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INITIAL ENTRIES

Scientific Notebook: 705E

Issued to: : P. Shukla

Original Issue Date: 4-April-2005

Transferred to Electronic Form: 23-May-2005

Objective : The scientific notebook documents the work conducted on the development of
Model Abstraction for Stress Corrosion Cracking of Alloy 22. Alloy 22 has been proposed by the
U.S. Department of Energy as a outer contained material for high-level nuclear waster packages.
In the repository drift, the waster packages may be exposed to high stresses and chemical
environment under which stress corrosion cracking could occur. The abstracted model will
describe the conditions where initial cracks or manufacturing flaws could grow and result in
stress corrosion cracks.

~ocount number: 20.06002.01.322

Softwares used: Microsoft Excel 2003, Mathematica 5.0, MINTEQAZ2, StreamAnalyser 2.0
(OLI Systems)

Proposed approach for achieving the objectives: To analyze the slow strain rate test data for
applied potential, temperature, pH, and chemical composition of test solution. To calculate
corrosion potential as a function of temperature and pH. To determine the stress corrosion
cracking potential using slow strain rate test data, and compare with corrosion potential.

Parameters: Corrosion potential, stress corrosion cracking potential, temperature, pH, carbonate
ion concentration, bicarbonate ion concentration, chloride 1on concentration, nitrate ion
concentration..
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Date: June 6", 2005
Corrosion Potential Model:

The corrosion potential model developed by Dunn et al. (D.S. Dunn, O. Pensado, Y.-M. Pan,
R.T. Pabalan, L. Yang, X. He, and K.T. Chiang, “Passive and Localized Corrosion of Alloy 22
Modelling and Experiments.” CNWRA 2005-02, San Antonio, Texas (2005). ), was analyzed
ustng Mathematica & 0. The program listing of the computer file
d:/pavan/comps/Ecorr_model.nb is attached at the end. The model is represented by

(1)

Eo- EY — E;’/ E'T RT | ([H* ]j”v [ 0, ]” l,;,f Cé’;jk(T)
¢y

“corr T 7 U/F - 7 of FT” + 7 U/F n L0 bulk
! ﬁr' s ﬂr' ref ”‘rﬂ/' ( [)” / 1(1 C()z (7‘"5/ )

Where

E! — activation energy for the anodic current density, J/mol
£ — effective activation energy, J/mol

Z, —number of electrors partaking in cathodic reduction, 4

T{l

ref reference temperature, K

<0

i’ — anodic current density at the reference temperature, A/m’

i — reference current density, A/m’

F —Farady constant,

C)"™ (T') — oxygen concentration in solution as a function of temperature, mol/Kg
cot (T, ) —oxygen concentration in solution as a function of temperature, mol/Kg

,[)’,f” — effective charge transfer coefficient,
T — temperature of the system,
n, /1, —dimensionless constants,

pO,/p, -0.21.
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Results: The model was implemented in Mathematica 5.0. The corrosion potential as a function
of pH is presented Figurel.
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The parameters used in the corrosion potential model (Eq. 1)are give in Table 1.

TABLE 1

Parameters in Eq. (1) for calculating Corrosion Potential

Parameter Value Value
pH<6 pH>6
ES 44.7 44.7
E;’f 40 40
M 3200 3200
e 368.15 368.15
T, 298.15 298.15
- g | 001287 0.0248

n, 0.0256 0.01897
i 7.57x10° 5.51x10°
n, 0.01287 0.0248
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Corrosion potential model
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Figure 1: Corrosion potential Ecorr as a function of pH at 60, 80, and 100 “C.
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Figure 2: Corrosion potential Ecorr as a function of pH and temperature (in degree celsius).
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Date: June 21, 2005

Slow Strain Rate Test Data :

The slow strain rate test data given in Table 2 was gathered from four references, listed below the
table. The corrosion and applied potentials reported in the DOE document® (SNL, 2007)with respect to the
silver-silver chloride electrode were converted to standard hydrogen electrode by adding 0.194 V. The
applied potential reported by Chiang. et al.”, which were collected using the saturated calomel electrode,
were converted with respect to standard hydrogen clectrode by adding 0.241 V

TABLE 2
Slow Strain Rate Test data for Mill Annealed Alloy 22.
Data # Enviornment pH T Ecorr Eapp (Vsug) | ti/ty, | SC | Reference
(K9] (Vsne) C
1 4 M Na(l 6 98 -0.126 0.547 >1 No [a]
2 Saturate CaCl2 6 120 0.057-0.017 Ecorr >1 No [a]
3 SAW 3 63 0.19-0.557 Ecorr 0.95 No | [a]
54 4 | SAW +0.005% Pb(NO:), | 3 76 0.191-0.567 Ecorr 1 I No |  Ja] |
S SAW+ 0.005% Pb(NO;), 3 76 0.196-0.547 Ecorr >1 No [a]
6 SAW+ 0.005% Pb(NO;), 3 95 0.107-0.597 Ecorr 0.95 No [a]
7 BSW-[NO;+S0,7] 13 98 -0.043 to - Ecorr 0.99 No [a]
0.023
8 BSW-[NO;+S0,7] 13 105 -0.133 0.297 0.97 No [a]
9 BSW-[NO; +S0,7] 13 98 -0.048 0.397 0.98 No [a]
10 BSW 13 105 -0.104 0.597 0.95 No [a]
11 BSW 13 105 -0.126 0.597 0.80 No [a]
12 BSW-NO; 13 105 -0.138 0.597 0.93 No [a]
13 BSW-50,~ 13 105 -0.117 0.597 0.96 No [a]
14 SCW 9-10 | 90 0.029 -0.803 0.89 No [a]
15 SCW 9-10 | 90 0.054 Ecorr >1 No [a]
16 SCW 9-10 | 86 0.074 0.174 0.94 No [a]
17 SCW 9-10 | 73 -0.044 0.297 0.97 No [a]
18 SCwW 9-10 | 73 -0.027 0.397 - No [a]
19 SCW 9-10 | 73 0.025 0.397 0.94 No [a]
20 SCW 9-10 | 89 0.053 0.397 0.90 No [a]
21 SCW 9-10 | 85 0.015 0.497 0.79 Yes [a]
22 SCW 9-10 | 75 0.003 0.514 0.94 No [a]
23 SCW 9-10 | 50 0.068 0.597 0.89 No [a]
24 SCW 9-10 | 65 -0.02 0.597 0.79 Yes [a)
25 SCW 9-10 | 73 0.025 0.597 0.73 Yes [a]
26 SCW 9-10 | 73 0.104 0.597 0.73 Yes [a]
27 SCW 9-10 | 86 0.028 0.597 0.61 Yes [a]
28 SCW 9-10 | 22 0.154 -0.803 0.81 No {a]
29 SCW 9-10 | 22 0.1 0.553 0.95 No [a]
30 SCW 9-10 | 22 0.131 -0.303 0.94 No [a]
31 SCW 9-10 | 22 0.121 Ecorr - No [a]
32 SCW 9-10 | 22 0.088 0.488 0.94 No [a]
33 SCW 9-10 | 22 0.069 0.597 1 No [a]
34 4 M NaCl 6.2 98 -0.126 0.546 0.81 No [a]
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35 [ IMNaCl 6.9 |90 0.093 0.597 - No (a]
36 IM NaF 10 22 0.038 -0.803 0.93 No [a]
37 1M NaF 9.2 85 0.33 0.33 0.90 No [a]
38 1M NaF 7.6 90 -0.047 0.597 0.90 No [a]
39 SCW 9.7 95 - 0.641 0.77 Yes [b]
40 | SCW-NOgs 90 |95 - 0.641 0.74 Yes [b]
41 SCW-SO,~ 10.0 | 95 - 0.641 0.84 Yes {b]
42 | SCW-F 10.0 | 95 - 0.641 0.77 Yes [b]
43 SCW-NaCl 10.0 | 95 - 0.641 0.73 Yes [b]
44 | SCW-HCO; 75 |95 - 0.641 0.96 No (b]
45 | HCO3- as in SCW 104 |95 - 0.641 0.97 No [b]
46 | CI+HCO; as in SCW 104 |95 - 0.641 0.76 Yes [b]
47 2.0MCI'+ HCO;3 (as in 10.1 | 95 - [b]
SCW) 0.641 0.65 Yes
48 0.5M CI'+ HCOj; (as in 104 | 95 - [b]
SCW) 0.641 0.73 Yes

49 NaCl + NaNQ; (as in 9.4 95 — 0.641 0.98 No [b]
simulated concentrated
water)

50 3.8 M NaCl+0.38 M 9.8 95 — 0.641 0.99 No [b]
NHNO}

51 3.8 M NaCl+0.38 M 9.8 95 — 0.441 > ] No [b]
NaNO;

52 3.8 M NaCl +0.38M 8.2 95 — 0.641 > ] No [b]
NaNO:

