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Abstract

A computer simulation model for salt dissolution of Tank 41 was constructed and run for three cases. These case runs show that eight to nine
30,000 gal batches of discharge, 240,000 to 270,000 gal total, are needed to result in the first 100,000 gallons of saltcake transferred out of Tank
41. This equates to 140,000 to 160,000 gallons of inhibited water feed solution after initially refilling the interstitial void. The process plan
should allow for 140,000 to 200,000 gallons of batch feed solution in addition to the volume to fill the interstitial void to transfer enough
dissolved saltcake to reach the initial 100,000 gal of saltcake goal. The initial fill will vary greatly depending on the extent of interstitial removal
and refill. The refill feed volume can range from 23,000 to 230,000 gal.

Historical data from Tank 10 salt dissolution was used to compare the results predicted by the model to a real case. The results match the bulk
ratios of dissolution water used to salt dissolved and discharge volumes, but consistently under predicted total volumes. This appears to be an
artifact of available batch data including flow rates in and out of the tank.

1 Introduction

SRS High Level Waste (HLW) plans to dissolve saltcake in Tank 41 to feed the low curie salt process. The low curie salt process treats high
level waste saltcake for final disposal in saltstone. To prepare saltcake for final disposal, it is necessary to separate cesium, the dominant
radioactive element, and soluble transuranic material from the waste stream. Since the cesium concentration is well below solubility limits in
waste, all the cesium in saltcake is in the supernate and interstitial liquid. If the interstitial liquid can be removed from the saltcake, adequate
seperation of cesium may be achieved for disposal in saltstone.

The process to dissolve the saltcake is simulated by an Aspen Custom Modeler™ model using Aspen Properties Plus™ to estimate chemical
properties.

2 Process Overview

2.1 Process Description

Saltcake may be considered composed of four parts: salt crystals, interstitial liquid, gas, and insoluble solids. When salt crystals form and
accumulate in a waste tank, interstitial space between the crystals will hold supernate and, potentially, gas. Gas can consist of trapped air, water
vapor, and radiolytically produced gases, primarily, oxygen, hydrogen, and nitrous oxides. Insoluble solids may consist of entrained high-level
waste sludge solids or, potentially, insoluble materials that form during concentration in the evaporator. Some materials such as aluminum
hydroxide as gibbsite may take a long time to precipitate and may not be present in freshly formed saltcake.

Interstial liquid and supernate probably contains all the cesium in soluble, ionic form and none in crystalline form. A fully saturated Savannah

River Site (SRS) waste supernate would contain about 10,738 Ci/gallon cesium-137. Comparison with the actual radiation values for SRS salt
solutions indicates the cesium levels are only 0.2 to 0.9 percent of the saturation level. This indicates that most if not all the cesium is in solution
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and resides in the interstitial liquids of the salt cake. Thus, removing the interstitial liquid will remove the cesium.

It is estimated that at least 75% of the interstitial liquid will need to be removed from saltcake to produce salt solution capable of meeting the
Saltstone WAC. The plan for Tank 41 is to place the suction at the 24" level to drain the top portion of the saltcake as much as possible. The
existing Fixed Length Jet (FLJ) will be used to decant the free supernate from the top of the saltcake. Once the free supernate is removed from
the tank, the FLJ will be removed. A submersible pump will then be installed in the tank and mined to the 24" level thus forming a pump well in
the saltcake. The pump will then be used to remove interstitial liquid and salt solution at a slow rate, less than 5 gpm on average. Inhibited water
will be added to the tank to cover the saltcake. A relatively thin layer of liquid will be maintained above the saltcake by adding inhibited water
while simultaneously transferring out of the tank at about 20 gpm. The dissolved saltcake will be sent to Tank 50 for final characterization before
transferring to the Saltstone Facility. The dissolution will occur in relatively small batches, 10,000 to 30,000 gallons, to minimize the risk of

sending a significant amount of dissolved saltcake with too much cesium?.

2.2 Tank Farm Chemistry

The composition of the existing waste inventory accounts for radiolytic decomposition of sodium nitrate to sodium nitrite and the reactive
sorption of carbon dioxide from the air to form sodium carbonate. The only other radiolytic reaction products are gaseous hydrogen and oxygen,
which evolves from the waste to the tank vapor space. The vapor space vents to the atmosphere.

Free hydroxide, nitrate and nitrite concentrations are monitored in stored waste and adjusted, when necessary, by adding caustic or sodium nitrite
to maintain the concentrations in a range that minimizes the corrosion rate of the carbon steel waste tanks.

3 Technical Bases for Material Balance

An Aspen Custom Modeler™ model was developed to calculate the material balance for the Tank 41 flowsheet. The following sections describe
the basis of the model.

3.1 Salt Dissolution Model Assumptions
The following assumptions are used in the modeled flow sheets:

Initial Tank Conditions:

Saltcake has an average level of 350.7" or 1,230,000 gallons.?
Salt void fraction is varied.

Current tank level is 356.5". 2
Specific gravity of bulk saltcake is calculated based on composition and void fraction.
Total supernate volume = 356.5" * 3510 gal/inch — 1,230,000 gal saltcake * (1- void fraction).

Pre-Dissolution Preparation:

Remove free supernate above saltcake at 55 gpm nominal rate.
Tank remains quiescent for 24 hours.

Drain:

Drain interstitial liquid at 4 gpm average rate.
Extent of drainage is varied.
Tank remains quiescent for 24 hours.

Dissolution:?

Refill interstitial pores with inhibited water at 30 gpm until 3" of free liquid above saltcake.

Composition of the inhibited water is 0.01 M NaOH and 0.011 M NaNO,.

Tank remains quiescent for 24 hours.

Begin simultaneous transfer in and out of tank.

Establish 20 gpm discharge rate and vary inhibited water feed to maintain free liquid layer over saltcake between 2" — 3",
Pause for 24 hours after every 30,000 gallons of discharge.

Continue dissolution batches until saltcake level is less than 250"

In several instances, quiescent periods are picked to clearly delineate process steps as well as allow adequate time for the model to reach steady
state conditions between steps. Though these quiescent times approximately match the technical plan, they may not completely agree or match
the program schedule.

3.2 Salt Dissolution Rate

Saltcake in High Level Waste tanks consists of three phases saltcake, supernate, and gas. The gas phase is neglected in most cases since it has
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insignificant contribution to total mass, but does affect bulk density. Material may transfer between phases by crystallization of salts in the
supernate or by dissolution of the salt cake. The dissolution rate for each salt is approximated by:

dissolution rate = d[AxBy]/dt = Kais * ( [B-]equil - [B-]sup ) ( [A+]equil - [A+]sup )
where:

[AxBy] = concentration of salt A,B, where A is the cation and B is the anion, kmole/m?,

[B] = concentration of anion B, kmole/m3,

[A*] = concentration of cation A, kmole/m?,

K gis = dissolution rate constant, (kmole/hr) / (kmole/m?3) or m%/hr,
equil = at equilibrium, and

sup = in supernate.

In some cases, other salts control the cation or anion concentration. For example, many salts contribute to the sodium concentration in a waste
solution. As such, the sodium concentration does not change significantly with a change in concentration of a specific salt. The difference
between supernate concentration and the equilibrium concentration is approximately constant for an incremental change in the salt concentration.
In this case, the cation term is assumed to be incorporated in the apparent Kg;s, thus, the rate equation becomes:

d[AxBy]/dt = Kgis * ( [B-]equil - [B-]sup )-
For a salt where other salts control the supernate concentration of the anion, the rate equation becomes:
d[AxBy]/dt = Kyis * ([A+]equil - [A+]sup )-

An additional term is added to avoid discontinuities that cause the modeler equation solver to fail to converge on a solution. This term smoothes
the transition from solid salt to no solid salt with a ratio of

Molesgy; i / (Molesgy; -j + factor)

where:

salt = salt from the saltcake,
Molesggt .j = moles of component i, and

factor = arbitrarily small value relative to Molesg,; _j, moles.

This ratio is approximately 1 until the number of moles of component i approaches the value of factor. As the number of moles approaches zero,
the value of the ratio will asymptotically approach zero and smooth the sharp discontinuity when a dissolving component reaches complete
dissolution. Thus, the final form of the dissolution rate equations is:

d[AxByJ/dt = Kgis * ( [BTequit - [B'lsup ) * Molesgy; - / (Molesgy; .j + factor).

Addition of this ratio prevents the model from simulating precipitation of salts if there is zero solids present initially. If no solids of a specific
component are present in the initial conditions, then the rate equation always equals zero. Therefore the model will not initiate precipitation. If
any amount of solids is present, then precipitation is initiated as normally expected. This essentially limits the model to use for dissolution only
or very carefully setting initial conditions for other systems.

The model currently assumes that salt dissolves at a very high rate and the dissolution constant is set to an arbitrarily high value of 1000 kmol/hr
/ kmol/m?3. Laboratory tests of salt dissolution kinetics indicate that the rate constant is very high, but data with adequate time resolution is not

available to calculate the value.3 These tests clearly demonstrate that the rate limiting step is the rate of mass transfer of the concentrated anions
in solution near the crystalline surface to the bulk of the solution and not a function of chemical composition in the salt cake. Diffusion from the
crystalline surface can be described mathematically analogous to heat transfer. In so doing, the parameters that affect diffusion include the
diffusion film thickness and surface area. The velocity of the bulk liquid above the crystalline surface controls the film thickness. The dissolution
methods used will draw a significant amount of dilute solution through the salt cake, which will tend to minimize film thickness. Surface area is
the same in all dissolution methods available although some methods will only affect the film thickness at the top of the salt cake. This model
assumes perfect mixing in the bulk liquid, which is reasonable for dissolution methods that draw a significant amount of liquid through the salt
cake, affecting the film thickness for the bulk of the salt cake. Future model improvements will incorporate limitations due to diffusion if
possible.

3.3 Determination of Equilibrium Concentration of Supernate

Equilibrium concentration of soluble species in solution is based on Aspen Properties Plus™ thermodynamic solubility estimation models. Other
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estimation models may be used. The total tank contents are considered when calculating the equilibrium concentration. This method presumes
that the supernate has a uniform composition through out the waste tank.

The true composition function returns mole fractions. In order to determine the total moles at equilibrium, the moles of water in the apparent
composition is assumed equal to the moles of water in the equilibrium composition. Thus, the total moles at equilibrium can be determined by:

Molesgqyil = Molesyater / Zequil-water

where:

Molesgqi) = total number of moles at equilibrium,
Zequil-water = Molar fraction of water at equilibrium, and
Moles,yater = NUmMber of moles of water at equilibrium = number of moles of water before equilibrium.

Using Aspen Properties Plus; to estimate solution properties at equilibrium, concentration of each soluble component may be calculated by:
[i(] = Zequit-i * Moleseqyii / Vequil
Vequil = IV|0|esequil Ir molar-equil
[i] = Zequil-i * Molesgqyij / (Molesequit / T molar-equil) = Zequil-i * ' molar-equil

where:

I molar-equil = Molar density of supernate at equilibrium, kmole/m?,

[i] = concentration of component i, kmole/m3, and

Vequil = volume of supernate at equilibrium, m3.

3.4 Determination of Concentration in Supernate

The supernate composition is calculated by estimating actual component compositions and back calculating the corresponding stoichiometric
concentration of apparent components. The model listing in section 5 indicates the stoichiometric relationships under the model "Supernate”,
subsection labeled "SupernateChemistry".

