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ABSTRACT

The purpose of this study attempts to investigate the RESRAD-BUILD
and RESRAD computer code for evaluating the potential radiological dose
incurred by an individual who works or lives in a building contaminated
with radioactive material and the radiological safety assessment of
decommissioning of nuclear power plant. The results of this study can
provide the analysis ways of using RESRAD-BUILD and RESRAD
computer code designed in the protectiveness of the human health and
environmental impact for safety assessment of building contaminated with
radioactive material and decommissioning of nuclear power plant. The
results of the report can also provide regulatory departments as references
for the safety plan review of radiological dose assessment and verification
techniques in dismantling of building contaminated with radioactive

material or decommissioning of nuclear power plant.
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MILDOS-AREA 42 5%3- 8 A R st jc2 5 544 £ > 1 2 & v TR

-

(Uranium Recovery Facility) % Bl i< 80 = 2 20 B & 97§ 3 i SHA| £ o

(Radon) @ #fc B & 5 41 7 # 5 2 {5944 £ - MILDOS-AREA 425 % % B
NRC § # % mfriasf - B #4284 A F 2016 & 03 ' ¢ MILDOS-AREA

\ersion 4 -

\ MILDOS-AREA 4.0 Current file - C\mildosd\UserFiles\Casel.mla =N =
File Calculations View Help
i
S HE o8 MILDOS-AREA 4 /s
LN
Case Information: Met Data ‘ % Population | & Soil / Food ‘ =) Map‘ #< Results }i‘l‘ 4
Case Title: |Case 1 Population Information
Summary Information: Sample file ¥ Calculate population exposure
[¥ Consider Ingestion
Case File Name: |C:\mi\dos4\UserFi\es\Casﬂ.m\a
Individual Receptor Information
Occupancy Indoor Rn-222 Progeny
Locati
ccation {m} s Shield Equilibrium Factor Ingestion Rate (kalyr) Copy
Name / Description No. | Age Group X y z Indoor | Outdoor Factor Indoor Outdoor Vegetables Meat Milk
Fence Boundary E 1 adut ][ 1800 -200 9 0583 0.417 0825 05 (P o7 | r r
Fence Boundary SSE 2 | Adut v 1080 -1600 2 0583 0.417 0.825 05 (M| o7 |[C r r New
Grazing £ 3 | adut [ 260 0 4 0583 0.417 0825 os |M| o7 |¥ 1ws |[¥| 783 ¥ 130
Grazing ESE 4| Adut || zEae -830 -1 0583 0.417 0825 o5 (M| o7 |¥| 15 V| 783 (M| 130 4
Move —
Nearest Resident NNV 5 | adm [ s 1466 12 0583 0.417 0.825 (X M o1ws M| 73 |M| 130 +
Nearest Residen NE 6 | aAdt v 2128 2168 10 0583 0.417 03825 o5 ([ V| 1ws |W| 783 (M| 130
Delete
Source Information
Time Particle Distribution Sets
Part. Location (m) Dispersion
Source Hame No. Source Type Dist. x ¥ z Coefficients Source : |Yellocake Stack Particle |  Fractional Size
N Size Compaosition
1 Drying/Packaging Source 1 0 0 20 | Pasquil-Gifford | Time | Time Adjustment (um) ] 2 3
~ Step Inc.
Ore Pad 2 Area Source 3 x| 400 400 & Pasquik-Gifford — | No. |(years)|Particles| Radon 0 1 0
Grizzly Dump Hopper 3 Point Source 2 j 200 200 0 Pasquil-Gifford j - 1 0 0 2 1 0 0
Tailngs Area 1 4 Area Source 3> 3 817 10| PasquilGifford | 5 2 1 1 77 0 o 03
Tailings Area 2 5 Area Source 3 ﬂ -1560 -1104 -10 Pasquil-Gifford ﬂ 3 2 1 1 54 0 0 07
Taiings Area 3 [ Area Source 3 =] 1200 -2200 10 | PasquilGifford | . ] 1 1
Copy View | Modify New | [Point Source - FS aneﬂ Delete ‘ Add Time | Delete Time
y

B 3.5 MILDOS-AREA #g ;% 2 i * %‘ i
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X MILDOS-AREA4D  Current file - CAmildosé\UserFiles\examplel.mla

File Calculations View Help

G HE o8 |M|LDOS-AREA 4

Case Informationl 0 Met Dalal ¥ Populau’on] % Soil / Food lad Resultsl

AQA¢0 G

[E Source / Receptor Location

g Source Name | x (m) y(m) |2
bk | & 250422 a9
. Ore Pad 250822 |4221909
Grizzly Dump Hopper 250622 | 4221709
Tailings Area 1 250595 4222326
Tailings Area 2 243862 4220405

Tailings Area 3 251059 4’220079 -

I Move Source or
I~ EditPolygon Source or

I~ Redefine Polygon Source on Mouse Click

Receptor Name / Description | x (m) y (m) =
R 0
Fence Boundary SSE 251502 4,219,909
Grazing E 252982 4,221,509
Grazing ESE 253006 4,220,619
Nearest Resident NNW 249934 4,222,975

Nearest Residen NE 252550 4223677 | v

I Move Selected Receptorto Mouse Click

[ Map Settings

x(m) y(m)
Lower LetExtent | 267348 | 429112 v MeP
Upper Right Extent | 254544 | 4224042

I~ Show 80-km Grid Edit Moo

Z

® 3.6 MILDOS-AREA #25% 2_ ¥ 1 7 21 % %(GIS)
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3.2.5 GENII
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¥ gnuplot graph . o ] 4

Deposition Rates at t=1 for Uranium-238
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3.2.6 DandD
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16



i DandD IO
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332 REF R AL RGLf#% ¥ #12 117 RESRAD % F i

¥ B =+ i #7 7 Be(Korea Atomic Energy Research Institute » KAERI) e4d
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Parameter Unit Value for site (RESRAD)

Indoorfoutdoor time fraction Unitless 0.5/0.25

Inhalation rate m3[yr 7400

Mass loading g/m’ 6.0 %107

Shielding factor Unitless 0.4

Area of contamination zone m? 12,100

Cover depth m 0

Contamination erosion rate m/yr 0.001

Depth of roots m 0.9

Consumption fruit, vegetable, and grain kg/yr 254.8

Leafy vegetable kg/yr 100

Milk Liyr 63

Meat kg/yr 55.1

Fish kg/yr 79.3

Water Liyr 196.3

Soil ingestion rate glyr 18.3

Wind speed m/s 1.7

Precipitation rate m/yr 1.35

Source activity ratio Bqlg 234: 49.6
#33y: 2.2
#38y: 48.2

# 3.3 RESRAD A% 3 $¥cik 3 Ak f3 78 # 412 15 5t £ 525 1

Parameter Unit Value for building (RESRAD-Build)
Exposure duration Day 365
Indoor fraction Unitless 0.228
Resuspension rate 5! 5.0 =107
Depository velocity m/s 0.01
Ingestion rate m?/h 0.0001
Room area m? 36
Room hight m 2.5
Receptor location m 3,3,1
Source type Unitless Area (rectangular)
Air release fraction Unitless 0.1
Life time Day 365
Radon release fraction Unitless 0.1
Source activity ratio dpm/m? 8. 496
25U 2.2
#38y: 48.2

# 3.4 RESRAD-BUILD #2.;% $-#icik 3-2& A 47 )?2%"% CRIES TR kiR Ay
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% R+ i g 2k (Egyptian Atomic Energy Authority » EAEA) % + 77
% ¥ = (Nuclear Research Center » NRC) » 3t X #5842 2.2 A 43 (7 n%
A iE¥z o gL * RESRAD-BUILD #25% %81 (¥4 | & LR R g ARPF 2
AL TG o Phs Rl FARARFESTERLGHAET g4

wERFFUE

% 35 %531 * EAEA 2. NRC # * RESRAD-BUILD #2 ;% -4t % §§ &~
A2 EHRP > LR HEILITAR é,_lr/T‘ TR AR I AR N F B Sl Bl oo
SR = S R VT R T LR SRR AR

A3 7 TERF2z % 2o

% 3.6 33 * EAEA 2z NRC ¢ * RESRAD-BUILD #2;% #dg = % B,
ﬁﬁ&ﬁ%?%iéﬁ%@ﬁlﬁ&ﬁﬁﬁ%?ﬁ%%’%nwﬁgﬁ@

SECER L WSt

EAEA z. NRC ¢ % & * RESRAD-BUILD fz:\ i< {gst =422 3
Foo B RCRL E A RAUTRS P EPE LSRR R GRS T R

ARTE R AR FRGR T R R A1 5T e
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Value for building

Parameter
(RESRAD-Build)
Depositing velocity m/s 0.01
Resuspension rate st 5x107
Breathing rate m/d 18
Ingestion rate mé/h 1x10*

Different times of

Exposure duration day exposure range between

5 minutes and 6 hours
The receptor will receive total dose including; external dose, deposition dose,

immersion dose, inhalation dose, and ingestion dose.

# 3.5 RESRAD-BUILD A2 5% $-dicik 342 A 4 24 = 10 £ 2 44 £ 3= 1)

time of exposure (day) (ﬁfsss) Risk
0.003472 (5 min) 0.524 | 3.42E-05
0.0052 (7.5 min) 0.784 | 5.13E-05
0.0104 (15 min) 1.57 | 1.03E-04
0.02 (0.5 hr) 3.02 | 1.97E-04
0.0416 (1 hr) 6.28 | 4.10E-04
0.1 15.1 | 9.86E-04
0.25 37.7 | 2.46E-03
0.5 752 | 492E-03
1 150 | 9.81E-03
5 732 | 4.779E-02
10 1420 | 9.30E-02
20 2680 | 1.76E-01
30 3790 | 2.49E-01

# 3.6 RESRAD-BUILD A5 i % &7 4 |l i (6507 RGP

BTk 2 5 A8 2 b =i
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$r# Z® YankeeRowe ZE i@+ 3+ %

AENE TS L N

% B Yankee Rowe +% & B (2 # = Yankee Nuclear Power Station » YNPS)

R ERRFESE T B i 5. HREC(YNPS is located at 49 Yankee Road, Rowe,
in Franklin County, Massachusetts) - #4 p& % i+ 3+ % (License Termination Plan >
LTP) = 4 i *% W% R ke P 7 & £ BIf%ac 7 % | ¢ (Nuclear Regulatory
Commission > NRC) #4324 BB 4 ik foffiht 32 £ % - 2003 & 11 * 24 p >
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B 4.2 ' (% 2 Yankee Rowe % % fir[!

. .
<

4 "'J'Trl‘i‘ll-,,~

e _ ; o7

Bl 4.32012 # 4 * Yankee Rowe * i %+ %L = p7 35 3% % (ISFSI) 2 4R
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Bl 442012 # 4 * Yankee Rowe f st -4 B[]

4.2 12 RESRAD #5845 R4 ?ki?#"'é'i'ﬁ‘fzi:kﬁ?‘,f EHILTERIEE R

e

A% § 5747 % B Yankee Rowe +: £ B (YNPS)ehsh pg 4 1k 3+ % (LTP) » 12
2 AITUR M L SR > B RESRAD A2.3% 2 1058 4 47 % (B 4.5) i

» S E B ATA (B 46) - % 1k & 45 51k T (DCGL)fr#l £ #3% 53 (DCF)
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} ! !
Section 6.4 Section 6.5 Section 6.6
£7 1 3T A HEERENH
\ DCGL3t 4 AR EIE 373

Bl 4.5 % B Yankee Rowe 1 & Ft 2 RESRAD A% ;" #it & 17 7 1

A21 MEEHD 2

4211 BABEE

Yankee Rowe(# # = Yankee Nuclear Power Station » YNPS) 4 %] i¢ *

RESRAD fr RESRAD-BUILD #25% 4 47 2 #{riz f 4 p 2 4 M5 s+ £ -

RESRAD #z ;¢ (Version 6.21)%t>t & 2 4 A 47 = 61 B BB R /5
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1 Rp2REEHAL2 MG BRE o
2. BB FEREMPEL N RE o

3. Rp s BB ARG o

RESRAD-BUILD #z;%(Version 32L) > 2 A p A H 3 A 477 81 &

1L Rp sk ZBIRE -

2. FEIHHIFOUAIRE -

3. 4 3% § 3 % (Submersion) e gg h R B -
R = R

5. hp Sk s e B S EE

42i2ﬁ%$&§ﬁﬁﬁ

RESRAD #% 5" (Version 6.21)F= RESRAD-BUILD #g ;¢ (Version 3.21) mﬁi%l

»SHCERALR o ol 46077 0 F - BERAEEBNT G R SRS
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Parameter Selection Process

Select model

Classify as Behavioral,
Metabolic or Physical

v v v

Behavioral parameter

v

Assign value from

NUREG/CR-5512, Vol 3,

Metabolic parameter

v

Assign value from

NUREG/CR-5512, Vol.3,

Physical parameter

Silg data

NUREG/CR 6697,6755 NUREG/CR 6697,6755 a 2
Input parameter Input parameter |
value value No Yes
v
Input parameter
[ value )
v
Classify as
Priority 1 or 2,
or Priority 3
|
v
Priority 1 or 2 Prionty 3
L 4
Assign distribution from Assign value from NUREG 5512 Vol 3,
NUREG/CR-6697, Att. C or NUREG/CR-6697,
NUREG/CR-6755 NUREG/CR-6755
v v
Complete sensitivity analysis ( Input paramater value )
Using RESRAD 6.21 or
RESRAD, S, =025 RESRAD-BUILD 3.21
RESRAD-BUILD, 5: = 0.10 v
Classify parameter as
“Sensitive” or “Non-sensitive”
|
¥ ¥
“Sengitive” if PRCC| 2 S, ‘ “Non-sensitive” if [PRCC| < S, |
v v

¥ v

Assign site-specific value,
TEDE positively correlated to TEDE negatively correlated to median value or distribution
parameter if PRCC >0 parameter if PRCC =0 l

v v
( Input parameter value )

Assign site-specific value or distribution Assign site-specific value or
or 75 Quantile (or mean) distribution or 25 Quantile

Bl 46 5~ FgcEp Al
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Bt v A LR Sl B2 A PRIE S AR -
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BTG AR RT SR 2R bl T AN S B AR
1228357 > PAMA 1 22 o 5407 RIS TS IE o 52
& B3t NUREG/CR-6697 L Mg B 3 2. 47 12 R 3cv /a2 5 T FE 2t o
¥ ¥ #cig B~ NUREG/CR-5512 (Molume 3) ~ NUREG/CR-6697 » & iﬂ’ & *

BABIPRELFTHRE -

42124 §FRA ¥

POATE AR EN S E(FLTE 42123) @ FAE A TN
A € BB S R T L Apr2. DCGLs (8 4 Sdice 4t » 47 * RESRAD

(Version 6.21)f= RESRAD-BUILD (Version 3.21) 4% 3% e 5 i3 o
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LIS S ¥ @ * NUREG/CR-6697 (Attachment C)z_ 4 # #g 4] > 12 2

kY SR S SERE A 112 TN TR S S R

1. P~fR2R% ot A friiseie * 2000 3 4 B R TR - 300 B A BRE
TRz 1 BEAFFE o @ * £ 7 A2 > B ke (Latin Hypercube
Sampling LHS) i* 5 B~ 4 % - "iif%}‘—%'kiﬁi%] > R RS ST o @ AP RE &

EAR B s SRR T 4 TAP B4 -

2. 31%1 » #% 4p B (Rank Correlation) : #-4p B %8s fe 3|4 B -8 -

w
B
-
5
%
E’”—'—'
(H}
=
~=ie
B
-
i
oy

O RACR AT - BRI PE  HT TR E 2 E B AP
i % & (Partial Rank Correlation Coefficient » PRCC) » 4rfr =+ — B % #c2. §& 47

B o

$0 B B 0 3 RO AERZ S8 PRCC % % @ (PRCC) %t & %
50255 ¥ 7 & §ACR 2 S #ceHPRCCI#cE -] »t 025 1301 A 8 0 4

& AR FEinz 2 Bc|PRCC|+ »t & %0 0100 ¥ * & § 47 R 2 4 8c|PRCC|
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Bicie -] 2t 0.10 o szt M iE (Sp) 2 E # v 2 NUREG/CR-6676 ~ NUREG/CR-

6692 % A o

42.1.25DCGL Pl 22 $8ERX T

bed B R $ 2% o 75 foATHN Sz #i® B>t NUREG/CR-
5512 (Volume 3) ~ NUREG/CR-6697 » 2 2 NUREG/CR-6755 * % iht 7 #
FOH I S FORTRE R o SN R T L BAER 3 4

P12 4 Hfcie ¥ & * NUREG/CR-5512 (Volume 3) ~ NUREG/CR-6697 -

TR E R 1o 2 2 532 S ek FE AT Arit

1. 4 &40k A 15 (PRCC| > So)ehife £ A 1 2 2 418 e »

&
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Q. U ahdkiE o
b, Pl ST TR E SIS f M > AR AF 2 75 %R 25

%A it o
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2. ®FFCRAHT(PRCCI<So)inif £ A 1402 2 4 20 34 5

a. T R T fia B o

b. ~#z2 ¢ »&@ -

5 ¢t » TEDE (Total Effective Dose Equivalent) = > £ % »c#| & o

42.1.3 X AH f- DCGL 3+ ¥

R A H sy fak R (> RESRAD @ 1 pCilg 5 1%t RESRAD-
BUILD : 1 pCi/m?) » r2 % »vfe & L3y it B 422 3 4 S8 o H E @4 75
(Dose Conversion Factor » DCF)¥ * #2 ;% 78 2+ & (¥4*% RESRAD : mrem/yr per
pCilg ; ¥+>* RESRAD-BUILD : mrem/yr per pCi/m?) - 4= NUREG-1757 & 3%
2. DCFs» 1T 3% § 2 % & 5 A e 4k it * 353 8 44 ¢H DCGLS(H = %

pCi/g & dpm/100cm?) » 12 4 57 25 mrem/yr eh& & E > 3 @& % T i 3 40
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25 mrem/yr

DCGL (pCi/g) = Equation 6-1
(pCig) DCF (mrem/yr /pCi/g) (Fq )

or

DCGL (pCi/m?) = 25 mrem/yr (Equation 6-2)

DCF (mrem/yr / pCi/m?)