53 3.8 M NaCl+0.38 M 8.2 95 — 0.441 > ] No [b]
NaNO;

54 7.6 M NaCl+0.38 M 7.0 95 e 0.641 > 1 No [b]
NaNO;

55 3I8MCl + HCO; (asin | 8.8 95 — 0.641 0.51 Ye [b]
simulated concentrated S
water)

56 7.6 M Cl 7.0 95 — 0.641 > 1 No [b]

57 7.2MClt +HCO; (as 8.7 95 - 0.641 0.41 Ye [b]
n simulated S
concentrated water)

58 72MCl +HCO; (as 8.7 95 — 0.541 0.62 Ye [b]
in simulated S
concentrated water)

59 72MCl +HCO; (as 8.5 95 - 0.441 0.91 No [b]
In simulated
concentrated water)
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60

7.2MCl + HCO; (as
in simulated
concentrated water)

8.0

95

0.341

No

[b}

ol

20MCl + HCO; (as
in simulated
concentrated water)

8.7

75

0.641

0.73

[b]

62

2.0M Cl + HCO; (as
in simulated
concentrated water)

8.7

55

0.641

0.91

[b]

63

2.0M Cl + HCO; (as
in simulated
concentrated water)

8.7

22

0.641

0.92

Reference for data points in Table 2:

a) Sandia National Laboratories. “*Stress Corrosion Cracking of Waste Package Outer
Barrier and Drip Shield Materials” ANL-EBS-MD-000005. Rev 04. Las Vegas. Nevada:

b)

OCRWM Lead Laboratory for Repository Systems. 2007. (This reference was updated on

May 20, 2008)

K.T. Chiang, D.S. Dunn, Y.-M. Pan, O. Pensado. P. K. Shukla, “Stress Corrosion Cracking of

Waste Package Material —Modeling and Experiments,” CNWRA, San Antonio, Texas, December
2006. (This reference was updated on May 20, 2008)

Eapp versus Temperature:

10




P. Shukla SCIENTIFIC NOTEBOOK No. 705E

0.8
O o e._e o *
o O
04 o) o)
— O
w
; o °
= 00 ©
e
© e
-0.4 8SCC
(@]
-0.8
0 20 40 60 80 100

Temperature (°C)

Figure 3: Applied potential Eapp (Vsur) versus temperature. The data points are listed in
Table 2.

Escc dependence on temperature was determined graphically by plotting the applied potential E,,, as a
function of temperature (Figure 3), where solid symbols represent the occurrence of stress corrosion
cracking. A straight line was fitted between E,,, = 0.597 Vg at 65 °C [149 "F] and E,,, = 0.497 Vgy; at
85 °C [185 °F] as the lowest value of the stress corrosion cracking domain. The following expression was
obtained by the linear fit:

E (Vg ) =[1-0.0084(T - 65)}0.597 )

app (

Calculation check:

At T =065 °C, Eapp = 0.597 Vg1

AtT =285 °C . Eapp = (1-0.0084*20)*0.597=0.497

Fapp versus chloride to total carbonate: i

In Figure 4. L, 1s presented as a function of C1 /(HCO, +CO;™ ). The data points for test solutions

without bicarbonate ions were excluded. and only data points with temperature higher than 65 “C [149 °F]
are presented 1n the figure.

11
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Figure 4: Applied Potential E,,, Versus Chloride to Total Carbonate at Temperature Greater Than

65 °C |149 °F] for Slow Strain Rate Test Data. The Data Points are Listed in Table 3.

Eapp(VSH Clitotal |
Sample AP | Temp E) Cl- HCO3- CO3- carbonate

SCW-1-N -1 90 -0.803 0.18 0.61 0.16 | 0.233766234
0.1

SCW-2-N 43 90 0.054 0.18 0.61 0.16 | 0.233766234
0.0

SCW-3-N 23 86 0.174 0.18 0.61 0.16 | 0.233766234

SCW-4-N 0.1 73 0.297 0.18 0.61 0.16 | 0.233766234

SCW-5-N 0.2 73 0.397 0.18 0.61 0.16 | §.233766234

SCW-6-N 0.2 73 0.397 0.18 0.61 0.16 | 0.233766234

SCW-7-N 0.2 89 0.397 0.18 0.61 0.16 | 0.233766234
0.3

SCW-9-N 17 75 0.514 0.18 0.61 0.16 | 0.233766234

HCO3-+7.2 M CI- 0.2 95 0.441 7.2 0.6 0.25 | 8.470588235

HCO3-+7.2 M CI- 0.1 95 0.341 7.2 0.6 0.25 | 8.470588235

SCW 04 73 0.597 0.18 0.61 0.16 | 0.233766234

SCW 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234

SCW-8-Y 0.3 85 0.497 0.18 0.61 0.16 | 0.233766234

SCW-11-Y 0.4 65 0.597 0.18 0.61 0.16 | 0.233766234

SCW-12-Y 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234

SCW-13-Y 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234

SCW-14-Y 0.4 86 0.597 0.18 0.61 0.16 | 0.233766234

SCW-Y 0.4 95 0.641 0.18 0.61 0.16 | 0.233766234

12
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SCW-NO3-Y 0.4 95 0.641 0.18 0.59 0.2 | 0.227848101
SCW-504-Y 0.4 95 0.641 0.18 0.59 0.2 | 0.227848101
SCW-F-Y 0.4 95 0.641 0.18 0.58 0.2 | 0.230769231
SCW-NaCl-Y 04 95 0.641 0.09 0.59 0.2 | 0.113924051
Cl-+HCO3--Y 04 95 0.641 0.18 0.63 0.18 | 0.222222222
20MHCI+ HCO3-Y | 04 95 0.641 1.99 0.65 0.13 | 2.551282051
0.5M CI- + HCO3- 0.4 95 0.641 0.5 0.76 0.14 | 0.555555556
HCQO3-+3.8 M ClI- 0.4 95 0.641 3.8 0.68 0.23 | 4.175824176
HCO3-+7.2 M CI- 04 95 0.641 7.2 0.6 0.25 | 8.470588235
HCO3-+7.2 M Cl- 0.3 95 0.541 7.2 0.6 0.25 | 8.470588235
2.0 M HCI + HCO3-Y | 0.4 75 0.641 1.99 0.65 0.13 | 2.551282051

Eapp versus pH: Eapp versus pH for slow strain rate test is presented in Figure 5.

Eapp ( VSHE)

0.8

o © R oS 0

C)
0.4 O O
® e o

0

g
0.0 © o

" ONo SCC | ®

O
-0.8 * J

0 2 4 6 8 10 12
pH
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Figure 5: Eapp versus pH. The data points are listed in Table 2.

Stress Corrosion Cracking Model:
The linear fit represented by Eq. (2) was vertically lowered by 0.05 V. for estimating Egcc. This resulted
in slightly lower values (0.05 Vgy) of Esc¢ than E,,,. where stress corrosion cracking has been
experimentally observed. A lower value was adopted to predict conservative values of Eycc. Moreover,
slow strain rate tests may not be slow enough to induce cracking detected by this technique. Thus. the
following empirical model for threshold stress corrosion cracking potential as a function of temperature

can be proposcd:

E oy (Vi) = [1 - 0.0084(T - 65)]0.55

3)




P. Shukla SCIENTIFIC NOTEBOOK No. 705E

Date: Sep 16", 2005
Speciation Calculations:

speciation calculations were carried out using MINTEQA2® to determine the concentrations of bicarbonate

and carbonate ions in chloride solutions. Calculated concentration (speciated) in a closed system of
bicarbonate and carbonate tons, and carbonic acid (total carbonate equal to 1.0 mol/L.) in the presence of
1.0 mol/L NaCl at 95 °C {203 °F], and a pH range of 4 to 13 are presented in Figure 5.

1.0E+00

1.0E-02

\

[

Concentration (mol/L)

1.0E-04 1'-'-'-—'0032- |t
— +Hco3- .\
— "H2CO03; *
\
‘
1.0E-06 A
40 50 60 7.0 80 90 100 110 120 13.0
pH

Figure 6: Speciated Concentration of Carbonate, Bicarbonate, and Carbonic Acid as a
Function of pH at 95 °C [203 °F] at 1.0 mol/L Sodium Chloride Solution in a Closed
Environment. The Total Carbonate was Fixed to be Present at 1.0 mol/L in the System.
The Speciation Calculations were Performed by MINTEQAZ2.