3.5 Material Balance
Mole balance for the waste tank supernate is calculated by simultaneous solution of the following:
Component balance:
dMolesgy,_ifdt = Fgis * Zgis-i + Msait-i = Fout * Zout-i
where:

Moles; = moles of component i,

F = total molar flow rate, moles/hr,

M = molar flow rate, moles/hr,

z = molar fraction of component i,

t = time, hr,

sup = supernate,

dis = dissolution liquid,

salt = salt from the saltcake, and

out = dissolved salt solution transferred out of tank.

Total mole balance:

d(Total Molesg,p)/dt = Fyis + S Mggyt-i — Fout
where:

Total Moles = Sum total of all moles

Definition of mole fraction:
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Total Moles; = z; * Total Moles.

A specific phase may be defined similarly; for example, the supernate phase is as follows:
Molesgyp.j = Zgyp-i * Total Molesgp.

Mass balance for the waste tank supernate is calculated by the following:
Mout = S (Fout * Zout-i * MW;)

where:

MW = molecular weight, kg/kmole, and
m = mass flow rate, kg/hr.

Mass fractions may be converted from mole fraction as follows:
Wout-i = Zout-i * MW;/ MWgq
where:

MW, = average molecular weight of supernate, kg/kmole, S (zoy.; * MW;), and
w = mass fraction.

Individual components dissolve or precipitate until saturation levels are reached or the solids are depleted. The model assumes saturation can be
achieved. Future revisions may allow user input to limit extent of saturation.

3.6 Model Limitations

The number of components in the salt cake and supernate are limited to major components at this time. Other components can be added by
expanding the chemistry model to include these components. Stoichiometry and dissolution rate constant for each additional component will
need to be added to the model.

The components currently modeled are shown in Table 1.

Table 1: Waste Components Modeled

lonic Aqueous Phase Solid
Cst CsNO3 CsNO3(s)
AlOy NaAlO, NaAlO(s)
cr NaCl NaCl(s)
Co3-2 Na,CO3 NaCO3(s)
£ NaF NaF(s)
NO, NaNO, NaNO,(s)
NO3 NaNO3 NaNO3(s)
OH" NaOH NaOH(s)
po4-3 Na3zPOy NaPOy(s)
804-2 NaySOy4 NaSO4(s)
Nat NaZSiO3

H,0
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Solids of a specific component must be present in the initial conditions for precipitation to be initiated. Initial saltcake must include a small
amount of all components to assure equilibration is achieved at the start of each run.

The model assumes an isothermal process, so changes in temperature during the process, exothermic reactions, or endothermic reactions are not
affected. Considering that the waste tank is a large heat sink, and the dissolution process is relatively slow, the waste tank temperature is unlikely
to change much during dissolution, effectively approximating an isothermal process.

3.7 Salt Waste Composition

Table 2 through Table 4 show the salt composition for Tank 41 as extracted from the Waste Characterization System (WCS) and used in the low
curie salt process feed basis. The WCS describes the chemical composition of the salt based on an average saltcake compositions with an
interstitial void space filled with supernate. The supernate is assumed to have the same composition as the supernate on top of the salt, which is
sampled routinely. Saltcake is not sampled routinely.

The model design anticipates that the known starting compositions are not at equilibrium or steady state. When initiating a model run, the model
starts simulating the dissolution or precipitation of salt until a steady state condition is achieved. Using the WCS composition for saltcake and
supernate, the bulk saltcake level is reduced over 50" before simulating the actual process. The resulting supernate does not approximate the
supernate sample data. Considering that the WCS composition for saltcake is based on an overall average and not necessarily samples from the
specific tank, this result is not unexpected. Therefore, other or additional data is needed for input.

Salt sample data from Tank 41 is shown in Table 5. The results are shown for composition of the total sample. Part of the sample is supernate
and part is solids. Using the measurement of water content, the amount of interstitial supernate can be approximated as shown in Table 5. The
composition is estimated by assuming the interstitial supernate is the same composition as the bulk supernate in the tank. The composition of
saltcake solids is calculated by subtracting the quantity of each supernate component from the total composite composition. The supernate
composition is determined by averaging several supernate samples before and after the saltcake sample date. No transfers into the tank that
would change the supernate composition occurred during this period.

Table 2: WCS Saltcake Composition of Tank 41

Area H
Type 1A
DryBulk Sp.G. 1.45
Interstitial Fraction (vol) 0.22
Salts (wt%)
CaSOy4 9.41E-06
KNO3 1.00E-03
Na,C,04 4.20E-03
Na,CO3 3.13E-02
NayCrOy4 1.21E-03
Nay;MoOg4 1.94E-04
Na,SiO3 1.59E-03
NaySOy4 5.80E-02
NazPOy4 5.69E-03
NaAg(OH), 2.91E-06
NaAlO,, 2H,0 1.04E-01
NaCl 5.00E-03
NaF 3.37E-03
NaHgO(OH) 4.45E-05
NaNO, 1.13E-01
NaNO3 5.00E-01
NaOH 1.63E-01
NH4NO3 2.50E-04
Other Salts 5.47E-03
Insol. Solids 2.58E-03
Radionuclides (Ci/gal)
Sr-90 (Ci/gal) 3.56E-01
Y-90 3.56E-01
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Cs-137 1.59E-02
Ba-137m 1.50E-02
Pu-238 4.54E-03
Pu-239 1.51E-04

Table 3: WCS Saltcake Composition as
Equivalent lonic Species of Major Components

Component Concentration (M)
Na* 2.06E+01
Al(OH),4 1.28E+00
COs2 4.28E-01
C,04" 4.54E-02
NOy” 2.37E+00
NO3" 8.55E+00
OH- 5.91E+00
p043- 5.03E-02
50,2 5.92E-01
Ca2* 1.00E+00
cr 1.24E-01
= 1.16E-01
K* 1.43E-02
NH, 4.53E-03

Within error of measurement, the model input composition shown in Table 5 is probably at or near equilibrium. Since the model will dissolve or
precipitate salts until an equilibrium condition is established, the initial calculation will bring the composition of solids and supernate to
equilibrium. The amount of salt dissolved or precipitated at the start of the calculation will indicate how close the initial composition is to
equilibrium estimated in the chemistry model. As seen in Figure 1 and Figure 2, the initial correction of saltcake is about 5", ~1.4%. This is
within the error to measure average saltcake level as well as chemical compositions. For the high void case, the initial composition produces a
saltcake level change of ~15". In order to minimize this error, the resulting chemistry after allowing equilibration time is used as initial
conditions instead of the composition shown in Table 5 directly. Figure 3 shows nearly no correction after this adjustment.

Table 4: WCS Supernate Composition of Tanks 41

Assumed Compound || Supernate (kmol/m3)
NaAl(OH), 2.00E-01
Na,CO4 2.60E-01
Na,Cy04 5.70E-03
NaNO, 9.89E-01
NaNO3 3.30E+00
NaOH 3.95E+00
NazPO, 2.63E-02
Na,SO0, 4.86E-02
AgNO3 1.69E-06
NaAs(OH) 4 2.18E-03
Ba(NO3); 0.00E+00
Ca(NO3); 9.97E-06
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Cd(NO3), 5.32E-05
NaCl 1.16E-02
CO(NO3)3 1.32E-05
NayCrOy4 1.10E-02
Cu(NO3), 3.16E-03
Fe(NO3)3 1.45E-04
NaF 5.20E-03
NaHgOOH 6.03E-04
KNO3 3.70E-02
Mg(NO3)2 4.11E-06
Mn(NO3)4 8.32E-06
Nd(NO3)3 7.95E-05
Ni(NO3)2 2.94E-05
Pb(NO3)» 0.00E+00
Ru(NO3)4 3.69E-04
NaSeOy4 8.70E-03
Na,SiO3 0.00E+00
Sr(NO3)» 3.98E-05
Nazn(OH)3 4.41E-03
Zr(0O)(NO3)» 1.05E-04

Table 5: Tanks 41 Salt and Supernate Data
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Model input for initial ~ WCS Data for

Salt Sample Data comgosition: comparison:

wt % Concentration Salt Sample Average Moles Per mole of sample |Molar Fractions Molar Fractions

Equivelant
MW Sample |Assumed  [Moles per |Molar Interstitial Interstitial Interstitial
Anion (g/mole) |1-1 2-1 2-3 Average |molecule  [Kg Basis |Fractions |Supernate  |[Salt Supernate [Salt Supernate | Salt
Free OH- 17.0074 2.0 1.0 1.5 1.5|NaOH 0.882] 0.05420 0.04457 0.00964]  0.09207 0.01868] 0.06691| 0.30543
Al(OH)4- 95.0095 1.0 0.22 0.70 0.64|NaAlO2 0.0674| 0.00414 0.00303 0.00111)  0.00627 0.00215] 0.00339| 0.06615
CO3 2- 60.0092 113 6.5 4.7 7.5|Na2CO3 1.250| 0.07681 0.00187 0.07494]  0.00386 0.14524] 0.00440| 0.02212
NO3- 62.0052 40.6 44.1 46.3 43.7|NaNO3 7.04| 0.43279 0.01399 0.41880] 0.02891 0.81167] 0.05590| 0.44187
NO2- 46.0058 0.98 0.50 0.80 0.76|NaNO2 0.165] 0.01015 0.00781 0.00234]  0.01613[  0.00454] 0.01675] 0.12248
P04 3- 949716 0.71 0.98 0.54 0.74|Na3P04 0.0783| 0.00481 0.00035 0.00446]  0.00073 0.00864] 0.00045| 0.00260
S04 2- 96.0616 1.2] 0038 0.65 0.63|Na2504 0.0655] 0.00403 0.00009 0.00393)  0.00019 0.00762] 0.00082| 0.03059
C204 2- 88.019 0.17| 0.076] 0.077 0.11|Na2C204 0.0122] 0.00075 0.00005 0.00070f  0.00010{  0.00136] 0.00010] 0.00235
Cl- 35453] 0.024] 00201 0.020] 0.021|NaCl 0.00602| 0.00037 0.00031 0.00005]  0.00065 0.00011] 0.00020| 0.00641
wt% solids 86.3 89.0 89.2 88.2
wt% H20 18.0153 13.7 11.0 10.8 11.8/H20 6.70| 041195 0.41195 0.00000]  0.85109 0.00000] 0.85109| 0.00000
Total Moles 16.272 1 0.48402 0.51598 1.00000 1.00000f 1.00000| 1.00000

