Technical Paper http://dx.doi.org/10.7733/jkrws.2012.11.1.41

Development of Sorption Database (KAERI-SDB) for the Safety
Assessment of Radioactive Waste Disposal
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Radionuclide sorption data is necessary for the safety assessment of radioactive waste disposal. However
the use of sorption database is often limited due to the accessability. A web-based sorption database pro-
gram named KAERI-SDB has been developed to provide information on the sorption of radionuclides onto
geological media as a function of geochemical conditions. The development of KAERI-SDB was achieved
by improving the performance of pre-existing sorption database program (SDB-21C) developed in 1998
and considering user’s requirements. KAERI-SDB is designed that users can access it by using a web brows-
er. Main functions of KAERI-SDB include (1) log-in/member join, (2) search and store of sorption data, and
(3) chart expression of search results. It is expected that KAERI-SDB could be widely utilized in the safety
assessment of radioactive waste disposal by enhancing the accessibility to users who wants to use sorption
data. Moreover, KAERI-SDB opened to public would also improve the reliability and public acceptance on
the radioactive waste disposal programs.
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2.1.1 OECD/NEA
A E 777 (Organization for Economic Coopera-

J. Korean Radioact. Waste Soc. Vol.11 No.1 p.41-54, March 2013



Jae-Kwang Lee. et al : Development of Sorption Database (KAERI-SDB) for the Safety Assessment of Radioactive WasteDisposal

Table 1. Status for the development of sorption databases

Organiza- DB Name Year

. Characteristics
tion data

- Developed in 1991 by gathering
K{ data from co-operational
organizations by OECD/NEA

- Not updated since 1991

NEA  NEA-SDB 1991 11,000

- Applicable to 6 kinds of TSM"

(Geﬁﬁny) RES3-T 2002 - - Limitted to apply TSM
due to the lack of data
- Opened in a form of MS access
in 2003
- Opened a new web version DB
(}{:Iiﬁ) JAEA-SDB 1999 24,000 in 2009
- Listed K data for 58 elements
including 22 elements as key
radiuclides
- Published reports for LILW®
(gx?igtrzir - 1e9s . ndHLWOlin 1997
land) - Solid phase: cement, near field,
bentonite, host rock
- Listed 2,000 of Kd data
KAERI SDB-21C 1998 13,000 produced by KAERI
(Korea) - Applicable to parametric
model

3% (1) Thermodynamic sorption models
(2) Low and intermediate level radioactive waste
(3) High level radioactive waste

tion and Development, OECD) A} =& 7]+ (Nuclear
Energy Agency, NEA)+= H]= 2] Pacific Northwest National
LaboratoryollA] 7R3k =34 =2+ 2} 5 74 M A 28] (Interna-
tional Sorption Information Retrieval System, ISIRS )& T A
3}7] 913Fe] 19811 NEA =2} g o] E] H]| o] ~(NEA Sorption
Database, NEA-SDB)Z 7]14F5} 9JtHSl. NEA-SDBE dBASE
I plusE o]g3le] MS DOS A A 4] FFo] HE=
a1RkE] o] 11,000097he] AA57F =R e, 7 A 7F

A Be £F PSS FEIY0G, NEASDBE BIF

%
Adhe, 29, A FREY, FAE/AMWE, A
&, S35 ARk, 3det o) thekdt A s = o
g, ke, AdlE, 23, 2EEF, oblEls, ofel
24, ek, SITE HAUE, STEF 5= 330
T A5 FARWATE FHIL Urh NEA-SDBE
A e Aol vl g A 5ol kA Al
& & )= Aol gloh, e of gk A ol & st
L zzbe] o HaL, 271 AN AR o] F 3 A8 F7F
S5A] ot AAl= de] AR HA e Sl