DCGL (dpm/cm’®) = DCGL (pCi/m*) x (0.037 dps/pCi) x (60 sec/min) x (m/100cm)’
(Equation 6-3)

DCGL (dpm/100cm”) = DCGL (pCi/m*) x (0.037 dps/pCi) x (60 sec/min) x (m/100cm)” x 100
(Equation 6-4)

% 41DCGL % = szl

4214 B} ¥ ®liE R (MDA ¥

B | ¥ Bl & (Minimum Detectable Activity » MDA) 5 & 2 & b4 45 48

"

FHET O RRITE RHEPE T 9B% B F o FAL RN B B R e

B L B R R IRR F LR 2 MR LR A
(b4 : RESRAD #25% Kot A 47 2. 410k & 4 51 -k T (DCGL) {3 £ # 4 ]
F(DCR): 3 AT B L BN o ¥ ob s g § 4% k| 7 RS & (MDA)*

AV fi‘—’g%ﬂﬁl:?} it MDA S ET 2Lt % 23 82 £ % -
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1. 4c 5 k3 (Gamma Spectroscopy) :

y (2.71+4.65x VB) x Decay
T exbxLTxkxq

He o

B = background sum = # # 3.%f
Decay = decay factor = % % %]+

e = efficiency = »z %

b = abundance = ¥ &

LT = elapsed live time = 5 i =& & pF /F

k = 3700 dps/uCi

g = sample quantity = # & #ic&

2. R8P #(Liquid Scintillation) :

(Eﬁ?ciem;y)2
Background

FOM = -E'/B
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3. Fimit i /8 i (Alpha/Beta) A 47 :

MDA 067’ +2L
= - C
TEAu

H ¥
0.67 = &% Z % (k)2 P~ 1 75% % #f -k &

T = count time of sample acquisition = & & & B~2_ 3+ #icps i
E = efficiency of the counting channel = 3+ #dJif i 2 >

A = attenuation factor = % & F]3

W= 1 FF il i v 22 E AR

¥eb ety oo

067@ ( ;”“)j (oo

EAp

Le =

Ho
Ry, = background count rate = # % 3+ #c 3

Ts = sample count time = & & 3* #&p &
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ow = error of the background rate = # ¥ &% &

z = systemic error = £ R % ZeiR X (& 5 1% > Tt @ * #iE 0.01)
E = efficiency of the counting channel = 3+ #cig if 2 x5

A = attenuation factor = % & #] 5

W= 3¢ %+ gk le 5977 2% H 2

0.67 = &% % 2 (k)2 B~ {7 75% 1 #F -k %

422 4 3% 2 DCGLs3 ¥

4221 #E #3)

232 DCGLs3 ¥ 2@ L& B OHSE - BRIEAMLG 7 5 A4

Hra it > 1L E AN N ED TR o

4222 ¥4 ¥

FENAE R 2 PEA WA S TR R B P R R B A A 2
mAd PR ITREAE LA AT AR ok BRI F 2T R

FPz 2B da > 0 0 Tokde s RSP W2 ke 4 TR
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o

- Fer Sg B AR TR T 2% YNPS 41 LTP 424 6A

Gt PRI BB ] dod 42 5 o

Water Use Components for a Family of Four Median Minimum | Maximum | Units
Household* 374 374 374 1113.-"}’
Livestock 76.7 76.7 76.7 m’/y
Irrigation of vegetable plot
Contaminated fraction £, = min (Area/2000. 1 1 1
0.5)

Irrigation rate I, (my) 0.435 0.252 0.618
Irrigation water fp x [y x 2000 870 504 1236 m'/y

Iirigation of pasture (Not a New England practice.)

Contaminated fraction fn = Area/20,000 <= 1 1 1

1.

Iirigation rate L (my) 0 0 0 m'y
Irrigation water fn x 1, x 20,000 0 0 0 1113-"}’
Drinking water ** 1.91 1.91 1.91 m'/y

TOTAL FOR A FAMILY OF FOUR
(sum of water components in Bold type) 1323 957 1689

3
m'/y

2042 s ok kg Rofa

4223 $BERX T

—

4212 F &2 F5 AR ¥ 0 LR BA A F o R R
YNPS 1 LTP #2 itk 6A 3% 52 5 Tkt S¥c o 23N 2 8K T2 B foa
T AR AR AT i TR T %% YNPS 50 LTP 42 %45 6B > fapt

7 B 2R L iﬁﬁ:t‘%w G| > drd 4.3 97T o

N

i\
N
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Input Parameters for Sensitivity Analysis, Soil
Resident Farmer Scenario
a b - Distribution’s Statistical Parameters®
Parameter (unit) Type’ Priority” | Treatment® | Value/Distribution Basis 1 N 3 | 3 Median

Sail Concentrations

Basic radiation dose limit (mrem/yr) P 3 D 25 10 CFR 20.1402 (Ref. 1) NR NR NR NR

Initial principal radienuclide (pCi/g) P 2 D 1 Assumed unit concentration | NR NR NR NR

Distribution coefficients (contam., unsat. and sat. zones) (cm®/g)

Ac-227+progeny P 1 S Truncated NUREG/CR-6697. Att. C 6.72 322 0.001 0.999 825
Lognormal-N (Ref. 2)

Ag-108m P 1 S Truncated NUREG/CR-6697. Att. C 538 21 0.001 0.999 216
Lognormal-N (Ref. 2)

Am-241 P 1 S Truncated NUREG/CR-6697. Att. C 728 315 0.001 0.999 1445
Lognormal-N (Ref 2)

Am-243+ progeny P 1 S Truncated NUREG/CR-6697. Att. C 728 315 0.001 0.999 1445
Lognormal-N (Ref. 2)

C-14 P 1 S Truncated NUREG/CR-6697. Att. C 24 322 0.001 0.999 11
Lognormal-N (Ref. 2)

Cm-243 P 1 S Truncated NUREG/CR-6697. Att. C 882 182 0.001 0.999 6761
Lognormal-N (Ref 2)

Co-60 P 1 S Truncated NUREG/CR-6697. Att. C 546 253 0.001 0.999 235
Lognormal-N (Ref 2)

Cs-134 P 1 S Truncated NUREG/CR-6697. Att. C 6.1 233 0.001 0.999 446
Lognormal-N (Ref. 2)

Cs-137+progeny P 1 S Truncated NUREG/CR-6697. Att. C 6.1 233 0.001 0.999 446
Lognormal-N (Ref 2)

Eu-152 P 1 S Truncated NUREG/CR-6697. Att. C 6.72 322 0.001 0.999 825
Lognormal-N (Ref 2)

Eu-154 P 1 S Truncated NUREG/CR-6697. Att. C 6.72 322 0.001 0.999 825
Lognormal-N (Ref. 2)

Eu-155 P 1 S Truncated NUREG/CR-6697. Att. C 6.72 322 0.001 0.999 825
Lognormal-N (Ref 2)

Fe-35 P 1 S Truncated NUREG/CR-6697. Att. C 5.34 2.67 0.001 0.999 209
Lognormal-N (Ref 2)

Gd-152 P 1 S Truncated NUREG/CR-6697. Att. C 6.72 322 0.001 0.999 825
Lognormal-N (Ref. 2)

4 43 23R4y~ Sz Tac g A 47l

4224 DCGL 4=z
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Results of Sensitivity Analvsis, Seil
(Based on the Partial Rank Correlation Coefficient [PRCC])

Radionuclide Sensitive Parameter Units PRCC
Cs-137 Plant transfer factor for Cs pCi/g plant per pCi/g soil 0.88
External gamma shieldmg factor Unait-less 0.75
Depth of roots m -0.39
Milk transfer factor for Cs pCul per pCi/day 0.39
Meat transfer factor for Cs pCikg per pCifday 0.31
Eu-152 External gamma shieldmg factor Unait-less 0.99
Eu-154 External gamma shielding factor Unit-less 0.99
Eu-155 External gamma shieldmg factor Unait-less 0.99
Plant transfer factor for En pC/g plant per pCi/g so1l 029
Pu-238 Plant transfer factor for Pu pCi/g plant per pCi/g so1l 092
Depth of roots m -0.54
Pu-239 Plant transfer factor for Pu pCi/g plant per pCi/g soil 092
Depth of roots m -0.53
Pu-241 Plant transfer factor for Am pCi/g plant per pCi/g soil 0.85
Depth of roots m -0.44
Kd of Am-241 (parent radionuclide) cmr’lg 0.28
m contammnated zone
Am-241 Plant transfer factor for Am pCi/g plant per pCr/g soil 0.92
Depth of roots m -0.54
Cm-243 Plant transfer factor for Cm pC/g plant per pCi/g so1l 091
External gamma shieldmg factor Unait-less 0.58
Depth of roots m -0.50

244 B U RROR A TR
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Input Parameter Values for Soil DCGL Determination
Resident Farmer Scenario
| Distribution's Statistical Parameters® | Mean
Parameter (unit) Type® |Priority” | Treatment®| Value/Distribution Basis | 1 2 ‘ 3 4 | {Median}

Soil Concentrations
Basic radiation dose limit (mrem'y) \ [ 5 | o ] 25 |  tocFR201402®Ref1) | NR | NR | MR R
Initial principal radionuclide (pCifg) = ] 2] o | 1 \ Unit Value MR | MR | MR NK |
Distribution coefficients (cm?/g) applied to contaminated, unsaturated, and saturated zone, unless otherwise noted
Ac-227+ progeny P 1 s Truncated Lognormal-N | NUREG/CR-6697. Att. C (Ref. 2) [ 672 3.22 0.001 0.999 825
Ag-108m P 1 s Truncated L I-N | NUREG/CR-6697 Att. C (Ref 2) | 53g 2.1 0.001 0.999 216
Am-241 P 1 S Truncated Lognormal N | NUREG/CR-6697, Att. C (Ref 2) | 728 315 0.001 0,999

— applied to saturated & unsaturated

zones
75% percentile value (from
D 1.20E+04 RESRAD (mco) file created inthe | NR NR NR NR 1.45E+03

sensitivity analysis (Ref. 3)) —

applied only to contaminated zone in

Pu-241 RESRAD run
Am-243+ progeny P 1 s Truncated Lognormal-N | NUREG/CR-6697. Att. C (Ref 2) | 728 315 0.001 0.999 1445
C-14 P 1 s Truncated Lognormal- N | NUREG/CR-6697. Att. C (Ref.2) | 24 322 0.001 0.999 11
Cm-243 P 1 s Truncated Lognormal-N | NUREG/CR-6697. Att. C (Ref. 2) | gg2 182 0.001 0.999 6761
Ca-60 P 1 s Truncated Lognormal- N | NUREG/CR-6697. Att. C (Ref.2) | 546 253 0.001 0.999 235
Cs-134 P 1 s Truncated Lognormal N | NUREG/CR-6697, Att. C (Ref 2) | 6.1 233 0.001 0.999 446
Cs-137+ progeny P 1 s Truncated Lognormal- N | NUREG/CR-6697. Att. C (Ref.2) | 61 233 0.001 0.999 446
Eu-152 P 1 s Truncated Lognormal-N | NUREG/CR-6697. Att. C (Ref 2) | 672 3.22 0.001 0.999 825
Eu-154 P 1 s Truncated Lognormal-N | NUREG/CR-6697, At. C (Ref. 2) | 672 322 0.001 0.999 825
Eu-155 P 1 s Truncated L I-N | NUREG/CR-6697. Att. C (Ref 2) | 572 3.22 0.001 0.999 825
Fe-55 P 1 S Truncated Lognormal-N | NUREG/CR-6697, Att. C (Ref. 2) [ 534 267 0.001 0.999 209
Gd-152 P 1 s Truncafted Lognormal-N | NUREG/CR-6697. Att. C (Ref 2) [ 672 3.22 0.001 0.999 825

# 45 it 4 DCGL 2 #ij » 54"

1T ok B 2 B A AT A 4 hDCFs R T 4% YNPS chLTP

A ¥t4k 6E > % 4.6 A7 o & 5+ 25 mrem/yr 2. & & & 7 DCGLs » # * %

4.1 er1Equation 6-1 ;- 2Z_DCGLS » 4rfe *if4% 6E o 4.6 #7571 ©
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Soil DCGL Results

N Dose Conversion Factor (DCF) DCGL
Nuclide . ) )
(mrem/y per pCi/g) (pCi/g)
H-3 6.79E-02 3.7E+02
C-14 4.52E+00 5.5E+00
Fe-55 8.57E-04 2.9E+04
Co-60 6.21E+00 4.0E+00
Ni-63 3.07E-02 8.1E+02
Sr-90 1.45E+01 1.7E+00
Nb-94 3.46E+00 7.2E+00
Tc-99 1.76E+00 1.4E+01
Ag-108m 3.44E+00 7.3E+00
Sb-125 7.82E-01 3.2E+01
Cs-134 5.02E+00 5.0E+00
Cs-137 2.92E+00 8.6E+00
Eu-152 2.43E+00 1.0E+01
Eu-154 2.63E+00 9.5E+00
Eu-155 6.29E-02 4.0E+02
Pu-238 7.48E-01 3.3E+01
Pu-239 8.30E-01 3.0E+01
Pu-241 2.54E-02 0.8E+02
Am-241 8.59E-01 2.9E+01
Cm-243 7.85E-01 3.2E+01

4.2.3 %#2 DCGL 3+ ¥

4.6 2 3 DCGL z 3+ & 251

4231 B4 & 2 DCGL

4.2.3.1.1 # & 857
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Table 2-1
Receptor and Center of Source Locations, meters
Source # Source Description - Axis

X Y Z

1 Floor 2.22 2.22 0
2 West Wall 0 2.22 1.76
3 North Wall 2.22 4.44 1.76
4 East Wall 4.44 2.22 1.76
5 South Wall 2.22 0 1.76

Receptor Location 2.22 2.22 1

%\' 4- 5»: ’W"fr’-ﬂ‘r]' )gl ¢ NN [V' [7]
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Input Parameter Values for Sensitivity Analysis, Building Occupancy
Parameter (unit) Type* Priority® Treatment® Value/Distribution Basis | Distribution’s Statistical Paramters® | Median
[1 2 3 4 |
General
Exposure Duration (days) B 3 D 36523 NUREG/CR-3312 (Ref 1), Vol3, | NR NR NE NR NR
Section 521
Indoor Fraction B 2 D 0267 5512 (Ref 1), Vol. | NR NR NR NR NR
3, Section 5.2.2
Evaluation Time (year) P 3 D 0 =0 corresponds maximum dose | NR NE. NE NE NR
over the first year
Number of Rooms P 3 1 NR NE NE NE NR
Deposition Velocity (m/sec) P 2 s Loguniform 2.70E-06 2.70E-03 - - -
Resuspension Rate (sec™) P 1 S Loguniform NUREG/CR-6755 (Ref. 2), 25E-11 1.33E-5 - - -
Section 3.1
Air exchange rate for room (1/ h) B 2 D 1.52 NUREG/CR-6697 (Ref 3), Att NR NE NE NR NR
C. 7.4 and NUREG/CR-67535
(Ref. 2), Section 3.2
Room area (m”) P 2 D 1971 Site-specific model, LTP App. 6F, | NR NE NE NE NR
Section 1
Foom height {m) P 2 D 351 Site-specific model, LTP App. 6F, | NR NE. NE NE NR
Section 1
Time fraction B 3 D 1 NUREG/CR-5512 (Ref. 1) NR NR NE NE NR
Breathing rate (m’/day) B 2 D 336 NUREG/CR-5312 (Ref. 1)Vol. 3 | NR NR NR NR NR
Section 5.3
Indirect ingestion rate (m*/hr) B 2 D 0 NUREG/CR-3512 (Ref 1) Vol 3 | NR NE. NE NR NR
Section 5.2.3
Indirect ingestion 1s not modeled
Receptor location: x.y.z (m) B 3 D 222,212,1 NUREG/CR-5512 (Ref. 1) NR NE NE NR NR
Shielding thickness (cm) P 2 D 0 No shielding assumed NR NR NE NE NR
Shielding density (g/cc) P 1 D 0 No shielding assumed NR NR NR NR NR
Shielding material P 3 D None No shielding assumed NR NR NE NR NR
Number of sources P 3 D 5 Site-specific model, LTP App. 6F, | NR NE. NE NE NR
Section 2
Extemnal dose conversion factor M 3 D RESRAD-BUILD default FGR-12 (Ref. 4) NR NR NE NR NR
((mrem/yr)/{dpm/mn))
Air submersion dose conversion factor M 3 D RESRAD-BUILD default FGR-12 (Ref 4) NR NR NE NR NR
((mrem/yr)/ (pCirm?)
Inhalation dose conversion factor M 3 D RESRAD-BUILD default FGR-11 (Ref 5) NR NR NE NR NE
(mrem/pCi'g)

%48 AP Sz GACR A i)

4.2.3.1.4DCGL =z

DCGL i * 2§ & §5CA A 17 cn5fichy » &0 201 42125 F & fr§ ¢
BAT 5 A#D FeF T %4 YNPS 7 LTP 4245 6H > fpt 7 B304 &
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Radionuclide Rank 1 parameter Rank I parameter Rank 3 parameter Rank 4 parameter Rank 5 parameter Rank 6 parameter Rank 7 parameter
H-3 RFO(1) -0.85 RFO(2) 0.78 RFO(4) -0.78 RFO(3) 0.76 RFO(3) -0.76 DESUS 035 uDp 031
C-14 RFO(1) 0.89 RFO(4) 0385 RFO(3) 0.84 RFO(3) 082 RFO(2) 0.82 - -

Fe-33 RFO(3) 028 RFO(1) 028 RFO(4) 0.27 BFO(3) 0.23 DESUS 023 D 021 RFO(2) 0.15
Co-60 RFO(1) 045 RFO(3) 0.16 DESUS -0.14 EFO(2) 0.13 D 0.13 RFO(4) 0.10 -
Ni-63 RFO(1) - 0.64 RFO(3) -0.58 RFO(3) -0.58 EFO(2) 058 EFO4) -0.58 DESUS 0.12 -
Sr-90 RFO(1) -0.71 RFO() -0.59 RFO(2) -0.56 EFO(35) 0.56 EFO(3) -0.52 DESUS 0.37 uD -0.30
Nb-04 DESUS -0.38 uD 0.25 RFO(1) 0.24 - - - -
Tc-99 RFO(1) 040 RFO4) 034 RFO(2) 0.29 BFO(3) 027 RFO(5) 0.26 - -
Ag-108m RFO(1) 050 DKSUS -0.49 uD 041 RFO(4) 013 RFO(5) -0.10 - -
Sb-123 RFO(1) 065 RFO4) 038 RFO(3) 032 uD 026 DESUS -0.23 RFO(2) 020 RFO(3) 016
Cs-134 RFO(1) 037 RFOM) 020 RFO(2) 0.16 RFO(3) 0.15 RFO(3) 0.14 uD 012 DESUS -0.11
Cs-137 RFO(1) 081 RFO(3) 039 RFO(3) 0.39 RFO(4) 0357 RFO(2) 054 DESUS -0.48 uD 043
Eu-152 RFO(1) 024 RFO(3) 011 - - - - -
Eu-154 RFO(1) 042 DESUS -020 uD 0.17 RFO(2) 0.13 - - -
Eu-155 RFO(4) -0.48 RFO(3) 046 RFO(3) -0.44 EFO(2) 043 RFO(1) 0.19 - -
Pu-238 RFO(1) -0.91 RFO4) -0.87 RFO(3) -0.86 EFO(3) 0.385 BFO(2)-0.85 DESUS 0.11 -
Pu-239 RFO(1) -0.91 RFO4) -0.87 RFO(3) -0.86 EFO(3) 085 RFO(2)-0.85 - -
Pu-241 DESUS  0.60 uD -0.54 RFO(2) -0.14 RFO(1) -0.13 EFO(4)-0.13 - -
Am.M1 RFO(1) -0.01 RFOW4) -0.87 RFO(3) -0.86 EFO(5) -0.85 BFO(2) -0.85 - -
Cm-243 RFO(1) -091 RFO4) 086 RFO(3) -0.85 RFO(3) 085 RFO(2) -0.84 DESUS 0.22 uD -0.17

Parameter Definition:
DESUS = Resuspension Rate
UD = Deposition Velocity

RFO(#) = Time for Source Removal. where # represents the source number delineated as follow: 1=floor. 2=-west wall. 3=north wall. 4=east wall,
5=south wall
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Input Parameters for Building Occupancy DCGL Determination

Parameter (unit) Type® Radionuclide Treatment® Value or Basis Distribution’s Statistical Parameters* Median
Distribution 1 2 3 4

General

Exposure Duration (days) B All D 365.25 NUREG/CR-5512 (Ref. 1). Vol.3 NR NR NR
521

#

NR

E

Indoor Fraction B All D 0267 NUREG/CR-5512 (Ref. 1). Vol. NR NR NR NR
3.522

Evaluation Time (year) P All D 0 =0 corresponds maximum dose NR NR NR
over the first year
(year 9 for Pu-241)

E

NR

Number of Rooms P All D 1 NUREG/CR-5512 (Ref. 1) NR NR NR NR

N

Deposition Velocity (m/sec) P H-3 D 25% percentile value of NR NR
distribution in NUREG/CR-6755
1.51E-05 (Ref 2)

P Fe-55 D 25" percentile value of NR NR - -
distribution in NUREG/CR-6755
1.51E-05 (Ref. 2)

P Co-60 D 757 percentile value of NR NR B -
distribution in NUREG/CR-6755

4.79E-04 (Ref.2)

P 5190 D 257 percentile value of NR NR B -
distribution in NUREG/CR-6755

1.51E-05 (Ref. 2)

s e D ] 75% percentile value of NR NR - -
distribution in NUREG/CR-6755
4.79E-04 (Ref. 2)

P Ag-108m D 757 percentile value of NR NR l -
distribution in NUREG/CR-6755
4.79E-04 (Ref.2)

P Sb-125 D 75% percentile value of NR NR l -
distribution in NUREG/CR-6755
4.79E-04 (Ref. 2)

P Ce-134 D 757 percentile value of NR NR l -
distribution in NUREG/CR-6755
4.79E-04 (Ref 2)

P Cs-137 D 75 percentile value of NR NR - -
distribution in NUREG/CR-6755
4.79E-04 (Ref. 2)

P Eu-154 D . 75 percentile value of NR NR - -
distribution in NUREG/CR-6755
4 79E-04 (Ref. 2)

% 410 A A4 DCGL 2 5 » 5407
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Building Surface DCGL Results

Nuclide Dose Conversion Factor @(?F} DCGL DCGL .

