_l_zgil\f’} ‘\:%{%",\L%‘L .
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g T
R
&Y
S
¥
5
F“
Y
A~
=
m
%
A_
I
el

BABLY ST L o 3 PR SR Bk o F P - BHZAE
AARAREET - B3 ERERRB(EDBFE) A 2 % B A(ZF L dpasagt)
1

ﬁi@ﬁ’ﬁﬁuﬁuﬁ%?ﬂiﬁ%ﬁ%ﬁ—%ﬁ’ﬁifiﬁﬁiﬁiﬁi

dod G FEH AR AL BB O TR A AT L Ak TR A
AT TR G ERBRENETRATL Aok - BRBAFNAALER L S
HRESLn 2E8 T EAYLAEE A~ AEREFT AR TH R AE
FdB > S iE— W A B B2 (subunit reassessment) £ 3 < A & o

RERGE AR LFLES 4 LA 522 R G 2R b2
AgEv A Telh ) A T AR g ) S R E o B34 3 F R G
BB B P F =7 L4 5 B %4 8k(Local Hot Spot)» i&— # &2 41 28L & * DCGL
LR T AR 0 E A A (4 2/3) 0 BIALL T M BEE » A R (A E

BB oA BIFTA) B TE T2 BIEE R T ARG £ 8L E R E] A F F (subunit)

[GR

EATHR TS RIT A A BEHA A SR AT T AR 7R T

o
ol

60



BRRAERAZD
— % #3:BDCGL

ABAZ IR B b S AR
3B B 8 3R7

A8 B4R AR A AR AR AROR L e
F? (&FAES)

A2 o B0 A S
#—F g A
DCGLIL #24% 7T he s sr | &350

A A RBT @
XA BRI R

R 22
B2 FEKRESR

25

A 7T e 2h 25
A A (M 15 sk
~ BAg > ARRIE R

B 3.4 f§ 3 T8 2] TBIER

3.2.4 M ’V‘ﬁﬁ b f;d ﬁ,.ra\_j_%

BA G 32287 ¢ S FRP R AR DR EfL R RR] A FR B G
REOLEDS A A LM GRRIR A N ORI EEM S A R Uy
Je P ART OB h o

3.2.4.1 MARSAME $* M&E ## ' &2 iﬁ-%
MARSAME i 5433 A 4p 3 £ 417 b B3 3 b " o0 M&E > K347 44 2
% (Scan-Only Surveys)efis &= 38 > 3 & &~ 5 Class 1 ~ Class 2 £ Class 3 :
e Class1 4 [ * 35 4R %GR A A ATMA PS> & REF KRB RE
S RHAT M&EE 7 100%:0p] £ o #20F 6 4 2 FHRPIREG > S

AA T AR THRRME UEERA -
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e Class2# & I #HIA B2 RIPFBB (Al E T HRAD G FFT A
10%% 100% > & F v b JF B T Bt

[10-2)
N9/
10

(B¢ AMNoTr#3) e ih# > a4 gz hrkEans %
p.54~55) BB X AIAE L WHI BEMAR T > GldckiR L3 PFE IR E &
o~ R RPE R e KPR RN PG RPN A R o Class2 B &~

% Scan = x 100%

\\\?{r

)

T AR e Rl U S A RS R R F M&E stk
WY > TAEBES S F ] R OR S T NS ET R R PR
LI A AT e BT AR -

e Class3# 4 : A AZX B Er class2 Ap i > e { EHM o 3§ % 3M5 47 i 4
o i M&E > &R 57 13 10% 0 @ - L iR R B B 7 et - i
feird s Bl B2 PR EEE A2 EF R RIE 0 ERT A RS AL
FRAL e
B a7 > MARSAME ek 3 BB X 33 5 A h "6 2 2 AT B EE DD S

53& H 4b”‘{§rl"":¥" IET Eﬁ.’i‘;’#i%—ri}éﬁiij—é?ﬁ/}ﬁﬁq?

3.2.4.2 Zion 5 i M&E ##1* b2 (v
Zion 1 R A ¥ M&E &5 454 6 370 HRF R SR > 2R 4
% % (Class 1 ~ Class 2 ~ Class 3)% %7 I b M4 B F F B PB4 A ic(dc &
3.14)3 :
. %ﬁ%ﬁzéﬁhwlﬁﬁﬂ’% ML BT R K 100% 45 0 B ke =
=R 5 50% ; A Class2 = Class 3 ¢ - b B ie B "8 3 25%%2 10% > “F3R 3
B I A 5%

2 Zion +5 7 L " ZS-LT-400-001-001 | #2. 7 %
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e ks itk Class1~Class2~Class3 =

10% endFdg vt &) o
c BREFEIRATLEIFE
Class1 # 1 -4m?>B~# -

m2 2 50 m? 0 17 iF3E B HR A Bool mdE AL

% 3.14 Ziont% T B4~ &

73 RpE

> 30 B4k &~ ; Class 2 £

I3 A&

T ik E %2

TR A

= fE h E A BB 100%25%

XTI o bde

5 Class 3 R%x 5 1 25

1-,'?: %i*ﬁ#‘jLL"}d,&ﬁa%

Beta/Gamma and Alpha®

Beta Direct Measurements and Smear Surveys

Class 2

Class 1

Beta Direct measurements
are performed at the highest
scan indication identified per
scan area. Collect a smear
samples at the same location
Smear samples are collected
a frequency of |1 smear per
Im’ up 1o 25 m’ of area
surveyed as appropriate
(collect a mimimum of 30
smears where practical)

Beta Direct measurements are
performed at the highest scan
mdication identified per scan
area. Collect a smear samples
at the same location. Smear
samples are collected a
frequency of 1 smear per I’
up to 4 m° of area surveyed as
appropnate (collect a minmmum
of 30 smears where practical)

Class 2

Class 1

Surface | Minimum Scan Coverage
Structure [ Class 3 | Class 2 | Class 1 Class 3
Floor 10% 25% 100%: | Beta Direct measurements
Walls below 2 10% 25% 100% | are performed at the highest
meters scan indication identified per
Walls above 2 <5% 10% 0% scan area. Collect a smear
meters ‘ samples at the same location
Ceilings <5% 10% 50% Smear samples are collected
Extenior walls 59 10°% 0% a frequency of 1 smear per
below 2 meters Im® up 1o S0 m” l\t arca
Exterior walls | <5% I 10% | surveyed as appropriate
above 2 meters | (collect a minimum of 30
‘Rmf 1 10% | 2%°% | 100°% | smears where practical)
Systemsand | (3 a2 | Classa Class 3
Components |
Exteniors 10% 25% 100% | Beta Direct measurements
(include as are performed at the highest
structural scan indication identified per
elements within scan arca. Collect a smear
the 3D space of a sample at a frequency of 1
survey umt) smear per lm” up 1o S0 m” of
Interiors | 10% 25% | 100% | area surveyed as appropnate
Miscellancous 10% 25% 100% | (collect a mumimum of 30
M&E smears where practical)

Beta Direct measurements
are performed at the highest
scan indication identfied per
scan area. Collect a smear
sample at a frequency of |
smear per 1m’ up to 25m’ of
area surveyed as appropriate
(collect a minimum of 30
smears Where pracucal)

Beta Direct measurements are
performed at the highest scan
ndication identified per scan
area. Collect a smear sample at
a frequency of 1 smear per lm’
up 1o 4 m’ of area surveyed as
appropnate (collect a munimum
of 30 smears where practical)

o History of radioactivity present (See Histonical Site Assessment Classafication)

*  Previous or current use

*  Process knowledge

®  Results of preliminary or sentinel surveys
*  Engineenng Judgment

(2) -Scan coverage rec dations for By ¢ Scans for a ¢

ation will be perfi

cONtANUIALON 15 suspes ted
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(1)- The intensity of the Unconditional Release Survey for structure, system or muscellaneous M&E will vary dependent on the following

d 1f the area has a history of @ contamination or if a
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s A T2 4R
33 #AVEGRN A HELR S MQO) A

R BEP TERE el TP R 2 RE GO F
Mg s A2 G 2 R&F P R (Measurement Quality Objectives, MQOs) »
MARSAME = # ¢ 5] 41— 82 Jf 5% » ¥ & 51 MQOs

e EP7 272 TR (Measurement Method Uncertainty)
e iP5 # (Detection Capability)
e & it 4 (Quantification Capability)
* ERl#F (Range)
e ¥+ (Specificity)
e  Z%# (Ruggedness)
He Fart At 5 B3 pn 4 frd b4 e BIEP o

3.3.1 i iplic # (Detection Capability)

ARl EiERY 0§ - 7 £ & MQO T}KE’ | R B IV A RA T B
| AT E R ,%%’ d %3t b e & BK (null hypothesis) ¥ 4 W B2k & F 587 &
DT ORIELEE A E o T b AR AR B BB ER PR HL TR

Ik

1. B 4% (8 (Sc, Significant Concentration/critical value) @ Z_#& *c {7 & # ez & T g2
2Ly o By Ky GRIFIE A LR
2. B ¥ P15 5L(2 3 %) (Sp, Smallest Detectable Signal) : 82 58 i% ic F #54] Type
[fe Typell483% o < % ¢ B3 fhapzgamt 2 o
Sc¥ Splie s VHiFa~P~F B HEN) ~ R A HEWNs) ~ F B HepF
s AT HER (% 58> FE - LFHREY DO RE - L4 FhHPE
B~ RBP4 % 587 Scan MDC(F# 4 B 147 1 )75

\
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> MEEScHENL A

BEE ScenE MA R A FHRFAAFEPE - B RRT VEZ RPN
PR AT ORBAE R EFEFLFE AR RT AP e R
41 % > Humboldt Bay & fx . Hdh fo 88 B % 6] ¢ )I‘u’ﬁ Hhmant B iE A o A2
TR P A 0 - FLRUCR 1M 4EE R (Regulatory Sc)» £ DCGL/AL % 452 &
R ERF T QA ARE > B R F R Ld T s TR (R
%); MR D ol g 0 RS M 42 E & (Statistical Sc) > A * F
FESHFIFENRDERIPECHE TR A a4 ) Rk P e ¥
Fatzr i TERE L Mg, » WP ST iR -

Statistical Sc 573+ & % p MARSAME # 7.5 B * 8 it T 28EF p) » * > 2] 2

ETF 3 R T o do ki A F Y 0 B A AL ¢h(Scenario B) il
5 .
il
S, = \/\' = l+-iJ
rB\ B
Npg= # # ¥

ts, te= th AEF F ot JFF (¥ 5 1 min)
Zlw = 1.645 ¥J&a=0.05
ng L=t o TGS
8.=238IN,
oK PER-Sc Rt B B P PE 0 AL IR ATy LR T o
AR ERE > RERS KRB S MBI 0 424 i A R s
PEEfF R RIER K ,T&L{%Q 2+ & Statistical Sc 71 £ P e o

> BV HERGHRSIEHMI A

B ] ¥ 18 P % $L(Sp, Smallest Detectable signal / concentration) =2 48 £, & &_i%k
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EPks- ¥ BXTDERBEFT T BT 5o &5 k B4 ] )
B 5% RE ) Sk Ed] 7 MRIG S Spin 0 ¥ fﬁifﬂﬁ’?% FERT
SHBE T FRRT NS ATRET Mg LRFFHE B Wil
cFBEFAEF ok EAR] o Spne# A0 AL LR LRL L F Pl

AP IR FREARF APHEA RAEF Hoodk 95 T UL R - B
[ ,TUEF LEZXTAEF R TIIHEEFLE P = & RERER | =Soinsr |

(RERNFPERR FRAS P LEFEL%TARE)-

F ik o $SMM&%ﬁF%£—T%%'%Tﬂ% i FE TIRAE I h
B ERERIFERET R %o Mol ARk

% A FE L X (SN i) o

\F‘b

LB m;EHp T
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a3

I3

Spjnse £~ fhic 4 WSk > N A KRB GRS ERELN 4 > R ER L
Sp.instr < Sc
TeniE it R S ] o Aom R Ba A FEMCSES 4 e R A i 5 3 Sc
<

PR L BHRE vhES]

e BRE Sy L - H K ;fu,jf . ¥_MARSAME ’JIF' e MDC(minimum detectable
concentration) > v ¢ FFs ¥ g 7 @ AL (o P)rHES ki ke B(TZE) 1 E
PR OEEERPFET(T, £) RE»FE, %) ERe FA cm)RF S i
&+ F]+(F, @ ¥ A1)

(k1 +ke)?-/BJT
MDC = 5 A F

dof* Pt 2o F FEBY FAER Facpme 2 E D e MDC

& dpm/em?> 571 B EARZHR ¥ L #-dpm 3 5 SIH = Bq -
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@ % MARASME ¢ i@ § 3t chde | 7 @R 5 §ldg cpE s H e Spr LR B
A TocPERT AT R TEEE | o B3 E 258k p MARSAME

# 7.6(equation 1) : (Scenario B)

) ]

s O xS o 7 o
Sp=Sc+——+214 2 —L S, +N fs[l ]

H

Ng= # % +#

fotp= R F B EpE R (5 1 min)
75 = 0.6745 ¥ Jup= 0.25

AEa=B=005-7 t,=tpp¥ > 7 i it

S

p =2.71+28,=2.71+2(2.33,|N;)=2.71+4.66,/N

TEE A A AR BT BORIR g e iﬁ;};t jw'»—g ko v E_B AR
<3 SceniE > $ Scenario B @ 3 0 X RFARBEF R LY BT ofeP
B fEAE S 0 Bt 3 MARSAME & ik B4t = o en2| 4848 - 5 Sc4 t PG
WA NAPEIEH S L IR E o A A A S A
Humboldt Bay & B ek 6] ¢ » & * k-8 7 g8 Pl /] ¥ B 7E A (minimum
detectable concentration, MDC)E’?’W}% ¥ (MDC (yp) = Sp/e ~ ¢ =0.12 ¢/d, ¥ Sper
cpm H i~ #& % = MDC ¢ dpm H i) -

