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1. PURPOSE

The purpose of this calculation is to assist Performance Assessment Operations (PAO) and the
Engineered Barrier Performance 1epartment in modeling the geochemical environment within a
repository drif, thus allowing PAO to provide a more detailed and complete in-drift geochemical
model abstraction and to answer the key technical issues (KTI) raised in the NRC Issue
Resolution Status Report (IRSR) for the Evohluion of the Near Field Environment (NFE)
Revision 2 (NRC 1999). This calculation is associated to the activity directed by written
development plan, Provide Sub-Models for the Physical and Chemical Environmentl
Abstraction Modelfor 73PA-LA (CRWMS M&O 1999a) and is developed using procedure AP-
3.12Q Cakcutlons, Rev. 0, ICN 1.

The specific objective and scope of this calculation are to document the Precipitates/Salts model
calculations performed for the thermohydrological-chemical (IHQC) abstraction. The
Precipitates/Salts model was developed in Precdpitesazlts Anayuis AR (CRWMS M&O
2000) according to procedure AP-3.10Q0 Analyses andModeb, Rev. 2, ICN 0. It is used to
estimate the pH, chloride concentration, and ionic strength of water on the drip shield or other
location within the drift during the post-closure period resulting from evaporative processes.

The major inputs for the current calculation differ fiom those for the calculations performed in
the Precipitates/Salts AMR (CRWMS M&O 2000) in the following ways:

* Instead of average J-13 well water, the incoming seepage is represented by the THC
abstractions for three periods from 50 to 100,000 years.

D Instead of a variable fugacity of carbon dioxide, the fugacity is fixed at the THC
abstraction values in each period.

* Instead of a variable temperature for each incoming seepage composition, the
temperature is fixed at abstracted values, except for the final period, in which the
temperature is varied between 250C, 500C, and 750C.

* A new history of mean relative humidity (RH) is used to calculate results when relative
humidity is below 85 percent

2. METHOD

The Precipitates/Salts model developed in PrecipitatesSlts Analpsis AR (CRWMS M&O
2000) was used to perform the calculations in this document. The model incorporates two
submodels, the High Relative Humidity (HH model and the Low Relative Humidity (LRH)
model. These models, listed and summarized in Section 4, are explained in detail in
Prectpittes itsAnalysis A ? (CRWMS M&O 2000), as are the methods of calculation. Any
deviations from these methods are explained in detail in Sections 3 and 5. Control of electronic
management of data, as required by AP-SV.1Q Control of dte Fiecinc Management of Data,
was accomplished in accordance with the controls specified the development plan.

CALES-PA-000008 REV 00 S 'm h2000
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3. ASSUMPTIONS

The assumptions are nearly identical to those described in Section 5 of PrecipitaeSits
Analysis AM (CRWMS M&O 2000). The only differences are described in the following
subsections.

3.1 RELATIVE HUMIDITY VERSUS TIE

The LRH salts model requires an estimate of RII over time at the location where the salts model
is applied. The location within the drift environment where RH is the lowest and temperature is
highest over time is the within the invert It is assumed in this calculation that the predicted
mean RiF history within the invert is a reasonable approximation for the LRH model simulations
(Assumption 3.1).

Uncertainty in the relative humidity predictions will not affect the pHK Cl concentration, and
ionic strength predicted by the LRH salts model. The model only requires an estimate of the
timing of these relative humidity values as a seed to generate the results which are independent
of time. Thus, the timing of these relative humidity values is irrelevant in the final results. This
assumption is considered reasonable for the bounding calculations performed and is therefore not
TBV. This assumption replaces Assumption 5.2.4.1 stated in the Precipitates/Salts AMR
(CRWMS M&O 2000) and is used in Sections 6.1 and 6.2.2.

3.2 INCOMING NITRATE CONCENTRATION

The incoming seepage data provided by the THC abstraction (Table 1) do not include values for
nitrate. Nitrate concentrations are necessary for the LRH model. It is assumed that the
concentration ratio of nitrate to chloride in the THC-abstracted incoming seepage water is
equivalent to that in average J-13 well water (Assumption 3.2). The basis for this assumption is
the generally unreactive behavior of both chloride and nitrate. This assumption is reasonable and
will not considerably affect the results of the model. Therefor, this assumption, which is used
in Sections 6.2.1 and 6.2.2, is not TBV.

3.3 SOLUBLE SULFATE

In the Precipitates/Salts AMR (CRWMS M&O 2000), the carbonate concentration determined as
input to the LRH salts model was assumed to be the 'soluble carbonate determined by the HRH
model (Assumption 5.5.7, CRWMS M&O 2000). The -soluble" carbonate was determined fiom
the HRH model by evaporating water to 85 percent relative humidity (i.e., a water activity of
0.85). The carbonate that was in solution at that point was considered 'soluble" because it
excluded the carbonate that had precipitated. Beyond this point, the remaining 'soluble'
carbonate could only form soluble K or Na salts in significant quantities. There was no need to
make a similar determination for sulfate because no sulfate had precipitated at that point or
sulfate precipitation was negligible.

In the current calculation, sulfate precipitates considerably in HRH model results. Thus, both the
incoming carbonate and sulfate concentrations used in the LRH model are assumed to be the
'soluble' carbonate and sulfate concentrations determined by the HRH model at a water activity

CAL-EHS-PA4]00005 REV 00 6 June 2000
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of 0.85 (Assumption 3.3). This reasonable assumption is consistent with the basis of Assumption
5.5.7 of CRWMS M&O (2000) and is used forall LRH calculations (Section 6.2.2). It does not
affect the uncertainty in the model and is therefore not designated TBV.

4. USE OF COMPUTER SOFTWARE AND MODELS

4.1 MODELS

The Precipitates/Salts model developed in PrecipUae ~lts Ana6Ws AXR (CRWMS M&O
2000) was used to perform the calculations in this document The model incorporates two
submodels, the Low Relative Humidity LrH model and the High Relative Humidity (HH
model, also developed in CRWMS M&O (2000). These two sub-models are designed to provide
a piece-wise continuous Precipitates/Salts model for relative humidity values fiom 0 to 100
percent

The LRH model is used when the relative humidity is low (below about 85 percent), and the
HRH model is used at higher relative humidity (above about 85 percent). The LRH model
consists of a set of algebraic calculations performed within a MathSoft Mathcad version 7 file.
The HRH model is simulated using the geochemical code EQ3/6 version 7.2b. These models are
validated in CRWMS M&O (2000).

Use of the Precipitates/Salts model in this calculation is jusfified because the model was
specifically designed to perform these calculations (CRWMS M&O 2000).

4.2 SOFTWARE

The HRH model calculations were performed using the code EQ3/6 v7.2b (CRWMS M&O
1999b) [CSCI: URCLMA-1 10662 V7.2b, Wolery 1992a and 1992b, Wolery and Daveler 1992)
with the solid-centered flow-through addendum [CSCI: URCL-MA-I 10662 V7.2b, Ml: 30084-
M04-001 (Addendum Only), CRWMS M&O. 1998]. This software code was obtained fiom
Configuration Management and installed on an IBM-compatible computer. It is appropriate for
the application and was used only within the range of validation in accordance with AP-SL IQ
Software AManagemen and the Precipitates/Salts AMR (CRWMS M&O 2000). The
Precipitates/Salts AMR restricts the use of this code to a water activity of about 0.85 and higher.

MathSoft Miathcad 7 Professional, a commercially-available software package for technical
calculations, was used to execute the LRH model. This software performed and displayed the
routine algebraic calculations developed in Section 6.4.1 of the Precipitates/Salts AMR
(CRWMS M&O 2000). These equations and all calculations, shown in their entirety in
Attachments I1 M, and IV, have been hand-checked using a calculator to verify the software
provided correct results. This software was appropriate for the application and used within the
range of model validation established in the Precipitates/Salts AMR (CRWMS M&O 2000).

Microsoft ExceI97, a commercially-available spreadsheet software package, was used to perform
simple averaging and interpolation calculations and to chart data. Validation of the spreadsheet
calculations was done by comparing input and output data in charts imbedded in the worksheets
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(DTN: M00002SPAB[N46.008). Visual inspection of these charts confinns ftat the spreadsheet
application provided conrect results.

4.3 SOFT WARE ROUT[NES

No software routines were used.

5. CALCULATION

Section 5.1 presents the data and parameter values used as input to the calculation, and Section
5.2 describes the calculations performed.

5.1 INPUT DATA AND PARAMETER VALUES

The calculation requires the following types of input: 1) relevant thermodynamic properties of
potentially important ground-water constituents, and 2) values for model input parameters.