14
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Table 3: Calculated concentrations of carbonate, bicarbonate, carbonic acid, NaHCO3, and
NaCO3-. The calculations were performed using MINTEQA2.

pH COs> |NaCOs; |NaHCOs(aq)|HCO; | H,COs(aq)
2.00E+00 4.79E-12 6.36E-12 1.34E-05 2.97E-04 1.00E+00
2.50E+00 4 .80E-11 6.35E-11 4.24E-05 9.38E-04 9.99E-01
3.00E+00 4 79E-10 6.33E-10 1.34E-04 2.96E-03 9.97E-01
3.50E+00 4.75E-09 6.29E-09 4 21E-04 9.29E-03 9.90E-01
4.00E+00 4 62E-08 6.17E-08 1.30E-03 2.88E-02 9.70E-01
4 50E+00 4.25E-07 5.81E-07 3.89E-03 8.54E-02 9.11E-01
5.00E+00 3.39E-06 4 92E-06 1.04E-02 2.26E-01 7.63E-01
5.50E+00 2.04E-05 3.31E-05 2.22E-02 4.72E-01 5.06E-01
6.00E+00 8.92E-05 1.63E-04 3.47E-02 7.20E-01 2.45E-01
6.50E+00 3.19E-04 6.23E-04 4.23E-02 8.63E-01 9.33E-02
7.00E+00 1.05E-03 2.11E-03 4.53E-02 9.20E-01 3.15E-02
7.50E+00 3.33E-03 6.75E-03 4.59E-02 9.34E-01 1.01E-02
8.00E+00 1.03E-02 2.08E-02 4.48E-02 9.21E-01 3.16E-03
8.50E+00 3.04E-02 6.00E-02 4.08E-02 8.68E-01 9.42E-04
'9.00E+00 C791E-02 |  149E-01 ] 3.21E-02 | 7.40E-01 _ 2.55E-04

| ©.50E+00 1.66E-01 2.89E-01 1.98E-02 | 5.25E-01 574E-05 |

1.00E+01 2.69E-01 4.28E-01 9.35E-03 2.94E-01 1.02E-05
1.05E+01 3.47E-01 5.20E-01 3.62E-03 1.30E-01 1.44E-06
1.10E+01 3.85E-01 5.66E-01 1.25E-03 4 82E-02 1.70E-07
1.15E+01 3.91E-01 5.92E-01 417E-04 1.66E-02 1.86E-08
1.20E+01 3.66E-01 6.28E-01 1.42E-04 5.77E-03 2.08E-09
1.25E+01 2.93E-01 7.05E-01 5.28E-05 2.24E-03 2.67E-10
1.30E+01 1.71E-01 8.28E-01 5.28E-05 8.00E-04 0.00E+00

Reference:

a) Allison Geoscience Consultants, Inc., and Hydrogeologic, Inc., “MINTEQA?2 for Windows
Equilibrium Speciation Model. Version 1.5,” User’s Manual. Flowery Branch, Georgia, 2003

Speciation Calculations using Stream Analyzerb

Calculation Summary

Surveyl Calculation for Work?2

Unit Set: Default

Automatic Chemistry Model
Databanks:

Public

Temperature survey:

Range
Step size

95.000 to 95.000 °C

5.0000 °C
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No. steps 0
No. points |

No secondary survey selected

Isothermal Calculation

Calc. elapsed time: 0.210 sec

Stream Inflows

SCIENTIFIC NOTEBOOK No. 705E

Water 55.508 mol

Sodium chloride 0.50000 mol
Sodium carbonate 0.0 mol

Sodiam bicarbonate  0.74000 mol

Stream Parameters

Stream Amt - Total Inflow  56.748 mol
Temperature 95.000 °C

Pressure 1.0000 atm

pH 8.4362 pH

Tonic Strength 1.3109 molality
Osmotic Pressure 59.154 atm

Water Activity 0.96449 Activity
Electrical Cond, specific 0.19670 1/(ohm-cm)

Electrical Cond, molar
Viscosity, absolute
Viscosity, relative

Total
-- g/ml
Density --
Total
cal
Enthalpy -3.9299¢0

168.45 cm2/ohm-mol
0.41053 cP
1.3818 cP/cP H20

Aqueous Vapor Solid 2nd Liquid
g/ml g/ml  g/ml

1.0158 7.7038e-4 0.0 00

Aqueous Vapor Sohid 2nd Liquid

cal cal cal cal

-3.89406¢6 -352960.0 0.0

Total and Phase Flows (Amounts)
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Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol mol
Mole (True) 57.691 57.512 0.54867 0.0 0.0
Mole (App) 56.748 56.569 0.54867 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
g g g 8 g
Mass 1091.41078.712.6770.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
L L L L L
Volume 17.518 1.0620 16.456 0.0 0.0

Scaling Tendencies

solids within temperature range
Sodium bicarbonate 0.16229
Sodium chioride 5.7242e-3
Sodium carbonate monohydrate

Sodium bicarbonate carbonate dihydrate

Species Output (True Species)

Total Aqueous Vapor

mol mol mol mol
Water 55.617 55.176 0.44123
Sodium bicarbonate 0.027385
Carbon dioxide 0.10924
Hydrogen chloride  1.8913e-13
Bicarbonate 1on(-1)  0.49434
Carbonate ion(-2) 0.099729
Chloride ion(-1) 0.50000
Hydrogen ion(+1) 5.1320e-9
Hydroxide ion(-1) 2.0497¢c-4

Sodium carbonate 1on(-1)
Sodium ion(+1)
Total (by phase)

Molecular Output (Apparent Species)

9.3067e-3
1.2033 1.2033 0.0
58.001 57.512 0.54867

Temperature Range

0.0  200.00 °C inside range
0.0 350.00 °C inside range
4.9689¢-3 34.760 112.50 °C inside range
1.9570e-3 21.260 150.00 °C inside range
Solid 2nd Liquid
n/a
0.0 0.0
0.027385 00 00 00
1.8025¢e-3 0.10744 0.0 0.0
2.8440e-14  1.6069¢-13 0.0 0.0
0.49434 0.0 00 0.0
0.099729 0.0 00 00
0.50000 0.0 00 00
5.1320e-9 0.0 00 00
2.0497¢-4 0.0 00 0.0
9.3067e-3 0.0 00 00
0.0 0.0
0.0 0.0
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Total Aqueous Vapor Solid 2nd Liquid
mol  mol mol mol n/a

Water 55.878 55.437 0.44123 0.0 0.0

Sodium chloride 0.50000 0.50000 0.0 0.0 0.0
Sodium carbonate 0.37000 0.37000 0.0 0.0 0.0
Carbon dioxide 0.37000 0.26256 0.10744 0.0
Hydrogen chloride  1.6069¢-13 0.0 1.6069¢-13 0.0 0.0
Total (by phase) 57.118 56.569 0.54867 0.0 0.0

Element Balance

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a

C(+4) 0.74000 0.63257 0.10744 0.0 0.0
20C13.0.50000 0.50000 1.6069¢-13 0.0 9.0
Fitis 111,76 110.87 0.88246 0.0 00
NA(+1) 1.2400 1.2400 0.0 0.0 0.0
O(-2) 57.728 57.072 0.65610 0.0 00

Calculation Summary
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:
Public
Temperature survey:
Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1
No secondary survey selected

Isothermal Calculation

Calc. elapsed time: 0.211 sec
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Stream Inflows

Water 55.508 mol

Sodium chloride 0.50000
Sodium carbonate 0.18970
Sodium bicarbonate 0.55020

Stream Parameters

SCIENTIFIC NOTEBOOK No. 705E

mol
mol
mol

Stream Amt - Total Inflow  56.748 mol

Temperature 95.000 °C
Pressure 1.0000 atm

oH 8.0257 pH

!onie Strength 1.5579 molality

Osmotic Pressure 57.547 atm
Water Activity0.96554 Activity

Electrical Cond. specific 0.2
Electrical Cond. molar
Viscosity, absolute  0.42789

1445 1/(ohm-cm)

185.12 cm2/ohm-mol

cP

Viscosity, relative 1.4402 cP/cP H20

Total Aqueous

Vapor Solid 2nd Liquid

-- gml  g/ml g¢g/ml g/ml

Density -- 1.0236 0.0 0.0 00
Total Aqueous Vapor Solid 2nd Liquid
cal cal cal cal cal
Enthalpy -3.9451e6 -3.9451e6 0.0 0.0 0.0

Total and Phase Flows (Amounts)

Total Aqueous
mol mol mol mo
Mole (Truz) 57.858 58.133 0.0
Mole (App) 56.748 57.023 0.0

Total Aqueous

g g g g
Mass 1095.51095.5 0.0 0.0

Vapor Solid 2nd Liquid

1  mol
0.0 0.0
0.0 0.0

Vapor Solid 2nd Liquid

g
0.0
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Total Aqueous Vapor Solid 2nd Liquid
L L L L L
Volume 1.0703 1.07030.0 0.0 0.0

Scaling Tendencies

solids within temperature range Temperature Range

Sodium bicarbonate 0.17892 0.0  200.00°C inside range

Sodium carbonate monohydrate 9.3634e-3 34.760 112.50 °C inside range
Sodium chloride 6.236l1e-3 0.0  350.00°C inside range