2.1.2 &¢
£ MS AccessE 7|HFe Z 3= 42F HloJEH| o]~
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(Rossendorf Expert System for Surface and Sorption Ther-
modynamics, RES>-T)E 200213 of] 7Jta} TH9l, RES3-T+=
Hes) 52 R ASE F2 WEl 712 deleiu o)}
= g g pRude shiel ¥4 ke wd
(Surface Complexation Models, SCMs) 2] 2]-8-0] 7}53l =5
TEQI. SOMst= T ] SHEPhE-g £l Z710] st
ZdZAel d#e] A8t A<=(Quasi-thermodynamic
Constants) 2 % d3s}7] wltol Ky Zda= g2 3}ty =
Aol s} 2o W F ool Hote BE WalE B2

3] Wkodel &= QuH11], RES3-Tof| 2]-8-% SCMste= H| A A 7]
w2dl12], gt olsE 2dn3], 94 &% 2d14], s B
d[15], Stern RH[16] 2|1, 1-pK FEAH17)/MUSIC18)/CD-
MUSIC[19] -5-0] AT}, RES*-Tellx= 1009 7] 9] =<l vhgk =}
59} 1,0000 7§ 9] F= 9 3k 2ks, 28 aL, 2,600
el ER 2Hg G447 FSHLTHOL RES-TE dofs)
A Bl £ AU EdsH 3ol Al 2
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A A A7 (Japan Atomic Energy Agency,
JAEA)= WA H| 7= 0] A|E8hA] Aol digh - ¥
V& sfsfel delat lolelulol s, Bk HlolEMlol, 4
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FelvetE AR 718 A g bl AR S
o2 &2 dloJE o] 28 F= A AT olA 1998\ =
o SDB-21CE}= WA o 2 2 % 7kal orh21], SDB-21Ce|
= S A7 Aex AR e 2 AFg e} NEA]
A Xﬂ*‘ﬂ“’ A5t FEHY. SDB-21%E A5, §
5 HIOIH 9l 7% :La]J_ 324 ;zaﬂg gxq

l‘E_

>3k
o A o ARel el 2 B o
T 2 Q= A7)0l ke wdol Qv

ﬂl

3. 4 71k FF 3} vl o o] 2
(KAERI-SDB)

3.1 KAERI-SDB 71'¢

71&] & dloJefu| o] 22 7Sl SDB-21C A|=F)
2 AHEA HFE o Y RIS A of AH-o] T
stog 3F 2 Apr o] 71 9 WA E AR E AR AL
A&t ety ol Eado] et o2l e B
Fatara} SDB-21CE 7Hdske] ARgA7E IE Ul el
AE o]-gsto] =2t tlojefuo] 2 Aol 2 5 Q1=
= ¢ 719k 8% 2} dloE ] o] & 2 58] KAERI-SDB
2 73l 9ir}. KAERI-SDBE SIE/Yl Y HE}$-4 & 53}
dAdNA HEstus Abgate] ArH ol ¥ee] =2
2] glo] % 2 AnE AAstaL ARshs Aol 7k
3T}, SDB-21C%} KAERI-SDBE] x}o]5-& Table 29]| 4 2]3}
SAth. KAERI-SDB+= ) 718F @ 2] 0 2 eyl g Behe-A &2

URLSl| R &8t o] Fof et B ARAPE &
H ARE gelst g #efsh= Zlo] Solstth el 8
o 3, 24213F A Al AEllg AlEstaL, wloE W o]
2 Z2a8S F7H s, N W8-& sk A

Table 2. Comparison between SDB-21C and KAERI-SDB

Features SDB-21C KAERI-SDB

Operational system Microsoft Window No limitation

Database management Microsoft access

system database MySql
Server None Linux 2.1 or more
recent system
Web application server None TOMCAT 5.0
Web-browser None No limitation

Accessible only Accessible to URL
after installation of without program
program installation

Accessibility

44

£33 uf A|2=5l o] Fek glo] Au|2vt 7hsd A o] git,
KAERI-SDBO] 7ieh-& 13+ 3 A @A = ARgAte] 8