(mrem/vr per pCi/m”) (p(.‘i.-"m:] (dpm/100cm”)
H-3 1.6E-09 1.5E+10 34E+08
C-14 54E-08 4 6E+08 1.0E+07
Fe-55 1.4E-08 1.8E+09 4.0E+H07
Co-60 3.1E-05 8.1E+05 1.8E+04
Ni-63 1.5E-08 1.7E+09 3. 7E+07
Sr-90 4.0E-06 6.3E+06 1.4E+05
Nb-94 2.1E-05 1.2E+06 2 6E+04
Tc-99 3.9E-08 6.5E+08 14E+07
Ag-108m 2.2E-05 1.1E+06 2.5E+04
Sb-125 5.5E-06 4 5E+06 1.0E+05
Cs-134 1.9E-05 1.3E+06 2 9E+04
Cs-137 8.8E-06 2_8E+06 6.3E+04
Eu-152 1.5E-05 1.7E+06 3.7TE+04
Eu-154 1.6E-05 1.6E+06 34E+04
Eu-155 8.5E-07 2. 9E+07 6.5E+05
Pu-238 9.7E-05 2.6E+05 5.7E+03
Pu-239 1.1E-04 2.3E+05 5.1E+03
Pu-241 23E-06 1.1E+07 2. 5E+05
Am-241 1.1E-04 2.2E+05 5.0E+03
Cm-243 7.7E-05 3.2E+05 7.2E+03

3 411 £ H 4 %5 DCGL 2 3+ 5 %51
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4.2.3.3.4DCGL i+ =_

% Bk ER 1pCilg kA2 HE » &2 HF L2 05mrem/yr =t &) » 4o

X’

%+ 3 AL [17]#7it -DCGLS % 5 0.5mrem/yr 2 &€ » ¥ T A ¥ %< YNPS

1 LTP AL 5445 6K » 44 412 fv4 413 #57 o

Peak Dose for Initial Concentrations of 1 pCi/g

with Assumed Clean Concrete Backfill

Dose
Radionuclide (mrem/yr)

H-3 3.70E-03
C-14 2.14E-04
Co-60 1.45E-04
Ni-63 8.12E-06
Sr-90 3.60E-02
Cs-137 3.46E-04

20412 FiFEmst v o 1pCilg A= 4aik & 2 4 i &) R

DCGLs for Partially Intact Structures

Representing 0.5 mrem/yr Dose

DCGL

Radionuclide (pC1/g)
H-3 1.35E+02
C-14 2.34E+03
Co0-60 3.45E+03
Ni-63 6.16E+04
Sr-90 1.39E+01
Cs-137 1.45E+03

+

% 4.13 #55 0.5 mrem/yr & £ 2_ %4 % 5 B4 DCGL
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4.2.3.3.3DCGL i+ =z

MR Y DCOL 23+ B % » 2 2Rk B ok ToRER »HmF R
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7 %4 YNPS 1 LTP 42 *34% 60 > 4v % 4.14 v % 415 #757% -

Table 60-1 - DCGL for Concrete Debris and % Dose from Exposure Pathways
Nuclide DCGL for | Time to Dose Fraction from Water-Independent Dose Fraction from Water-Dependent
Concrete | Maximum Pathways (%) Pathways (%)
Debris | Dose (Y¥I) | Ground | Inhalation | Plant Meat Milk Soil Water Fish Plant Meat Milk
(pCi/gm)

H-3 cellar hole 100 0 0.0 0.05 174 0.03 0.18 0.0 85.13 0.00 12.13 0.10 0.64
H-3 graded 300 0 0.0 057 4255 7.02 47.95 0.0 0.65 0.02 0.92 0.03 0.28
c-14 76 0 0.0 0.01 5150 | 2215 21.01 0.0 0.16 464 0.34 0.10 0.09
Fe-55 150 0 00 0.0 4639 | 2442 248 0.0 11.89 1.85 4.09 8.15 071
Co-60 45 0 97.02 0.0 0.15 0.99 0.14 0.01 073 0.06 0.13 0.62 0.14
Ni-63 110 0 0.0 0.0 17.74 1.21 63.82 0.0 3.21 0.09 0.97 0,028 1267
Sr-90 08 0 0.02 0.0 40.85 7.23 12.83 0.01 20.51 0.37 642 466 711
Nb-94 74 0 99.57 0.0 0.04 0.0 0.0 0.0 0.30 0.03 0.05 0.0 0.0
Tc-99 64 0.23 0.01 0.0 67.83 0.09 12.06 0.01 1271 0.07 465 0.02 255
Ag-108m 74 0 99.70 0.0 0.0 0.0 0.25 0.0 0.02 0.0 0.0 0.0 0.01
Sb-125 33 0 99.82 0.0 0.0 0.0 0.0 0.01 0.12 0.0 0.02 0.0 0.0
Cs-134 50 0 54.85 0.0 6.53 .20 11.99 0.02 3.90 222 1.06 445 671
Cs-137 71 0 3363 0.0 116 | 1259 19.40 0.02 4.66 4.16 125 524 7.88
Eu-152 10 0 99.82 0.0 0.01 0.02 0.0 0.0 0.12 0.0 0.02 0.0 0.0
Eu-154 96 0 99.76 0.0 0.01 0.02 0.0 0.0 0.16 0.0 0.03 0.0 0.0
Eu-155 400 0 98.46 0.0 0.06 0.15 0.02 0.03 1.04 0.03 0.18 0.03 0.01
Pu-233 10 0.12 0.0 0.25 1.60 0.46 0.02 1.97 71.14 068 23.74 0.12 0.01
Pu-239 93 0.28 0.0 0.25 159 0.45 0.02 1.96 70,68 132 2359 0.12 0.01
Pu-241 150 65 0.05 0.39 3.20 0.07 0.03 3.08 66.67 0.03 22.85 0.11 0.01
Am-241 43 0.12 0.23 0.12 6.97 0.11 0.02 0.94 67.14 1.99 2241 0.06 0.02
Cm-243 19 0.10 4.20 0.09 1713 0.04 0.02 0.72 57.42 1.18 19.18 0.02 0.01

% 414 RE3 %Y DCGL 238 &% > frlg 4R B g2 #E R 4+
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Table 60-2 — Comparison of Well Water Concentrations
and Equilibrium Ground Water Concentrations at One
Year
Nuclide Well Water Equilibrium Ground
Concentration | Water Concentration
(pCi/L) (pCi/L)
H-3 cellar hole 1143 21878
C-14 1.34 117
Fe-55 51.38 60.65
Co-60 311 3.11
Ni-63 27.88 2777
Sr-90 92.09 90.80
Nb-94 3.16 3.16
Tc-99 73.51 7271
Ag-108m 0.15 0.15
Sh-125 0.50 0.50
Cs-134 521 521
Cs-137 713 712
Eu-152 095 0.95
Eu-154 0.92 0.92
Eu-155 0.87 0.87
Pu-238 1.12 1.12
Pu-239 113 1.13
Pu-241 0.60 0.60
Am-241 223 2.23
Cm-243 244 2.44

20415 wfi- ER 2 HRGER for TRk A

A4.2.4 3 T R4 2R ARt

H e % ok 3+ F (License TerminationPlan » LTP) & &+ # 2 KER (M % 2
FEAREGR AR AL R E LT R AR TREBY LT HTE RR
B %3 % (Environmental Protection Agency > EPA)sd < 5 4 5 ZFE R

(Maximum Contaminant Level » MCL) » &j4-t% 48 H-3 Jk & 5 20,000 pCi/l -
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Table 6-6A
BOP Embedded Piping Unitized Dose Factors
Key Parameters
Porosity 0.30 Fill Volume 24600 m® Surface Soil Depth 0.15 m
Bulk Density 150  glem® Surface Area/Open Vol 170 mIm’ Irrigation Rate 0.274 Lim?-d
Yearly Drinking Water 478.0 Iiyr Concrete Volume 418 m’ Annual Total Well Water Vol 738 m?
[Wall Surface Area 41820 m? Concrete Density 220 glem® Embedded Pipe Conversion Factor 5754.5  pCi per dpm/100 cm?
Total Inventory 1.00E+00  dpm/100 cm”
WATER, FILL, CONCRETE
DOSE CALCULATION FACTORS Source Term Kd CONCENTRATION EMBEDDED PIPE ANNUAL DOSE
NUREG-1727 FGR 11 Microshield Kd Kd Drinking Irrigation Direct Total
Nuclide | mremiy per | mremipCi | mremiy per Inventory | Inventory Fill Conerete | Adsorption | Water Fill Concrete | Nuclide | Water Dose |  Dose Dose Dose
pCilg pCilg dpm/100 cm2 pCi cm3/gm cm3igm Factor pCilL pCilg pCilg mremly mremly mrem/y | mremly
Sr-90 1ATE+01 142E-04  0.00E+00 1.00E+00 575E+03 | 6.02E+01 1.00E+00 | 3.01E+02 258E-05 1.55E-06 258E-08 | Sr-90 1.75E-06  1.69E-07 0.00E+00 1.92E-06
Cs-134 | 4.30E+00 7.33E-05  6.09E-05 1.00E+00 575E+03 | 7.91E+01 3.00E+00 | 3.96E+02 1.97E-05 1.56E-06 590E08 | Cs-134  6.89E-07  3.84E08 947E-11 7.27E07
Cs-137 | 227E+00 500E-05  120E-05 1.00E+00 575E+03 | 7.91E+01 3.00E+00 | 3.96E+02 1.97E-05 1.56E-06 500E-08 | Cs137  4.70E-07  1.98E-08 1.87E-11 4.90E-07
Co-60 6.58E+00 269E-05  6.30E-04 1.00E+00 575E+03 | 1.28E+02 1.00E+02 | 6.40E+02 122E-05 1.55E-06 122E06 | Co60 1.56E-07  3.56E-08 9.79E-10 1.93E-07
Co-57 1.67E-01 1.18E-06  2.80E-08 1.00E+00 575E+03 | 128E+02 1.00E+02 | 640E+02 122E-05 155E-06 122E-06 | Co57 6.86E-09  9.03E-10 4.35E-14 7.76E-09
Fe-55 2.50E-03 6.07E-07  0.00E+00 1.00E+00 575E+03 | 2.50E+01 1.00E+02 | 127E+02 6.13E-05 1.53E-06 6.13E06 | Fe-55 178E-08  6.81E-11 0.00E+00 1.78E-08
H-3 2.27E-01 6.40E-08  0.00E+00 1.00E+00 5.75E+03 | 0.00E+00 0.00E+00 [ 1.00E+00 7.78E-03 0.00E+00 O0.00E+00 | H-3 2.38E-07  7.85E-07 0.00E+00 1.02E-06
Ni-63 1.19E-02 577EQ7  0.00E+00 1.00E+00 575E+03 | 1.28E+02 100E+02 | 6.40E+02 122E-05 1.55E-06 122E06 | Ni-63 33509  6.43E-11 0.00E+00 3.42E-09
22 — 7 Y - N % ’ 2 A
% 4,16 % K ",f =+ & B Maine Yankee z_ jx i 2 5 % X(BOP) mq‘; » N E

B * &g )51
Table 6-6B

Embedded Spray Pump Piping Unitized Dose Factors

Key Parameters

Porosity 0.30 Fill Volume 24600 m Surface Soil Depth 015 m
Bulk Density 150 glem® Surface Area/Open Vol 170 mim? Irrigation Rate 0.274 Lm’d
Yearly Drinking Water 478.0 Iyr Concrete Volume 418 m Annual Total Well Water Vol 738 m’
\Wall Surface Area 41820 m? Concrete Density 220 g/cm3 Embedded Pipe Conversion Factor 1191.7  pCi per dpm/100 em®
Total Inventory 1.00E+00 dpm/100 cm?
WATER, FILL, CONCRETE
DOSE CALCULATION FACTORS SOURCE TERM Kd COIY\ICEN:I'RATION EMBEDDED PIPE ANNUAL DOSE
NUREG-1727 FGR 11 Microshield Kd Kd Drinking Irrigation Direct Total
Nuclide mrem/y per mrem/pCi mremly per Inventory Inventory Fill Concrete Adsorption Water Fill Concrete Nuclide] Water Dose Dose Dose Dose
pCilg pCilg dpm/100 cm2 pCi cm3igm cm3igm Factor pCilL. pCilg pCilg mremly mremiy mremly | mremiy
Sr-90 1.47E+01 142E-04  0.00E+00 100E+00  1.19E+03 | 6.02E+01 100E+00| 3.01E+02 535E-06 322E-07 535E-00] Sr00  363E-07  3.50E08 0.00E+00 3.98E-07
cs-134 | 4.30E+00 7.33E-05 6.09E-05 100E+00  1.19E+03 | 7.91E+01 300E+00| 3.06E+02 4.07E-06 322E-07 122E-08] Cs-134  143E07  7.95600 1.96E-11 1.51E-07
cs137 | 2.27E+00 5.00E-05 1.20E-05 1.00E+00  1.19E+03 | 7.91E+01 3.00E+00| 3.96E+02 4.07E-06 322E-07 122E-08] Cs-137  973E-08  4.11E09 3.87E-12 1.01E-07
Co-60 6.58E+00 2 69E-05 6.30E-04 100E+00  1.19E+03 | 128E+02 100E+02| 6.40E+02 252E-06 322E-07 252E-07] Co60  324E-08  7.37E09 2.03E-10 4.00E-08
Co-57 167E-01 1.18E-06 2.80E-08 100E+00  1.19E+03 | 1.28E+02 100E+02| 6.40E+02 252E-06 322E-07 252E-07] Co57  142E-09  187E-10 9.01E-15 1.61E-09
Fe-55 2.50E-03 607E07  0.00E+00 100E+00  1.19E+03 | 250E+01 100E+02| 127E+02 127E-05 3.17E-07 127E-06] Fe-55  368E-09  141E-11 0.00E+00 3.70E-09
H3 227E-01 640E-08  0.00E+00 100E+00  1.19E+03 | 0.00E+00 000E+00| 1.00E+00 1.61E-03 0.00E+00 0.00E+00] H-3 493E08  163E-07 0.00E+00 2.12E-07
Ni-63 1.19E-02 57707 0.00E+00 100E+00  1.19E+03 | 128E+02 100E+02| 6.40E+02 252E-06 322E-07 252E-07 | Ni63  695E-10  1.33E-11 0.00E+00 7.08E-10
2 ~ e - 3 \ N3 55 A e
4 417 % E»«]",f (2 T A Maine Yankee 2 » 3% R R B B ¢ AR F)
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Summary of DCGLs for Different Media Types

: Building Subsurface , .
. . Soil Partial Concrete Debris
Radionuclide (pCi/g)’ Surface .. | Structures (pCi/g)
(dpm/100 cm"): (p(.‘ifg)§
-3 9.5E+01 (cella_r holes)
j 3.5E+02 3.4E+08 1.35E+02 2.8E+02 (grading)

C-14 5.2E+00 1.0E+07 2.34E+03 7.2E+00

Fe-55 2.8E+04 4.0E+07 - 1.4E+02

Co-60 3.8E+00 1.8E+04 3.45E+03 4.3E+00

Ni-63 7.7TE+02 3.7E+07 6.16E+04 1.0E+02

Sr-90 1.6E+00 1.4E+05 1.39E+01 7.6E-01

Nb-94 6.8E+00 2.6E+04 - 7.0E+00

Tc-99 1.3E+01 1.4E+07 - 6.1E+01
Ag-108m 6.9E+00 2.5E+04 - 7.0E+00

Sb-125 3.0E+01 1.0E+05 - 3.1E+01

Cs-134 4.7E+00 2 9E+04 - 4.7E+00

Cs-137 8.2E+00 6.3E+04 1.45E+03 6.7E+00

Eu-152 9.5E+00 3.7E+04 - 9.5E+00

Eu-154 9.0E+00 3 4E+04 - 9.1E+00

Eu-155 3.8E+02 6.5E+05 - 3.8E+02

Pu-238 3.1E+01 5.7E+03 - 9.5E+00

Pu-239 2.8E+01 5.1E+03 - 8.8E+00

Pu-241 9.3E+02 2.5E+05 - 1.4E+02
Am-241 2.8E+01 5.0E+03 - 4.1E+00

Cm-243 3.0E+01 7.2E+03 - 4.7E+00

i Represents a dose of 23.73 mrem/yr

! Represents a dose of 25 mrem/yr

; Represents a dose of 0.5 mrem/yr, radionuclides based upon those found in concrete samples as discussed in
Reference 6-11

% 4.18 % I_E]“f %7 T B Yankee Rowe 2 % & 7 I 4 %3] DCGLs 3%
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Table 6-11a
Containment Contaminated Material DCGL

Basement Contaminated Concrete (gross beta dpm/100 cm?): 18,000
Special Area Contaminated Concrete (gross beta dpm/100 cm?) 9,500
Basement Activated Concrete - Released to Basement (pCi): 4.88E+08
) Surface Soil (Cs-137 pCilg): 2.39