Sodium bicarbonate carbonate dihydrate 4.0702e-3 21.260 150.00 °C inside range

Species Ouiput { True Species)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a
Water 55.509 55.509 0.0 0.0 0.0
Sodium bicarbonate  0.029307 0.029307 0.0 0.0 0.0

Carbon dioxide 1.1282e-3 1.1282¢-3 0.0 0.0 0.0
Hydrogen chloride  1.7615e-14  1.7615e-14 0.0 0.0 0.0
Bicarbonate ion(-1)  0.51896 0.51896 0.0 0.0 0.0
Carbonate ion(-2) 0.17407 0.17407 0.0 0.0 0.0
Chloride 1on(-1) 0.50000 0.50000 0.0 0.0 0.0

Hydrogen ion(+1) 3.3248e-9 3.3248e-9 0.0 0.0 0.0
Hydroxide ion(-1)  3.2239¢-4 3.2239¢-4 0.0 00 00
Sodium carbonate 1on(-1) 0.016436 0.016436 0.0 0.0 0.0
Sodium i1on(+1) 1.3839 1.38390.0 0.0 0.0

Total (by phase) 58.13358.1330.0 0.0 0.0

Molecular Output (Apparent Species)
Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a
Water 55.783 55.783 0.0 0.0 0.0

Sodium chlonde ().50000 0.50000 0.0 0.0 0.0
Sodium carbonate 0.46480 0.46480 0.0 0.0 0.0
Carbon dioxide 0.27510 0.27510 0.0 0.0 0.0
Total (by phase) 57.02357.023 0.0 0.0 0.0
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Element Balance

Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a

C(+4) 0.73991 0.73991 0.0 0.0
CL(-1) 0.50000 0.50000 0.0 0.0
H(+1) 111.57111.57 0.0 0.0 0.0

NA(+1) 1.4296 1.4296 0.0 0.0 0.0

O(-2) 57.72857.7280.0 0.0 0.0
Calculation Summary
Surveyl Calculation for Work?2
Tinit Sct: Default
Automatic Chemistry Model
Databanks:
Public
Temperature survey:
Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1
No secondary survey selected

[sothermal Calculation

Calc. elapsed time: 0.431 sec

Stream Inflows

Water 55.508 mol

Sodium chloride 0.50000 mol
Sodium carbonate 0.21140 mol
Sodium bicarbonate 0.52860 mol

Stream Parameters

0.0
0.0
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Stream Amt - Total Inflow  56.748 mol
Temperature  95.000 °C

Pressure 1.0000 atm

pH 8.6843 pH

Ionic Strength 1.5987 molality

Osmotic Pressure 55.782 atm

Water Activity0.96660 Activity

Electrical Cond, specific 0.21700 1/(ohm-cm)
Electrical Cond, molar 187.24 cm2/ohm-mol
Viscosity, absolute  0.42876 cP

Viscosity, relative 1.4432 cP/cP H20

Total Aqueous Vapor Solid 2nd Liquid
-- gml g/ml g/ml g/ml
Density - 1.024400 0.0 00

Total Aqueous Vapor Solid 2nd Liquid
cal cal cal cal cal
Enthalpy -3.9463¢6 -3.9463¢6 0.0 0.0 00

Total and Phase Flows (Amounts)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol mol

Mole (True) 57.89058.1540.0 0.0 0.0

Mole (App) 56.74857.0120.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid

g g g g g
Mass 1096.0 1096.0 0.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid
L L L L L
Volume 1.0699 1.0699 0.0 0.0 0.0

Scaling Tendencies

solids within temperature range Temperature Range
Sodium bicarbonate 0.17289 0.0 200.00 °C inside range

Sodium carbonate monohydrate 0.010486 34.760 112.50 °C inside range

o
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inside range

Sodium chloride 0.2719¢-3 0.0 350.00 °C
Sodium bicarbonate carbonate dihydrate 4.4094e-3

Species Output (True Species)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a

Water 55.509 55.5090.0 0.0 0.0

Sodium bicarbonate 0.028152 0.028152 0.0

Carbon dioxide 9.3508¢-4 9.3508¢e-4 0.0
Hydrogen chloride  1.5213e-14  1.5213e-14 0.0
Bicarbonate ion(-1)  0.49895 0.49895 0.0
Carbonate ion(-2) 0.19371 0.19371 0.0
Chloride ion(-1) 0.50000 0.50000 0.0

Hydregenion(+1)  2.9077¢-9 2.9077¢-9 0.0
Hydroxide ion(-1)  3.7020c-4 3.7026e-4 .0
Sodium carbonate jon(-1) 0.018259 0.018259

Sodium ion(+1) 1.4050 1.4050 0.0 0.0 0.0
Total (by phase) 58.154 58.1540.0 0.0 0.0

Molecular Output (Apparent Species)
Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a
Water 55.772 55.772 0.0 0.0 0.0

Sodium chloride 0.50000 0.50000 0.0
Sodium carbonate 0.47570 0.47570 0.0
Carbon dioxide 0.26430 0.26430 0.0

Total (by phase) 57.01257.0120.0 0.0 0.0

Element Balance

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a

C(+4) 0.74001 0.74001 0.0 0.0 0.0
CL(-1) 0.50000 0.50000 0.0 0.0 0.0
H(+1) 111.54111.54 0.0 0.0 0.0

NA(+1) 1.4514 1.4514 0.0 0.0 0.0

O(-2) 57.728 57.728 0.0 0.0 0.0

21.260 150.00 °C

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0

inside range
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Calculation Summary
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:
Public
Temperature survey:
Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1
No secondary survey selected

Isothermal Calculation

Calc. elapsed time: 0.220 sec

Stream Inflows

Water 55.508 mol

Sodium chloride 0.50000 mol
Sodium carbonate 0.24600 mol
Sodium bicarbonate 0.49300 mol

Stream Parameters

Stream Amt - Total Inflow  56.747 mol
Temperature 95.000 °C

Pressure 1.0000 atm

pH 8.7721 pH

fonic Strength 1.6627 molality

Osmotic Pressure 53.030 atm

Water Activity0.96820 Activity

Electrical Cond, specific 0.22092 1/(ohm-cm)
Electrical Cond, molar 190.64 cm2/ohm-mol
Viscosity, absolute  0.43008 cP
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Viscosity, relative

SCIENTIFIC NOTEBOOK No. 705E
1.4476 cP/cP H20

Total Aqueous Vapor Solid 2nd Liquid
-- g/ml gml g/ml g/ml

Density -- 1.0257 0.0 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
cal cal cal cal cal

Enthalpy -3.9480e6 -3.9480¢06 0.0 0.0 0.0

Total and Fhase Flows (Amounts)
Total Aqueous Vapor Solid 2nd Liquid
mol  mol mol mol mol

Mole (Trucy £7.939 S8.185 6.0 0.9 .0

Mol (App) 506.747 56.994 (.0 0.0 6.0
Total Aqueous Vapor Solid 2nd Liquid
g g g g g

Mass 1096.7 1096.7 0.0 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
L L L L L

Volume 1.0692 1.0692 0.0 0.0 0.0

Scaling Tendencies

solids within temperature range
Sodium bicarbonate 0.16268

Sodium carbonate monohydrate
Sodium chlonde 6.3255¢e-3

Sodium bicarbonate carbonate dihydrate

Species Output (True Species)

Total Aqueous

mol  mol mol mol
Water 55.508 55.508 0.0 0.0
Sodium bicarbonate  0.026244
Carbon dioxide 6.9884¢-4

Vapor

Temperature Range

0.0 200.00 °C inside range
0.012306 34.760 112.50 °C inside range
0.0 350.00 °C inside range
4.8775e-3 21.260 150.00 °C inside range

Solid 2nd Liquid

n/a

0.0

0.026244 0.0 0.0 0.0
6.9884¢-4 0.0 0.0 0.0
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Hydrogen chloride  1.2208e-14  1.2208e-14 0.0

Bicarbonate ion(-1)  0.46582 0.46582 0.0
Carbonate ion(-2) 0.22508 0.22508 0.0
Chloride ton(-1) 0.50000 0.50000 0.0

Hydrogen ion(+1) 2.3802e-9 2.3802¢-9 0.0
Hydroxide ion(-1)  4.5541e-4 4.5541e-4 0.0
Sodium carbonate ion(-1) 0.021165 0.021165

Sodium ion(+1) 14376 1.4376 0.0 0.0 0.0
Total (by phase) 58.185 58.1850.0 0.0 0.0

Molecular Output (Apparent Species)
Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a
Water 55.75555.755 0.0 0.0 0.0

Sodium chloride 0.50000 :.50000 0.0
Sodium carbonate 0.49250 0.49250 0.0
Carbon dioxide 0.24650 0.24650 0.0

Total (by phase) 56.994 56.994 0.0 0.0 0.0

Element Balance

Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a
C(+4) 0.73901 0.73901 0.0 0.0 0.0
CL(-1) 0.50000 0.50000 0.0 0.0 0.0
H(+1) 111.51111.510.0 0.0 0.0
NA(+1) 1.4850 1.4850 0.0 0.0 0.0