Based on supernate sample data.
Note: Al(OH)4- + Na+ =2 H20 + NaAlO2

Supernate Sample Data Around Time of Salt Samples

MW
(g/mole) |Concentration (M) Supernate Sample Average
Equivalent |Moles per [Molar  |molar ratio
Date 07/06/95(02/26/95|08/19/94{05/27/93]  10/27/92| 02/17/92] 08/24/91 01/26/91| Average g/l |molecule |L Basis |Fractions |to water
Specific Gravit 1.4338| 1.3835] 1.3561 - 1.3588 1.4189| 14142 1.3951 1.3943
Free OH- 17.0074| 6.7800[ 6.3900] 7.0000 5.4400 5.3300 6.9400]  6.3400 6.7400/ 6.3700 108|NaOH 6.3700| 0.09207 0.10818
Al(OH)4- 05.0095| 0.4400] 0.5500f 0.2700| 0.4740 - - - - 0.4335 41|NaAlO2 0.4335| 0.00627 0.00736
CO3 2- 60.0092] 0.2000| 0.1900] 0.4900 0.1880 - - - - 0.2670 16|Na2C03 0.2670| 0.00386 0.00453
NO3- 62,0052 2.2900| 2.1100( 2.0700| 1.6000 1.5600 2.2900 1.9800 2.1000 2.0000 124[NaNO3 2.0000| 0.02891 0.03397
NO2- 46,0058 1.3300| 1.2000f 1.2100] 0.9300 0.9000 1.0900 1.0400 1.2300 1.1163 51|NaNO2 1.1163| 0.01613 0.01896
PO4 3- 949716/ 0.0220| 0.0190[ 0.0210| 0.1400 - - - - 0.0505 4.8|Na3P0O4 0.0505| 0.00073 0.00086
S04 2- 96.0616| 0.0140| 0.0130( 0.0140| 0.0120 - - - - 0.0133 1.3|Na2S04 0.0133] 0.00019 0.00023
€204 2- 88.0196| <0.0068| <0.0068| <0.0066| <0.0070 - - - - 0.0068 0.6|Na2C204 0.0068| 0.00010 0.00012
Cl- 35.453] <0.0070| <0.0760| 0.0770| <0.0200 - - - - 0.0450 1.6|NaCl 0.0450| 0.00065 0.00076
F- 19.00{ <0.0130| <0.0530 - - - - - - 0.0330 0.6
Total mass based on SpG: 1394
H20 [ 18.0153] Calculated: 1045|H20 58.8825] 0.85109 1
Note: Concentration results that show < values are assumed to be at the upper value. Total Moles| 69.1848

Salt sample data from reference and supernate data from reference .
3.8 Results

Table 6 shows the variations made for different model runs. The base case represents idealized conditions and the other cases are variations from
the ideal conditions. The parameters selected for the base case represent relative maximum drainage and void fraction. The remaining two cases
vary the extent of drainage and void fraction to obtain results for the expected range of operation. Using the data in Table 5, the high void
fractions for each of the three samples are calculated and are shown in Table 7. The sample void fraction ranges from 0.3 to 0.5. Void faction of
0.42 is used to match the estimate made in the hydrogen evaluation for Tank 41 salt dissolution.

Table 6: Variations to Model Runs

Case Label % Salt Extent of Interstitial Average Discharge Batch Size
Void Supernate Drainage Drainage Rate Rate (gpm)
(gpm)

min drain case 22 72 hours of drainage 4.0 20 30,000 gal.
discharge

base case 22 Maximum saturation zone 4.0 20 30,000 gal.
120" discharge

high void 42 Maximum saturation zone 4.0 20 30,000 gal.
120" discharge

Note: Dissolution water composition in all cases is 0.01 M NaOH and 0.011 M NaNO,.
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Table 7: Tank 41 Sample Void Fraction

1-1 2-1 2-3
supemate Density 1.39 1.39 1.39
Dry Zalt Density 22 22 2.2
Bulk Denstiv 1.9 1.4 1.3
Water in Sarnple (wt. faction) 0.14 0.11 0.11
Water in Superrate (wt. fraction) 075 075 075
Supemate in Sample (vt faction) 018 015 0.14
Saltin Sarrgile (wol. fraction) 070 01.54 0.51
Adr in Zample (vol. faction) 0.04 0.31 036
supemate in Jample (vol. faction) 0.25 0.15 0.14
WVoid Fraction 0.30 044 049

Table 8 through Table 10 show the volumetric results of each case. These case runs show that eight to nine 30,000 gal batches of discharge,
240,000 to 270,000 gal total, are needed to result in the first 100,000 gallons of saltcake transferred out of Tank 41. This equates to 140,000 to
160,000 gallons of inhibited water feed solution after the after initially refilling the interstitial void. The process plan should allow for 140,000 to
200,000 gallons of batch feed solution in addition to the volume to fill the interstitial void to transfer enough dissolve saltcake to reach the initial
100,000 gal of saltcake goal. The initial fill will vary greatly depending on the extent of interstitial removal and refill. The refill feed volume can
range from 23,000 to 230,000 gal.

These runs show that merely measuring the change in saltcake level will not accurately indicate the quantity of saltcake transferred out of the
tank. These runs show that 10,000 to 90,000 gallons of saltcake will dissolve on initial water addition before sending any to Tank 50. Further, if
there is a high void fraction that is significantly larger than 0.22, then the volume of saltcake dissolved on initial filling could double.

In addition, if the drained interstitial void is not completely filled before transferring dissolved salt solution out of the tank, some amount of
dissolved salt solution will continue to seep into the saltcake. In this case, the change in salt level would indicate the total of the salt transferred
out of the tank and the salt that remains by filling the interstitial void.

When water is added to the top of the saltcake, the dissolution liquid begins refilling the interstitial pores. The salt around the pores dissolves to
create progressively larger flow paths. As the liquid advances into the saltcake it will eventually become saturated and no longer dissolve
saltcake. From this point, the liquid will still flow deeper into the saltcake, but the flow rate will be limited by the percolation rate, which is

expected to be around 4 gpm.12 At some point while adding dissolution water, the liquid will start to accumulate over the saltcake surface before
fully saturating the interstitial void of the saltcake. When the flow stops, the liquid on the surface may appear to sorb into the saltcake, when, in
fact, it is continuing to flow into the interstitial void. Planned dissolution may proceed without completely saturating the void space. During
dissolution some of the dissolved saltcake is transferred into the interstitial void at the same time liquid is transferred out. A fair approximation
of saltcake removed from the tank may be obtained by applying an average ratio of discharge liquid to dissolved saltcake as follows:

Vsaltcake = Vdischarge * Rsaltcake to discharge
where

Vsaltcake = Saltcake transferred from Tank 41,
Vdischarge = Measured transfer volume from Tank 41, and
Rsaltcake to discharge = estimated ratio of gallons of saltcake dissolved per gallon of discharge.

This relationship assumes perfect saturation. Adding a percent relative saturation term corrects this deficiency:

Vsaltcake = Vdischarge * Rsaltcake to discharge * %sat
where

%¢,t = percent relative saturation defined as sodium concentration of the solution divided by the sodium concentration at saturation.

The ideal term Rgajtcake to discharge Can be calculated from model results as shown in Table 8 through Table 10. A model run may be run to fit the

more accurately determined parameters for void fraction and/or composition resulting from the actual dissolution of salt. In order to determine
percent relative saturation, composition data from at least two supernate samples from the pump suction point are needed, one at the end of the
dissolution and one around the midpoint. Initial composition data already exist as shown in Table 5.

An alternate method to determine R uses the data in Table 5 some measure of total solids in the dissolved supernate as follows:

Rsaltcake to discharge = [total solids]sajcake / [total solids]gyy
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where:
[total solids] = concentration of total solids.

Total solids in the supernate may be estimated by using a correlation of the specific gravity to total solids. This model results provides one such
correlation and more specific correlation can be generated for each batch if needed.’

The accuracy of this estimation method can be determined by propagating the error of the parts. The equation for Vg,jicake CONSists of three parts:
measurement of transferred liquid, estimation of R, and %,;. Relative error of Vicake May be estimated by:8
2 _ 2 2 2

(evsaltcake / Vsaltcake)” = (Bvdischarge / Vdischarge)” + (€R / Rsaltcake to discharge)” * (Evssat / %sat)
where

e = estimated potential error.
Vdischarge 1S determined as follows:

V gischarge = (Le-Ly) *C
where

L+ = final level in receiving tank, inches,
L; = initial level in receiving tank, inches, and
C = waste tank calibration factor, gal./inch.

The error of Vgischarge is estimated as follows:
(evdischarge / Vdischarge)2 =( ((eLf)2 + (eLf)z)l/Z/ (Le-Ly) )%+ (ec/ C)?
Therefore,

(evsaltcake / Vsaltcake)2 =( ((eLf)2 + (eLf)Z)l/2 I (Le—Ly) )% + (ec/ C)? + (er / Rsaltcake to discharge)2 + (eopsat / %sat)2

Liquid level in the receiving tanks is measured with reel tapes with a precision of 0.05 inches. For a 250,000 gallon discharge volume, (L —L;)
is expect to be 71.2 inches. C for the expected receiving tank is 3510 gal/inch with ec about + 35. The values for Rggjtcake to discharge €N range
from 1.9 to 3.5. Estimating eg at = 0.3 for R of 2.7, and e, at = 5% for 80% relative saturation determination, then

(evsaltcake / Vsaitcake)? = ( ((0.05)2 + (0.05)%)" / 71.2 )% + (35 / 3510)% + (0.3 / 2.7) + (5% / 80%)?

=0.0164

evsaltcake ! Vsaltcake = 0.128 or about 13% error.
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Figure 1: Results for Min Drain Case
Table 8: Batch Summary for Min Drain Case
Batch Feed Salt Dissolved | Ratio Feed to Salt Solution || Ratio Discharge Ratio
(gal) (gal) Salt Dissolved Discharged to Feed Discharge to
(gal) Salt Dissolved
Initial Drain 0 0 53,580
Initial Fill 23,400 10,137 231 0
Batch 1 20,688 10,215 2.03 31,080 1.50 3.04
Batch 2 24,538 13,344 1.84 31,200 1.27 2.34
Batch 3 24,245 14,182 171 31,200 1.29 2.20
Batch 4 24,055 14,791 1.63 31,200 1.30 211
Batch 5 23,928 15,231 1.57 31,200 1.30 2.05
Batch 6 23,844 15,545 1.53 31,200 131 2.01
Batch 7 23,788 15,766 151 31,200 1.31 1.98
Batch 8 23,753 15,921 1.49 31,200 1.31 1.96
Batch 9 23,730 16,028 1.48 31,200 131 1.95
Batch 10* 47,425 32,254 1.47 62,400 1.32 1.93
Batch 11 23,704 16,188 1.46 31,200 1.32 1.93
Batch 12 23,702 16,212 1.46 31,200 1.32 1.92
Batch 13 23,295 13,712 1.70 30,653 1.32 2.24
Batch 14 23,353 8,926 2.62 31,200 1.34 3.50
Batch 15 22,794 9,465 241 31,200 1.37 3.30
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Batch 16 22,336 9,906 2.25 31,200 1.40 3.15
Batch 17 21,974 10,255 2.14 31,200 1.42 3.04
Batch 18 21,693 10,526 2.06 31,200 1.44 2.96
Batch 19 21,480 10,733 2.00 31,200 1.45 291
Batch 20 21,001 10,504 2.00 30,632 1.46 2.92
Batch 21 21,566 10,507 2.05 31,200 1.45 2.97
Batch 22 21,448 10,624 2.02 31,200 1.45 2.94
Batch 23 21,361 10,702 2.00 31,200 1.46 2.92
Batch 24 21,301 10,753 1.98 31,200 1.46 2.90
Batch 25 21,262 10,791 1.97 31,200 1.47 2.89

* Batch 10 actual sums two batches. This combination is due to the model failing to output data between these two batches.
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Figure 2: Results for Baseline Case