5.1.1 Thermodynamic Constants and Salt Properties

The thermodynamic data used in the calculations are developed and documented in the
Precipitates/Salts AMR (CRWMS M&O 2000). The HRH model uses the developed PT4
database (DTN: M09912SPAPT4PD.001) which is cuaently to be verified (TBV). The LRH
model references the salt properties displayed in Tables I and 2 of CRWMS M&O (2000).

5.1.2 Input Parameters

The Precipitates/Salts model input parameters are:

* Concentration or activity of each modeled component I in the incoming seepage (C,)
* Temperature (7)
* Relative humidity (RI)
* Fugacity of carbon dioxide (fcot)
* Seepage rate (a
* Relative evaporation rate (Re)

The relative evaporation rate (or flux) (W) refers to the steady state evaporation flux (Q')
divided by (or relative to) the incoming seepage rate (or flux) (Q'):

R" =AQ (Eq. 13
QI

Themodel is designed forarangeofR'from 0 to 1. The values used in this analysis are: 0, 0.1,
0.5, 0.9, 0.99, and 0.999. These values are used to generate lookup tables that are intended to
cover the range of values anticipated.

CAL-ES-PA-00006REV 0 S lie 200
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Tho modeled incoming seepage includes the fotlowing components: Na, Y., Ca, Mg, Cl, F. C03,

SO4, NO3, SiO2, Fef, Al, H. and H20.

Table 1. Incong Seepage Compositlon Abstracted fom THC Resuns

Transitional Cool- Extended Cool-
Down Perld 3 Down Period 4

Parameter Units Bolng Period 2 (motel) (mobl)
Thme Peod years 50-1,000 1,000-2,000 2,000-100.000
Ternperature 96 90 50
10g C0 2 (l) vol frao- -6.6 -3.0 -20
Ca motl 6.4e004 1.0e-03 1.8e-03
Mg motbl 3.2-07 1.6e.-6 7.8.-0O
Na mobel 1.4s-03 2.6e-03 2.6e03
K mohl 8.50-05 3.1e-04 1.0e-04
Si02 modal 1.6e 03 2.1-03 1.2e-03
NOs moit nr a nr nr
C03 mobel 1.9e-04 3.0e-04 2.1.-03
CIA motal 1I.8e-03 3.2e-03 3.3e-03
F_______ mobel 2.5e-05 4.5e-05 4.5e.0O
So8 motbl 6.6e-04 1.2e-03 1.20-03
Fe meral 7.9-10 4.1e-10 2.4e-11
Al_ mobJ 2.7e07 .8e-B 2.Oe409
pH _pH units 8.11 7 3b 7 33 b

DTN: MO9912SPAPAI29.002
anOt reported
b pH units

In this analysis, representative waters fiom three periods of time were used as incoming seepage.
The specific compositions originate from the THC results. The abstracted representative
incoming water compositions, temperaturs, and C02 ) volume fractions in the air for these
periods are displayed in Table 1. These data are currently TBV.

As explained in Section 3.2, the ratio of nitrate to chloride in average J-13 well water is needed
to estimate the concentration of nitbate in the THC-abstracted incoming seepage water. The
nitrate:chloride ratio in the J-13 well water is 0.70:1 (DTN: LL980711104242.054).

In the calculation, T was varied between three values (75°C, 50°C, and 250C) for Period 4 to
develop a response surface intended to cover the range of values anticipated in this period. RN
and Tas a function of time were developed as described in-Section 5.2.1 fiom recent calculations
for the invert. The acquired data used to develop the T and RH histories came from the
following files in DTN: SNOOOlT0872799.006:

* RIP Rfinvavg hhv-dO01050 binO-3_mean
* RIP RHinvavg hlw_dOO10500 bin3-10 mean
* RIPHinvavgjrlwd_0010500 binlO-20_mean

CAL-EBS-PA-OOOOO8 REV CO 9 June 2000
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* RIP_RHlnvavgjhlw dOO10500_bin20-60 mean
* RIP RHnvavg hlwldOO10500 bin6Omean
* RIP Tinvavg hw dOOlO500 binO-3 mean
* RIP Tinvavyghlw dOO10500 bin3-10 mean

RIP Tinvavgjhlw dOO10500 binlO-20 mean
* RIP_Tinvavg hlw dOO10500 bin20-60-mean
* RIP_Tinvavg_hlw dO010500 bin60_mean

These data are cwrrently TBV.

5.2 CALCULATIONS

Before the Precipitates/Salts model calculation could be performed, the relative humidity as a
function of time had to determined. This initial calculation is developed in Section 5.2.1. The
Precipitates/Salts model calculations are addressed in Section 5.2.2.

5.2.1 Relative Humidity and Temperature History

From the files listed in Section 5.1.2 (DTN: SNOOOIT0872799.006), mean, bin-averaged values
for RH and T for the invert were determined for the LRH model. These overall means were
calculated by taking the bin-weighted averages of Rff and Tfor numerous values of time from 0
to 100,000 years. The actual times that were used to determine the bin-weighted averages were
selected such that the resolution of ff and Tas a function of time was captured.

Bin-weighted averages were calculated using the following equation:

Y. = jYAWV (Eq. 2)

where Y, is the overall bin-weighted mean RH or Tat time i, yk, is the mean RH or Tfor subset b
of bins at time a, wh, is the bin weight of subset b of bins at time I. The summation of the bin
weights for the bin subsets attime I equals one (i.e., , = 1).

b
Many of the RH and Tvalues in the files are not for common times. As a result; interpolations
had to be made for bin subsets before bin-weighted averages could be calculated. For the
interpolations a linear relationship between RN and the logarithm of time (log t) and between T
and log twere imposed such that:

A = 10gtki 7l19lt (og, -log't, 1 ) +ybtI (Eq. 3)

Yb.iil -Y -

where 1+1 and i-1 are the nearest values in the acquired data file to time 4I.

5.2.2 Precipitates/Salts Model

The HRH model calculations were performed using the solid-centered flow-through mode of
EQ316 version 7.2b according to the procedures described in Section 6.4.2.2 of the

CAL-EBS-PA.O00008 !�EV 00 10 June 2000
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Precipitates/Salts AMR (CRWMS M&O 2000). The only difference in the calculations were due
to the different input values.

The LRH model calculations were performed according to Section 6.4.1 of the Precipitates/Salts
AMR (CRWMS M&O 2000). These calculations were performed using the Mathcad 7 files
displayed in Appendices A, II, and IV of this report,

For the LRH model there were three parameter values that were changed other than the
adjustments to the incoming seepage composition explained in Sections 3.2 and 3.3. Two were
the times at which the RH is determined to reach 50 percent and 85 percent They were set at
450 years and 1300 years based on the result of the calculation described in Section 5.2.1 (The
results displayed in Figure 1.). The other change was the effective solubility of the non-nitrate
salts. This value was adjusted to 2.9 or 3.0 molal to provide a smooth transition between the
LRH and HRH model results. The values used to provide a smooth transition for J-13 seepage
water ranged from 3.6 to 4.1 molal (CRWMS M&O 2000).

It is restated here that the ionic strength (X) parameter of the Precipitates/Salts model is not the
true ionic strength. Instead, it is an approximation based on the following equation:

I= Ca; +Cr +4(C,. +Cj*) (Eq. 4)

where C, is the molality of component I. For an explanation, refer to Section 6.3.2 of the
Precipitates/Salts AMR (CRWMS M&O 2000).

6. RESULTS

Section 6.1 presents the results of the relative humidity and temperature predictions over time.
Section 6.2 presents the results of the Precipitates/Salts model using THC inputs.

6.1 RELATIVE HUMIDITY AND TEMPERATURE HISTORY

The results of the averaging and interpolation of relative humidity and temperature- over time are
displayed in Figure 1. These results represent the approximated average predicted values and
trends for Rf and Tfor the invert and in the drift in general (Assumption 3.1). For the purposes
of the LRH model, RH reaches 50 and 85 percent at 450 and 1300 yearn, respectively.

These calculations are based on RH and T predictions that are currently unqualified and TBV
(DTN: SN000IT0872799.006). The data developed in this calculation (DTN:
MO0002SPABIN46.009) are therefore TBV. However, because these results are used only as a
reference in the LRH model calculations to support Assumption 3.1, they do not affect the
qualification or TBV status of the LRH model calculations. LRH model output is independent of
time and is not a function the exu timing of RI and Tvalues.

