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EXECUTIVE SUMMARY 
 

The objective of this work is to study the sensitivity of cesium loading expected for the Tank Closure 
Cesium Removal (TCCR) columns.  Savannah River National Laboratory (SRNL) utilized the Zheng-
Anthony-Miller (ZAM) computer program developed by the research group of Professor Rayford G. 
Anthony of Texas A&M University, for prediction of cesium loading on the Crystalline Silicotitanate (CST) 
media during the processing of Savannah River Site (SRS) Tank 10H Variable Depth Sample (VDS) waste 
solution. 

The study specifically evaluates cesium loading on CST as a function of two variables. 

1. Water additions to Tank 10H.  Water dilution ranges from 0% to 20% by volume. 
2. Temperature in Tank 10H for a prepared batch of salt feed.  The temperature range of interest varies 

from 20 ⁰C to 40 ⁰C. 

Modeling Approach 

 Cesium loading on CST in the TCCR ion exchange columns was predicted using ZAM. 
 The OLI Studio™ software (Version 10) from OLI Systems, Inc., was used to calculate charge 

balanced feed compositions and to estimate feed solution densities which are required as input data 
to the ZAM program. 

Results Summary 

Results of the ZAM model predictions follow.  

 Dilution of the salt waste solution with water increases the cesium loading primarily due to the 
decreased ionic strength.  For the Bounding Case, the Case 1 (0% dilution) initial cesium 
concentration is 1.52x10-4 M.  Cesium was diluted in the other solutions (Cases 2-9) by the amounts 
indicated along with the other dissolved species.  The results are in Table E-1. 

Table E-1. Dilution Effects on CST Cesium Loading at 20 ⁰C in Diluted and Undiluted  
(1.52x10-4 M Cs+) Tank 10H VDS Waste (Bounding Case) 

Cases
(a)

 
Q 

(mmolCs / gCST) 
1 (0% Dilution) 0.3917 
2 (1% Dilution) 0.3926 
3 (2% Dilution) 0.3932 
4 (3% Dilution) 0.3930 
5 (4% Dilution) 0.3935 
6 (5% Dilution) 0.3932 
7 (10% Dilution) 0.3946 
8 (15% Dilution) 0.3953 
9 (20% Dilution) 0.3955 

(a) Volume dilution (%) is the percentage ratio of water addition volume  
to the original waste volume 
 

For the Alternate Case, the Case 1a (0% dilution) initial cesium concentration is 6.7x10-5 M.  The 
results are in Table E-2.  The correlation below shows a linear effect as indicated by the regression 
equation and R2 value obtained within the dilution range of interest. 
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Q(mmolCs/gCST) = 2.5026E-4 * Dilution(Vol%) + 0.2407  (R2 = 0.998) 

Table E-2. Dilution Effect on Cesium Loading for the Alternate Case (6.7x10-5 M Cs+) at 20 ⁰C 

Cases
(a)

 
Q 

(mmolCs / gCST) 
1a (0% Dilution) 0.2406 

2a (1% Dilution) 0.2409 

3a (2% Dilution) 0.2412 

4a (3% Dilution) 0.2415 

5a (4% Dilution) 0.2417 

6a (5% Dilution) 0.2420 

7a (10% Dilution) 0.2433 

8a (15% Dilution) 0.2445 

9a (20% Dilution) 0.2456 
(a) Volume dilution (%) is the percentage ratio of water addition volume  

to the original waste volume 
 

 Cesium loading decreases with increasing temperatures.  For the Bounding Case, the results are in 
Table E-3.  The correlation below shows that the behavior is essentially a linear effect as indicated 
by the regression equation and R2 value obtained within the temperature range of 20 ⁰C to 40 ⁰C. 

Q(mmolCs/gCST) = -3.9280E-3 * T(⁰C) + 0.4703   (R2 = 1.0) 

Table E-3. Temperature Effects on Cesium Loading for Undiluted Bounding Case (Case 1) 

Case 1 at T (oC)  Q  
(mmolCs/gCST) 

20  0.3917  
21  0.3878  
22  0.3839  
23  0.3800  
24  0.3761  
25  0.3722  
26  0.3682  
27  0.3643  
28  0.3603  
29  0.3564  
30  0.3524  
31  0.3485  
32  0.3446  
33  0.3406  
34  0.3367  
35  0.3328  
37  0.3249  
39  0.3172  
40  0.3133  
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For the Alternate Case, the temperature effect results are shown in Table E-4.  The correlation 
shown below indicates a linear effect within the temperature range of 20 ⁰C to 40 ⁰C. 

  Q(mmolCs/gCST) = -3.7436E-3 * T(⁰C) + 0.3137   (R2 = 0.998) 

Table E-4. Temperature Effect on Cesium Loading for the Undiluted Alternate Case (Case 1a) 

Case 1 at T (oC)  Q  
(mmolCs/gCST) 

20 0.2406 
21 0.2363 
22 0.2321 
23 0.2279 
24 0.2238 
25 0.2197 
26 0.2157 
27 0.2118 
28 0.2079 
29 0.2041 
30 0.2003 
31 0.1966 
32 0.1929 
33 0.1893 
34 0.1858 
35 0.1823 
36 0.1789 
37 0.1755 
38 0.1722 
39 0.1689 
40 0.1657 
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1.0 Introduction 

1.1 Background 

Currently at the Savannah River Site (SRS), the Tank Closure Cesium Removal (TCCR) is an “at-tank” 
process designed to remove cesium from aqueous tank waste.  Cesium will be removed by ion exchange 
using the engineered IONSIV® R9120 form of Crystalline Silicotitanate (CST) media.  The current TCCR 
design has two columns online in a lead-lag configuration to optimize media usage and achieve the target 
decontamination.  Once the lead column is saturated with cesium, it will be removed from service, the lag 
column will rotate into the lead position, and a new column with fresh ion-exchange media will be placed 
into the lag position.  The TCCR process for cesium removal from Tank 10H is detailed in X-SOW-H-
00002 (Caldwell, 2017).  Demonstration of the system began in early calendar year 2019 with two batches 
of salt solution generated by dissolving saltcake in Tank 10H, followed by processing of these batches 
through the TCCR system.  A third TCCR Tank 10H dissolved saltcake batch is scheduled for processing 
soon.  Upon completion of the demonstration with Tank 10H dissolved saltcake, Tank 9H salt solution will 
be transferred to Tank 10H and subsequently processed through the TCCR unit with new CST media 
(referred to as R9120-B 30x60) added to new IX columns.  The TCCR processing campaign of Tank 9H 
salt solution is referred to as TCCR-1A (King et al., 2020). 

A computer model, known as ZAM, was developed by the Texas A&M University to predict the 
equilibrium condition for a liquid in contact with CST, allowing the calculation of cesium adsorbed on the 
media (Zheng et al, 1995; Zheng et al., 1996).  Such equilibrium is dependent upon multiple factors, 
including temperature, ionic strength, and the concentrations of cesium, potassium, sodium, rubidium, 
strontium, and anions.  It is important to understand that the CST and the aqueous stream reach equilibrium 
under normal TCCR processing conditions, which is not necessarily a cesium loading saturation for the 
CST.  The total cesium capacity of CST is much higher than usually encountered in SRS tank waste, but 
that total capacity cannot be reached because the loading under any condition is thermodynamically limited 
by the equilibrium, which depends on the composition of the aqueous stream.  The current task calculates 
the maximum loading of cesium onto CST in each solution, given an infinite amount of liquid feed.  The 
maximum loading is then species/composition dependent, not volume or phase ratio dependent.  The model 
accounts for the two types of exchange sites that exist on the CST solid, and the composition of the aqueous 
phase.  The model has been used previously to predict loading on CST for both SRS and Hanford tank 
waste applications (Aleman et al., 2003; Hamm et al., 2001). 

It is also worth noting that there are three isotopes of cesium in the SRS tank waste, 133Cs, 135Cs, and 137Cs 
(Reboul, 2017).  The stable isotope 133Cs is the most abundant fission product of the three.  The CST 
removes all isotopes equally.  The primary isotope of concern is 137Cs because it has high specific activity.  
Although rubidium and strontium are known to impact cesium loading, information on the soluble 
concentration of these species in this waste is not currently available, so they were not included in the 
modeling.  Assuming that strontium and rubidium species are not present is conservative (i.e., ZAM would 
overestimate the cesium loading on CST due to the absence of these competitors). 

