B S

GTT Users Meeting
June 27-29 (2018), Kohlscheid, Germany

RS
QpAKq HZDR

HEREDA Recert HAHPRIND M ies in
Referertt®E#ftabase

PAUL SCHERRER INSTITUT

&7 B

Helge C. Moog?, Frank Bok3, Christian Marquardt? , Tres Thoenen*, Wolfgang
Voigt>, E.Yal - Pnt ak

1 Gesellschaft fir Anlagen- und Reaktorsicherheit (GRS), Germany

2 Karlsruhe Institute of Technology, Institute for Nuclear Waste Disposal, Karlsruhe, Germany,
3 Helmholtz-Zentrum Dresden-Rossendorf, Institute of Resource Ecology, Dresden, Germany
4 Paul Scherrer Institut, Laboratory for Waste Management (LES), Switzerland

5 TU Bergakademie Freiberg, Institut fiir Anorganische Chemie, Freiberg, Germany

6 Los Alamos National Laboratory (LANL), Carlsbad (NM, USA)



AQUIFER

OVERBURDEN




THEREDA
Basic idea

Thermodynamic calculations of various institutions become
comparable, by creating parameter files from a common database.

Basically ASCII files to feed
various codes with
thermodynamic data



T HEREDA

Project Data

First talks among future THEREDA-members as early as 2000

Phase I: 2006-07 to 2010-03

Phase Il: 2009-10 to 2013-06

Phase Ill: 2014-01 to 2017-12 (BfS only)

Phase 1V: 2018-01 to 2018-12 (BGE only)

2006-2013 funded by three ministries:
BMWi: Federal Ministry for Economic Affairs and Energy;
BMBF: Federal Ministry of Education and Research

and BMU/BfS: Federal Ministry for Environment, Nature Conservation, and
Reactor safety / Federal Office for Radiation Protection (BfS)

Currently maintained by the Federal company for radioactive waste disposal
(Bundesgesellschaft fur Endlagerung, BGE)
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€ uniform, quality assured and mut
databases for nuclear waste disposal are also developed in other
countries, and as such
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I HEREDA
THEREDA T primary working product

Of course: the data!

Ready-to-use parameter files for four different codes:
PHREEQCE
EQ3/ 6 ¢
Geochemi st s Wor kbencheé
And of course: ChemApp! J

( ¢ pl thgenanic fdrmat (JSON) for programmers who wish to use our
data)

We make a point of ensuring consistent results with all codes
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11. Releases so far

1. Na, K, Mg, Ca - ClI, SO, - H,0O(l) (polythermal)

2. Am(lIl), Nd(l11), Cm(lll) - Na, Mg, Ca - Cl - H,0O(l)

3. Na, K, Mg, Ca - Cl, SO, - HCO,/CO,(g) - H,O(l)

4. Np(V) - Na - Cl - H,0O(l)

5. Cs-K, Na, Mg, Ca, - Cl, SO,, CO,/HCO,/CO,(g) - H,O

6. Si, Al-Na, K, Mg, Ca, - Cl, SO,, CO,;/HCO,/CO,(g) - H,0O(l)

7. Th(lV), Np(lV), Pu(lV) - Na, K, Ca - Cl, CO4,/HCO,/CO,(g) - H20(l)

8. Am(lll), Cm(lll) - Na - Cl, SO,, CO4;/HCO,/CO,(g) - H,O(l)

9. U(IV/VI) - Na, Mg, Ca, K - CI, SO4, CO,/HCO,/CO,(g), Si - H,O(l)

10.Na - CI - Tc(IV) / Te(VIIl) - OH, Mg - CI - Tc(IV) - OH, Ca - Cl - Tc(IV) - OH i
H,0()

11.Sr - Na, K, Mg, Ca - Cl, SO, - H,0(l)
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Technical implementation

/ Relational databank

/\ Decentralized, password-protected access in the world wide web
A\ Export of thermodynamic data in various formats
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I HEREDA
10. Release (1)

