1"3?&*«'3"% Ry HRBEHTACALPFAY
Preliminary Study on the Implementation Strategy of
Third-Party Verification of Nuclear Facility

Decommissioning

3+ 3% %% : NL1100468

£LEPMOP 2 FE4 g

PELEL XL

BB - 03-5742867

E-mail address : acchiang@mx.nthu.edu.tw
PR A R L

FLp Y EAEIO0E 117



=

o
td

S E T E BT IB AR ettt 5

L TR T e 9
SR EEELT BRI et 10
SRR ZARBAEE FAZEIE e, 18
B BRI B AR B B s 22

R EHRBETHEZEE R NP e, 96



Bl 2.0~ AN FHARE TFZI TID oo 8
Bl 3.0~ 55 H A2 BARY ARBE B RADETEFE 14
Bl 3.2 ~ ZNPS FLhE B FECIB oo 27
Bl 3.3~ ZNPS M HE S il A oo 28
B34 i A E L(ZNPS h3 B T H ) © o, 33
Bl 3.5 & XA A PHPoIE A T T ALA PRl s 39
Bl 3.6 ~2019 # 4 " Fuh-33 4R ZNPS 4 4k Afginid & o 1 a4c B .....40
Bl 3.7~2019 & 7 " Fehb33 4R ZNPS 4 34k Afginid & eh 1 e ? B ....42
Bl 3.8~ & A et R 5 B FRIT oo 47
Bl 3.9 ~ YNPS S0 E oottt 51
B 3.10 ~ YNPS #4000 2 PhBR e 51
Bl 3.11 ~ YNPS Jak AR BI(2012 8 ).oeeeeeeeeeeeeeeeeeeeee e 52
Bl 3.12 ~ YNPS & 4 % Bi#Fi¥ « GTCC AL 2 * BH 2R EH 56
Bl 3.13 ~ YNPS * i %3 %t fh = p¥ 7% 2% 25 (ISFSI) /4L B (2012 #) ......... 57
B 3.14 ~ YNPS £ B AR oo 57
B 315~ YNPS A 8 5 B3 AP Fild AR 4 P &, 65
Bl 3.16 ~ YNPS Frik *T 23 B BBl oot 67

B 3.17 ~ YNPS it % 2 = BT RS ~ PRAF <~ & 72 %A F 31) .68

II



B 3.18 ~ YNPS 7 5 5 3 A P45 2 BB ek Bl oo 70
B 3.19 ~ YNPS ;7 8 5 AT - W & & B2 PRl Bl 71

B 320 YNPS /T 15/ 5 F A P45 2 Bl EFE Bl oo, 72

B 3.21 ~ YNPS FRF% =~ #B 4R 2 Bl Fe B Bl oo 73
B 3.22 -HBPP - 5.2 - 5L 8 S MBIl A8 8% i, 90

I



% P&

% 3.1 ~ZNPS # T 1 3 ROCs 2 # #3557 DCGLs fv MDCs......c.ccceuveunce 31
% 322019 # 4 7 bl ZNPS 2 A PAV SAEE 40
% 3.3~2019 & 4 # Fiht 3t AR ZNPS SACH AP B B e 41
% 34-2019# 77 frab i ZNPS 2 R AM o PV SAEE L 41
% 352019 # 7 % frab i ZNPS 2 i A M o PV ESAEER L 43
3.6 LM P AARE T E 2 BB T B RIER s 48
F 3.7~ YNPS FEZLT B 3 DISFIE e 58
% 3.8 ~ ORISE 4*%f YNPS “73 7 2. 2 FElB A X 014 17 e, 62
% 39 -ORISE £ % YNPS [T /1 5 R A F2 2 i 28 % ... 78

4

% 310 ORISE # % YNPS /A1 5 ¢ kA F 2 2 mud 28 % .79

# 3.11 ~ORISE % YNPS /T ¥R > - A T2 2 miud a8 5% ... 80

oy

# 3.12~ORISE ¢ YNPS 72 R 3af (T2 h2 it A % 5% .81

4

# 3.13~ORISE 4%t YNPS ## #%2 B AL 3 A F2 homiud 5 2% .82

% 3.14 ~ HBPP e MARSAME 18 8 & ooiiieiiiieeeeeeeeeeeeeeeeeeee e 89
% 315~ 5 - f&“ﬁ LA FFE 2 RSSIG 6+ R VAR B % oo 109

v



A 3
EPIROS R LB B RED AL - Sl RA SRS 1
Fiak i € 7% (history site assessment, HSA) ~ & [f] #f & (scoping survey, SS)
P 14 18 #& (characterization survey, CS) ~ L # *5 4 2% ¥ & (remedial action
support survey, RASS) ~ 11 2 & % & it 1§ # (Final Status Survey, FSS) o 82 #X &«
PR EREAT R FO RO B REEL RS g2 5

BRI - AL G X R LRI IR o A E T A

RSB RFZCHBEOER X 2F AR RS FHITE2 PR
hz %7 PR RPN AR RS DY 2 RESNT A

PR AT RSB T B LB > 17 5 R R AR

ALOPEREBH2AEHRE P AFLR T EHEZARS = R

AETHRHEAREZ S RERMEFT BRI HARERFZ BB
LR AR RE BB N AN R Eg AL

ﬂ&i’%r}m ES )



ERg

In the process of decommissioning nuclear facilities, radiation survey and
investigation are composed of a series of procedures, including history site
assessment (HSA), scoping survey (SS), characterization survey (CS), remedial
action support survey (RASS), and final status survey (FSS). Although FSS is the
key to determine whether a site can be released, the survey results must be
verified and confirmed by an independent third party, thus becoming more
convincing to the general public. The purpose of this project is to refine the third-
party verification operations and safety review techniques for decommissioning
nuclear facilities to serve as a reference for the review of control operations and
related plans. The current domestic implementation strategies for third-party
verification of so-called radiation survey and investigation are still in the
exploratory stage. Therefore, it is necessary to conduct a preliminary study and
use the opportunity of Taiwan Power to perform radiation characteristics
investigation to perform independent survey and verification, so as to accumulate
experience and gradually establish a third-party verification operation mode in
the future.

This research will conduct case analysis of international third-party
verification cases, discuss its verification scope and sampling ratio, and analysis
the rationality and applicability of the instruments used, sampling methods,

analysis methods and other items.
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(DOE) &#NRC& ®vke B » 7 Jp= KIFHR BTG fosk@E DL T p 1980
#0205 > ORISE ® if%ilgsr § £ B'f (P @ A& e dhibdn b % % hip = i
WA AL Fedo T NP AR H Y BB R KR FFY
%109 & & F7 7 38 2 ¢ 1% 4 4+ Rancho Seco Nuclear Generating Station
(RSNG) # Humboldt Bay Power Plant (HBPP)3 ¥im3ilp? » F]pt A =xF7 7 3+
% 1 Yankee Nuclear Power Station (YNPS) ~ Zion Nuclear Power Station (ZNPS)
BELA G AWRPEBHEDAMCEZAFARE DR AT @
g AR 2 F Re ¥ B FE R K PINA 0 P W ST B BT R
4_r2Humboldt Bay Power Plant (HBPP) i #34 & fr2k ZE A2 B & (T8 - H &

i -

() FEPTRIBEZHREFCIGREERAP M che T 1 4
& % ¥% T K (Zion Nuclear Power Station, ZNPS)4& 42 5 f5 4p B e = 2
W7 % v % d ORISEi& 2 FINRCE $>+3:2019&7% 15p 2 19p 27> I
WA ESQR020F 1 )M mEIRL A - B f B TR IR B AR M b
HEU o PRSP LT RARIEE R M s T 2 3 (subsurface

soils associated with the sacrificial barrier) » 2 2 & & k> 2 5 T 4

=1

Fof g 02 T2 EHEEST o
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4201947 sk 4 ¢ » ORISEL 174 B 2177 tob 45 4 & 3

B RETFR-LEENT I IPERWHI B R R (P R ¥ AR
FEERE) HFALERPLFEF R FOERZEVRRAGRERN

NRCH# %34 7 ¢ e g o 2ENRC* £ £ 1 %29k & R
ORISEFEF A 17 73 fc § Plebwins G H 9 £ 4 160 2804 4 5 ¢
A(p IS BT ) H ¢ A B4R 5 A hin st 2 3 (discrete
radioactive particles, DRP) » & 2z 7 Co-60¥:4& ; ¥ - B¢ 2RI Kk
PR B IRARCs-13775 4 0 % Bl 2 3EAZF 7 DCGLop (operational
derived concentration guideline level) 3+t 5] 5%, f-(sum of fractions, SOFs): v
FE(ELZR) 75 H i ¢ FSr-904rNi-63 te b 98 *» +% f& (radionuclides of
concerns, ROCs)* i i & %] ciDCGLop > » #7F Sr-90fvH-3k & 35 M3t & 47
& & % ¥ jp| & B (minimum detectable concentration, MDC) ©