St SpE- BAERF T E I LRBRS 0 L0 BERT R FR
FL Sc+

Sc< Spstat (Scenario B effiv)
TR APE LR 0 B T IEREE & Scht R 4 5 X IES
Rom PR3 AAFE Aok < ] 3w 2 4 20 THEFHEZ A

FEAR) > (B R - BRAATE 0 RGP R AE 170 om 3R] #(Se) 0

ot fﬁl ¥ % 383 3] 170 cm(Spstar) * 3 ﬁ;{?iﬁu{%;) CArE Al T4 (2 AIE
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AR ) TR RBER fo SRR AR SHERDATE TR U
BB 9 F- B %5 ScenarioB .4 S 50E 5 BB L EEP T
4 it 488 m & B3R 0 #7024 A Scenario B #2.& 1 Sp @i?uﬁ W Sc{ B o

¥t c’l o Fla

SOFEP B RITE A R T R R Y R S 2 - R L

5]

Scenario A(Bk i & 5 i3 %)M 5 » %3t Sp Pk h v

ScenarioB ¢74 % 848> H p enf v 5y Tl eb 5 218 2 @ Humboldt Bay
TREFAY 7 AT AKfeBaF 378 v P38 9 Sp #4345 Scenario

B o ; 5 Scenario A ¥ F - B4 ity a5t

> B VR ERSFEFRE T RIBR

Bt G FRES A PE R E 2 Sc«‘fpm’«k/r')ilmﬁ:_'g' AL B
ERAFITHEFIRNF R AT RBEAREE H R R TR
ﬂ*%ﬁ’ﬁSnﬁﬁiﬁi@**ﬁf’%ﬁW§ﬁ@W%%§TQ’%%$

ﬁéﬂjﬁ&¢@mg%iﬁﬁ§%éwmrki@i%%@"

BB LR U G - WRR A Sl R FR RV RER
(Minimum Detectable Concentration for scanning, Scan MDC) °

& F18 Scan MDC » F 3-8 & K7 i jp|3+ #F (Minimum Detectable Count
Rate, MDCR) » i& B MARSSIM eq.6-9 :

MDCR = d' - vr'(ﬁo)

1

d'= 1 pls 7% #x(detectability index) 1?45 MARSSIM # 6.1 # & 95% true positive
detection rate §= 60% false positive detection rate > H & 5 1.38

bi= fFfa RPN A F M

= e g

68



B2 3N g B4 B 4 ] eh Poisson A F 4§ R I F R B A SR TR
FAERRIFT LG EFREEHE RN PPE S o N TP R (5
AR o R E - BEI R

£ 1295 MARSSIM eq. 6-10 » ¥ ¢ MDCR F# Scan MDC :

MDCR (cpm)
A-e-p/100

Scan MDC =

# o
A= #5564 (HBPP # * Ludlum43-68 £ & £ 5 126 cm2)
g= ¥EFF 5 B> (HBPP @ * 0.12 ¢/d)
D= 4k F 4 f %% (NUREG-1507 : 0.5~0.75 » % &5~ 0.5)

12345 HBPP 45k~ © » § % § &:20cpm P> MDCR % 31.5 cpm Scan MDC
% 295 dpm/100cm? » 5k $& 3 2L % % gk (FacFp=05- A @& * 19 71%
SfF g e (TS 0 R FIE AONAPM v 2 o R E RF]V A S
. REFITAAERE D ~FESFR T

2. P45 F BB S S ark B E -
3.AK P L P EGARE/EERENENT Ko

do% FoiEE A B 2xF o i Scan MDC e ;0 v d-H ¢ o B I
#ﬁﬂéﬁ’@g@%?@W$§WﬁWﬂWj%$ﬁ%?°

MDCR #_ik B4 S8 * k& wHFp 5@ R ~FR)T %
FREEC G IR ok FEE S R A >R T ERF2>MDCR A
mAckF BB BN Awk 5 >MDCR F 2 o @ ScanMDC £33 %34 F
FE ST - AR ER DT WRlA 4 BE > B ¥ £ dpm/100em? o
MDCR ## # @ %’%A&‘,éf."la‘*%#aﬁﬁ(#%.ﬁﬁ FR)EHR L FERAN T LR Scan
MDC Z_ MDCR 56 a7 o fFiE R4~ p* K{e Sc(# & 1) -DCGL(*
i ACREDICELE S
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> Sc>Sp>Scan MDC 73 72 * M %

BRI P o Sc P ERPFAT . rBEFRE R T FFLEE
frfk AR B AT, ankdp2 - oA Sp AR SR E A
40 e g ScefAA#H 2 oood a3V T s feSevt i Y hmet A S
R EA A KA FEAIASL '_”‘ & i ? %54, 5 Scan MDC p42
VR RE ~FRER CFRFFUE LA SEE AT Ut o A
DCGL fr#gbia & » ¥ 0% RP| 2 fFda F 7 2cf 80524 % o % 3.15 #_Sc~Sp
% Scan MDC ehf i3 J * $ R & » W= F EF AT DL & o

% 3.15Sc ~ Sp ~» Scan MDC =7 7%+ * TR £

P33 ho P -2 ¥ WRH % FHRILA

Sc FEREAL (2P EE aftdE | fogaTion Mo E P kA
(2% A1) 2 -

Sb d AR BT d kx VB3 & fo Sc FEAXHAE T

(% %) (T # 397 49) | @av 4 FuBE

Sp F#F ey <R E | d Sctzipodai® | & Scenario B 15 | % & /5 4 hipd)

(st i T g A A Se R

Scan EFRHERE + | RBRE»N ~4F | fo DCGL/# 8% | 2] 244 it T F 7%

MDC FhPFFE ETRELE AT S S S #P“JPQ? 4%

X0 A & %44 Scenario B (B 47 &2 32 % )@ 236+ 4

ek = R ﬁ*‘eg%i ¥ 38 > bldew & B § Sp(RF) > Sc
FoagaEl X ad WRRAERELTIREME p & L F ScanMDC>DCGL
%’%ﬁma%wﬁﬁﬁiﬁrﬁ%ﬂﬁﬁJ’=«%#ﬁ%~%b%°$%%
Rk

B&% DCGL = 1.0 dpm/cm? » Sc=0.8 » Sp(ik B)=1.2 » Scan MDC = 2.0
+ -

T -

L2225 274808 LAY 75 #0428 1.2 > Sp(RF)>Sc — i+
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2. H P JF 5 AALE 2.0 15t § & — Scan MDC > DCGL — # 45 # iy % ¢
%
éﬁﬁ%ﬁ%é%ﬂﬁ%&i’?uﬁ$ﬁ$~m£%@~§{ﬁﬁﬁ$&

% o
FLATEER S ok AP AR A F I H R
1. Background<Sp->» “ % h*&a 2 L AL ¥ B3 p RFR X T H¥RY% -
2. Sp(RF)<Sc &G a4 HRITIST T RIEG R BER TR LR 2 g

B E SRR R U Sl i
3. Sc<DCGL » 3+ 2| % Pt i TR B8 Befe > % 23 45 o
4. Scan MDC <DCGL - ## 45 ik F &4 @RI )72 TAHRE B o
5. Scan MDC < Hotspot DCGL > #BEE & P A2 B *t4F e av 4 7 € IR o
TR AT ERA BEOR AT E RARB AT SRR S
X IR g As R T AL
Background < Sp(% %) < Sc < Scan MDC < DCGL < Hotspot
- BEGY AERE S HR 0 U R L R Shdp iR ] B TR
FarterRpFRE T R F R4 AR E > 02 H i g () RRIP

4

e

B~ RERF~REF oo ¥
SRR R TR AR P LR A R e B
2 &1 % % ScanMDC e¥ fc Sp~ScH s BRIENF T B B 7 - L

FANUHRTVEEF R T R EFEBERE REFRDFTEFER
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Bl R iEFR - 2 KB & 316 Pl S
R 52 H ¥ % H = d 2> ScanMDC ~ Sc ~ Sp 382

£

AR - BARE D AR EfoT REF DS E ScanMDC -~ Sc

71



Sp HFLERFAFTAFHEPIHTHRETERAEEFRIFRH ©

2316 AN A hE I S KL T F won 4

T S 2273 F% R ¥rH@ %3
Background % % B (Gross) cpm EREEFE AR
BlEFFR) z % B (Gross) cpm A ﬁva‘xﬂ% BB
Net & #r",ﬁ% FRismE cpm * % 27 Scan MDC/DCGL +* $iz
(F st ¥
Sc, Sp 3 5% BGEE) cpm & EATEF RE | 2T 0l P
# % dpm
Scan MDC 27 HFFCERE) dpm/100cm? (JRL 3% | * kg plE ¢ R
REA 4 5 cpm)

DCGL FHEB(CERE) dpm/100cm? T A e AR
Hotspot ZEBCER) dpm/100cm? SISO E LR

s N

Bl 4547 1 & )
(1% % Ba ™ 44 s grossfd)
> 4R AT R
. J
|
4 N\
TESHME 0 R H XA
H Net{d
\ 1 J
Net{& < Scan

MDC? Sc Sp DCGL Hotspot
Ek -ff_ i
BATRHERE : e
£ 0608+ dorp ot
R BRAR KR

# » KNetcpm

B 3.5 #Fde R[H] TR RS T LW
Bl 35 5 - BLAPRSFHEPZUHFETLELFTLH > LEFHLHF
$5 0 ¥ Scan MDC “ i > 4 3 Miicie 3 = % 48% > a‘r“f”?ﬁ B fs 17 FH Net
B2 Scan MDC 't i > 4o % i1 3 AR B E R 2 7/ > 4o% 5 AW s

ﬁ*‘uﬁ-f’%";{yﬁﬂﬁ » B (B g BLPIE O RIS R & ScSp it o - v AT 2405 4(<Se)
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TREPFI(A ScSp 2 ), ~BE TERFLEGSp), 0 £ RiE- HA
Lo R A R FAAE SRR RAY B E Y Sc TSI ETHILIER
TR R LR RBEAF T2 ERERD o
BRERT > Fh ERE- BREIHBLDOEPR Ul AR IR A
TAGORLE Ry 0 R F U FL - BAHRE > 4 X421 Scan MDC » £ 5 :F#
AR R F UK SRR R & SooSoit i o SR LS BT A
WA APEA o B AR 5 B B E_% Scenario B e 4 %] ¥ > & o1 ¢ Sp H_*+ 3t S
4r% §_Scenario A 1%L > Spfo Sc R R o ERILAR M REF o
FRIALDE > FfEaer F 3 E K (cpm) 0 F i E 4552 MDCR(H i
» F_cpm)rt g0 @ & i H = f §2 Scan MDC(dpm/100cm?)+* > Ao # A h
foeif RliE 2 TR Y dhiE 0 i £ EREE & MDCR »# o { B8R 7
drF ol
. o 7?2 - 2-ROHEEaFEAT G 7V RE D REFRD Kh cpm £ &
FhEMAY $HE - BmPafor sy X3 PRafFL & @ Scan
MDC &_& 53 8 3% # k& (dpm/100cm?) » ¥ 122 DCGL ~ Sc ~ Sp % # # #
AR A ok Bt cpmvs MDCR > E3 R avif T3 37 8, 0 it
Pavg T REARALTER, -
2. FRPFRE - T R HEI SR F AR DB HFFRF ] 25 cpm 0 -
ZABERRAHET) - REFRGCHBT) v PhF e H5 21 A
H 3 Feho (e cpm BB Ar- o B 5 85 o Ak &R (dpm/100cm?) A it s 'R
23 e
3. AR F A G FF AR A0 D AL PR Teb e 27
cpm | > % EE B T @ PEE 100dpm/100cm? | (8 §_Bg/cm?) » #7120 # de
% O H = (cpm—dpm/100cm?) » A i B2 iR PR R e

4 7%+ Humboldt Bay § st b3+ £ B tifafmis » AR FH K
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B BFrdy 82 Scan MDC 2 v fi(F R 8 =) > 4o% > M E3THH
FE o TP BB R AGTEERF 1 AP TET R £ TR D
A3 Sc~ Sp o o AR T ERE P enliciE k-2 8 Ao P g2 o 2 & Humboldt
Bay R i A3 E P T AR A wE peouit ko3 FenH 2 A Se s
P4 > & & Humboldt Bay & By en@ #4152 + k5§ > FERRid A end| 2 if 27 i
*>Sp FlaigB e s 4 &R A3 S ¢ § G odE » Fl5 HumboldtBay T

Foeh§ 1% 2 81 Scenario A i3k iR & Scenario B BB g2 o

3.3.2 # ¢t ﬁ s LN it

3.3.2.1 Scenario A
% NUREG-1505 ¢ 5 |1 % 8% -5t > 2 ¢ Scenario A 1P 1% (& & F7730

BATSem , »m 2 BB I ggeni(Tv SpiB& M ) 2 F X5 L1k AkdsiE
3 7% 7% (324 Type I error,a) | ©
Scenario A K &
e Ho(mEBEX): BEASLEE = Sp(BPHEAIIFT L5 7 f50%)
e HAHZBEXR) HAFLEE < Sp(PBIHHRAZ A5 L g il iF)
Fli v EXRFEALS LG A RS AR AL FL E - B
oo BRI AT IER & S0counts > 4o 3.6 ¢ LW AR k40T TP E (type
[Merror » FFHF0E 575 ZL)#| TM4ETE Sc 1F5 1L & ik o

ts ts
Sc = pp — 21 ;3\/NB—(1+ )
tp tg

SR RIE ARG AR F)T 2 Sc(R R R = RIPEE R RN RSP S
LR~ X 4573 chim ¥ o (K tsfr ts=060sec » IHF-£ B3| hF F & Np=20 counts)