Systems

Na, Mg, Ca - Cl - Tc(IV) / Te(VII) - OH,
Results fromthegermanpr oj ect AVESPAO (funding pr
First release to cover a redox reaction (Tc(IV) ¥ Tc(VII))

Test cases: solubility of the amorphous hydroxide of Tc(IV) (TcO,©.6H,0(s)) in
NaCl, MgCl, and CaCl, solutions

Different redox species in the codes
PHREEQC e-
EQ3/6 O,(9)
GWB O,(aq)

ChemApp had to be excluded from test calculations because of inconsistent
equilibrium values for fy,, and fi, .
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-logmH*
initial

UEE

2-102

1-106

O(T)\ HCI |OH Mg
mol mol moI mol

5.103

10. Release (1) i Test cases

.| TcQ-0.6| NaCl| MgCl, | CaC]
.| H0(@m) molal| molal | molal
UEE
gram)

-

2-103

1 8 3-104

1 9 -8 2-102

1 5.15 4 -3 1-102

1 5.26 8 -4 4.103

0.01 6 1-106
ﬂ--“---
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10. Release i Solubility of TcO,A 0 .,® iH 0.1M NaCl solutions
at constant pe = -2

N | | | 1 . | | ]
&
12 1 bar O (g)
{pe+pH)=20.77
8 Tat:'Cl;1 "
4_ "F'.;edox neuwtral”
[pe+pH)=13.8 -
04 _
.
-4 .
TcDI.ﬂ.EHIU{s:I
-8 |
1 bar H,ig)
i {pe+pH)=0 ) ]
m— = 0.1 M, [Te],, =7.1-10° M ..
121 A ThereDacaze s ) .
€ THEREDA Caze® _
T | T | T | T | T | |

0

2 4 6 8 10

-logm .+

0.8

-1 0.6

0.4

log M.

-3 T - T T T
1| 102-0 612012} solubility in 0.1 M NaC1
-4 1| - - Tcoz.0.sH20() solubuity st ps = -2 -
/\ THEREDA GWE Cans 5 N
. » THEREDA GWB Casa & f
5 I.I
6 -
-7
"B = .II
9 Ao
=10 T T T T I
4 [ 8 10 12




I HEREDA
10. Release (Il)

B S

Inredox-t r ansi ent cal cul ations codes nAnAbeha
Pertinent equations

2H,0() Y ¢g) +4H * + 4e - logKk = -83.09

P S N

2H,0() +2e" Y KHg) + 20H - logK = -28.00
D mgl g ¢l 10Cd ivg ¢Po)
o &0

I {p MY

Consistent values for | T"f;;C Q;pdi 'I"‘Eei;C @;bould result in the same B
(orO)
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10. Release (lll) T Results from test calculations