2019& 7% » BNRCe& f > ORISE: L w ILH-& 373 (7 L o endfe 17214
TRReFeFEL A A o 9B BT B R 21 B TR A > - B 3
Cs-137c# 5428 7 3 DCGLop 1o ¥ SOF(1E 152 B) » fe o] 3+ fo 2% 92 4]
DCGLpc(Base Case DCGL) ; = & & 7z 7 DRPs > & d Co-60k = o H is #7
4 3 54 o bR HROCS % % #9/] 25 DCGLop o 194k P it 38 A 47 2 % F

#HIABLERADES > £ 47HSr-90 ~ Ni-634rH-3 » # I ¥ 3 Ni-634 &
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RO REBAT SRR 0 AR EENRCE 73R
1. #3 /A

ZNPS¢ 37 B F o B> & b L1545 2 o285 48 % > £ 41973# 11997
£4r1974# 5 1996# 2 B 7 ¥ (L iF 4 o 1998 5 FHE 0 5 BF R

OB e 0 H e Pkl A n W BV 0 SR (SR 2

\4

=
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f
ol
=
&

%% 2 P73 (safe storage, SAFSTOR) ik 7y » & F i ut BF &p"f e feiE {7 a“r‘f

1 42 2 2010# # RINRCH: 3«8 835 ¥ % ¥ Exelon® 7. o> 7 (Exelon)## #5 I
Zion Solutions > LLC(ZS) » 735 £ 2010% B 45 e 12 "ﬁc‘ iEAR o P AL R
po s o ZNPSeg % R ;@;friﬁ“f?}iﬂ Hor @ R D
N R PEALET R R E 0 TR D A s E & T K310 CFR 20.1402 7 At
Ap TR o G RRF R R XU R Y R EFF o B R “,f
B d e 0 SRR R e E R A w Exelon H jh 2 * iE 1 VHRET 3 K
*5 (independent spent fuel storage installation, ISFSI) i 35 Exelon3* ¥ 3& % 503%

/4 (Exelon’s Part 50 License, EC 2015):& {7 4p B crsa 3 1 % o

gls’(

R R T E - 300 k0 Dbl R 0 L R R
oo B SBBE C T hRAE(S Y T TG ) 0 A& £ 4R A e s

IR 7 R T R RAET v S AR R R R TR e 5

bl

M %4 10CPR20.1402¢H R 1528 - ZS#-$HFI4R3 T 3 B4E > ¢ 3 A9 M chi
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MR EEFFTEAYE P T EE NI e TIHEFEER R E R
(FSS) » ZS# & % 1+ 3+ 4/ (license termination plan, LTP)(ZS 2018) 4% 53 %1

TFSS2 2 (ZS 2017) » i BB E A SN E IR HFE B E L p
MARSSIM(Multi-Agency Radiation Survey and Site Investigation Manual) # 4p
®en= ;2 (NRC 2000) - NRC # # 2x 7 2 & % 191 fv 178348 ZS e

2018# 9% 1L TP (NRC 2018) -

B R4 B R e & 0 BORISEc s 44 ¥ 5 [oi 3P > & DZS5
g T¥, € Rl PR A R4 B &m-liﬁfF”#ur#FL

g f s bl AT R A L fede i A o o 2t Y R ARG SR AL A
5 3}‘3"‘,% BB ZSHE R E I 2 “,/TT TR AR H g
TR T T T - BAAERB R TR 42 KA ERD P R (ark
SRR ZSHR B ks T & 1 7 (walk-overn) P SN ITE R AR PCE A A
¥ 4 2844 22 % (radiological assessment, RA)e— 284 o ZS3k 4 3+ 4 4 3 4f
Ftsief e T 3 EMM KR ST 5FSSa- 84 > NRCik & RORISE# {72 “,/TT
ZNPSeigg i B Fats » ¥4k BIatp oy T 2N FHE R St 4
RO P RHRLRE BEREORRIEALEE SR -
2. Fahbde i

ZNPS i *t & J3% = 1 % 5. Fi(Lake County, Illinois) » >+ 4% % # (City of

Zion) ek & =4 o g B FRHE B 3% & 4 37 4c B (Chicago, [llinois) 2 4 $64 2 2
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(40% 2)> w27E 3 R E I A7 (Milwaukee, Wisconsin) 2 3 X682 2 (42
BR)RREE R E SRR Y H APk b 913407 (3318
)0 A IR N A 2 S e e 2 F R R F g(EC
20154rZS2018) ] 3.2 & ZNPSHEek crf BlBlo bt 2 % i3 FAp T 1

onh® B BRI E R T B T G 00 b 591 % e @ kot

AR e e 199 A R Py 257748 < (ZS2018) -

Legend

Part 50 License
= Boundary
Radiologically
x = x Restricted Area
Fence
Security Restricted
=""= Area Fence

B 3.2 ~ ZNPS fiat & FECR]

Z2RFIFEFP PR FHFTRDLEINE > o £ BRIEWE B
(container vessels) ~ # iff # 4% (turbine) ~ 1% /& (crib house)fr— i & 'K AdZ 3K

5 (waste water treatment facility) o 32 RhbH#-2 2 R lws 5 BB K HE ~
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(Survey Units, SUs) ¥ 3 17 $&55 » 4o B]3.3%77F o (# X FEZLH & % s p) £ ¢
B d 122018 £ 28 F% B ~ 12202 ~ 12104~12111 % F b > B> Rkt ¥ BFIRA X
PERERAZFTE) X2 FFP R ZFTRDLIEINE > 2
157 1 B 1248 % % (container vessels) ~ # iff # ¥4 (turbine) ~ [l 1% & (crib house)

fo— B Aok A2 3K 5 (waste water treatment facility) °

B 3.3 ~ ZNPS @ # 8 =~ chd] A
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3. FHRETE
ORISE- 7 ehF i & 7 P &4 5 "'3 H_i% P £ Wk % % (Environmental
Protection Agency, EPA) i 31 < 2 " Guidance on Systematic Planning Using
the Data Quality Objectives Process (EPA 2006) ; » p* i» ZNPSerjh = 225 1
Wi > A bt > HAR A vk REPAZE R I (DME R AL 5 (2)dg WA K P
5 Q)dp Ty » 5 (4 TEALER 5 (5)E 2 RS (6)4p Tk K45
B (P ERFHRTE S B ke BARA > ORISER2019# ©
SR - PRESRRB LR o
(1) B B 42
#A*NRCE& KORISE FZNPSfh = /z3did & 0 & IENRCH T 3% ik
AV TR 2 LD T AR A TR > TR AT RE S
TFERA ARG A NP s S NRC &3k RA B AK
RN R FERP P ERFHRENGEIRE o
@) $5 AR
= NIE LN SIS R
TR AR % L E 4 N AZNPST RRE AR S0 M st T 2

B st s 32

29



H et i 04t = 7 8% (Alternate Actions) e 2 7% B > m w2 AN P
2T (Yes)r PIS-F R Solrrsnd B8 %4 %8 NRCisFARK > ¥ 5
EHHZEAAS S b RE O RP e SR FRE Y ORS &
FHRFERTTE)NRLAFTRAEEITeNEE e R FARPERLET

(No) » P #-F5 L s M- % 47 2 8 NRCABB AR TR B9

)

NALFpr AR mPH e SR TR BB AR KT R D
BE O LRRAR HE HIR S B ANRCHFT g (i 0 SR A A
T BB AE S AR e [T 2 ik K S
TRRBANESFF(RF)FREFEEFS IR R 22 85 (F)K

3 NRC 8 chi BLE R o
() 4 T »

R R e NSRRI SR S A T A R E L A
IR, Sz LRI I R e i
® ZNPS#: k-4 »2LTP(ZS 2018)
® DCGLs ~ ROCs ~ MDCs % #p B 7L
® ORISEE #% ibc38 i 5145 fa % 3
® ORISEZ 3 54 472 %

%3.1 5 ZNPS# T 4 3 ¢9ROCs % H 4 i eDCGLsF-MDCs » ZNPS 2

ZEROCs: kp F EBEE AL o HBEP 3 E 0l s -iodf 51k
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5 il RO AR F 2 R A AR e p R T
B TR YRS TORIEE S PBE A A > BN R T - R R SR

Co-60 ~ Cs-134/1372_ ¢k » & 4 » 7 Ni-64 ~ Sr-90 ~ H-3:i& = B st %44 »