Apere EAela 7] dlolE o2 A slt) F WA
GAZE= Holguo]= AHE 753 FAlof HlofElH|
ol 2L NEF). vhAu B2 E $2 s
= qJulo]Esla A E A& & F, KAERI-SDBE 1
2}-9-A o] F703}F3tt. KAERI-SDBe] 7t 3 5% & Fig, 1
o] =2 8}3to] JERN It KAERI-SDBE AHE-A17} ¢ et
FAE o]8ato] tlolEo] X AlxE ol F&EBtE R AR
A7t dwe] Z2a 44 glo] A% 54 Awe] A4 &
Aol 7hssleE T = SIth. KAERI-SDBE U ES A9
Aol Fljel gAY B B4 Y dnkel sl 9%
T2 ol o]~ AR E U EYIE T3 AF3A Hot.
ol& Eato] HEAF MEE 2 AR E vloE[H o] 20
F7ketA ARl 4 oA HAE JEE AAREe R
gelet 5= ol Bk, ol#F Aladle FAe] Alzdla g
2] ALgAte] AFE o Z271Hel Te e AxsA] elo}
T HI, 2R AR ES AREAT HER YAEA] kot
S AHe 73 glet,

3.238% & A5

T AEe ol FEe AT F=sha a2l 3%
T2 dlolg o] 2=e] AR} ofER- 2 & QlEke] SDB-21C
7F P EH A E Eskal 2 ARg-o] mlm|Ekitt. 53],
SDB-21Coll&= -3 OECD/NEAS] 257} FEFof glo
22 JY AHEZAH B 2 ARE AT A
o] o]H YT}, o]& Heksl7] $18Fe] KAERI-SDBeI&= 12,000
o 7o) NEA F&tH|o|EH o] 2 5 2k5 9]¢l 4,000¢] 7}

Analysis of User's Demands

-

Establishment of Database Server| |Development of Database Program

Update of Sorption Data
KAERI-SDB
Fig. 1. Schematic diagram for the development process of KAERI-SDB.

Analysis of Existing Database
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o] gt A A7 AA Y AL s g Ve 2 ARES
53}, KAERISDBell= 3 3170 &l thgh =2 =
F7} & ] glon, o] & Table 39 2|3} It} KAERI-
SDBoll&= St A8 AT A8k dT A4 (KAERT Under-
ground Research Tunnel, KURT)S o]-&3}o] A3 =] &3]
oA Fokshe 2odM 4% HF SR AR E v
ghetal o, &5 3] I A ol Fetshe

AEE FIHE FET ool

-

3.3 KAERI-SDB F87]%

KAERI-SDBE AH§-47h A28 o] glso]A]o] 48k
279018 B3 dloleulol = Aue] P& 210l %
89719, 9% 2 Aol v 71 RAA B A 2
e 44 date] AHE T L BA @ B 5 )5E
2 mga

3.3.1 219 9 319971y
KAERI-SDB | o] Z](http://sdb.kaeri.re kr)oll &3}

Table 3. Elements listed in KAERI-SDB

Group

Nuclides

Group [, II elements

Barium, cesium, radium, sodium, strontium

Transition elements

Cobalt, iron, manganese, molybdenum,
niobium, nickel, palladium, rubidium, silver,

technetium, yttrium, zinc, zirconium

Lanthanides Cerium, europium, promethium

Americium, neptunium, plutonium,

Actinides . .
thorium, uranium

Other elements Antimony, carbon, iodine, selenium, tin

KAERL Sevption Database wersion //)

KAERI, Radioactive Waste Technology Development Division

e ololstUZY LT PRATHR
o0

CEED Ry

Fig. 2. Main window for KAERI-SDB and member’s log-in.
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1 Fig, 29} o] AlgARE 291S dlo] ALgA Q1% &
glolEj o] 2=E 0188 5= QIth. X KAERI-SDB ¢ 9|¢]
Ao B0 AHgAFE 3971 V)5S At ololt =
AR BelAke] %9l T AR 5 o,