POREGRIT AR A §ARE (EACE » SN Sc LR Rl B > R A

P& Sc L M- & §AAREHCE > L& Sp
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SR )T A R m & BRK Ho(BR & 5 3 R )i S ok e 0 Al g E R
S| G Aoadd & o 3 Typell error 0 @ 38-4% 7 7 FERE AT FLOET L
3.3.2.2 Scenario B

Scenario B e p - E itk & T Sp 3§ | #Fi AR TAEER NS
o L RD 0 AR A B0 2 SoRRAS R Blde T fm S Ae R SIS R eni i
PRI B M AT DR A 0 7 FacE e A ) 5 73 R (44 Type I
error, B) | &tk B

Scenario B (3R &
* Ho:#HA~AF24ER = Sp(TrigicE)
e Ha:#h+A3F4AER > Sp(T#HiTZ)
SRR AL AR FREFE TR FEFLE A S TH RS
AR AP RRERALIEF A Spe

Plde s T GG A G f,g A 11a=0.05~B=005FEnF %5 5L AT
> Sp = 1,000 dpm/100cm? > & {7 H k¥ P) > £ BRI EA2E Spt H B8 % F & Sp

LR WHRE AR R A

Scenario B Error Regions (o = 0.05, B = 0.25)

0.401 —— Ho: Clean Material (u = 7.0)
0.35F — Hu: Contaminated Material ([ = 9.32)
' --- SC (a = 0.05)
2030t | a: Type | Error
g B: Type Il Error
o 0.25¢
)]
20.20F
© 0.15}
o)
o)
a 0.10f
0.05¢
000 [ ! i i 1 | i i

4 6 8 10 12 14
Measured Net Signal (cpm or equivalent)

) 3.7 Scenario B “t -3 17 Sc ~ Sp B L B R -
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w33& ¢ A e GRiE S Sprh AP R AL & H Y A E e
¥

7\ 5 ¥28 7 Scenario B 8 5 413 B
— - T rs 5\
SC__].-Q’ J_\B_ l_}__J
'rB\ rB.
S =Spt iz, [R5 N, 5145
p = ¢ - S TR
2 Gl
FIHE geEeanF B E S IR ST R E NpeAa ® 5 g el e - B

28 %o s 70437 d Scenario B T B4 Sco B 3.7 ¢ 0 = iplend ﬁé{&#;]ﬁ{
R BRI ? T E (e REL(15) fita Shd AT F 8 F » 1
HANETE Sl d mMRA(Ka=0.05) HENE 8.6 L i EF R
T EH - BRASADAF 0 REBATF A Sc zRIRFPEF - BEFRSE

AT R BT R F R fE e 25% (KP=025) pBEES LA F kS BEIIR

B e
932 eniz ¥ o g8 0 A b vt ScenarioA F A IEfE o HErEHR S (= F
ﬁ fg’- »l )} 4* rk Lm% Py‘—f (X.T;}' ] % ‘-’T"Fﬁgﬁf SC E /""\SC ’fr’ Lmﬁfb

R AR SRR T L TR ST

> # Scenario B ¥ alpha ¢% &

ﬁ&%‘] 37z F R AT ARk > v E- BRFER D Fehs F AR K
FA g EORELEF ERPFFEDERE R > Aok B P RKF HE(> Sc)n
PAARL S AR A R ﬁ}{— fade §EARL 5 5 4 eh4E3% 0 1 Scenario B
;’i’:'fgii';%‘f%&{%%? Typel 4535 > » TJ%KOC o

FLfddo  FHRERS AL, OB R FRERTF AT
R~ A TR
> f Scenario B ¥ beta ¢h13%, &

=

% ScenarioB * > K F H ERlA B F F o F g Fofd Scr £ K _ScE

78



=

- B RNBERANFAAT 0 AR BT LSS R BB ER LR
K& AT R iE AR @ FIR R )3T Sco AR 3 REE ik A AT
F bR o T - fide 5 A AR 5 g0 P8R 3E > 1 Scenario B ﬁ?'ﬁ‘ﬁ"iﬁl{%
e Type Il 535 > » oA -
F]#t % Scenario B enfFB 2T 0 1 F M € LLER(F L AT ) Mk
"B ENHE 0 AR R edpth o » AR w1 & R o
F 7+ MARSAME ¥ 7 oo = FHMEAER #3502 R E > o=
0.052p=01~025>F g Mt L5 FURAPLAL P (LRTRELS ) @

L BAF Ay 2 R el

3.3.3 MQC & * & i % e 6

e E R SEF P EMQOs) A & > MQC(Measurement Quantifiable
Concentration, MQC) & - 7 € & 4o 1% » & AR & HF7ic 53 ¥ LT E chd 143
B ER A AR RBf S 2o @ p R B a4 T p B s
K e MQC %{réf‘liﬁ TAPFHRE L | T8 e | ff 58 2
B E R oA - SR PR L S 10% -

&R B HRT 5 5% MQC # a4z DCGL th& f ¢ 1+ MDC & £ 55
£ 5 v R AMDO)ER 5 0 1 %8 BAEE TE 5 4R MQC)
v AT E F EAZE T DCGL - &7 & & ﬁ”é"f%’%‘] BB (T R ARIE L o WATIB L R
35 » MARSSIM #2022 # {4 /a7 -} rgig 37 H ¢ if 3 MQC i& % MQO #7 i
- g R

Bk 2 MQC 7 it 5| 25%4n ¥ 4 FE TR » % Bk 3 0.2(20%) 0 Bl £
PR S 10 2 48(600 §)) > A€ 5 1 m*(#FH %) ¥ Uk E I MQC #1 3 ehiE
HN) 5
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Relative Uncertainty = <025 =N>16

-

N+ B
N (hed % B ERF > & L1E)
732" F & 16 Bk xE H(netcounts) ] s :E 3 025 A T B P 0 &
FUREHBEOEERE
Net counts = A-€e-t

N 16 16
A= 3= 020x600 120 ~ 133Ba

ok F P EF N LE(BERFFES Scps) > i 10 ~ 458 # F 228 B=
5 cps x 600 5 = 3,000 counts > F » 2 ;¢ ¢

v N + 3000
N

FH BT MR FIIN=2272 0 #71U

= 0.25

N 2272
" et 0.20 x 600

— 1.89 Bq

ARreaged e TR v RAECNER  ES TR &) T
£ TG D SEHE (& MQC<DCGL 7 5§ # #5F -
1. pd % % (Free Release of Material)

FRAISFREATTUENPY S B BRI EFHE LG
B REPHER > DCGL > @ 257 £_Tip[% 3] o 0% 2 iF 7] MDC < DCGL >
e § R E A0 2 A B2 3] DCGLe .  i# #F 8 - % MQC <DCGL >

X R E 3 DCGL ® & MQC 2 > ZRA S cnficdp .7 AR 5§ 2 2k
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3 o
2. Ha k& ¥km E (Final Status Survey)

MARSSIM = ;23 ¢ » fclass-1 & class-2 B3 et & > L7 & T8 #icdp &
AT A AT (bl4e T T30E - AP R ) FEF TR S (MDO)FR A &7 &

T_E B 0 Km 2 37 Signtest & Wilcoxon Rank Sumtest » F]ptigtt H-& T o fx #

MQC ] DCGL’EE‘EiT#E‘fL&ﬁa)TAQ\?%
3. FERAAT RIS
# & it 7 NU (Non-uniformity) correction~ ;8 & P F gri=m H ¥ 5 & & |
A5 FERAE EPRORRER L AR AR T MQC 5y i g
T S S
B PR E Y BT R R T U
% DCGL % » 337 & Berdfp4&r > 7RA T 5 a0 R 2 5 200 chfFw

AL e 1 0 @ MDC &2 o

N

RE A FLEFE N 5335 MQC < DCGL(b4r2t £ R E FFR ~ £ %
BT RE) )‘I&‘»E‘E RELE7TRAEDR -
S, TRBATEMENE L AN B AR KRR EFL @

AP FE R E - MR R e B/ a0k § 4 - DOEEPA & i
QAPP(quality assurance project plan)df £ & 38 & R w 4f 7 F B (228 ¥ ' <MDC )
ér%?*ﬁrﬁ«PJgnz%nng’)j}gJ&_ﬁ,; WL ER )I*g ERAFTAA Ko
#11 MQC < DCGL £ & e 4 -
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334 B4tE Sc> REE | ¥ R7ER Sp > Scan MDC s4p ¥t 227 F 734 45
3.3.4.1 Humboldt Bay ¥ fx 5 Hd & &) ¢ 7R 2K 84 47
# 3.17 Humboldt Bay & o5 4% @t ¢ 0 34 & Sdic
Ng MDCR | Scan Sc Sp ¥ et mBR ERRY
(cpm) (cpm) MDC (cpm) (cpm) (dpm) ¥p
(dpm/100cm?) (dpm/100cm?)

20 31 295 10 15 128 102

70 59 551 19 28 235 187

120 77 722 25 37 306 243

170 92 859 30 43 363 288

220 104 977 35 49 412 327

270 116 1083 38 55 458 361

A 4s Humboldt Bay T B S H4h H 1k ¢ 0 3 & S8 7 4 317 ¢

‘g JLE’J1~§

PR - L EE

ﬁgzé‘_ fe %E » e

1. HBPP#* ©

SRR R AR

F B

- 1 B 4T L MDCR #* Sc~Sp *
e o
NRC £« HBPP 2 3+ 3 ¥ 5v o Fl4o T .
AR A4 RIS R

,1—;

PAE

4 T B4 B8 428 Sc e
AhAE AR Ty

7—"“ ﬂ'\f‘ﬁ

HBPP < i@ § F # B P [ #f %% &7 5 3 mA G112 (qualitative) > 7 2
RN eI Rty B R R LK FE IR EGLF RAR R
P fe )4 2 St e £(Sign Test 2% WRS Test) et e 8 =~ ¢ o i oF §# 2 ¥
R A S A SEALE S Aok CE T AA B R > @ e - Ry o
2. MDCR s+ 5 =3 V& 2hf 2 R0 - @ k43 0¥
NRC 4= MARSSIM/MARSAME #: 4 %% MDCR & 7f Bcfe | 3t Sc» 2 P % +
Frooom E At —;—,1 o PP H Rl 4 T H DR IR TR R iR R0t

P Fpt > Tig MDCR ¥ 3 » ¥ & AL F LHILHERHFEIT LI E
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E T ELEERIA AT -
3. NRC { €4 & ¥ & B=r & N @y | 132>

HBPP &% chyt o @25 > R4 25 #u03% £ 5t (d0 RESRAD # DandD
BADfr = R3S B E R ONRC § & - E 8T 7 & 7 4238 25 mrem/yr |
PR AR g RS R RE R AR RETFREIT A T
Fffis 2 800 24+ 3424 o
4. NRC % & i@ i £ LI+ g 3 TLenT gF

10 CFR Part 20.1402 ¥ #% 3| A& "4 & % chfFn ™ > Fpt oh Fend| £ 458 5 ¢

B £ F R o R E P A oE R £ 7 A28 25 mrems (0.25 mSv) o

t.q. ~
.

-
-
bt
3%

W FHERT o RAEEH ERE Gz > @ & MARSSIM ¢ 2 P Ei«llp
HoTH A RREELOEE S FERAF RO GRMLF R § ERAE AR
AL R e p - HRD T AFHIER LY B ELOEEY 0
Rl A B > Fart NRCHE ¥ 4% T 2w & RR|, 58 (4 2 ALARA #
)Y PEFT B (HFREFRDFRME ScF AR %I 0 Zhed His
FEGr TR AILEBAE AL ARG AR TS Y N fjﬂ
§ 715 8- MDCRAZH Scjt 3 i M7 2
LipE A AR R T FAL 0 NRC #2573 22028 24 0 1
Flend h bR KT B 5§ R EE(MDCR>Sc # # & B iEF iy o fETT&LQE‘l’_
PR TS BRI ARA 0 @INA R B T R 0 RE Rk
FOFVRARTALRRHT §R S - AR R % -
hode 3 E WG FHEEGR T AT BB e FE
I, e KRB 4 %FE L DA MDCR & F I Prdt 587 So/Sp vt ¥ p o
2. ®ATHRIPHE, & TEHERE  HR PR EARS S 2B
B R

RS S LR s

4

P
&
W

S SN Al - A 25 L
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Bl FRSERL)
4, ﬁi@ﬂﬁﬁw%ﬁ:%ﬁ%@gﬁ%réwﬁﬁMmm>&’ﬁ?§$ﬂ
P AR B p o
& Kk # HBPP # £3+4 ¥ MDCR>SciFg I8 H ek 38 7 40 1% & 0Bl ac
PR AR R TS AR E MR g 2 e g BUAT 4] NRC
FETERTERD | RJL > T2 A F M BRE REP R RFARAE KT P
THRBEFE D WL AT TR TRAARTERER LA &
TAEBMFAPHEGE g kG R LT -

3.3.4.2 Humboldt Bay & B % & ¢ ¥ & ¥ & & F#+](Quality Control):h& £

. Humboldt Bay MARSAME Structural Steel Survey Package (HBPP-SS-001)
¢y I Bk B8 ST 4 41(Quality Control, QC) e & F4p % £ 48 o

ERBHA G ¢ 0 4y &R * HE Ludlum Model 43-68 15 iR % (100 cm? f 48+
B3P~ adF BR) 0 45 e R 8 2 B (Ludlum Scaler) » 1 B sc 4 JR &v 18 ] & A% g 13T
Scan MDC 5 4 » 4 # B T v MDC & 2 -] *+ & $317 5,000 dpm/100 cm? (3% {7
EE)VUFE R FER AR B Ao (i k| F B B 20~270 cpm 3+ & shscan MDC
F#% 295~1,083dpm/100cm? » ¥ L & A BT RBALERAFETL 0 LA S
SR AFE T B(>2300pm)T L MR ER A GRA ¢ )