.«
\

iz = B A H 3T ¥R 7 % (hard-to-detect ROCs, HTD ROCs) » & 7 } *%

T A R LR W

b

kR 7R A H3E Ak
PARSMY P & hf A AP HE R FDCGLsHE » A ¢ i

715+ & Analytical MDCs °

#3.1 ~ ZNPS# 7 1 EROCs % H & :iDCGLs{=MDCs

Table 3.2. ZINPS Subsurface Soil DCGLs" and

Corresponding MDCs (pCi/g)

Nominal Analytical

1406 el 21EELT; Scan MDCP Mng
Co-60 3.44 0.881 3to5 < 0.1
Cs-134 4.44 1.137 Unknown < 0.1
Cs-137 7.75 1.984 6to8 < 0.1
Ni-63 763.02 195.333 HTD <2
Sr-90 1.66 0.425 HTD ~0.2

H-3 -d -d HTD <3

aRecreated from ZS 2018

bApproximated using the methods described 11 NRC 2000

‘Based on observed analytical MDCs

dH_3 is not identified as a primary ROC; therefore, DCGLs are not available
pCi/g = picocuries per gram

MDC = mummum detectible concentration

HTD = hard-to-detect ROCs; scanning mnstrument not sensitive to these ROCs
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4 ¢ 7|57 73 fEDCGLs » ¢ 7z DCGLpcsFrDCGLops » BBk R 2 ¢

it # €& > DCGLpssdp 17 A MEEH MBI F 3 F F LR lg st ¥ 5
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3 = E 3 20k 225 mrem/y T ¥ v R R (1 * pCl/gi® 5 H ) 0 2
Z % & & i # DCGLs(Base Case DCGLs, DCGLgcs)* & 7 /i k B #73 22 jk
h AP B st RIE—3 T % *f# s S F o T R—MOTNRCH A
ek SR > DCGLpcsiE— # & > T4 i+(Operational) DCGLs (DCGLoys) *

DCGLops % * ** B in frFSS/RAK 3+ B e ¥ fE » # B 3+ DCGLgss °

= f8DCGLs¥t * * if — i R 912 4758 (SOFsumple < 1) » 1848 £7SOF %

n
csample.;
SOF = —_—
Sample
P ~ DCGL;
Jj=1

b

o
SN

# ¢ Csamplej 2 ROC”j’ e & 7& & ~ DCGL; % ROC”j”DCGLpc/DCGLop ©
4 TEELER

FTHREFPRDde BHRL TR RFMEZIFER -2 2 2FTH
o B enpE P2 > F R A s AR ] 0 R FR R SR b
ARab P THE G  HAECER SRR AR FIREDS K
B :2019#47% 16~18p ~2019# 77 15~19p » FEin & chde 1238 7 4o §)3-4
AT ¥ FF 2 F A R AR AR EER > F T A

HPERLET 20 (100%)H 5 > 2 & AR FIEA S aaff -k F1 5 A4k
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Ho) £ %+ 2 3K (alternative hypothesis, Ha) » 1% & 382 K#FEF AP ende s o
AR ]

Ho " R By T 21| I A7 5 mAM 2 A5 4
Hat SR BRehy T 27 5 ARN 7 A5 2

BREBRHFREBT LI AT SREITRIEB . B o3 BA
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FLEFFER e
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e TR BEcs Buland HAESIE R Z B AR A 45 A ] RIHE
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M e % FERRER Y OB PR R M A 47 R BRI R BB Y
RIATARFR PRFBTEE LR CHARPET R ER

Bgpthenfide 0 B R R R L BNRCEFIER o |
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DQOAZ F % = 1 ¥ ¢ A dp T W U] o 504 e P X T3
BB e TR & B 37 7 (data quality assessments, DQAs) 341 » 4k £ 3.1
¢ i) i B B4 H MDCs i+ ¥t 3 T 2 3 eiDCGLops > #7F fedt = AE 30
NEPHAFREFINF R ENT RS BETHIERHZ ENRC (7@
FRE T RCARD A8 tm o 2t 0t 0 B R GE# 4 $MDCs ¥ & DCGLop
10%(Sr-90 &_ix] #+ » H #+44 i 514 45 MDC % DCGL0p50%) ©
(7) Bt EEFTRR

DQOAEA ekt — B F 5 Bt B TR > * % 4 DQO
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BEERBRELXTAEI S ABRF AT LEN - EHELAE N
B EDQOs AT F T F A FE L TR TR~ L dme ¥ o
4. A EAER

ORISE# & B HNRCHE S & Renv7 2 » A A FHFET T PARKE
RIZfePofRiad A A B E 4 & B B &~ F(ORAU) S ek B 442
K 4+ { (Oak Ridge Associated Universities (ORAU) Radiological and
Environmental Survey Procedures Manual){rORAU 5t PR3 frifg &35 2" 5 &

3+ 4] = # (ORAU Environmental Services and Radiation Training Quality

Program Manual) (ORAU 2016a/2019a) -

(1) %3 23
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REE R
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5. &AL P E FTHRIER
B & o i i v ORISERAA 47 22 f23% » d Oak RidgesRadiological and

Environmental Analytical Laboratory (REAL):& 7 & ¢ > &~ 47 1 &

ORAU Radiological and Environmental Analytical Laboratory Procedures

Manual (currently ORAU 2019b) » *% 7 Bracafe? o R EARIIE L T AR
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AT PeIg kA 7 5% % cREALF * JR IV 8 2 $ i § 14 2 2 RUT i pl s 48 3%
&0 #Sr-90 ~ Ni-63 ~ H-34 gtk > 4% i F Bt b2t die sl e AL PP 2t i
2R E R (pCilg) ©

48 F AL * & = Fl(quantile plots)fr2 = Hl(histograms).g & % & {5 4§
T PRA - AEAR L E Y K T F > HLE Yihi T e
AW P A S (M epm i E ) o KT XER] & o BT TS E T A
e ] (A )T el AR A T B f (D )A i i AR R F (T F
FHMZANT B4 GREET - FEM BAF O ERGEHM L Fov §
MAERFM-FET FBAGHGF F 3L s BF BRI S
#e o

dEERSLSPREFRY FEVREE WV H 5 - AP B(1-D scatter
plots) °
6. FRERLE

RI3.55 & = FEeadd & enibedf o 7 TR A o] 0 Bl ¢ o chsd e BT 0
BATRB IR AR R L 4 S Y BT AN BB ADRE B
REFEMEZIDI LF > RFRFIRFTFEF N J hipIOpk - 7 70
SR RBEE TR ERREORSEFFER - TARRATIIEINL K
REE G - BPREAFTE R > ¥ 0 0 FRPIVEL DT 0 & H P EcF

kB B4 PR EREFIFEE & o

38
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Ni-63k & 4218~ $7MDC » ¥ & 3 IR.Sr-90 ~ H-34g =4k &) ©
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Theoretical Quantiles
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#.32~2019# 47" Fat 7 ARZNPS 2 SER AR 2 P A R R R

Table 6.1. Summary of ROC Concentrations in Soil Samples Collected During

the April 2019 Site Visit (pCi/g)

Parameter | Co-60 Cs-134 Cs-137 Ni-63 Sr90 | H3 | SOF,.: SOFzc*
Min -0.013 -0.035 -0.031 09 0.01 -1.7 0.07 0.02
Max 3.69® 0.040 1672® 3.8 020 |-020 847 217

*The SOF does not include the fractional contrbution from trstmm; adjusted DCGLs are not presented 1n
the site’s LTP
bSample result is approximate. Results are from 527150045

B13.652019% 47 Fuat 3 ARZNPS # 3E 4k A Fa2aid & el a4 B %l 5

5527150045 :17C0-604-Cs-137 3 & ~ tpdg A% H s 7 0 & A LRl 4

d. —
* 7T

B 4hh- BERET AR PRI -

:".ié"‘ﬁ%”) Ttk end
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( e -
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.1 . | &
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o .
= . 2 |
-
L-’:l-\{-r : wes * .
= - 8§ ¢ . g . @even .
S Co-60 Cr-134 Cs-137 H-3
=]
)
= " K “ 04 *
C - ®
3 0o .
o

o
"
L]

. .
. .o 0.
. 2 1 bt
.
L d
. .
e’ ey 1 -
]
- %o .
-
S oo o 0 ? N ™ » x
N-63 SOFbe SOFop S¢-90

Radionuchde of Concem

B 3.6 ~2019 & 4 7 Fht23 4R ZNPS 2+ 3+ A /g & e 1 24c7 B
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23350 A0 HE Y A BRI IR I 7 A 37

7 3 Co-604: 4~ +1MDC > # & % ¥ A 22 DCGL " $1 0 F] 5 7B~k & enfe

BAET A D ERAEFELAFT -

#3.3~2019# 47 Fuht 7 ARZNPSEATRE it 805

Table 6.2. Radionuclide Activity of Discrete Particles from the April 2019 Site Visit