1.2 Task Objective 

Per the Savannah River Remediation (SRR) need to predict cesium loading on CST (Luzzatti, 2020), the 
task objective is to utilize ZAM to calculate the maximum cesium loading expected on the TCCR columns 
during the process of cesium removal from Tank 10H waste.  Specifically, this study predicts cesium 
loading on CST as a function of: (1) water additions to Tank 10H; and (2) temperature in the TCCR column 
for a prepared batch of salt feed. 
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2.0 Model Formulations 

2.1 Modeling Approach 

 Cesium loading on the CST media in the TCCR ion exchange columns was predicted using a 
computer program developed by the research group of Professor Rayford G. Anthony of TAMU 
(Zheng et al., 1997).  The ZAM program, named after its developers (i.e., Zheng, Anthony, and 
Miller), was described in detail in previous ion exchange studies at SRNL (Hamm et al., 2001; 
Hang et al., 2017). 

 The OLI Studio™ software (Version 10) from OLI Systems, Inc., was used to calculate charge 
balanced feed compositions and to estimate feed solution densities (OLI Systems, 2020) required 
as input data to the ZAM program. 

2.2 Prediction of Cesium Loading 

 Use of an isotherm: An isotherm provides the equilibrium relation between the concentration of 
cesium loaded on the CST solid to the concentration of cesium in the solution.  The isotherm covers 
a wide range of liquid-phase cesium concentrations.  ZAM can generate equilibrium cesium loading 
data at a given temperature.  Generally, an excellent fit for the ZAM data would be achieved by use 
of the Freundlich/Langmuir isotherm model. 

 Variation of ZAM phase ratio: A phase ratio ϕ is defined as the ratio of total liquid volume (mL) 
processed to the mass of CST media (gCST).  To simulate the saturation of cesium loading on a CST 
bed in the ion exchange column for a specified feed, ZAM calculations are performed at increasing 
phase ratios until the calculated equilibrium liquid cesium concentration approximates the feed 
cesium concentration.  The corresponding cesium concentration on CST represents the maximum 
cesium loading in that solution (Hang et al., 2017). 

The two approaches deliver practically identical results.  In this study, the variation of ZAM phase ratio 
approach (second bullet above) was followed to predict cesium loading.  Also, to provide more conservative 
outcomes, this study uses ZAM without a dilution factor to predict equilibrium cesium loading on CST for 
waste solutions.  A detailed description of the dilution factor was provided in a previous report (Hang et al., 
2017). 
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3.0 Waste Compositions and Properties 

3.1 Tank 10H VDS Sample 

The waste composition was obtained from an analysis of a variable depth sample (VDS) taken from Tank 
10H (Reboul, 2017).  The VDS sample was collected in March 2017 following a water addition to the tank 
after allowing the saltcake to dissolve for a few weeks.  Note that the total Cs concentration was derived 
from the measured 137Cs.  Although the analyzed molar ratio of 137Cs to total Cs is 0.21 in the VDS 
composition, the ratio of 0.3 was used as specified in the TTR (Luzzatti, 2020).   

The Tank 10H VDS composition used for the analysis is shown in Table 3-1.  The composition was adjusted 
relative to the analysis results reported by Reboul by leaving out the competitor cations (i.e., 
K+ and SrOH+ or Sr2+) and balancing the charges by increasing the CO3

2- concentration.  Omitting the 
competitor cations increases the likelihood of producing conservative ZAM cesium loading prediction.  
With the high cesium concentration of 1.52x10-4 M, the composition shown in Table 3-1 serves as an upper 
bounding case for the CST cesium loading. 

Table 3-1. Adjusted VDS Tank 10H Composition at 20 °C (Bounding Case) 

Cations (M) Anions (M) 
Na+  3.22  OH-  0.184  
Cs+  1.52E-04  NO3

-  1.04  
    NO2

-  0.128  
    Al(OH)4

-  0.0631  
    SO4

2-  0.381  
    CO3

2- (a)  0.512  
    Cl-  1.52E-04  
    C2O4

2-  9.20E-03  
Density

(b)
 (g/mL) 1.16 

(a) CO3
2- adjusted for charge balance 

(b) Density calculated by OLI 

 
An additional case (i.e., Alternate Case) was requested by SRR (Fellinger, 2020; also see Appendix A).  
For the Alternate Case, the cesium concentration from Tank 9H Dilution #3 (Taylor-Pashow et al., 2020) 
was used, and the Na+ molarity was changed from 3.22 M to 4 M by increasing the concentrations of all 
species by the same amount, except cesium.  Again, the CO3

2- concentration was adjusted for charge balance.  
The cesium concentration of 6.7x10-5 M for this case was significantly lower than the Bounding Case.  The 
composition for the Alternate Case is shown in Table 3-2. 
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Table 3-2. Composition for Alternate Case at 20 oC 

Cations (M) Anions (M) 
Na+  4.0 OH-  0.229 
Cs+  6.7E-05  NO3

-  1.29 
    NO2

-  0.159 
    Al(OH)4

-  0.0784 
    SO4

2-  0.473 
    CO3

2- (a)  0.636 
    Cl-  6.7E-05 
    C2O4

2-  0.0114 
Density

(b)
 (g/mL) 1.196 

 (a)  CO3
2- adjusted for charge balance 

(b)  Density calculated by OLI 

3.2 Water Dilution of Waste Supernates 

The Tank 10H VDS waste composition was adjusted with water to simulate 0% to 5% (in increments of 
1%), 10%, 15%, and 20% water dilution.  The volume dilution (%) is defined as the percentage ratio of 
water addition volume to the original waste volume.  A total of nine case were generated and summarized 
in Table 3-3.  Table 3-3 is reproduced from Table 1 of the Technical Task Request (Luzzatti, 2020).  Note 
that concentration values in Table 3-3 were subjected to rounding.  More accurate values are given in the 
ZAM input files given in Appendix B.  In this analysis, the cesium concentration is also diluted with water 
addition, rather than being held constant.  Similarly, the Alternate Case was diluted with water and the 
resulting compositions are shown in Table 3-4.     
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Table 3-3. Water Dilution of the Tank 10H VDS Sample at 20 ⁰C (Bounding Case) 

Cases 1 2 3 4 5 6 7 8 9 

  

0% 
Dilution  

(M) 

1% 
Dilution  

(M) 

2% 
Dilution  

(M) 

3% 
Dilution  

(M) 

4% 
Dilution  

(M) 

5% 
Dilution  

(M) 

10% 
Dilution  

(M) 

15% 
Dilution  

(M) 

20% 
Dilution  

(M) 

Na+ 3.22 3.188 3.157 3.126 3.096 3.067 2.927 2.8 2.683 

Cs+ 1.52E-04 1.50E-04 1.49E-04 1.47E-04 1.46E-04 1.44E-04 1.38E-04 1.32E-04 1.26E-04 

OH- 0.184 0.182 0.18 0.179 0.177 0.175 0.167 0.16 0.153 

NO3
- 1.04 1.03 1.02 1.01 1.00 0.99 0.945 0.904 0.867 

NO2
- 0.128 0.127 0.125 0.124 0.123 0.122 0.116 0.111 0.107 

Al(OH)4
- 0.0631 0.0625 0.0619 0.0613 0.0607 0.0601 0.0574 0.0549 0.0526 

SO4
2- 0.381 0.377 0.374 0.37 0.366 0.363 0.346 0.331 0.318 

CO3
2- (a) 0.512 0.507 0.502 0.497 0.493 0.488 0.466 0.445 0.427 

Cl- 1.52E-04 1.50E-04 1.49E-04 1.47E-04 1.46E-04 1.44E-04 1.38E-04 1.32E-04 1.26E-04 

C2O4
2- 9.20E-03 9.11E-03 9.02E-03 8.93E-03 8.85E-03 8.76E-03 8.36E-03 8.00E-03 7.67E-03 

Density
(b)

 
(g/mL) 

1.1611 1.1596 1.1582 1.1568 1.1554 1.1541 1.1476 1.1417 1.1362 

 (a) adjusted for charge balance 
(b) calculated by OLI   
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Table 3-4. Water Dilution for the Alternate Case at 20 ⁰C 

Cases 1a 2a 3a 4a 5a 6a 7a 8a 9a 

  
0% 

Dilution  
(M) 

1% 
Dilution  

(M) 

2% 
Dilution  

(M) 

3% 
Dilution  

(M) 

4% 
Dilution  

(M) 

5% 
Dilution  

(M) 

10% 
Dilution  

(M) 

15% 
Dilution  

(M) 

20% 
Dilution  

(M) 