HHRFFFHR R o FEHAFIPLEp R T &2 TR e g

" operability check | (3% {71+ # #)%? [ source check ;| (1 iFip|2R) » 5 i * (& p]&

(post-use source check)? & ¥ > 2 R B7F % P g LT R > 2 &0
X dp 14T ek RAZSE RCP 7-U2 # i7(leiz4 HBPP pfRehig BRH%BAARF
poaw A Fard EHPNF 0 JRUEZE NRC 49 M2 - X)) o

EEF B TR T S G 0 o e BAREE L BE Y =y HBPP p
ML THRE(2 2RAPAFY > k- S NRCHEER L £#8 L E- )
%3jﬁﬁ£ﬁ%?ﬁ@%%%ﬁﬁéﬁﬁﬁﬂﬁi“’%%éﬁﬁﬁﬁ
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(Control Charts) » * ki iR BEH L MR B M > 7 o5 PlE TR DL RS F
Ea PRy FE - Sc Sp(& Yp) o #77 Fh BRI L s~ F FBIE -~ source
check & 438 3 iz 42 & RCP-6Q 73

34 Zion BT RP TR A RIERBAY GRS

3.4.1 Zion T i1 ¥ #

Zion 1% T Ry 3% £ R & 4|3 = ' (Illinois) =1 Lake County » .37 % & 197 (Lake
Michigan)end f-3%+% 7 B¢ Commonwealth Edison 2 # (3L 5 Exelon Corporation
3 NPV FEY  DEREPE LR R - o Zion PR iR R 4 1968
Eooror 1973 EBAH EEY o RE G S BRKF BEPWR) A3 Zion
1 fo Zion2» 5 B F RESF T4 95 1,040 FFLMW) > 25 T it 4 5
2,080 F X -

Zion P RMEBEFHF S IR 2 B F0 RRET A EIF0 R T

FERE o Ra o EEFREF S > T Rk i &b
(I ﬂ‘i‘%ﬁ”t A b P (TR G TRl R > Zion 11 T B riE g 1F AR

LERPAFE L
*

o

& 1998 & pF » Exelon Corporation ;i Z_X A i B Zion % 7. g °
oo R R AN ER R T BT D R A P T g
Fr@E A AR B A o b PR R E R RS DR A Rhd Kok
o i - A 4 A o F]P > Exelon AR b Zion 1R R i Y 0 B AR

413 % R Te e Zion PR RCIM B 9 M S RPA - BERMITE TS
A FERER RO T R - B P T H ?1&“% o s g
R P RJIL DR Lt

Zion % 7. 1 m"f {1 i¥d ZionSolutions = # § 3% = & &_EnergySolutions

»

3

5

= N

2
PO EPEEIPETR m"’f (e B4 B 3 4 2 o ZionSolutions #2 Exelon
B3 EWER 0§ F Zion PR RhR G kR (e Zion PR Rurg R TR
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LSRR AR EFT BB MR
(1) Bz RE A% el RRM P E o § e F nlF BB B for 2
B% o Zion 1T RN B F B E ¢ P RIS SRR R T B R

BAITAAr o W B ERAAE S P55 3% %% (Independent Spent

>

Fuel Storage Installation, ISFST) ® & {7 @ Hp 2% 15 o b — EARFE 7 % 224l eng
rREF T A %éé,éé?ﬁv% e fEglid T A B g i o
2) & ffu"f 5 léi’:}‘r“ﬁ% DR kA v 18 > ZionSolutions B s ¥ T R 0k SLfeR
%@f%ﬁ@£°ﬁ?%%§ﬁ‘§$‘ﬁﬁhéfﬁ%ﬂﬁ4m¢?’”
HE O PRAER SR FAREHITE 0 @

FF RRBERA FEETAS R L RE L A% BT o SRR AL

«._\..
s
S
e
;?%1
22
e
8y
€

(3) *rEHLA I R 1 Vg ALY A 2 i P 2 R
AP AREEFNEFABENPF ILR T E Tl > 7 FRHEEDPF (P
FL) B s ks A ISFSI ¥ - & F R kg B Al 2 % o gt ¢t > ZionSolutions
R E PN 02 o ToREF T ERHCE S 0 MR G RS TR
TIHEHE P o

(4) BT txip e L 1% Ak 1 TR = {8 Zion % & B R T BB T IR B RAR
THBAKPL TR AR A 2 F 1 E R TR GRIER (e
SHAARAFTH) 2o

",f (AR > Zion 1% T R P R ALH ",% vk “fu"f RS Kl Il A

£
Bie™ o B~E0

5 %53  HEFRE TP AH AR BRERY mﬁﬁﬂf«frﬁ,\amﬂ:;gﬂtﬁ
B30 Bt > NRC #2332 ZionSolutions = & & [/ = = 7 &k m“,lf LA iEI A

J%‘thﬁ?“ﬁﬁl £ 302023 &£ 11 * 8 p 8 Zion {27 f 2 H B+ 3ne 4

ot DgiEidfer 2o )b FeRF 3 ® B A F 0SS R MO NRC g 4172

24 NRC News No. 23-073, Office of Public Affairs, U.S. Nuclear Regulatory Commission (2023)
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@0 52 NRC #7 £ #3580 3 2 F %532~ % hF 404 « BAAL TG * @3

FEE TR (N5 o)X NRC 92Fv T ¢ > @ ZionSolutions = ## %

o "$ 1 vz {4 » ZionSolutions » #-%* i ¥Rl ¥ 35 K F h3 R =
Constellation Energy Generation = 7 % 5 i& - ] 3.8 5 Zion % % Bt "f i~ f$ 5T

REIRR o R h SRR G R 2 ¢h > Ho AR sl @ i T % 2 (green field) BT

FEERRIELH B D

® 3.8 Zion % © 1%”1",% ({8 PR AL IR

(8 4w

(Fﬂ«‘
A
2
~=$
S
3\

%f}ili’t";\:éﬁ m“f SEGEE SRS S
Zion ¥ % B0 M&E el + - BMAEERE 31 M&E ¢ 3£ 4 ~ R

3

%ﬁ\1£~a%\ﬁéi’vw RO DRSPS o0 FlUtF B R e
SRR E 0 AR RH X i@ﬁz‘ﬁﬁ%'ﬁ@f%ﬂi@f‘#?'J’** ° % I Zion

2 https://www.energysolutions.com/zion_nuclear_powerstation _decommissioning_successfully _completed/,

EnergySolutions (2023)
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MSE%W“Jrﬁﬂ~%%ﬁi&%ﬁ#hﬁﬁ$?¢ N &
(ZS-LT-400-001-001) » 3% 42 & % 4% i % MARSAME £ 1 B

a\
%

e >4 ID -
ST

LEqic'M&E m’J’—r._'g:f"” Vs RPN R R A KRBT M&E & iF 2§12
&

Frie® kBN A B

342 M&E B 4 1T¥#&5 F (ZS-LT-400-001-001)

fe Zion $1 L R BB B 0L 3 PR S s ¥ T iGE ZionSolutions % 7
BEA S EROR SR ER R R ‘“*&%ﬁ@%@ﬁ%wﬁ&
SRR e 7L F gl v S AR KR T /fém#ﬁ‘*fﬁ L*%w%‘rkfﬁ
AERAL SR FIBR AR FEFFET LA b i RE e P B
Jp MARSAME £ # % & sipl £ 2 2 8 (7 @ iF H fag § 419 AR & w7

3421 P g

HFUARR D AR ES PR R FRIEHIT LA L TP % M&E
BAl R TR RS AR AR W e T AW c(de M&E 58 § 2
F% )iz AT A BB R MR EEE T HE AR
B~ k2 A 4ERedE MEEE T8 & a3t ~ 85 ~ 524] - 376 2 sedhip
MR 0 S S (2 9f MARSAME £ 9 3% i chdy R 0l @ 41 20 12 & 3% M&E
RO R E A G Zion PIT RN EAFRR Y Sl E R

3422 FE4a

F1 s M&E 557 MARSAME /% 3 % > ZionSolutions & = 7 3 4 B[} 22 4p B 1
F‘ o B 3.9 #t77 & Zion ¥ T B M&E B A & 1T ¥ 2 .E'_.f‘%‘ii,‘iﬁ#&';’jffl}l » &
B%k. 'm:,Jg,F A diAeT

26 Unconditional Release of Material, Equipment and Secondary Structures, Procedure No. ZS-LT-400-001-001 Revision
3, ZionSolutions (2015)
27 Zion Nuclear Power Station (ZNPS) License Amendment Request, ZionSolutions (2014)
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(6)

(7)

D&D/*& 1 g & $% . a‘F, i 8 ﬁ? 5 & ‘T‘ i~ (Decontamination and Decommissioning,
D&D)/*5 1 BFf > 3] 3 8§ S s Rl AR AR TR A R TR
HE o FEAEREH S FRE L M&E BT KA W”a“"r“f_‘ EHERE o TR
H A 2 B A 7/3 B ¥ 1k (Characterization/License Termination, C/LT)-|
ARG o

P A BB S L (CLDEIL : FlG 5 o0 AR » FR3 =0 % Rl -
ABE L MEE SR RARBFLETAE > UE X URE FC K P Zion iy
BT AR R R o 2 B B AR FRE &
B RE g PRS-

2z b4 7 3£ 2 iZ (Director of Radiological Protection, DRP) : % a3 &4 % % » ¥ i

—_— ~

B RS AR R 0 M&E R KRG A454 - EE
£ Zion ikl 0 & & Zion Bk p E£ATR Y .

Rl

R

=f

4=

MARSAME G352 @ # 73 Ffoit AR5 o FE R R p 2005 3 4 % o s
RPlgte ~ kM2 L3 M&E B2 K FBF SR G > I AR fuak e &

Zion frht P EATR F 2 W R X3P c BFER O RFAAT FLANAG L

FEEGA ARSI L Sk MEFHC A AR L2 L2 MRE TR

Heng i ML E G

ERkEF Aﬁf%%iﬁ*iﬁi‘r’MARSAME‘ 25 R sgf?“fﬁh_P\ M&E % 7 3%

Bl AMFERPREPT XA DTA ALY e BFEXA TR R

W R o R R TER O X o

IFRF2EFELEE IRBIRETEL 2/ERE T AR AP ER o

EArP X 2B FALAPBHEPTRE > URELRX 2 o bldr KR

PHREAAF -BZTE X2 IFFT oONEINZFREFEE -

# 2 %5 32(Cold and Dark Manager) * § F fcd> 554 ~ & L% L3 M&E # 7T %

B B 47/ B % b (C/LT) | s 2 i fe -
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®) BRFFELRE: f Fn T3 B/EHEHPE 0 mEATHE HF
(Radiologically Controlled Area, RCA) 2z 5434 % (Radiologically Restricted
Area, RRA) i ({25 # 4150 M&E 8 2 3 # (a8 b2 o 1 & Lo

(9) =4t 427 (Radiological Engineer, RE)/3.3-4 ¥ (Field Supervisor, FS) : £ F %
WA an a3 VBB O RRR ﬁxﬁ&AXﬁNmE%?
FEFAE - RFEERY EPEHREFEFEINEL  TREFRER T T
“ % chdo b T W R R (MDCs) o 4 ¥ B A /5 ¥ B R A
(Characterization/ Final Radiation Survey, C/FRS)# v+ B H-RAA/FH TH &
ﬁBEﬁiﬁ%m%ﬂﬁﬁﬁﬁﬁi’i%m%&%@ﬁ%?ﬁﬁ eI
HAE R SR BT RARAP AR TR L WL AT
oz 7R U PG R R s i B NORM)E 3 Busm 2 &5 4p M 2 s |25 & o
AER S REERIRACHE  GEF T AELFEA AP ES R A
E I I RE I F =5 5 - | ﬁm‘*ﬁé g ELE 245 M&E #7T 3% & g gy U
L NN A

(10) kL B 22 3% PR ¥ 1k 3+ 4 (License Termination Plan, LTP) £ 4% 1 A2 7 @ f # ‘&

4
=)

o

MARSAME # 23 3 2313 F3ci=® - f B8 MARSAME ## 43234 % 4p i &
¢ > (2 ek Rl o

(D) #F & 47 /5 ¥ §§ 533 & (C/FRS) *x & f# 3£ $ ¥ B (Radiological Protection
Technician, RPT) : 139555434 4 2 ApM et 43 d ~ v d e g7 REFF
g St o X s b o S T R g i f BB R4 e
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B s =265 (RE)/ 355 & 4
(FS)

HoFH AR S BB L 3T &
(LTP) % 3¢ T #2 &5

451 #7198 4 5k (CILT)
3]

B AmiELEeEE
(FRS) #4¢ by 3% $4k B
(RPT)

B i (DRP) iz
B\ ARSAME 2
D&D/3 T L
%) 4 3% )
S REEFAPIALE

#% % 42 3% (Cold and Dark
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BEHEEEE

3.9 Zion P+ R R M&KE & i 22k § I & ¥ 2 m M gs FEha

3423 13 %3 AR HRiE
1RFA
(1) RER* &7 & % 5 MARSAME I u|f ik B 724 - k82
M&E svje i & 2% 8 #1906 - RS i 8 LMDC & 4 4 it % %0 @ 35
U3 R IR
2 CRETHEFEARMHPER TR T IRESHE S fE M&E @
R TRy E 419 & (URS) -
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(6)

(7 *

(8)
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(1)

)

3)

RIVFE AR AR AT B S fE M&E AF 5 a8 R
T S BEMFZITTATIFENFINNEG /B 3T A R T 0 F 4P
M P fF 42081 F 2 Zion % 230 A2 IR L AR S XK 1 2
% o

FPELAEXRERPIFE» 2RI TRLErRPIFD > FEPHME T
AR IR 'f,—"hﬁ‘uﬁﬁﬁ BRI E T 8L

A B R RIT  F R N M&E AW R > T E R
TR TS TR AT A 0 R %5 S EATH B o BL TN
Bliad A 4P FRMGEAT TR A 435 -

RAEEGEL CFAAEBAAERNRF L R AR > B SR
F o SR T andg S Rom 2R

Fapddind] - BERFRRF RN AR QIR0 RO R FRIE Ok
B B igst uaE EMDC & fo 2B 7 - M&E # 3 M4 § 155 %

%k
B N B s 2B Y R N R IR
F O g SR (Ao~ R fR S B % A

CEAMAE R R L ACEH AT R AR Rk s o TR G DR F
RO S > X h e i T+ 8RR B -

asd

S R AU D F R LS M&E 73 2 E T T RuR B e
B h o 2 H st T 2 B R A > I3 @ AR Sl
WIS A2 F RS B RS BT A 76 R AL
FEF AL IR RARMOCHILT A o F i F R RR 5 4 Al
BRI ED LT FH P P rEes T E MARSAME 52348 o

.\ﬁ

Pk B g Rl £ o0 MDC "4 © 4F45 52 58 8] £ 0 MDC % # 426 NRC LE.
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Circular No. 81-07 sr4p g2 &2

(4) #3# ol : 100 dpm/100 cm?