’g ﬁ%. Deep Soil (Cs-137 pCilg): 2.39
BOP Embedded Piping [Limit: 100K], (gross beta dpm/100 cm?): 100,000
Spray Building Pump Piping [Limit: 800K], (gross beta dpm/100 cm?): 800,000
Ground Water (H-3, pCi/L): 6,812
Surface Water (H-3, pCi/L): 960
Buried Piping, Conduit and Cable, (gross beta dpm/100 cm?): 9,800

Containment Contaminated Material Annual Dose

Drinking Direct, Inhalation Total
Material Water & Ingestion Annual Dose
(mremly) (mremly) (mremly)
Contaminated Concrete 7.32E-02 8.53E-03 8.15E-02
Activated Concrete 1.36E-02 3.30E-02 4 B6E-02
Surface Soil 0.00E+00 5.63E+00 5.63E+00
Deep Soil 5.33E-02 1.98E+00 2.04E+00
BOP Embedded Piping 4.59E-02 5.24E-03 5.11E-02
Spray Building Pump Embedded Piping 7.60E-02 8.68E-03 8.47E-02
Ground Water 2.08E-01 0.00E+00 2.08E-01
Surface Water 2.94E-02 1.27E-03 3.06E-02
Buried Piping, Conduit & Cable 6.33E-04 1.89E-03 2.52E-03
Total 0.48 mrem/y 6.79 mremfy 8.17 mremly

% 419 % R %17 7 A Maine Yankee 2 [l e &% chif 575 4 4~ § DCGLIM

Table 6-11b
Non-Containment Contaminated Material DCGL

Basement Contaminated Concrete (gross beta dpm/100 cm?): 18,000
Special Area Contaminated Concrete (gross beta dpm/100 cm?) 9,500
Basement Activated Concrete - Released to Basement (pCi): 0.00
Surface Soil (Cs-137 pCilg): 2.39

'g ﬁ{,, Deep Soil (Cs-137 pCi/g): 2.39
BOP Embedded Piping [Limit: 100K], (gross beta dpm/100 cm?): 100,000
Spray Building Pump Piping [Limit: 800K], (gross beta dpm/100 cm?): 800,000
Ground Water (H-3, pCi/L): 6,812
Surface Water (H-3, pCi/L): 960
Buried Piping, Conduit and Cable, (gross beta dpm/100 cm?): 9,800

Non-Containment Contaminated Material Annual Dose

Drinking Direct, Inhalation Total
Material Water & Ingestion Annual Dose
(mrem/y) (mremly) (mrem/y)
Contaminated Concrete 2.70E-01 3.08E-02 3.01E-01
Activated Concrete 0.00E+00 0.00E+00 0.00E+00
Surface Soil 0.00E+00 5.63E+00 5.63E+00
Deep Soil 5.33E-02 1.98E+00 2.04E+00
BOP Embedded Piping 4.58E-02 5.24E-03 5.11E-02
Spray Building Pump Embedded Piping 7.60E-02 8.68E-03 8.47E-02
Ground Water 2.08E-01 0.00E+00 2.08E-01
Surface Water 2.94E-02 1.27E-03 3.06E-02
Buried Piping, Conduit & Cable 6.33E-04 1.89E-03 2.52E-03
Total 0.66 mrem/y 6.78 mrem/y 8.34 mremly

3 420 % AR AN T B Maine Yankee 2_ & FIFe 48 cfg 5475 4 45 7

DCGL[
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ABSTRACT

This research provides a brief summary of the Multi-Agency Radiation
Survey and Site Investigation Manual (MARSSIM) guidelines on the basic
concepts of the exposure pathways modeling and the derived concentration
guidance levels (DCGLS). It is hoped that the public will understand the specific
significance of those parameters related to release or dose in the radiation survey
and site investigation of decommissioning nuclear power plants. Important items
that should be followed during verification processes are listed based on the basic
steps of MARSSIM. Taipower’s 3 important evaluation reports of Taiwan's First
Nuclear Power Plant (Jinshan Nuclear Power Plant) are analyzed and verified
according to the listed items. The verification results show that those reports are
sufficiently correct, but need to be further optimized during the transition period

from operation to decommission.
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xRk o 2 ®W15E € (Nuclear Regulatory Commission, NRC) {3k i ¥
(Environmental Protection Agency, EPA) 2% i 2 & @i =f 5 4k > 2 & §
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ALARA) B P ™ e & E LR 5 25 mremly - @ EPA en¢h fiE 2 pl §_20
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$ SignTest %7 3-8 (404 3-2)> 75 k% 3 BEROT RS FUREL

MEF RO S R &7 e BEfodn A ik 2T AR T R A g

# 3-1 Values of N/2 for Use with the Wilcoxon Rank Sum Test (MARSSIM
Table 5.3)

a=0.01 a=0.025 a=0.05 a=0.10 a=0.25
B B B B B
Ao 10.01 0025 005 010 025 001 0.025 005 010 025 001 0025 005 010 025 0.01 0025 005 010 025 001 0025 0.05 0.10 0.25
0.1 5452 4627 3972 3278 2268 |4627 3870 3273 2646 1748 3972 3273 2726 2157 1355|3278 2646 2157 1655 964 |2268 1748 1355 964 459
0.2 1370 1163 998 824 570 J1163 973 823 665 440 J998 823 685 542 341 | 824 66D 542 416 243 |570 440 341 243 116
03 614 521 448 370 256 |521 436 369 208 197 | 448 369 307 243 153 | 370 288 243 187 109 | 256 197 153 109 52
04 350 297 255 211 146 | 297 248 210 170 M2 §255 210 175 139 &7 |211 170 139 106 62 146 112 87 62 30
05 227 193 166 137 95 183 162 137 111 73 J166 137r 114 90 57 [137 111 90 69 41 9% 73 57 4 20
06 161 137 117 97 67 |137 114 97 78 52 |17 97 81 64 40 | 97 78 64 49 29 |67 52 40 29 14
07 121 103 88 73 51 |103 86 73 59 38 |8 73 61 48 30 |73 59 48 37 22 | 51 39 30 22 11
08 J 95 &1 69 57 40 | 81 68 57 46 AN 69 57 48 38 24 |57 46 38 20 17 |40 AN 24 17 8
09 |77 66 56 47 32 |66 55 46 38 25 |56 46 39 A 20 | 47 38 A 24 14 |32 25 20 14 7
10 | 64 55 47 39 27 |55 46 39 32 2N 47 39 32 26 16 |39 32 26 20 12 |27 2 16 12 6
11 |55 47 40 33 23 |47 39 33 27 18 |40 33 28 22 14 133 2 22 17 10 | 23 18 14 10 5
12 148 M4 3B 29 20 I M 34 20 24 16 3% 20 24 19 12 120 24 19 15 9 20 16 12 9 4
13 143 36 26 18 |36 30 26 21 14 | A 26 22 17 11 26 21 7 13 8 18 14 11 8 4
14 |38 32 28 23 w32 2r 23 19 13 28 23 19 15 10 123 19 19 12 7 16 13 10 T 4
1513 30 25 21 15 130 25 21 17 11 25 2 18 14 9 21 17 14 N 7 15 11 9 7 3
16 |32 27 23 19 14 127 23 19 16 1 23 19 16 13 8 19 16 13 10 6 14 1" 8 6 3
17 13 25 22 18 1125 21 18 15 10 | 22 18 15 12 8 18 15 12 9 6 13 10 8 6 3
18 128 24 20 17 12 124 20 17 14 9 20 17 14 1 7 17 14 " 9 5 12 9 7 5 3
19 126 22 19 16 11 22 19 16 13 9 18 6 13 11 7 16 13 " 8 5 11 9 7 5 3
200125 21 18 15 11 21 18 15 12 8 18 15 13 10 7 15 12 10 8 5 1" 8 7 5 3
225 | 22 19 16 14 10 119 16 14 1 8 16 14 " 9 6 14 " 9 7 4 10 8 6 4 2
25 |1 2 18 15 13 9 8 15 13 10 7 15 13 " 9 6 13 10 9 7 4 9 7 6 4 2
275 | 20 17 15 12 9 17 14 12 10 7 15 12 10 8 5 12 10 8 6 4 9 7 5 4 2
30 118 16 14 12 8 L 12 10 6 14 12 10 8 5 12 10 8 6 4 8 6 5 4 2
35 ] 18 16 13 11 8 % 13 11 9 6 13 1 9 8 5 1 9 8 6 4 8 6 5 4 2
40 ] 18 15 13 11 8 15 13 11 9 6 13 11 9 7 5 11 9 7 6 4 8 6 5 4 2

14




% 3-2 Values of N for Use with the Sign Test (MARSSIM Table 5.5)

a=0.01 a=0.025 a=0.05 a=0.10 a=0.25
B B B B B
Ao 1001 0025 005 010 025 001 0025 005 010 025 001 0025 005 010 025 001 0025 005 010 025 001 0025 005 010 0.25
0.1 J4005 3476 2084 2463 1704 |3476 2907 2459 1939 1313 |2084 2459 2048 1620 1018 |2463 1989 1620 1244 725 |1704 1313 1018 725 345
02 J1035 879 754 623 431|879 735 622 503 333 | 754 622 518 410 258 | 623 503 410 315 184 | 431 333 258 184 88
03 468 398 341 282 195 ]398 333 281 227 150 341 281 234 185 117 |282 227 185 143 83 195 150 117 83 40
04 270 230 197 162 113 | 230 1921 162 131 87 197 162 136 107 68 |162 131 107 82 48 |113 87 68 48 23
05 178 152 130 107 75 |152 126 107 &7 58 130 107 89 71 45 107 87 T 54 33 |75 58 45 33 16
06 129 110 84 77 54 |10 92 77 63 42 |94 77 65 52 33 |77 63 52 40 23 |54 42 33 23 "
07 19 8 72 5 4 83 70 59 48 33 |72 59 50 40 26 |59 48 40 30 18 | ¢ 33 26 18 9
08 |80 68 58 48 34 |68 57 48 39 26 |58 48 40 32 2N 48 39 32 24 15 |34 26 21 15 8
09 |66 57 48 40 28 |57 47 40 33 22 |48 40 34 27 17 140 33 271 21 12 |28 22 1w 12 6
10 157 48 M4 34 24 148 40 34 28 18 | # 34 29 23 1% 134 28 23 18 1 24 18 15 " 5
11 15 42 36 30 21 42 3 30 24 17 J36 30 26 21 14 130 24 21 16 0 |21 17 14 10 5
12 | 45 38 33 2r 209038 32 21 22 15 |3 21 23 18 122 127 22 18 15 9 20 15 12 9 5
13 | 41 35 30 26 17 |35 289 24 21 14 130 24 2 17 " 26 17 14 8 17 14 11 8 4
14 138 33 28 23 16 )33 27 23 18 12 |28 23 20 16 0 123 18 16 12 8 16 12 10 8 4
1513 30 271 22 15 30 26 22 17 12 1271 22 18 15 10 | 22 17 15 1 8 15 12 10 8 4
16 134 29 24 N 15 129 24 21 17 1" 24 17 14 9 21 17 14 1 6 15 1 9 6 4
17 133 28 24 20 14 128 23 20 16 11 24 20 17 14 9 20 1B 14 10 6 14 1" 9 6 4
18 132 21 23 20 14 )27 22 20 16 11 23 20 16 12 9 20 1B 12 10 6 14 1" 9 6 4
19 130 26 22 18 14 | 26 22 18 15 10 | 22 18 16 12 9 18 15 12 10 6 14 10 9 6 4
20129 26 22 18 12 126 21 1% 15 10 | 22 18 15 12 8 18 15 12 10 6 12 10 8 6 3
25128 23 2 17 12 23 20 17 14 10 | 2 17 15 11 8 17 14 N 9 5 12 10 8 5 3
30 127 23 20 17 12 123 20 17 14 9 20 17 14 11 8 17 14 1" 9 5 12 9 8 5 3
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2. MR F R KPP FHEULELAF P -ERLFFTL ¥ T L)



3. GFE R N RA N Y TR A g T o

4 FERLFRGLR BRI A M ot L AR -

5. #-k BT R A dri— ¥ P F (Bl MR- Tk 265 %
FEAHEE) A REE - BAEHE FAPM P LA 52 g
WAL RERTEFTRE -

6. i * &4 T 4HE 5 e s (building blocks) » & & fE iR A ke B
BT A BT B R YRR chde TLAE AR ET B A B Ap B O
BArR Gig S S T2y 4gie, ¥ 24572 H S b g 7R
BRI E2H AR 0 4 TP R R T AN AR kAT o
R E R AIE SRR R ROR R AR B A
EE TR R T2 KR A R BRI AR Aok AP
B2 fRpl BEFRoR B LR AR A N hilidp TR 5

iﬁa‘?ﬁ@’gbrﬁ%l”ﬁ, ?Iﬁ.»olj—ri\'lfgl‘?]\&?_ﬁ""- ’%ﬁ'jﬂ'_ﬁ;’?‘f'ﬁ V.;“Jmﬁl_\

BREaAria g Am-241 54 > BRIHER S 27 dpm/100cm? » % 1B

& & H 7 32 NUREG/CR-5512 vol.3 “f % % 2 25 mrem/y #| £ " of
ERo @ ETd DanD A28 i FE @ 7 o Roir R oo Am-241 R &

i /2 % v~ (inhalation) ~ # » (ingestion){- 2 4% & (direct exposure) = #& > £
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PANMS N GRS APTURBEESFERE Y R O@ @O
W e B~ AN E

Gor BB T D T AN et E o

Doseinnalation=(As) (RF)(BR)(time)(DCF)

As: surface activity level (% & i+ & % &%)

RF: resuspension factor (£ & ;% % #) 1.42E-5 m'!

BR:  breath rate (=% ¥x %) 1.4 m3h

time:  97.5 day/y (9-h work days, 5 days/week, 52 weeks/y)

DCF: dose conversion factor (#| € #& $ % #c) 0.444 mrem/pCi for

inhalation, Federal Guidance Report No.11 (EPA 1988)

Dos€inham =(27 dpm/100cm?)(1.42E-5 m™1)(1.4 m3h)(97.5 dayly)
(0.444 mrem/pCi)

x (10000 cm?/1 m?)(24 h/day)(1 pCi/2.22 dpm)
= 24.86 mrem/y

Uk L AM24L o Al e ¥ R AR U 25

mrem/ly 7 o B F L E Am-241 i~ B[R o @ T A a0
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DoSeingestion=(AS)(IR)(time)(DCF)

H v
A surface activity level (% & 7+ & % &)
IR: ingestion rate (# » &%) 1.11E-5 m%h

time: 97.5 day/y (9-h work days, 5 days/week, 52 weeks/y)
DCF: dose conversion factor (| & #& $& % #c) 3.64E-3 mrem/pCi for

ingestion, Federal Guidance Report No.11 (EPA 1988)

D0S€ing.am =(27 dpm/100cm?)(1.11E-5 m?/h)(97.5 dayly)
(3.64E-3 mrem/pCi)

x (10000 cm?/1 m?)(24 h/day)(1 pCi/2.22 dpm)
= 0.11 mrem/y

BAAPE RRAGE S PR E LMo e B G E T

o et o N

Doseexposure: (As)(DCE) (tl mE)

A surface activity level (% & 7+ & % &)

time: 97.5 day/y (9-h work days, 5 days/week, 52 weeks/y)

DCE: dose coefficient for exposure to contaminated surfaces
20



}z AR

E A E g

(%45 REHE Ri) 3.21E4 mrem/y per uCi/cm?, Federal

Guidance Report No.12, Table 111.3 (EPA 1993)

=1.04E-3 mrem/y

2w ¥ L5487 DCGLs > NRC AR

D0S€exp.am =(27 dpm/100cm?) (3.21E4 mrem/y per uCi/cm?) (97.5 dayly)
x(1 y/365 day) (1 uCi/ 2.22E6 dpm)

AP A B Flende i 5 2497 mremfy > H P oo~ FH|E AT F b b)iE
99.56% > B HE» =& HELE 25mremly 4p £ & S o 5 F]pt NRC -4 3%
#3f 2k DCGL % _% 27dpm/100cm? (¥ Am-241 @ = )= A 4

R E 0 4E A 33 g

ARFT R T ERMA T I E RO AR L E DA

B8 UE 0 B - HA R PP R

ok

ZEEV MR F o

# 3-3NRC 7 2 iz A4 4 % /5 % 13K DCGLs & -

ik * DCGLs (dpm /
100cm?)

Cs-137 1.27E4

Eu-152 1.27E4

Eu-154 1.15E4

Ra-226 1120

Ra-226+C 315

Th-230 36.9

Th-232 7.31

21



Th-232+C 6.03

U-234 90.6
U-235 97.6
U-238 101

U-238+C 195
Pu-238 30.6
Pu-239 27.9
Am-241 27.0

Xk U.S. NRC NUREG/CR-5512, vol. 3; Washington, DC; 1999a

F o AT - DCGLs shik AP A TR f2 5 TR Fi5E L ik i
XA E A ARBEMEVENE FER o NPT ARE PR R
DCGLs ¥ =5 3 #77 [ > e A&} Tgrs{,u SR LHEHE AR LG R
* dpm/100cm? 5 + 3 P 2_pCi/g(* 2 Bq B~ pCi ¥ i+) o

% FeF 12 f% DanD ¢ RESRAD i 7|42V #g criid (e & 2 18 > i sc "8 11
SR R RER PR LT R RBRETF AL DERLR
A EE IR 0 R E FHE LE(NRC 25 mremly) 2 “f IPEVA L C RS =3
T hE R AHRE 0 T FIER2 DCGL i v e s Aps ¥
A#-DCOL i it < T # L VE L W H =R Td S nEHE 78

—_—

A PR E e RET P EREREL 2N EB T IREEERE
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DCGL & % » & = fa#g 3] » - 4 DCGLw - ¥ - &P &_DCGLgmc °
* DCGLwdp e F# i g 8 ~ P ch DCGL T 32iE > bl4r: 2 3¢ 75 1pCilg
e Cs-137 » & d RESRAD g% $#chifiz (s v 72 ”LrTE'}*Jc FE 5 1.76

mrem/y » 7R P A ie i ] 3 AL q

DCGLy =25 mrem/y / (1.76 mrem/y per 1 pCi/g) = 14 pCi/g

¥ - B+ 2R 45 3 1pCilm? e1Cs-137- i * RESRAD BUILD

T HE(F & 100 m? ~ i JZ ¢ ingestion 0, fraction to air 10%, removable

fraction 50%, time 365d) > ¥ | ¢ # £ 5 1.25E-5 mrem/ly » 7% A

DCGL,, = 25 mrem/y / (1.25 mrem/y per 2.22E-2 dpm/100cm?)
= 44,000 dpm/100cm?