Na+ 4.00 3.9604 3.9216 3.8835 3.8462 3.8095 3.6364 3.4783 3.3333 

Cs+ 6.70E-05 6.6337E-05 6.5686E-05 6.5049E-05 6.4423E-05 6.381E-05 6.0909E-05 5.8261E-05 5.5833E-05 

OH- 0.229 0.2267 0.2245 0.2223 0.2202 0.2181 0.2082 0.1991 0.1908 

NO3
- 1.29 1.2772 1.2647 1.2524 1.2404 1.2286 1.1727 1.1217 1.075 

NO2
- 0.159 0.1574 0.1559 0.1544 0.1529 0.1514 0.1445 0.1383 0.1325 

Al(OH)4
- 0.0784 0.0776 0.0769 0.0761 0.0754 0.0747 0.0713 0.0682 0.0653 

SO4
2-  0.473 0.4683 0.4637 0.4592 0.4548 0.4505 0.4300 0.4113 0.3942 

CO3
2- (a) 0.6374 0.63115 0.6249 0.61885 0.61285 0.606965 0.57945 0.5543 0.53115 

Cl- 6.70E-05 6.6337E-05 6.5686E-05 6.5049E-05 6.4423E-05 6.3810E-05 6.0909E-05 5.8261E-05 5.5833E-05 

C2O4
2- 0.0114 0.0113 0.0112 0.0111 0.0110 0.0109 0.0104 0.0099 0.0095 

Density
(b)

 
(g/mL) 

1.196 1.1943 1.1926 1.1909 1.1892 1.1876 1.1799 1.1728 1.1663 

(a) adjusted for charge balance 
(b) calculated by OLI 
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3.3 Waste Supernate Temperature Variation 

To determine the change in cesium loading on CST as a function of temperature, the Bounding Case 1 
(undiluted supernate) temperature was varied from 20 ⁰C to 40 ⁰C in increments as shown in Table 3-5.  At 
each temperature, the liquid waste density was calculated by OLI.  Predicted densities for each temperature 
are given in Table 3-5.  For the undiluted supernate Case 1a (Alternate Case), predicted densities are shown 
in Table 3-6.  

Table 3-5. Predicted Density vs. Temperature for Case 1 (Bounding Case) 

Case 1 at T (⁰C) Density
(a)

 (g/mL) 
20  1.1611  
21  1.1607  
22  1.1604  
23  1.1600  
24  1.1596  
25  1.1592  
26  1.1589  
27  1.1585  
28  1.1582  
29  1.1578  
30  1.1575  
31  1.1571  
32  1.1568  
33  1.1564  
34  1.1561  
35  1.1557  
37  1.1550  
39  1.1543  
40  1.1540  

(a) Density calculated by OLI 
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Table 3-6. Predicted Density vs. Temperature for Case 1a (Alternate Case) 

Case 1 at T (⁰C) Density
(a)

 (g/mL) 
20  1.1961 
21  1.1957 
22  1.1953 
23  1.1949 
24  1.1946 
25  1.1942 
26  1.1939 
27  1.1936 
28  1.1932 
29  1.1929 
30  1.1926 
31  1.1923 
32  1.1919 
33  1.1916 
34  1.1912 
35  1.1909 
36 1.1906 
37  1.1902 
38 1.1899 
39  1.1896 
40  1.1892 

(a) Density calculated by OLI 
 

3.4 Quality Assurance 

The Customer requests that a Functional Classification of Safety Class apply to the TCCR 1A Unit work 
(Luzzatti, 2020).  This work was performed under a Task Technical and Quality Assurance Plan (King et 
al., 2020).  Computer modeling using the ZAM CST isotherm program will be conducted as specified in 
Tasks 5-7 and Table 1 of SRR’s Technical Task Request (Luzzatti, 2020). 

Both ZAM and OLI software are controlled at Level D, and so their calculations are for production support 
purposes only.  The functional requirements placed on ZAM Version 4 were verified and validated (Hamm 
et al., 2001).  All the activities related to the verification and validation of the OLI software database and 
the resulting models were documented in accordance with Manual E7 Section 5.0 Software Engineering 
and Control (Choi, 2019). 

This report received technical review by design verification (E7 Manual Procedure 2.60, Section 5.3).  
Signatures of E7 technical reviewers on the final document signifies completion of the design verification 
review. 
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4.0 Results and Discussion 
The calculated ZAM cesium loading results for the waste compositions specified in the previous section 
are presented and discussed in this section. 

4.1 Bounding Case 

4.1.1 Dilution Effects 

Table 4-1 summarizes the ZAM modeling cesium loading predictions for the undiluted and diluted Tank 
10H saltcake VDS solutions.  Cesium loading on CST was calculated for salt solutions varying from 0% to 
20% volume dilution.  Table 4-1 also provides pH and the total ionic strength (mol/kg) calculated by OLI 
for each solution.   

Table 4-1 shows a large decrease in the ionic strength with increasing dilution.  Zheng et al. (1996) observed 
that the CST cesium loading increases with decreasing Na+ concentrations (i.e., increasing dilution) 
primarily due to the decreased ionic strength.  Table 4-1 confirms cesium loading increases in more diluted 
salt solutions even though the initial liquid-phase cesium concentration is decreasing with dilution. 

Table 4-1. ZAM Predictions of Dilution Effects on Cesium Loading at 20 ⁰C for Tank 10H VDS 
(Bounding Case) 

Cases 
Q 

mmolCs/gCST 
pH (a) 

Total Ionic Strength (a) 
(mol/kg) 

1 0.3917 13.3292 4.3665 
2 0.3926 13.3225 4.3198 
3 0.3932 13.3157 4.2753 
4 0.3930 13.3109 4.2298 
5 0.3935 13.3043 4.1865 
6 0.3932 13.2977 4.1451 
7 0.3946 13.2691 3.9437 
8 0.3953 13.2432 3.7619 
9 0.3955 13.2177 3.5953 

(a) Calculated by OLI 
 

 
Figure 4-1 displays the effect of dilution on cesium loading.  Unlike the VDS sample studied previously 
(Hang, 2018), in which the cesium concentration is one order of magnitude smaller (i.e., 1.57x10-5 M), 
dilution of the current VDS sample has a non-linear effect on cesium loading.  Figure 4-2 exhibits the 
isotherm for the specified Case 1 at 20 ⁰C.  The equilibrium CST cesium loading shows a linear correlation 
with the equilibrium cesium concentration in the liquid phase across a large range of solution cesium 
concentrations.  When the cesium concentration approaches 1x10-4 M, the relationship becomes non-linear.  
The deviation from the linear relationship eventually occurs as the CST begins to run out of selective cesium 
sites.  The CST cesium loading was predicted to increase by 1% when the Tank 10H VDS was diluted by 
20%. 
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Figure 4-1. Dilution Effect on CST Cesium Loading at 20 °C. 

 

 

Figure 4-2. Cesium CST Loading Isotherm at 20 ⁰C (Bounding Case 1) 
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Isotherms were also determined for some cases (e.g., cases 1, 3, 5, and 9).  Use of the Freundlich/Langmuir 
model was found to provide an excellent fit for ZAM data.  Isotherm parameters are listed in Table 4-2. 
 
Freundlich/Langmuir isotherm: 
 

  𝑄 ൌ
஼೅஼಴ೞ
ఉା஼಴ೞ

 

    Q: Equilibrium Cs loading (mmol/gCST) 
    CCs: Equilibrium Cs concentration in the solution (mol/L) 
    CT: Total cesium capacity (~0.58 mmol/gCST) 
    β: Isotherm parameter 
 

Table 4-2. Isotherm Parameters for Bounding Dilution Cases at 20⁰C 

Cases CT β 

1 0.58 7.2363E-05 
3 0.58 7.0735E-05 

5 0.58 6.9157E-05 

9 0.58 5.8777E-05 

 
Figure 4-3 shows the computed isotherms for the selected cases and confirms that cesium loading increases 
with more diluted waste solutions. 
 

 

Figure 4-3. Isotherms for Bounding Dilution Cases at 20⁰C 
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4.1.2 Temperature Effects 
In general, higher temperature discourages the cesium sorption reaction on CST which occurs with 
evolution of heat (Helfferich, 1995).  An increase in temperature decreases the thermodynamic equilibrium 
constant resulting in a lower cesium sorption.  
 
The following calculation demonstrates the temperature effect on cesium loading.  The ion exchange 
reaction involving cesium is represented as follows (Zheng et al., 1997): 

 ሾ𝑁𝑎ାሿௌ ൅ ሾ𝐶𝑠ାሿ௟
௄೐೜
ርሮ ሾ𝐶𝑠ାሿௌ ൅ ሾ𝑁𝑎ାሿ௟ Eq. 1 

The thermodynamic equilibrium constant Keq is defined as: 

 𝐾௘௤ ൌ 𝐾஼𝐾ఊ Eq.2 
  

where 𝐾஼ ൌ
ொ಴ೞ஼ಿೌ
ொಿೌ஼಴ೞ

     Eq. 3 

 𝐾ఊ ൌ
ఊಿೌ
ఊ಴ೞ

    Eq. 4  

    Keq: Thermodynamic equilibrium constant 
    KC: Concentration-related equilibrium parameter 
    Kγ: Activity coefficient-related equilibrium parameter 

QCs: Equilibrium Cs concentration on the CST media, 
    QNa: Equilibrium Na concentration on the CST media, 
    CCs: Equilibrium Cs concentration in the solution, 
    CNa: Equilibrium Na concentration in the solution, 
    γCs: Activity coefficient of Cs in the solution, and 
    γNa: Activity coefficient of Na in the solution 

The solid phase was found to be ideal along the binary ion exchange isotherms of Cs+/Na+, Rb+/Na+, and 
K+/N+ systems (Zheng et al., 1997).  Therefore, no activity coefficients for the solid phase are included in  
Eq. 4. 