(5) ## BirlE 15,000 dpm/100 cm?

(6) ¥ #*% a5 % :20dpm/100 cm?

(7) ¥ 4% B 5 % : 1,000 dpm/100 cm?

(8) BVRE/i% ik RS A A 47 MDC "Lt @ & % o & 3 A 45 FM/5 R PR A S
p¥ > MDC 7 {8428 /T 4% 4 5 MDC *2 & (4v Cs-137 *2i& 4 0.18 pCi/g) ©

Q) R LR A7 MDC "UiE @ @ i @A RO M E R > MDC
7 #ARWE K MDC *Lig (4 Co-60 *2iE 5 0.015 pCi/ml ~ Cs-137 *2iE 5 0.018
pCi/ml) °

(10)ysc FHXF &> AF] DR * v R FHALEFLEALATTF L FRY G
ISOCS/LABSOCS = i 37 e ip S o % &3 8 P S vit R &

BRI e A i

(1) RERELSKE D TF P WP AP HRDORELT LG F 12 Py p o &
A L

@)gzuﬁmwﬁrﬁ¢uﬂwﬁﬁﬁéﬁﬁ&%£%*%?%ﬁ@Mﬁ&’
MR BRRFETAFFFER L IN LSy I

(3) & Breniarit | i QA k& B v mET £ .

4) hrEfzd  AFTRHEFCRELAFEHNLT > S FRIT NS S

(5) 2tk i T M&

tr
i

Dhedd B H A ARt Al ehie sl M&E
N SR NI

(6) M&E ek 13 & B A N cnM&E 8 o 12 40 M 8 0 ik 2 b3 ek

28 NRC, “Control of Radioactively Contaminated Material”, IE Circular No. 81-07 (1981)
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FB B E AL EATE R B D&D Mg \a‘ﬂ&;’# WEAW (B E T
M&E §# 245 10 58 ) o 47of R e A (MEE § R AT HR) -
(7) ?Pié/%;j‘—l "?’35,‘5.']1;,{:13: f?ﬁ;’}%ﬁaﬂ"“/?’b:’\'?\! mlﬁ Egglf%o

3424 A LAERE
Bl 3.10 5 Zion 1% & i M&E & ¥ i {2 frg #1133 & (URS) i 428 » 34 41 1%
e \3 ia"ﬁ'”ﬁ F$§ SF;EE? ﬂ;J KF)% El)‘l‘%. ‘*JL f’rp}izl %%FL]P ﬁ’\ %

RSP eV S R EE I 2 BN

1. AERIXEE

3. HIEREE

EITRIS/BEIMAR I

Iy
&

. A EEIRA L EEZ

7. BIRGRRIRE

1 3.10 Zion + % v M&E & i i* fa'k § 414 A 425

SRS
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“TF {3t F 41 % (Radiologically Controlled Areas, RCA)2_ #F » & Hin % 47
FET LR R IR DR SRR S RS AR HE R R ZS-
LT-400-001-001 425 & 3& {7 & i * f2'z # 4133 4 -

AR #H T A R AEFE _**#;}%Kﬁé 2 jp Bk tifciesE M&E # %
20 A A 4TRSS L (C/LT) L e 32 % BB AT 5 1 427 e 22 0p
7% 22 R(D&D)/ % 1 Bl H Rk ST AR 0 R B F AT Y
M&E i£i734 4 o

MARSAME §32 51395 7 & F * & 35 10~ ¥ 41(Access Control) » 12 f# 1k &

BEFEDIR FL o TRAFZRFOESERE F1
BT TR EMDN O B 60 AL REDN T SRR
RAPGEDFIE BN (Ao BE R HFEEHR) 2RI ERLTF R
RF RN RGP M R Al LTF R e
2. BRAEDARF/ B

F 4 D&D/%1 ] e fd HREWAF LA ARt 12 T sl
BT ",% *h ¥ 3% , (Secondary Side Area/Structure Release for Demolition)
L7 AP AR AR R S AR M M&E ~ 4708 p I~ T R Bl
7 ~ M&E & ;‘M% BE o LML L HR G AT/R Y L (CLT) | e
3 MARSAME §32:8 (Fg3% 0 ¢4t > C/LT /] e B4 3 T B J’“fﬁm PR
b S C N 1N R PR i e WAL T RS et 1B/ L el

FF 0 D&D/ 1 Rl At g LRI A RATRE R A B £ TS 4T
e ¥ 4134 & (Pre-Demolition Release Survey) e ¥t 4 » ¥ frde g £ 2 2. T =0 ' ] &

B/ H#H 22 g 41, (Secondary Side Area/Structure Turnover and Control) % =
B OTRB T 2h e £ a1 B l%%%“f"li*iﬁ%'?'me fedrdld w2 i
TER-FF R A 2 S MARSAME 532 - MARSAME ‘§32 Jis % 4 2

ip A §F 0 ARILTE R A HEE B 0N MEE B £ & R HD S
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*{f‘l’lla-l——”l”j‘g—ﬁ%‘m'\?lETF?}T%J_F%E‘L%'\?I g v oo
3. ¥ ¥R AR
a)ﬂﬁ%ggﬁ&ﬁﬁ&ﬁfmm&wmﬁﬂﬁﬁiﬁﬁ&@%mﬁﬁlﬁﬁ

)

3)

4

(RE) & 1™ % [y a1l e “‘Li :

BB ATE IR 2 F T BER 2 4 U R X T 2 4
T A AR 2L A A G BT AR AR e
x5 -

e GHMPATE L e ap it g o

+ M&E & if 3% § 413 4(URS) & ¢ - & M&E « # % M&E -

BEFLEmEE s R RE)RERIRED L ® E %5 (Survey Area

Number)z ## & ¥ = ID(Survey Unit ID Number) » 2= = MARSAME # &3+ 3%

il i drs B T ALE A D T RRE Y DT A HT BRI Ao

BiRAAE AP iR 2R MLG PRI ALREHRE > YT RF A&

F RIS dri - A F TSR MEE P @ * PR A F R T ok is o

34 MARSAME 2+ & %5 % S doft & 3-1 cndfm B 8T o

AW TR FARE Mg M&E R FE 2 G AR (Process

Knowledge)  ##fc # &£ F ¥ v 3 F & X P2 bfid 5 4 (4ot & 3-2)0 # Fpde™ !

o iE{TILI(Walk-down) T &R T KT ZH hhE e o

© FEET A REP e M&E A B o

o WB|MaEsfiifEs HAps o o

e TR ATE 7w 25 % (Volumetric Contamination) =¥ i {2 o

o E:id v Y

e s T A_F F 3 7 @ w P £ (Sentinel Measurements) & 3~ I B &
(Preliminary Measurements) o % © 34 {7 » P|3c4rii W5 2 P& =

o

-1
EIRR AT RBRF L o BET X 2R TELX RN L R

96



B Tk T AT (Aot 4 3-3)

(5) FREMEAF HERALDE G /ML /0 MR T E
Mo eI T RELA AT R T A /RN R G DT ETHE R Log kR
FER ek T B o 2P i BB EN EE v R A 34) o

(6) o ptErtr P LA A DL G A2 RS R .

(7) reB B AR T RAE RS UT LI 0 4ofifd 3-5 9771
* TEDEVEIER BB/ AP TNEL G G o
© HERAVRAT G EATFEE T RS > AT F LT ERY /BEF

ggﬂg@ﬁ o
o FEEFN AeiE MEE 57 - g 2 =% o
© HIRERFBPDRTERFMA -
* JTERFEA P FRADRHE - LR M&E 45 o

e BELHRFEIFELTE .

FE X M&E e 3 ek 58 o
B) ARV AL AZFINFTHNF > s AL L R FFHlH»w2 LM
S AR dp o Aot 36 EREANRARIEFF R RE ST
2B 2B AR iR o
s REE R
A Rprap-§2 84w * @2 /R 1R RET TR EDEHE
G SR H 8 M&E 55 poehE AL o
FE T e e R AT ALRI R AT R iRl £ 1
Fedick-it ik B/ARRIE AR -
7| 41 B AT 5 0p)E B (MDC) o
oy~ SR AR 24D B 0T B A
* &FFHEH1(QC)

m g a =
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A AL EZT R RREH ST 1 HFHPBIE S ERREEER

Bt o

FE T 254 QC R £ =k o
7“EQC 5?']’;%%’&"‘}%4’3 L}EB s E]J;'J:"IEJE—EIEE‘ E\;ff'_f%f_ .
QCRIEZIHRAEA R AL RRF -2 R ZRAE? 7

m o 0 W

RERE
c BhPHAs
A $lEpdy 3 o mef i FRESERNEAERR L B
LRE e EE % ~QCRIBEHIEL Y o
B. f § K3 A RFRHEFLPE L 2 REPHRTE isg o
C. xR ITM&ERL 4 N2  RMIALREBE T HhY
B/ FaIFER Ao A AN R P e R TH A
B d(rk+ HF CBEF ) R QA/QC R G p £ 4oty
% 3-6 ¢
4. AEhRFLERNAE
i1 RFRE)Z S A A E 42218 T Bk anEh o iM% R IR
%ﬁ%ﬁ‘iﬁﬁ_&r‘f :
(1) HBABEFFT R 3 RY BAZ A4 B)% MARSAME 5227 % &
B o
(2) MARSAME /@78 44 et 4 2 & C/LT 52387 % & frdt i o
Q) #eATFHF ST T LEADE M COLT SRBER A 127
v D&D/*5 1 &) 4 B E 4p B IR o
(4) $HETHEE CLT HRP A8 BB FHILFTHEE LTP L &

L

I ARFF 0 11 B 453 MARSAME % 3l -
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S) #AAVEFMiIph e Er L Fe o
5. AAYEHNE
(1) ke# &34

s RFIFFE)FEPAEDD A FH 0 T E I (RE) fo/&

MARSAME 5 38 #5345 i ¥ 4K o

o I F(FS)iFa v 48> 2 C/FRS *aifr PR (RPTs) 2 £ 3%

&ﬁﬁﬁ’jaﬁﬁgﬁﬂggﬁo
* C/FRSRPTs it ;% B 4> & o FEIL B T HRER P o
(2) HhdEd FS{v/& REF ¥ R AT ﬁ#/,, e Nl Bl N
A FAH P MEE 8 p sy o

(3) C/FSS RPTs 34 {7 11 4 %

A, B~

m o 0O w

H/PJ& li‘agb"’f;jr%ﬁ\‘filf_ ’ im?l;%ﬁ?viﬁ‘“
RIEF e B R FBRERE S Ak 1 Ak

P TS PR TR > ETIREP R ot & 5o

LR A B E ERRIE B T fRRIE R (MDC) 0 X sedot it S o

REDERINGEALES - (Beta B HRPIE it BIHFEH REP Sk
BHf T R T AR - R R RA)
FALAZRIFEFRGF R FE 3T T B FS o/
MARSAME /32 & Jd4p % -

SR AR CRRF PR -AEE B RFEH LT BF
PR
ENLEFAEEFH AR > 2 P &0 FS fo/& MARSAME £ 72 o
HIBEEABAEFL D FFKF 7% 4 (Peer Review) °

(4) # L hdpsl
* MARSAME {3 ¥ &3 o ot ddpsl - UFIRBARAE TR FIN G
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B oo FFAT AR A A RS 0 Blieset A 3T
6. A A BT HEFH
(1) phEdpE 2340 FSEANAEHBE 2P fRhadmn g
(& 3-1~3-7 975 & )% 2 % MARSAME 512
(2) # 42 % 4 P MARSAME 532 i % & ' 4 3-7 cnficdf i » & A8 4 = &
B AR E /R AL TR S > UFERN T R
S o f KR aip B BIRE R A o
e BEERANEMTHRPIERMDO)REE f o

W KRR &P HR(MQOs) 2 5%¢e Type I v Type IT i § 4% 355 -
FERRS FE AR mw i M&E ¥ GRS R HE F
(3) #AH %%  MARSAME 8% 24 3-1 23 432 2 2 eh

(s
<4~
&
b

8 M&E i & j#7% § #1505 -
(4) B g% a4y et 1 =(DRP) ¥ EF DRP £ % 0 Vg% o
(5) M&E 7 i * *0jas 410 2§ &% %57 M&E 7 4§ & 3k 4 410 A
MARSAME (532 & 43 %4 | B B3 A48 4 #5 0 e d 7 50 f#4 4 4140
B B 0 HA0 08 b AR s 4 & A TR o
(6) 55 w4 * MARSAME 532 ik &if § 05 % v 4 (Lessons Learned)** 't #
3-1> g B e
(7) B M fph T Ee LTP L3517 A4R 2 ¢ %8 0 £ e e