Table 9: Batch Summary for Baseline Case

Batch Feed (gal) | Salt Dissolved || Ratio Feed to || Salt Solution Ratio Ratio
(0al) Salt Dissolved || Discharged (gal) | Discharge to | Discharge to
Feed Salt Dissolved
Initial Drain 0 2 210,300
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Initial Fill 144,000 89,500 1.61 0
Batch 1 18,700 12,700 1.48 31,100 1.66 2.46
Batch 2 23,700 16,100 1.47 31,200 1.32 1.93
Batch 3 23,700 16,200 1.47 31,200 1.32 1.93
Batch 4 23,700 16,200 1.46 31,200 1.32 1.93
Batch 5 23,700 16,200 1.46 31,200 1.32 1.92
Batch 6 23,700 16,200 1.46 31,200 1.32 1.92
Batch 7 23,700 16,200 1.46 31,200 1.32 1.92
Batch 8 23,000 14,400 1.59 30,300 1.32 2.10
Batch 9 23,400 8,900 2.63 31,200 1.33 3.51
Batch 10 22,800 9,400 242 31,200 1.37 3.31
Batch 11 22,400 9,900 2.27 31,200 1.39 3.16
Batch 12 22,000 10,200 2.15 31,200 1.42 3.05
Batch 13 21,700 10,500 2.07 31,200 1.44 2.97
Batch 14 21,500 10,700 2.01 31,200 1.45 2.92
Batch 15 21,300 10,900 1.96 31,200 1.46 2.87
Batch 16 21,500 10,600 2.03 31,200 1.45 2.95
Batch 17 21,500 10,600 2.02 31,200 1.45 2.94
Batch 18 21,400 10,700 2.00 31,200 1.46 2.92
Batch 19 21,300 10,800 1.98 31,200 1.46 2.90
Batch 20 21,300 10,800 1.97 31,200 1.47 2.89
Tank 41 High Void
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Figure 3: Results for High Void Case

Table 10: Batch Summary for High Void Case

Batch Feed (gal) Salt Dissolved || Ratio Feed || Salt Solution Ratio Ratio Discharge
(gal) to Salt Discharged || Discharge to to Salt
Dissolved (gal) Feed Dissolved

Initial Drain 0 1 360,000
Initial Fill 234,000 191,000 1.22 0
Batch 1 16,400 8,200 2.00 30,100 1.83 3.67
Batch 2 21,000 10,900 1.92 30,900 147 2.83
Batch 3 20,800 11,300 1.84 31,200 1.50 2.76
Batch 4 20,600 11,600 1.77 31,200 1.52 2.69
Batch 5 20,300 11,800 171 31,200 154 2.64
Batch 6 20,400 11,500 1.78 31,200 1.53 2.72
Batch 7 20,400 11,600 1.75 31,200 1.53 2.68
Batch 8 20,200 11,800 171 31,200 155 2.64
Batch 9 20,000 12,000 1.67 31,200 1.56 2.60
Batch 10 19,800 12,200 1.63 31,200 1.57 2,57
Batch 11 19,700 12,300 1.60 31,200 1.58 2.54
Batch 12 19,600 12,400 1.58 31,200 1.59 251
Batch 13 19,500 12,500 1.56 31,200 1.60 2.50
Batch 14 19,400 12,600 1.54 31,200 1.61 2.48
Batch 15 19,300 12,700 1.53 31,200 1.62 247

Figure 4 shows the flow of apparent component from the solid phase, saltcake solids, to the liquid phase, supernate, for the max drain case. A
negative value indicates precipitation from the supernate. The initial few hours in the graph indicates that some components are dissolving and
others precipitating to adjust the initial input to an equilibrium condition. Essentially all the NaAlO,, NaCl, NaOH, and NaNO, in the initial
composition of the solid phase dissolves. A small amount of Na,SO, and Na,CO5 dissolves and a small amount of NaNOg precipitates. The
final composition is still substantially similar to that shown in Table 5, e.g. primarily nitrate and carbonate salts with small amounts of sulfate,
phosphate, and oxalate salts as shown in Table 11. The relatively small amount of the more soluble species identified in the salt sample are likely
due to imperfect estimation of supernate composition as identified in Table 5.

Table 11: Composition after Equilibrating in Mole Fraction

Component Initial Salt Equilibrated

Composition Composition
CsNO3 - 5.47E-36
Na,CO3 0.108548 0.1067
Na,SiO3 - 0
NapSOy4 0.007957 0.007706
NazPOy4 0.009012 0.009739
NaAlO, 0.002204 4.38E-07
NaCl 0.000108 3.49E-07
NaF - 3.08E-24
NaNO, 0.004648 5.20E-07
NaNO3 0.847128 0.8759
NaOH 0.018972 1.03E-06

Figure 4 shows additional details about which components dissolve first. The initial components that dissolve are primarily carbonate and nitrate
salts with a small amount of sulfate salts. Nitrate and sulfate salts dissolve more rapidly once the carbonate salts are completely dissolved. This
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behavior is similar to what is observed in numerous laboratory tests.%10-1112 | one laboratory study of SRS saltcake dissolution, the carbonate
did not dissolve as readily as predicted and substantial quantities remained in the saltcake until most of the nitrate salts dissolved. Earlier

studies'* and salt dissolution in waste tanks did not measure chemical compositions adequately to determine chemical changes occurring at
intermediate steps in the dissolution.

These earlier tests and waste dissolution tracked specific gravity as an indicator of saturation. If the composition is constant, then specific gravity
would indicate extent of saturation. If the composition fluctuates, the composition needs to be known to determine relative saturation. To
effectively interpret the specific gravity values obtained during dissolution, the measured value can be contrasted against the predicted values at
saturation for a given composition. Predicted compositions produce a relative high specific gravity peak as dissolution

progresses. This peak corresponds to the depletion of carbonate salts from the saltcake. Tank 10 dissolution history shown in Table 12 indicate
an initial high specific gravity followed by a substantially lower value during last part of the cycle. Though past interpretation of this data

suggests that this is due to lower levels of saturation, that may not be the case. The change in composition may be a significant contributor to
this effect.

Flow of Components from Saltcake
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Figure 4: Flow of Components from Saltcake to Supernate for Max Drain Case

4 Model Check With Tank 10 History

This version of the model is compared to historical dissolution process as was done for the earlier version created for Tank 37 dissolution.®
Records from Tank 10 dissolution are complete enough to reconstruct the process history and compare the actual dissolution results with the
model predictions.

4.1 Tank 10 History and Model Input
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Tank 10 was dissolved by flooding the saltcake with liquid from Tank 23, RBOF/RRF waste. The waste is a relatively dilute salt solution and a
good substitute for inhibited water. The additional salt in the waste makes only a minor difference to the amount of salt dissolved per gallon of
dissolution liquid. The original Tank 23 composition is not available and inhibited water is substituted for the dissolution water in the model,
0.01 M NaOH and 0.011 M NaNO, solution.

Once flooded, the level was maintained while simultaneously feeding dissolution water and removing saturated solution. The removal jet was
buried deep in the salt bed, about 3’ from the bottom of the tank. The flow rates in and out were maintained relatively low, about 10 gpm in and
15 gpm out. At the end of a batch, the feed was stopped, but the discharge was continued until a certain level was reached to allow inspections.

The history of salt dissolution from Tank 10 came from several documents.16:17:18.19.20 The compiled timeline, including flow rate, average
discharge specific gravity, and tank levels, is shown in Table 12.

Historic saltcake composition is not available, so the saltcake composition used for Tank 41 dissolution modeling is assumed. This is different
from what was used in reference , which used WCS composition for saltcake. This was not adequate since a significant change in saltcake level
and supernate composition would occur during initial equilibration. In addition, the saltcake void fraction is assumed to be 22%.

Table 12: Tank 10 Salt Dissolutuion Historical Timeline

Flow In Flow Qut
Start Start Flona
Tank Stop Tank|Tank Stop Tank Flow in|out Hours |Hours
D ate Level Level Level Level Motes (gpm) [(gpm) [SpG in Dt
11000 gallons to Tank 37, Tank 10 reel
32779 207 202 [tape touching salt, so no level recorded
42579 205.5 Start Batch A
426479 209 209 Maintain for 8 hrs then reduced level
42779 203.3|Stopped Batch A Bl 118 143 32| 2345
428579 203.3 203.7 Start Batch B 108 171 A1 1471 137 2
4729579
4730579
541579
52479 194 Dropping 3"fday
53579 190.8 189 | Stopped Batch B
54579 190.1
Flush water spray added BO00 galflush
q/479 191.214 |water - Batch ©
55579 Start Batch D 7
57479 202 Increased leveal
558579 Stopped until 559
5979 202 Started out flow 11.2 18] 1.41] 100.9] 40.0
510579
511579 ? 198.7 | Stopped Batch D
512479
51379
214479
515479 197 3 ? Start Batch E 115 178 1.4 74 320
51679 ? 195.3|Stopped Batch E
21779
218479
51979
52079
521479 194 8 194.8 Start Batch F 12 1730 1.34] 7289 92
82249
82379
524579
525/79 189.3 181.9 | Stopped Bateh F
826479
27 Y
528579
52979
5/30/79
531,79 182 In flowe anly to final level
B/1579 185
5279

4.2 Model Output

The Tank 10 dissolution is simulated in two ways. One method simulates the batch flow rates and tank levels as input to the model. The other
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method simulates the batch flow rates and flow times as input. To simulate tank levels, the input selected is based on the batch data for flow
rates and ending tank levels. The batch size and time is calculated. If the tank level is not available, the batch time calculated from batch volume
and flow rate is substituted. To simulate time, the model input is based on the batch time calculated from batch volume and flow rate. The levels
are calculated. In both cases, the salt dissolved and batch chemistry is calculated.

Table 14 and Table 15 show the simulation results of dissolution. The simulation indicates that the historical batch flow rates and times are not
consistent with the tank level data available. The exact timing of the level data may be inaccurate.

Simulating flow time produces accurate simulation of batch sizes as shown in Table 14. The model predicts volume ratios well, thus, predicts
dissolved salt volume well. Simulation based on tank levels consistently under predicts the feed and discharge volumes as shown in Table 15.

This result is inherent in the available data. The input is based on the batch data available, which indicates an average flow rate, tank levels, and
time. The model was designed for predicting the level and dissolution volumes based on the batch size. Since the flow rates are approximated
from level changes, the historical data probably does not accurately reflect actual flow rates. If the input is restructured for batch sizes, the flow
rates would need to be adjusted in order to match tank level stopping points. Given that the model predicts the important ratios well, the model
would predict the salt dissolution volumes reasonably well too. The over all ratio matches well.

Predicted specific gravity is higher than measured during actual dissolution. The specific gravity drops dramatically during the last part of the
dissolution, which seems to correspond to the trend observed during Tank 10 dissolution. For a given composition, the properties estimation

methods used in this model over predicts the density by 4.0% to 5.6%.21 This amount of error accounts for a significant portion of the
difference. The remaining difference probably indicates the relative saturation of the dissolution liquid.