The cesium-sodium relation on the CST media is given by the following material balance equation: 

 𝑄் ൌ 𝑄஼௦ ൅ 𝑄ே௔  Eq. 5 
     

QT: Total cesium capacity of the CST media 

Cesium loading is obtained by combining the material balance (Eq. 5) and equilibrium constant equations 
(Eqs 2, 3, and 4). 

 𝑄஼௦ ൌ
ொ೅஼಴ೞ

஼಴ೞା൬
಼ം
಼೐೜

൰஼ಿೌ
     Eq. 6 

or 𝑄஼௦ ൌ
ொ೅

ଵା൬
಼ം
಼೐೜

൰൬
಴ಿೌ
಴಴ೞ

൰
 Eq. 7 

The equilibrium constant is related to the heat of ion exchange, ∆Ho, by the Van’t Hoff equation as follows. 

 𝑙𝑛𝐾௘௤,் ൌ 𝑙𝑛𝐾௘௤,ଶହ°஼ െ
∆ு°

ோ
ቀଵ
்
െ ଵ

்మఱ°಴
ቁ Eq. 8 

with 𝐾௘௤,ଶହ°஼ ൌ 4.4𝑥10ସ Eq. 9 

 ∆𝐻° ൌ െ2.18𝑥10ସ ௃

௚௠௢௟௘
 Eq. 10 
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For illustration, activity coefficients and equilibrium constants calculated for Case 1 at 20 oC, 30 oC, and 
40 oC are shown in Table 4-3. 

Table 4-3. Activity Coefficients and Equilibrium Constants for Bounding Case 1 at 20 oC, 30 oC  
and 40 oC 

T (⁰C) γ
Cs

 (a) γ
Na

 (a) K
γ
 K

eq
 K

γ
/K

eq
 

20 0.5517 0.4053 0.7346 5.1120E+04 1.4370E-05 

30 0.5576 0.4183 0.7502 3.8059E+04 1.9712E-05 

40 0.5633 0.4270 0.7580 2.8874E+04 2.6251E-05 
(a): Calculated by OLI 
 

Equilibrium constants Keq decrease with increasing temperatures much more than the increase in activity 
coefficients.  Consequently, the ratio (Kγ/Keq) increases, making the denominator of the cesium loading 
equation (Eq. 7) larger, therefore reducing cesium sorption. 
 
Table 4-4 shows the ZAM results for Case 1 at different temperatures ranging from 20 to 40 ⁰C.  Table 4-4 
confirms the decrease in cesium loading with increasing temperatures.  The cesium loading on CST was 
predicted to decrease by 20% when the temperature was increased from 20 to 40 ⁰C. 
 

Table 4-4. ZAM Predictions of Temperature Effects on CST Cesium Loading for the Undiluted 
Tank 10H VDS Sample (Bounding Case 1) 

 
Case 1 at T (oC)  

Q  
mmolCs / gCST  

20  0.3917  
21  0.3878  
22  0.3839  
23  0.3800  
24  0.3761  
25  0.3722  
26  0.3682  
27  0.3643  
28  0.3603  
29  0.3564  
30  0.3524  
31  0.3485  
32  0.3446  
33  0.3406  
34  0.3367  
35  0.3328  
37  0.3249  
39  0.3172  
40  0.3133  
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Figure 4-4 displays the effect of temperature on cesium loading as predicted by the ZAM model.  The 
correlation in Figure 4-4 is linear within the temperature range of interest.  The linear regression of the 
plotted calculation results yields the equation below the figure.  

 

  
Figure 4-4. Temperature Effect on Cesium Loading for the Bounding Case 

 

Linear regression: Q(mmolCs/gCST) = -3.9280E-3 * T(⁰C) + 0.4703     (R2 = 1) 

Isotherms were determined for some cases (e.g., at 20⁰C, 25⁰C, 30⁰C, 35⁰C, and 40⁰C).  Again, the 
Freundlich/Langmuir model was used to fit ZAM data.  Isotherm parameters are listed in Table 4-5. 

 

Table 4-5. Isotherm Parameters for Bounding Case 1 at Different Temperatures 

Case 1 at  
T(⁰C) 

CT β 

20 0.58 7.2363E-05 

25 0.58 8.4079E-05 

30 0.58 9.7242E-05 

35 0.58 1.1189E-04 

40 0.58 1.2819E-04 

 
Figure 4-5 shows the isotherms for the selected cases and confirms that cesium loading decreases with 
increasing temperatures. 
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Figure 4-5. Isotherms for Bounding Case 1 at Different Temperatures 

 

4.2 Alternate Case 

4.2.1 Dilution Effects 
Table 4-6 shows the ZAM modeling CST cesium loading predictions for the undiluted and diluted supernate 
solutions of the Alternate Case.  Table 4-6 also provides pH and the total ionic strength (mol/kg) calculated 
by OLI.  Similarly to the results for the Bounding Case, Table 4-6 confirms cesium loading increases in 
more diluted salt solutions. 
 

Table 4-6. ZAM Predictions of Dilution Effects on Cesium Loading at 20 oC for the Alternate Case 

Cases 
Q 

mmolCs/gCST 
pH (a) 

Total Ionic Strength (a) 
(mol/kg) 

1a 0.2406 13.4825 5.5061 
2a 0.2409 13.4748 5.4472 
3a 0.2412 13.4674 5.3896 
4a 0.2415 13.4600 5.3333 
5a 0.2417 13.4529 5.2781 
6a 0.2420 13.4458 5.2241 
7a 0.2433 13.4122 4.9708 
8a 0.2445 13.3813 4.7420 
9a 0.2456 13.3525 4.5321 

(a) calculated by OLI 
 
Figure 4-6 exhibits the effect of dilution on cesium loading.  As was the case for the Bounding Case 
discussed in Section 4.1.1 above, since the initial cesium concentration for the Alternate Case is below 
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1x10-4 M, a linear relationship of the equilibrium CST cesium loading and the equilibrium cesium 
concentration in the liquid phase would be expected assuming a similar loading isotherm for this supernate 
composition.  Figure 4-6 confirms this linear correlation.  The linear regression of the calculated results 
produces the equation shown below.  The CST cesium loading was predicted to increase by ~2% when the 
Alternate supernate was diluted by 20%. 
 

 

Figure 4-6. Dilution Effect on Cesium Loading for the Alternate Case at 20 °C 

 
Linear regression: Q(mmolCs/gCST) = 2.5026E-4 * Dilution(Vol%) + 0.2407  (R2 = 0.998) 
 

Isotherms were determined for some cases (e.g., cases 1, 3, 5, and 9).  The Freundlich/Langmuir model was 
used to fit ZAM data.  Table 4-7 shows the isotherm parameters for theses cases. 

 

Table 4-7. Isotherm Parameters for Alternate Dilution Cases at 20⁰C 

Cases CT β 

1a 0.58 9.4527E-05 
3a 0.58 9.2266E-05 

5a 0.58 9.0122E-05 

9a 0.58 7.6014E-05 

 
Figure 4-7 shows the computed isotherms for the selected cases and confirms that cesium loading increases 
with more diluted waste solutions. 
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Figure 4-7. Isotherms for Alternate Dilution Cases at 20⁰C 

 

4.2.2 Temperature Effects 
Table 4-8 provides the ZAM results for the Alternate Case 1a at temperatures varying from 20 oC to 40 oC, 
showing the decrease in cesium loading with increasing temperatures.  The CST cesium loading was 
predicted to decrease by 31% when the temperature was increased from 20 oC to 40 oC. 
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Table 4-8. Temperature Effect on Cesium Loading for the Undiluted Alternate Case (Case 1a) 

Case 1a at T 
(oC) 

Density(a) 
(g/mL) 

Q 
mmolCs/gCST 

20 1.1961 0.2406 
21 1.1957 0.2363 
22 1.1953 0.2321 
23 1.1949 0.2279 
24 1.1946 0.2238 
25 1.1942 0.2197 
26 1.1939 0.2157 
27 1.1936 0.2118 
28 1.1932 0.2079 
29 1.1929 0.2041 
30 1.1926 0.2003 
31 1.1923 0.1966 
32 1.1919 0.1929 
33 1.1916 0.1893 
34 1.1912 0.1858 
35 1.1909 0.1823 
36 1.1906 0.1789 
37 1.1902 0.1755 
38 1.1899 0.1722 
39 1.1896 0.1689 
40 1.1892 0.1657 

(a) calculated by OLI 
 

Figure 4-8 displays the effect of temperature on CST cesium loading as predicted by the ZAM model.  The 
correlation in Figure 4-8 is linear within the temperature range of interest.  The linear regression of the 
calculated results yields the equation shown below. 
 