# TGot
molal

1

2 7.175E07

3 2.024E08

4 8.101E06
Tc(VIIl) mola

5 2.071E08

6 1.347E02

1 2.086E07

2 4.373E08

3 2.043E08

4 8.112E06
Tc(VII) molal

5 1.986E17

6 7.057E05

# TGor

molal

1

2 7.175E07

3 2.024E08

4 8.101E06
Tc(VII) molal

5 2.071E08

6 1.347E02

1 2.086E07

2 4.373E08

3 2.043E08

4 8.112F06
Tc(VIIl) molal

5 1.986E17

6 7.057E05

Tc(IV) molal

Tc(IV) molal

Tc(IV) molal

Tc(IV) molal

H+
molal

1.85E13
2.20E09
4.79E11

1.61E08
1.01E11

2.551E04
1.915E13
2.185E09
4.772E11

1.200E07
9.576E12

H+
molal

1.85E13
2.20E09
4.79E11

1.61E08
1.01E11

2.551E04
1.915E13
2.185E09
4.772E11

1.200E07
9.576E12

H2
H2
H2

H2
H2

H2
H2
H2
H2

H2
H2

02
02
02

02
02

02
02
02
02

02
02

< aw a H2(g) a 02(g)
12.149— 83784 5ATELS ==
7.585@ 0-¢460 282408 LS
9.3121 5068 GOESE 8
7.8809: 8-L006% S2TEHE——C0ALEIE

844 S0052———1=60=8——34LE335

12.132@
7.58806
9.313G

7.017€
11.116®

200

pe

-8.0150

-6.5382

-2.8635
6.8540

-2.2182
-8.2186
-7.8788
-6.5391

-2.2182
-2.2180

-1.8717
-4.2650

-2.7882

0.8865
10.6040

-2.2182
-8.2186
-7.8789
-6.5391

-2.2182
-2.2181

B S

EH

-0.4742
-0.3868

-0.1694
0.4055

-0.1312
-0.4862
-0.4661
-0.3869

-0.1312
-0.1312

EH

-0.1107
-0.2523

-0.1649

0.0524
0.6273

-0.1312
-0.4862
-0.4661
-0.3869

-0.1312

-0.1W
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B S

Solubility of U(IV/VI) phases in perchlorate mediai lesson learned
from an upgrade to R-09

Solubility of Rutherfordine in 0.1 M NaClO, in CO, atmosphere

System 2] . . [TJIEEI;T(EIB%EA]T_GWBJOQ
Na, K, Mg, Ca g
U(+IV), U(+VI) =
: )
Si(OH), 5
HCO; / CO,(9) *
H,PO,/HPO,/ PO, : P :
pH
Cl, (CIO4,) SO, Solubility of Soddyite in 0.1 M NaClO, w/o CO, atmosphere
Addition of perchlorate ] ~ THEREDA
. ) 157, THEREDA
invariably leads to the 20. e [MOL/GEI1996] N,
formation of Cl<-> and _ sl * [MOL/GEH99EI AY
. . © |
solid Halite NaCl(cr) g a0
Same phenomenon with 3 259
regardto By, I ML ¢ g 407
s -4,5
and | | (g:;c C 50-
55 +—T———T—— T
3 4 5 6 7 8 9 10
[MEI/KIM1993] Meinrath, G., Kimura, T., Inorganica Chimica Acta, 204, (1993), 791 85. pH

[MOL/GEI1996] Moll, H., Geipel, G. Radiochimica Acta, 74, (1996), 3i 7.
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Present activities T solubility of O,(g) in high saline solutions

(Publication in preparation)
Pitzer interaction coefficients for O,(aq)

a: anion
c: cation

=
N

|
Q-
Q-
Q\

C_ &

-2.3 T T

T T
DOU1964 ¥  DAS/FOR1980

+  TIM1880 .
®  GEF1904 +  CAR1966 ©  COS/WAL1981
1200 — 24k ADE/BEC1919 % MUR/RIL1968 +  SHE/STA1991 i
o LIV/MOR1928 *  POW1968 MIL/HUA2002(a) ;O
) 4 PRASSCH1952 O SHC/TOL1968 s TRO1993a
\ sl 4 PRA/STE1953 " MUR/RIL1969 +  KAS2002 J/ 3 O
1000 v STE/HAT1956 WIS/HOU1969 X KAS/SAL2003 ;3 o -
v  STE1958 ®  POW/STELS70 Cy+Ca/T+CyIn(T) fit 3 O
a6l ELM/HAY1060 A NOV/CON1974 i
. MOR/STU1961 & BEN/KRA1976 3 &
— 800 KLO/BEN1963 v  BEN/KRA1979 T =
I
g ;;L -2.7 -
= a00 - o -
T 9 8
% Pure water
o 400 e Py n
-
i
&
200 f& =i s
3l =
o 2
0 _3.2 1 | | 1 | 6

280 300 320 340 360
T [K]
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Present activities i solubility of O,(g) and recalculation of AogKE,,fi

dogkf or eh reactiono (EQ3/6 or GWB)