Table 13: Tank 10 Salt Dissolution Historical Results
Average  Awerage  Feed  Feed  Out Flow Salt Fatio Feed Ratio
Ayerage  Feed  Flow Out Batch Time  Batch  OwtFlow  Dissohed o Sat Discharge
Batch  Sp.G. [gprm) [gprm) (mall  (hrs) {gal)  Time (hrs) [gal) Dissohed  to Feed

A 1.43 g 11.8 17400 3645 16600 234 g,000 2.18 0.9

=] 1.41 10.5 171 95300 1471 140,500 137.2 62,500 1.52 1.48

C Flush water addiion 6,000

D 1.41 11.2 18 67,800 1009 43200 40.0 19,800 342 0.64

E 1.41 1.5 178 25800 374 34,200 32.0 13,800 1.87 1.33

F 1.34 11.2 173 49000 7289 94600 1.1 36,000 1.36 1.93
Surmn 261,300 3845 329400 323.8 140,100 1.87 1.26

Table 14: Tank 10 Salt Dissolution Model Results Simulating Flow Time

Salt Bulk Dt Flow Salt Ratio Fead Ratin
Time | Level |Feed Batch| Batch | Dissoked to Sat  |Discharge
thrs) | (inches) {al (gal) IEL Dissoked | to Feed

A Al 173761 21,992 18 408 13,797 1.549 0.84
130 168 67

B 142 168.6R9 95 904 157 922 54 5989 174 1.65
291 148.378

C 34| 148.351 &,000 0 2442 2.46 0.00
M7 147 .45

D 326 147.449 74,368 44 928 33851 2.20 0.60
4771 134.953

E 549 13491 26 16 35 543 11761 2.14 1.42
A36 13057

F B57( 130486 40 458 79 885 235973 MAA, 162
732 121 .64

Sum 272839 336 BBA 140,812 184 1.23

Table 15: Tank 10 Salt Dissolution Model Results Simulating Tank Level
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Salt Bulk Dut Flow Salt Ratio Feed Ratio
Tirne Level |Feed Batch| Batch | Dissobed to Salt |Discharge
Batch | (hrs) | (inches) {ryal) Igal) [gal Disgoked | to Feed
A, BE| 173432 21,992 19 581 12903 1.70 090
135] 168669
B 144 168669 40 176 B7 223 26,401 162 167
213 158.927
C 234 158.926 B 000 0 4043 1.48 0.00
238 157 434
O 245 157.433 BB 701 43 805 313 214 0.66
346 145944
E 417 145943 25 BOR 35 R43 11,008 234 138
455( 141.881
F B2 141.877 14 482 45 340 G545 A 313
o659 | 139 452
Sum 176 167 211 792 92040 1.90 1.21
Tank Level
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5 Model Listing

Figure 5: Tank 10 Model Results

The following model listing shows example input data for the base case:
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Wersion "10.2-0";
Librares "Modeler acml”, "Swstemlibrany acml';,
Wariable Shiass

ks
wahe:10; loearer(d; upper:l EX; PlorsicalCmantiy @ "Blass",

End
Wariahle SWohime

A omS kS
wabae:10;, loearerdd, upper:1 E1Q;, PlorsicalCmartis  "Wobone",
End
Wariable SConc_mole
FF knolimS ok
wahie:05;  loaarsrdd; npper:1000; PlorsicalChiardoy - "Tlalad density
End
Wariable SFlowar Mol

& knwolhr *f
wahie:10;, - loearer: -1ES; npper:l1 ES; - Physicallnarmty - "TloleFloar™

End
Dienstyarater &5 dens mass;

kdis A5 FealWanahle;
JetCTmn A5 RealWariable,
WaterCm 45 FealVariable,
SitOn A5 RealWariable,
factor 45 RealWarable,

kdis]l 45 FealWarable,

Port SaltSohition
I =vraiable natve s as variable brpe= [=defmal wabie= desoaption: "= desadption="1;

Ioms as CompornertlistH aned "Tons ",
Salts as ComporerdlistH ane "Salts",
Al as ComporerdlistH ane 411",
Apparerd as Coetpo et istH ane "Apparert ',
Frmol as floaar_ 1ol (Descrptios:"hdolay flosar rate™),
= A pparerd as molefraction (Description: "ol fractioans ", 1.0 i (A pparwrt)]);
Fnass as floar mmass - [ Descraption:"hlolar fioear w=te™];
i Apparert) as massfaction (Description:"Mass flactions", 1 Ofsize(Apparert ),
T as termperabare (Desodption:" Temperabae ',
P as pressare [ Descaptiom:'Pressare',
End
Port SolidSalt
I =variable name= as =variable tyrpe= [=defmalt wabhie=, desoiption: " =descdption="1,;
Toms as Coenponerdl istH ane "Tons ",
Salts as Comporerdlist ane "Sals",
All as Cosnponerdl istH ane 411",
Apparerd as ComporertlistH ane "Apparert ',
W as vohime [Desaiption: "Bulk Salt Vobone Eermmaming);
Woid as vohane [Desaaption: "Bulk Salt Voud Vobume',
Tt albloles] apparet as pos. large [descriptaon: "lanal';

FrwoX Apparert) as floar mol - [Desmaption:"Telolay fioear rate');

SpE as FealWVariable [(Description:"Specific Graviy"]);

T as temperature (Descdption:" Temperabae ",

P as pressure [ Descaption:'Pressare',

H as erth_anol [Desmaption "ernthalpyr - Gllanol'™;
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End
Paoit chemishyport
I =2vaiable narte= as <variable brpes (=defaul wabie= | desodption:"=desoiption="",
all as ComponertlistH ane "4 11",
Tmol as FealWanahle [fiee, descrption:"lanal");
=fall) as molefraction [fies, descrpticen "ok faction'™;
T as tenperabire [fime, Desoiption: ' Tetperabare - C"1;
P a5 prEesAIre [fiee, Desoriptiom: ' Pressure - har'l;
End
Port chemisbrsalt oadt
I =variable narme= as <variable types [(=defanlt wahie=, desoription:"=desoripton="",
salts as Comporertl st ane "Sal="",
Tmol as FealWariable [fiee, description:"lanol");
=l zalts) as molefraction [fiee, description:"mok faction');
T as tenperabire [fime, Desoiption: ' Tetperabare - O,
P as presmire [fize, Description:"Pressare - bhar';
End
Pait chenustydiqaidonat
I 2variable narme= as <variable type= [(=defanlt valie=, description:"=description="";
1oms as Coenponertlist ane " Toes ',
Tmol as FealWarahle [fee, desormption:"lanal");
= ioms) as molefraction [fiee, description:"moke faction');
T as tenmperatnre [fiee, Desoriptiom: ' Tenmperature - ),
P A5 PIEsAITE [fiee, Desoriptiom: ' Pressure - har';
End
Poxt SupernateCone
I =variable nare= as <variable types (=dafib valie=, desmiption: "=desoiption="1;
Iems as ComporertlistHame Tons ",
Salts as ComporentlistH ame "5alts");
Al a5 ComporerntlistH ane "A10",
Apparert a5 Comporerntlist ane "Apparert ',
aqailecee(all) as pos_large [fiee, descrption:"lavo o = M");
I equilecnecr all) as cone_minle [fiee, descrption:"lanolims = M),
actualeondall) as cone_mole [fiee, descrption:"lanolns = M");
End
Madel Supemate
i
)
WaterCm as ottt weabraviahle [0, frred, desmiption: "DwiCHY Santeh)
Diisitate as realvariable [0, fixed, desadiption"Tisobition Step');
Intiall.ewsl as reabraizhle (0, frred, description "Lewvel thr Dis Batch™);,
r* Dissobation States:
o Inttial condticms
1 After Tark Prep
2 After Dramirenone
3 A fter Addrsit
4
5
&
*f
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I Corporent lists avaalable
Iems as Comporertlistame Tons ",
Salts as Comporertlistame "Satts",
Al a5 ComponentListHamel "A1"),
Apparent a5 ComporentListHame "Apparert ',
i Poxts
Dhspraterm as inpat Saltfoliton ;
Saltin as inpaat SolidSalt H
Superot as ot SaltSohtion;

Superpropertiss as ot SupemateCone 1 N Infbrmationused only by the salt model
i Variahles
Il General Properties
Diensityarater a5 global dens_mass
fartor as global RealVaridhle B
LV AIT) as wobareizht [fiee, desormption " Malemlar weights of conponents™);
T a5 termperahire [fored, Descrption ' Terpersare of waste assumed wmfbmm withm tank');,
P as presaure [fEced, Descrptinn' Presaare");
H a5 erth_mol (fire, Desaiption: "erthalpy - GIknol");

If Properties of just supemate

MW ag as wobweight (fiee, descrption:"Maolecular weight of mpernat:';

Spo_Supernate a5 BealVariable (fime];

Diensity_Supemate a5 dens_mass (fire, descrption:"Supemate Densty™),

SupernateMoles as pas_large (fiee, description."lanol - Total mokes of supemate"),

SuperMoled apparent) a5 pos_large (fiee, descrption:"kancl - molkes of each apparert costiponert in
mpernate'l;

Supernates apparerd) as wolefrartion [inttial, descrption:"#ok fartion of'each apparert commporert in spemate™);

Supernatezetall) - as molefraction
comporents st o 0"

ligratiosaper as ratio_
salkatofuper as ratio_

Supernatez actualall) as mokfaction

[fire, description:" nok faction of each apparert componernt in supemate - remaining

[fiee, description:' True liquid to apparest Ligquid mole ratio');

[fiee, deserption: Tre s0lid 1o tue hgnd male ran';

[fire, descrption:"Calmalated mole fraction of achaal costiponerts o mpemata];

Supernates tmecomp(alll as molefractom (fiee, descrption:" Mole faction of actual components i supemate whomed by ptrecoenp™),

Aetnalonnerall) as cone mole

SupernateConcapparwst]
N Propertiss ofwhole tank - Tme compostion

a3 cone_mole

(fiee, descrmtion:"Caloulated achial mpemate concemtratinns™);

[fire, descrption:" Apparert oomeertration”);

Total Males a5 pos_large (fiee, deseription:"lanol - Total mokes intark "),

TetalMcksapparent) as pos_large (fiee, deserption:"lanol - Total mokes of each conporert mtank");
Totakl apparert) - as nolodraction (fiee, descrption:"molk Haction of appaterd comnponeats intak'™),

Tt alzedt(all) as nolefraction (fiee, description:"moke faction of apparert components intark - other commponerts set to 0"
liqratinTetal as ratin_ [fire, deserpticst' Tme hqnd to appavert lignd mole ratn "),

sokatinTotal a5 ratio_ (fiee, deseription:' True s0lid o true liquid male ratio"),

I Properties of mpemnate at theowtical equlibraom

MWag equl as mobereizght (fiee, deserphion:" Mokeoular weight of sapemate o equilibemam';
Supermnater equilall) as molafraction (fiee, descrption:"molk faction of bue conpoments m supanate o equilibroam';
APEFAIIE as pos_lavze [fire, descrmtion:"sum check on mok fractons shonld abarays be 1M
equil= ns) a5 molefraction [fire, descrption:" mok fracton of bue mapernate comporents nonmalized wath ons
componert List onby at equilibriom');
totalmnlessqul as pos._large [fire, deserption:"lmvol - Tatal wolkes mn tank at equilibroom™);
equildens as dens_mnass (fiee, desoripticn:" mass densty of supemate o equilibenam'),
equil_mol dens as dens_mol (fiee, deseription:" molar density of ;operrate at equilibemam';
equileonalall) as pos_large (fire, deserption: " lavolims = M - molar concentiation of'tre mpemate
componerts a equilibriom ",
I Waste Vahunes
fapemateVolome  as wolame (indtial, deserption:"wohmme of ;supemate");
Supernate VolumeEquil a5 vohune (fiee, desorption:" vohine of sapemate a theomtical equlbenon™);
Vidischargerate as ot prat FealVarisble (foeed, desmiption:"mShe - vohuvetie flover rate o™

TeotalDischargeWol  as FealWariahle

(imitial, deserption:"m - total vohumetae flowr ontt');

GoalSplx as RealVariable (Fied, description"spacific gravity goal of salt dissolatin'),

TetalWohame a3 vohme (fiee, desorption:' Total vohute of waste intank');