CAL-EBS-PA-000008 REV 00 11 J�me 2000
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Figure 1. Predictions of Bin-Weighted Miean Relative Humidly and Temperature for the Invert Over Time

6.2 PRECIPITATES/SALTS MODEL RESULTS

The Precipitates/Salts model output consists of calculations for pH; chloride concentration, and
ionic strength (in molality) for the input parameter values described in Section 5. 1. The results
of the HRH and LRH models are presented in Sections 6.2.1 and 6.2.2, respectively. A complete
set of these outputs is summarized in Section 6.2.3 in a set of lookup tables that can be used to
interpolate model results for input conditions within the ranges modeled. Finally, the limitations
of these calculations are addressed in Section 6.2.4.

6.21 High Rative Humidity Model Results

Figure 2 and Figure 3 display the HRH model results for Period 2. These plots show th while
Cl and I are highly sensitive to relative evaporation rate, pH remains around 9 in Period 2 and
around 8 in Period 3.

Figure 4, Figure 5, and Figure 6 show the pH Cl, and I results, respectively, for Period 4 at three
different tempatures. These data indicate that the results are not highly sensitive to
temperature. Cl and I maintain their strong dependence on relative evaporation rate, and the pH
drops to around 7.
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Figure 2. Steady State pH, Cl Concentration, and I vs. (1- RO) for Period 2
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Figure 4. Steady State pH vs. (1- R") at Different Temperatures for Period 4
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Figure 5. Steady State CI Concentration vs. (1- R*) at Different Temperatures for Period 4
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Figure 6. Steady State I vs. (1-R') at Different Temperatures for Pettod 4

6.2.2 Low Relative Humidity Model Results

The results of the LRH model for Cl and I are displayed in Figure 7. These results are
approximately the same for each period In general, the Cl concentration is much higher and I is
slightly lower than the results for average J-13 well water seepage (CRWMS M&O 2000).

As explained in the Precipitates/Salts AMR (CRWMS M&O 2000), the LRH model is
insensitive to the value of the incoming seepage flux and the cumulative masses and volumes of
salts and brine. Complete Mathcad calculations and files are presented in Attachments UI m,
and IV.
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Figure 7. CI and I vs. RH for RH Less than 85 Percent

6.23 Precipitates/Salts Model Lookup Tables

The outputs required from the Precipitates/Salts model are the values for pH Cl concentration,
and ionic strength for a given set of inputs intended to encompass the likely scenarios that could
occur. These outputs are summarized in a set of lookup tables presented in Table 2 through
Table 4. The important independent variables are the incoming seepage composition (C5

1),
relative humidity (RE), temperature (1), relative evaporation rate (Rn and the fugacity of
carbon dioxide (fCoq). These lookup tables include outputs from the LRH salts model (RE < or =
85 percent) and the HRH salts model (RfH> 85 percent).

As explained in the Precipitates/Salts AMR (CRWMS M&O 2000), the LRH salts model
incorporates a functional relationship between RAf and time. For the lookup tables, time is
avoided as an independent input variable by imposing a linear relationship between R1f and time.
Increasing Rff linearly with time from 50 to 85 percent provides the abstraction used to generate
the lookup values for Rf less than or equal to 85 percent

The ionic strength values presented in the lookup tables are an approximation of the true ionic
strength, as described in Section 5.2.2. An additional approximation is required for lookup table
pH values when the R1f is less thant or equal to 85 percent Because pH cannot be calculated
using the LRH salts model, it is approximated by using the HRH model to perform a simple
evaporation of the incoming seepage water to a water activity of 0.85. These values for pH are
included in the lookup tables for cases in which Rfis less than or equal to 85 percent
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CAL,-EBS-PA-000008 REV 00 16 June MM0



Precipitates/Salts Model Results for THC Abstraction

Finally, for the case in which the relative evaporation rate (R') is one or greater, the ionic
strength and Cl concentrations are set at the values obtained by the LRH model at 85 percent
relative humidity for the given carbon dioxide figacities and temperatures. This is done to
approximate a reasonable transition between the LRH and HRH model results.

Compared to the Precipitates/Salts model results for J-13 water at similar carbon dioxide
fugacities (CRWMS M&O 2000), Cl is consistently an order of magnitude higher in the
abstracted THC cases due to the higher initial C1 concentrations C(able 1). pH is generally lower
in the THC cases by approximately two pH units for similar carbon dioxide fugacities, likely due
to the higher calcium to carbonate ratios in the THC seepage water (Table 1). Ionic strength
values for the THC cases stay approximately in the same range as the J-13 calculations.

6.2.4 Umitations

This document may be affected by technical product input information that requires
confirmation. Any changes to the document or its conclusions that may occur as a result of
completing the confirmation activities will be reflected in subsequent revisions. The status of the
input information quality may be confirmed by review of the Document Input Reference System
database.

The Precipitate/Salts model calculations documented in this report (DMNs:
MOOOOIMWDEQ346.007, MO0002SPALRH46.009, and MO0002SPALO046.010) are
unqualified and TBV because two of the inputs are unqualified and TBV (DTNs:
MO9912SPAPAI29.002 and MO9912SPAPT4PD.001). Once these input data are confirmed,
the resulting calculations can be used without TBV tracking controls. The uncertainty and
limitations of these calculations are summarized in the conclusions of the Precipitates/Salts AMR
(CRWMS M&O 2000).
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Table 2. Lookup Table for Perlod 2

m lut Parameters Preciff akSalts M 0d Oaipx

aH L T( C) RN pH C cmo al) lr(mra
< 50.3% nae na dry d ddr
50.3% 96 na 9.40 3.71E-03 2.47E+01
51.0% 96 na 9.40 5.68E-02 2.42E+01
53.1% 96 na 9.40 4.09E-01 2.15E+01
55.2% 96 na 9.40 6.85E-01 1.93E+01
60.6% 96 n 9.40 1.68E+00 1.15E+01
85.7% 96 na 9.40 240E+00 5.89E+00
71.0% 96 na 9.40 263E+00 4.04E+00
76.2% 96 na 9.40 2.68E+00 3.63E+00
81.5% 96 na 9.40 2.63E+00 4.09E+00
85.0% 96 na 9.40 _ 55E+00 4.69E+00
> 85% 98 0 8.58 l.BOE-03 6.00E-03
* 85% 96 0.1 8.62 2OOE-03 7.00E-03
* 85% 96 0.5 8.87 3.69E-03 1.20E-02
* 85% 96 0.9 9.21 1.80E-02 5.70E-02
> 85% 66 0.09 9.28 1.77E-01 3.786-01
> 85% 986 0.999 9.41 1.65E+00 3.04E+00
> 85% 96 > 0.999 9.40 2.44E+00 4.84E+00
DTN: M00002SPALO046 010
* not applicable
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Table 3. Lookup Table for Per od 3

In lUt Paranter P tabelSaft Mod Output
RH(%)L T(-q pH CI (mcii) Wmow)

< 50.3% na na dr dr dr
50.3% 90 na 7.64 3.73E-03 2.44E+01
51.0% 90 na 7.64 5.70E-02 2.40E+01
53.1% 90 na 7.64 4.06E-01 2.11E+01
55.2% 90 na 7.64 6.77E-01 1.89E+01
60.5% 90 na 7.64 1.63E+00 1.IOE+01
65.7% 90 na 7.64 2.28E+00 5.65E+00
71.0% 90 na 7.64 2.49E+00 3.91E+00
76.2% 90 na 7.64 2.53E+00 3.64E+00
81.5% 90 na 7.64 2.48E+00 3.96E+00
85.0% 90 na 7.64 2.41E+00 4.53E+00
> 85% 90 0 7.72 3.19E.03 1.03E-02
> 85% 90 0.1 7.71 3.56E-03 1.14E-02
> 85% 90 0.5 7.64 6.40E-03 1.98E-02
> 85% 90 0.9 7.45 3.20E-02 9.48E-02
> 85% 90 0.99 7.68 3.16E-01 6.SOE-01
' 85% 90 0.9988 7.64 236EE00 4.69E+00
>85% 90 >0.9988 7.64 241E+00 4.53E+00
DTN: M00002SPAL0046.010

not applicable
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Table 4. Lookup Table for Perod 4

Input Parameters Prdat 0ats h>d Output
RFH() ITrC) R" pH Cl (molal) I (mlli)

<50.3% lna ns... dr dy dy

50.3% 76 ns 7.02 3.85E-03 2.43E+01
51.0% 75 na 7.02 6.88E-02 2.39E+01
53.1% 75 na 7.02 4.17E-01 2.09E+01