6 A4 Am-241 b+ 2 2 4 3-3 #7571 DCGL i 48 2_DCGLy,
L FIR ¢ F LA s R £ {8 ¥ DCOL i b -

DCGLemc 43 to— B E 2§ ¢ %7 & i - | FEP 2

:‘_’

DCGL T35E » # ¢ EMC R 5 ' elevated measurement comparison ;> %_—

AEBPIEVROEEL > TV AR DX PEREPN TR E E RS

w

P2 T g v D E A E (hotspot)h e DCGL T35 (E o F]t A2 % o

DCGLemc %0 /] % p chE >z DCGL & » 2+ 5 + 7 d T 52 ;% 47
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DCGLemc=DCGLw x AF

#¢ AF Edp %3 )5 (area factor) » ¥ d AR E A1k o

NRC # NUREG-1757 vol. 1 5 #% 3| DanD #2878 & % if & * k3t ¥
N EREBFL R H B RNk A DCGLeme 53t & 0 F15 DanD &
LA TR EIEET TR Ao - L L ® ¥ RESRAD 4 7475 15
wiFtE > m B4 AF & o Maine Yankee 3 g % i+ 2+ 3 (license
termination plan, LTP) %= = ¥ i¢ * ® %5 &f(direct radiation) g & £ j< 3

PR AR FIG R ARG E R SR AT A AR LR

FEAT O EBAARE Y EHEFTRS S ) DD BB EFR RS
Aol e AR A KGR R AR B 6 Sl A F iR e T

AF Egiant s 2vd itz A £ @ 1 pCi/m? e Cs-137 b+ 4
ML > £ 3-4 4 g * RESRAD-BUILD 7 IF % &2 6 ## 3 i H B
Foors 100 m? 5 AR > # AR 1o 7RAH 36 m? R X [ D AF A
1.25E-5/8.26E-6=1.51 > H4 7% % % /| 1 AF & ¥ d IZ 4R & HE X

,értu 100 m? & # & F2-5m (8> k= 734 340
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% 3-4 £ *> RESRAD-BUILD :* & # 4 4 @ Cs-137 ;5 % = Area Factors

Sourc Dose Area DCGLuw

e Rate Facto

Area (mrem/ r

(m?) y)

100 1.25E-5 1 44,000
dpm/100c
m2

36 8.26E-6 1.51

25 7.05E-6 1.77

16 5.72E-6 2.19

9 4.22E-6 2.96

4 2.53E-6 4.94

1 8.45E-7 14.8

13040 £ P1fR5 A4 DCCL 3§ > 7 Tl r A5

1
DCGL s, =— 3 0

_+_ coe +
DCGL, DCGL, DCGL |,

H
DCGLgross & ”'“r”ﬁ i 7]?;@_7\ DCGL &
DCGL, & :46 1 57 DCGL &

fospfe Ll diE R § ot 5
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DCGL, % 246 2 hDCGL &

fo 592 aiER b F

DCGLy = #2482 N enDCGL &

fu 58N e § ot 5

# 6 § % DCGL ff M it & i M Lok 1 8 0 B 9 & it A

\“‘\ﬂ

PREE RN F 2V OIARTEfE S

25 mrem/y
gross -
- 25 mrem/y L ox 25 mrem/y N - 25 mrem/y

1 2 ...+ N
DCGL, DCGL, DCGL ,,

DCGL

AR %FSA})I} AL PALEI AR NE 25 mremly iR HE >
BRI M AGE R S de o AP g & EUE 25 mremly G
iR AR jﬁ,,ﬁf A EVYAAA 24T 2 DCGL & > L2 g * 3t e Jid
Bvt F (Ot 6| FllR)AF £ AR Ao R R AR RV DA & P AES R0 P
BE Bt p e i Bt DGCL (B ) )5 i & o

T ERP A &P 4a DCGL & AF e 4 » BR - BF BB E
duE @4 & o A4 Co-60 ~ Cs-137 ~ 2 Sr-90 = fa{% 4805 4 H E &R Hrid
4T
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Co-60 30 %
Cs-137 50 %
Sr-90 20 %

BASHZ AP AWE - i RESRAD-BUILD 35 > & 4 B w e
DCGLw fr & % % * /| #T¥H e e £ 5 fo AF(4c# 3-4~3-5-3-6 #r71 » &
PoCs-137 3R wm ¢ 53t 8 > C0-60 fo Sr-90 (R A 77 R B e R S HciE

(F-E)o B % @H = fEPfEL p i DCOLw 4T

Co-60 11,400 dpm/100cm?
Cs-137 44,000 dpm/100cm?
Sr-90 34,400 dpm/100cm?

% 3-5 £ RESRAD-BUILD :* &2 # $ £ & Co0-60 ;5 % = Area Factors

Sourc Dose Area DCGLuw

e Rate Facto

Area (mrem/ r

(m?) y)

100 4.85E-5 1 11,400
dpm/100c
m2

36 3.35E-5 1.45

25 2.88E-5 1.68

16 2.35E-5 2.06

9 1.75E-5 2.77
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1.06E-5
3.54E-6

4.58
13.7

% 3-6 £ *> RESRAD-BUILD * & #% £ & Sr-90 ;5 Z « Area Factors

Sourc Dose Area DCGLuw

e Rate Facto

Area (mrem/ r

(m?) y)

100 1.60E-5 1 34,400
dpm/100c
m2

36 5.89E-6 2.72

25 4.14E-6 3.86

16 2.69E-6 5.95

1.55E-6 10.3

4 7.17E-7 22.3

1 1.88E-7 88.9

eI BRI BRI EFTLRERS 1pCim?> 29 ¢ 3 03

pCi/m? 1 Co-60 ~ 0.5 pCi/m? #1 Cs-137 ~ 0.2 pCi/m? 52 Sr-90 » ¢ RESRAD-

BUILD it {7 ficgi v 1 44 4F £ /5 % ¢ DCGLw 5 23,100 dpm/100cm? » @ j&_t

WAF & 54805 4 4« DCGL 2 5% 3+ & 8 5

DCCGL . =

1

gross 0.3 0.5

0.2

- -
11400 44000 34400

28
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AEEG AR mAER] -

4. 3-7 A+ RESRAD-BUILD 5= 84 4 & 4f £ 4 /5 4 <5 Area Factors -
Co-60(30%) ~ Cs-137(50%) ~ Sr-90(20%)

Sourc Dose Area DCGLuw

e Rate Facto

Area (mrem/ r

(m?) y)

100 2.4E-5 1 23,100
dpm/100c
m2

36 1.5E-5 1.60

25 1.3E-5 1.85

16 1.0E-5 2.14

9 7.7E-6 3.12

4 4.6E-6 5.22

1 1.5E-6 16.0

¥z ABH - PifBgt 44 & o0 AF (B k> Co-60 fr Cs-137 5 e
HE|F L AR @ H - Sr-00 ch AF <20 & 4@ i h T o 4o
SALF AU £ R A T HDCGL AT e B

PG % i Bde e > 2 bl kS o e * Co-60 i AF 2 H “rif

7DCGL & » F1# AF @& ] » ¥k 2 DCGLemc & » Ldpd 5 Bft -
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VAR AR 2 s a2 52 0 R L P AE (B4 Sr-90) % ¢ 1

WA B A B XR G HRA FRY A R

A3 A3 § > MARSSI

M%7 45 - B i & 2 48 (surrogate nuclide) & 3* ¥

DCGL & » { # A32 3t oL BRI EL 4 & P g b > bl4et Cs-

137 7' 5 Sr-90 etk & %480 2R %é;f'gd PTE oo N et

EA ST AwmPiAz T 2 DCGL & -

—\

fr

DCGL =

B g ik 4 47 48(Cs-137)

sur, mod 1 Rl R R2

+
DCGL,, DCGL, DCGL,

He

DCGLsur, mod = 1~ # % #d(surrogated nuclide).5 3% & i

DCGLgy 5 % 1484 A3+ 7 DCGL &
DCGL, 44+ 48 1 1DCGL &
Rizdam Al 2 FRECAPERAERZ " E

DCGL, = {55 mt:48 n e DCGL &

Ry 5 HBPANZEZRE S APRBLERZ B

30
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32 #i- RBMFED B2 HREZ PG LAY %R
bk B B A RACE AR B AW E R I KR

R T L AR M L B R R g R Y e A

dOTPR T H A T PR R R 2R R R
Z

GV N B R RN RSN E S R AR EE

Bk GES P T SRR ARG B G I PR R R R AL

é,_xﬁg Ve %%nﬂﬁ; NN, E{.«gf. I ) I e {& RNl e At
REEERY R DTS Kf&n%'}%mﬁx‘f i o

MARSSIM 8228 20 B sk s fg 8+ e FSS 5 1 & p 4k - L ¥9 g #r
Fens MR e i R PR FAp o BT R PR R TR el
518 ¥ 27 a3 4 (Radiation Survey and Site Investigation, RSSI) 1% % J 42 40
B 3-1 77 > 3 ABARER Y JHA 2 > F LR (7 Rl ¢ 3= (Historical Site
Assessment, HSA) » 2_ {4 £ & {7 & 5§ & i #k > & 3% 4 F145 5 1 # (Scoping
Survey, SS) ~ #1445 &+ 18 # (Characterization Survey, CS) ~ 2 & ¥ o 24 45 5
¥ # (Remedial Action Support Survey, RASS) 2 2 & % ;& i 45 & 0 & (Final

Status Survey, FSS) -
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R MRER =
(Bl & 2 AT%) s
B3k % 3%45(HSA)
A AR R _
E- iR S £
#9244 R (SS) % AR M3 & 3 HDCGLs
v

¥ : WHEAFRE?
B4 95 4 BR(CS) M%&@ﬁ@iﬁ)’éﬁfi :

¥

wREERRAEH® 3t B B & 4 B AR |

H (cleanup) g & (RASS) -
&
A A
UBAAAR 2ELFE MBI R ERE R AR ] » #EHu R % H4DCGLs ?
EHRT EREMIMERE (FSS) T ARSI ERRA SR
-3
TRERF E Rt

X HE B 00 PR R B 3 [

Bl 3-1 45 5§ e &5 Fenb 33 & (RSSI)ehi® ¥ 7548 o

FHORHA L B IR E SR F L NE D N0 R] 3-2 T 0 B
REGH ORI FADPFREy R S RAF > UEREZAE < af L
Ko 2 AR A FAT e AT ST E 2 TR - AP
FEARERT AR CREFFR AT R ERRET > AT LF

A4 & ix ¥ (Data Life Cycle » 4B 3-3 #7771 )10 i = o [B] 3-2 fr @] 3-3 i 4%

Hg ﬁ‘&{ﬂ\é{ﬁ% 3.1.1 & & & #7# 1|7 MARSSIM & #8434 {7 4% 2% o
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~

R =5
\_ Historical Site Assessment, HSA )
(O pmasER ) [ e
L Scoping Survey, SS ) iz Survey Unit
it
[ EREMdR Jof .
\_ Characterization Survey, CS )
ESR
¥  j
e v i 2 1 ) 4 = P g
\Remedlal ction Support Survey, RASS Release Clearance
4 az e 3o g .
B2 R 4R 51
L Final Status Survey, FSS

B 32 Renbih &~ B H 5 5 S AL A

& A DQO#2 7 4%

b AR b/ ARGEST &

iﬁ.%‘ll"&“?i
SRR B R (EUR) R

!

FER XL e E

B b b8 REm e E

PATE
N:Bs q"[q "EEH (—%Cﬂkf;-)

!

()

JE A HE e
=T AR B AR S DCGL& K

SRR
© B AT TR

!

H R B

‘]-ﬂ{?])ll*[j a_”E] é} /}' EH:L‘{F'J {jﬂ
RIFE TG BRI SRR E

]%—] 3_3 ﬁ;};,’i fg’ﬁﬁp °
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321 R =R
Ba B 3% R L T e R fohat e E BB M OT R B3 &
P ARAeT

1. E‘-p:\.‘»/ﬁ '4‘ mfﬁ“ /};?l ’

IR RES5% RAF L 56 ke 7 BLOT R 9 Res s ®
BRI L EPEERAE AR TR TR B Ak

RSB LR AT BT

AEZRAFLFRFEE M F R FTIED
2. 4 {7 Pt
3. Rehbfr 3= hp i
4, FErl

41 12

t# —CERCLIS ID# (BArig % )~ ¥ 7 A/;;ﬁemdz% 20~ fihb
— g L~ LT L~ W s - 2/GPS B

LR B
#

fme

f%v

\}‘

42 BEF F
2R IF %
5. Rkl L0
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FEBERE A ERIZF L EEEE%I R 9

6. i3 LTI At iR

6.1 &3 G — HFITenE & FOF DA R Tl b AR M R 3

6.2 M ireh* ip — K e A P TR F SR A B R VR

B Bl E b P fE i E o REARS TR

6.3 ARITd I e R — ATR B H o Bdoigl 2 2 2

7. IR

71 ¥ i3 4
7.2 Ve 535 4 %
ZREE — L wHE Y o

7.4 Fp B enTR B % 78
éﬁ_f;/ﬁ

A, FEA BN BT A SR R A B
B. © it ¥

BM % i kg — R AUR AR R R ol
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322 WA &
BUHFEDAAFE S HRE R E 2453 2k B
AE ALY R EEA AL L PR FE S R
RS e~ R BRI Ry B R P o
- PR
Yok & HSA B B b chdicdpdn 11 5 3 % 3 X DRS00 RIS
FRES Rt RO FR o URERFRRTIARLG AR DR o
HIEP o™
1. 7 L 8 & % =% (Preliminary Risk Assessment, PRA) ;
2. B LB FRAG A aak a8 S TClass 3 & % ) dhid s
3. FHRFHEKRI LT WG ouy AP EN R GGG Y &
4, B xS fak A AJZ HE (5 7 CERCLA £ RCRA fiht)
5. $ it 5 #4550 el » Bl o (4% F & it
[:x: CERCLA 3 W "R LIRS B¥ -4 %2 § =2, (Comprehensive
Environmental Response, Comprehensive and Liability Act)enf§ 8 » » RCRA
2% A" F iR 3 v 422 (Resource Conservation and Recovery Act) s & >

AR R FR ARG o L EA R R LR

\

bl

rmT ARSI A RN F T RPFLIIF AR B
A2 - HE R LSRRI SRR TR
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Lo JpetFF A it W ¢ 4] < CERCLA v RCRA - # ¢ CERCLA 1p i
ERR Fi",/f’ﬁ TR TEN2F L0 FIE LK F 22 A £ (Superfund) - F] gt
< % A4 Superfund > CERCLA #_1980 & #|%_> 1986 &4 T4 2L £ 1
3 3 42 | (Superfund Amendments and Reauthorization Act) #7i2 it ; RCRA
PEBENH L EAAFORE A LL TR LHAMERFZ2Z 3 &
5 4] % (1976 #) - >+ 1984 4 T4 T AP 31 %, #18 1 - CERCLA B

phrdn & TSR P ek 0 RCRA ik #7dp & T2 BB 3 4 ¥ i
A ]

NEEER ER LR

imyp HSA SRz s i fehs % 4ok B Ak A58 5 Class 1 &

Class 2 3 tad B R BiE 5 (546 0 PG L BN FH MG R 1k o F1hiF s
e Uik HSA & d& g & i fe o % R ALF] - T 454405 3 % pGfim a4 7k
BHEMAL - HIZP ahheT

Lo zasttis fenh e R B

2. Je BB A B E R L S R BN TR

. i R H AT ooy N EKGEER

4. AfF L w417 A F (7 7 CERCLA Fuak)s k%534 &/

F2 BHFF (7] RORARAL) )

mr

d
i

5. i gk

05 S 0t 3K 3 e ~ Bicdy o
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3. B R R M R PE 0 R B TR PR RT S Bclcdp o
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*REP LT P EZFRL R £ MARSSIM B E£ALE R 2 3L o

BRI R & P R4eT o
1 ER/EFTHS T RE ~ 28
2. e F — IR e H A A AT B L AR A B O R

3. %A - AR E A p LB R G

¥

i LA R R
4R
B 05 SIS R 5 R TR RS 0 P T et R R L R

e RLE P e iE 2 o A RSSI iEAn ’%@ﬁﬁ’f'é*ﬁ‘ﬁf'ﬁﬁkﬁléﬁﬁ#ﬁ
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L TE R TR EE TR T E R T T S R RN
F T B R el
B0 SR I B (B R UL MR R R R G

BT E S L EMIRE . D A g MY F R A RA g

=

A

Jui

WoKTEET i&xmﬁuf?ﬁ FEenende (TR d 4 F B d 20 %
KRS o FRREET TR R0 1 TN F RS TR G R EE G
Bl o TREARY TAL S § Ruabenir h oo O REE S R enE IR A &
TIPSR I RERT N GTERGA- B EERPL I R
EFEP Iy am ke AT Ad $ 22 00 R R
FEPF L RFTAESFTRETPI R EPAFESERP EHEK

O BET AR U F LR RA L i B A ek

323 ML H3mF THNREAP
Mot R R AR AR RETE > NRC 5 2 /E% A0

ARAPME 2 EF LR

1. Inspection Procedure 83801 — Inspection of Final Surveys at Permanently
Shutdown Reactors

2. Inspection Manual, Chapter 2561 — Decommissioning Power Reactor
Inspection Program

3. Inspection Manual, Chapter 2605 — Decommissioning Procedures for Fuel

Cycle and Materials Licensees
39



4. Inspection Manual, Chapter 2602 — Decommissioning Inspection Program for

Fuel Cycle Facilities and Materials Licensees

B i it % ;-,taxﬁ; RIRFHAR THYEVREF LS/

pru
i

S 0 F 5 dpsl > &
MARSSIM Manual

MARSAME Manual

License Termination Plan (LTP) or Decommissioning Plan (DP)

> LW e

NUREG-1757, vol. 2 Chapter 4, Facility Radiation Surveys and Appendix O,

Lessons Learned and Questions and Answers to Clarify License Termination

Guidance and Plans

5. NUREG-1700, rev. 1, Standard review plan for evaluating nuclear power
reactor license termination plans

6. ANSI N323A, “Radiation Protection Instrumentation Test and Calibration,
Portable Survey Instruments”

7. ANSIN13.49, “Performance and Documentation of Radiological Surveys”

8. ANSI N13.59, “Characterization in Support of Decommissioning Using the

Data Quality Objectives Process”

WA E THOREL WAL > RpAP P REF 2L AN
é&’?uﬁﬁjTﬂgﬁg%:
- ~- A ER

L W Rg 3 E o o PR R £ o (% 2 B)PALRLR » B

o

#

=
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2. ¥ B HSA » FEzniz k6 endf 58 ki > £.F  dkitiide 1oh s eh
S ok § o RRAT F s R R T RL Lo R PR
R EBARFFC TR e

3. PR EERTNLEREBALT AL

)

4 FERFT A BH AL HE LT R 2 L TF G oL ow i dg i
i 4w coAp B
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# 3-9 EPRI 1008018 3¢ 4 ¢ 660 MWe BWR i - £ (S ¥2 85 R & 17 o

BWR Results 1 Year After Shutdown

Total Co-60 10 CFR Part 61
Activity Activity Classification
Component Name (Ci) (Ci) Status
Vessel Internals
Shroud Assembly 2.67E+05 1.11E+05 C
Top Guide Assembly 1.19E+05 4.72E+04 GTCC
Jet Pumps 1.38E+04 5.12E+03 C
Shroud Head & Separator Assembly* 4.32E+03 1.53E+03 B
Fuel Support Castings 2.51E+03 1.39E+03 B
Core Support Grid 1.05E+03 5.80E+02 B
Control Rod Guide Tubes 2.28E+02 1.27E+02 A
Incore Guide Tubes 4.83E+00 2.68E+00 A
Steam Dryer Assembly <1 <1 A
Control Rod Drive Housings <1 <1 A
Vessel Internals Subtotals 4.08E+05 1.67E+05
|Reactor Vessel Assembly
Vessel Cladding™ 5.17E+01 2.22E+01 A
Reactor Vessel Wall** 2.11E+02  1.76E+01 A
|Reactor Vessel Subtotals 2.63E+02 3.98E+01
Grand Total 4.09E+05 1.67E+05

* Includes appropriate portions of core spray sparger, sparger piping, and miscellaneous
vertical piping.

