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The Radionuclide Transport Analysis in the former Yotsugi open pit site
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Kazuhiko Satol, Takayuki Tokizawal

ABSTRACT

A one-dimensional numerical solute-transport analysis utilizing a simulation
code named NESTOR, involving a literature survey on analytical parameters has been
carried out for the purpose of an understanding radionuclide transport in groundwater
and around the former Yotsugi open pit site at the Ningyo-Toge Environmental
Engineering Center, JNC.

Prior to the analysis, data set was prepared referring to available documents on
site characteristics and one on disposal of waste. A simplified model in which the site
was divided into seven blocks according to its geographical-hydrological feature was
applied on the analysis.

As a result, the highest concentrations of radionuclide is 8.57x103 Bq/m3 of
Po-210 at assessment points. The highest concentration of U-238 is in the order of
magnitude of 103 Bq/m3. This result is lower by 1 order than a standard value for mine-
and waste-water on the safety rule of Ningvo-Toge mine and the same orders as
surface-water on the agreement with Okayama prefecture, although there haven't been
any adequate standards. Comparison between the present concentration in groundwater
and the corresponding analysis result, the latter data indicate about 7 orders lower in
U-238 concentrations and about 6 orders lower in Ra-226 concentrations. This suggests
that U and Ra background concentrations can be considered in the former Yotsugi open
pit site, and it effects on the water balance.

1) Environment planning section, Ningyo-toge Environmental Engineering Center,
Japan Nuclear Cycle Development Institute
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LIMBTETNDOANNTGA—F
L3 BEBORMHEERERUER
BRIFHIZE,. =TV —F L VBB ERICE R ULBEEEL A%
Bah 58, 900t (EMME) B L TWA (U-238 I8 : 1. 436 Ba/g. Ra-226 MBAE - 1. 043
X10' Ba/g. Th #BE : 1.019X 10" Ba/®). T2 T3, £ TOFRARMSEESE
D2LEEL. U, FUFLULRUTMN) Y ARV OMEEEEE (0
) CBi. LT3 cLTHRELE,
(1) U5 RINONHABRERERFE (K3.3.1-1 1)
75 HRFIO U-238 BT Ra-226 BiF. AT O U-238 R Ra-226 WELBE
- BMHICBITORATWERERICHEL . U-234 BT, U-238 ENSEKRY S
CHRDU-234 FTEL (0. 0055%) & RICEH L, £ O ho> F AL (Th-230, Pb-210,

Po-210) %, BAOPICTOEEMELZEZFEEL . Ra-226 O F EEREICH S R
FLE.

o RINOERBBHEIC DWW TTRIRRT,

- U-238 & (Bq) =1.436 Ba/g (J&E P U-238 JMEE) X58,900X10°g (&L E) - D
- Ra-226 & (Bq) =1.043X10' Ba/g (&85 Ra-226 )

X358,900X10° g (AR - - - @
- U-234 & (Bq)

U-238 & (g) =@U-238 & (Bq) .~ 1.236X10* Ba/g (U-238 thhestee) - - @

0.0055% (U-234 RATEEL) X GQU-238 8 (g)
U-234 8 (g) = @

99.2745% (U-238 FKRETEL)

- U-234 & (Ba) =@U-234 B (g) X 2.264X10% Ba/g (U-234 bejksaE) - - &
*Th-230 & (Bq). Pb-210 8 (Bq) KT Po-210 8 (Bg)
Th-230 & (Bq) =Pb-210 & (Bq) =Po-210 & (Bg) =(Ra-226 & (Bq)

(2) POFZoLRFOMMBERVCE (K3.3.1-2 1)

U-235 BiZ, U-238 BERA TS @ U-235 FTELL (0.7200%) 2 HICEEL
foo FHREZEF (Pa-231. Ac-22T) IZDWTIT. Ra-226 L O BN EEwEIKEL =15
SIEEINS -1 EXRY T U BEROEAELRMSHE SN S U-235 & g
wWIHDLERELE,

TIOFIULRINOBREESFREICDWTFEICRT.