Sample ID Survey Unit ROC Activity and Uncertainty (nCi)
Co-60 Cs-134 Cs-137
527150039 12106 1757 + 0094 | -120E-04 6.70E-04 | 690E-04 + 320E-04
527150054 12106 0372 + 0011 -3.0E-05 7.30E-04 | 240E-04 + 3.20E-04
*Uncertainties represent the total propagated uncertainty reported at the 95% confidence level
2019# 77 & (7 e b AR JEZNPSAE LA B B B ¢ (l9B =% 21 21

B S S BB FRG 2B G AR E 2348 R AN
P SRR B A Y AR RS RIS 1T B RA Y — B

P

&7 F A2 ONI-63 0 Sr-90frH-3 ] 3 A AL g AR o
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Table 6.3. Summary of ROC Concentrations in Soil Samples Collected During

the July 2019 Site Visit (pCi/g)

Parameter Co-60 Cs-134 Cs-137 Ni-63 Sr-90 [ s SOFo,* SOFz¢
Min -0.016 -0.043 -0.030 0.04 -0.020 | -1.00 0.00 0.00
Max 0.511 0.041 1.70 1.68 0.11 0.6 145 037
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Table 6.4. Radionuclide Activity of Discrete Particles

from the July 2019 Site Visit

ROC Acuavity and Uncertainty (pnCi
Sample ID Survey Unit Sy:sedl Uncestssty (W5)
’ Co-60 Cs-134 Cs-137
5271S0055A 12202D 0259 * 0013 | 60E-05 * 200E-04 50E-05 * 130E-04
5271S0056A 12202F 0450 * 0023 | -80E-05 * 360E-04 | 140E-04 * 140E-04

aUncestainties represent the total propagated uncertainty reported at the 95% confidence level
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® ORAU Radiological and Environmental Survey Procedures Manual (ORAU
2016a)

® ORAU Environmental Services and Radiation Training Quality Program
Manual (ORAU 2019a)

® ORAU Radiological and Environmental Analytical Laboratory Procedures
Manual (ORAU 2019b)

b e Bep R B4 2 B RIN414.1DEL 4 £ 2 F BINRCE A T2 2

B iR yE R &%+ P (Quality Assurance Manual for the Office of Nuclear
Material Safety and Safeguards) * & 7 & A2/ 4 78 B cnE P T35 AR o
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Ludlum Nal Scintillation Detector Model 44-10, Crystal: 5.1 cm x 5.1 cm
(Ludlum Measurements, Inc., Sweetwater, Texas)
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Coupled to: Ludlum Ratemeter-scaler Model 2221
(Ludlum Measurements, Inc., Sweetwater, Texas)
Coupled to: Trimble Geo 7X

(Trimble Navigation Limited, Sunnyvale, CA)

FHRESITRE

Low-Background Gas Proportional Counter (# %8¢ &3+ #c %)
Series 5 XLB

(Canberra, Meriden, Connecticut)

Used in conjunction with:

Eclipse Software

Dell Workstation

(Canberra, Meriden, Connecticut)

High-Purity, Extended Range Intrinsic Detector (HpGe . # % 3t)
CANBERRA/Tennelec Model No: ERVDS30-25195

Canberra Lynx ® Multichannel Analyzer

Canberra Gamma-Apex Software

(Canberra, Meriden, Connecticut)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, Tennessee) and

Dell Workstation

(Canberra, Meriden, Connecticut)

High-Purity, Intrinsic Detector (HpGe /8 # % 4t)
EG&G ORTEC Model No. GMX-45200-5
Canberra Lynx ® Multichannel Analyzer
Canberra Gamma-Apex Software

(Canberra, Meriden, Connecticut)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, Tennessee) and

Dell Workstation

(Canberra, Meriden, Connecticut)

High-Purity, Intrinsic Detector (HpGe 1§ # ,% %)
EG&G ORTEC Model No. GMX-30P4
Canberra Lynx ® Multichannel Analyzer
Canberra Gamma-Apex Software

(Canberra, Meriden, Connecticut)

Used in conjunction with:

Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, Tennessee) and

Dell Workstation

(Canberra, Meriden, Connecticut)

High-Purity, Intrinsic Detector (HpGe 8 # % 4t)

EG&G ORTEC Model No. CDG-SV-76/GEM-MX5970-S
Canberra Lynx ® Multichannel Analyzer

Canberra Gamma-Apex Software

(Canberra, Meriden, Connecticut)

Used in conjunction with:
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Lead Shield Model G-11

(Nuclear Lead, Oak Ridge, Tennessee) and
Dell Workstation

(Canberra, Meriden, Connecticut)

Liquid Scintillation Counter (7% jg P* %3+ #c B)
Perkin Elmer Tricarb 5110TR

(Perkin Elmer, Waltham, Massachusetts)
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Table C.1. Typical MDCs Total Absorption Peaks

Radionuclide TAP (MeV)= MDC (pCi/g)
Co-60 1.332 0.06
Cs-134 0.795 0.06
Cs-137 0.662 0.05

*MeV = mega electron volt

® Ni-634 #5
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07-03 sU (accessible
portions)
ERENTE 1 = ¢ L;;h‘.ﬂm model i ag)itjilt;'l o a?t)it:ilt;rm i alc-(:i?ilt;m v -Soil sampling
: TOPM § artrvity TSion, s Total net -Soi1l sampling (5 | -Soil sampling (5 | -Soil sampling (9 | -Soil sampling ‘One rock
(direct scanned by gas by gas 3, Lecsit hin 6 | Tocati b | locati s | .Sodl tin ded b
6 | mopcitiont s sl activity ocations wi ocations withir ocations withit o1l sampling | provi V
—— detecl o RSS survey the exposed so1l | the exposed soi1l YAEC
units) excavations) excavations)
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-3 locations 1n

30 random
h -05-02
'llz;tliosis 10 locations on 1SOI§:tiODS g ﬁ?all-i::fs?x: 6 *5 locations in
EHENOE y . 18 randomly >90% (y scanned, | ~ NOL-01-04 each SU -1 location
SB: 23 locations . the evaluated >90% (y .
ER T %S 4 Others: 20 selected locations i i NOL) e >80% (y -1 location in OOL-05-06
locations accessible scanne_d.l SaLR B
i) acce_ss:b e
i portions)
Gross o and B by | Gross o and B by | Gross a and § by
low-background | low-background | low-background
B & MERN | gas proportional | gas proportional | gas proportional
= detecto, H-3 by counter counter NA NA NA NA NA
(smear test) liqud-
scintillation
analyzer
Co-60 & Cs-137, | Co-60 & Cs-137, | Co-60 & Cs-137 | Co-60 & Cs-
SRt ] Co-60 & Cs-137 | Co-60 & Cs-137 Co-60 & Cs-137 othexs ofhess 137, others Co-60 & Cs-137
Scan: Scan:
*Co-60 DCGL *Co-60 DCGL
6.300 dpm/100 | 6,300 dpm/100
cm” cm”
-Cs-137 DCGL -Cs-137 DCGL
aegy | M= wal A total 22,000 dpm/100 [ 22,000 dpm/100 | Soil sample: | Soil sample:
activity: 5,000 activity: 5,000 +Co-60 DCGL 2 2
(DCGL, dom/100 cm? dom/100 cm? 4.0 pCy/ cm cm *Co-60 DCGL ‘Co-60 DCGL
DCGLiuc,or | & P within DCGLs sl 2l -Gross BDCGL | -Gross BDCGL | 1.4 pCi/g 14 pCilg
-Removable ‘Removable *Cs-137 DCGL
other e e, y 9.800 dpm/100 9.800 dpm/100 *Cs-137 DCGL | Cs-137 DCGL
R activity: 1,000 activity: 1.000 8.6 pCir/g 2 2 : y
guidelines?) dpm/100 cm? dpm/100 cm? cm cm 3.0pCvg 3.0pCr/g
Soil sample: Soil sample:
*Co-60 DCGL 1.3 | -Co-60 DCGL
pCr/g 14 pCyvg
-Cs-137 DCGL *Cs-137 DCGL
28pCi/g 3.0 pCyvg
No (because four
soil samples
WE RN No (because one | within the z:l(becalll:: i
No (6 18 ¥ 42 % | All well within soil sample in Northeastern e
(TRREAT | Yes FEA) DCGLs e excess of the soil | Upper Yard within NOL-05- | Yes
FRARAE?) DCGL) Excavation in Gf S dnoess of
' the so1l DCGL)

excess of the soi1l
DCGL)
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3. 2 HBEE A F(YNPSH B 5 2Mo 2 A

LR &Y EHYNPSH F 32003 E 127 24P - 3 f 5 YNPSHuE

P AAF 4 i 7 % 04 7 (Docket NO. 50-29; RFTA NO. 03-026) » 7
TR SEEFaRA AL P o 80 ©2003£097 24p 125P
WA A TR R EYNPSHT R s B2 AsE Ay 0 Bl4s 2t AR PR

o ¥ E T hF & X S frRancho Secot: T F(RSNGS)erwr:nid 4 47 4
f o ARMARR G EL A BRFAESRE D (DH A E REFR