2 B0z Oy( a R)Ht g)
2H,0(Nz2 O( 92 B( 9)
Applying

standard formation data from NIST-JANAF tables for H,O(l), H,(g), and
0,(g), and

Evaluated solubilities for O,(g) in pure water (see above)

Ref. Ref. Ref. Y A Ref.
|=_(J||) [J/ mol K] /
A\ 1

[3/ mol] B ’Kr]“o' [3/ mol]

H,O() 285830  [GUI/FAN2003]  69.95 [GUI/FAN2003] -237140+ 1) 149 -0.33  -1056714 0.00042 280/ [NIST

+40 +0.03 41 +11 +0.04 + + 500 JANAF]
250728 0.00004

0 (by definition) 205.147+ [NISTJANAF] 0 (by 24.64+ 0.0121+ 100230+ 0 298.15/  [NISF
0.005 (2) definition) 0.03 0.0001 1433 500 JANAF

to be publ. (this work) to be publ. (this work) to be publ. (this work)  to be to be to be publ. to be (this

_ _ publ. publ. _ publ. work

0 (by definition) 130.69+ [NISTJANAF] 0 (by 33.6x -0.012+ 1.01+0.05 -174946 298.15/ [NISTF
0.003 (2) definition) 0.2 0.001 - 10° 4 500 JANAF]

3652
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Present activities T Fe / h

NEA

NUCLEAR ENERGY AGEMCY

State-of-the-art report within NEA-TDB to assess modeling and experimental
approaches in agueous high ionic strength solutions relevant for nuclear
waste disposal applications

Critical assessment of Pitzer model
Oceanic salt system
Fe, Pb
Actinides (inorganic)
Actinides (organic)
Process chemistry
To be finalized in 20197

Joint project GRS + KIT-INE in preparation (2019-?) will lead to a Pitzer model
for Fe in high-saline solutions
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Present activities i Fe T Data Genealogy

Fe(ll)-CI-H,0O
é and £B,LH,A I )

: = Exp. data
PC = Pitzer coefficients
1985MAJ/AWA
Transpiration technique
2001CHR
Pitzer coeff. for Al,(SO,);
rejected rejected rejected
PC EC
2004CHR 2004RUM/HAG 2006VEL/PAL
Isopiestic Isopiestic
v PC P PC
2007KOB/KAS 2007TOS/SMI |«
adopted
PC

2010CHA/KRI
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Present activities i Fe

B S

For the systems Fe(l)-SO,-H,0 and FeSO,-H,SO,-H,0, T =01 100AC,

altogether 269 data points

4.00 T T T pr T T T
Rdzenite
# +
350 . _
111 S SR SRR |

2.50

2.00

FeS04 [molkg]

Sznmnlnnkit;

1.50 .
~ [ ] -
Y
1oo® LT . -
-~
0.50 i i
280 300 320 340 360 380

[AGD/BAR1926]
[APE1933]
[BAL/DOB1973]
[BEN/BEN1929]
[BEL/URU1948]
[BLL/AND1958]
[BUL/CAN1952]
[BUR/PRZ1975]
[BUR/STA1980]
[BUR/STA1982]
[CAM1930]
[CIN1952]
[DAN/FRE1960]
[DRU/KAJ1960]
[ETA1804]
[FRA1907]
[GOR/SIL1953]

Pitzer coefficients not
yet fitted for this figure!

O # = +

4 49 k8 0

= + @ 0

[KOB/FRE1856]
[KOM/RED1996]
[KUL/DRU1968]
[LEG/PAR1966]
[NOV/RUD1989]
[NOV/VOR1953]
[0CC1825]
[0IK1982]
[OYK/BAL1974]
[DIK/MAK1978]
[SCH1910]
[WAR1929]
[WHI1933]
[WIR1913]
[ZDA/SOK1974]

WO *

4 49 k= 8

4

»
+
x

[REA/BEC1987] - - -

[this work] ——
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Present activities i Fe T solid phases

[2003STA/NIE] K. Stahl, K. Nielsen, J.
Jiang, B. Lebech, J.C. Hanson, P. Norby,
J. van Lanschot, Corros. Sci. 45 (2003)
25631 2575.