 

Figure 4-8. Temperature Effect on Cesium Loading for the Alternate Case 
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Linear regression: Q(mmolCs/gCST) = -3.7436E-3 * T(⁰C) + 0.3137  (R2 = 0.9983) 

Isotherms were determined for some cases (e.g., at 20⁰C, 25⁰C, 30⁰C, 35⁰C, and 40⁰C).  The 
Freundlich/Langmuir model was used to fit ZAM data.  Isotherm parameters are listed in Table 4-9. 
 

Table 4-9. Isotherm Parameters for Alternate Case 1a at Different Temperatures 

Case 1a at  
T(⁰C) 

CT β 

20 0.58 9.4527E-05 

25 0.58 1.0982E-04 

30 0.58 1.2699E-04 

35 0.58 1.4613E-04 

40 0.58 1.6741E-04 

 
Figure 4-9 shows the isotherms for the selected cases and confirms that cesium loading decreases with 
increasing temperatures. 

 

 

Figure 4-9. Isotherms for Alternate Case 1a at Different Temperatures 
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5.0 Conclusions 
 
The sensitivity of Tank 10H VDS waste solution to be processed in the TCCR 1A Unit was studied using 
the ZAM program.  Results of the ZAM model predictions follow. 

 Dilution of the salt waste solution with water increases the cesium loading primarily due to the 
decreased ionic strength.  For the Bounding Case, dilution has a non-linear effect on cesium loading 
within the dilution range of 0% to 20% by volume.  For the Alternate Case, the dilution effect on 
cesium loading is linear with the following correlation equation: 

Q(mmolCs/gCST) = 2.5026E-4 * Dilution(Vol%) + 0.2407 (R2 = 0.998) 

Diluting either supernate by 20% results in a 1-2% increase in cesium loading. 

 Cesium loading decreases with increasing temperatures.  For the Bounding Case, the correlation 
shows a linear effect within the temperature range of 20 to 40 ⁰C.  The cesium loading on CST was 
predicted to decrease by 20% when the temperature was increased from 20 to 40 ⁰C. 

Q(mmolCs/gCST) = -3.9280E-3 * T(⁰C) + 0.4703  (R2 = 1) 

For the Alternate Case, the temperature effect on the CST cesium loading is also linear within the 
temperature range of 20 to 40 oC.  The cesium loading on CST was predicted to decrease by 31% 
when the temperature was increased from 20 to 40 oC. 

  Q(mmolCs/gCST) = -3.7436E-3 * T(⁰C) + 0.3137  (R2 = 0.998) 
 
Across the ranges evaluated, temperature effects on CST cesium loading are much greater than ionic 
strength or dilution effects. 
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Appendix A. Scope for the Alternate Case 
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Appendix B. ZAM Calculations for the Bounding Case 
 

1) Cases 1 to 9, Water Dilution at 20 ⁰C 
 
 Case 1 (0% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 20C           Title 
7, 8                                                      Number of Cations & Anions 
1161.12                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0       Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                     Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 1 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1161E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.949644289095292 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3917E+00      .1520E+00      .2577E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 2 (1% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 2 Maximum Loading @ 20C           Title 
6, 8                                                    Number of Cations & Anions 
1159.64                                                Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.188, 1.5E-04, 5.4945E-14, 0  , 0      , 0       Concentrations of Cations 
0.182, 1.03, 0.127, 0.0625, 0.377, 0.50714, 1.50E-04, 9.11E-3 Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 2 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1160E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3188E+01 
  Cs+.....        132.9054          1.       .1500E-03 
  H+......          1.0079          1.       .5495E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1820E+00 
  NO3-....         62.0049         -1.       .1030E+01 
  NO2-....         46.0000         -1.       .1270E+00 
  Al(OH)4-         95.0000         -1.       .6250E-01 
  SO4--...         96.0636         -2.       .3770E+00 
  CO3--...         60.0092         -2.       .5071E+00 
  Cl-.....         35.4527         -1.       .1500E-03 
  Other--.         88.0200         -2.       .9110E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.126559723553072 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3926E+00      .1500E+00      .2618E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1820E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 3 (2% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 3 Maximum Loading @ 20C           Title 
6, 8                                                      Number of Cations & Anions 
1158.23                                                Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.157, 1.49E-04, 5.5556E-14, 0, 0, 0        Concentrations of Cations 
0.180, 1.02, 0.125, 0.06190, 0.374, 0.50203, 1.49E-04, 9.02E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 3 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1158E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3157E+01 
  Cs+.....        132.9054          1.       .1490E-03 
  H+......          1.0079          1.       .5556E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1800E+00 
  NO3-....         62.0049         -1.       .1020E+01 
  NO2-....         46.0000         -1.       .1250E+00 
  Al(OH)4-         95.0000         -1.       .6190E-01 
  SO4--...         96.0636         -2.       .3740E+00 
  CO3--...         60.0092         -2.       .5020E+00 
  Cl-.....         35.4527         -1.       .1490E-03 
  Other--.         88.0200         -2.       .9020E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.072194800246161 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3932E+00      .1490E+00      .2639E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1800E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 4 (3% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 4 Maximum Loading @ 20C     Title 
6, 8                                                      Number of Cations & Anions 
1156.79                                                Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.126, 1.47E-04, 5.5866E-14, 0, 0, 0        Concentrations of Cations 
0.179, 1.01, 0.124, 0.0613, 0.37, 0.49692, 1.47E-04, 8.93E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 4 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1157E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3126E+01 
  Cs+.....        132.9054          1.       .1470E-03 
  H+......          1.0079          1.       .5587E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1790E+00 
  NO3-....         62.0049         -1.       .1010E+01 
  NO2-....         46.0000         -1.       .1240E+00 
  Al(OH)4-         95.0000         -1.       .6130E-01 
  SO4--...         96.0636         -2.       .3700E+00 
  CO3--...         60.0092         -2.       .4969E+00 
  Cl-.....         35.4527         -1.       .1470E-03 
  Other--.         88.0200         -2.       .8930E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.017468578546675 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3930E+00      .1470E+00      .2673E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1790E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 

 
 
  