(Introduction and Site History) ~ (2) B &k 4w i (Site Description) ~ (3) P 1%
(Objectives) ~ (4)~ # % & (Document Review) ~ (5)#% % (Procedures) ~ (6)
~ 47 82 B 23 (Sample Analysis and Data Interpretation) ~ (7)% 22 4 %
(Findings and Results) ~ (8) & % £2 ¥ ] et #%( Comparison of Results with
Guidelines) ~ (9) ##% (Summary) > #-3 & Z B~ 42 A 1545 ~ L E LR
B F A P R AT M4k P (Inspection and Enforcement Circular) » %]
YNPS#, (= “’T‘ PR R EED 0 YAECA &+ NRCi D # 4°

/2 d NRREG/CR-5849## 4% 2 MARSSIM » & Frsaid A3F 24+ 5 {6 Rk

t’l]j_—r | *g_‘\l ’ I}—r;j’%g 1517‘:1;-_’%_];' mA\’f"/V%‘]‘E{ﬁr\J o
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@ @1 L R > YNPS*1994#3 % 4= 4w NRCH# 2174 (3] ¢ (1)
1994.£3 7 crg 3t F (19954107 J&i8) 5 (2) 1997£ 57 i L 3- 5
(3) F 175 (R BR Gf EAfHE P 0 %A 15202000 J 1948 #5121999
#57% YAECL #» » NRC# 1§ #& 3% & = 2 ¢ NRREG/CR-5849 i #%
MARSSIM > @ {4 YAEC# #1ig & ey pg @ 224 > T K pr @ * MARSSIM
Eaa st T SRR

2150 A vk dy EYNPSHEL A R S 475 5> £ 05 44 kiR e ¥
® R F(401967 & FIA 7 45 L A4 A RATER R B NE R) 0 5 A
B BRI T AR 5 s [ ehie BE o P IREHE R 3 i e e F]
FREBEEA A2 OH3 BystR(k p AR B RFFERHL
FHEALL L PP B A G DCs-137% Co-60  FHFFELAEH I P 5
S F G BRBR  REBRE SBE T A EABE BT kR
AR~ AR OW IR B T RS A AT

B 15 3P A= ORISE# Z % FINRCeh®& £ 5,8 p 1999 & 57 4= 44+
YNPS/ T /5 ~ PRAR X L~ R o P20 B B 30 aud 37 89 4 3 endh o 978
ﬁ“!r‘ RALBED E B 52 o
(2) Ra bt i

Fo iR Ak e TR ¥ (B13.16) 0 MR FRILERER W AR E P il s A

HRHp 2 2 F AT @ b P FEILER K FI(R13.17) : YNPS
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T K > (Turbine Building) 7 3% A& - B FHF ot k@2 = Kk ~ R

7+~ # (Service Buildings) ~ 12 % # ¥ % B F M e+ K5 it o

MASSACHUSETTS

Yankee Nuclear
Power Station

NOT TO SCALE

B 3.16 ~ YNPS Fiht#7 feb i B
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OATEHOUSE |
L

WAREHOUSE
MODULAR ﬁ
BLDO,
3
N
SURVEYED AREA
¥ FENCE
NOT TO SCALE

B13.17 - YNPS & 58 FIGT 8 5 ~ JRAE X L~ #9752 T A7 1)
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3 B 1%

TP AFERB AL P B A N b g B e w R TR 0 1T S
NRC#= %5 g F R LB MR ED & 5 5% vl i 7 £ (adequacy) &
I Fg 4 (accuracy) e
D% 4

ORISE% & 3 5 554 % 4= et A 5 fo o 782 3 B B B5 4  He L
Fasn B g7 0pg il c YNPSE K R 8t 5 % R A o 4520 =0 R B 8- ¥
SRR HINA o
(5) 25

ORISE =t i 34 7 crp BF 5200397 24p T 25P » (7 7 B al & ~
Wz plE 2 s B35 FORISEch#F 344 A AR AF B S F
FREEP G PR EFT o FE Y L RPN PR EBERE R
Bl o A TRSNGSewr:Ad & » YNPSefgs B {RA P o s i3 B o
® %% i it (Reference System)

ORISE& P22 B~k = ¥ 1% AT YNPS# i e 542 % SLfr YNPS#% &

Bl 5 (B3.18~H13.21) o e I A4k e 7520 R AP 3P| =8 o
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FLOOR
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# SINGLE-POINT
UPPER SURFACES NOT TO SCALE

Bl 3.18 ~ YNPS /T8 5 A P~ 2 B E 2 ¥ B
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‘ # SINGLE-POINT
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Bl 3.19 ~ YNPS T #f 5 Aty - A & &k 342 Rl 2t B
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|

MEASUREMENT/SAMPLING
LOCATIONS

) # SINGLE-POINT
FLOOR

A # SINGLE-POINT
LOWER WALLS

# SINGLE-POINT
UPPER SURFACES NOT TO SCALE

B 3.20 ~ YNPS ;T 45/ 5 A B 2 Bl R e B W)
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MEASUREMENT/SAMPLING N
LOCATIONS

# SINGLE-POINT
L
FLOOR

# SINGLE-POINT
A
LOWER WALLS

0 # SINGLE-POINT
UPPER SURFACES

[0 #EQUIPMENT SURFACE NOT TO SCALE

B 3.21 ~ YNPS fR7%~ #P2~4k 2 Pl & fe & Bl
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® 5 4+ (Surface Scan)

ORISE#T:8 7 e A4t iR 2 WL g 87340 k> i
FHV SR ERE G EEE G B Ao 2 bR v R ¥ Nal
W E LG ER AT R bR B F R HR25% 0 0 $
R Re A A kR G 2 MM T AL > £ 8 Y
AR BREDE R FR o
® %5 %R E P (Surface Activity Measurements)

FA G B g BB BT IR 0 2 BYNPSHIE i e 3-18~
B3-207 4 EHE AR TR APRIAAI s HL o HRDI2B Y +
HERPERDEZETPR ) RB21MA TR E > R I23B =) 5 &%
NHRFRL AL 5 P F 20 B o R REINA R L FENF R 6 F
R E Y BIE ) BRFIL TR SRR EOE R R B BE ¥
o SRR H3GER 0 T ENFIRERE ST N AT R EF - /&
Benl0B e Rl 2% o BHBE2Z o JRIFAHE PR RATHPFHF
ZIREBER PR -

(6) & &4 47 & I g A
& 21 ficdf ¢ 4% » ORISE 2.0ak Ridgeshd % 3 ¢ &7 445 » R & 4

17 xﬁ /AORISE % % 42/ * # (Laboratory Procedures Manual) » 4 B[ &
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28 ERERSA e SR OE =@ % dpm/100 cm? - H-3R] & * % ik P* %48

i p] B RS & 15 2PNRCAR %22 44 {7 1 4 (IE Circular 81-07)7 3 g5 vt
Foo RS A R PRL L S Byt [T R p ERERE A AL D
AHATTE A ARRE PRI E foa i At AR R
PN HHEA R 4B o
NFEREES
® ~it% 3

% ORISE i (7 LB rfa3asd & 2 % > & Jf £ 38 (F YAECTE & 974k & o
Y 2Fh o A RIS A Kbl ¢ o ORISE¥t i~ S ¥k i & #icdp
FRFTEFL O FEFAPOBRLEREAAFT SRR EAE Y o 2T
Bl TR o
® itk

B o dFd ¢ 2R S BIRB ik i Ed e B% oyd e £

%

wm&m’%ﬁ%%ﬁﬁ%ﬁﬁ FE R H AR en
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BRI A3OA311Y TS AR K RE - RaAEpER R
BE % & w4 35-610~810dpm/100 cm? ~ -580 ~970 dpm/100 cm? ~ % -330
~ 1,200 dpm/100 em? » 7 45 % % # 55 & (BeH BRI %) FBAER 9 50 ~ 5
dpm/100 cm? ~ 3,B7% A -6 ~ 8 dpm/100 cm? ~ % 4% H-37% A -16 ~ 52 dpm/100
2

o

cm
b. W PES RAFE
BE 3£ 3-12 > & 5] 43130 ~ 1,300 dpm/100 cm? > ¥ # ",f *m B R

(BERFPFELER)PRoERE D 20~1dpm/100cm? ~ % 3B7E A -5~6dpm/100

20

cm
c. PRF*~

FE A L3130 BWBEAERIESE A W A 3-310~1,300 dpm/100 cm?
ARG E RGBS R)TRaF R N 50~ 3dpm/100 cm? ~ % %%.BiE
B -4~ 5 dpm/100 cm? -

(8) B % FER v &

BRIFHRSEFR T HRENFTLPALE By y T kpE@
FXEMRAIDL AP PATTA 0 2554 B P45 Cs-1372
Co-60 - NRCAR %22 4% {7 i 4 (IE Circular 81-07) ¢ 23R godp 1 e M7 B[ (&
b T

B & 475 A 5,000 B-y dpm/100 cm?
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v "ﬁi /& B 1,000 B-vdpm/100 cm?