55.2% 75 na 7.02 6.93E-01 1.86E+01
60.5% 75 ns 7.02 1.64E+00 1.08E+01
65.7% 75 na 7.02 2.28E+00 5.56E+00
71.0% 75 na 7.02 2.49E+00 3.87E+00
76.2% 75 na 7.02 263E+00 3.51E+00
81.5% 75 fnl 7.02 248E+00 3.92E+00
85.0C9 76 na 7.02 242E+00 4.47E+00
' B5% 75 0 7.19 3.30E-03 1.21E-02

> 85% 75 0.1 7.18 3.67E-03 1.32E-02
85% 75 0.5 7.14 6.60E-03 2.16E-02

>85% 76 0.9 6.97 3.30E-02 9.8SE-02
> 85% 75 0.99 7.02 3.24E-01 6.81E-01
> 85% 75 0.9988 7.02 2.41E+00 4.75E+00
> 85% 76 > Q.988 7.02 2.41E+00 4.47E+00
>85% 50 0 7.22 3.30E-03 1.36E-02

>85% 50 0.1 7.22 3.67E-03 1.47E-02
>85% 50 0.6 7.18 6.60E-03 2.31E-02

>856% 50 0.9 7.03 3.29E-02 9.96E-02

> 85% 60 0.99 6.95 3.25E-01 7.45E-01

> 85% 50 0.9988 6.86 2.41E+00 4.87E+00

>85% 50 > 0.9988 7.02 2.41E+00 4.47E+00
>85% 25 0 7.05 3.30E-03 1.36E-02
> 85% 25 0.1 7.09 3.87E-03 1.51E-02
> 85% 25 0.5 7.23 6.60E-03 2.66E-02
>85% 25 0.9 7.11 3.29E-02 1.02E-01

> 85% 25 0.99 0.99 3.25E-01 7.80E-01
>85% 25 0.9988 6.78 2.46E+00 5.10E+00

> 85% 25 > 0.9988 7.02 2.41E+00 4.47E+00

DTN: MOOOO2SPAL0046.010
not appkiable
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8. AITACHMENTS

Attachment Title

I Document Input Reference Sheet (DIRS)

II Low Relative Humidity (LRH) Salts Model THC Period 2 Abstraction
(Calculations using Mathcad 7)

Ell Low Relative Humidity (LRH) Salts Model THC Period 3 Abstraction
(Calculations using Mathcad 7)

TV Low Relative Humidity (LRH) Salts Model 1`C Period 4 Abstraction
(Calculations using Mathcad 7)
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Low Relative Humidity 0.1" Salts Model
THC Period 2 Abstraction

Conceptual Model. Water seeps Into "reactor" (.e, drip shield or backfill) at a constant rate during the
perod. In 1he reactor, seepage water vaporizes and sarts accumulate. Salts begin to dissolve when the
relatve humidity dses above 50%. This model (LRH) approximates t1he buildup and dissolution of soluble
salts In the Na-K-N-S-Ct.C system. All flid bine) generated during each time interval flows out of reactor at
the end of each Ime Interval; however, mixing is Vllowed between halftime Intervals. The end point Is
designed to be equivalent to the evaporative evolution of seepage water to a stolchlometric Ionic streno of
10 molal, as calculated using the EQ3i5 PiKzer model. The LRH salts model Is a simplified approximation of
salt accumulation and eventual dissolution caused by Increasing relative humidIty. It maintalns mass and
charge balance and estimates brine generation as a unction of effective solublities. Its purpose Is to provide
bounding and scoping calculations for an evaporite system that has not been deeply studied.

Seepage - Constant rate and constant composition are assumed.

Seepage Comp. (molal) Valency

N03

Ca

Soluble 604

Soluble C03

K

Na

Charge Bala
Error

7

1-6

* Cs, = 0.0013*mol-kg-1

Cs2 := 0.00218*mol-kg- 1

Cs3 = 0.00018*mol-kg-1

I Cs4 := 5.1.10-:.folOIkg-1
Cs6 : O.OOOOSS'moi-kg-1

Cs7 - 0.0034-mol-kg-1

nce
4 -

Csrz1 - E ~z
- I =I

Seepage Rate

Os :x -kg
yr

Seepage Name:

s .- 'THC Piodr

CO2 (g) Fugaclty

fcO2 l- 1.10-63

Z = 1

z6 = I

%3 : 2

z4 := 1.3

z:2 1

E * 3.59.100
E u 0.36 .%

Because nitrate Is not ncuded In the THC
results, Cs1 is adjusted to achieve a CI:N0 3
rio equivalent to the ratio hI average J-1 3 well
water.
C63 and Cs4 are adjusted to achieve Na:S04

adNaC0 3 ratios equvalent to the
0.85-water-actiS solution calculated from the
EQ3I^ Pitzer model. SotIe Implies the
fraction that precipitates wnth Na or K

This charge balance error Is approxdmately
maintained for the entire calculation.*1

2: Cs,-z1I -1

D Period. Salts accumulate. No stable brine Is generated.
to=Lei where ntrate salts are no longer stable.

Time Nitrate Salts Become Unstable: t50 _ 450-yr t

Period ends when relative humidity (RH) rises

time when RH exceeds -50%)

I :a l 7

N03

Ci

S04

Soluble C03

K

Na

Total Accumulation In Dry Period

Mst 0 Csi-C*s-t5O

Molecular Weight

Mst1 0o O .585'mol w1 n 62.gm-mor 1

Mst28 0 -O.81omlI W2 :a 35.5-gm-rnorl

M~st 380 - 0.081-mol W3 :* 96-grnmor'

Mst4 ,1 2.3-l04'molW 4 :- 6o~gmrmor'

Mst6.0 a 0.038.znol W6 :a 39-grnmor1

Mst7,0 a 153.mwl W7 -a 23gam-nor 1
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Wet Period. Nitrate salts are unstable. Water vapor condenses to form niMte brine. Soluble safts begin
to dissolve as RH Increases and completely dissolve by the end of the period.

Time Discretizaton in Wet Period

End of Wet At RH 85%, soluble safts are dissolved and the activity
Period at 85% RH t85 :- 1300 yr of water Is approximately 0.85.

Time
Increments hi
Wet Period
Constant lime
Increment

Salt Solbriffes

N03

OtherSalts k-= 2 4

I -0.. 100

delt = t, - to

Effective
Solubility at
I WC (molal)
SI = 24.S mol kg

Sk= 3.0-mol-kgt

SpedlicTimes
or Increments := 150 *- ( t85 - t5o) -

delt 85- yr

(pure phase sobiut at 100 C for KNO3)

(assumed 'effective" solubility to match EQ6 model
results - "effective due to mnlxbre of salts)

Mass of Total MIt 1 0 (assumes accumulated
CndteSaed mw1 MZ mw 1 * 0.024 kg nitrate salts dssolve toWater at Start of 7
Period 2 solublilty)

Fraction of Soluble Salts Dissolved. While N03 salts are assurned to dissolve completely at the beginning of
the wet period, te other salts are assumed to dissolve Increasingly as relative humidity Increases over time.

Percentages of Salts Dissolved In Wet Perod Peroenta e of Salts Percentae Salts
System Assumpvtions Dissov at Start Dissolved at End of Wet

of Wet Period Period
N03 salts are I100%K-NaN0303dissolved at1a fl _ 100 % f12 :a 100 %
times In Wet Period. k : I 2

K-Na-CI1-SQ4-CO3

=. 1.. 100

4t,- t85)

ff, -1 0 8

Percentage dissolved
within reactor assumed to
increase exponentially
from O% to 100% within
Wet Period.

I

I
21
it

Tmi (yrs)
----- N03 Salts
- Other Salts

Percentages of Salts Dissolved

I x 1_ 6

N03
OtherAnions kI : 2 4

K

hnal
Percentge
Dlssolved Within
Reactor
fl,0 - °

fkO = 0

6, 0 *- 0

Percent a je

WithIn Reactor

111, -- f I

fk, I = ff)

ff1 '-- §f1 I

(Na percentage
calculated by
charge balance
later.)