AL 2 MR R A RALSFEE FHI R AFREE -

3.43.1 B AE4 )
f Zion P1 L RCR REALY o £% MEE & iF #1325 F HIH R i A

R * g3l % vk i 54 (Structure) ~ 3L k2 i (Systems and Components)
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" E 338 M&E R 22 ARE - N5 448 A MFR BRI FEREL R
B5F 9 A o FE W PIROSATS (5 iR SR T R A R E R R 4l g
MARSAME £ p 18 # o
(1) R & 4 %
GRSl LR S HE R AHREF TR
o 4f(Structure) 1 N FRET R IV 5 hop g HBEE (2 2T U T 2 D8
EYys A s ETRE
« Jixugrmi*(Systems and Components) : & 7 2 G R ek IR K
i A FEH KA E o
23 M&E : & 7 B EH e X F o
(2) & M+ B Z F (Minimum Scan Coverage)

by

Mt A SRS A R 5 4 4 8 (Class 1~ Class 2 ~ Class 3) #% &5 14
#‘7 -;-{"f *ﬂ—g

 Class1 (3732 %) Z& 100%FH g MNmEEERTITE -

o Class2 (¥ 752 %) 28 25%F%k BE > MIERT i s LA G o

o Class3 (M54 %) 28 5%~10%FH B E dt* % FZp-

R AP ARBEYE B RS LE AR MR RE SRS

e 3B Y Class 3 Class 2 Class 1

B 10% 25% 100%

A Q2 2T T 10% 25% 100%
MBE 2 2l <5% 10% 50%
* <5% 10% 50%
hIRGHEE 2 A UT) 5% 10% 50%
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hICHBEE (2 SR D) <5% 5% 10%
ETR 10% 25% 100%

g SLE i (2R 3K) 10% 25% 100%
g Svg i (P3N 10% 25% 100%
X7 M&E 10% 25% 100%

GERPELERENL
BRIE S ZalE A AT G Zion T R BT AR R E R
e B2 #p & (Direct Measurements) & 445 % P B B B g 53 @ ehp
7 0 5 el o
o BRI {4k %-(Smear Samples)F aAp e =B e o UBRE T L AT LV D
b B o
BB A ST
Class3 (M3 4 F%): # 1~50m?*i& {7 | (L > 30 pEFHhr)-o
Class2 (P &5 4 %) & 1~25m?i&{7 | T#H (I ° 30 ki)
Class 1 (873 % %) * 1~4m?i&{7 | TEHF (I ° 30 rEFHFE L)
HETEYEFE
M&E & F 2% § 4N E s A 8K REF B REF L6
(Historical Site Assessment):& {7 2| €_> & 45 ¢ 8.3 3 53 bt Brenig % % g
FRALT P b (bl EE P RSHAIE) AR A A AR
(Preliminary or Sentinel Surveys) ~ 1 42
AR B HE T AR Aok B a RS R
FaisF Tl Bk adF R ERE

*| %7(Engineering Judgment) - %3} & 3K 3+ 4p
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3.4.32 il 43

it 4 BM&E & % * s g 41 &2 I 4p 5]
PR 2 REZGHE | FURE TRRE | REHE Survey FRRE
e =35 (MDC) (Bkgd) Guidance) (Action Level)
1/4 FedpEdp ; | 45
| Ludlum 235075 100 s el | 'ﬂ%i,% A B gy B4R
pid | (43-68, 43-37, dpm/100 cm? | BT 19 R EAR T i
43-93 54 %) | 9P T -
/4 e gEdt s 1 A
BT s Ludlum 2350 5000 o 4 w vl FEE Il
gmg |08 AT 00 em | grsny | EFLHMEATE | LETEE
AL e 43-93 I/é ’}‘ﬁ %) p cm ,—:&v =40 Hf)i
. R Ao MR
B o | 1000 e pping oz | EEEE >
T FERErer |
. sg | ISOCS AU P IER T SR
Y- ] ’ Tl K e ,
B bSOCS, PRERIEE | R | PR RS | M
A Arifa
Inspector FHEA T
¥ AP | Ludlum AL {2 FHBRERY &FE | RQEEFRR T
% E | Model 54 BHERTE s A
Zion 1 T udk 7 M&E & i &tk § #1300 A el B4R 23] - in E 0 4

B8Pl IR B e B i
Fr % M&E +

PR RRESEE R FRAEGR TR Ao
ﬁ@ﬁ%iiﬂﬁ,@amﬁﬂ%gﬂo%ﬁﬁﬁ@
g0 M&E & iF £ j5% § #19 A emipl £ 2 02 - R BH T A0 &5 R EMDO)-
% # ) £ (Bkgd) ~ #* & 45 ¥ (Survey Guidance) % {7 #+ 25 % (Action Level) « 2™ &+
& R T w R

2T M&E B AP

B #r7 » * 14

FALGRR® * ARl E 2 E 0 ¢ PR
BE #H## LRI E ~ HFPAk sy H 47~ LA R F - i 41" Bit

SUFRIRIE 725 5 4 G 0 R 9 SFHE ARG PR LR E R

THYARBREAELERNE  SERLDPIEFTREIBRPEGRAE - L5~
GUREE R TR R R RO R U R N

L
BRI

U yBTAR 18 M PLATIE 7 3T EtE Fifa A 47 0 g * T ERL BRSPS

AR e LT SRR ST R g B -
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g

Q) REL G HRFUL LM P DEHSRE S F AR FUNREL L
o4 BY RIEBRIE 2N AR R B B -

(3) #%|® & (Discrimination Limit, MDC) : #* B # 22 B2 #4F & R £ > MDC ¢
M3 & 12 5,000 dpm/100 cm? T 5 A o ¥R BE > MDC & R B4 F

224 "L iE La &4 % (Le=3+4.65 /background) = 4-%t4c B it 3 & 47 > Bl 2 A
e 3 BRIEMAED T LAP R EBR R FRE SR E PESR

B oo 3L AR g PIPUE Lo(R B i e So) a3t 0 Afg s R ¢
Currie 5% = 3% (% P& https://pubs.acs.org/doi/10.1021/ac60259a007) » i&$k 3k T
B M % (0=0.001 0 (REEE2] 5 #0102 35 5 5% niErs 1(B=0.05
P RR) L E AR RIS R B S R o B TR
i~ 7k R e

(4) * B RIEBkgd) - ¥ F#ciEd 5 B A& pEOTIHE LT > F &RE RE
AR T T 0 LY BRI OT F R RE AP DT
B et p*LE Ld k2o

(5) # £ 45 ¥ (Survey Guidance)

e PB¥HFi HFRETAFERBR A VAE - FRERLZ IHFMETR

By » UFEIREREM o hA B A T E A DS RFHER c FEMF

P EEHG » An v s a5 TR Bl Y edh ik

c PERBERE I HHFHFEFROFHEHE LT I ABBERE 0
BRI FR FRIET S A G R 14 B R
o BRI AP RELRMEC TR R BT S

44

THZNEEREAEF > LV AT R H PR

o e B RS AT ERRIT B S P SR R R B F e - RS R
FEERS(nsitu)yi FA T AR R T AT AR EIPREFER

o RAMRERE  SHORILERRE PF 5o 7 EMRRD TS R
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§p e g i
(6) 78 L % (Action Level) : 7 fperip| &£ > 2 HE7? B enmd A8 > okt & B 47
T s RIESFREFLFERALER S TE- HA DA NRP GRG0

FE g 3 fR0E B AT M&E 3§ 7 AR Rl enfg 575 R
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G

Demolition Work Package #:

Waste Disposition:

X B f?'] e fé‘/l“‘g.': ’E’{_a‘ﬁ- K;% ﬁ;’ xﬁ; ,g ﬁ;‘J .

D&D/Construction Group Request for Survey
Area/Structure to be Demolished:

2
D

Scheduled Demolition Date:

Waste Disposition:

Cold and Dark Manager Date
Site Characterization/License Termination Group Actions
Indicate the appropriate response below
Area/Structure survey
completed on:
(signature) (date)
Data reviewed by Radiological
Engineer/Field Supervisor: (Signatuze) (date)
Data reviewed by MARSAME -
Manager: (signature) (date)
Site Characterization/License Termination Group Response
T The area(s)/structure(s) listed above do not meet the criteria to be released for demolition
because:
T The area(s)/structure(s) listed above are released for demolition with the following
restrictions:
~ RP job coverage required
— RWP required
this form)

_ No radioactive materials are to be stored in this area.
~ Other:

monitor, etc.) prior to removal from the Zion Site.

_ The area(s)/structure(s) listed above are released for demolition with no restrictions.

Site Characterization/License Termination Manager

Director Radiation Protection

_ Further surveys required during intermediate steps of demolition (attach requirements to

_ Special waste disposal or segregation methods required (attach requirements to this form)

— Aggregate material generated during the demolition SHALL BE monitored (micro-R, truck

Signature/Date

Signature/Date
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VAN fﬁ“/%”}ﬁ;ﬁ% % B ? 1

Area/Structure:

Turnover to Site Characterization/License Termination Group

Decommissioning or pre-demolition activities have been completed in this area. Engineering
controls, as necessary, to prevent contamination by adjacent decommissioning activities, have
been put in place. All tools, equipment, waste, and materials not required for survey
performance have been removed. The area 1s released to the Site Characterization/License
Termination Group section for unconditional release surveys.

VICE-PRESIDENT D&D/CONSTRUCTION Date

Site Characterization/License Termination Group Acceptance of Area

The Final Status Survey group accepts this area as being suitable for performing the
unconditional release survey.

MARSAME Manager Date

Access Controls

The area meets the criteria for turnover to the Final Status Survey group. Access controls
have been instituted to adequately protect the area.

Radiological Engineer/Field Supervisor Date

Comments
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& 3-1M&E R B F 2 4t L |

MARSAME Plan # Attachment §
Survey Plan
Page | of 10

ZS-LT-400-001-001
Revision 3
Information Use

Section 1: Cover Page and Approvals

Description of
Survey Plan:
(Structure)

Description of
Survey Plan:
(M&E)

Categorization: [_] Impacted [] Non-Impacted

Survey Package Preparation

(see section 6 for justification)

Prepared by: Date:
Package Writer
Reviewed by: Date:
MARSAME Manager
Approved by: Date:

SC/LT Manager

Disposition Surveys

Individuals performing survey have read and understood this plan.

Performed by:

Date:

Performed by:

Date:

Performed by:

Date:

Reviewed by:

Date:

Field Supervisor

Review and Closeout

] Surveys for unconditional release demonstrate that there is no plant added
radioactivity distinguishable from background.
O DOES NOT meet requirements for unconditional release. Area/Item has been

removed, segregated. and controlled.

Approved by:

Date:

MARSAME Manager

Approved by:
RPM
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& 3-2 M&E 23 43t & 2 47 4aim e

MARSAME Plan #

Attachment 5

Survey Plan
Page 2 of 10

ZS-LT-400-001-001
Revision 3
Information Use

Section 2 - Initial Assessment (I1A):

Historical Info

[] Non-impacted

. . [] Class 1
HSA Classification [] Class 2
[] Class 3
Process Knowledge
Visual Inspection
Sentinel Measurements: Yes No

Record Number /
Identifier

Record Location

Preliminary Surveys:

L] Yes

| LI No

Record Number /
Identifier

Record Location
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4 3-3M&E # A3 2 Eikh %A 7

MARSAME Plan # Attachment 5 ZS-LT-400-001-001
Survey Plan Revision 3
Page 3 of 10 Information Use

Section 3 - Task Hazard Analysis:

Observed or Potential Hazards

[] - Heat Stress or stroke [ ] - Confined space [] -Kinetic energy sources
[] - Cold work environment [] - Hazardous atmosphere (moving equipment)
[ ] - Stinging Insects [] - Load bearing stresses [ ] - Vehicle traffic
[ ] - Hazardous Plants/Animals | [ ] - Lack of structural [ ] - Overhead piping or
[ ] - Tripping Hazards mtegrity components
[ ] - Standing Water > 1 ft. deep | [] - Release of stored energy | [] - Exposed electric
[ ] - Work @ height > 6 ft. (hydraulic, steam, etc..) | [] - Sharp objects/surfaces
[ ] - Open excavations [] - Buried utilities [ ] - Falling objects
] - Fall hazards [] - Overhead power lines [] - Other
[] - Other [] - Other [] - Other
. . [] Performed
WallBoym; [[] Not-Performed (Name)
(Date)

Notes/drawings from Walk-down
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& 3-AM&E # A H 2 B E AT

MARSAME Plan # Attachment § ZS-LT-400-001-001
Survey Plan Revision 3
Page 4 of 10 Information Use

Section 4 - Physical Attributes:

Example Information M&E Information

Size (total mass)

Shape (total surface area)

Are there 1ssues with size or shape
[J Yes [] No | that affect how the M&E should be
handled?

Dimensions:

[J Yes [(]No | Is additional segregation required?

[JYes [[]No | Is disassembly required?

[] Yes [ No Are engineering controls needed to
prevent release of materials?

. Are there multiple component
OJYes LINo materials in the M&E?

Complexity:

Are material specific background
[]%es || Mo measurements required?

Are there issues with size or shape
[ Yes [INo o g P
that limit accessibility?

[JYes [ No | Are there porous surfaces?

Are there seams, ruptures, or
corroded areas where radioactivity
[JYes []No ) . )
could penetrate to difficult-to-
measure areas?

Are there pamted surfaces that could
[ Yes [INo have activity below the paint?

Accessibility:

Other surface conditions that could
affect the measurements (smooth,
[JYes [JNo | °. (
pitted, corroded and or pitted, porous
wood, etc.)?

[]Yes [[]No | Can the M&E be reused or recycled?