SRNL-STI-2020-00262 
Revision 0 

 27 

 Case 5 (4% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 5 Maximum Loading @ 20C           Title 
6, 8                                                    Number of Cations & Anions 
1155.4                                             Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.096, 1.46E-04, 5.6497E-14, 0, 0, 0        Concentrations of Cations 
0.177, 1.0, 0.123, 0.0607, 0.366, 0.4928, 1.46E-04, 8.85E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 5 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1155E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3096E+01 
  Cs+.....        132.9054          1.       .1460E-03 
  H+......          1.0079          1.       .5650E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1770E+00 
  NO3-....         62.0049         -1.       .1000E+01 
  NO2-....         46.0000         -1.       .1230E+00 
  Al(OH)4-         95.0000         -1.       .6070E-01 
  SO4--...         96.0636         -2.       .3660E+00 
  CO3--...         60.0092         -2.       .4928E+00 
  Cl-.....         35.4527         -1.       .1460E-03 
  Other--.         88.0200         -2.       .8850E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.964475572981345 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3935E+00      .1460E+00      .2695E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1770E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 6 (5% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 6 Maximum Loading @ 20C     Title 
6, 8                                                      Number of Cations & Anions 
1154.07                                                Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.067, 1.44E-04, 5.7143E-14, 0, 0, 0        Concentrations of Cations 
0.175, 0.99, 0.122, 0.0601, 0.363, 0.48819, 1.44E-04, 8.76E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 6 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1154E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3067E+01 
  Cs+.....        132.9054          1.       .1440E-03 
  H+......          1.0079          1.       .5714E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1750E+00 
  NO3-....         62.0049         -1.       .9900E+00 
  NO2-....         46.0000         -1.       .1220E+00 
  Al(OH)4-         95.0000         -1.       .6010E-01 
  SO4--...         96.0636         -2.       .3630E+00 
  CO3--...         60.0092         -2.       .4882E+00 
  Cl-.....         35.4527         -1.       .1440E-03 
  Other--.         88.0200         -2.       .8760E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.913680651599114 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3932E+00      .1440E+00      .2730E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1750E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 7 (10% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 7 Maximum Loading @ 20C     Title 
6, 8                                                      Number of Cations & Anions 
1147.58                                               Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
2.927, 1.38E-04, 5.9880E-14, 0, 0, 0        Concentrations of Cations 
0.167, 0.945, 0.116, 0.0574, 0.346, 0.46644, 1.38E-04, 8.36E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 7 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1148E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .2927E+01 
  Cs+.....        132.9054          1.       .1380E-03 
  H+......          1.0079          1.       .5988E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1670E+00 
  NO3-....         62.0049         -1.       .9450E+00 
  NO2-....         46.0000         -1.       .1160E+00 
  Al(OH)4-         95.0000         -1.       .5740E-01 
  SO4--...         96.0636         -2.       .3460E+00 
  CO3--...         60.0092         -2.       .4664E+00 
  Cl-.....         35.4527         -1.       .1380E-03 
  Other--.         88.0200         -2.       .8360E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.668789322949483 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3946E+00      .1380E+00      .2859E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1670E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 8 (15% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 8 Maximum Loading @ 20C     Title 
6, 8                                                      Number of Cations & Anions 
1141.67                                                Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
2.8, 1.32E-04, 6.2500E-14, 0, 0, 0         Concentrations of Cations 
0.16, 0.904, 0.111, 0.0549, 0.331, 0.44605, 1.32E-04, 8.0E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 8 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1142E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .2800E+01 
  Cs+.....        132.9054          1.       .1320E-03 
  H+......          1.0079          1.       .6250E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1600E+00 
  NO3-....         62.0049         -1.       .9040E+00 
  NO2-....         46.0000         -1.       .1110E+00 
  Al(OH)4-         95.0000         -1.       .5490E-01 
  SO4--...         96.0636         -2.       .3310E+00 
  CO3--...         60.0092         -2.       .4461E+00 
  Cl-.....         35.4527         -1.       .1320E-03 
  Other--.         88.0200         -2.       .8000E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.448579781525522 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3953E+00      .1320E+00      .2995E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1600E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 9 (20% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 9 Maximum Loading @ 20C     Title 
6, 8                                                      Number of Cations & Anions 
1136.2                                                Density(kg/m3) 
 3,  6,  1,   5,  4, 13      Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
2.683, 1.26E-04, 6.5359E-14, 0, 0, 0        Concentrations of Cations 
0.153, 0.867, 0.107, 0.0526, 0.318, 0.42603, 1.26E-04, 7.67E-03 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 9 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1136E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .2683E+01 
  Cs+.....        132.9054          1.       .1260E-03 
  H+......          1.0079          1.       .6536E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1530E+00 
  NO3-....         62.0049         -1.       .8670E+00 
  NO2-....         46.0000         -1.       .1070E+00 
  Al(OH)4-         95.0000         -1.       .5260E-01 
  SO4--...         96.0636         -2.       .3180E+00 
  CO3--...         60.0092         -2.       .4260E+00 
  Cl-.....         35.4527         -1.       .1260E-03 
  Other--.         88.0200         -2.       .7670E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.246311806077563 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3955E+00      .1260E+00      .3139E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .1530E+03      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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2) Temperature Variation of Case 1 
 
 Case 1 at 20 ⁰C 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1161.12                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 1 Maximum Loading @ 20C     
  ***********************INPUT************************ 
 
    Density=  .1161E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.949644289095292 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3917E+00      .1520E+00      .2577E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 21 ⁰C 
 
ZAM input 
  
1, 294.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 21C     Title 
7, 8                                                      Number of Cations & Anions 
1160.73                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 
 
ZAM output 
 
 
   Solution:  Case 1 Maximum Loading @ 21C     
  ***********************INPUT************************ 
 
    Density=  .1161E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.951734106938101 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3878E+00      .1520E+00      .2552E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 22 ⁰C 
 
ZAM input 
  
1, 295.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 22C     Title 
7, 8                                                      Number of Cations & Anions 
1160.35                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 22C     
  ***********************INPUT************************ 
 
    Density=  .1160E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.953772283817894 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3839E+00      .1520E+00      .2526E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 23 ⁰C 
 
ZAM input 
  
1, 296.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 23C     Title 
7, 8                                                      Number of Cations & Anions 
1159.98                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 23C     
  ***********************INPUT************************ 
 
    Density=  .1160E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.955758049891398 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3800E+00      .1520E+00      .2500E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 24 ⁰C 
 
ZAM input 
  
1, 297.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 24C     Title 
7, 8                                                      Number of Cations & Anions 
1159.61                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 24C     
  ***********************INPUT************************ 
 
    Density=  .1160E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.957745728937899 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3761E+00      .1520E+00      .2474E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 

 
  



SRNL-STI-2020-00262 
Revision 0 

 37 

 Case 1 at 25 ⁰C 
 
ZAM input 
  
1, 298.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 25C     Title 
7, 8                                                      Number of Cations & Anions 
1159.24                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 25C     
  ***********************INPUT************************ 
 
    Density=  .1159E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.959734682513975 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3722E+00      .1520E+00      .2448E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 26 ⁰C 
 
ZAM input 
  
1, 299.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 26C     Title 
7, 8                                                      Number of Cations & Anions 
1158.88                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 26C     
  ***********************INPUT************************ 
 
    Density=  .1159E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.961671655712632 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3682E+00      .1520E+00      .2423E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 27 ⁰C 
 
ZAM input 
  
1, 300.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 27C     Title 
7, 8                                                      Number of Cations & Anions 
1158.52                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 27C     
  ***********************INPUT************************ 
 
    Density=  .1159E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.963609821365289 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3643E+00      .1520E+00      .2397E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 28 ⁰C 
 
ZAM input 
  
1, 301.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 28C     Title 
7, 8                                                      Number of Cations & Anions 
1158.16                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 28C     
  ***********************INPUT************************ 
 
    Density=  .1158E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.965549823129335 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3603E+00      .1520E+00      .2371E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 29 ⁰C 
 
ZAM input 
  
1, 302.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 29C     Title 
7, 8                                                      Number of Cations & Anions 
1157.8                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 29C     
  ***********************INPUT************************ 
 
    Density=  .1158E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.967491020396874 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3564E+00      .1520E+00      .2345E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 30 ⁰C 
 
ZAM input 
  
1, 303.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 30C     Title 
7, 8                                                      Number of Cations & Anions 
1157.45                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 30C     
  ***********************INPUT************************ 
 
    Density=  .1157E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.969380636161126 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3524E+00      .1520E+00      .2319E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 31 ⁰C 
 
ZAM input 
  
1, 304.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 31C     Title 
7, 8                                                      Number of Cations & Anions 
1157.1                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 31C     
  ***********************INPUT************************ 
 
    Density=  .1157E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.971271045960994 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3485E+00      .1520E+00      .2293E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 32 ⁰C 
 
ZAM input 
  
1, 305.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 32C     Title 
7, 8                                                      Number of Cations & Anions 
1156.75                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 32C     
  ***********************INPUT************************ 
 
    Density=  .1157E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.973162572271766 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3446E+00      .1520E+00      .2267E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 33 ⁰C 
 
ZAM input 
  
1, 306.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 33C     Title 
7, 8                                                      Number of Cations & Anions 
1156.4                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 33C     
  ***********************INPUT************************ 
 
    Density=  .1156E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.975055861099047 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3406E+00      .1520E+00      .2241E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 34 ⁰C 
 
ZAM input 
  
1, 307.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 34C     Title 
7, 8                                                      Number of Cations & Anions 
1156.05                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 34C     
  ***********************INPUT************************ 
 
    Density=  .1156E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.976950269234869 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3367E+00      .1520E+00      .2215E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 

 
  



SRNL-STI-2020-00262 
Revision 0 

 47 

 Case 1 at 35 ⁰C 
 
ZAM input 
  
1, 308.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 35C     Title 
7, 8                                                      Number of Cations & Anions 
1155.7                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 35C     
  ***********************INPUT************************ 
 
    Density=  .1156E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.978847089753680 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3328E+00      .1520E+00      .2189E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 37 ⁰C 
 
ZAM input 
  
1, 310.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 37C     Title 
7, 8                                                      Number of Cations & Anions 
1155.01                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 37C     
  ***********************INPUT************************ 
 
    Density=  .1155E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.982589100832413 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3249E+00      .1520E+00      .2138E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 39 ⁰C 
 
ZAM input 
  
1, 312.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 39C     Title 
7, 8                                                      Number of Cations & Anions 
1154.31                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 39C     
  ***********************INPUT************************ 
 
    Density=  .1154E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.986391499919001 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3172E+00      .1520E+00      .2087E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1 at 40 ⁰C 
 
ZAM input 
  
1, 313.15                                               Activity Coeff. Model, Temperature 
Case 1 Maximum Loading @ 40C     Title 
7, 8                                                      Number of Cations & Anions 
1153.97                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.22, 1.52E-04, 5.4348E-14, 0, 0, 0, 0        Concentrations of Cations 
0.184, 1.04, 0.128, 0.0631, 0.381, 0.51225, 1.52E-4, 0.0092  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1 Maximum Loading @ 40C     
  ***********************INPUT************************ 
 