FZHRGTHBR Y SRR R PR R AR ) hig i Bl
i % 0 Bk ARIE L TR R o
(9) %% (Conclusion)

A hF &7 > ORISEfas {s 1 & PGP 27200397 24p 2 25p &)
0 A YNPSeiT M 5 ~ JRFEA ML~ 10 2 5 7220 | B 7 40 T B8 9738 (7 HhfE

s AR 2P

BN

BOREREBETHOF A o LB DT
+

20 BRI ERERTPOEE > BARLERFE TR LTVE > B L R

BT 2T * R o
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#3.9 ~ ORISE4-$ YNPS/T i 5 & #3472 b2 AEseid B % & ($ B F3-18)

Location Surface? Total B'Fta A"‘tifit}’ Removeable Activity (dpm/100 cmi)
(dpm/100 em?) Alpha | Beta l Hoa
SU TB002
24/11A LW 18 n " —
25/12A LW 2 0 1 L
26/13A LW 210 o S =
27/14A W 3 ! : &l
28/15A W 37 5 L 2
32B Us 330 0 3 3
33B Us 850 0 : =
SU TB003
29/16A LW 320 0 ~ .
30/17A W 79 3 2
31/18A LW 410 o : L
32/19A W 3 5 5 L
SU TB006
=] Us 370 = v :
e LW 380 5 ; -
- LW -130 : % -
SU TB007
33/20A W & y : .
al LW 450 5 = L
o8 LW 180 5 = :
SU TB008
55 W 3330 - ~ -
L LW -170 - - =
57 W T 5 - -
SU TB009
49 v = - _2 _
50 LW 56 1 = =
ol LW -320 = ] =
= LW 710 5 % B
53 W 10 3 = -
e LW 350 ] = =
29B Us 5 L - =
30B Us o I ! =
SUTB010
59 W T 5 3 -
g9 LW -170 5 : -
SUTBO11
44 Lw 21 0 ] —
45 LW 740 0 3 —
46 Iw 180 5 . -
47 W 2120 . ; -
48 LW 370 7 = =
25B Us 510 1 - -
26B Us 300 N 5 =
27B Us 110 0 ) -
28B Us -250 3 =] =
SU TB012
31B [ Us [ 140 1 i ——
SUTB013
61 [ 1w [ —= — C
SUTBO014
38 LW -280 5 : -
B LW -320 i > =
L LW 2250 ] : =
41 W 310 5 : -
42 W 390 3 | =
43 W 2300 5 5 -
21B Us ~100 5 4 =
2B USs 370 5 > =
23B Us 56 . = =

"LW= T8 > US= E&@ : " ARFT
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#3.10 ~ ORISES$YNPST # i % & 44 17 2 b 2 FEsasd & % % (H B F3-19)

Location Surface® Total Beta Acti\:ity Removeable Activity (dpm/100 cm?)
(dpm/100 em?) Alpha | Beta | H-3
SU TB006
65A Us -430 0 [ 4 | b
SU TBO17
91/22A LW -340 ] 3 5
92/23A LW 63 o 3 5
93/24A Us 290 0 > 5
94/25A Lw -370 0 3 15
95/26A F 2580 0 | 0
96/2TA LW 63 0 1 6
97/28A F 490 : 3 -
98/29A Us 360 5 ; :
J30A US 140 0 > =
100 Lw -270 0 -1 -
47A LW 87 0 3 -
48A Lw -150 0 8 -
49A Lw -24 1 3 -
50A LW -100 0 | —
S1A F 540 1 3 =
52A F 440 0 -1 =
SU TBOIS
1A F 1 o B —
SU TB020
66A F 570 0 ) —
67A LW 180 0 1 -
68A Lw 520 1 -3 -
69A F 700 0 5 =
SU TB021
32A LW -580 ] 3 -
33A F -870 0 > -
34A F -750 1 2 -
35A F 440 0 -2 --
SU TB022
36A Lw -520 0 3 =
37A uUs 79 1 -3 -
38A F 410 1 3 "
39A LW -140 0 2 =
40A F 220 0 | —
41A LW 790 1 -1 -
2A F 280 0 1 —
43A Lw 420 1 4 -
44A Lw 110 1 -1 -
45A LW 310 ] 3 -
46A F 100 0 1 —
SU TB023
53A F 970 1 3 -
54A LW -290 0 ! -
55A LW -400 5 ) —
56A Lw -260 0 1 =
57A Lw 87 1 3 =
S8A LW -180 ] > »
59A us 210 3 > =
60A Lw 140 1 -2 -
61A us 180 0 -2 --
62A LW -150 0 3 —
63A F 430 0 -2 -
64A Lw -56 0 1 -

*F= dbig * LW= F b8 - US= L& @ : "R#4T
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#.3.11 ~ ORISE4* 1 YNPS/T /i1 5 = #3722 A 5 % % (R B3-20)

Location Surface® Total . Beta . Activity | Removeable Activity (dpm/100 cm?)
(dpm/100 em?) Alpha [ Beta | H-3

SU TB024
89 LW 32 1 | -4 | b
SU TB025
77 F 630 0 3 -
78 LW 480 0 3 -
79 F 530 0 1 -
80 LW 440 0 3 -
81 F 1.000 1 -1 -
82 LW 250 ] 1 -
83 LW 330 0 3 -
34 F 910 ] 3 -
85 LW 440 1 1 -
86 F 700 1 ) -
87 F 600 0 2 -
88 LW 470 0 1 -
SU TB028
87 E 710 1 1 -
VIA LW 1,200 0 1 3
2/2A LW 700 1 1 3
3/3A F 950 5 1 4
SU TB029
4/4A LW -250 0 2 5
5/5A F 600 0 3 I
6/6A F 900 1 3 5
65 F 810 3 5 -
... F 710 0 I =
SU TB030
T/TA F 640 0 3 3
8/8A w 48 0 > 3
9/9A F 300 1 1 o
10/10A LW -150 0 5 5
11 LW 220 0 2 .
12 Lw 370 3 i —
13 F 480 0 1 =
14 W 430 1 5 -
64 F 710 1 ) m
SU TB031
15 LW 130 0 3 -
16 W 32 0 1 —
17 LW 140 0 7 -
18 LW 680 5 1 =
19 LW -8 0 2 —
20 LW -330 0 N -
21 LW -250 0 3 -
22 £ 360 0 3 =
23 w 63 0 1 —
62 F 390 0 = 2
63 F 430 0 1 -
75 LW 8 3 3 -
SU TB033
72 LW 830 0 2 =
73 LW 290 0 51 =
74 F 560 0 3 —
76 F 520 3 1 -
SU TB0335
68 w 200 0 1 =
69 LW 830 ] 3 —
70 F 500 5 3 —
71 F 760 1 £ =
24B Us 130 1 1 =

*F= 4R * LW= TF i » US= L&k @ ; " RPUT
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£.3.12 ~ ORISEA $1YNPS# 7£2 T A 7 8, (7 2 b = FE

WA AESE

(% 3 48 )
. Removeable Activity
Location Surface? TO?I nli/eta Act1\2/1ty (dpm/100 cm?)
(dpm/100 cm’) Alpha Beta
1B Concrete 440 0 -2
2B Concrete 690 1 6
3B Metal 880 0 1
4B Metal 510 0 -4
5B Concrete 290 0 -2
6B Concrete 1,100 0 -1
7B Concrete 420 0 -5
8B Concrete 130 0 -4
9B Sheetrock 750 0 3
10B Wood 1,000 0 -3
11B Concrete 680 1 2
12B Concrete 140 0 -3
13B Metal 650 0 2
14B Metal 710 1 -2
15B Metal 780 0 1
16B Metal 920 1 -2
17B Metal 1,300 0 3
18B Metal 1,100 0 -1
19B Metal 280 1 -1
20B Metal 440 1 -3

EP A G
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#:3.13 ~ ORISE4 4t YNPS# ##2 B A L3R F2 hrminit b % %