- U-235 & (Bq)
0.7200% (U-235 RAREEL) X QU-238 & (g
U-235 8 (g) = - - ®
99.2745% (U-238 KIRETEL)

U-235 & (Bq) =®U-2358& (&) X 8.050X10*Bg/g (U-235 ELieE) - - @
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«Pa-231 & (Bq) RTFAc-227 & (Bq)
U-234 2B (g) =@Ra-226 & (Bq) ./ 2.264X108Bq/g (U-234 Heses) - ®

0.7200% (U-235 RARTEEL) X @U-1M4 & (g
-235 8 (g) = -®

0.0055% (U-234 RAREFEELL)

-U-235 & (Ba) =@U-235 8 (g) X 8.050x10* Bq/g (U-235 [bmkhtaE) - - @
+Pa-231 B (Ba) RtfAc-2278 (Bq)
Pa-231 & (Bq) =Ac-227T8 (Bg) = @U-2358 (Bq)

(3) PUDLRFIOHEREEERUER (93.3.1-3 B1H)
FUDLARINL, BEFO ThBEZEIC. 2 TOBBISKHE EHICH 2 LT
L7,
MO LRFIOBEEEFBEICOWTTRIEET,
+ Th-232 & (Bg) =1.019X10" Ba/g (& Th BE)

X58,800X10°% g (BBAR) - -1
-Ra-228 & (Bg) KU Th-228 & (Bg)

Ra-228 & (Bq) =Th-228 & (Bq) = @Th-232 8 (Bq)
LEDESIZEREL-ZERIT. ﬁ4.2.1f1 OETOw 7 OEEEEGITHE-T, &
Oy ZiIcHE L (£4.3.1-1),

#£4.3.1-1 H70v s OPNHBERERVE

¥ ! AR NZAvy s NEZOw2 EZAwY SEVOwY STAvs SWr/Ows
(Ba) bq Bu/g Bg Ba/g Bg Bo/g Ba Ba/g By Bo/g Bg Ba/g
SRR {u_—zss 8. 46X 10" 3. 0810} 1.443710" [ 4. 98107 | 1. 44X 10%| 7. 862¢10" | 1, 43510°] 5. 74%10°| 1. 43100 | 2. 41107 1, 4436100 [ 2. 26 % 10™} 1. a3 10

U-234 (7,80 10" [ 2.842¢30" | 1,323 10" | 4, 5910 | 132 10°| 7.0710" | 1.323¢70°] 5. 293 10% ) 1. 32 10 [ 2. 283 10" 1. 333 10° | 2. 09 10° 1. 323 100

Th-230 16,155 10" [ 2. 24210" | 1.04 10" [3.623 10"} 1. 04 10" | 5.57% 10" 1. 0410’ |4, 17500"] 1. 04 10' [1. 75 10" 1. 0410 |1, 64 10" 1. Dax 10

Ra-226 6.15>10"[ 2. 24210" ] 1,04 10" [2.6210"] 1.04% 10" | 5. 57> 10°| 1. 04 10" |4.17370"] 1. 94 10" J1. 75 10" 1. 04 10! | 1. 643 70"] 1. 0ax 10"
Pb-210 |6.153 10"} 2. 24 10" [ t.043¢10' {3, 62X 10"| 104 10" | 5.57¢ 6™ ] 1. 04 10" [4,173¢10") 1. 04 10" | 1. 75 10" | 1. 04 10" |+ 6ax10"| 1. 043¢ 10!
Po-210 |5, 155 10" 2. 24 10" | 1. 043¢ 10" [3.82 10"] 1045107 | 5.57¢00™ | 1. 04210 [ 172¢10' 1, pax 10| 1. 75¢ 10" 1, 04 10" | 1. 64 5c90"] 1. 04310

FHFZUARRI|U-235 | 3.99x10°] 1. 4500 |6. 76102 2. 35310" 1676107 36210 |6. 75107t 2. 71108 6. 77107 1. 143 10° [ 5. 7ax 1077 1,07 10° 6. TR X107