O(-2) 57.72557.7250.0 0.0 0.0
Calculation Summary
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:

Public

Temperature survey:

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
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Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1

No secondary survey selected

[sothermal Calculation

Calc. elapsed time: 0.261 sec

Stream Inflows

Water 55.508 mol

Sodium chloride 0.50000 il
Sodium carbonate 0.29600 mol
Sodium bicarbonate 0.44400 mol

Stream Parameters

Stream Amt - Total Inflow  56.748 mol
Temperature  95.000 °C

Pressure 1.0000 atm

pH 8.88306 pH

lonic Strength 1.7575 molality

Osmotic Pressure 49 431 atm

Water Activity0.97043 Activity

Electrical Cond, specific 0.22601 1/(ohm-cm)
Electrical Cond, molar 195.22 em2/ohm-mol
Viscosity, absolute  0.43253 cP

Viscosity, relative 1.4559 cP/cP H20
Total Aqueous Vapor Solid 2nd Liquid
- g/ml  g/ml  g/ml  g/ml

Density -- 1.0278 0.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid

cal cal cal cal cal
Enthalpy -3.9509¢e06 -3.9509¢6 0.0 0.0 0.0
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Total and Phase Flows (Amounts)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol mol

Mole (True) 58.01358.2350.0 0.0 0.0

Mole (App) 56.748 56.9700.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid

g g g g g
Mass 1097.9 1097.9 0.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid
L L L L L
Volume 1.0682 1.06820.0 0.0 0.0

Scaling Tendencies

solids within temperature range Temperature Range

Sodium bicarbonate 0.14851 0.0 200.00 °C inside range

Sodium carbonate monohydrate 0.015041 34.760 112.50 °C inside range
Sodium chloride 6.4106¢-3 0.0 350.00 °C inside range

Sodium bicarbonate carbonate dihydrate 5.4544e-3 21.260 150.00 °C inside range

Species Output (True Species)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a
Water 55.508 55.508 0.0 0.0 0.0
Sodium bicarbonate 0.023631 0.023631 0.0 00 0.0

Carbon dioxide 4.7001e-4 4.7001e-4 0.0 0.0 0.0
Hydrogen chloride  9.1443e-15  9.1443e-15 0.0 0.0 0.0
Bicarbonate ion(-1)  0.42003 0.42003 0.0 0.0 0.0
Carbonate ion(-2) 0.27049 0.27049 0.0 0.0 0.0
Chloride ion(-1) 0.50000 0.50000 0.0 0.0 0.0

Hydrogen ion(+1) 1.8328e-9 1.8328e-9 0.0 0.0 0.0
Hydroxide 1on(-1) 5.9603e-4 5.96063e-4 0.0 0.0 0.0
Sodium carbonate ion(-1) 0.025386 0.025386 0.0 0.0 0.0
Sodium ion(+1) 1.4870 1.4870 0.0 0.0 0.0

Total (by phase) 58.23558.235 0.0 0.0 0.0
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Molecular Output (Apparent Species)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a
Water 55.73055.7300.0 0.0 0.0

Sodium chlonde 0.50000 0.50000 0.0 0.0
Sodium carbonate 0.51800 0.51800 0.0 0.0
Carbon dioxide 0.22200 0.22200 0.0 0.0

Total (by phase) 56.970 56.970 0.0 0.0 0.0

Element Balance

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol na

C(+4y 0.74001 (.74001 0.0 0.0 0.0
CL(-1) 0.50000 0.50000 0.0 0.0 0.0
H(+1) 111.46111.46 0.0 0.0 0.0

NA(+1) 1.5360 1.5360 0.0 0.0 0.0

O(-2) 57.72857.7280.0 0.0 0.0
(Calculation Summary
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:
Public
Temperature survey:
Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1
No secondary survey selected

Isothermal Calculation

Calc. elapsed time: 1.212 sec

0.0
0.0
0.0
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Stream Inflows

Water 55.508 mol

Sodium chloride 0.50000
Sodium carbonate 0.37000
Sodium bicarbonate  0.37000

Stream Parameters

Stream Amt - Total Inflow
Temperature 95.000 °C
Pressure 1.0000 atm
pH 9.0476 pH

Ionie Strength 1.8964 molality
Osmotic Pressure
Water Activity(.97343
Electrical Cond, specific
Electrical Cond, molar
Viscosity, absolute  0.43647
Viscosity, relative

0.2

SCIENTIFIC NOTEBOOK No. 705E

mol
mol
mol

56.748 mol

44 464 atm

Activity
3460
201.83 cm2/ohm-mol

1/(ohm-cm)

cP

1.4691 cP/cP H20

Total Aqueous Vapor Solid 2nd Liquid
- gml  gml g/ml g/ml

Density -- 1.0307 0.0 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
cal cal cal cal cal

Enthalpy -3.9549¢06 -3.9549¢6 0.0 0.0 0.0

Total and Phase Flows (Amounts)
Total Aqueous Vapor Solid 2nd Liquid
mol  mol mol mol mol

Mole (True) 58.122 58.307 0.0 0.0 0.0

Mole (App) 56.748 56.933 0.0 0.0 00
Total Aqueous Vapor Solid 2nd Liquid
g g g g g

Mass 1099.51099.50.0 0.0 0.0
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Total  Aqueous Vapor Solid 2nd Liquid
L L L L L

Volume 1.0668 1.0668 0.0 0.0 0.0

Scaling Tendenctes

solids within temperature range Temperature Range

Sodium bicarbonate 0.12626 0.0 200.00 °C inside range

Sodium carbonate monohydrate 0.019275 34.760 112.50 °C mnside range
Sodium chloride 6.5513e-3 0.0 350.00 °C inside range

Sodium bicarbonate carbonate dihydrate 5.9614e-3 21.260 150.00 °C inside range

Species Output (True Species)

Total  Aqueous Vapor Solid Znd Liquid
mol mol mol mol n/a
Water 55.507 55.507 0.0 0.0 0.0
Sodium bicarbonate 0.019690 0.019690 0.0 0.0 0.0

Carbon dioxide 2.5980¢e-4 2.5980e-4 0.0 0.0 0.0
Hydrogen chloride  6.0889¢-15  6.0889%¢-15 0.0 0.0 0.0
Bicarbonate ion(-1)  0.35066 0.35066 0.0 0.0 0.0
Carbonate ion(-2) 0.33773 0.33773 0.0 0.0 0.0
Chloride ion(-1) 0.50000 0.50000 0.0 0.0 0.0

Hydrogen ion(+1) 1.2699¢-9 1.2699¢-9 0.0 0.0 0.0
Hydroxide ion(-1) 8.7134¢-4 8.7134¢-4 0.0 0.0 0.0
Sodium carbonate ion(-1) 0.031661 0.031661 0.0 0.0 0.0
Sodium ion(+1) 1.5587 1.5587 0.0 0.0 0.0

Total (by phase) 58.307 58.307 0.0 0.0 0.0

Molecular Output (Apparent Species)
Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a
Water 55.693 55.693 0.0 0.0 0.0

Sodium chloride 0.50000 0.50000 0.0 0.0 0.0
Sodium carbonate 0.55500 0.55500 0.0 0.0 0.0
Carbon dioxide 0.18500 0.18500 0.0 0.0 0.0

Total (by phase) 56.933 56.933 0.0 0.0 0.0

-
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Element Balance

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a

C(+4) 0.74001 0.74001 0.0 0.0 0.0
CL(-1) 0.50000 0.50000 0.0 0.0 0.0
H(+1) 111.39 111.39 0.0 0.0 0.0

NA(+1) 1.6100 1.6100 0.0 0.0 0.0

O(-2) 57.72857.7280.0 0.0 0.0
Calculation Summary
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:
Public
Temperature survey:
Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1
No secondary survey selected

[sothermal Calculation

Calc. elapsed time: 0.231 sec

Stream Inflows

Water 55.508 mol

Sodium chlm‘ide 0.50000 mol
Sodium carbonate (0.49333 mol
Sodium bicarbonate  0.246066 mol

Stream Parameters
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Stream Amt - Total Inflow  56.748 mol

Temperature  95.000 °C

Pressure 1.0000 atm

pH  9.3250 pH

Tonic Strength 2.1275 molality

Osmotic Pressure 37.096 atm

Water Activity().97788 Activity

Electrical Cond, specific 0.24711 1/(ohm-cm)
Electrical Cond, molar 212.14 cm2/ohm-mot
Viscosity, absolute  0.44453 cP

Viscosity, relative 1.4962 cP/cP H20

Total Aqueous Vapor Solid 2nd Liquid
- g/ml  gml g/ml g/ml

Density -~ 1.03550.0 0.0 0.0
Total  Aqueous Vapor Solid 2nd Liquid
cal cal cal cal cal
Enthalpy -3.9615¢e06 -3.9615e6 0.0 0.0 0.0