AR R 01 E TR 2 Co-60 vt iE B K S0 CIKg(% R & T 47
2 B 137 ~4F 2 B 3-4)> % 3-9 Rl 4 5§ A 4548 £ #7351 i EPRI 1008018
2% 660 MWe -k F E®E2 Co-60 &5k & 4.72x10% Ci(& % &

119x10°Ci) e gL » W ERBRFERREZ SV R T RMME

\V‘\ﬂ

EARGEIS B RBY - REINEREFE 4 5 22 205em- 3 & 384

cm 2 {14 » H #4# 4 5,000,000 cm® ~5m® > A E 40t 3 & HH Co-
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Thermal Neutron Flux (nfem”-sec)

Thermal Nuetron Flux (m‘cmz-sec]

1.00E+14

1.00E+13

1.00E+12

1.00E+11

1.00E+10

1.00E+09

1.00E+08

1.00E+07

1.00E+06

1.00E+05

1. Reactor Core

2. Baffle Assembly

3. Core Barrel

4. Thermal Shield

5. Vessel Wall
6. Bioshield

1]

1.00E+14

50

i8] 3-5 Rancho Seco ANISN #-3) & ¢

100

150

200

250
Radial Position (cm)

300

350

-~

400 450

HEFLT o

500

1.00E+13

1.00E+12 4

1.00E+11 1

1.00E+10 1

1.00E+09 1

1.00E+08 1

1.00E+07 |

1. 00E+06 1

1.00E+05 1

1.00E+04 1

1.00E+03 1

1.00E+02 1

1.00E+01

Reactor Vessel Bottom Head
Lower Grid Assembly

Lower Grid Rib Section
Active Fuel Region

Upper Grid Rib Section
Control Rod Guide Tubes

Dlanim Cruar

Noos W=

100

®] 3-6 Rancho Seco ANISN #28| fhe » 3+ i & 3

200

300

400

500
Axial Position (cm)

61

600

700

A o

1000



S EFERR SR ATIRE A2 B B R SRR T
A &% ANISN fe8BiEii- av 3 EFAF 2 %F 8 > Fl & 8
ARG Y SR ABRNBLRFE TR LSRG FAF
FEIVED - SHBEFLA TP EVE  REERF RERS K2

BEHY FRF - Ao ? THEFL AT < F 37 foM 3-8 L B

FAPLBIER B3R R A2 0 TR ST LR
VLT R T - - s 2 NRC 2 BT 2350
B B a B RS G 7t P RAE2 Z AEEIEG RN 2R A L

FEAPEFTFEEF R ISR R SR B %kE K -

62



Neutron Flux (n/cm?-s)

Neutron Flux (n/cm?2-s)

1.00E+15
1.00E+14
1.00E+13
1.00E+12
1.00E+11
1.00E+10
1.00E+09
1.00E+08
1.00E+07
1.00E+06
1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01
1.00E+00

1.00E+15
1.00E+14
1.00E+13
1.00E+12
1.00E+11
1.00E+10
1.00E+09
1.00E+08
1.00E+07
1.00E+06
1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01
1.00E+00

|
|
|
|
|
|
|
|
|
|
|
|
|
0 50 100 150 200 250 300 350 400 450 500
Radial Position (cm)
B 3-7 ANISN #4) &% @ + 38 £ F & % (NTHU) -
-750 -500 -250 0 250 500 750 1000 1250 1500 1750 2000

Axial Position (cm)

@] 3-8 ANISN -7 dhre ¢ &

63

iR %A% (NTHU) -



34 - RUR RAMEAAF AR LA AN ARG B LF AR

[ A

N

FBR LR RS AR P BBk R LR TP B

AERAREG Y AP HL RS RE R PR L R

PR BRA T L2 R A Rt 2 e BER

341 Yi- RV BRMEBEAFAELAH A ER R I LK
BT EESHLRR F AR AN ARG EFL B PG F RS

AR ER B R R A S - R RPFR 2 2 K

N

e
)
5
X
|k
IS
o
=
o
;

PRAd 2 ffn s FHiikE > TR T RS SR

-

T4 23 ca BRAF GESHI LR

4
Ci R s SR R ) S AR S S

N
¥
u3
3
eyl
N
Y
)
)
=
=
11\1,

64



L

RoBERMPFEALEL S R RHEEIF B EVE S ARHEEN
HY GRBFERIINELES AP ERLD L L P (MARSSIM) 2 £ B § 3%
g TEE A keGP0 (MARSAME)Z & 2 B 48 R 30 & 3 B 48 1
ERFERTE NEFE 2R GEERIR & ZRSPMTE R
BT HEd A BERPREL fAZPRER  RARHEER A G

ARG RN E S B 2 s R

N
A~
<

ERPPFEEICES S A BEE it E R 2R 5o B9
RV R R ORGSR RRTE D SHF RER ELF R
@72 MRS P A R R NP 2 0E A PR SRT
PR i 2 MO R PR XD S REP - ROTA A R A
M2 G| FERBERS 0 LR G NR 104 E 5 AR AL BT o Fleed

ﬁiﬁ%i“gécixﬁ’ hM AR o 7 M 104 & 5 P (5 - B Fleed 1 2T

B b2t R R 42 R 0 R R B R T B & TRAHE S

=

MR airgergEe-

3A2ﬁ—&% RRSMHBREAFRE 24 HBLEGERL2L%E

— RS B2 KR

65



Lo

i

TR RIS kA PR EEED 42

6174 "4 C 3t T2 JBeteid % ff 5k 5o 4% -

%0 o LARS

g

A IE o5 S R L
SRGRES S el SIS il e T
1245 MARSAME it 7

Bl G (5 R AL e A) -

7 M&E 3 # ek i

Co-60 2 Cs-137 % 4 5 148 5 4 R4 4 1P 5 27 £ 8 Prfa f dginl 4 6.0
BRERIFA BB F TR T & R T AT PR s b

F2 A E L PGP ) Fllic 0 £ P2

b T B

/? f"%é ‘/r')i ’?J
b | FlEE T SR RS

B H L% ek 2l G Flceiie BB R 4 S M kR R

w i FEER W AR R N AR R A R R
FERA O AHRPF R RREAFILARFRERLEL ST

LK\FI‘ .
66

ﬁi’%ali"—i i&"&’j‘/ﬂj ")‘l'l"\ /J

2 %% 2 fie & NUREG/CR-



1. g it e it (Core support) (%% +% 44 : Co-60)
2. A4k g R & ¢h & @ (Primary Surfaces) (% ¥4 : Co-60)
3. & ik kL (Cleanup systems) (%% +% 44 : Co-60)
4. Bg§ 4% (Off-gas) (4% 4248 & Cs-137)
5. 73 &Rz} B4 (Concrete waste) (%% 248 : Co-60)

B 39 2 24 THE R BAHESF AP NERTLAER MG
(r RIEE B 2.3) 0 $30F LM 762 mm hpg &0 adfdHE F 5 2000
mR/hrpF > E R G5 0.8CIm?* > e S @& AdhT 2§ 5 5 @ o B 3-10 A1
e R R BREFEPMNEG SLAEREZM R(S R HE
2 B 2.8) > At Bl chiT 760 mm o RE #2000 mR/hr s R G 1.2
Cilm?> & —‘F'f% BEZ AP By A BB FEERM G B33 FIES

AAERT L"‘fri% A KA > 52— rifr%’;ﬁ_ﬂ; TRUNE R R L A A o

67



| PIPE 0.D.
2000 |80 168 36 550 ni I il
£
[+ 4
[
B
-
o
o
=4
~ 1000 I~
(&)
=
3
o
0 1 1
0 0.5 1.0
DEPOSITED RADIOACTIVITY, cum2
[ 2.3 Faphiex EHE R LN L JE a9 Bl 1%

B39 54 T MEMRELRFHEFEPINLG SRR LM
(o732 B 2.3)

2500
2666 2
« 1500
=
=
-4
£
1000 ——%ME 760 mm
-u- 7ME 560 mm
500 —rf’f‘,ﬁ:"’ 360 mm
—<7ME 150 mm
0 T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Ci/m2
B 2.8 M — B SR IMEZ A A B R MM R @ 55 AR W 1A
Bl 3-10 +5— Reg RHE 2 R E FEPINL w5 LR LM%

(¢ TIR2 W 2.8)

68



B 3-11 2 3L RMAEP P EREERAT ZAMAHEIEPNINLG 544
B2 M G(sRAFE R 2.4) B¢ #7558 8 & » SCHEDULE 120 £ 160
BESR > HAH T 610 mmo B A A % 5 46.02 mm £ 59.54 mm( 5 7
L ANRE R A) BB12 5 P- RhA bk F LR T 2 2 E
FPPN LG AR 2 M (S B4R B 29) 2 B vHE S 760mm s AR

E B~ 95 mm £ 30.2mm -

2000 SCHEDUEI2 —
£
= SCHEDULE 160
i /
=
us.a 1000
S #]=59.54 mm
2
3
o
4MZI610 mm
0 1 1
0 1.0 2.0

DEPOSITED RADIOACTIVITY, cum2
B 24§48 EZBMAEERNFT RN LT FEEGOMHE
B 311 %L TR BEERZEAREFEPMNLG FLRR2ZMH %o

(¢ T34 B 2.4)

69



2500

7546
2000 e
_ 1500
=
-
o
E 1000 ’
. i
SMET760 mm
500 4 ——2E 30.2 mm
-=-EEE 9.5 mm
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Ci/mz

A

B 29— R R EX AR RN kE T REEX WA
) 3-12 ﬁ“}&%é&@&iﬁwﬁd'g CHNIRE G S AARR M o
(n T2 B 29)

d W BTl e BERECERERET R FES AR P R A
YRR EARE-FARAMGRIEF e LRBFIE Ak - SR
Fa, T e B 4 &ﬂﬁﬂﬁﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁ’ﬁﬁﬁj
mlefkd e HET o HTARS ~ FRREE S PINF A ABRARE o

Bl 3-9 ¢ $3t g s ehis 762 mm v A LRI E 5 5 2000 mR/hr
o 2 RG5% 08CIHM . Z8 P S @ 3124 " HEEEY 20
mm:> & #-2 F3 B 312 F > 43958 302mm2 o & B EIE o B
B 3-11 ¥ SCHEDULE120 z_ 4% 4127 §] 3-12 46 iz 2. B & 46 mm & %+ %o

610 mm ¥Rz P %75 4424 (2000 mR/hr % & 1.6 Ci/m?)$# 760 mm dﬂz
70



(2000 MR/hr 2. 7B & 5 % > 16 Cilm2) 5 M 7 B L35 o 1 b A 4787
Pi- BB RBHIA T AEAM GRS ST TRFRA S BB E2
RS AARR K S LA

IS RARA TR BTG T RS D B 2 BEE (TR
APERR T FRETHEFHARTT A RGP AR RS

FARRETERNET  WABRFT o

2500 -
2000
= 1500
P4
£ 1000
—+—Primary surfaces
500 -#-Clean up systems
Off-gas system
() | _ |
0 0.4 0.8 1.2 1.6 2

Ci/m2
[ 2.10 Z— B & BEEDRE GBHE Z 2 ANIFEREZ A
Bl3-13 - MEBRFRERBAHEFEPAINEG S LR % o

(& 7482 B 2.10)

Ak AU B % 4ol 3-13( 5 TR W 2.0) 0 SR E 3-12 2

it

o AL FRERAPE T 760 mm 2 H B & A7 50 mm 2 F B

71



o

L RSB ELRIARE S 760 mm ¥ B R 5 30-40mm o ¥ EEE S5
RGBT RAL ST o

DR TRERARRELRERIE L AR AP R R
FL P FLom 2 kFARE B2 H =3 (CiIIm2)A & rr i@ v b (1 AE
Bi Ciim?) > BZ2F3 A EfLipr 72 - %> LR PEF gz
CEVINE 3 T FERITE R E A

YA X FAREI2ZTERESIE LG FLAREZHM B 22T TR
wedi o o) 3-14 o 0 SR IFRZ B 2.7 ¢ ot 24 7 B 1000 mR/hr ¥ &
0.24Cilm? > a 5 %3¢ 4 B 2.11 &7 - B 100mR/hr 5 £ 0.2Ci/m? » 4p
2P 2B E N8 R FRBHAT TR ERY EWERT A

THLIP SR RFEHFBH LI RTR O ERERI P RE T

PRz A AueFREE 1L 5

IS
N
\
N
A
T
I
o

B BpeE BB EA

R 2B RPIREFB T o

&

120
100 |
100
80
£ £
£ = 60
o E
3
& 40
g
20
0
0 [ 1 0 0.05 0.1 0.15 0.2 0.25
0 01 0.2 Ci/m2
DEPOSITED RADIOACTIVITY, il i/m
B 27BWR & T Rsfants 2HATEANEGFLEREZ HA B2 B—Badl@tx PR ERik @ EEEZ MG

] 3-14 9}{ R85 — Ruid e i 2 -:r-FE'F’??'J:‘E Bdm A AR M
72



(0o ReFL R 272 211)

oAbt & AR 2 B 2% (£ 28379 MT 5 45 B 2.59x10% Bq)

He & 3

1 # &K & 1223 MT» A& 247<10% Bg (B A & 77 & BA 3 F
95.4% 7 € £  43%)> £ 7B L 2 PR %1 2018 £ 127 5p 2 $1
% m F R ERA PN IR 2 s AR A AR ¢ AR L B
B Eie2Z % B FARZFL  ERBAEFRFPFEET G- RfEh
FE AP .

2. AR &H: £ 893BMT vk 113«10°Bq > 1 RiFR T rk p WAz

A E R R RO AR B ORI SR o

3. vtz &K £ 18223MT» & A& 1.56x10°Bq (7 11,524 MT & X 5 4
2 &)
AR R P2 G5 2% 2 2685 MT, 4&47% & 6.98x10% Bq »

RS Y TE}]?L kpEs ‘%1‘#—%& 5 e R 3 2589 MT » & B 6.92x10%
Bg- ¥ 7 ¥ ¢F iR 2 (5 R <100Bg/kg) £ 3.8x10° kg -

H

Al i

o

KA M st B e ¢ FEFC R FEMEHEL KB EER
FF AR FEREMET LA REBGREY 1B REE G

242 MT ; B+ 5 # £ £ 452 MT(B #F 131 MT ~ 9.52x10% Bq » A #F 321

73



MT ~ 4.76x10"2 Bq) ; %+ A R 4 55 MT ~ 75 & ¥ 1.63x10° Bq » | A #f
LR A o

BARA R AR E RR RO B P RO AR AR
o0 AR AR LN ET T MATERFL > A IR AN
BAAF o A Pi- Rt 5 30047 5 AR B SRR A £
A2 B S e A AR R o0 RS S RRCHT AR
P2 fo B EE - R R AR o H A PSR RSB R ER L (N
BOFRRERARF IR EVREIRETALSA -

%12 NUREG-1640 A2.2 3 2 X474 3 T RDE BRI P A

\““\ﬂ

Tz Higdg o N deT

PETRFREE (MWe)
54 T RE T B EMWe)

f

PHRTRAEARTE =527 TRBAFE X

+7 — R Oskarshamn 2 ~ Forsmark 1 ~ WNP-2 z_ vt &8 B 73t 5 T 2

247 27 v g NHZ R MO ERERP > - REFHREY T ESP

Yoyt 57 - g iogkwz OysterCreek T8 0 o T3R8 4 45 ¢
FANARR TLG =7 K X avg foesf g & e (£ hemid ) s
20,749MT > st B #f 5 BWR-F 52 TLG 2P -~ 5p2 g 2 £ 1 &

s Ringhals 1 T Rglicg % 2 Bt > pt3ms A RFa BT T8 2

74



7

)
—

REFFE A o PR IER S

o

75



PR BWmPEk

75 % MARSSIM %0150 ] & f 8 350 B i IS 07 fo DCGLs hgk

APLG ’%ﬁ“ﬁ”’?‘?v—ﬁ”%fkﬁﬁ‘b Roeid daR ¢ L b R § Ap B

'z

)

\\Xr
s

PEME & 0 RIEA MARSSIM el kil 1 2> 22 T -
R HBFEDE2 A HRFETE TP - A BRERI 2 AP e %
SPER AT TP ROF RS R AR AR AL R E 2 E 2

?J‘—u"é“‘%?%@f‘r P.E_lv\%fr 5@\251- P%E!}j\ F {f*k F‘ﬁ}; ) e I}‘]-%-r._}"ip ’3"}:])‘ T2t

%

KA LR RS BREE TRV R G R S8 A s
BRI Ry R YHAZFEFRESEHER T HHEFER S
FEFEGRD G B FP RPROFE R RFRE > RO R H e
EADACEA N R BERM LY FHEF -
B> MARSSIM #R12 #4782 5 R T Pi- Bl i B 2 - H 172 3%
B 2T Rk AL R ST TR SRR

1 % G

=k
&
NSNS
-5
&
Sy

NN ? FIE 35 g o ;}F] 113%(F a0 i 5 ) st i
if;/ﬁji*”‘}%‘“}f:‘u M D F A anig i oo
2. MARSSIM & £ &_Z & %k jg 8 4 (final status survey, FSS)m %2+ » &) % 7

s PR EE RO REFHHE F e RT TRAET D R(DQOS)FL 1

76



. MARSSIM A # & %3122 (framework) e ik &~ b4 818 # 2b Sfiesist &
AT A AR (R R R R) D BRI

. MARSSIM £ 3 #F FSS P-4 L1 7 5346 2R3 - % 3 f 2 Sl
F202 1(1) %5 2 #PI(Wilcoxon Rank Sum, WRS); (2) {+ 5.4 /B|(Sign Test)-
. AR *‘"Jqu‘ PR NERAP 0 7 ZRELEE TR DER - S UR
W42 3 DCGLs £ % &% Fl#c(area factors, AFs) % o

. DCCOLs ek A4 5 MR F /i & RIS T 2 RHE 2 RiBEHELE
EFEE o BECLEA O HERERE > T S T EHRELER

WH R ERATIE S ERE | AT aE S

[

CE R AL R E ok ﬂxﬁ;;fé_x,ért TR0 R R RN B R th s 1B
B R HEEAFE ORI e S R AR TR R T SR R
& & (Minimum Detectable Concentration, MDC):£ {7 er%f *t 5 £ o

ARBRAY @Y AR T AR TP E R AT EonE o f A
BN b, o BB T AR * FF o B R I AL IO

Th LV FT ek b oo

\L
)‘-\

=
=
s
Iy

i

3
hpan)
w

TR R E R RBEARM AT 0 H AR P e
CA)FERG R ERIR G (P TR AT HAFOREE T T 3% Y
WA ARPFORE  EFRAFLFRHEL P g2 AL T

W S A R AT i -

77



1045 #1355 A0 B AL ensigaf 54 R AR 4 323 &4l AT T B - i
SET
113¢ (7 SR AP k21T HTrR R R B v 0 30 F & SRR