Atachment II File: SaltsP2.mcd 11-2 CAL4MS-PA4X)G008 Rev. 00



PrecpitatesiSalts Model Results for THC Abstraction

Calculations

Incoming Seepage

Moles Added to Reactor In
Incoming Seepage Dwing lime
Increment
Cumulative Moles In
Incoming Seepage

Reactor Calculations

Moles hi Reactor at Each Half
deg Increment

MrhL _ Mst " f0nitial moles)

I =I - 7

Ms, := CsQs-delt

I ::- I 6

I := 1. 100

k : 1 200

( (previous moles) + (seepage moles) - (nmoff moles)

Mrhk = Mrh,k. -I + M7 7 MrL k.f- ( ) fl /I

-- 0. 100

Moles hI Reactor atlime S

Moles (Mass) of Dissolved Ions
tGenerated at Tlme 8

Mr1,j 1 Mh.-

Dissolved Mass:

md1,l = Md1

Mass of Water in Brine
Generated at Time t (calculated
from anions)

Dissolved Concenbalon at Time t

Na Moles hI Reactor (calculated
chare balance, Includes

=arge Imbalance enror term)

mwj := E Md191

-i j Md5,1

4 4

MY791:' 1 Mr1,,jz1 - Mr69j1z6 . E- E 2-Mr19j1zj I + El
I -I I -1

Na Dissolved Conoentration
(calculated by charge balance,
ncludes charge Imbalanoe
error term)

Dissolved Moles (Mass) of Na
hI Reactor (calculated by
charge balance, hiludes
charge Imbalance error term)

4 4

C791 e' 1:C~jz - C6 ,i1z6 +E- E 2-Ci.91zj- I 1 El
I= 5 I=1

4 4
Md7 j1 '- F Md1,I1z1 - Md6 .lZ;6 + E E 2'Mdij 1z1-(l El

1 =1 I =1

Percentage Na Dissolved
In Reactor

Cumulative
Water Runoff

f. =C7.7 MW1
Dissolved Mass:

md7w, .- Md7. 1 mW7

mnwi mwt M" + mwlJ 1 1. 100 mwt, . O-kq

Cumulative Mass of
Total Dissolved
Solids Generated at
Time tl

mdto : O-kg

4

mdj ~:- mdtiI + E mdl I
I = I

7+' E2 rfl
I =6
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PredplatmsSalts Model Results for THO Abstracion

Results

tI
2

a

I -lI-7 jz-x0. 100

o 1

I

0 O.5

ZsC

500 1ow0
TMo" yrs)

N03
cl
S04
Soluble C03
Na
K

1500 500 10(

N03ci
S04
Soluble C03
Na
K

10

I

I I 10

I

I

U
6

.5

0.11-

I

I
'I
3

0.11

I I

II 1 I

I /

0.01 - 0.01o
II
I
II

I I
I-l1.10 I I I

0 500 1000
Tim. ")

N03
-ca

-- ~- S04
---- Soluble C03
- Na

-- K

1500
1.10-4 .1',i f

W500 1000 1500
Mm (y.)

N03
Cl

- - S04
Soluble C03
Na

- K
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Prdpitatesrlwabt Model Resubt for THC Abstraclion

Solid-Phase (Undissolved)
Moles hI Reactor over Time

10

I

- I I

Mu1,,1 . Mr,,j - Mdi31

Note: Mfbr N03mand K Is zero

i

A!

.U

*1

0.1 -

0.011-

1.10 13

_

1.104
I~~~~~~~~

0 SOD 1000 1500
Time lym)

- N03

~- -- S04
- - - Soluble C03
- Na

K

j := 1 100

I

a
I

I Soo 1000 1500
Time lyre)

Water Generated During Time Increment
--- Cumulative Water Generated
- Cumulative Dissolved tons Generated

0.01
a 50 1000

- N03
----aCI

- -- S04
---- Soluble C03
----- K
- Na

s00
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Precipitates/Salts Model ResultS for THO Abstaction

SLunary and Cross-Check

N03

a
804

Soluble C03

K

Na

Concentiations at
End of Wet Period

C,, 1 0lo( lhmol-kgl

C2 00 - 2.549 -mol-kg-1

C3, 100 =0.255 *rnoIhkg1

C4, 100 a7.223*l0 4 iml-kqg

C6.100 0.105 emol-kg-1

C7, 1o 4.5988mol-kg 1l

Concentrations
Calculated by EQ3i6
Model at RH 85%

1.76-mol-kg 1l

2.44-mol-kg-

0.25-mol-kg 1

0.1 15mol-kg1

4.56-mol-kg- 1

Total Moles In
Reactor at End of
WetPeriod

Mr,0 .O11immol

Mr2 100 0.018nmol

Mr4, 100 = u 8-14m

Mr6, 100 = 7.225'10 4.mol

Mr7,100 a 0.032*mol

4 7
Cumulative Mass of Dissolved Solds
In Icomhng Seepage at End of Wet Period

Cumxdatve Ma of Dissolved Solids
Geneated at End of Wet Period

Cumultve Mass of Wate hi
Generated BrIne at End of Wet Period

Cumulative Mass of Brine
Generated at End of Wet Period

EMs1~,100-W1 4- E Mst-, 100-W1 = 0316-kg
I -1 1 -6

rndt100 = 0.337-kg

rnwt1 00 - 0.954 .kg

rnwt1 00 + mdt100= l .291.kg

Charge Balance En-or
Mainained Over Time

I._ 1,10_ 100

7 4

F:=
l =6 i- 1

-1

E2 C1,*Z1
I -1

Output Files:

3.59.10-3
3.59-10-3
T.69-1-0-7

3.591 0~3.69-10-

3.5910o-
.6-9 10--3

3.6-97t03
3.59- 10-3

3.59- 1 0
3.5910-

0 1g
CX.V1rtk tds C.V.rhic.xds

t C.kg
7 ~~~"mo0

U
Ci.%.llthnwtbds

U2
C:Uk.*mwnwd

1U
QC:UbhMdUds

mwt mw mdt

U2
C.kh.Msbds C:IL.V¶rtijads

U2
Ct.rhMrjds

U2 U
CA:.VrtMd.,ds C:UL.%rh-Mu.xds

Mst
r0

t Mr
mol

Md
mo1

Mu
mol
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Preciptes/Salts Model Results for THO Abstraction

Response Surface Calculations j :m 0.. 100

Relative hurnidft as a
unction of time
(approdmauon)

RH1 ;= O.St +( ~-tvto).
100

I0

I I -

Evaluation points:

1,x1 k-=3 13*9 J4_15 15- 30

it

60j-

J6 -a45 J7 = 60 JS = 75 J~ = 90 j10 :=l00 40 I I I I
0 500 1000 1500

Tim. (yr,)
k:- I 10

Lookup Table for Given Seepage Composition

s~ rl'HC Period 2

IogfCo2) - -6.5

Input Parameter

Relative
Hurrdit

Output Parameters

ik

1

'j-
7-

TS-
Tr
45
W-
75-
w
To

RH

0.503

0Em

0.657
U:7%

UlmU
0.:5

CI Conentration

C2 ,k

3J145- 10-3kg-I.mol

0.0568-kg' *mol
0.4085-kg-l mol
0.6852 kg-1 mol
1 .6835-kg-'*mol
2.3969-kg- mol

2.6330-kg-l *mol
2.6843-k- 1 *mol
2.6261 kg- -mol

2.6491 kg '*mol

Na + K Concentration

C64k *C7,Jk

24.65- kg 1 mol
24.23-kg- mel
21.47-kg- m;oI
19.31-kg- mrol
11.48-kg -. mol
5.89-kg m-;oI
4.04-kg- *mol
3.63-kg- I -;;l

4. 9- g m ol

100r I I

f I

0.1

QOIcr I -

40 60 t0 100
RH 1%)

- a
----- Ha+ K
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Precipiates/Salts Model Results for THC Abstracion

Low Relative Humidity (rH) Salts Model
THC Period 3 Abstraction

Conceptual ModeL Water seeps Into OreactoW (.e, drip sield or backlill) at a constant rate durwng the
period. In tle reactor, seepage water vaporizes and salts accumulate. Salts begin to dissolve when the
relative huidift rises above 50%. This model (LWR approximates the buildup and dissolution of soluble
salts In the Na-K-N-S-Cl-C system. Al fluid rine) generated during each time Interval lows out of reactor at
the end of each time Interval; however, mixing Is allowed between half time Intervals. The end point is
designed to be equivalent to the evaporative evolution of seepape water to a stolchlometric lonic strength of
10 mlraal, as calculated using the EQ3f6 Pitzer model. The LRH sals model Is a simplified approximation of
salt accumulation and eventual dcissto n caused by hicreasing rela JOve humIdtty. I maintais mass and
charge balance and estimates brine generation as a funcion iof effective solubilibies. Its purpose Is to proide
bounding antd acoping icalculaons for an eraporite system that has not been deeply sudied.

Seepage - Constant rate and constant composition are assumed.