Inherent
Value:

. What are recycling and disposal
[ Yes [INo costs?
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& 3-SM&E 3 £33 2 il

=4

SRRt

MARSAME Plan #

Attachment 5
Survey Plan
Page 5 of 10

ZS-LT-400-001-001
Revision 3
Information Use

Section 5 - Radiological Attributes:

See TSD 11-002, Section
4.1.3.2.2

Other

Section 6 - Disposition Survey Design

Survey Unit Boundaries

Final Segregation Location:

Final Classification:

| | Non-impacted
[ Class 1
Class 2
Class 3

M&E Classification Justification:

Disposition Option

Alternative Actions

Unrestricted release for
disposal

(M&E free release

and disposal as municipal
waste)

Release for Recycle
(Recycle without
radiological controls)

Release for Reuse (Reuse
without radiological
controls)

OO0 00o0onn
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itk 3-6M&E# A3 #1 %

MARSAME Plan # Attachment 5 ZS-LT-400-001-001
Survey Plan Revision 3
Page 6 of 10 : _Information Use

Section 7 - Survey Plan Development
Survey Requirements

% Scan Coverage / # 3\".;.':"’?:}“(1 Instrument / Probe Discrimination Limit Maximum | Action
survey locations. Miéas |£)remen ¢ Model Number (MDC) BKGD Level
Quality Control
Type of Number or percent of Specific Items or
Measurement QC measurements Locations (If Required)

Beta scan®

Beta direct*

Beta disc smear*

*QC measurements should be independent from the original technician that performed the survey
and use a different instrument.

Survey Plan Instructions:

Background Determination, Scan and Static Alarm Set Points

Item/Location Survey Instruction

QC Instructions
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A 3TMEER A+ H2 9 AR % LR EREG

MARSAME Plan # Attachment 5 ZS-LT-400-001-001
Survey Plan Revision 3
Page 10 of 10 Information Use

Section 8 - Survey Results
] Survey Results Attached

Section 9 - Comments (See Survey Results)

Section 10 - Data Assessment:

Data review performed and documented on survey results .................................. [JYes []No
Review and approve Attachment 12............ccccoooiiiiiiinniininnienennnesnisnisnesnesnsesnesnns []Yes []No
Approve partial release of M&E via ZS-WM-135 Attachment 1......................... []Yes [No
Analysis of difference between planned % and actual ... []Yes []No
Determination of locations with potential plant-derived activity

At ehab I B0 DR RETOII. . .cconsmssmssomssrommiums A RS []Yes []No
Results of direct surveys to confirm presence of fixed contamination................... []Yes []No
Elevated Radioactivity Identified?...............oooooviiiiiiioeeeeeeeeeeee [JYes [JNo
B titon Dol o s i e R R []Yes []No
Deviation from Survey Plan? ... ] Yes [ No
Special Comments Required? o.oninnnnsmninnunuisismmniniimiaaaaig []Yes []No

Lessons learned: what went right, what needs to be changed
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4 4~ M&E 3 & %

Attachment 12
Miscellaneous M&E Survey Sheet

ZS-LT-400-001-001
Revision 3
Information Use

Survey Area/Plan #

Survey Area/M&E Classification #

% Survey Required

M&E Type

Description, Total Number of Items and % Survey

# of Items Surveyed | # QC Required
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it& S M&E# A2 IRH-P &
Attachment 10 ZS-L.T-400-001-001
Field Log Revision 3
Page  of Information Use
Sample Plan  No.:
Survey Area  No.: Description:
Survey Unit  No.: Description:
Field Log: Date:
Time: Observation or Comment Technician
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L =24
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# 3.21 Humboldt Bay ## % 2 &2 5 & = %k 2. P gt i1

# B Humboldt Bay ¥ 5 ‘; 2 -
p e i# 2 kg MARSAME ik it 42 B > = f i ,F—g,l._ I % 2% iE (7 bt
YL BN Bl LTS G iR ]v} Wl ELRTHL - LT LRI P
RHRA - B R R AR
il BAALAR BRI - K | PSR R PR 2
e 159 3 o

2. ig* §#~[F (Scope)
Humboldt Bay % A2 R & i * 4 F ot AL R S R

FHEHRARL S 1K ?ﬁlif‘F%ﬁﬁﬁA’@ﬁRC

3 MARSAME 4 %2 fr ¢ % &k A 15 5 A8 45 o & 31— My

Res® A8 P FRE SR FITFRA - F R0 ARES 26 75 A EE

e EaE o AP RER AR ) 2 TR REREFE R

WAL AR B AT VIEEE PR RFARAT P o

# 3.22 Humboldt Bay 42 /5 % & & % > k2 i * #F RV &

# B Humboldt Bay T & SEE- R

W H | AL B FL R ¢ | PHETBRSC IFLH RRE A
BAB R 1L FECRE | FRERE S FUL TR 4R

L R R RSy -
A %RE | 7 RCAREKAF - TP EYRAE (o 2 T

FESRIEIS 1. - FE T

BiAd | 457 MARSAME & s fE g 580045 | "Ungni® s 4304 6 3 42 75 K
LN B o TSRS N S

3. # % 2 ixd% (Standards and References)

Humboldt Bay % R % ik g 2 2 ¢ 2 & 5 NUREG-1575 > * MARSSIM
o MARSAME i& 2 « 3 B#iac R~ 2 5% 71— R F % % MARSAME & 1%
oo e 28 JAEA % > P (4c RS-G-1.7/GSG-18) ~ NRC HPPOS(Health Physics
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Positions) ¥ i (4 HPPOS-071°%, 0723, 07332) ~ 12 2 S84 % € iRz R > ¢ 3
AT 30 FER P hE R s B E S5k b 0 © 7 Zion ~ Humboldt Bay % % B

# 3.23 Humboldt Bay #2 5 3 22 5 % & %2 R 8 27 kg5t R

B E Humboldt Bay % iR S
¥ ik g% | NUREG-1575 Supplement 1 7 MARSAME Z ¥ > % & JTAEA %
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PE g ERiFER -
TEM Tz FIRE o FF BRI w5 TAEA 2 B 40 B

4. T¥ € B (Key Operational Process)

A B % R F 23 MARSAME = 2 @ a4 §] 2 T £ 48 0 fd= 403" 05 30

» HumboldtBay T fu k3 i it &% 4 ~AMEWKR A ~F 2L B E
BIE AR SR P4 x T Ao M JRARATEA A 47~ 4 #F R PR 5 uSv/h A £ 5 (>0.2uSv/h
MEFTRXFA) s iEe %> 5 > Humboldt Bay T Fi» # &8zt 2580 F%/
inggs »(Class 1-3) > & g4k ™ Ap ke 2 87> 38 h o w0 P AZ R &E>2uSv/h 5 Class
1> % ¥ Fpe T/"j s g R eg st o A F R %4 > Humboldt Bay 7 Bd# ¥ 4
BEERE T R 24 MQOHE MDC %41k o 5 T ahiais Bl E 4
AR ERBIE I HFREFLLRCIAE) - FHEERRERE ) L oA 5
R EAet o aiA ¥ @48+ > Humboldt Bay & Bk 5 DQA {4 i& {7 A2 i&- ¥ (disposition
decision » 4r?tf ~ 373 ~53) 0 ST R G ZFFEAR 235 L AN B> F P

30 NRC, “Control of Radioactively Contaminated Material, “ HPPOS-071 PDR-9111210163, https://www.nrc.gov/about-
nrc/radiation/protects-you/hppos/hppos071
31 NRC, “Guide on "How Hard You Have to Look" as Part of Radioactive Contamination Control Program,” HPPOS-072
PDR-9111210170, https://www.nrc.gov/about-nrc/radiation/protects-you/hppos/hppos072
32 NRC, “Surveys of Wastes from Nuclear Reactor Facilities Before Disposal,” HPPOS-073 PDR-9111210176,
https://www.nrc.gov/about-nrc/radiation/protects-you/hppos/hppos073
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# 324 Humboldt Bay #2 % 2 &2 5 % = R 2 (T ¥ 21t i
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v g B P o £ FC02uSvh AR EZ T X5 %) °

BEER s B | AR PR /X B8 % (Class 1-3) o AR R &P R (o
>2uSv/h % Class 1) -
#Eﬁ”/% PR %‘;aﬁz Lo

2R i B #ERIE (7)) Z8H - o fAFERRE S FRIFLY
& ¥ MQO 3+ ¥ MDC % 434 - RICI4 8) e EWR ERE 5 {

fm 5&%% lj'q %ﬁjg'ﬂ' o

AR 5 DQA B FARIZA KRG F | ZBERNE AH R > TRIFD
BoRE) il R L

5. % @4 1 (Organizational Responsibilities)

Humboldt Bay % i 7 & 4 1 «h3 & 3% & _{F & 17 3% (Radiation Protection, RP)>
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6. #F w2 & ¥ 78 (Special Notes)

d * Humboldt Bay § A2/ 3 E B RT3 F R BB HF 8 2
PR %3R3 VA28 8240 0 2490 MARSAME = 2% 5 P ff 40 0 3581
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7. #4 4 4% (Release Criteria)
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RIF] 0 Sr-90 ik 2 42 41 7 8 (ML19136A045, NRC Issue 2) » @ 2 {39} Zion % 3+

% (License Termination Plan, LTP) % 5.1 & endz_» 4 @ % F 24 § H ~ aricstd

g frde e 1k I (surrogate ratios)PF 0 & SR & % 45 NRC 1 g #4408 > gt

B RmET R EGFREDDES S TR BT RE PR F R RSy 0

ZionSolutions ¥ A% 2% & > A F LR RS-0 ERHE ~F RV FRESR )

MR o ZionSolutions 4% & Rk B2E iR A 2 47 0 @ {8 4 ZionSolutions » ¥ 7 3

e o BERHMRAAFTREZSFATLIELFELGHE Y G /A

g RRP r BEREAAFREY > TL R AT R E R P RRE DR

;}7%,\ °

2. AEABJITL R RE AR
B Zion 1% R F'f iBAL? 0 NRC A% s o USREE IR A ik

o XA R T AR iﬁ AR o Bl @ 35

(1) E B2 & cnd 158 0cis s
NRC g4 & g8 H & * arcbfd R F o /it RE © REDLE* 0 RIHEF

b Pifh o o P R Fh A AR AL AT RE Y EF kR R

# % (Final Status Survey, FSS) -
=% 10 CFR § 34.25 Radiation survey instruments :

o HEA-MA A IOSRED VRTDES G RRE > F BTy T
ERRSE BINF e &k B B £ 7£.0.02 mSv (2 mrems)/-] B3 0.01Sv (1
rem)/- | P e ] o

e THREIEF 6 BPEEF-ARE U ARFAZLE(LHTH i H)s 3
Foof -
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o REZZIHVWAUWNRARE  FAFBURDINZ AL - JrZ A2 T
RS N HENARARE 0 F
A BEEFRE-HNHREZRE
A s ISR 8

e REMAE I LEFBRRLL RBAFEmERLRERD £20% P o

o RBesiRn PR § 3465 FEYE T FE RERF R K ek

A ey BEFEME TS B

-

% 20.02 2 10mSv (2 £ 1000 mrems)/

#. %+ P (NRC Inspection Manual-MI23214A382)~ ¥ P rgdp - e & 4 R &
WA GREFEY LI LA T LA A RS R EE R £
GHARR ~FRAE S L F P AR A GO TR 1 2 B b s
TR F o L ARFR e HHREY A AE RIORE (MRS fo¥
BERE S RREHERME - RFTFERE-THIDARS A BHES
PEFHEEFNE AL R E TR T RO E )N EE T RAE R € R
SRR K LF RGN R R R AR R ok (0 2 TR A2
O YRR ST SR RN RN R T R R SR -
NRC R € iEf5nie 4 > T A& & Pt (7 2 indg 5405 2R E > &L NRC #3cst
Bk Eenlh i 3 Bt end 3B o © ARBRREE U A SE KBS LR
%&%@ﬁ EL e ol W e
(2) #HFiv A R ARR (- REFER

NRC = 7§ 8 ol 517 EALR > f2 el 17 4 | B Jp iR 3k (042 A 2 (7 3R]
vtk > GLFFR G BRI E A [ {7 5 23008 a0 (05 Bl (License
Termination Plan, LTP)- 3% » @ % = ¢ inspection report # » + F 3P B\ 4 ff 54
¢ % (Occupational Radiation Exposure) 78 B (%] : ML23024A208) 4% 2 3 R 42>
- g7 Ethanip
“Adequate protection of worker health and safety from exposure to radiation and

radioactive material was provided. Radiation surveys were performed adequately to

identify the hazards present.”
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ATREZRG RIRMPEAMETA 1T R hE e 2R KL Dk
Ho WA H R I EHRHIREES T > TRET AL DEHA AT

Mt iEita 2R NEFE R > L PHT LW EFRILP  RAEERIKA
RO ek (74 iz AR 2 & RE R EAR T REF DT R
A2 () HPGe ~Nal #FF BB ~ % % 5 4 & %) TR ERRIFE TR
U E LI R EN BT -

3. R ¥R ARIEBY (FRAAFRF idrie mIR)

#23% NRC % # 11 Zion 7 F: FSS Final Report, Phase 3, Rev. 1 (ML22279A985)-
Zion T 3 F MARSAME #3 8% »— L #FRLEFE A = TR ETE
AEALU EATAE MR BTN - NRC PP R PR 0F R
w 4R 22 B $ A2 B ¥R F* (Division of Decommissioning, Uranium Recovery, and Waste
Programs, Office of Nuclear Material Safety and Safeguards) i = ¥ % % & EPA 42 %
A& BN E FF A AT 7E S F (Assessment and Remediation Division, Office of
Superfund Remediation and Technology Innovation (OSRTI)) /3% 5 &2 B L3RR 4 i
- FE P 0 B S 2 BT Zion Hrak o ISFSIE B oF % 38 ek (% 203 Fre

& 3 7 MARSAME # & P& > 2 % I % B it e ek 24218 DCGL » {8 § a2
GNP EE Y A A TR RE N R EFORRAA L L B M
FF o U E R Y RILEEATA AR T ERR > A AFRE VB
FERBRE RRIFORALEE AT RS R -