    Density=  .1154E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3220E+01 
  Cs+.....        132.9054          1.       .1520E-03 
  H+......          1.0079          1.       .5435E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1840E+00 
  NO3-....         62.0049         -1.       .1040E+01 
  NO2-....         46.0000         -1.       .1280E+00 
  Al(OH)4-         95.0000         -1.       .6310E-01 
  SO4--...         96.0636         -2.       .3810E+00 
  CO3--...         60.0092         -2.       .5123E+00 
  Cl-.....         35.4527         -1.       .1520E-03 
  Other--.         88.0200         -2.       .9200E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           4.988240724395293 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .3133E+00      .1520E+00      .2061E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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Appendix C. ZAM Calculations for the Alternate Case 
 
1) Cases 1 to 9, Water Dilution at 20 ⁰C 
 
 Case 1a (0% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1196.07                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 1a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1196E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.302380125585418 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2406E+00      .6700E-01      .3591E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 2a (1% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 2a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1194.31                                               Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.9604, 6.6337E-05, 4.4111E-14, 0, 0, 0, 0        Concentrations of Cations 
0.2267, 1.2772, 0.1574, 0.0776, 0.4683, 0.63115, 6.6337E-05, 0.0113 Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
 
ZAM output 
 
 
   Solution:  Case 2a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1194E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3960E+01 
  Cs+.....        132.9054          1.       .6634E-04 
  H+......          1.0079          1.       .4411E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2267E+00 
  NO3-....         62.0049         -1.       .1277E+01 
  NO2-....         46.0000         -1.       .1574E+00 
  Al(OH)4-         95.0000         -1.       .7760E-01 
  SO4--...         96.0636         -2.       .4683E+00 
  CO3--...         60.0092         -2.       .6312E+00 
  Cl-.....         35.4527         -1.       .6634E-04 
  Other--.         88.0200         -2.       .1130E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.232087751188554 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2409E+00      .6634E-01      .3631E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 3a (2% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 3a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1192.58                                            Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.9216, 6.5686E-05, 4.4543E-14, 0, 0, 0, 0        Concentrations of Cations 
0.2245, 1.2647, 0.1559, 0.0769, 0.4637, 0.6249, 6.5686E-05, 0.0112 Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 3a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1193E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3922E+01 
  Cs+.....        132.9054          1.       .6569E-04 
  H+......          1.0079          1.       .4454E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2245E+00 
  NO3-....         62.0049         -1.       .1265E+01 
  NO2-....         46.0000         -1.       .1559E+00 
  Al(OH)4-         95.0000         -1.       .7690E-01 
  SO4--...         96.0636         -2.       .4637E+00 
  CO3--...         60.0092         -2.       .6249E+00 
  Cl-.....         35.4527         -1.       .6569E-04 
  Other--.         88.0200         -2.       .1120E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.163259756939361 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2412E+00      .6569E-01      .3672E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 4a (3% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 4a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1190.89                                      Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.8835, 6.5049E-05, 4.4984E-14, 0, 0, 0, 0        Concentrations of Cations 
0.2223, 1.2524, 0.1544, 0.0761, 0.4592, 0.61885, 6.5049E-05, 0.0111 Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 4a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1191E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3884E+01 
  Cs+.....        132.9054          1.       .6505E-04 
  H+......          1.0079          1.       .4498E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2223E+00 
  NO3-....         62.0049         -1.       .1252E+01 
  NO2-....         46.0000         -1.       .1544E+00 
  Al(OH)4-         95.0000         -1.       .7610E-01 
  SO4--...         96.0636         -2.       .4592E+00 
  CO3--...         60.0092         -2.       .6189E+00 
  Cl-.....         35.4527         -1.       .6505E-04 
  Other--.         88.0200         -2.       .1110E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.095911159295398 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2415E+00      .6505E-01      .3712E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 5a (4% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 5a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1189.23                                   Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.8462, 6.4423E-05, 4.5413E-14, 0, 0, 0, 0        Concentrations of Cations 
0.2202, 1.2404, 0.1529, 0.0754, 0.4548, 0.61285, 6.4423E-05, 0.0110 Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 

 
ZAM output 
 
 
   Solution:  Case 5a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1189E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3846E+01 
  Cs+.....        132.9054          1.       .6442E-04 
  H+......          1.0079          1.       .4541E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2202E+00 
  NO3-....         62.0049         -1.       .1240E+01 
  NO2-....         46.0000         -1.       .1529E+00 
  Al(OH)4-         95.0000         -1.       .7540E-01 
  SO4--...         96.0636         -2.       .4548E+00 
  CO3--...         60.0092         -2.       .6129E+00 
  Cl-.....         35.4527         -1.       .6442E-04 
  Other--.         88.0200         -2.       .1100E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.030081320695456 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2418E+00      .6442E-01      .3753E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 6a (5% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 6a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1187.6                                   Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.8095, 6.3810E-05, 4.5851E-14, 0, 0, 0, 0        Concentrations of Cations 
0.2181, 1.2286, 0.1514, 0.07467, 0.4505, 0.606965, 6.3810E-05, 0.0109 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 6a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1188E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3810E+01 
  Cs+.....        132.9054          1.       .6381E-04 
  H+......          1.0079          1.       .4585E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2181E+00 
  NO3-....         62.0049         -1.       .1229E+01 
  NO2-....         46.0000         -1.       .1514E+00 
  Al(OH)4-         95.0000         -1.       .7467E-01 
  SO4--...         96.0636         -2.       .4505E+00 
  CO3--...         60.0092         -2.       .6070E+00 
  Cl-.....         35.4527         -1.       .6381E-04 
  Other--.         88.0200         -2.       .1090E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.965514051516402 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2420E+00      .6381E-01      .3793E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 

 
  



SRNL-STI-2020-00262 
Revision 0 

 57 

 Case 7a (10% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 7a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1179.89                                   Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.6364, 6.0909E-05, 4.8031E-14, 0, 0, 0, 0        Concentrations of Cations 
0.2082, 1.1727, 0.1445, 0.0713, 0.4300, 0.579450, 6.0909E-05, 0.0104 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 7a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1180E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3636E+01 
  Cs+.....        132.9054          1.       .6091E-04 
  H+......          1.0079          1.       .4803E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2082E+00 
  NO3-....         62.0049         -1.       .1173E+01 
  NO2-....         46.0000         -1.       .1445E+00 
  Al(OH)4-         95.0000         -1.       .7130E-01 
  SO4--...         96.0636         -2.       .4300E+00 
  CO3--...         60.0092         -2.       .5795E+00 
  Cl-.....         35.4527         -1.       .6091E-04 
  Other--.         88.0200         -2.       .1040E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.663088941242205 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2433E+00      .6091E-01      .3995E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 8a (15% Dilution) 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 8a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1172.83                                  Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.4783, 5.8261E-05, 5.0226E-14, 0, 0, 0, 0        Concentrations of Cations 
0.1991, 1.1217, 0.1383, 0.0682, 0.4113, 0.5543, 5.8261E-05, 0.0099 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 8a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1173E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3478E+01 
  Cs+.....        132.9054          1.       .5826E-04 
  H+......          1.0079          1.       .5023E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1991E+00 
  NO3-....         62.0049         -1.       .1122E+01 
  NO2-....         46.0000         -1.       .1383E+00 
  Al(OH)4-         95.0000         -1.       .6820E-01 
  SO4--...         96.0636         -2.       .4113E+00 
  CO3--...         60.0092         -2.       .5543E+00 
  Cl-.....         35.4527         -1.       .5826E-04 
  Other--.         88.0200         -2.       .9900E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.389824278487013 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2445E+00      .5826E-01      .4197E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 9a (20% Dilution) 
 
ZAM input 
  
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 9a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1166.29                                Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
3.3333, 5.5833E-05, 5.2411E-14, 0, 0, 0, 0        Concentrations of Cations 
0.1908, 1.0750, 0.1325, 0.0653, 0.3942, 0.53115, 5.5833E-05, 0.0095 Concentrations of Anions 
1, 0.0000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
 
 
   Solution:  Case 9a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1166E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .3333E+01 
  Cs+.....        132.9054          1.       .5583E-04 
  H+......          1.0079          1.       .5241E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .1908E+00 
  NO3-....         62.0049         -1.       .1075E+01 
  NO2-....         46.0000         -1.       .1325E+00 
  Al(OH)4-         95.0000         -1.       .6530E-01 
  SO4--...         96.0636         -2.       .3942E+00 
  CO3--...         60.0092         -2.       .5312E+00 
  Cl-.....         35.4527         -1.       .5583E-04 
  Other--.         88.0200         -2.       .9500E-02 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-06 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           5.141992849011238 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2456E+00      .5583E-01      .4399E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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2) Temperature Variation of Case 1a 
 