Seepage Comp. (molal) Valency

N03

CI

Soluble S04

Soluble C03

K

Na

CS1
CS2
CS3
Cs4
CS6
CS7

:a0.0023*mol'kg-1

m* 0.0032*mol-kg-

:= 0.00041*mol-ko 1

-t S.3-10-7*mol-kg-1

:a O.OOD31lmolhkg-
:= 0.0060-mol-kg 1l

Seepage Rate

as - 1- kg
yr

Seepage Name:

s := Ya Period 3'

CO, (g) FugacItyr

fcO2 := 110- 3
ZI:=I

%XI

;4:= 1.33
Z6 xI

Z7~ ;1

Because nitrate Is not induded In tie THC
results, Cs1 Is adjusted to achieve a CINO3
ratio equivalent to the ratio In average J.-13 well
water.

and CSJ, are adjusted to acheve Na:SO4
uan Na:CO3 ratiosi equialent to lie
0.85-water-actcivt solution calculated from lie
EQ3JB Plker model. Soluble Imnplies the
firation that precipitates with Na or K.

Charge Balance Enror
Approximation

7 4

z Cs-z 1 - E AZ,
_ 1=6 1=1

E: := 1

Z CsiZ
I =1

E r -8.791.104This charge balance error approximation Is
E - -0.09 .% approximately maintained for the entire calculation.

Dry Period. Salts accumulate. No stable brine Is generated. Period ends when relative humidity (RH) rse
to level where nitrate salts are no longer stable.

lime Nitrate Salts Become Unstable: t50 := 450 yr (time when RH exceeds -50%)

I:z 1 7

N03

CI

S04

Soluble C03

K

Na

Total Accumulation in Dry Period

Msti.0 := Csj 1Qs t60 Mst? 0o

Mat 2,o0
Mst3 ,0 '

MSt4 ,0 -

Mst6,O =

MSa 0 -

1.035*mol

1.44*mol
0.194*mol

3.7-10 4'mol

0.139.rnol

2.7'mol

Molecular Weight

WI = 62.gmnmor 1

W2is 3S.5Sgrrrmnol-'

W3:- 96gmmor

W4_ 60.9m.morl

Wc - 39sgm mor'

W7= 23 gm-morl
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Prepttes/Salts Model Results for THC Abstaction

Wet Period. NIrate salts are unstable. Water vapor condenses to form nitrate brine. Soluble salts begin
to dissolve as RH Increases and completely dissolve by the end of the perlod.

Time Discretizaon In Wet Period

End of Wet
Period atl5% RH t85 -13O-y

At RH 85%, soluble salts are dissolved and the activity
of water Is approximately 0.85.

TIme
Increments hi
Wet Period
Constant ime
Increment

Salt Solubililies

N03

OfterSalts k: 2- 4

0 ,_ O_ 100

delt :z tj - to

Effective
Soublity at
100'C (moeal)
SI :a 24.5-mol-kg

Sk = 2.9 mol-kgq1

Soedfic Times
ofincrernerf ti = t50st(tB5 - tto).

delt- 8.5Syr

(pure phase solublity at 10 C for KNO;)

(assumed *effective" solubilty to match EQ6 model
resuits - "effective due to mixture of salts)

Mass of Total Mat1,0 (assumes accumulated
Condensed mw1: mw 1 0. 0.042okg nitratesoitadissolveto

Water at Stoat of ~~~~~~~~~~~~~sotubility)
Period 2

Fraction of Soluble Salts Dissolved. WMite N03 sat are assumed to dissolve completely at the beginning of
lie wet period, the other salts are assumed to dissolve Increasingly as relative hurydi hncreases weer time.

Percentages of Salts Dlssolved In Wet Period Percentage of Salts Percenta Salts

System Assumptions Dlssolveat Start Dissolvedat End of Wet
ofWetPerod Period

N03 salts are 100% i= . 1u0
K-Na-N03 dissolved at all fl - 100-9 f12 : 100-%

fimes n Wet Period. i I- 2

K-Na-C1-SO4-CO3

I 1 I 100
4=(i S

Percentage dissolved
within reactor assumed to
increase exponentially
from 0% to 100% withIn
Wet Period.

0

j
.C

I,
a.

10 I

0.1-

0.01_

11-31010- _

1.104
0 Soo 100o ism

----- N03 Salts
- Other Salts

Percentages of Salts Dissolved

I := _1 6

N03

OtherArdons

K

Initial
Percentage
DlssolvedWithln
Reactor
f;,o 0 °

fk,0= 0

Percentage
Dissolver
Within Reactor

1 z 1: f1

fkj' ff,

fcj := f1I

k a 2. 4
(Na percentage
calculated by
charge balance
later.)
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PrecdphtateslSafts Model Results for THC Abstraction

Calculations

Incoming Seepage

Moles Added to Reactor in
Inroning Seepage During line
Incremert
Cumulatve Moles in
Incoming Seepage

Reactor Calculations

Moles in Reactor at Each Half
defincrement

i 1- 7 I Z 1 100

MsK = Cs Qs delt

Msth J = Mstj,j_ - + Msi

I := 1 6 k= 1 200

- (previous moles) + (seepage moles) - (runoff moles)

I I
='~k' Mrh1 k-i I MS - .Mrh1 k- 1it1 ,(Mrh1,O : MshOnal moles)

1--° 100

Moles In Reador atTime 8

Moles (Mass) of Dissolved Ions
Generated at lTmet

Mr1,'- MrNJ.2

Mdi,j := Mr191i111j

Dissolved Mass:

mdjj1 : Md1 j1 W1

Mass of Water In Brine
Generated at Time t (calculated
from ahions)

Dissolved Concentration at lime

Na Moles In Reactor (calculated
by charge balance, Includes
charge Imbalance error term)

Na Dissolved Concentraon
(calculated by c e balance,
Includes charge Imbalance
error term)

Dissolved Moles (Mass) of Na
in Reactor (calculated by
charge balance, Includes
charge Imbalance error term)

4Mdij1

xMd1,1

4 4

Mr79, :=~ mri,j1z, Mr6,1*z6 + E M 1z. 1 i E)

4 4
C7,1 ~ 1 9j-z1 - C6 .- z6 + E- 2-C1 .,1 z1 {1 + E)

4 4
Mdj: Md11 Z1 - Md6,j1 r + E- 2-Md11 'z1.( 1 + E)

Percentage Na Dissolred
h Reactor

Cumulative
WaterRunoff mnw-t :z Oakg

Dissolved Mass:

rnd7 1.- Md7 1 W7

mwt := mwt_ * I mwl

7

Ix 1. 100.

Cumulative Mass of
Total Dissolved
Solids Generated at
lTmett

4
mdto O kg mdtr = mdtji - i md1 1E rndj d, I

I -I i=6
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Predpltate Model Results for THC Abstracdon

l

Results I )-?I j = 0 100

aL
II5

I
C

I
I

1

0.5

0 Soo 1000
Time (yr.)

- N03
- Cl

--- S04
---- Soluble C03

- Na
--- ^- K

1500 0 500 1000
Time tyr)

- N03
---- Cl

--- S04
---- Soluble C03
- Na
..... K

--i
1500

10 . 10
I I

I I

I

I
0.11-

I
c

S6
.5Is

I I

I I'
I 1 / %

0.11

0.01 I- I

-----------

0.01

wwlod-

I - - I- %

o 500 1000
Time Om)

N03
a
S04
Soluble C03
Na
K

1500

1.103 I- " //
. /

. 1
1.1- fI ! I

0 SW 1000 150
ime (yr.)

N03

--- S04
---. Soluble C03

Na
-K
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PrecpltatesfSat Model Results for THO Abstracdon

Sold-Phase (Undissolved)
Moles In Reactor overilme

10

I
Mu111 := Mr111 - Md111

Note: MP for N03 and K is zero
when RH exceeds 50%.

a
I
w
C
I01
2
0

1

1

0.1

0.01

1.10-"

I-to'

