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1.0 Executive Summary
Calculations were performed to address and quantify the amount of sulfate that
could enter the repository from the Castile brine and the amount of MgO that could be
lost due to dissolution in brine and subsequent movement of that brine out of the
repository. A Monte Carlo approach was used to determine the probability distribution
for each calculation. The results show that on average, enough sulfate enters the "worst
case" waste panel to consume 2.4% or less of the carbon by sulfate reduction using
Castile sulfate and that 0.8% of the MgO is lost due to brine flow out of the waste panel.

2.0 Introduction
On April 10, 2006, a planned change request was submitted to the U. S.
Environmental Protection Agency (EPA) requesting approval to "emplace 1.2 moles of
magnesium oxide (MgO) for every mole of consumable-organic carbon contained in the
Waste Isolation Pilot Plane (WIPP)" (Moody, 2006). Currently the EPA requires the
emplacement of 1.67 moles of MgO for every mole of consumable carbon in the
emplaced cellulose, plastic, and rubber (CPR) materials. In response, EPA wrote a letter
(Gitlin, 2006) asking the U. S. Department of Energy (DOE) to address the "uncertainties
related to MgO effectiveness, the size of the uncertainties, and the potential impact of the
uncertainties on long-term performance." Two sources of uncertainty, related to MgO
effectiveness are the amount of sulfate that could enter the repository from the Castile
brine and the amount of MgO that could be lost due to dissolution in brine and
subsequent movement of that brine out of the repository. The amount of sulfate in the
repository can affect the amount of C0 2 that is generated from the organic carbon and
hence the amount of MgO needed. The objective of this memo is to address and quantify
the uncertainties concerning these two issues.
To determine the amount of Castile sulfate and MgO lost to brine, a stochastic
approach was used similar to the method used by the code CCDFGF to calculate releases
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(Hansen, 2003). Futures of drilling events were generated using a Monte-Carlo
simulation (see Section 3.0). The behavior of the repository in each future was taken
from the 2004 Compliance Recertification Application (CRA-2004) Performance
Assessment Baseline Calculation (PABC) BRAGFLO results (Nemer and Stein, 2005).
All 300 vectors from all 3 replicates were used. For each future and vector, the amount
of sulfate from the Castile and MgO lost to brine were determined. This was then used to
produce cumulative probability distributions (using Microsoft Access® and Excel®) for
the cumulative amount of Castile sulfate that entered the repository and the cumulative
MgO lost to brine, in 10,000 years.

3.0 Calculation of repository drilling-intrusion futures
A Monte Carlo simulation using the commercial-off-the-shelf (COTS) software
Crystal Ball® was used to generate 1000 distinct repository drilling-event futures. These
futures contain sequences of drilling intrusions that penetrate the repository. The futures
were calculated analogously to the method used by CCDFGF (Hansen, 2003). The
choice of the number 1000 was to give a 95% confidence that up to the 99th percentile
has been adequately represented (Hahn and Meeker, 1991).
Drilling is modeled as a Poisson process, with the rate of drilling events assumed
to be 5.2Se-003 intrusions!km2/yr (GLOBAL:LAMBDAD). This rate counts all
intrusions in the area covered by the berm 6.285e+005 m 2 (REFCON:ABERM);
intrusions that hit waste areas are a subset of the total set of intrusions. Each drilling
event was characterized by sampling the stochastic parameters listed in Table 1. The
probabilities listed are conditional upon a drilling intrusion into the berm area.
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Characteristic

Probability

Hit Waste Panel

0.202

Hit Castile Brine
Pocket

0.01 to 0.60

Hit Panels 1-10

0.10

Plug Type 1
Plug Type 2

0.015
0.696
0.289

PlugT~3

Justification
Ratio of the waste area (REFCON:
AREA_CH + REFCON: AREA_RH) to
the area of the berm placed over the
waste panel (REFCON: ABERM).
GLOBAL: PERINE
Uniform distribution between the 10
panels. This assumes the area of each
panel is the same.
GLOBAL: ONEPLG
GLOBAL: TWOPLG
GLOBAL: THREEPLG

Based on the characteristics of each drilling event, the intrusions were classified as no
change (not significantly changing repository behavior), an E1 type (where the brine
pocket is hit) or an E2 type (where the brine pocket is not hit). This classification process
is illustrated below in Table 2. The intrusion classification is the same as used in the
code CCDFGF and was used to determine the impact on each calculation. The
classification process was verified as shown in Appendix A.3.
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Table 2. Intrusion classification criteria matrix
Hit Brine
Plug
Hit
Classification
Type
Waste
Pocket
Yes
or
No
1,2
or 3
No
No Change
Yes
Yes or No
1
E1
Yes
Yes
2
Yes
Yes
3
E2
Yes
No
2 or3

.

4.0 Calculation of the state of an intruded panel
The post-processed BRAGFLO results from the CRA-2004 PABC (see Appendix
A.2) were used to determine how much sulfate would enter the repository from the
Castile, and how much MgO would be lost to brine and exit the repository. This was
determined for each vector (100 vectors per replicate, replicates Rl-R3) at 10,000 years.
All of the scenarios (S 1-S6, see Nemer and Stein, 2005) were either directly or indirectly
used as explained below. Sulfate from the Castile is discussed below in Subsection 4.1.
MgO lost to brine is discussed in Subsection 4.2. The calculation processes were verified
as shown in Appendix A.