Total and Phase Flows (Amounts)

Total Aqueous Vapor Solid 2nd Liquid
mol  mol mol mol mol

Mole (True) 58.303 58.4260.0 0.0 0.0

Mole (App) 56.74856.8710.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid

g g g g g
Mass 1102.21102.2 0.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid
L L L L L
Volume 1.06451.06450.0 0.0 0.0

Scaling Tendencies

solids within temperature range Temperature Range

Sodium bicarbonate  0.087280 0.0 200.00 °C inside range
Sodium carbonate monohydrate 0.026899 34.760 112.50 °C
Sodium chloride 6.7892¢-3 0.0 350.00 °C inside range

inside range
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Sodium bicarbonate carbonate dihydrate 5.7768¢-3 21.260 150.00 °C inside range

Species Output (True Species)

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a
Water 55.506 55.506 0.0 0.0 0.0
Sodium bicarbonate 0.013161 0.013161 0.0 0.0 0.0

Carbon dioxide 8.0013e-5 8.6013e-5 0.0 0.0 0.0
Hydrogen chloride  3.0361e-15  3.036le-15 0.0 0.0 0.0
Bicarbonate ion(-1) 0.23500 0.23500 0.0 0.0 0.0
Carbonate ion(-2) 0.44951 0.44951 0.0 0.0 0.0
Chloride ion(-1) 0.50000 0.50000 0.0 0.0 0.0
Hydrogen ion(+1) 6.7438e-10  6.7438e-10 0.0 0.0 0.0
Hydroxide ton(-1) 1.6680¢-3 1.6680e-3 0.0 L0 0.0
Sodiuni carbonate 1on(-1) 0.042244 . 0.042244 0.0 0.0 0.0
Sodium 1on(-+1) 1.6779 1.6779 0.0 0.0 0.0

Total (by phase) 58.426 58.426 0.0 0.0 0.0

Molecular Output (Apparent Species)

Total Aqueous Vapor Solid 2nd Liquid

mol mol mol mol n/a
Water 55.631 55.631 0.0 0.0 0.0
Sodium chloride 0.50000 0.50000 0.0 0.0 0.0
Sodium carbonate 0.61660 0.61666 0.0 0.0 0.0
Carbon dioxide 0.12333 0.12333 0.0 0.0 0.0

Total (by phase) 56.871 56.871 0.0 0.0 0.0

Element Balance

Total Aqueous Vapor Solid 2nd Liquid
mo| mol mol mol n/a

C(+4) 0.74000 0.74000 0.0 0.0 0.0
CL(-1) 0.50000 0.50000 0.0 0.0 0.0
H(+1) 111.26111.26 0.0 0.0 0.0

NA(+1) 1.7333 1.7333 0.0 0.0 0.0

O(-2) 57.728 57.728 0.0 0.0 0.0

Calculation Summary



P. Shukla SCIENTIFIC NOTEBOOK No. 705E
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:
Public
Temperature survey:
Range 95.000 to 95.000 °C
Step size 5.0000 °C
No. steps 0
No. points 1
No secondary survey selected

Isothermal Calculation

Calc. elapsed time: 0.220 sec

Stream Inflows

Water 55.508 mol

Sodium chloride 0.50000 mol
Sodium carbonate 0.672727 mol
Sodium bicarbonate 0.067273 mol

Stream Parameters

Stream Amt - Total Inflow  56.748 mol
Temperature 95.000 °C

Pressure 1.0000 atm

pH 9.9538 pH

lIonic Strength 2.4591 molality

Osmotic Pressure 28.165 atm

Water Activity(.98320 Activity

Electrical Cond, specific 0.26517 1/(ohm-cm)
Electrical Cond, molar 226.95 cm2/ohm-mol
Viscosity, absolute  0.46005 cP

Viscosity, relative 1.5485 cP/cP H20

('S}
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Total Aqueous Vapor Solid 2nd Liquid
-- gml g/ml g/ml g/mi
Density -- 1.0423 0.0 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
cal cal cal cal cal
Enthalpy -3.9712e6 -3.9712¢6 0.0 00 00

Total and Phase Flows (Amounts)

Total Aqueous Vapor
mol mol mol mol
Mole (True) 58.565 58.599 0.0
Mole (App) 56.748 56.782 0.0
Total Aqueous Vapor
g g g g
Mass 11006.21106.20.0 0.0
Total Aqueous Vapor
L L L L
Volume 1.0613 1.0613 0.0

Scaling Tendencies

solids within temperature range

Sodium carbonate monohydrate
Sodium bicarbonate 0.027420
Sodium chloride 7.1677¢-3

Sodium bicarbonate carbonate dihydrate

Species Output (True Species)

Total Aqueous Vapor

mo! mol mol mol
Water 55.501 55.501 0.0 0.0
Sodium bicarbonate 3.9374¢-3
Carbon dioxide 5.5396¢e-0
Hydrogen chloride  6.6071e-16

Solid 2nd Liquid
mol

0.0 0.0

0.0 0.0

Solid 2nd Liquid
g

0.0

Solid 2nd Liquid
L

0.0 0.0

Temperature Range

0.039256 34.760 112.50 °C inside range
0.0 200.00 °C inside range
0.0 350.00 °C inside range
2.6632e-3 21.260 150.00 °C inside range
Solid 2nd Liquid
n/a
0.0
3.9374e-3 0.0 00 00
5.5396e-6 0.0 00 00
0.6071e-16 0.0 0.0 0.0
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Bicarbonate ion(-1)  0.070491 0.070491 0.0
Carbonate 1on(-2) 0.60777 0.60777 0.0
Chloride 1on(-1) 0.50000 0.50000 0.0
Hydrogen ion(+1) 1.5985e-10  1.5985e-10 0.0
Hydroxide ion(-1) 7.1655e-3 7.1655e-3 0.0
Sodium carbonate 1on(-1) 0.057800 0.057800

Sodium ton(+1) 1.8510 1.8510 0.0 0.0 00
Total (by phase) 58.599 58.599 0.0 0.0 0.0

Molecular Output (Apparent Species)
Total Aqueous Vapor Solid 2nd Liquid

mol mol! mol mol n/a
Water 55.542 55.542 0.0 0.0 0.0

Sodiuin chloride 0.50060 {.50000 0.6
Sodnim carbonate 0.70637 0.70637 0.0
Carbon dioxide 0.033637 0.033637 0.0
Total (by phase) 56.782 56.782 0.0 0.0 0.0

Element Balance

Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a

C(+4) 0.74001 0.74001 00 00 00
CL(-1) 0.50000 0.50000 0.0 00 00
H(+1) 111.08111.080.0 0.0 0.0

NA(+1) 1.91271.91270.0 0.0 0.0

O(-2) 57.728 57.728 0.0 0.0 0.0
Calculation Summary
Surveyl Calculation for Work2
Unit Set: Default
Automatic Chemistry Model
Databanks:

Public

Temperature survey:
Range 95.000 to 95.000 °C

0.0
0.0
0.0
0.0
0.0
0.0

60
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
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Step size 5.0000 °C
No. steps 0
No. points 1

No secondary survey selected

Isothermal Calculation

Calc. elapsed time: 0.220 sec

Stream Inflows

Water 55.508 mol

Sodium chioride 0.50000 mol
Sodium carbonate 0.74000 inol
Sodium bicarbonate 0.0 mol

Stream Parameters

Stream Amt - Total Inflow  56.748 mol
Temperature  95.000 °C

Pressure 1.0000 atm

pH 10.474 pH

Ionic Strength 2.5705 molality

Osmotic Pressure 20.558 atm

Water Activity(.98424 Activity

Electrical Cond, specific 0.27356 1/(ohm-cm)
Electrical Cond, molar 233.88 cm2/chm-mol
Viscosity, absolute  0.46699 cP

Viscosity, relative 1.5718 cP/cP H20

Total Aqueous Vapor Solid 2nd Liquid
-- g/ml  g/ml  g/ml g/ml
Density -- 1.04480.0 0.0 0.0

Total Aqueous Vapor Solid 2nd Liquid

cal cal cal cal cal
Enthalpy -3.9746e6 -3.9746e6 0.0 0.0 0.0

Total and Phase Flows (Amounts)
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Total Aqueous Vapor Solid 2nd Liquid
mol  mol mol mol mol

Mole (Trug) 58.664 58.664 0.0 0.0 0.0

Mole (App) 56.74856.7480.0 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
g g g g g