(¥ R13-21)
. Removeable Activity
Location Surface? TO?I nli/eta Act1x2/1ty (dpm/100 cm?)
(dpm/100 cm) Alpha Beta
70A F 370 0 -3
71A LW 71 1 1
72A F 890 1 5
73A F 920 0 5
T4A LW -140 0 2
75A F 1,100 0 -1
76A LW -160 1 3
T7A F 980 0 1
78A F 1,000 0 1
79A LW 260 0 2
80A F 790 0 -4
81A F 1,300 0 2
82A LW -260 0 -2
83A E 850 1 -1
84A E 560 1 -1
85A E 870 0 -1
86A E 280 0 1
87A F 760 0 1
88A E 620 3 3
89A F 540 0 1
90A E 870 0 -1
91A E 800 0 -2
92A LW -310 0 3
93A LW -79 0 -4

F= H4x o LW= T 385> US= % # % &
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4. X GFHFRRE
1) &%

T iR BT T FEIRG AR 4 PAPPENDIX AY 5 4T

Fhedpip i REe L

--beta--

Ludlum Floor Monitor Model 239-1

combined with

Ludlum Ratemeter-Scaler Model 2221

coupled to

Ludlum Gas Proportional Detector Model 43-37, Physical Area: 550 cm?
(Ludlum Measurements, Inc., Sweetwater, TX)

Ludlum Ratemeter-Scaler Model 2221
Ludlum Gas Proportional Detector Model 43-68, Physical Area: 126 cm?
(Ludlum Measurements, Inc., Sweetwater, TX)

--gamma--

Eberline Pulse Ratemeter Model PRM-6

(Eberline, Santa Fe, NM)

Coupled to

Victoreen Nal Scintillation Detector Model 489-55, Crystal 3.2 cm x 3.8 cm
(Victoreen, Cleveland, OH)

ERERPH IR ESEL

--beta--

Ludlum Ratemeter-Scaler Model 2221

Ludlum Gas Proportional Detector Model 43-68, Physical Area: 126 cm?
(Ludlum Measurements, Inc., Sweetwater, TX)

FHRESITRE

Low-Background Gas Proportional Counter (# %8 +* 63+ #c %)
Model LB-5100-W
(Tennelec/Canberra, Meriden, CT)

Tri-Card Liquid Scintillation Analyzer
Model 3100
(Packard Instrument Co., Meriden, CT)
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(2) &FALRIE P

® & pitiTREF F otk & k(check-source)® iP| > FELK H 8 (T &7 14
=L L sKI'S oF TR S

® HR L L7 i 3t (Mixed-Analyte Performance Evaluation

Program)fr+* $Fip|3# 3+ & (Intercomparison Testing Program)§ % % &

@ HATd HFARS A R R FIRENE o
O THIBIT P IR I
() B#/E R

G-yt @y cnE Pl o ORISEZL & i& 7 4 w 4% 5 (surface scans)2 4 w /%
& & Bl(surface activity measurements) °

20 Fh GRERTZERFEF T2 P EERBEDE E FIFEA
BT R ¥ Hlemz o FATyIR B0 @ F Nal P e B> 55044 -
Fom AP FERERY SHS DG fFERE A FEHORET B TR

AR RN Erod WNalP R R B E* RPNV 2B e

R HERMDCY A4 2 5 o
A BE G S A Y L B2 BB H 5 MDCF o NUREG-1507 473 &
R R E S R hSs RS hT Y R E325 cpm s £ (R HE B)

e 354 F #5180 cpm~d’=2.32 (NUREG-1507 table 6.1, 95% true positive rate,
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25% false positiverate) ~ &5 F0.5 3 L8t B > & BHIR K 0dF
$ MDC 4 % 4000 dpm/ cm? » 3% £ & P % 5 3000 dpm/ cm? » 353¢ ¢k 47 {5
15,000 dpm / cm? & K #H 5 F OUAER B4 E K B fo

VB o e B A Fd SFlog A(E 247 mm)iE (7R R R
¢ HRA PRI G100 cmy i A G B FERF IR 0 RS G R
Batr o TR R e g BE e

FPrH-3enBH 0 1 % 3 BT RGEIR Y o B R P B4 3840100 cm?

oo
4) » ¥ i
Bo/f o Bo/BiE B kR o A ey B B EcE kY 27 2
A g8 AR o ¥t afeB e MDC 4 5] 5 8 dpm/100 cm? 14 32 15 dpm/ 100 cm?e
R BT L@ R RPN T R BRRE P M BB AR
H-3 g B > p 42 R ch- 4 MDC % 22 dpm/ 100cm? ©
(5) RAEWFEEFZ F* Pi=k

YNPSL & 3 AP B2 B-yE R » kp F RBEEA S s B s
Af 5 HEFEAAET LR LS TN LG PP A S Co-6022Cs-137 0 *H R
# {43 * NRC Circular 81-07 (NRC 1981) & & {53

2.5 B (Total Activity)
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5,000 B-y dpm/100 cm?, 100 cm? * # < &

] ",frf = & (Removable Activity)
1,000 B-y dpm/ 100 cm?

AR DB RIS R BT T RRIEINL G A2 R o $205,000
dpm/cm’igth e G F R FUE KR 0 ¢ 13 4 F E 5 mrem (0.05 mSv) i it
AR R 0 2t UE - A g i TR A AR Y (recycle) v i ¥ AL R R

B EY RRSAE  FHEMPED A2 B OREONT E RAE N T

s Rt PR > £ T FSSenE RIS R A &5k F R EATEGTER
AEGIH R D B2 AR AR DIV G ARE L > e A RS A
BORISE=® & en&- i 8 KT 5 Gl B enBegi ~ & 47 11 2 FALsh 3 1B Az e}
(70 KUV FE SR S O FEE o

A EGIEHYNPST R 5 2 WA AP e 72 s & TR
S iE P 152k PRAR < W23~ BRI 20/4E 7tk 0 il R F B FIACE
RHEHERANS%MU o d X R AR ALEEL R AR RES S
ORISEf:uit & 232 025% & { Py R R BTE X F 55 HF 0 # L 3
RS R e R A 0 M P E(Cs-1372 Co-60)sh B p] # » # 11k

BRSSP S EHH3E FRPI(F A PI0B &) 535058 - Fh
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§ 0 fectg v LT -

P ANRCFARE P it o X M cnib 2 S S 67 o+ 1
PR P AT AR R A f Wei B8 T f(Humboldt Bay Power Plant, HBPP)?®
SIS E2E RS TR F % E D 4 4F 2 (DOCKET NO. 50-00133;
RFTA NO. 11-003, DCN: 2029-SR-01-0) » *# § Bl 5 £ 109# & {7 sl o +
AR AL (1098 % R IE R F g s 4T 2 F B HNF ]
(AEC10902004L) ; 2.+ 3% = T Gopr b 8k i te 2 b= Fsid &

AR 2 EFYT P RO aE Y 0 AP B MR

Foif kbl P F o DRFEAITEG  Fp T ER L HRI A

T IAPNF L GRB Y RAEL Y BT S U R Behf
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R B4R L R BORISEFI N b BN AW L RN ER
FERAFLHEA MR %RFEAADE 2 2EFE - MARSAMEA
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MARSAME 4 ‘& ch1%_% 1 2 HBPP %34 T MARSAME i 4 ¥ » & 4~ 17 22 3%
HgoAr R * i ¢ 2 HMARSAMEA & it 43 o
PREXEARBORIRF 70 2 R » F 7 acdTdr ~ & f&f
WMENFITORTEHE > on NI BEEZAS L H R A AR ¥ A
SR ZAFP T BRIR I PO LR %R EFEROEE A F > FM
AWK P M RE A LY BET R s RLE (T R

- BRI T FAFERD AR N
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#3.14 ~ HBPPsiiMARSAME ¥ #& =

TABLE 2:
MARSAME SURVEY PACEAGES

HUMBOLDT BAY POWER PLANT

EUREEA, CALTFORNIA

Package # Clace Deccription Additional Deccription
Units 1 and 2 Generators
HEPP-GN-001 3 Units 1 and 2 Genenators
Units 1 and 2 Exciters
HBPP-TEB-001 Units | and 2 Turbines Turbines
HEPP-CS-001 Condensate System Condensate System
Distilled Water Tanks
HEPP-DWT-001 3 Distilled Water Tanks Fire Water Tank
Light Oil Tank
HBPP-EL-001 3 Electrical Components Varous Electncal Components
Storage Tank (1)
HBPP-FOT-001 3 Fuel O System
) Service Tanks (2)
Peedwater Heaters (10)
HEPP-FW-001 3 Feedwater System
’ Feedwater Pumps (4)
Circulating Water Pumps (4)
HBPP-15-001 3 Intake Structures Screen Wash Pumps (4
Smaller Pumps (6)
HBPP-LO-001 3 Lube Oil Systems Lube Oil Tanks
HBPP-NG-001 3 Narmral Gas Systems Muluple Gas Lines
HEPP-SA-001 3 Sttion Air Receiver Tanks (4)
HBPP-55-001 3 Structural Steel Various-Sized Steel
HBPP-PT-001 3 Propane Tank NA
HBFP-BL-001 3 Boiers NA
Aflain Steam System
HEPP-MS5-001 3 Main/Auxiliary Steam -
Auxiliary Steam System
HBPP-TF-001 3 Units 1 and 2 Transformers Transformers (2)
HEPP-VN-001 3 Ventlation System Stacks (2)
MEPP Buildings
HBPP-MEPP-001 NI Mobile Electric Power Plants
Control Buildings
HEPP-MM-001 1,2,3 Miscellaneous Materials Varous Classifications