D - I I

I - I _

L ------ -

I~~~~~~~~~~~~

S ~~~~~~~~~II

0 Soo owo 1500
rm ")

- N03

--- S04
---- Soluble C03

Na
----- K

1.10-

I-le

I= 1_ 100

100 17- I I 21 I I

I

CI
I
21

1.5 1-
0i ~

0

II

a'B

a 1

I

0.5

0.1 1-

~~~~4 I~~~~
0 500 1000 1500

Tim.e (yr)

Water Generated During Time Increment
- Cunulative Water Generated

- - - CCunulative Dissolved tons Generated

a

TlMe im

N03
a
S04
Soluble C03
K
Na
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PrecipftatesUSalts Model Resuls for THO Abstraction

Sununary and Cross-Check

Conetrations at
End of Wet Period

Concentrallons
Calcmdated by EQ3/6
Model at RH 85%

Total Motes hI
Reactor at End of
Wet Period

N03

Cl

S04

Souble C03

K

Na

1, 100 -

C2 , 10 0l

C3, 10 0 .

C4 ,1 00

C6 ,1 0 0 .

C7 .100 '

1.507*mol kg'

2.412 mol kg1

0.309 -mol- kg'

6.256I104mol kg1

0103 *mol- kg-

4326*mol kg 1

1.68-mol kg-1

2.34-mol-kg-'

030-mol- kg3

6.0-jO-4 mol ~kq-

0=.-2moI kg-

4.36-mol kgol

mri2 100

W3,100 =

M3. 100

Mr6.100 =,

Mr7.100 r-

0.02,mzol

0.03 1 .mol

4.01-10-3-mol

8.119.10 MD1i

2.635-104 mol

0.056.mot

4 7
Cunudaate Mass of Dissolved Solids
hI ncomi Seepage at End of Wet Period

Cumulative Mass of Dissolved Solids
Generated at End of Wet Period

Curmdafive Mass of Water hI
Generated Brine at End of Wet Period

Cumulative Mass of Bre
Generated at End of Wet Period

E Ms%,100-W1 +~ E Msti, 100.Wi = 0.579*kg

mdt1 00 = 0.616-kg

mwt1 00 -1.790-kg

mwt100 + mdt100 2A407.kg

Charge Balance En-or
Maintaed Over Tine 7

1 =6cjjZ

4

- E cj-Zj
I =1j *. 1, 10. 100

*1x C1 1 ;
I wI

Oulput FIles:

-8.791.10-'

-8.791 -10'

-8.791-10-'
-8.791 10-
-8.791 * 10-
-8.791 10-'
-8.791-10-'

-8.791.10-
-8.791 104
-8.791 104

-8.791.10-4

C:'L.Vrt~t~xs CX ftic d C:1L.1whjnwuds C 1.rh i2 . d C:.wthmdbds

t
w C-. kg mwt

k9r
mw mdt

C:U.Lrhj~stids C:'L.rthj~ds C:U1L.hMrads C:L.UjrtMd.ads Cl~rhmMuids

Mst f Mr Md
?m3T

Mu
mol
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Precidpies/Salts Model Results for THO Abstaction

Response Surface Calculations i := O_ 100

Relative hunidity as a
mncdon of time

(approimation)
RH1 = 0.5 + (t -t5 0.3

bc!I I I

so
Evaluation points:

J1 -1 J2 x 3 J3 - 9 14 : 1S 5 = 30

i�
x

60

Tkme (V 10

J6 = 45 J7 x 60 8s 75 J:= 90 Jio z100 40

k.- t- 10

Lookup Table for Given Seepage Composition

s a CPeriod3'

og (fco2) - -3

Inout Parameter

Relative
Humidity

Outfut Parameters

Ca Concentration Na + K Concentatfon

Jk

I
TF

RH )

0.603
WM1
Vwm
T5M
U.=

:WM

c2.k
3.7321 -10-3kg 1 'mol

0.0570-kg' moI

0.4064kg- ' mol

0.6772-kg- 'mol

1.6251 kg) -mol

2.2759 kg '-mol

2.4866 kg- 'mol

2.5321 kg 1 -mol

2.4804 kg-' nmol

2.4120-kg' -mol

C6.C ik *C7,k

24.43-kg-1'mol

23.99 kg 'mci
21.10-kg 'smol
18.86'kg- 'ml o
11.03-kg '-mol

b.65-kg( ';mol
3.91kg-_ mol
3.54kg- 'moil
3.96-kg-l mol
4.53-kg- r-mol

10 I I I

t
10

0.1

0.01_J_

1'1 ar I
40 60 50 100

RH 1%)

- a
- Na + K
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PredteSalts Model Results for THC Abstraction

Low Relative Humidity (lM Salts Model
THC Perlod 4 Abstraction

Conceptual ModeL Water seeps Into reactort (.e, dseld or backdlil) at a constant rate during the
period. In the reactor, seepage water vaporizes and se accumulate. Salts begin to dissolve when the
relative humidity rises abovre 60%. This model (LRH) approodmates the buildup and dissokuon of soluble
salts In lie Na-K-N-S-Cl-C system. An fluid (brine) generated during each time interval flows out of reactor at
the end of each time Interval; however, midng Is atowed between half time intervals. The end point Is
designed to be equivalent to the evaporative evolution of seepage water to a stolchlometric Ionic strength of
10 motal, as calculated using lhe EQ3J6 Plizer model. The LRH salts model Is a simplitled approxdmalon of
salt accumulation and eventual dissolution caused by increasing relative humIdity. It maintains mass and
charge balance and estimates brine generation aS a bjndtlon of effective solublities. Its purpose Is to provide
boundng and ccoplng ca~culatlonsftor ande system that has not been deeply studied.

Seepage - Constant rate and constant composition are assumed.

Seepage Comp. (molal) Valency

N03

Cl

Soluble S04

Soluble C03

K

Na

Cs1 z 0.0023-mol-|k- 1

Cs2 *- 0.0033-mol-kg-

Cs3 u 0.00042 mol kg-
Cs4 : 2.7-10-6-mol kg1

Cs6 :3 O.OOOl-mol-kg 1

Cs7 := 0.0063-mol kg 1

Seepage Rate

Qs : I kgyr

Seepage Name:

s .: '"MC Pcriod 4 (75C)'

2 (O) Fugachty

fcO2 :z 1.10-2
21 :C I

Z2 - I
z3 = 2

z4 S 1.33

Z6= I

27 I

Because nitrate Is not Included In the THC
results, Cs1 Is adjusted to achieve a CI:N0 3
ratio equivalent to the ratio In average J-13 well
water.
Csa and Cs4 are adusted to achieve Na:SO4
and Na:CO 3 ratios eqlalent to the
0.65-water-acfiv~y sdubon calculated fom the
EQ3i Pizer modta . Sopbep Imptes Ihe
fraction thlat predpltates withl Na or K.

Charge Balance Error
Apprwodmaton

7 4

E Cs-2z - E Csi-Z
iE 1-6 1 1

E- 7~~~~~~-

E Cs1-Z1
I =1

E - 3.394*1 his charge balance e ror approximation Is
E a -.03 .% approximately maned for the entire calculation.

Dry Perlod. Salts accumulate. No stable brine Is generated. Period ends when relative humidity (RH) rises
to lv where nitrate salts are no longer stable.

Time Nitate Salts Become Unstable: t50 : 450yr (time when RH exceeds -50%)

I :x 1 7

N03

Ca

S04

Soluble C03

K

Na

Total Accumulation In Dry Period

Mst;,o :0 Cs 1Qs t50 Mst 1,o a 1.035Smot

M~hO a 1.495mwl

Mst3 0 = 0.189'mol

Mst1 0 1210-3'mol

Mst6, O 0.045nmol

M-q7 .0 u 2.835nmol

MolecularWelght

w= - 62.gm-morl

W2 .- 3.SSgrnvmor'

W3 _ 96g9m.morl

W4 :- 60-gmr mor

W6 - 39 grnmot 1

W7 _ 23-gm-morl
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Precipitates/Sats Model Results for THC Abstaction

Wet Period. UMUate salts are unstable. Water vapor condenses to form nitrate brine. Soluble salts begin
to dissolve as RH Increases and completely dissolve by the end of the period.

Tlime Dlscretization In Wet Period

End of Wet At RH 85%, soluble salts are dissolved and the activity
Period at 85% RH t85 :z 1300-yr of water Is approximately 0.85.

Thi
Icrements In
Wet Period
Constant lime
Increment

Salt Solubtites

I 0. 100

dolt :- t - to

Effective
Solublity t
100'C (molafl

Specdfic Tlimes
at Increments

delt=x 8.S -yr

tj =-t5O + It85 -t5O) I

N03 Si = 24.56mol-kg'1 (pure phase solub11ty at 100'C or KN03)

Other Salts k . 2. 4 Sk := 2.9-mol-kg-1 (assumed "effective" solubhlity to match EQ6 model