TakLevel a5 length (fiee, description:"tark kel equivaled to meanmed");

TakLevelncha: as RealVarizble (fiee, deseription:" inches - tank level a5 to meanred");

Supernatelevel as ot poat RealVarisble (fiee, deserption:" inches - kvel of supemate intark as f abarays meanuzbla",
T anlezaltbratinn as FealVWariahls [foced, desoription: "zalloss/ineh"),

Froceduares:

call(WTW) = phlalWeizhts() all;

calliMWaq) = pMal#eizht( Supemates) appatent
calliDensiy Supernate) = pDens Mass Lig(T, P, Jupemate=) appaert
calll’H) = pFardh Mol Lig(T, P, Supemates) apparert ;
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SupernateChanistyy:

N apparert concertrations
SupermnateCond apparert) = SuperMoled apparert JiSupemateWobone, §flanolesind = molesiL

N Calmalate trus conponets m saparnate based on sapemate apparent

calllfupemates,_tmeconplall), solkatoSuper, hqratiomper) = pTmeComp(T, P, Supematesed{ all)) all;
Supernatemead apparent) = Supernates apparert ],

Supernatemet(all apparerd]) = 0,

N Calmalate actual cone of ions based on apparert supernate
ff asaume pedect dissolation of salts for stoichicemetsyr cakmalations

If SupermateVolume = 0 then

I Hal oG

achialacms"MOS- " = (Superblaks("Mal05") + Superlaoles("CsHOS") § SupermateVahime
CsHOS

actualeone("Cs+ "M = Supeloles("CsHOG" f lupemate WVolame;,

I Habfoz

actualeoas"HOZ2- " = Supeddales"Ha 02" F Jupemate Vohume ;
I HaOH

actualeone"OH-") = SuperMaled"MaOH ") [ Supemate Vobime

I Ha2s04

artnaloome("S04--"] = Superbaled "W a2504") P Supemate Vohnne
N Ha2C05

actualeone("CO5-"1 = Jupeloles("NaZC 03" J fupemateVobume,
N HasPO4

achialeoas"POM-" = Supedloks("H PO Fiupermate Vohane
M HaCl

arhialaome("C1-") = Supedlalkes(" N aCl™) § Supernate Valome

I HaF

artialoome("F- " = Supedloles"HaF™) f Supernate Volime
HHaslD2

actualeone("A10E-") = SuperMoles] "MaAXD2") f Supemate Volone
N Ha22105

actualeone("HMad5103") = Superblolad "M a25103") F fupemateVobone,
WHH2O

actualeoae("H2O") = Superbloks("H20" [ Supemate Wohume ;
I - this one asaumes sodiom coneartration fiom equilibriom cale
artialoome("Mat+ ') = Supemater_tmecompl"Hat+™) * Supermatellales * lgratinmper f Supernate Vohnme

Fizero out others
artaloome(all - "HAZ8I0E" - "AI0Z" - F L O - PO - COR=Y - S0 - O - HO - T - HO
"M M = 0,

else
artnaloone(all) = 0,
endif’

I Caleulate trie conponet concerdrations

Supernates actialions) * sizmalactualoond ons) * SupermateVobume) = artualeond ons) * Superrate Vobhowe
Supernatez actaalall - ons) =0,

Superproperties artualonmelall) = artialannaalll;

EquilibrinnChernisy

I calealate equilibamam compostion of whole tank

calllSupemater,_equillall), solratoTotal, hgratnTotal) = pTmeConp(T, P, Totalzed(all]) all;
TeotalMoled apparert) = Saltin Totallolks( apparest ) + Superbloks{appavent);

Total Moks = sigma TotalMoles(appared]);

Tetalefapparert) * Total MMaks = Totalbloled apparest ),

Totalzest(appaent] = Totald apparet);,

Teotalzet(all-apparert) = 0,

Aperanz = signa upermates equilall)); i check o aun =1

I Caloalate equilibriarn mcles and wobume - use water as a refevence Lo, moles water remam constat
totalmoksequil * Supemates, equil"H20'" = Totalbolas "H20",

SupernateVohmneEquil # equil ol dens = totalwokeseqnl,

callleqmul mol dens) = pDens mol LigT, P, equl=) ions;

equilefions) * sigmalSupemates_equillions)) = Supernates equil(ions);

calllequildans) = pDens_Mass_Lig(T, F, equil=) ions;
callMWagq equl) = pMolWeizht(equils) ons;

Ji Calealate Equilibrium Concertrations

equleondioms) * Supermate VohimeEquil = equile ons) * totalmolesequl,
equileondall - ons) =0,

uperproperties.equilecnc(all) = equileonelall);
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Supernatecnt:
Superout =apparert) = Supemates] apparert);

SuperoutT =T,
SuperoutP =P,

SupermateMoleBalance:
SuperMoks(apparat) = Supernated apparet) * Supemateloles
fsnpernatehloles = Disoraterm Finol + sigmalSaltin FrooX Apparet 1) - Superonst Faol, 0 moles m + moles i - mokes ot

fouperhlales Apparert] = Diseraterm Frnol # Disaratetin =4 pparent] - Supetrnt Fmol * Superont = Appaent)
+ JaltinFroo) Apparet),

M assBalance:
Superont Frass = Sigrmal Supernt =appawerd) #* Supewat Frol * MO apparest));,
Supercutyd copmponent list) = Superout =f apparent ) MW apparent) £ WWag;
VohuneEqation:
SpG_Supernae® Densihrorater = Denstty Supemate; M Idemtified salt remeooral zoal to meet catlet SpG*r7
Vdischargerate * Density Snpemate = sizymal Snperat Frol # Superut of appasert) * MO apparest 1),
$TotalDischarge Vol = Vdischargerate;, Midischarge totalimer
SupernataWobome * Density Supernate = SizmalSupedloles(appaerd) * MW appaverd ),
ift SupemateVWobone - Saltmomid = O then
I TotaVobume = Saltin V¥ + Supernate Volorme - Saltinooid;

TotalVobime = Saltin, V',
endif’

LavelEquatices:
TarkLevel = TotalWobome § (Tankcalibration * 000572541 2 * 385655907, oot galfinch to oubic metersfrneter *§
TankLeveInches = TanklLews] * 52 582596, I oonvert to mches
if Snperrate Volorme - Saltmvoid = O then
e Supernatelevel = TankLevelncles;

Supernatel.evel = SnpemateWohime f(Saltm void F TankLevellnches); f calmlate woid in mibie metersfinch
endif’

MY STEM SECTION - WARNING: D HOT ELIT
Currert_Joon : "System”;

DefmmbFonn : "AlVariables";

SV STEM SECTION END

End

Model Feeder

M

This model cutputs a solation in the fommat of SaltSobdion. The total cuadpat vobare is tracked by FeadWVal.
Vohimetrie fionar rate nnist be specified.

This model asaumes conposition of solution as mole flactions and caloulates mass factions. The opposite could be accomodated.
Tampershue md pressare ae asaumed constat.
*y

I wrariable to hald onvert flosar rate for contio] task

Currert Veate a5 BealVarizhle [frzed, deseription:"mShe"),
N Compornert list names available

Ioms a5 Cornponertlis ana "Tons");

Salts as Comporertlist M ame "Salts";

Al a5 Comnponertlist ane "A 10",

Apparert as Componertl il and "Apparad");
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I Ports
Boo as cotpedt SaltSohdtion,
Supernatelavel as inpat cortrol siznal [fiee];
Snupernateflaar as inpant coetol siznal [fies);
Saltlewel as inpndt cortrol signal [{i=e];
Dissobtionstate as inpatt cortrol signal [{i=e];
i Mol conposition
Frol as floar 1ol [fiee, descrption:"lanalile',
L= Apparerd) as rolefracticn [foced, Descrptice:"Mole factions");
Jf Blass Coanposziion
Frmass as flowar_rmass [fiee, descrption:"kzile"),
Loard & ppavert] as massHaction [fiee, Desoiption: "Il ass fractyms", 1 Qfsize comporertlist));,
I Properties
Lips as FealWariahle [fies],
Ldens as dens_pnass [fire, descrption:"kain3"),
Diemsttymarater as global dens mmass H
MWV Apparert) as mobareight [{ire, description:"kgilonale"),
W aol as mohareizlt [fiee, descrption:"kalanole");
T as ternperature [fored, Descrption:" Tenperature - '),
r a5 prEsAITE [foced, Descrpticen' Pressare - bar'),
H as exth_pmol [fiee, Desaiption: "erthalpyr - Glkmol™),
fI Wohumeteric floar
Wrate as FealWVariable [fiee, description: m5 e’ ),
Fixedrate as FealWariahle [fored, desoiption:"m3 e,
FeadWal as FealWariahle [initial, description: " m5");
Layer as FealWarisble [foced, desaiption:"mSa");

A Flonar comtio] added fior Tank 41 wodeling ombye

W oas sipemate larer momwases, feed rate decrases and vice vwersa
NU0A"Y 15 apprerimate by exrpected steady state feed rate relatte o mpernate dischaze

i Dissobdionstate == 1 0 then

Wrate = Supernateflonar * 06 * [2¥larer - [(Snpematel.evel Saltlevrel)™2 f laoper™2

else
Wrate = Foredrate,
endif’

A Specifircutpaat variahles
CrnatpaatCoanp

p_cu Finol= Finol,

p_ocu A Apparert) = L=l A pparert];

p_ou.Finass = Fimass,

p_onad Apparert] = Lad Apparert];

p T =T,
p_ouP =P,

N Felae wobimetric flowar to mmolar flooar and conposition
WaolFlrarates:

$tFeedVol = Vrate; NFeed totalizer
Wrate * Ldens = sigmmal Frnol * Lo Apparerd 1+ BV Apparead 11,

N Felate wohimetic floear o miass florar and conposttion
MassFlonaratas:

Wrate * Ldens = Finass;
Bl assFractions:
LoadlApparert] # Finass = Frnol # Lo Apparerd ] WAL pparverd )

A Calmlate properties
CalcPropetties:
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L3pG * Denstyerater = Ldens,
calliBIW) = phloTWeizhts();
callBIWsall = pMalWeigt(L=),

callll dens) = pDiens_Wlass_ LT, P,L=);
calllH) = pEnth Mol Lig(T, P, L=);

JSV STEM SECTION - WARNING: DO NOT EDIT

Currert_Joom : "Systemn”;
DefaltFonn : "AlVariables";
JEY STEM SECTION END
End
Model SabCake
*
This nodal describes the saleake layer in avwrasts tank.
Cnitpatts mehide salt dissohdtion flover rate for mdividnal appavent cosnporents based om ivparts of’ supernate achial and equilibriom
corcartrations, Chiputs also mehide salteake composition and wobume data. Dissobidon rates depend on a dissolation rate constant and
difference bebrreen actual and equilibriom concerd rations .
Ta assure the dissohtion rate does not overadelmtle model engine and overshoot zero mass, a ratio of moles to moles + a factor was
added to the dissohiton rate equation. This assires asynptotic appinach to zeto material mmamme. As bng as the factor 15 small the
added ratio is mathematicalbr insiznificant urtil the remaming moles bacone amall