4 BEFTHESE GIS f 5 (F A SFHRAPIE # i £R)

P 1@ F 2k bi(Geographic Information System, GIS) & 7 7 FF i 3 it
Bty W E VB SHBEEA/REREBDREETEARRE A Y - -
ko v 7 s £ B (4e dpm/100 cm? ~ B/g) M g ¢ F s P ELRT 0 i

36 https://semspub.epa.gov/work/HQ/100003375.pdf
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HAiFHM AR SECGISFTRIRTRFALLE > 2 ZRFLLFFAH
FLoFRFhRIE

E>fRhe P> L - Ry h 0 33 T RAoH LI FLEE A
PR ANGISOFTHE AT 2 TREZFFELRESF whaB T 7

B R R TR Aok TR S AR R g

BEFQDEPE T S EATKRAR @ TREPL T @ B o
% P Humboldt Bay i{:}%\lrﬁ% R ir g% GISEEENIBA KRV & 5 ¢
c ZHARHRA CF RBRER - APRS WEF R TREREIAHMEYE -
o WRIELTBA CF BHFLE - BFEIRE AMEARRE > iRl
-
e ERBFBUERE F-gaSE P KkE - FhR SR R B
PGS %) PIFRE ~BPIARE -
e FHIAFRE I FIRABAEANERE A/ UJIRY/FH A ELDLFE
© RERHEHAHR T ELFATERE LS AAT TG Sk

=7
S

TRFERLEH (BRARBRFFEFRCEH DT L e F h %0 s
FTRIAABEH > BEHFLTR)
Humboldt Bay 7 f T&iﬁﬁ;‘?_“ AR ek T S B o B R S B
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BT sV R R ET 0 T B R R AR R 2% 1
W ",f? At e b5 Lk M EN R RI T e TS EE L RS 0 BT I
AR IT s AR R ARG A “,f i SRR SR 2 S SRR R U=t g LA A

FwminfE ] TR HicmHFNE T F S KT A RRE o (4

37" Nuclear Power Decommissioning Practices: Case Studies and Recommendations for the Great Lakes Basin, Final

Report, Sep. 19, 2019. https://www.ijc.org/sites/default/filess WQB_GLNucDecomRpt PHE-
LimnoTechContractorRpt 201910.pdf
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EALS T RS AR E R FORE AT B 0 13 R B IR
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6. A/ RER A AP HII e ET TR

PRARYG R R ERRFAF AR L 5 Ry R
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3% Humboldt Bay officially decommissioned, site released for unrestricted use,” Nuclear Newswire, % B 1% it & €,
Nov. 23, 2021, https://www.ans.org/news/tag-decommissioning/step-1638910801
39 Zion Station Restoration Project License Termination Plan, Chapter 8, Revision 2, Supplement to the Environmental

Report, ML18052A963
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# 4.1 NRC &

3D BHRAE B 430 e 2] 4

2 2 R | ATRER 5
NUREG-1400 | Air Sampling in the Workplace (1993) | &- ¥ 7 # » &b |575 4 4 ke jie
;}p 50 o
NUREG-1507 | Minimum Detectable Concentrations FHTFFERE PR Ry -
with Typical Radiation Survey for
Instruments for Various Contaminants
and Field Conditions (1998)
NUREG-1575 | MARSSIM / MARSAME LR U i A
(Rev. 1. 2000/2009/Rev.2 2020)
NUREG-1757 | Vol.1. Decommissioning Process for THBRE FLREN BEKES N
Materials Licensees (Revision 2)
(2006)
Vol. 2. Consolidated Decommissioning
Guidance (2022)
NUREG/CR- | Manual for Conducting Radiological FHPIRER Y F R EFV R G
5849 Surveys in Support of License i
Termination (1992)
IMC-2602 Decommissioning Fuel Cycle, HELFBMEST REORE
Uranium Recovery, and Materials AT o
Inspection Program (effective date:
12/30/2022)

%42 R o chrt i forf s I NRC A & & b st 51 enp b < i

BRI P 2 FAPMF AL B HITER > ¥ 2 NRC ehip sl v i 2 Ap B g
e o A RSO R AR LA e
£ 42NRCH AE A AR H512 2

i AR B NRC #3512 @ %

Frul {f 810 B MARSSIM A CERBHERESEED 2
HAARE

EE R R e MARSAME PR ¥R CENFRE
GEiE s W]

T B oI5 R NUREG-1507 BEz|uFs g AR 2L k¥
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BAEKFERFHL | MARSSIM Chapter 5-8 7 DQO ~ DQA ~ Sc ] %_~ %3 B
ESk2

£ Pl & 50 A %X L(MDC) | MARSSIM/MARSAME * | MDC * *t 4 45 £ 7 2 2241 %

# B

BEFTH A ERN MARSSIM ¥4 C & D BB A edr s BRI AP R &
E3

FROAFRMF &4p s | NUREG-1757 Vol.1-3 M ER Y FSS R iR
FLITE

IR L NUREG-1400 FHOTR GRS 2R FE)

B o fRA2A F A 1RE | NUREG-1757 Vol.2 NRC # #472% % o 2 b R B 1L 3
AR

4.2.3 B PG D I A%ER

195 % K Zion ¥ Humboldt Bay SR B
RTEBTEH S BRT ARSI HFWAE 0 T
RoBLEWMAF A I E ST o
L RBERTEARET (P& FEPE - BRATERPERE ..

(1) & & % & 7] 9% (Strategy for Rad-waste Category)

WA R P e REFIZAE > BwA D FRIE R
> - RS R R

E Ay fe T aE 2 P 4Et b %]+ (Scaling Factor) % & #ipl4% & (4- Sr-90 ~ H-3 -

AR £

NEEE
LTS PP S pe

C-14) o trigi® ¥ R 44 it B R 4 ¢ i Class A/B/C 4 > 1 F] 4 Rt
B 4 2 HINRC, 10 CFR 61)fr st B st o 2 § 1033 ~ MR ELE 2% § 40 M4
FE AR FROSEEFERCE FY RN A AR AR R R s
Bpoe B OB R A 2 MRS R P A E(ﬁ;% bt R E TR 0 (T R
FwiERE) ViR T MO R BN el 2 BT 2R Bk
SRR RPAERAS S ABCE2RC A ME- R o

% W izJ5 10CFR 61> &> £ Pl e/ & » iE {7 Waste Inventory Evaluation (WIE)>
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EEBRRF A DAcd T RT AL B
7 ¢
e HRAPET Y PIE PN LB @ * HPGe R E R £ gamma 1544

-n\¢
i

SH - TRERTIEAESE WIE &

Co-60 ~ Cs-137
¢ BBV RRE ORI PR E SFTTH 0 200 B F] S 4 G R
(140 © Ni-63 ~ Sr-90) -
e 2 J0CFRO6155 %% A v ¥ @ 3 B A P74 -

* B BH Gl RREPFAFLEFIT Sl WEFBLETES

o220 FBEERAETET > £ TIFL L NRC 2K %7 &
> nRAHERSEH
,T%f@’»\HumboldtBay BRI - BELAGFAETR - AFBRGTH

FomBHF P EATHE DS Sp~ ScanMDC > #2{6 £ 7 fB Humboldt Bay 7 fiz
A AR EFFLRH TN FARL RN ET NESE 2R K
e
> 395 BHFECRERH  BEAE)
TEFSEEY SRV RS TR SR N N SR E REY T
% Zion 5T Bk “,’TT AR o FF 7 A E N Gamma # 3y (Passive Gamma
Scanning, PGS)Hjiv > 3 % & 7 L& = cfvt 5] F]+ (Scaling Factors) % iz & 22 &4 B
PP RR SR A AR B 0T 4] B(de B25 IR 4 A (46(W) x
72(L) x 47(H) in inch, payload: 6000 pounds, empty weight: 776 pounds)fr* 3] £
A B enzb i M s EE T 0 & NRC % 2P fpdp 4 ¢ 9 ’I‘ Hmby
ZionSolutions 4o i & * PGS HFiE (7 B 3 st %o F % L0 5 F] S k3
Y EMWER L dpdl o PGS el & % SRIEyPE  RIEBE " HFFRE

40 NRC ADAMS ML23286A306
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P R £ oo R o g B F] S ARG S AR AR R AT
FERE2ag T iFHRFEICLAT o ¥ & ZionSolutions # ¢ % NRC 3 FSS 3F
F ¢ Ahu PP T R % PGS et DI kB KRR PR R e i
24 ¢ 3] PGS HF 7 - A 2 KRR 4 A F BN st
e B T B B F]F Ry s AP E RS EH L AERGEE

B P AT R 20 Y B R (iR B RAT e AT R
IFFRG B R F - B AR AT R R P FS LA
A3 @R IR AR -GS B RR G FWEL S T F R e A
TR R 7 RJL © Zion TRGEE P 0 MR N T 2 AR 1 2R B

26 ARG A ARARRE PR R L R R A RER S &Y O

—\

‘et

FRRAAAPEAL Y ERF A REGF S F A subsamples) >

SHRpE I R AR & 2 - TR & & & (composite sample) > 1T 5 EERE i

A
’

R

—\

-
R PRREERSEFTHRTEFRHEPECE A 1TEeyi # 4 17 ~ R P %
/B BcE) B 2V R PGS M E A 2 (AR RHPEAE ) Sk
w2y FMER S oF LK o
(2) ¥: fa 4 it (Radionuclide Characterization)
@ﬁi%&?ﬁ%%&%%%k%%@%ﬁﬁﬁ%&“ﬂﬁ’w%
o TR % 1 Co-60 ~ Fe-55~Ni-63 % ¢ 3 /51 48
FLEPRORRLGHER T FREE N ST AT RS B
Fodhe ARB)EG AR AN T UAGHEREY FEMFEA T
H¥P 53 Co-60% 2 BE  HBTEFHRZTA,IT-
o FHTH 1 Cs-137Sr-90 £ A A A S P4
TP AR R A A BEAR Y BT R E 0 BRRBIE T BRE

RS HEY Ce-137 FRCHEF AT A EREGITFL e > BRELF

4 NRC ADAMS ML19178A108
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B om Sr-90 R_ABE S48 T & 8 44t plE o B IR F 4 F 2 CRUD
(Chalk River Unidentified Deposits » i£3p % & g B2 chinfi &) ~ llns ~ Tf 4
3R o

EEPRFACA AT LR BTG WLEAR T N E

- Humboldt Bay % Wﬁz TAEZ LG F)F 2% o 8 BRI RA KT R LB aE
= I Site-specific Scaling Factors | @ 243 * #icid » 3% 2 G & B g > T Pl 17
E Ao
o ki XP~f% (System-Based Sampling) :

JEH T TR 5 SV (Bdod A7 % So~ R RE AR L S L AR R R R
A(4c CRUD ~ g 8 fid~ ~ ik R %E) o
o #5% % 4~ +7 (Laboratory Analysis) :

AT R R PAEA 1 0 T A 5y (ke Co-60)foBlat (4 S1-90 -
Fe-55 ~ Ni-03)/# R (BRI fAfe E Aok 2 A 172 2) W B AL » U AP
Ll ']}|J o
o B4 b (Surrogate Ratio Calculation) :

SELRIPAE B A B U RR e bl FRICHES A BIE  Co-
60 : 1000 Bg/g ~ Sr-90 : 200 Bg/g » B Sr-90 #f Co-60 =+t 3| F]3+ =02 7 &1 &
FE TR FEARHPEARR LR RS PIFAT S H B F]F ¥ %
Jho blde i ¥ 35T PR Co-60 B BISF A A B P Cs-137 50 bl
% o
e ik iXuE > 7% F]F B (Site-specific Scaling Factors) :

EHARAHEGEAT RS AR G T R(FRE LA~ AP E 2By
Fldg =) g8 BT R g aPAr Ay > X R RAS & E (4 PGS
frfs g e diic)

(3) s 3 47 3 BXET % 3% & v (Waste Tracking and Verification)
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95 B %+ iv 1 42(Nuclear Engineering International) :733F WA, Zion T R fe 3t
AT 4 F 2> ® i Class A MFF st R F ~ 3200 = = & ¢ 0 Class
B/C a4~ & 700 = 2 & = ch GTCC Bt 3 4 0 S5k Bedp B om 220 ik 3
P B T G 170 amen A 8 ted F IR ) el g st

@ Humboldt Bay & .4 v i+ ¢ f5 it & f];ﬁﬁﬁfiiﬁiﬁd CRREE e ke T
235 2016 & hE RBBGHE Y :i",‘f REARY & BT AP M PR
R g BAcE R 0F o

@ EPA CLU-IN (Contaminated Site Clean-Up Information /5 % 33 532 3 31
4)/OSRTI 7 4% 15 i B2 ¥ %351 5 sk 3 & ey (EPA » 2017 # 4
PR 3t € ¢ 0 1R 4 4 (Institutional Contraols, ICs) % 4p B 3R 42 -

%”+%&%$#m?ﬂp’@p%$# EHSERE A R LRGP
FAL(L T AQE SR R 3 T R 2 5(ClassA/B/O)) % 2 (¢ XALT &
BoBRREFEEI TR S I v T EBGWFE s w oy A ZE )
4#%##&-&3)@.?_“3&7« oo ¢ ZREBRARE CPFEET - ER
R E(SFRE P AR S ) ATF P B AL R £ AR 1 B RFID
GRS TRELERIFHRAL DORBEFRETFHI GIS A LR (Fh E
WA T A R s FEERER RPN EPEYZ O %RE
T EREWEN s URFASTE L E B -

TREAEGEY FREZFE RV AK -FTREZ)

(DERALE B E%RE

AR PR B RYFE RS (7 P Sl
E)CERIKAREFFHL RS S RFED LT FHDQAQCAR (7 HR
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W

42 https://www.neimagazine.com/analysis/zion-marks-a-new-start
43 https://clu-in.org/conf/tio/ICsandLTS3 041917/
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