Pa-231 [3.1570"1.15% 10" | 5. 36X 107 [ 1. 85 10" | 5,32 107" 2.85%10° | 5. 3210|2945 10% | 5. 34 107 8,993 10| 5. 263 10| 8. 43 t0* 6. 3anc g™
Ac-227 [3.15%10"] 1. 15X 10" | 5. 36107 [ 1. 88107 | 5. 32 107 2.85%10° | 5. 32107} 2. 145 10° | 5, 343 10”'| 8. 99 10° | 5. 36 x 107 | 8. 43 30° |5, 3830

kU AFR Th-232 [ 6,00 10° | 2.195¢10" | 1. 02X 107} 3,53 x30* | 1,02 107" 5.44%10" 1. 010107 | e.orx 100 |1, 02107 | 171 00* [0, 0z 107 | 1. 812 50° |1, g2

Ra-228 | 6,000 107 | 2. 19310% | 1. 023107 3,53%10° | 1. 02 107" | 5. 44% 10" |1, 01 x107'| 4. 0710|102 107| 5. 71310 1. oz x 167 1. 81907 1. 023 107!

Th-228 | 6,00 107 | 2. 192¢10% |1 025107 3.53%00" [ 1. 02X 107! | 5.44%10" [1. 01 x107] 4. 07310 102 107| 1. 7t 10* | 1. 0z x 107 1. 8100 1. 02X 107
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4.3.2FMRER
BRER TR, ERPMTORMBISTIH T ~OREKELALETL L H
WeLTARBWEELRE L. BRERVARBERAETAIFTH L L2 5,
ABTCHCZRWEEREI BN REL LCRRED 0% T~ZET L &
B L7ze B, AFM#ERO 1988~1998 £ DFHERERE I 2,530m/y TH 5
ZEnH, FEMRERD 7509m/y & L,

4.3.3 WG D EAMYE:
FEREBROCFLHIRD /T A -3, £4.3.3-1 OBETTICRBLI/8T5 2 —
YOBEBITHRITIEETLI A0 A -y EXHERA L, 7. BIFT T LOH

BERL, T KRKEBRAEE» BT RORBHEEE L2808 LRLEREBD
2RFEEE L7,
DTFIBRE LT A —=ZIZ00WTRY,

%4.3.3-1 HOBRETESIERER D/ A~ 5 REM

NS4 —-4188 Hfy ERTEE " =

RER REE g/cm’ 2.64 |ERRfE

PhRER - 0.472 |XB&1A

EARE en/s | 6.75X107| REHEOBTFH

RAROHEE m 1 | Xl (RFhRe2ERR)
RILTEMER |HEBE g/cm’® 2.70 |EEfE

iR - 0.451 |XB&fE

EK AR om/s | 7.36X107°| KRB OBEAITY

MAAOSHE m 1 |uaifE (RThZeEBER)

4.3. 4 BiKA R

BARAEIECFR BFELE LLRBRLOT - 00870y 7 OBRWBE
UHAKB i RO-& 70y 7 OBARGRLMEIIRT (£4.3.4-1),

£4.3.4-1 BTy roEkEhi

N>'Oyy | NEZ'O7 | EZ°O99 | SEVOyY | S7Towy | SWITOys
%ggﬁﬁﬂ) 0.00484 | 0.00553 { 0.00642 | 0.00842 | 0.00456 | 0.00456
%gﬁ%ﬁ? 0.00484 | 0.00559 | 0.10283 1 0.00642 | 0.00456 | 0.02207
m{%ﬁg?? 0.11249 1 0.17394 | 0.07082 | 0.00824 | 0.09765 | 0.10536
E}%ﬁg?ﬁ - —] 0.19422 | 0.12556 — —
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4.3.5 H T RERE
SNV —ANCE ) #4331 OBMBOEME (), EREE K., RUF4 3.4-1
DEKAT ()55, HFRERE(V ) RFRERICE WIBEL 2
Vire=k X i /¢
Voore (0/d) =k (m/s) X 1/100X 24 (h/d) X 3,600 (sec/d) X i (-)/ ¢ {-)

%4.3.5-1RT £ 10, SRR 1X10°n/day +— 5 —, HABIE 1X102n/d~1
X10m/day 4 =8 —Thb, —N. EMIZEDHTAMAIR, HEET 8.64%
10°m/day, BVLTERE L8 T 8. 64 X 10 *n/day ~8. 64 X 10-*n/day DMl % UG L T\
Bo SERE LLREE, EWME LB LT, HEREET — 7 —Th 245, HAB
BERTHELALAIHIAEC EoTWa,