[2008KOE/KOE] E. Konigsberger , L.-C.
Konigsberger, P. Maya, B. Harris,
Hydrometallurgy 90 (2008) 1927 200.
[2009MOE/LOT] Goril Méschner,
Barbara Lothenbach, Frank Winnefeld,
Andrea Ulrich, Renato Figi, Ruben
Kretzschmar, Cement and Concrete
Research 39 (2009) 482i 489.

[2008MOE/LOT] Goril Méschner,
Barbara Lothenbach, Jerome Rose,
Andrea Ulrich, Renato Figi, Ruben
Kretzschmar, Geochimica et
Cosmochimica Acta 72 (2008) 1i 18.

[2011INEM/XIO] Nemer, M.B., Xiong, Y.
und Ismail, A.E., Chemical Geology, 280,
S. 26-32, 2011.

e(ll) compounds with Cl, SO4, CO3

FeCl2:2H20

FeCl2:4H20

FeCl2:6H20

FeSO4:H20 Szomolnokite

FeS0O4:4H20 Rozenite

FeS04:7H20 Melanterite

FeCO3 Siderite
e(llyhydroxo compounds with/without Cl, SO4, CO3

Fg(OH)2fresh) White rust

Fe(OH)2(aged) White rust

beta-Fe2(OH)3CI Hibbingite

Fe2(OH)2CO3 Chukanovite
ixed Fe(Il)/Fe(lll) compound

lalphaFe304 Magnetite

(Fell)2(Fel)4(OH)12S04-nH20 (n = 8) GRSulfate

(Felll)(Fell)3(OH)8CI-nH20 (n = ?) GRChloride

(Felll)2(Fell)4(OH)12C0O3-nH20(s) (n = 3?) GRCarbonate

e(lll) oxide / hydroxide compounds

alphaFe2Si04 solid solution with MgSiO4 (Olivine)

lalphaFeOOH Goethite
beta-FeOOH Akaganeite
lgammaFeOOH Lepidocrocite
alphaFe203 Hematite
lgammaFe203 Maghemite
Fe(OH)3 Ferrihydrite
erric calcium compounds
ICa4(Fe(OH)6)2(S04):6H20 FeMonosulfat
ICa6(Fe(OH)6)2(S04)3:26H20 FeEttringite [2008MOE/LOT], [2009MOE/LOT]
ICa4(Fe(OH)6)2(C0O3):5H20 FeMonocarbonate
ther
KFe3(S0O4)2(0H)6 K-Jarosite
(H30)Fe3(S04)2(0OH)6 H-Jarosite
NaFe3(S04)2(0H)6 NaJarosite
Fe808(OH)6(S04) (idealized) Schwertmannite InK (largescattering
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Present activities i Selenium (I) 0,000
Systems Se - Na, K, Mg, Cai Cl, N
SO4 I Hzo E 0,0035 -
Funding project number 02 E 10770  § ™"
- - E" 0,0025 -
Oxidation states: +VI, +IV § 00020 |
. . * 10,0015 4 # This study
Temperature range: 251 90 AC 0,0010 Calculated {log K =-6,61)
Redox equilibria from OECD/NEA ] Geeecsanesy
Elemental selenium and Se(-I1) o e
will be included
Subject to new experiments in a
running project v Ofkova and Staneva (1985)
13 1 ¢ Stoilova et al. (1995)
Focus on HSe" 12 W Hogemamnetal 012 e
: i 11 = work 60° 4
Pitzer coefficients for H,Se(aq) N Qimtﬁ._ﬁ . X
est. from H,S(aq) s0s| o »
08 e U3 |culated 90°C '
07 - .;
06 -
0,5
0.4 T T T T T T T
a 0.5 1 15 2 25 3 5 4

Mg5e0, [mol/kg]
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Present activities i new target code: GEMS