results - "effective" due to mbxure of salts)

Mass of Total Mst1 0 (assumes accumulated
Condensed o f mw, : mw1 R 0.042 *kg nitrate salts dissolve to
Water at Start of 1 i solubbty)
Period 2

Facdon of Soluble Salts Dissolved. While N03 salts are assumed to dissolve completely at the beginning of
the wet period, the other salts are assumed to dissolve Increasingly as relative hunidirty Increases over time.

Percentages of Salts Dissolved In Wet Period Percente of Salts Percentage Salts

System Assumptions Dissolved atStart Dissolved atEndofWet
of Wet Perlod Period

K-Na-NO3 N03sats we 100% f12 =100.%dissolved at a:l
times h WetPeriod. k:= I 2

K-Na-CI-SO4-C03

}:j 1 100

4tj- t85)

ff ;-1= a--t

Percentage dissolved
within reactor assumed to
Increase exponentially
from 0% to 100% within
Wet Period.

a
I
a.

10

I

0 Soo 1oo 1500
Time lyrm)

- - - - -N03 Satts
- Other Salts

Percentages of Salts Dissolved

i := 1 6

N03

OthearAnions k := 2. 4

K

Initial
Percentage
Dissolved Wthin
Reactor

fl,o := 0
fk O *'= 0

f6.0 := °

Percentae
Dissohried
Wi"n Reactor

f1 1 =- fit

fkj :' ff1
f6j ,- fit

(Na percentage
calculated by
charge balance
later.)
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Predpltates/Salts Model Results for THC Abstraction

Calculations

Incoming Seepage

Moles Added to Reactor hi
Incoming Seepage During Time
Increment
Cumulative Moles In
ncorning Seepage

Reactor Calculations

Moles hi Reactor at Each Half
deff Increment

I P= 1-7 I P. 100

Ms% := Cs1 QCs-delt

mstj, :z "stI- I + Ms,

I := t. 6 k:a 1 200

* (previous moles) + (seepage moles) - (runoff moles)

1 I
Mrl, k =MLrhl, k -I + Ms, - !Mri),k k.f j'j(' -. IMrN. o -= Mst% 0(nitial moles)

I : 0. 100

Moles In Reactor at Tme 1

Moles (Mass) of Dissolved Ions
Generated at Time 8

Mq,9J= Mrh1912

Dissolved Mass:

md, 1 Md=l-W

Mass of Water In Brine
Generated at Tlime q (calculated
from anions)

Dissolved Concentration at Time t

Na Moles In Reactor (calculated
Id= c e balance, Includes

arge Embelance error term)

Na Dissolved Concentration
(calculated by cte balance,
incldes diarge imalance
enorterm)

mw 4; Mdi11

;2Md19j

4 4
Mr7 ,j rx F 41JZ - Mr6, 1-z6 + E- ~2 Mr,11 z,-( I + E)

I =1 I =1

4 4

C7,j = 1:C 1912z - Csj-z6 + E- 2-Ci *z11 1 4- E)
lI-1 I=1

Dissolved Moles (Mass) of Na
hi Reactor (catculated by
charge balance, Includes
charge Imbalance enro term)

Percete Na Dssolved
In Reactor

Cumulative
WaterRunoff I : 1. 100

4

Md7 .1 :z Fa Md11j'Z1
i -1

fj C7.1.mwj

rnwto 0 -kg

4

- Md6 ,1-z6 t E- E 2-Md.jz1-(I t+ E)
I -1

Dissolved Mass:
md7 ,1 M Md7,1.W7

mwti y mwtp 1 + mw1

Cumulative Mass of
Total Dissolved
Solids Generated at
Time t5

4 7
md% P 0-kg

I -1 1 -6
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PMH*WptBts~et Model Results for THC Abstracdon

Results I.-1. 7 j := 0- lO

6

i
4

2

I

I
'I

I

500 1000
Tkme (yrs)

N03
cl
S04
Soluble C03
Na
K

0 500 1000
rune (yrs)

N03

- -- S04
Soluble C03

- Na
.- - K

1500

10

1

I I loIIf

I

S

I

0.1 - I 0.1 _

0.01-

1.10d-3

: %

, _ - -

I I

Iu0v3

0.01 _-

_ *_'IV .
o 500 1000

TVm fwe)

- N03
----- a
--- S04
---- Soluble C03

Na
K

1500 500 1000
Time (yrs)

N03
a
S04
Soluble C03
Na
K

1500
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Precipiates/Salts Model Results for THC Abstmeton

SolidPhase (Jndissolved) 10 _
Moles In Reactor overTime

Mu 1 := Mr11 - Md* I-

Note: Mp for N03 and K Is zero " 0.01
when Rf exceeds 50%.

S -S _ -- \3

1.10-_

a soo 1000 1500
TiM. (Yrs)

- N03
a

-- - S04
Soluble C03

- Na
-K

1 100

1oo 2

1.5
.§ 10

0.5

0.1 -~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1

0 500 1000 1500

____ _____-_Water Generated During Time Increment
0 500 lO 1500 Cumulative Water Generated

Tk" (yrs -- Cumulative Dissolved tons Generated
N03

----- Ca
S04
Soluble C03
K
Na
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Predpitates/Safts Model Results for THC Abstraction

Summary and Cross-Check

Concentations at
End of WetPeriod

Concenbtraons
Calculated by EQ3IS
Model at RH 85%

Total Moles In
Reactor at End of
Wet Perod

N03

Cl

S04

Soluble C03

K

Na

C1, 10 =

C2,1 0 '

C3 ,1 0 0 2

C4, 100 '

C6, 10 0 a

C7.100 =

1.464 *mol- kg- I

2.417*mol kg-I

0.308 .mol k8

1.978.10-3-mol kg

0.064 *mol kg 1

4.405 emol- kgI

1.60 mol kg-1

2.30mnol-kg-

0.29mrol-kg-
1.9.10-3.Motkg-'

0.070-mol kg1i

4.38 mol kg-1

Mr,. 0 ao 0.02-mol

Mr2, 100 . O .032.mol

Mr3.,10 - 4.108.10A'mol

Mr4, 100a 2.641-10O5wol
Mr g00 .5.10-4 ml

Mr7, 0 0. 0.059emol

Cumulative Mass of Dissolved Solids
hI lncon*ng Seepage at End of Wet Period

Cumulative Mass of Dissolved Solds
Generated at End of Wet Period

CumuNative Mass of Water In
Cenerated Brine at End of Wet Period

Cunulative Mas of Brine
Generated at End of Wet Period

4 7

:~ Ms;,100 -W1 +. E Msti 1 0W =o-i 0.5"4.k
I- 1 =6

mdt100 = 0.62.kg

mwt100 - 1.842 -kg

mwt100 + mdtl00 = 2.462.ks

Charge Balance Efor
Maintained Over lme 7

Ei Cl,j.ZI
1 =6

4

- Ecx: i
=1Ij := 1. O_ 100

la
'I

E iZ
I -1

Output Fdesw

-3.394-10r3

-F3.9410IT_"
-3.394- 10-

-3.394-1I0
-3.394-10-

-3.39-4- TI0-3

-3.394-10-3-3.394'104

-3.394 10 3

-3.394 10~

12 12
C:'.kMrh~jAs C:kAlrh~rcxls C:ULr.WJmwuds C.'k.tiffjlwds C:Llhmdd

t C. kgMoD
mwt
kg9

mw
-w

mdt

12
CL:WLuhstds

la
C.-L.Vrhfjdxs

la
CA..WLkhrjds

a 12
CA.VrthMd.xls CAMOrhyuids

Mst
mol

f Mr Md
MOT

Mu
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Predpitates/Salts Model Results for THC Abstraction

Response Surtace Calculations 1 := 0_ 100

Relative humidity as a
IAldon of Me
(apprwdmatfon)

RH1 = 0.5 + (

100I I1

so1-
Evaluaton poifts:

i= 1 J2 =3 J3 *_ 9 14 x 15 J:= 30

a:
601-

J6 --45 J7 ;-60 i8 = 75 j:= 90 j10 :m100 40 II I I I
0 500 1000 1500

ime (y.)
k= I_ 10

Lookup Table for Given Seepage Composition

s = "HC Pftiod 4 (75'C)r Input Parameter OuLtut Parameters

Iog(fCO2) = -2 Relative
Humidty

Ik
I
I-
V-
W
W-
45
W-
w
W-
Too

II%

0.503

DW:

CI Concentration

C-2.k

3.8486- 10-3 kg- -mol

0.0688-kg- 'mol
0.4171 kg1 -mol
0.6927kg-1 mal
1.6437'kg-'-Mol
2.2844' kg- ' mol
2.4896-kg"' mol
2.5339.kg- 'mot

I 2.A837. kg- -mot
I 2.4171 'kg"'rnol

Na + K Concenrration

C6-Jk *C7IJk

24.30- kg- 1 nmot
23.85kkgOl mol
20.91 * kg" I*mol

18.64-kg" '-mol
10.82-kg- *mol
6.56'kg-l-mol
3.87-kg -*mol

3.51 -kg- Imol
3.92 kg" 'mol
4.47fkt *mol

IODI I'

10

.5
TO

1

0.1

0.0i1 K
40 60 to 100

RH 496)

- a -Na+ K
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