Assumption: Salt sohids = salt appawernt compostion

i

i &vanlable coomponent hists
Tems a5 Comporertlist M ame " Tons ",

Salts a5 ComponerdlistH ane "Salts ",
411 a5 ComporertlistHame "4 11",
Apparert a5 ComponerdlistH ane "Apparead '
N Paots
Saltont as oot Solidfalt
Superin as it SupemateCone H
/F Variables:
/i Global Wariahles
Drensityorater a5 global dens_mmass
factor a5 global RealVariahle L i dissohation factor to assure dissohition cororerges matlonatically
If Dissobition rate constants
kedis( apparert) a5 RealVarizhle (1000, fixed, deserption:"lenolle §lanclin - Disschation rate constand™);
I General propeitiss
WOV Apparentt) as mobaeight (free, deseription:"kgilanole"),
K0l as molrelzht [free, deseription:"kgilanole"),
T a5 terperabure ({Tred, Descrpticn Tenperahare of saleake");
P a5 pressire [foted, Descrption: Presawre - bar");
H a5 erth_mol [fiee, Desmaption: "erthalpy - Glilmol"),
BulkSaltSpG a5 RealVariahle [fie);
SaltVeoad a5 BealVanahle [fored, description:"salteake woid fraction '),
Salt_dens a5 dens_mass [fiee, descrption:"salt cywstallive mass density™);
Zalt_mol dens a5 dens_mol (fiee, deseription:"salteake cxpstallme molar densiy");
M Salteake vobune
BulkVolume a5 volome [imthial, deseription:"Salteake vohume'"),
BulkLavel as ot FealVWarahls (fiee, deserption:"inches - measned lewal");
Tankealibration a5 FealVariable (3510, fixed, deseription: "galbnsfinch'",
If Salt compositrm
TotalfaltMales a5 pos_large (fiee, deseription.' Total moles of apparert componerts in the saltcake");
SaltMoles( Apparert) a5 pos_large (fiee, deserpticn:" Moles of each appatent conponert mthe salieake ")
Salte Apparert) a5 molefraction (imitial, deseription:"Mole faction of apparerd ccenpoments in salcake "),
Procedures:
I Propety calmalations

callhW) = phlolWeights() apparent

calliMWsoll = pMolWeaigd | Salt=) app et

calll’H) = pErdh Mol 50T, P, Salts) appaent

callfZalt dens) =pDens Mblass_sol T, F, Saltw) apparert;
callfSalt el dens) = plens mol s0lT, P, Saltg) apparart;
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SaltMokBalance:
N 521t flears flwonagh ondy ore poot in ether divection - asmaume flooer ot for saltcake swster is positive oy consistensy of signs
FTotalSatMales = - sigmal Saltot Frool(d ppaieit]];
SaltMolesApparert) = Totalfaltholes * Salte(d pparert],
$oaltMokes Apparet) = - Saltont Frnol| Ap parent ),
I incase mow componerts are added to the conponert List, the model will still fanction with:
$alibMoks Apparet - "M aHM 03" -"CHOF M A 02" W a0H" "M a2804" " Ha2 QO3 - "Ha3Pod " HaCl"- "Haf - M alloz"
"Na25i03 =0,
SaltDissalatiomPFates:

N Each apparert oomporent noast be matched with onie species to model appavert ffect on dissobation rates foo each conponent .

1 MG
$Salt Mok "M alOa") = - kdis("HaN 03" * (Superinequileons"MOG-") - Superin artualeand "HCE-")
# Salfcles(" MG /7 SaiMoks"HaHOR" + factor); o disrate
JCsHO3
$SalMales("CsHOF = - kdis("CsHOR™ * (Superin squileone("Cs+ ") - Superinartualoond"Cs+"))
#* Salthcles("CsHOR™ (S althcles("CsHOG") + fartny); o disrate
5 Moz
$Salthinles("Halo2™) = - kdis("HaN 02" * (Superiequileona " HOZ-") - Superin artualeons "HOZ-")
# Salfhcles(" Ml CR " /7S aiMoks"HaHO2" + factor); o disrate
S HaOH
$5althnles(" M a0H") = - Jedis( "MaOH") * (Superin.equiloone "OH-") - Superin actualoone"OH-")
#* Saltholes("HaIH") f (SabMoles "HaCH" + factoz); Hf diszate
i Ma2s0d
FoaltMoles "M 22504 ™ = - kdis{"Ha2504") * (Supermn equiliond "S04--") - Superin.actualeond S04
# Salthcles("Ma2504") £ (SatMnles("Ha2504") + facter); ff disrate
Ji3: Pelale]

$SaltMoles "M 22003 = - kdisg "M 420056 * (Superiequilrone!"C03 - - Superin actualrome "003-")
#* Salthcles("Ha2005" / (Salthoks("HA2C03" + factod); o disrate

£ WasPOd

FSaltMoles("HaZPO4 ™) = - kdis( "HaZPO4") * (Superm.equileons "PO4-" - Superin achualrone! PiOg-"1)
* Dalthloles("Ma3P O™ §(Saltbdoles("HMaSPo4") + factar], i disrate

£ Hacl

FSaltMoles("MaCl") = - kdis( "M aCl"] * (Superinequileonc"C1-" - Superin actualoond " C1-"])
# Ralthloles("MaCl") f(Salthlales "M aCl") + factor] I disrate

i HaF

FoaltMoles("HaF") = - kdis("HaF'" * [ Superm equileone!"F-") - SuperinactnaleonsF-"1)
* Dalthloles("MaF") /(Salthloks("HaF'" + factor), ff disrate

N HabknZ

FSaltMoles("Fan 102" = - kdis("Mad102") * (Superin equilecnef"A102-") - Superm. actnaleond "A102-"T)
# Dalthloles(" M al 12" §(Saltbdales("Man¥32") + fartor], fF disrate

N Wa251035

FoaltMoles("HMa25103" =0, f& kdis{"Na22i03™) N disrate

HHZO

WohimeEqation:

Bulk3alt3p G * Densitywater = Salt_dens * (1 - SalktVoid),

BulkWobame * (BulkSaltSpG * Densitywater) = TotalSaltMoles * MWsal,

EulkLevel = Bulk Volume Tarnkealibration * Q00572541 21, i need to corvvert zalimch to cubic metersimch
DataThatFlooars:

Saltend .V = BulkVohune,
Saltentt woid = BulkVobame * SabWeid,

Saltend Tetalbloles(appatert) = Sabbloled Apparert;
Saltont Zp5 = BulkSaltip’s,

Salteng H = H;

Salten T =T
Saltet P = P,
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NST STEM SECTION - WARNING: DO NOT ELIT
Currert_Jeon : "Sxstem";

DefambtFonn : "AlVariables",

NST STEM SECTION END

End

Model Jt

Pk

This mwodal descrdbes the dibatice ficen a jet.

For a goven tnpat, the outpat 1s dibated by a fored whove pereert assamed for et operatinn

*i

i Available componert Lists
Ioms as ComporertListHama 'Tons";,

Salts as Cornporertlist M ane "Sakts"™;
All as Componertlist M ama "A10"),
Apparent as ComporerntlistHane "Apparerd ),
i Forts
Superin as inpatt Saktlohition B
Supermd a5 ot SaltSohtdion ;
i Variahles:
N General Propertiss
Densitywater as global dens_mass H
Supernatedensm = as dens_mass [ fire, descrption:"mass density of m floar™),,
Supernatedsnsoat  as dens_rnass [ fiee, desorption:"mass dansihy of ot floar'™),
WAE all) as mobareight [fiee, deseription:"Molecular weight"],
W aal as wobaeizht [fiee, desarption:"Maolemlay weight of sobitom in gt
I A sanme that the et has a fived vobie morderto cweate a oonsistert material balanes
JetWal a5 vohime (0.1, feced, description:vobarne of jet");
Total Moles as RealVariahle (0, free, deseription:"lanol - moks injet™);
Totaloks apparent) as FealVarizhle (fire, deserption: kol - moles injet™;
Totald appaverd] - - a5 molefraction (0, initial, descrption:" conposition m jet");
Voln as flrar ol [fiee, descripticn:" caloulated wobirvetric floaar in');
Vol as flowar wnl [fee, descrption:” calmlated wohonetric floar ouat™),
Steanin as flrar_mol [0, initial, Description:"Stean floar m');
JetDribation as vol_percert (104, fied, descrption:"Dibdicn Factoe™),
Procedures:

callWW) = phloDlWeights) all,
calllblWsall = phlaTWeight( Supewait. 5 Apparert 1) Apparert;
calllSupematedensing = pDens_Mass_LiglSaperinT, SuperinF, Juperm = Apparert]];
calllfupematedensodt)) = pDens . Mass_LiglSuperot T, Supernd P, Superoat o Apparert));
Vaohimetrie Adpstmert Cale:
Volln* Supernatedensm = Sigmalfuperin =4 ppaert) * Superin Finol * WA Ap paverd 71,
Vollnt = Volln* JTetDibation,
VolChut * Supematedensondt = Sigma Superod o Apparent) * Supercut Frol * MWL ppared 1),
JetWol* Snpernatedensout = Total Moles * MIWaal,
MoleEalancs:
Totalaappawid] * Total Males = Totalbloles apparvert ],
$Total Moles = Superin Frnol + Steamln - Superontt Finol,

f Balanoe water
FTotallolks"H22") = Superin = "H20") * Superin Frol + Steawln - Superont Fiaol # Supewmt o H20",

S Balance allbut water
Forl in [Appatent - "H20"] do
FTotalloks1) = Superina [} ¥ Superm.Finol - Superont Fraol * Supewond =1);
Enditr
Blassont:

Superout Frmass = Sigmal Sapewnt.eld pparert) * Supaiot Frool * WA Ap parved 1,

Superoutad Appared] = Saperodt =4 pparerd) * WA Appaert) § BIWaol,
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CratpaatStryesarns:
Superocut. A apparerd]l = TotalA appaaerrd 1L

Sunperouit D = Suaperan T
Superout P = Sappsexrm o

SIEN ETERY SE IR - aFEIG: T iy D ETT T
Crnarrert . Tosoar - Eaesterr T
IDefaoaHForan - "AllWariables""

SIS ETERI SECTIC FHIT
Faxud

SEN ETERY SECTIIC0 - Ao G: T iy D ETT T
Flaobals as T able

rlabals - Texrt 4 Wersioa - 1

Sl ¢ TSRS

ST o A

Shorards 11T ardables @ Troas
Shorards 1T Sttt rabaabes @0 False

Frxrpardall @ Tras

ShorarF e st thabat=es - Tras
ariabhlesFathi= - [ ]

A HabmatesFP aths - [ Wahie Spec Tlescraptass
Cobirnen A A Ldb s 0 [ 5SS 122G 1229 1 =0 ]
¥

EFrxrudl =zt
SIS ETERI ZEECTIC FEH 11T

FLOWSHEET
Fead as Feader,
TankSalt as SabCake,
TankSuper as Supemate;
TkTramsferlet as ket
SupernatePoperties as Cormmection,
DissolmngSalt as Cormection,
DiissobredSalt as Coemection;,
JetDibtedSaltiol as Connection;
DhssobtonPeed as Cormectin,
51 as Cortolfiznal,
52 as CortmnlSiznal,
53 as CartmlSignal,
55 as Comtrolfiznal,
Commect TankSuper Superpmoperties and TankSal Superm wath SupemateProperties;
Copmect Tarklalt Saltoat and TarkSuper. Sabin wath Dissoh-mzfalt;
Corect TankSuper Superodt and Tk Transferfet Superm vath DissobredSalt,
Cosmect Tk TransferTet Suparont with tDihatedSaltfol;
Coamect Feed.poou and TankSuper Disaraterinanith DissohatimFeed;
Conrect TankZSalt BulkLevel via TankSal ChpatSiznal and Feed Saltlevel via Feed InpnSignal with 51
Commect TankSuper Supematel.evel via TankSuper CnatputSignal and Feed Supernatelevel via Feed InpattSiznal wath 52,
Correct Tankfuper Vdischargerate via TankSuper. ChaputSiznal and Feed Supematefloar via Feed InprtSiznal with 53,
Coamect Tankluper WaterOn via T ankSuper O pat Jiznal and Feed Dissohutionstate via Feed Inprnat Signal with 55,

COMNETRAINTS
Densiyarater as gobal dens mass (1000, fized, description:"kgin3",
fartoras global FealVariahle (1, fmed, description "rate factor hased on moles");

componentlist; "A11",

Within Faed
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X feed ook ez
1= "= =":- 0, FIT T,

TEFo T O] AOs, FIZTE T
1" a= =" O, FIZIFE T
1= "M a"Si =" O, FIEF T,
1" === " O, FITTET >
1= """l == - O, FITFE. T
1" ai 2"y O, FI=ZEET
1= " ="1""3: O, FIZI{F. T
1=a""T=aF : O, FIZ=ZE T,
1" athT="T: OmOOls=]1 S5 FISTFE T
1=""Tat =" O, FIZSF.T-
1" =a o "J:- O a1 1=21141_, FIZ=EFE T,
Sl a0 O, FIZIFET -

LR == =5 = S O

L.E2pc=: 1 00, Hfee=
Farredy=ate: OO, Fizoed
Faeed ol 0.0, agaatisd;
T: =25, Foe=d

P: 1. Fxzc=d.