#£4.3.5-1 &£70v 7 0#TFTKRERE

i : m/day
N7 DOv9 NE7 % E7 OyY SE7 vy 57° 0y SW7° 0y%
%ggﬁm) 5.98X1076.91X107[7.93X107%} 7. 93X10°*[ 5.63X107%| 5. 63X 1072
E}%gg}ﬁ% 6.82X107(7.88X107[9.05 X107 9.05X107*| 6. 43X 107 6. 43X 10™*
’%%ﬁg%? 6.82X107|7.88X107| 1. 45X1072| 9,05X107*| 6. 43X 107} 3. 11 X107
E%;giﬁﬁ?ff?i 1.59X107%[ 2. 45X 1072[ 9, 99X 10| 1. 16)X107%[ 1.38X107%| 1. 49X 107

%gﬁ%?? - - 2.74X107811.77X107? - -

4.3.6 WTRKMAE
F70y 2O TARKEIX, K 4.2.1-1 BT P LVORROEREE (n?) &
4.3.5-1 D% 79y 7 OM FREE (m/day) ZHVTTFRAICEIFEL X,
BT KEE (n') =R FREE (n°) X B FRERE (n/day) X 365(day)
% LB, BREMICOWTIE, @4.2.1-2 %58,

F4.3.6-1C70y Z7ROMTREAEYRT, HFAKKEIR, 70y 7 EREHK
FHTAREEICEGINALO N7y 220070y Z 12 TH T AREERS

{TpoTnih,
£4.3.6-1 &70y 7 OB TAREAR
BT i m’/year
N7°0v7 | NEZ"Ov9 | E7°OyY | SE7°OwY | S7°Ov7 | SW2°0y7
%%ﬁ?f? 1.53X1072. 85X 10'|7. 74X1075. 45X10'|9. 18X 10'| 4. 17X10*
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4.3.7 B R
BOROU RV Ra FEAREE, 7 7 2B S RO GRABEE v/, BRI
FBORT AL, BT RAESHEITIZL > T, BAUEOBCERER LEH BV
LEMBH L LG oTVDE I Lo RS EEOBLERE DS ERAEEL B
HAU7: 72, URY Ra SO RS HEHE O SERBHE, 1 7 Vi (2002) 0%
EFMTHOABERE T A~ s OFRERE RV 2K 4.3.7-1 KRB R U
ftiEmaE oo BRERE R T,

£4.3.7-1 EARBRRUBALER SR OS5 EEYK

Bify iml/g
- BEM BALTER &
(PR B i) (BRX Bt A D i)
1] 6.80X10° 6.60X10'
Pa 5.00X10° 5.00%10°
Th 8. 00X 10? 8. 00102
Ac 4,50X107 4.50X10°
Ra 6.69%10° 1.06X10°
Pb 2.70X10? 2.70X10?
Po 1.00X10° 1.00X10°

4.4 FHEFE
AFBIEREREM L~ 5 — T, SINFORBEBEICHT2EATBEEZHELTEH, 23w
RUBAOREMOFMICZ, BRORBI AT 2 HRE LALREFMFEISELLT
VWb, IOFESHETFMO T ABITHEN BT 2 REBFCIE, BEFHELSEESD 2
TI/ALRNVOBRHETHLDEINAETFT VR LD TELFEa-FLE LT, Hilk
HERUFFEIRATRM P LGOXT R & 4 BEEEW I U TS L/-8EH 2 — FINESTOR
(Natura! and Engineered System Transport Of Radionuclides)| % Hw:7/z (%4 70
B, 2002), SEOMITERIT. BALVEBRPE IWIWEBRKIC, BhasT
HHI L6, SHOGEBTHNICIENESTR 2HT 5,
NESTOR X, ALY T L AF AL (EBS) ERANTY 7 A7 4 (NBS) @ 2 2O IR R
o), BEABEEORTIIRE, TR/EBYEREL T, IhALoEBIZEIERTY
Ko TREDNNYT VAT LAOREER, BRICEE T2, £, RN T VA7 4,
TR RUBEFVEED, B—T—RTOF XY VANV ELTEFMEEATWVES,
NESTOR T3, A5rHEA DL BB ~DORBTICOWT, TR 2 BHD T 7L THAT
PARTHAL (M4.4-1B8), 28, BERFBTANE, TS HERAZERE]. [
R ITELEREE] [Ih7- b, |
1) MERERET N
HBBIHEETEA RV M ICHB R B LB OFREL | E LBEIC, £
BICHEE~RETLIRKEDH S RUCRIEESN L, 22 THRINEBEIZ., AR
BM7-0) DEBBICE TN LEED, BURMYL ) ORBEKICE o THEEC
BT 2EEETRT /87 2 — % ((Ba/y)/(Ba/y)) C, RSB OFERE L BFR, 22