3.3.2 A8 24 9 AA

71244 st = A Y s Adgetal ‘FoF
HES F29 Fig, 3(a)dllA] Hole 3 o] 59 v
ofglE Fo g g HFo| o FstaL 5 FelA= ¢l
o] A}, slhell ‘'OR’, ‘AND’ A= S o]g3shd A %
s WAzt lolE A Al 23 = dlolgE 3t
S 7 Stk olFA AdEg gl gk vlo|H & <lat
7] Y& ‘&el’ MELS =W Fig. 3(b)2} o] SolidE A
g3l slHo] Yehdth, 931 Solid Dol TAIE ] 9]

® or O AND  solid all [J

45 - | ®I05% ~ .

PP AMA| A

ARG_CN2 1
ARG_CN2 2
ARG_CN23
ARG_CN3 1

ARG_CN4 1

kaeri.re.k/search/SolidSearch.isp
@ Solid A<5t0] s
= 413 20 2usizeuc. [T 2 |:|
Solid Name ]
m (]
ALB1:HB1 ]
ALBIHBS =
ALB3HBI1 a
ALBITE [m}
ANORTHITE (]
APATITE! (]
APATITE2 ]
ARG_CN1 1 [m]
ARG_CN1 2 [m]
ARG_CN1 3 ]
]
[m]
m]
(m]
(]

Fig. 3. Basic search for (a) selection of nuclide and (b) selection of solid.
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= AA AN @ B BER Aasta gl wE 3.3.3 K, A=) A W& AA
< F2W Fig. 49k 2ol A& 7] A A3 s & Fig. 40 UER Zx 2 7]2744 wi= A4 7o) A}
A ot 7} 1=, AR AN AR A “No'E A8s)
AREAL 71 AN G AAIGE - B} A S ek o Ky :%~ A A AN E-S &18 4 vt Fig. 6
71872 AslH o] 92 detoll QI Detail Search’ HE oA BolF= AAE AR Ky A= S ol thek 244
S =2 A A 715S AT Detail Search’ MES 3 Wlfé}o 2H HF 7 tigk A|5ketA g1t
F2W Fig. 59F 22 ARSAL A A4 e shdo] Kol FEFS AABHA olal e = qlok. Al AW E-oll= A
A3hs A8 9 s g F A0S T2 AR dat 7334011 FAHE FE ool 2hshed A9, HA/ A
© e 9] Al A AE FR1E 5 Qlek. A v, AF 7R 2oL, 8 o] 27 ol thgh -&-o] 3}
1 ME AL 7123 o] Ao A 5 271 tiek K, o] °‘E} g, AREA A A el thate] Fig, 69] &
F=3 Wl7] $18ke pH, AFstek 9], 25, whgAITL, Al AR LS Ielste] 54 Azl iz K, & FF
%°H/J_xﬂﬂl o], EERTIE B FE&Y 74 o] Sk 9ol o] 84 & vt
FE(Ca?, Na*, K¥, Mg?*, F~, CI', NO;s~, SO,*", Fe(total), ALg2= Fig, 69 A3 jg-0] 13 Aol thA] “Solid
HCO,) S qw A3k 7 % 35te] g7} Ysl= Name” H:1= “Reference Code’& A &)dto] K, A ol A&
54 AfxelM o K, & 728 5 St H Aol gk A R} S 2t gl
71BN e A A 5 A AT el 2t do]E 9 = Qlek. Fig. 77} solli= A B g E ol gk 714