J thachkress o e hes of Inguayaed - lagerer oreer = abhe = o
lasm=x: =20, fr=c=-d:

F A ho

e T a5 ah

A errmstrant b aeasid fadhare o oo rmeseree
Foall-""obaxrrne=e == 0000 ]
S anmatial salbcaks coanpositica
Salt="""=FC =" O, matial,,

Salt=a "2 O, ingtial;
Salt= "I a2 7005 ) 0 1SS, dnatial
Ealt= "M a2E5005" - 00, matial;,
Salt= "M a5y O OO0 5S7, mitial;,
Salte "MaSE o) O 00012, muatial;,
Salt=a "l ad 202" O O2Z20 - aagtial;
Salt="2"1") O.00010F, ingial;,
SEalt=a"TaF ' : 010, matial;
Salt=a "I abT 2 " 000 S S, anatiaal;,
Salt= "M abI S ' 0S4 7125, irndatial;,
Salt="Ma 00 " O 01 5972, mitial;
SrEalted P2 00, ixatial;

SaltVWoad: O22 FIEET Y, ffFfwaoid Hactaon
Saltond Frool: O, fre=e. 5 ook dor

FualkWobitrre: 45559 079 indial;, Jam=S = 1 SS50.957 mallkeas = 53501770

End W i
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Within TankSuper
SnpernateVobhnwe == 0000001 ;

Supernated"CsHO5E": 265, mitial;
Supernates"H2O"): 0 250353, mitial;
Supernated "M 03" 0003872, inttial,
Supernated"Ma25103": 00, mitial;
Supernates]'Ma2504 " 0000152, mitial;
Supernated"MaSPCd ' 0000754, matial,
Snpernates"Mad 102" 0 D0SER7F, mnitial;
Supernated"HMaCl": 0000854, mitial,
Supernated"MaF"): 0.0, initial,
Supernates"HallO2"): 0018214, inttial,
Supernates"MatO3"): 00292051, intial,
Snpernates"MalH "1 0 052528 mitial,
Sapernates PuD2"): 00, indtial;

GoalipG: 14, Fixed,

I Supernate Vohone: 1102153, initial;, M == ourrert tand: lewel 356 5" — 1 251 315-1 230 9574 =291 1685 zal
SupernateVobone: 1102155, mitial,

Tarkecalibration: 3510, Fixed,
Vdischargerate: 0, fooed,

EndWithm

EWND
Task Batchitat RUHE once WHEHN tane == 0.

N For evert dryiven tasks, < Trigzers canbe ether:

N Buans When =condition= e.z. Funs When Tone==2 5 or

f - Fuans Omee When =condition=

[ Ramp [=wariable=, <final valie=, <duration=],

ff ERampl=variable=, =fmal vale=, =duration=1,

I Hote that a1l vardable wahies nroast be m base undts (asaally Wletrac)

F A Gte ¥ N as eabrariable [0, foced, description: "D a0 Sadtch™;,
JetTm as reabrariable [0, fored, description: "Dl Sadtch'™];
S0 as reabrmizhle [0, foced, desoiption: "D aOFY Sadtch'";,

Hy

TankSuperDisState: O Mndializadion
I araiting fHr equilibroarm
TAATT 48, fles

invoke ocortiponat

TankSuperDnisState: 1, Seommpleted tank prep
1vokie cortipontt

M Eermiove free liquid
TankSnper Vdischargerate: 12 42185, M55 zpom = mSihr

S at amtil sapernate 15 kss than salt level
TWATT fiox TankSuper Supematele-al = TankSalt Bualklevel,

TankSnper Vdischargerate: O, 00 zpm = mSihy
TAATT 24 Ules

M Fermove nterstial liqnd - DEATH step
Tankfuper. Vdischargerate: 02084922 4 zpon = S

SMATaf wmtil supernabe iz ab 120" el
SOAFATT fior TankSuper. Supematelewal == 120,

I ST ait T2 hys per plan
wrait T2

TankSuper. Vdischargerate: 0,000 zpm = mSAr
TRATT 24 files

TankSnper ThnsState: 2 Moompleted Train
invoke ocortiponat
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I Mairtam 2 kvel sbove salt whik tansdfermg cat &t constat 20 zpen. Adpist mfleer to mand am level,
N dd inatial il

Feed Freedvate: 6 815741, 050 zpan = mShr
WAIT for Tank Juper tarklevalmches = TankSalk BulkLevel+ 3, JFill Batch to =2" above salt sbove 3" to matiate foar coatrol

properly
Feed Fizedrate: 0 0 zpom = e

Il pangse
WWAIT 24, liles

Tarksuper DisState: 5; Momenplted add
irvroke compont ;

Tankiuper WaterOm: 110

End
Task DissohtionCirele rans when T ak Super WaterTm == 1 00 =Trgzer=

i Start Salt Dissabotion Batches
Il Bewove m batehes of 30,000 zallbms
Tarkiuper Itiall.evel: Tankfuper TotalDischargeWol, Jf Save indtial discharge volume a start of addition
Tarkiuper Vdischargerate: 4542404 000 zpan = mSile
WATT fior TarikSuper TotalDischarge Vol - TarkSuper Inttiallavel == 113 5624, 4 11355624 w3 = 30,000 zal batch
Tarksuper Vdischargerate: 0; 40 zpm = mShr
If Delay betareen batches
wait 245 S hes
TarkSuper DisState: 2; fiocmplkted wemove
ke compon;
i If goal achetred, stop
Festat when TankSalt FulkLewe] = 250,
panse;
End
TYPE CompiCnat FROLE "SCRIPT" TEXT 'sorpt: CapatToX LS

dirn i, j, roaz, oo, state
mun =1 The sheat roumber

Set xlApp = CreateChject] "Excel Application')
Set 3@lBookl = xlapp S Wodibooks O pen'd aserintgr sinmlationstank 57 salt dissobdionCompEResalt 515"
Set xlSheet = x1Bock]l Wodosheats(znazn)

' Dietenrine state

If TankSuper.DisState valie =0 then
state = "mitialization”
elseif TankSuper.DisState vabae = 1 then
state = '"Tank Prep Complkte"
elzeif TankSuperDisState vabie = 2 then
state = "RemorralTram Complete"
elseit Tankinper DMsState vahe = S then
state = "addfSit Conplete"
alse
state = "mlmoem”
end if’

1= xlSheat Celld 1,1 ) vwmbae
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Ifi =2 then

i=1

xlfheet Cellsliilabie = "Stabe

LTSL:etheﬂs(:,ﬂvable = "Supemate Specific Grao-ity"
;{TS%;etl.CeHs(i,j)_vabm = "Cuammlat e Feed Wabnne (sl
LTSi;etICeﬂs(:l,ﬂvable = "Supemate Wohirne (=S
LTSL:&ICEDSEJ,J]VEIJJJE = "Total Supemate Discharze Wobarne (z05)"
LTSit:etiCeﬂs(:,i]vabm = "Zalt Wobimne (3m=0"

1i=31+

For Each Coenp Im TankSaper app ar it conmporierd s
x1Zheet Cells( 1) wahie = corrp
i=3+1

erud if”

' stant rorar of data
i=1

Yingtial data

18 heet Caells(i,7) amabie = state
j=3+1
®x15heet Calls(i]) wabie = TankSaper Spils Supernate wahie
j=j+1
x1Sheet Cells(1,]) mabie = Feaed FeedVWaola-abie
j=3+1
x1Sheet Cells(1,]) /mabie = T ankSuper SupernateWobirme v~abie
i=i+1
x1Sheet Calls(i) amabie = TankSaper TotalDischarge Wola-abie
i=3i+1
x15heet Cells(i]) wabie = TankSalt BualkWohnhne wahie
i=i+1
' Coanpositica
For Eah Coanp In TankSuper apparermt cosrmporett s
x15heet Cellsij) vabie = T ankSuaper SupernateCornd T oenp) vwahise

i=3i+1
MHezt

ernd ranar

i=i+ 1
xlSheat Callsil 17 wrabie = i

x1EBoakl Save
1l pp.oquitil)
ENDTEZET
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Droperties
WodiingDreabcry  "Dv T serly SivmalaticosTank 37 Salt Dissohitionl";
FoanIDr : "evap”;

Detanlt as ComnponertList;

Within Defamlt
Companents

[MEEHOST HAD" " ADCCE", "WARIIOS" "HAZSC4" "HASPOA" A AL O2" "HACL", "M AF", "WANCZ" "NANCE","HWADH"],
Option"TFITE-CORP") - "HO",

EndWithm

Al as Copnporemntlist;
Within 411
Compertents [PALCE-" "OL-" MO0 R+ NCEHG S "CEH O S
OO, B A O M AG SIS T AZS O AP O A AT ), FAA DDA AT MACTE R A S AR " A
PS5 MANC "HANCRCE) " AN "MANCA 5", "HACH", "HACH 51" "HAP Qb 33", "HASCAS)" " HCE " " HOE- ", O H-", P

Salts as ConponertList,
Within Salts

Cory

ts

["CERORE)" A ALCGS)" "MACLIE)" "HACOXS)" "HARE)" "HANOZE)" " ANCA(E)", "W AOHE)" T ARSI "HASO4(S) T,
EndWithin

Ioms as Componertlist,
Within Ions
Ceopnponents :["ALO2-" "CL-" "CO5--" 08+ " "CENO5", "F-
RO, A" THARCCE" FARSICS " " ALSO4 " M AP A ALOZ" "HACL" "NAF", "MANO2","NANOZS" "NAOH", "N O2-
WO MOH- PG S04 "],
EndWithm

Appawert as Conpomertlist;
Within & ppavent
Comparents
[MCEHOST, HAD" " ARCCE", "WARSIO S, "HAZSO4" "HASPDA" A AT O2" "HMACL", "M AF", "WANCZ" "NANCE","HADH"],
EndWithm

End
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