Mass 1107.61107.60.0 0.0 0.0
Total Aqueous Vapor Solid 2nd Liquid
L L L L L

Volume 1.0601 1.0601 0.0 0.0 0.0

Scaling Tendencies

solids within temperature range Temperature Range

Sodium carbonate monohydrate 0.043795
Sodium bicarbonate  8.9317¢-3 0.0 200.00 °C
Sodium chloride 7.3569¢-3 0.0 350.00 °C
Sodium bicarbonate carbonate dihydrate 9.6877e-4
Species Output (True Species)
Total Aqueous Vapor Solid 2nd Liquid
mol mol mol mol n/a
Water 55.484 55.484 0.0 0.0 0.0
Sodium bicarbonate 1.2588e-3 1.2588e-3 0.0
Carbon dioxide 5.1708e-7 5.1708e-7 0.0
Hydrogen chloride  1.9452e-16  1.9452¢-16 0.0
Bicarbonate ion(-1)  0.022490 0.022490 0.0
Carbonate ion(-2) 0.65344 0.65344 0.0
Chloride ion(-1) 0.50000 0.50000 0.0
Hydrogen 1on(+1) 4.8425¢-11  4.8425e-11 0.0
Hydroxide 1on(-1) 0.023750 0.023750 0.0
Sodium carbonate 1on(-1) 0.062812 0.062812
Sodium ion(+1) 1.91591.9159 0.0 0.0 0.0
Total (by phase) 58.664 58.664 0.0 0.0 0.0

Molecular Output (Apparent Species)

34.760 112.50 °C

SCIENTIFIC NOTEBOOK No. 705E

inside range
inside range
inside range

21.260 150.00 °C inside range

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0 0.0
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Total Aqueous Vapor Solid
mol mol mol mol n/a
Water 55.508 55.5080.0 0.0 0.0

2nd Liquid

Sodium chloride 0.50000 0.50000 0.0
Sodium carbonate 0.74001 0.74001 0.0

Total (by phase) 56.748 56.748 0.0

Element Balance

Total Aqueous Vapor Solid
mol mol mol mol n/a

C(+4) 0.74001 0.74001 0.0
CL(-1) 0.50000 0.50000 0.0
He+1y 11102111.0200 9.0 0.0
NA(ST) 1.98001.98000.0 0.0

O(-2) 57.728 57.728 0.0 0.0 0.0

Reference

0.0 0.0

2nd Liquid

0.0 0.0
0.0 0.0
0.0

0.0
0.0

0.0
0.0

b) OLI Systems, Inc., StreamAnalyser Version 1.2, Morris Plains, OLI Systems, Inc., New Jersey,

2002.

Appendix 1: Listing of computer code Ecorr_model.nb

Remove ["Global ™ *"] ;

SetDirectory["d:/pavan/comps/"] ;

<<libCorr.m;

{zi %*;*‘”?:‘ oyl oy ey sy enkan e
§ORSE R A3 [ I W
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Tref =273.15 + 25;

P02 = xgas;

R =8.3144; («J3/ (mol K) )

F =96485;: (*Coul/molx)

202 g 4;

Ea = glanod;

(#»I220=I22+xExp[EBa/ (R refTanod)]}; »)

(*inhibitor to chloride concentration, base metalx)

(*Read constants for computations of the
leeEbsfailinp["01 ebsfail.inp"]:

cO02bulk({T _] := 1000 +p02 ¢« Exp[0.2984 - 5.59
(#mol/m?®,equivalent to cbulko2 in failt.
EXp[0.2984-5.59617+«10"3+1/T+1.04967+10
which is~mol/lt.By multiplying by 1000

corrosion potentialw)

617 x10 "3 @1 / T+ 1.04967 x10"6«1/T"2];
f The term pO2x

“6x1/T"2] is in units of mol/kg

the units are~mol/m? )

Tre2{T . pH . e ] := Block{{res, gox, ir, ~r, nHel, noef},

TEf{pH < pHtran, gox =gllio; ir = irello;

Br = Letallo; nEef - npHllo; nQOef = nOllo,

gox =glhi; ir = irelhi; fBr =betalhi; nHef = npHlhi; nOef = nOlhi];

res = -ir « (cO2bulk{T) / cO2bulk{Tref]) «Exp{-gox/ (R« T)] = Exp[—ZOZ * Br

(10" -pH) "nHef e p02 " nOef;

Return[res] ] ;

corrPot{T , pH , Iref ] :=
Module[{res, resl, res2, b, eo = 0, delt =
Ihigh, Imed, pot, I22},

RT ef »

1, j, pos, le, elow, ehigh, Ilow,

(+Ea must be in units of J/mol.Ea is the activation energy of the anodic

curxrent densitysx)
pot = Table[j, {3, -5, 5}]; resl = {};
I22 = Iref +Exp[Ea/ (RrefTanod)] » Exp|[-
Do [AppendTofresl, I22 + Ired[T, pH, pot|[
res2 = Table[Sign{resl[[j]]) »resl[[] + 1
pos = Position[res2, -1];

Ea/ (RT)];

[31111., {i, 1, Length[pot]}];
111, {3, 1, Length[resl] - 1}];

le = Lengthpos]; pos = pos[[le, 1]]; elow = pot[[pos]]; ehigh = pot[[pos +1]1];

Dofemed = 0.5 » (elow + ehigh); Ilow = I22
Ihigh = 122 + Ired|[T, pH, ehigh];

Imed = I22 + Ired[T, pH, emed];

pivl = Ilow »# Imed;

piv2 = Imed x IThigh; If[pivl < 0, ehigh =
res = FindRoot[I22 + Ired{T, pH, b], (b,
res2 =b /. res; Return[res2]];

+ Ired([T, pH, elow];

emed, elow = emed], {j, 1, 5}1;
elow, ehigh}];

(+*Analytical expression for the corrosion potential

Corrosion potential in Volts vs SHE=x)

corrPot2[T_, pE_, Iref ] := Module[{cH, res},

If[pH < pHtran, gox =gllo; ir = irello;

Br = betallo; nHef = npHllo; nOef =n0Ollo,

gox =glhi; ir = irelhi; Br =betalhi; nHef = npHlhi; nOef = nOlhi};

cH = 10" -pH;

res = (Ea - gox) / (202 3r F) - (EaT) / (202
RT/ (202 f3r F) Log[ (cH) "nHef p02 "noef

Returnres]

1

Br F refTanod) +
ir/ Iref cO02bulk(T] /cO2bulk[Tref]];
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Export["cpl00.dat",cppH100];

Plot[{corrPotZ[60+273.15,pH,3200],corrPot2[80+273.15,pH,3200],corrPot2[100+273
.lS,pH,3200]},{pH,l,14},FrameaTrue,AxeSﬁNone,FrameLabele{"pH","Ecorr","",""}]

7

setCP=Table [{pHCP, TEPCP, corrPot2 [TEPCP+273.15, pHCP, 3200] #1000}, {pHCP,4,12,0.01
}.{TEPCP,60,110,1.0}];

gl=Plot3C[corrPot2 [Tep+273.15, pHTep, 32001 *1000, {pHTep, 4,12}, {Tep, 60,110}, Color
Function-Hue,PlotPoints—100,AxesLabel~{"pH", "Temperature", "Ecorr/mv (vs.
SHE) " }]

-SurfaceGraphics-
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Date: April 24™. 2006

Corrected Slow Strain Rate Test Data :

The slow strain rate test data given in Table 2 was corrected to account for error in reported
values of potential. The values reported by Chiang, et al.”, were collected with respect to silver-
silver chloride electrode, but they were reported with respect to saturated calomel electrode. To
account for this discrepancy, the potential values were subtracted by 44 mV(0.197 V to convect
from saturated silver-silver chloride electrode and 0.241 V from saturated calomel electrode) . The
corrected values are reported in the Table 4

TABLE 4
Slow Strain Rate Test data for Mill Annealed Alloy 22.

Data # Enviornment pH T Ecorr Eapp (Vsug) | ti/tg, | SC | Reference
('C) (Vsue) C
1 4 M Na(Cl 6 98 -0.126 0.547 >1 No [a]
2| Saturate CaCl2 0 120 0.657-0.017 Ecorr >1 No [a]
3 SAW 3 63 0.19-0.557 Ecorr 0.95 No [a]
4 SAW + 0.005% PH(NO), |3 70 0.191-0.567 Ecorr 1 No [a]
S SAW+ 0.005% Pb(NO;)» 3 76 0.196-0.547 Ecorr >1 No [a]
6 SAW + 0.005% Pb(NO;), 3 95 0.107-0.597 Ecorr 0.95 No fa]
7 BSW-[NO;+S047] 13 98 -0.043 to - Ecorr 0.99 No [a]
0.023