FERATESE Rl TRHE- 2 M REFEFRE VY F 22

13. 425 FRfihit > o 2Rk kR ST - XA (Maine Yankee)t it & iz

Bhig B A REFEF RS N B (AR ATE IS

e rﬁ?@i"f ISR A TRB IS W RIR L 2 F A ERBEHITFTYL | F AP
7 £ 47 34)
P s Rt fi- R At b @R F I AR IR

7o BRI FER EE - R > ApdE K Oyster Creek T fx tedn {5 1% 1k 18
W L FR AR B R LS P E TR EHIL R A A
B kg o R e A B E W PR T RCE PR ST 2k R AR
AR AR TR TR R BRI FRER T AT G AR
MER o 2HRETY -
BT 2R TP Bl B4 2 BN 3R it bt A e 2 T
St AETRLIE OE BT A E KT

1 Ao FLARFRBEFEMY F 50 A58 2 8 % FA5pF > 7 € 4 &4

78



R Kt B F R R PR TR RS KRS BTIE > T H M

A5 Y EPRI 2003 £ BB 4 R 302 ERER G 0 B R
S BRSPS FFL Y FARAT o e R0 D SRR

Tk e AR B P ERA T S ERNRC T LY 3P E G A

R EBIITFREE - FRERA O ? FHEFRFI RS 0 FIR
BERBAR BAFLAHY g1 948 FEFLY J BRTRR R

AN EFLE T BERZ A FEFRBRERIPFELSY EHREKEF

[

P RERE R ARy 2 H AR AT SOV B R ERTA KA
BE A TR 2 ¢ R TAT L A kA 4 o

TR EEanl AR E o2k 3 ICRP60 8.2 ¥ = (Bg/cm?) » k27 3545
ERARR L AHE - ROPEE TS AN T AERE o (L EERK P 106 &
10 # 26 p »v 0~ B ez 2017 & Frax ?{i)rwf e ZEEMImE T AL E 2

79



6. PEFAREEEYF M HEEFEIRApELRE > STHE VR ATER

ZERG IR E T AP R TR RFE SR A
e 3G+ T i AR 2R A RAPM 2 Y o $E IS B BT A7

FPE R o 4§ 10 % GAp M A2 P i L 4
TOMAR AT TP RF BB A AP e s A 4T 2 g

WA R L AL F 3324 o

FRRBEH S % Frthiiir? 383B R0 L2 8 Z R8P 2
WHPER A @ AR A2 A e RIS > 2 AT 0 BT )
TEERSE CRFL S B LB RS NE R =
FREBEECSTLIEEFE T (P HREAF AR N F BB EHL AR H
FREFAHHE) cR D RERT B - RE - aFReFzaszr: NRC 2
R 2 3R i R aFBRES G ¥t 3 IR R L Lie2 = ailR
FREM AT RO RP - BRI FE PR FEH FA R
FAELEFRIZ Y BB E ARSI S8 ViR Ay
B BB RE R (L ERT AN R RE H R E Y )

Bt o TP R R R AR A A AR A SR 2T RE

AR OE T AL RAT

80



1.

cR PR RO ERF AR ADAERE Y FRMEFED S
ORI BT A2 GERL MRS 3.2 &2 AP 1 b Flik
232 SRR ANEGE S IDREBAEREEFTITR ’iﬁiﬁu”ﬁ “ﬁ%&@ﬁi&éﬁt’
FHREFAEL S PEAHAEPE R 7 2E FE AR THRZLLEFR
DR KT MR R R 7L AR B8 S T RGEE A
FHM &R
Moacst R BB B2 e o (21995 MARSAME &7 e 21 de 5 (o
TIAL G A) B EARAS LR EEEAZREC FE-HRE)F O HE
PERBNGTA G Ak R F B A ORR KRR R E A
AR AABREEFTLA L EFLFUBRETE > HUEFT LRl > miF
FACHF EFILE » oo d NP - A AR DB BEFERFT M&E KA
fek BRRITE > AR AR HERRITIBRGE LB R -
WG| Fl e 2 0 %01 Co-60 2 Cs-137 %4 B ifh s b BIPifE o P S 2 L
BPRBIRIPA - RREHEEA A ERTRAS T L R TSP
EAE G SR e E LR PIEHPITAL T LRPEAS TS
RITHAEZ R > I v B FIBdE RERRIPIfEE R P FRE
BEEF e~ ISl A o - R S TR E AR E -5 A AR M TSR
B RRFIL AR BRENTOER AL AER ZPINE G

TRBAEE o ABF L K AR A e ME T o HTARL « FEARE S p



WA AMRRARF o G~ MBS P Bl SRR 375 A A2R M
GRS ST TRMFAPE B R NEFLAEREL DA

B. S RARL TR mIHGE Y PR P B2 F RN TR B R

PR TR R R TR RN -

6. LT AMMI 2 2 EMEFH L5 5 hAR MG

=l
\1&“_
W
<l
&M
L
)Q

=

PRATIIZEER N8R  EREREIATERET A s RAEFL PN AP
GEEHFRAA LA R AR ERARL REI R RER A RAT
EREBRIR VY BETREBE o

7B LT TP RO RAHEERF AR DR

-
Yo
L
g
\4
X
N,
i
2
—A
I

-~

FEL AL 3424 o

AFETHRINFLLEF R AR B AL RRERT A AREY

RFELLFWML FT o def RELA VL RE S PR R 5T

82



3 R

. MARSSIM 2002. Multi-Agency Radiation Survey and Site Investigation Manual
(Revision 1). Nuclear Regulatory Commission NUREG-1575 Rev. 1,
Environmental Protection Agency EPA 402-R-97-016 Rev. 1, U.S. Department of
Energy DOE EH-0624 Rev. 1, August.

. MARSAME 2009. Multi-Agency Radiation Survey and Assessment of Materials
and Equipment manual. Nuclear Regulatory Commission NUREG-1575, Supp. 1,
Environmental Protection Agency EPA 402-R-09-001, U.S. Department of Energy
DOE/ES-0004, January.

. DOE 0O 458.1, “Radiation Protection of the Public and the Environment”, Office of
Health, Safety and Security, U.S. Department of Energy.

. NUREG-1757, vol. 2 Chapter 4, Facility Radiation Surveys and Appendix O,
Lessons Learned and Questions and Answers to Clarify License Termination
Guidance and Plans.

. NUREG-1700, rev. 1, Standard review plan for evaluating nuclear power reactor
license termination plans.

. ANSIN323A, “Radiation Protection Instrumentation Test and Calibration, Portable
Survey Instruments™.

. ANSI N13.49, “Performance and Documentation of Radiological Surveys”.

. ANSI N13.59, “Characterization in Support of Decommissioning Using the Data

Quality Objectives Process”.
.%%\%%%’rﬁ4ﬁﬁﬁﬁﬁ%&&i%ﬁﬂﬁFfJ’Fﬁ%@iﬁ
TR ey g ALy g 4F4 101IFCMAQ006-14 - 101 # 12 * -

83



10.5% &~ 3 #0 THRPATRIEA B FERIFL , > FRERRS
wit B gF g hLm 41 4 102FCMAQ007 » 102 & 12 # -

11.Yankee Nuclear Plant Station License Termination Plan, Yankee Atomic Electric

Company, Nov. 2004.
1248 9% > Dok G T RBL SRR RS 112 F AR 0 Rk
R+wt B €4 g hEemy 4144 104FCMAO008 - 104 # 12 7 -

13.Eric. W. Abelquist, Decommissioning Health Physics: A Handbook for MARSSIM
Users, 2" edition, CRC Press, 2013.
14.EPRI, Radiological Characterizations for Reactor Pressure Vessel and Internals

Enhances SAFSTOR, “ EPRI 1008018, Nov. 2003.

15.2 ¢+ B ~5kkE 0 TF BRERA Y 1§ L3722 ) INER-10682 >
102 # 10 * -

16.NUREG/CR-0672 » "4 E F R ER 4 L 4p B P IR0 2 2 B 1 o 47 i o

17.1AEA TRS-389 (1998) g ph 3R it ¢ F 50t o472 3 EE L g AR ES
% -

18.NRC REG GUIDE 1.190 “Calculation and Dosimetry Methods for Determining

Pressure Vessel Neutron Fluence,” Mar. 2001.
19. f““iﬁ ~ElFe s TR RRBEFEMY SR RN REAY | 0 K

e+ i A R €4 ¥ A= {41 § %2 103FCMA003 » 103 & 12

84



AR R AL st ymy
TPV RPREFEL

#h L
PRTARCERICES 29 BRI Y

FIEEH = :
FRPAMLT 2R B RFMEER 2 AP EH
g ma@d > 2 ey

3 %% ¢ 106FCMAO001
REIC A2 FELR
VRAEA KR
FHEPFE AL HE
WLOEH CAEE S g B
FL pHp P 2R RL06E 12 ¥



2

—_ \
¥E

MARSSIM < p 3 & 4R FM F 37 5 e orin® > 5% Wi
ﬁ?&%ﬁﬁﬁﬁﬁtﬁwoﬁa’wﬁwma&uuﬁﬁﬁ%%i
Z o I EAT AR IS S b T A 2 P E AR S 0 FIE

Sﬁv—w

FARIREFER  REEFREARRE BB T AR DR PR T
ERBHE AR PP F i R TR EER AT

F_k
<

ARSSIM ;51 o ) &2 28 4.2

¥
PR AT R A i iT T 4K

7

B 5T EAMBRT AR RS GBE o AT B

RESRAD #| &%+ EAR RFL T2 A S 2 B85 2 EAE 0k - &

4 EN Y KPR FE R &%MN%&M%Mm#@E&

_4vam&§a,zM$z$%@xaﬂﬁa—uﬁ MARSSIM ;31 4p %
EARE R EY fS R oy ) AR R T ES £
B2 A dong e pttho AR P 2 BT MARSSIM 4531 % v 5 4
RAA2FRRY 3000 dFut #0f WA 2 B8k B30 B IR ol
ﬁi%ﬁmﬁné%imﬂ§w~%ﬁﬁﬁﬁ%~ﬂﬁaé~¢ﬁ@wu£

FRLEETR X Ta U EEFIERDERYA o by - PRI
%ﬂ’*PiﬂHﬁ BT R AN AT AR SR
Y R & %#*&ﬁ%ﬁo&@’%Fia@%FE$MDﬁ
X EAHRN LY AT T AL BRI R TR FRHRE R
ﬁ%ﬁ%ﬁ’%ﬁ%ﬁT%%ﬁ%@ﬁﬁﬁﬁﬂﬁ@ﬁ%% PR
R & fdc o



Abstract

The MARSSIM manual has been approved by many international agencies as
an important guidance for conducting the final status survey in decommissioned
nuclear power plants. However, the design concept of MARSSIM guidance is
based on the surface soils and buildings in sites contaminated with radionuclides.
For the residual radioactive contamination in the subsurface soils with a depth
greater than 15 cm, it would be difficult to conduct the final status survey due to
many challenges including inaccessibility of the subsurface, lack of
comprehensive scans, an increase in medium complexity, and unclear exposure
scenarios. Therefore, it is needed to modify current practices or develop new
methods based on the principle and framework of MARSSIM guidance, such that
it can be applied to the assessment and compliance demonstration for the

subsurface soil.

For this reason, this project follows the concept and principle of MARSSIM
guidance to propose an appropriate framework which can be used for the site
survey and compliance demonstration of subsurface soil. Moreover, in order to
better understand the transport properties of the residual contamination in
subsurface soil, this study will also explore the contamination transport models
and its dose effects using the RESRAD dose modeling computer code. The first
phase of the project presented a method for deriving subsurface soil DCGL and a
MARSSIM-compatible framework of subsurface soil survey for demonstrating
compliance, which can improve the cost effectiveness for the final status survey
of subsurface soil. In addition, this project also attempted to analyze a practical

application of the MARSSIM guideline to the site with subsurface contamination.
1



This is helpful for the understanding of the MARSSIM guidance on the overall
operating process for the final status survey in decommissioning, including site
remediation, release criterion derivation, survey design and plan, characterization,
and compliance assessment. Also, many valuable lessons can be learned from the
experience gained by this practical application of the MARSSIM guidance. In the
second phase of this project, we analyzed the three-box water-use model that can
clearly explain the mechanisms and mathematical relationship of radionuclide
transport in subsurface soil. Finally, we also used the RESRAD program to
calculate and validate the radiation exposure pathway of the radionuclide
transport through subsurface soil to groundwater according to a reference case.
Consequently, we can understand the construction method of the model used to
evaluate the radionuclide transport in subsurface soil and the corresponding

important parameters.
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231~ FAP2EE e FHREE22 R R

Technique Soils/ Leachate  Buried NAPLs Penetration Cost* Section/Tables
Geology ' Wastes Depth (m)*

Airborne Remote Sensing and Geophysics

‘Visible Photography + yes yes® possibly! yes® Surf, only L 1.1.1/Tb 111

Infrared Photography + yes yes® possibly? yes® Surf. only L-M 1.1.1/Tb 1.1.1

Multispectral Imaging yes yes® no yes® Surf. only L 1.1.1/Tb 1.1.1

Ultraviolet Photography yes yes® no yes® Surf. only L 1.1.2/Tb 1.1.1

Thermal Infrared Scanning yes yes (T) possibly!  possibly Surf. only M 113

Active Microwave (Radar) + yes possibly no possibly 0.1-2 M 114

Airborne Electromagnetics yes yes (C) yes possibly 0-100 M 115

Acromagnetics yes no yes no 10s-100s M 116

Surface Electrical and Electromagnetic Mc;thuds

Self Potential yes yes (C) yes no S 10s L 121

Electrical Resistivity + yes yes (C) yes (M) possibly S 60 (km) L-M 1.2.2,9.1.1/Tbs 1-2,

13,121

Induced Polarization yes yes (C) yes possibly Skm LM 123

Complex Resistivity yes yes (C) yes yes S km M-H 123

Dielectric Sensors yes yes (C) no possibly sz LM 6.2.3/Tb 6-1

Time Domain Reflectometry yes yes (C) no yes sz M-H 6.2.4/Tb 6-1

Electromagnetic Induction + yes yes (C) yes possibly S 60(200)/ L-M 1.3.1/Tbs 1-2, 1-3,
) C 15(50) 131

Transient Electromagnetics yes yes (C) yes no $150 (2000+4) M-H 1.3.2/Tb 131

Metal Detectors no no yes no C/S0-3 L 1.3.3/Thbs 1-2, 1-3

VLF Resistivity yes yes (C) yes no C/8 20-60 M-H 134

Magnetotellurics yes yes (C) no no S 1000+ M-H 135

Surface Seismic and Acoustic Methods

Seismic Refraction + yes - yes no no S 1-30(2004-) LM 1.4.1/Tbs 1-2, 1-3

Shallow Seismic Reflection + yes no no no S 10-30(2000+) M-H 142

Continuous Seismic Profiling yes no no no C 1-100 L-M 143

Scismic Shear/Surface Waves yes no no no S 10s-100s M-H 144

Acoustic Emission Monitoring yes no no no s2 L - 145

Sonar/Fathometer yes yes no no C no limit L-H 146

Other Surface Geophysical Methods

Ground-Penetrating Radar + yes yes (O) yes yes C 1-25 (100s) M 1.5.1/Tbs 1-2, 1-3

Magnetometry -+ no no yes (F) no C/s 0-20 L-M 1.5.2/Tbs 1-2, 1-3

Gravity yes yes no no S 100s+ H 153

Radiation Detection no no yes (nuclear) no C/S near surface L 154

Near Surface Geothermometry

Soil Temperature yes yes (T) no no S1i-2° L 161

Ground-Water Detection yes yes (T) no no s L © 162

Other Thermal Properties yes no no no - 812 L-M 163

Boldface = Most commonly used methods at contaminated sites; + = covered in Superfund Field Operations Manual (U.S. EPA, 1987),
(C) = plume detected when contaminant(s) change conductivity of ground water; (F) = ferrous metals only; (T) = plume detected by
temperature rather than conductivity.

* S = station measurement; C = continuous measurement. Depths are for typical shallow applications; ( ) = achievable depths

* Ratings are very approximate L = low, M = moderate, H = high.

*If leachate or NAPLs are on the ground or water surface or indirectly affect surface properties—see Table 1.1.1; field confirmation required.
4 Disturbed arcas which may contain buried waste can often be detected on aerial photographs.

* Typical maximum depth, greater depths possible, but sensor placement is more difficult and cable lengths must be increased.

! For ferrous metal detection, greater depths require larger masses of metal for detection; 100s of meters depth can be sensed when using
magnetometry for mapping geologic structure.
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Parameter Unit Value for site (RESRAD) Parameter Unit Value for building (RESRAD-Build)

Indoor/outdoor time fraction Unitless 0.5/0.25 Exposure duration Day 365

Inhalation rate m’ [yr 7400 Indoor fraction Unitless 0.228

Mass loading gfm’ 60 =107 Resuspension rate 5! 5.0 = 1077

Shielding factor Unitless 04 Depaository velocity mys 0.0

Area of contamination zone m 12,100 Ingestion rate m?(h 0.0001

Cover depth m [i] Room area m* 16

Contamination erosion rate m/yr 0001 Room hight m 25

Depth of roots m 0s Receptor location m 3,31

Consumption fruit, vegetable, and grain kegfyr 2548 Source type Unitless Area (rectangular)

Leafy vegetable kgfyr 100

Milk Liyr 63

Meat kgfyr 551

Fish kgfyr 793

Water Liyr 1963

Soil ingestion rate Efyr 183 Air release fraction Unitless 0.1

Wind spead m/s 17 Life time Day 365

Precipitation rate m/yr 135 Radon release fraction Unitless 0.1

Source activity ratio Bajg 9 496 Source activity ratio dpm/m* ;486
457 2.2 Hayg: 2.2
;48,2 S 482

+ = 7, 5 = - N\ o > -
%252 -UCPA L %02 A4 "EBLHEAEE L HP
Classification Description Site no. survey unit  Building no. survey unit
Class 1 Contamination levels excess of DCGL,, (scan survey coverage: 100%) 3 88
Class 2 Potential contamination, but not to expected to exceed the DCCGLw (scan survey coverage: 10-100%) None None
Class 3 Contamination levels at small fraction of DCGL,, (scan survey coverage: judgmental) 2 27

# 53 ~UCP# & % & " it

.