 Case 1a at 20 ⁰C 
 
ZAM input 
 

 
1, 293.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 20C     Title 
7, 8                                                      Number of Cations & Anions 
1196.07                                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment  
 
ZAM output 
 
 
   Solution:  Case 1a Maximum Loading @ 20C    
  ***********************INPUT************************ 
 
    Density=  .1196E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.302380125585418 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2406E+00      .6700E-01      .3591E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 21 ⁰C 
 
ZAM input 
  
1, 294.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 21C     Title 
7, 8                                                      Number of Cations & Anions 
1195.68                                               Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
 
 
   Solution:  Case 1a Maximum Loading @ 21C    
  ***********************INPUT************************ 
 
    Density=  .1196E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.305106347788279 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2363E+00      .6700E-01      .3527E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 22 ⁰C 
 
ZAM input 
  
1, 295.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 22C     Title 
7, 8                                                      Number of Cations & Anions 
1195.3                                             Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 22C    
  ***********************INPUT************************ 
 
    Density=  .1195E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.307766070700395 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2321E+00      .6700E-01      .3464E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 23 ⁰C 
 
ZAM input 
  
1, 296.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 23C     Title 
7, 8                                                      Number of Cations & Anions 
1194.93                                           Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 23C    
  ***********************INPUT************************ 
 
    Density=  .1195E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.310357452331911 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2279E+00      .6700E-01      .3402E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 24 ⁰C 
 
ZAM input 
  
1, 297.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 24C     Title 
7, 8                                                      Number of Cations & Anions 
1194.57                                       Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 24C    
  ***********************INPUT************************ 
 
    Density=  .1195E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.312881993423198 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2238E+00      .6700E-01      .3340E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 25 ⁰C 
 
ZAM input 
  
1, 298.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 25C     Title 
7, 8                                                      Number of Cations & Anions 
1194.22                                     Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 25C    
  ***********************INPUT************************ 
 
    Density=  .1194E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.315337439322955 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2197E+00      .6700E-01      .3280E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 26 ⁰C 
 
ZAM input 
  
1, 299.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 26C     Title 
7, 8                                                      Number of Cations & Anions 
1193.88                                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 26C    
  ***********************INPUT************************ 
 
    Density=  .1194E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.317724045034465 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2157E+00      .6700E-01      .3220E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 27 ⁰C 
 
ZAM input 
  
1, 300.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 27C     Title 
7, 8                                                      Number of Cations & Anions 
1193.55                              Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 27C    
  ***********************INPUT************************ 
 
    Density=  .1194E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.320042490169476 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2118E+00      .6700E-01      .3161E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 28 ⁰C 
 
ZAM input 
  
1, 301.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 28C     Title 
7, 8                                                      Number of Cations & Anions 
1193.22                          Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 28C    
  ***********************INPUT************************ 
 
    Density=  .1193E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.322363476062121 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2079E+00      .6700E-01      .3103E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 

 
  



SRNL-STI-2020-00262 
Revision 0 

 69 

 Case 1a at 29 ⁰C 
 
ZAM input 
  
1, 302.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 29C     Title 
7, 8                                                      Number of Cations & Anions 
1192.9                      Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 29C    
  ***********************INPUT************************ 
 
    Density=  .1193E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.324614842260107 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2041E+00      .6700E-01      .3046E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 30 ⁰C 
 
ZAM input 
  
1, 303.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 30C     Title 
7, 8                                                      Number of Cations & Anions 
1192.59                   Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 30C    
  ***********************INPUT************************ 
 
    Density=  .1193E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.326797697701903 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .2003E+00      .6700E-01      .2990E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 31 ⁰C 
 
ZAM input 
  
1, 304.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 31C     Title 
7, 8                                                      Number of Cations & Anions 
1192.28                 Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 31C    
  ***********************INPUT************************ 
 
    Density=  .1192E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.328981640296136 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1966E+00      .6700E-01      .2934E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 32 ⁰C 
 
ZAM input 
  
1, 305.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 32C     Title 
7, 8                                                      Number of Cations & Anions 
1191.93               Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
 
 

   Solution:  Case 1a Maximum Loading @ 32C    
  ***********************INPUT************************ 
 
    Density=  .1192E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.331449628786745 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1929E+00      .6700E-01      .2880E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 33 ⁰C 
 
ZAM input 
  
1, 306.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 33C     Title 
7, 8                                                      Number of Cations & Anions 
1191.58             Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 33C    
  ***********************INPUT************************ 
 
    Density=  .1192E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.333920384393737 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1893E+00      .6700E-01      .2826E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 34 ⁰C 
 
ZAM input 
  
1, 307.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 34C     Title 
7, 8                                                      Number of Cations & Anions 
1191.24           Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 34C    
  ***********************INPUT************************ 
 
    Density=  .1191E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.336321058662369 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1858E+00      .6700E-01      .2773E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 35 ⁰C 
 
ZAM input 
  
1, 308.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 35C     Title 
7, 8                                                      Number of Cations & Anions 
1190.89         Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 35C    
  ***********************INPUT************************ 
 
    Density=  .1191E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.338794775607798 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1823E+00      .6700E-01      .2721E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 36 ⁰C 
 
ZAM input 
  
1, 309.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 36C     Title 
7, 8                                                      Number of Cations & Anions 
1190.55        Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 36C    
  ***********************INPUT************************ 
 
    Density=  .1191E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.341199568727936 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1789E+00      .6700E-01      .2670E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 37 ⁰C 
 
ZAM input 
  
1, 310.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 37C     Title 
7, 8                                                      Number of Cations & Anions 
1190.22        Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 37C    
  ***********************INPUT************************ 
 
    Density=  .1190E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.343535700976236 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1755E+00      .6700E-01      .2620E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 38 ⁰C 
 
ZAM input 
  
1, 311.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 38C     Title 
7, 8                                                      Number of Cations & Anions 
1189.88        Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 38C    
  ***********************INPUT************************ 
 
    Density=  .1190E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.345944093321301 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1722E+00      .6700E-01      .2570E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 39 ⁰C 
 
ZAM input 
  
1, 312.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 39C     Title 
7, 8                                                      Number of Cations & Anions 
1189.55        Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 39C    
  ***********************INPUT************************ 
 
    Density=  .1190E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.348283300638929 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1689E+00      .6700E-01      .2522E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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 Case 1a at 40 ⁰C 
 
ZAM input 
  
1, 313.15                                               Activity Coeff. Model, Temperature 
Case 1a Maximum Loading @ 40C     Title 
7, 8                                                      Number of Cations & Anions 
1189.21        Density(kg/m3) 
 3,  6,  1,   5,  4, 40, 13     Names of Cations 
13,  9, 27,  28, 15, 19, 2, 25     Names of Anions (Add C2O4--) 
88.02        C2O4-2 MW 
4.0, 6.7E-05, 4.3668E-14, 0, 0, 0, 0        Concentrations of Cations 
0.229, 1.29, 0.159, 0.0784, 0.473, 0.6374, 6.70E-05, 0.0114  Concentrations of Anions 
1, 0.000001       Liquid (L), Solid (g) 
0                                                       Initial Solid Form (Na+ (0); H- (1)) 
1        Calculation Adjustment 

 
ZAM output 
  
   Solution:  Case 1a Maximum Loading @ 40C    
  ***********************INPUT************************ 
 
    Density=  .1189E+04 kg/m3 
 
                Molecular Wt.    Valance    Molarity(mol/L) 
  Na+.....         22.9898          1.       .4000E+01 
  Cs+.....        132.9054          1.       .6700E-04 
  H+......          1.0079          1.       .4367E-13 
  Rb+.....         85.4678          1.       .0000E+00 
  K+......         39.0983          1.       .0000E+00 
  SrOH+...        105.0000          1.       .0000E+00 
  Sr++....         87.6200          2.       .0000E+00 
  OH-.....         17.0073         -1.       .2290E+00 
  NO3-....         62.0049         -1.       .1290E+01 
  NO2-....         46.0000         -1.       .1590E+00 
  Al(OH)4-         95.0000         -1.       .7840E-01 
  SO4--...         96.0636         -2.       .4730E+00 
  CO3--...         60.0092         -2.       .6374E+00 
  Cl-.....         35.4527         -1.       .6700E-04 
  Other--.         88.0200         -2.       .1140E-01 
 
  Liquid(L)= .1000E+01   Solid(g)= .1000E-05 
       
   Material: Na Form 
 
 
 
  ***********************OUTPUT************************ 
 
   Ionic Strength=           6.350696146017588 mol/kg 
          
          Q (mmol/gCST)    C (mmol/L)    Kd (ml/gCST) 
  Cs        .1657E+00      .6700E-01      .2474E+04 
  Rb        .0000E+00      .0000E+00      .0000E+00 
  Sr        .0000E+00      .0000E+00      .0000E+00 
  K         .0000E+00      .0000E+00      .0000E+00 
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