RN ARF KA P ERP U RE BT R
PoE A mE P R P o e R SR R eni B 1R TR

B TP HINE Y A RE A E R

o

9 |
i

¥
=
)
K
e
(7
o

e
HIN
I
W

(Medium density, 50%4# % Z F)Big &4 o i » T B2 5 s dl
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TABLE B-1:
ORISE CONFIRMATORY SURVEYS OF HBPP MARSAME SURVEY UNITS

HUMBOLDT BAY POWER PLANT, EUREEA, CALIFORNIA

MARSAME Survey Package HBPP-TF-001 —_—
Recycling Action Level (dpm/100 cm’) Burial Action Level
DESCRIPTION Transformers and Control Breakers Cs-137 Total 5,000 (pCi/g (dpm/100 can:-
SURVEY UNIT Unats 1 and 2 Transformens Removable 1,000 15 16,600
e . Scan Location | MaxScan | Unshielded| Shielded Net Beta Activiry
(1 m) (cpm) (cpm) (cpm) (dpm /100 em2)
1 430 294 164 400
2 Elec box 180 203 152 130
3 270 263 154 330
4 210 152 123 55
5 260 288 173 350
6 6n 200 243 151 180
Téa 280 245 204 o7
8 top 290 305 103 650
9 240 137 119
10 140 149 102 120
Ambient BEG M I Efficiency Other Data
™ | Location: Shielded Seade Efficiency Mat.-Spec.Beta BEG
Count cpm 5= 0.46 13
1 236 5= 05 Scan MDCR
A 240 = 023 183 cpm
3 222 Scan Efficiency Scan Action Level
4 265 6= 03 422 epm
5 233 = 05 Scan MDC
Average 239 = 0.15 1728 dpm /100 com”

B 3.22 ~ HBPP — 554827 - 5548 % B B orgindd 4 & 44

B3.22 5 HBPP- 5482 - S 3 ¥ R By indd & k&4 > 2R3 0P

P4 ¥ HBPP MARSAME 8 ¥ ¥ ~ aduxrinit 4 ot AR R
HBPP ¢ # # HBPP-TF-001(% R B & 4% B) > B E ~ 5 - 5480
B8 g R E o LRt P enfE s A A ot v ey 5 Cs-137
F. % 7% B 5,000 dpm/100 cm?% ¥ # “,f 1,000 dpm/100 cm? » i * EECE-S- R
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Cs-137+ E R 15pCi/g% 4% & % & 16,600 dpm/100 cm? o H AT 2 & & 457
frfe "B OFERT (R fFl = E) 0B FH =8 T &k &
(cpm) ~ %,B7% B (dpm/100 cm?) ~ 5= & B @ & g2 T 300 ~ &R Brad (7 # &
B f) 1 E s TREFRMDCR #F4 78 AHE - FHMDCE T 7
d MARSSIM# e Vi 735 @ 7)o

PIEFERD A B R E E D A5 K B MARSAME 1 #icdy ¢ 40— XK

ERAPB Lz BPaahr o fBiEE o a hRbld gt FehF RER

2. 2 0FPHFARE
1) RE
RiprP FERERFECRIFL Y B ORBRE 7T WEFEL D

Appendix C? > #HBfrat 7% o 4 £ B HR F4oT ¢

Fr e LR M e B

--beta--

Ludlum Ratemeter-Scaler Model 2221

(Ludlum Measurements, Inc., Sweetwater, TX)

coupled to

Ludlum Gas Proportional Detector Model 43-68, Physical Area: 126 cm?

(Ludlum Measurements, Inc., Sweetwater, TX)
Calibration Due Date: 04/06/2011

Ludlum Ratemeter-Scaler Model 2221
(Ludlum Measurements, Inc., Sweetwater, TX)
coupled to
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Ludlum Plastic Scintillation Detector Model 44-142, Physical Area: 100 cm? (Ludlum
Measurements, Inc., Sweetwater, TX)
Calibration Due Date: 02/27/2011

--alpha--

Ludlum Ratemeter-Scaler Model 2221

(Ludlum Measurements, Inc., Sweetwater, TX)

coupled to

Ludlum Alpha Scintillation Detector Model 43-92, Physical Area: 100 cm?
(Ludlum Measurements, Inc., Sweetwater, TX)

Calibration Due Date: 04/20/2011

R FBFE AP E 2 ORISE# Tk chdR £ > § W31 3

Ny

REBITRD
Pl FHERRERRA- BLALRATR
(2) &FALRIE P

D2 ¢ F AR R il & B R AR B P o g R B AR ik
#3202 R R IR E 2 JeeT 7 e (National Institute of Standards and

Technology, NIST) » 34 i # /% # ¢42. & # & ORAUFrORISE4p B < £ »

ORISE i ¥ #2 i < # (Survey Procedures Manual, ORISE 2008)
ORAU & # 3+ % + # (Quality Program Manual, ORAU 2009)

kA p P oanfg B & 10 Code of Federal Regulations (CFR) 830 Subpart

A, Quality Assurance Requirements, Department of Energy Order 414.1C

Quality Assurance, and the U.S. Nuclear Regulatory Commission Quality

Assurance Manual for the Office of Nuclear Material Safety and Safeguards - ®
PG AR FERY PR REGAR o
peib s RIEARE S 7 G
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® & pitiTREF F -k & kh(check-source)® iP| > FELK B 8 (T &7 14
CEX S ¥ EN

® NHer M FARA A B FYIRE R -

(3) B~&/E R

o THER
B>t % F EHE B ORISEHE1 7 f 2 » F] 5 A 384 F F R 4

TR R E s E G ORISEAAX Z B85 L P guE 1 5B -% &4

\

_'-

% % 87 B fr(y-only) & A B gr(Bty)enE &£ £ R B jr e 2 B

1%?
3N

B~ 18 B-onlysip| £ & 0 & % & B-onlysh-T 35 ek 5 13 cpm ° # F ORISE
B FARE LA BEFRKROTR G Z O EFTEXAE L B-only: B
L RP TERAE %0 Ponly:  #FF2 £ % o Ponly T 323 s > (F L 4
Bk B-only & d iR o Rt .'*/%u:rw,::; T RARTFE T B LG
7 B (dpmy/ 100 em?) » 20 {6 if ¥ #-B {8 chE 2 HBPPH &2k i i AL e
7t e

® ieiFrh

ORISEft & = eh B B Fa k& ik HE ~2F ¢ %% & (Medium

density, 50%+F s & & 5) P & 5 F e > I hEEEMRY AP
T el NEZRBERSERLESFEFE S PR EFH N &

BHUEE ~ERIOR = R H &S (cpm) °
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A BERE AP ERI M HFREFEP EFTEFPFH Sy
BT ABEERT AR A G ERER MBI AS PR LA KRE A
Hrsdkd @ o SRR S (R RI3.22) -

4) 247733

bl FORB RN LI RFED 20 Fhfod o F R LRk
WP ELTREAEBAR > L R HAFRDL AT 2 LR PR
B R EEP> A% 5 HBPP 15U {r25 8 itz 2 > ¥ 50 X P ARiT

3R i st AR F 0

Il

BB A B P8 ORISEH| 1 — B AT
BRI E(LLw R ) BHBPP3ELS 5 A 4 ¥ i it = ¥4 F A s (baseline)
FRFR G WIRE wIFE LG F R I BRER AR
ELi-BERY it o
(5) mEFEZ2 F* H7k

A% pleni B 4t % HBPP 1548 fr25 et i o it » dejfe ¥ R @
EipHEEAAG Y 0 5 T 2k 51 ARITIRL A B % #Cs-137
WA BT APADLE R » BBEFES L XREPTER
*enfEds AL (% o) Cs-137% 6 i & 5,000 dpm/100 cm?®2 ¥ 45 *£ 1,000
dpm/100 cm?; (35 #2) Cs-137+- 75 B 15pCi/g% 4 & 7% & 16,600 dpm/100 cm?

FRERE OB E G iRE A AU AR N R R R AR
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® ¢ * NUREG-1507 ¥ f it ezt 5 = 2 G 3 #F f k| ¥ R pER
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MDCR = (d")(b,)"*[(60sec/ min) /(2 sec)]
MDCR, = MDCR /(p)"*?
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MDCRSMVV@J/OV 2
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