PE 2 AR

Site Bullding

Mull hypothesis

LEGR ( Lower Bound of Gray Region)

Sigma ()
Relative shift

(Ala)
Type | and type Il decision ermor
Mumber of samples (N/2)

Eesidual contamination > release
criteria

5 1.05

1.37 032

3.65 325

0.05 and 0.05 0.05 amd 005
9 10 factual 11)

54~-UCP# & %
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4y

Source area (m?) Dose rate (uSv/y) Area factor for site Source area (m?) Dose rate (uSv/y) Area factor for building
12,100 9.96E-01 1.00 100 1.72E-04 1.00
500 7.82E-01 127 36 6.18E-05 278
100 5.85E-01 1.70 25 4.29E-05 4.0
50 4.99E-01 1.99 16 2.75E-05 6.25
10 2.77E-01 3.59 9 1.55E-05 11.10
5 1.84E-01 542 4 6.88E—-06 25.00
1 5.94E-02 16.75 1 1.72E-06 100.00
2 z, s B 55 > ¢
#5055 UCPA A %P2 b B A 4 8
Survey methods Statistics Ref. area Class 1 Class 3
S 1 Su.2 SuU.3 SuU.4 SU. 5
Scan survey (cps) Mean 2843 4549 439.1 397.5 280.1 2919
5.0.(1o) 6.63 82.99 49.6 31.0 252 203
Max 295 739 640 512 380 329
Min 275 315 325 346 216 216
Sample analysis (Bg/g) Mean 0.10 0.31 1.01 0.16 0.15 010
5.0.(1a) 0.03 028 2,18 021 0.18 0.09
Max 0.15 064 2.79 042 0.27 018
Min 008 013 0.08 0.08 0.04 0.04
> , V)2 AA P - X — ’ 2 LL ~
% 5.6 ~ UCP ;’%E_%}UIJ\@-‘«J{” - & Spiﬁ“;’%ﬁﬁ ~ 7 WRS ,fvu‘:;"‘/E'J .f‘;':%
Background DCGL Adjusted data Rank Wr
o i} o [ o [ o i o B
Reference survey (cps) 0.25 335 2.09 478 234 383 17 21 187 169
0.23 325 232 373 135 18
0.25 335 234 383 17 205
0.26 324 235 372 19 16
0.25 314 234 36.2 17 14
0.28 31.0 237 358 215 115
0.27 335 236 383 20 205
0.24 314 233 36.2 15 135
022 314 231 36.2 12 13
0.28 31.0 237 358 215 11
023 308 232 356 135 10
Survey unit survey (cps) 0.1s 32 0.15 32 8 4 152 Critical value (MARSSIM Appendix ) m=n=11 =005
012 319 012 318 2 3
0.27 306 027 306 1 1
0.14 324 0.14 324 5.5 6
0.14 326 0.14 326 5.5 75
0.17 38 017 38 9 19
0.14 326 0.14 326 5.5 7
0.14 318 0.14 31.8 5.5 2
0.24 372 024 372 10 17
0.11 328 011 328 1 9
013 321 013 321 3 5
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15 2 m v bopE s PR T &R 2 dengendk o @ R T RTEIH 0 KR
FAG T RS RED ARG - Ry a2 TRk 22 B LR
%42 MARSSIM i % 61AT47 » AFT L T T R KT L R A
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AFECRBXERY S TR N RO G B R R L

TP RBRAT AR T REIT L ER S
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Wen- X354 o
D. % =T &£ 33 A ,r#%{w & ¥ Fdﬁ:‘é,‘ﬁfi&%/ﬁMARSSIMff%%léﬁ%%
AN TR e b A N L B

EY SRR s RS R T RAlE AT A 2

SR AR Sk

A it RERENEL T o L FARFHEN S LA F O

FRR A PREEE R R CIRRE L BB R TR %

B.iefF T4 AL EA Rz W o ¥ ;%——‘F‘TN/,/EJL, CALE W I Ea :'H%EL#%
3l 'k E (DCGI—Subsurface) ng-‘—?:"‘/‘ /E JZ%%’/"\ Tﬁi’:‘l}:'f % é] 2 i,%’i’;iﬁ‘/ﬂ"fiﬁ 7j1L
BART MBI LG 0 L REERY BE T AR OREL A

AR 8 4 o DCOLsusurtace S $ 7 117 45 T M B 3= 5425 > & iRR

C. A iDCGLSubsurface 218 > ¢ ?%_'%2 & /FT’N # &Pt'“ B"’]%\ 23 *3} CEFER R

BREREANL  "RAPHERFCFELNEWMERT AR 2 AR 2
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c 59 KA B B DCGLy #7 %= = endtdplzE s (i) 253 -
BEPREET Y UYWLy EEFARAT MBI L DT AL I €8
%2 (i) R EF e AIRT AR 4 2 ST L R A
AW E oL A EFIHFORMEPE TV F T AR IEZFLERS
** DCGLsusurface F¥ > ¥ Ff T BT LA B H R BN L o A
HE A AR BT 2k MARSSIM 4p sl enpe f g4 08 > g% i

Sign Test & WRStest 51353 2 kb3 o 2 A ha K P F RS

>
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ERihd k2?8 LIS KB RRMUIAREL D

USRS R AT AR 2 R GO E R DR § R R R

TEAEIENRE AFMOTIEE L RART KR B TR L
& DCGLw 2 #F » & & JF g™ & 2 e df i * 0% 3 Rl £ 0
PR ERRES F O LEGFARL c P2 T A2 EDR LR
BF LT A F e R H5A5532 PTARE A RFLAREFEREFL
B~ AT o TS EERRAT > B d B A TR R85 DCGLw
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énhn

PIRE {78 T ok anBe iR 2 5 iR 1]
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RIR e 0 o0 S p 12 T ie B USSP AD B R R A AT o ¥

Fo ik 2 SRRk R 8 A B R S PR B et
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SR TEREA R RN EVERE

71 TARIEEF TR R A REFERYLN

BRI RERDRGEE R T AR D HY e st
B G AT RBBR KT T AP 0 S S A
FE P RERY B VB =W 5 &% k8 (Drinking Water

Scenario) > 4c @ 7.1 #1or [12] > W5 AT A K 3 P g s

d 43¢ kA (Infiltration) ~ & %t (Sorption) ~ (Leaching) ¥ it

o

@ B4 1+ TRk 7k (Groundwater Aquifer) 2o ¥ s 2 8 b £ b EH
BRI TS B KT B TR AR L R T N R E RS
P BRSO LT AR Y NBRE L o T T iEd R AR L
i % % R0 (Water-use Model) & fE7+2 48t 2 3P cn@ L5t 2 8
BES O FRSUBRT AR AR R 2 e L R S

£ o
(1) 47 -k fF5

B AR g s L CA ¥ I TR X L e L 1
WS TR AL R A kR E B PR RS o i

B P Ao R B E o 3F S R AR M gL
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vl '8k & (Precipitation Rate) ~ 2 3 i & B E A, 2 A - s

%

PAeni B4 F A A GIIE kR Y hTn (Advection)
&% (Retardation) % o d >0 B8 ToRF 4 @ik e L BIEE Y N

r'ﬂi‘@_,ﬁlj“},ﬂ)?

»

R i B2 e P B AT BB SR FE L @

F_&
\ .
m

’AE

i % b ToRF A B R E L A FIER e B TR KT
BoA 07 FE T R Ruhh A R Sl R eh A F F] R 0 N KRBT
G- SRR AR R PR K2 E R Y R % RIERIE TR
B ¥ i M e £ o 4 R R aRE R A R B K iR o 1T
BB R F R i 2 A A - L F IR
e nk AR R FEAL BT 218 > AT E M ikfpin e € ATEE chlicdp i
T LRAARTE R o AP B2ddhaz K% k03] (Three-Box Water-
Use Model) = 5 B mo g f 4% 300 ToRi5 4 @i end * (g0 » "f"’j Y.

2z
|

B3 TORE R RRAERER AR 0 T R B K 2

<l

T i 4 e »e#|$ (Total Effective Dose Equivalent » TEDE) -
= kS ok fAlehpe A L Goode £ 4 4t 1986 & gk Al o EpEL & 4

B LIRS R P AR o LA P B AR A G Y

LR R S F R T s B RS 3 R

N

s B2 LSRR R 3E R [13] 0 B 7.2 277 T E = K5V KRB eoor

49



TR [12]> WP eh= BE > AN L FF LT R (Boxl) 2

ek (Box2) 1% TRz kR (Box3)o gt = AV RECAI D & -

i 5 3 4 S 03] (Leach-Rate Model) > 7= S 3 3 & ¢ eric b % fé;ﬁd 'k

SR RE R 2 {8 > gd 2k B 2ok B p It T k2

Poo 3 MG Bt i et B TR ke TR R FARR

AP R BRSBTS ] TR AT PO R R R R chiEsk 0 T

PR ERR S I R Pifaisd 23R B BToked B SE 4 0 @k

WAL ZRAFTAY B ERMNS I EABENERMEE S F

o PR g R A T EhiERR

¢ AR HER WS FATENA B A e E A B kA TR
5 %

¢ ZF &{c-k 4 @4 (Vertical Saturated Hydraulic Conductivity) + %%
i

¢ ZokAEY 2 w4 EF sk (Retardation Effect)

¢ kB P EER AT RE Y Gk EAE T 7ok K Y gkl f
g < WFIBAVKE 2 FheihY K E

¢ FRAVREINZFIBEFERT AL B G Ok

»..\,

¢ BIHFF AATEOREE R ) ok TR SR S R LR
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Bl 7.3 #t LonstEPi s & S r RO S Al ks B [12]

P 457 &K 4 F P st A A S png gm0 B0 (e

g

TREZNEFRTE SRR D LT LE Y PRAESERY

PR ehsg i 2 BiRF 5 o 4eRl om0 Box 1 Bgor 5 23R K A deehi fE i

FLEPEORAET gl R N WSS A RSP E R
fFB) > A Fgd B daiEaea Goen e fok S Box 2 2 ¢ (L Sdki

AP A R Y Sl B F A ) L PR R R 0

R

o L PAEEHEE LR RS BB E ST VB Bk > Box2h
PiAg g g 3 e A BYED 5ok (Box 3) 2 ¢ o Box 3 i faR ¢ i
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HoRP B RAER T A AN 0 @ Box 3 ¢ ik B A%

J.J;—r,J(E'—n
ELEER o 3R AT ORITR T OB ME 2 B2 ok ok £ o

o R E SRR T PR R g onEonmE 0 BRI RA Y
IR ETIEERED B A E S Ao 74 o [12]o A A

ERPPRERRCRFSRERFEZNETE > RFRERTEDRA]

PR U S WA A &8 -5 9 ek NL
¢ Boxl1l:

[cbldpr 8 50 PP £ P A BoX 1 e it ] = [t n s | SR t

PEAA PN R A 2 ] - [RSHEPE | TP LR & BoX 1 ek

$] - [H Sy TR tE D Box 1 i ]

=

Box1 ek Al > AR BF Y oA~ de B B S SRR 3 N S H G Y

22, _\ 3+ = .
AT L p AT L

dC,. j-1
Tll = Ay n;ldnjcln _(ﬂrj + Ly k:lj (7)

R G A AR PR LA Box 1 ¢ g B (pCi) ~ C,, %

TAPNERF U ABox1? dvE R (pCi)~dy; = s fifin R %4 2

F S P | et b (R E ) Ly, 5 S PfE j A Box 1845 1 Box 2

g 5 ¥ fe (07) ~ Ay 5 RSPEPE ) R R ¥ K (dY) -
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¢+ Box2:
[Pt 48 | PP t PP A Box 2 eh® v 5] = [Pt | Rt
PR PN R RE 2 F]+ PR R tpd Box 1 e
F]-[Pabf P fd PRt PR A Box 2 ehd 8 5] — [Pt fd j 2ok

Ftprd Box2 ez %]

BoX2 ek Al > AR B oA~ de B B RSP R 3N S HEFH

K\

'\:?%\'/~‘QF’T .

Li ¥ —:r
dC,; Il
dt21 = A ZldnjCZn + LGy _(ﬂ’rj + Los; )ng ©)
n=.

2P Gy R RSP R LR A Box 2 ¢ (s A (pCi) ~ G,y £
AN LR Box2 ¢ E R (PCI) » Ly & s E | < Box 2
B3 Box3ouE F ¥ e (dY) > Hepsm=i b iz w4 o
¢+ Box3:
[Fedd i Pif |+ PR t P & Box 3 en® it 5] = [Fbf gl | 2R
e PN ERaA 3 )+ PestE A R tpFEd Box 2 g3

F]— [Pt Pidh 5 PER tPF A Box 3 ih% 8 ] - [Past i pigh j

Ftpd Box 3 e kg ot 5]
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Box 3 ek & fie s 2 AR Ie P4 B AT d0iE R~ SRR B 5 s F ok
FoOHEER AT R 40T 0

dC;;
dt

i1
=/1rjr§1dnjc3n+|-23jc2j — AiCsj —WyCy;5 9)
dr b 38 Gy R m RSP ] 2 PFR tPF A Box 3 ¢ (g & (pCi) ~ Cy, %
TR NERLEFABX3 P E R (PCi) s wy 2 * 3N CKFER T 03
Kk S W B () HARIE SR 2 2 A o
X(B) ¢ end A PR S L, AR E AL R hiE

B B AN

!
i~ 10
e H10R, ;365.25 (10)

et NN EBIES (M)~ H G 73 AT RS Tl EE DERER
(M)~ 6, 5 2 A PRFE 7 R E (B FI=0) Ry, » S PE ] 42 B 28
& F1+  (Retardation Factor » # #]=t) ~ 365.25 R & & &8 % 2_ fF ¥ (=8
B+ oo PP Ao B R BT LS H R T AT

6 =nf, (12)

Ky, .
14 dljpl (12)
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B s 2EEDRIHF (BRF]R) 2k e {cR (& F]=x)

Ky BB AR 2 ;R ¢ onk e T e (Distribution Coefficient> mL/g)~
pra 32 ER E %A (BulkDensity > g/mL) o 5% ¢ EF F]F gt ip v A
PSRN EEEET T RS S S T S P ¥

HWL B SR F A B R B 2ok B DN S B L o

s o 2ok P B A S Bl T A R AT

|
Ly, 13
517 H,0.R, ;36525 (13)

B0, B A ek AR E KR (R FIR) Ry, b DS | L4
R BA B F FF (R F]=x) > H, 2 2ok chBXE R (M) > 2 v 3F = B

e b AT o Y 0, B R, RIT R HE T RAT

6,=n,f, (14)

Ka, ;P2

g

An
>
N
i

by ok DRICHS (R FIF) G Aok o e (& 5]

:T\’) ’ Kd2j ‘?. ‘%Iklj‘r’-l» *T;fé J 5 2t /gﬁfr/%] A e A ]ﬁo é‘gﬁ (mL/g) 2, ?3» ?E-éﬁ"fr'/%]
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A 0 (9) T R GRS L R R T R MG

Be T ER AR ALY KR T i S g B R o R T

I EE RS T N T R L R RN AL L K
Box 3 ¥ e fiE R k- Hr i kL £ THPEER 0 M Gde
Cswjt VTd ty J.OC3J( ) (16)

I

FRP s Cu RSB PE f hE TR R FS > T Y B E R
AP | RGET LR RTA L R P P | hE T KRR
(pCi/L per pCi in soil) ~ Cyyt) 5 = B 3cbfit i fd j &2 k& ¢ (Box 3) &%
B afi A SRR g s liest, 5 - E TR g (d) v, PR 7R K
BokE (L) FokBRR BV, - E2 YR GRIFET S T AL ER
AP BREELEF RIS - PR L R F L REZKE

foER KB ET I TR R

Ik

V), =1 xA;x1000x1 a7

;EIT‘J’VM%J_ AARBDEZLE (L)1 53kF (mly)- A\jﬁi%&l.—

A ORFFB T 5 42 B e f (m?) > 1000 3 H i FS (LUmP) 1
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B/ROEEED (V) ¥ - g ZokEY RRY 23 (9) ¢z kA

#&Wdﬂ]rﬁg’ L g 7 £ 740

i Vv
W, = { FractionalRe moval}{ y } _ { 40/ Vg }{ y } (18)
y 365.25d y | 365.25d

RV AR - ER PR kR (L)

[46 % kst 2 & § o 8 oem B ] = [k et r 5] x [~ 90 ] x [48~ )

B4 )5 ] x PRSP § ok 2 Tk A ]

EFAERE LY E Z ok P AT EER >~ 5 (Ingestion Rate) ~

FErFEERTFE > M G 0T
B

TEDED =U,t,C; 3 Cy, DFG; (19)
j=L

#¢ o TEDEQ = * 17 1 f— & &% KB 2 T #7ig & ehj 223 2aH|

|l

(mrem) ~ Cy % ¥4 i &t ;P a4 7E R (pCi) ~ Cyy P E &K P 1~ DFG; &
B s ] 0¥ 25 »xE R & F]+ (mrem per pCi ingested) ~ U, %
A ORBRBEHFF T FEr X F525% RE (L)t 5 - &P AT RAR
o inT g (d)e bt 2 GAHE - ER2 EG um Bt E o F
SOPEARE - E R PR R R L 2 K 3N oA E Fatr o BN
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5 = m*ﬁ AT E ST E Sk o pLh o g"ﬁﬁ’{gﬂtﬁﬁﬁ_gﬂ;g L 375 P B

H R AR fe AT S R E g A 2 B A frehdx B Ao T

TEDED,, = ' TEDED, (20)

i=1
HFFLESRMEDERPEELF a2 {W P PRADRLP A
T o HF AR ARENERT R R L B P A 4 Rk R hE

o F R FIFHRHSEE Y E ENERGPAR LS R (o5t (20)

&

| % 45 4 B < A

|l

& hE o

)
A

@A oAy WE T g &

%ﬁﬂ btz KN R HCA NIRRT T rF F O B R s R
FR 2 IEBET B TR G ORE GuBARE 1 BB 0 o BF AN R el
s P ERPEPE GRS § o 8 ol Sl frd e RiT
B ehE BB EanTR gk 0 T WM S e A SheT (i)
AR e Sl Ak AT E SRR AR RN 2 LA
FE R T 2 L R P 2 e thlE (i) # AR Sl 2 K
GIeR 2 BR - FHRTRCVHF AR E (i) Baks X2 dph Sl

ACE I RS SN LS SN SN T Y ST

ot

P @iz R EFR gk 2 EFHARCEFC AR gahddk o
(2) Az 8 (Residential Scenario)
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Soll

Human
Exposure

Ground-Water >
Aquifer

B 714 KB 2ZREEE

Contaminated Area
Infiltration, | Pumping Volume, Vyqy
%
Thickness = H Surface-Soil 3 5:‘ .
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Abstract

This goal of this project is to establish the experience lists on
preparation and transition from operations to decommissioning of nuclear
power plants for nuclear power plants decommissioning to review the
decommissioning plan. In this project, we study and analysis for the
experience on preparation and transition from operations to

decommissioning of nuclear power plants.

At present, we have mainly collected and studied the decommissioning
information of USA, and Germany which are both with the decommissioned
NPPs for the experience on preparation and transition from operations to
decommissioning of nuclear power plants. Moreover, the related
regulatory guides of IAEA are also reviewed and listed, the detailed studies
and comparions among them will be performed later in the final report. The
top priorities and key issues for the decommissioning and further
administration recommendations from the studied results will be proposed

to assist the Council in auditing the decommissioned plans.
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Steering Committee for Nuclear Energy

Radioactive Waste Management

Committee (RWHC) Launched in 2014

Mandate till end of 2016
Chair: Boris BRENDEBACH (GRS, Germany)
Scientific Secretariat: Inge WEBER (NEA)

25 organisations from 9 countries:
Regulators, Implementers, Waste
Management Organisations, Research
Institutes etc.

Working Party on Decommissioning
and Dismantling (WPDD)

YV V.V VY VY

Optimisation of activities and measures
with regard to preparation of the

dismantling of nuclear facilities

st

|

F123 @7 &R Pos s LR g Ear ) B Eir e R R

Transition from operation to decommissioning
I

Operation Decommissioning
Post-Operation,
> Transition Phase > Dismantling

Pre-dismantling actlwtles

Areas of considerations (Topic Areas)

1. Regulatory framework and licensing process

2. Decommissioning planning — Selection of strategies
3. Decommissioning organisation and staff management
4. Technical arrangements and practical activities
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