8 BSW-[NO;+S0,7] 13 105 -0.133 0.297 0.97 No [a]
9 BSW-[NO;+S0,7] 13 98 -0.048 0.397 0.98 No [a]
10 BSW 13 105 -0.104 0.597 0.95 No {a]
11 BSW 13 105 -0.126 0.597 0.80 No fa]
12 BSW-NO;y 13 105 -0.138 0.597 0.93 No [a]
13 BSW-SO,” 13 105 -0.117 0.597 0.96 No [a]
14 SCW 9-10 | 90 0.029 -0.803 0.89 No [a]
15 SCW 9-10 | 90 0.054 Ecorr >1 No [a]
16 SCW 9-10 | 86 0.074 0.174 0.94 No [a]
17 SCW 9-10 3 -0.044 0.297 0.97 No [a]
18 SCW 9-10 3 -0.027 0.397 - No [a]
19 SCW 9-10 | 73 0.025 0.397 0.94 No [a]
20 SCW 9-10 | 89 0.053 0.397 0.90 No [a]
21 SCW 9-10 | 85 0.015 0.497 0.79 Yes [a]
22 SCW 9-10 | 75 0.003 0.514 0.94 No [a]
23 SCW 9-10 | 50 0.068 0.597 0.89 No [a]
24 SCW 9-10 | 65 -0.02 0.597 0.79 Yes [a]
25 SCW 9-10 3 0.025 0.597 0.73 Yes [a]
26 SCW 9-10 | 73 0.104 0.597 0.73 Yes [a]
27 SCW 9-10 | 86 0.028 0.597 0.61 Yes [a]
28 SCW 9-10 | 22 0.154 -0.803 0.81 No [a]
29 SCW 9-10 | 22 0.1 0.553 0.95 No [a]
30 SCW 9-10 | 22 0.131 -0.303 0.94 No la]
31 | scw 9-10 | 22 0.121 Ecorr - No [a]
32 SCW 9-10 | 22 0.088 0.488 0.94 No [a]
33 SCW 9-10 | 22 0.069 0.597 1 No [a]

43




P. Shukla SCIENTIFIC NOTEBOOK No. 705E 44
34 4 M NaCl 6.2 98 -0.126 0.546 0.81 No [a]
35 1M NaCl 6.9 90 0.093 0.597 - No [a]
36 1M NaF 10 22 0.038 -0.803 0.93 No [a]
37 1M NakF 9.2 85 0.33 0.33 0.90 No [a]
38 1M NaF 7.6 90 -0.047 0.597 0.90 No [a]
39 SCW 9.7 95 - 0.597 0.77 Yes [b]
40 SCW-NO3 9.0 95 - 0.597 0.74 Yes {b]
41 SCW-S0O, 100 | 95 - 0.597 0.84 Yes [b}
42 | SCW-F 10.0 |95 - 0.597 0.77 Yes [b]
43 | SCW-NaCl 10.0 | 95 0.597 0.73 Yes [b]
44 | SCW-HCO; 75 |95 - 0.597 0.96 No [b]
45 | HCO3- as in SCW 104 |95 - 0.597 0.97 No [b]
46 | CI+HCOj as in SCW 10.4 {95 0.597 0.76 Yes [b]
47 | 20MCI+HCOz (asin | 10.1 |95 - [b]
SCW) 0.597 0.65 Yes
48 0.5 M CI'+ HCO; (as in 104 | 95 - [b]
SCW) 0.597 0.73 Yes
49 NaCl + NaNO: (as in 9.4 95 — 0.597 0.98 No (b]
simulated concentrated
water)
50 3.8 M NaCl + 0.38 M 9.8 95 — 0.597 0.99 No [b]
NaNO;
51 3.8 M NaCl +0.38 M 9.8 95 - 0.297 > ] No [b]
NaNO}
52 3.8 M NaCl +0.38 M 8.2 95 | — 0.597 > ] No [b]
NaNOV;
53 3.8 M NaCl+0.38 M 8.2 95 — 0.397 > 1 No [b]
NaNO;
54 7.6 M NaCl+0.38 M 7.0 95 — 0.597 > ] No [b]
N3N03
55 38MCl + HCO; (asin | 8.8 95 — 0.597 0.51 Ye [b]
simulated concentrated S
water)
56 7.6 M (1 7.0 95 — 0.597 > No [b]
57 7.2MCl + HCO; (as 8.7 95 0.597 0.41 Ye [b]
in simulated S
concentrated water)
58 72MCl + HCO; (as 8.7 95 - 0.497 0.62 Ye [b]
n simulated s
concentrated water)
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59

7.2MCl +HCO; (as
in simulated
concentrated water)

8.5

95

0.397

0.91

No

60

72MCl + HCO; (as
in simulated
concentrated water)

8.6

95

0.297

No

61

20MCl + HCO; (as
in simulated
concentrated water)

8.7

75

0.597

0.73

62

20MCl +HCO; (as
in simulated
concentrated water)

8.7

55

0.597

0.91

63

-

20MCl +HCO; (as
in simulated
concentrated water)

8.7

22

0.597

0.92

Reference for data points in Table 4:

a) Sandia National Laboratories. “Stress Corrosion Cracking of Waste Package Outer
Barrier and Drip Shield Materials” ANL-EBS-MD-000005. Rev 04. Las Vegas, Nevada:

OCRWM Lead Laboratory for Repository Systems. 2007. (This reference was updated on

M

b) K.T. Chiang, D.S. Dunn, Y.-M. Pan, O. Pensado, P. K. Shukla, “Stress Corrosion Cracking of

ay 20, 2008)

Waste Package Material—Modeling and Experiments,” CNWRA,, San Antonio, Texas. December
2006. (This reference was updated on May 20, 2008)

Eapp versus Temperature:
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Figure 7: Applied potential Eapp (VSHE) versus temperature for solution containing bicarbonate
and chloride ions. The data points are listed in Table 4.

The model abstraction remain unchanged because E,,, as a function of temperature (Figure 7) was
obtained by fitting a straight line was fitted between E,,, = 0.597 Ve at 65 7C [149 “F] and E,p,, = 0.497
Ve at 85 “C [185 °F).
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Figure 8: Applied Potential Eapp Versus Chloride to Total Carbonate at Temperature Greater
Than 65 °C [149 °F] for Slow Strain Rate Test Data. The Data Points are Listed in Table 4.
Table 5: Applied potential versus chloride ions to bicarbonate ions concentration.
Eapp Cl/total
Sample AP | Temp (Vsue) Cl- HCO3- CO83- carbonate
SCW-1-N -1 90 -0.803 0.18 0.61 0.16 | 0.233766234
0.1
SCW-2-N 43 90 0.054 0.18 0.61 0.16 | 0.233766234
0.0
SCW-3-N 23 86 0.174 0.18 0.61 0.16 | 0.233766234
SCW-4-N 0.1 73 0.297 0.18 0.61 0.16 | 0.233766234
SCW-5-N 0.2 73 0.397 0.18 0.61 0.16 | 0.233766234
SCW-6-N 0.2 73 0.397 0.18 0.61 0.16 | 0.233766234
SCW-7-N 0.2 89 0.397 0.18 0.61 0.16 | 0.233766234
0.3
SCW-9-N 17 75 0.514 0.18 0.61 0.16 | 0.233766234
HCO3-+7.2 M Cl- 0.2 95 0.441 7.2 0.6 0.25 | 8.470588235
HCO3-+7.2 M CI- 0.1 95 0.341 7.2 0.6 0.25 | 8.470588235
SCW 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234
SCW 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234
SCW-8-Y 0.3 85 0.497 0.18 0.61 0.16 | 0.233766234
SCW-11-Y 0.4 65 0.597 0.18 0.61 0.16 | 0.233766234
SCW-12-Y 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234
SCW-13-Y 0.4 73 0.597 0.18 0.61 0.16 | 0.233766234
SCW-14-Y 0.4 86 0.597 0.18 0.61 0.16 | 0.233766234
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SCW-Y 0.4 95 0.597 0.18 0.61 0.16 | 0.233766234
SCW-NO3-Y 0.4 95 0.597 0.18 0.59 0.2 | 0.227848101
SCW-504-Y 0.4 95 0.597 0.18 0.59 0.2 | 0.227848101
SCW-F-Y 0.4 95 0.597 0.18 0.58 0.2 | 0.230769231
SCW-NaCl-Y 0.4 95 0.597 0.09 0.59 0.2 | 0.113924051
Cl-+HCO3—Y 0.4 95 0.597 0.18 0.63 0.18 | 0.222222222
20MHCI+HCO3-Y | 04 95 0.597 1.99 0.65 0.13 | 2.551282051
0.5 M CI- + HCO3- 0.4 95 0.597 0.5 0.76 0.14 | 0.555555556
HCO3-+3.8 M Cl- 0.4 95 0.597 3.8 0.68 0.23 | 4.175824176
HCO3-+7.2 M ClI- 0.4 95 0.597 7.2 0.6 0.25 | 8.470588235
HCO3-+7.2 M CI- 0.3 95 0.497 7.2 0.6 0.25 | 8.470588235
2.0 MHCI+HCO3-Y | 0.4 75 0.597 1.99 0.65 0.13 | 2.551282051

Eapp versus pH: Eapp versus pH for slow strain rate test is presented in Figure 9.
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Figure 9: Eapp versus pH. The data points are listed in Table 4.

Stress corrosion cracking model abstraction remain unchanged.
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