1:-4*
< 918 49 243 52 0 A

= = 2 S 247 JER AT “Solid Name ol A& d4 274, &
B g A0Ed 5o AR eS8 4 ot 71244 =8 24 Tejar, EelsehE 54 Tl thek A
= A AN T 224 cke] ‘Excel download HES o] A HEE 118 F 2l o1, “Reference Code™ | A=
=29 Mg dolel & vt e = 248 5 et Ky A5 75 277 He ks oo A3l digk 71

o 2R (Member class : Administartor) =
C /.| KAERI Serptisn Database
/kaERI KAERI, Radioactive Waste Technology Development Division Manager Data Search
= 53 20| ZUERSLCH 3 Excel download Chart View
Solid Solution . a Solid Solution pH at pH at Redox

No. MNuclide Concentration Value & Temperature 2r
¥ Name Name weight volume Start End Condition
M va va va s . b vi va . va va va
131 GRANITE S_Gw u 1.23E-T 6499 555 1000 25 6 0 AlR
1312 GRANITE S_GW u 1.2%€-7 81.8 555 1000 25 16 0 AR
1313 GRANITE S_GW u 1.23E-7 535 555 1000 25 6 0 AlR
1314 GRANITE S_GW u 1.23E-7 343 555 1000 25 16 0 AR
1315 GRANITE S.GW u 1.23E-7 243 555 1000 2% 6 0 AR
] 1316 GRANITE S_GW u 1.23E-7 248 555 1000 25 6 0 AlR
o] 1317 GRANITE S.GW u 1.23E-7 215 555 1000 2% 6 0 AR
1318 GRANITE S_GW u 1.23E-7 17.5 555 1000 2% .6 0 AlR
™ 1319 GRANITE S_GW u 1.23E-7 16,0 555 1000 25 6 0 AR
1320 GRANITE S_GW u 1.23E-7 143 555 1000 2% 6 0 AlR
=] 1321 GRANITE S_GW u 1.2%5E-7 0.5 553 1000 25 16 I} AR
1322 GRANITE S_GW u 1.256-7 1.1 553 1000 2% 6 0 &R
1323 GRANITE S.GW u 1.28E-7 1.7 553 1000 25 1.6 0 AR

@ 2EHR $a- RIGE -

Fig. 4. Search results for strontium sorption on granite.
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Fig. 5. Geochemical conditions for detailed search.
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Fig. 6. Detailed experimental conditions for the measurement of K.
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Fig. 7. Detailed information on the solid used in the measurement of K.
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Fig. 8.Detailed information on the reference and experimental methods.
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9.5 100 105 110 115

pH 5~7 pH pH 9~12
Range of Value
m PR RS 9506 A E]7RE
Cs Np U

PH 3~5 2.1868 £0.1294 1.2075 £ 0.5906
PH 5~7 2.0355+0.1183
PH 7~9 0.9957+0.1077 0.8772 £0.8017 0.9464 £0.124
PH 9~12 1.9959 £ 0.1436 0.5364 £0.1256

Fig. 9. Search results of sorption of cesium, neptunium, and uranium by granitic rock expressed by (a) scatter plot chart and
(b) index chart.
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Table 5. Experimental conditions of the case studies using KAERI-SDB
Case 11 Case III

Radionuclide

Uranium Cesium  Strontium  Uranium
Concentration of
. . 107-10° ~10* 10%-10* 10 10°-10° 10°-107 10°-10*
radionuclide (mol/L)
Solid Granite Chlorite  Kaolinite ~ Hematite Granite Granite Kaolinite
Ratio of solution t
ato oFSOWHOnIo 1y ¢ 10 ~80 ~80 ~1200 10200 10-200 100
solid (mL/g)
Redox condition Aerobic Aerobic Aerobic Aerobic Aerobic Aerobic Aerobic
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Fig. 10. Effect of ionic strength on the sorption of cesium and strontium by granite.
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Fig. 11. Effect of carbonate on the sorption of uranium by kaolinite as a func-

tion of uranium concentration.
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Fig. 12. Distribution of major aqueous uranium(VI) species at [Uranium(VI)]
=10 mol/L, [COz?] = 0 mol/L, and I = 102 mol/L.
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Fig. 13. Distribution of major aqueous uranium(VI) species at [Uranium(VI)]
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