=21 -



WEIZL-THZONS,

2) WA T 70

HEHUB AR L2 (X D IR 2 RETM I L. FhICL > TS
NELHHPOBRIEICETCEFTLTH L, HERS o oEHOESE, W,

VLR, e OSSR L D A S A O MRRIE £ i, B, Stk
HEEELTHELSNE,

OiM. GLRE. EAS.
o B, iM/omE
Bk, KBS0 MUEL N BER
T3
o \
(AR =70 (s 70

[ 4.4-1 NESTOR f@#ric& 174 2 M OEFVE (1 2 V80, 2002)

FREERTSEEBITRIT T, B IZeZ0GoRN Gl shieT L ek
AL LT R RY T 3% KM o0 5 0 R B N AL AR i S N O BB AT R IRIB T A 0 o[ i
MEEETV] 2BIRL T, Bifefro L ET5,
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4.5 MREBATHITRE £

TRy R OBEBITEIEREM 4.5-1~4.5-14 {ZRL, BE=F Y LI TOHK

MREORRMERL S EORE L BEICOWTEL.5-1 T,

BHEBTHRITOAR, BEREORKMERS 7T vy (No.10 L) @ 8.57X10°Bq/n’
Thot, BEFRAMEL 2HEIX, €70y 7570-238 b L <13 Po-210 TH - 7=,
U-238 DR AZEBTIEEIL. 1By A~ —Th ol ZOMEI AR
FROLUK - BEAKOPEHERED U-238 #EE - 2X 10'Bq/m® & I LT 1 75 < . BILER
EDFHIARICERD U-238 FHEEME : 1.1X10Bg/nd L B L TRA - ¥ —Tdh -7,

Ty VROBEREORKL R AZBAREBICOVWT. BLBRVOIINE T v 2 (No.
37) D 3 LXIETH o7z, THiF. NE7UO v 7 0OBRE/I—F /NS w2k,
HERBABEL SRV &, BIRKARSPKEVIERBEREEZLON L, FICHDEN
DIISE7E v 27 (No.129L) @ 1.58X1IPET, ZHRFHABHOM T ARIESR D Z
WIEHIIBERESRAL GABHIROIBVWEEZIONS., SR IBERENEK

EERTERIE, BERPLPNITFE~ TERTH -,

£4.5-1 HE=F ) FILOBRBEORKNE

- RA O BX{E

EzaLsA | ma o @ord)
N7'RyH No.16 U-238 5.01 x 10* 4.80 x 10°
No.2 U-238 501 % 10* 477x10°
NE7 %4 No.9 Po-210 1.26 x 10° 595x10°
No.3 U-238 3.16x10° 5.06 % 10°
E7' DY No.4,13 Po-210 5.01 x 10" 1.16 x 10°
No.20 Po-210 7.08 x 10* 9.54 x 10
No.21,22 Po-210 8.91 x 10* 8.08 x 10°
SE7'O0YY No.12 Po-210 1.58 x 10° 438 % 10°
No.14,15 U-238 4.47 x 10° 3.80 % 10°
No.23 u-238 4.47 x10* 3.84 x 10°
S7'ayh No.10 Po-210 8.91 x 10* 857 x 10°
No.5 U-238 3.98x10° 5.27 x 10°
SW7'nyY No.17,18 Po-210 1.00 X 10° 2.03 x 10°
No.7 Po-210 1.26 x 10° 1.64%10°
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