4.1 Sulfate inflow from the Castile
The BRAGFLO post-ALGEBRA files (Nemer and Stein, 2005) contain the
variable BNBHLDRZ, which is the cumulative volumetric flow of brine (m3) up the
borehole from the brine pocket into the intruded panel. For this analysis, the cumulative
volumetric flow at 10,000 years was taken for each of the 300 vectors (from all three
replicates) and multiplied by 179 moles of sulfate per m3 (see the file
FMT_CRA1BC_ER6_HMAG_ORGS_01l.OUT in the CMS library
LffiCRAlBC_FMT, Long and Kanney, 2005). This sulfate concentration corresponds to
that in Castile brine after equilibration with the minerals expected to be present in the
repository. This value is conservative as it does not take credit for the magnesium or
calcium in that brine. The total moles of sulfate from a single intrusion were then
normalized by dividing by one half the estimated total moles of organic carbon per panel
(l.lx109 moles organic carbon/10 panels/2, see Appendix A in Nemer and Stein, 2005),
since 0.5 moles of S04 2- are required to produce 1 mole of C02 by sulfate reduction (see
equation 2 in Nemer and Zelinski, 2005). This normalization results in 0(1) values,
where 1.0 represents enough sulfate to consume 100% of the carbon by sulfate reduction
using Castile sulfate. This analysis assumes that all of the sulfate that came up the
borehole remained in the intruded panel and was not carried out by brine leaving the
panel, and that no C02 generated by microbial respiration is carried out of the intruded
panel by brine flow.
For an intrusion to allow sulfate to enter the waste panel from the Castile, it needs
to hit a brine pocket and allow brine to continue to flow up the borehole to the repository
(E1 intrusion). The code BRAGFLO considers six drilling scenarios, and three of these
scenarios were used explicitly in the sulfate distribution calculations. The S1 scenario
represents the undisturbed scenario, and the S2 and S3 scenarios model E1 intrusions at
350 years and 1000 years, respectively. The cumulative amounts of Castile brine entering
WIPP: 1.4.1.2:PA:QA-L:543261
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the panel at the end of the 10,000 year regulatory period were always smaller in Scenario
S3 than S2 for each vector. This is expected and is due to the decrease in time for brine
to flow up the borehole to the repository; 9650 years for the 350 year intrusion versus
9000 years for the 1000 year intrusion. The undisturbed scenario (Sl) calculations, as
well as the scenarios with E2 intrusions (S4 and S5), showed that no significant amount
of sulfate would enter the panel from the brine pocket, since there is no connection to the
brine pocket. Scenario S6 models an E2 intrusion (where the brine pocket is not hit)
followed by an E1 intrusion. No significant increase in the volumetric flow of brine into
the repository, for the S6 scenario, was observed in comparison with scenarios that model
only one E1 intrusion (S2 and S3), so the effect of E2 intrusions were ignored in the
calculations.
The drilling times simulated in the Monte Carlo analysis may occur at times other
than 350 years or 1,000 years. For each vector, a piece-wise linear function was
constructed to calculate the quantity of sulfate entering a panel from a single intrusion at
any time between 100 and 10,000 years. For a single vector, Equation 1 gives the
equation to determine the quantity of sulfate entering from Castile brine due to an
intrusion at time t;
Si+
2

S1+
3

Sf-Sf (t-350)
1,000-350 '
,

100::; t, < 1,000
(1)

S(-Sf
(t-1000) 1,000 ::; t, ::; 10,000
10,000-1,000 ' ,
,

S/, Sf, and Sf denote the quantities of sulfate entering the panel from the Castile brine
pocket for scenarios S1, S2, and S3, respectively, and S 1 (t,) denotes the amount of
sulfate entering the panel from an E1 intrusion at timet;, for each vector j. This timedependent function was calculated for each of the three hundred vectors.

4.2 MgO lost to brine
The BRAGFLO post-ALGEBRA files (Nemer and Stein 2005) contain the
variable BRNWPOC which is the cumulative volumetric flow of brine (m3) out of the
intruded waste panel (W AS_AREA). Since the repository is modeled as having a 1o dip
from the north to the south and the intruded waste panel is at the south end of the
repository, ,the intruded waste panel should receive (and lose) the most brine. For
scenarios S2, and S3, the cumulative volumetric flow at 10,000 years was taken for each
of the 300 vectors and multiplied by a magnesium solubility of 157 moles per m3 (the
solubility of MgO in the Castile brine, see the file
FMT_CRA1BC_ER6_HMAG_ORGS_Oll.OUT in the CMS library
LIBCRAlBC_FMT, Long and Kanney, 2005) to calculate the loss of MgO for a single
E1 intrusion. For scenarios S1, S4, and S5, the cumulative volumetric flow at 10,000
years was taken for each of the 300 vectors and multiplied by 578 moles of MgO per m 3
(the solubility of MgO in the Salado brine, see the file
FMT_CRA1BC_GWB_HMAG_ORGS_007.0UT in the CMS library
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LIBCRA1BC_FMT, Long and Kanney, 2005) to calculate the loss of brine due to a
single E2 intrusion or no intrusion. These values were then normalized by dividing by
the estimated total moles of organic carbon per panel (l.lx109 moles organic carbon/10
panels, see Appendix A in Nemer and Stein, 2005), which implicitly assumes that only
one mole of MgO is emplaced per mole of organic carbon. This normalization results in
0(1) values, where 1.0 represents that all the MgO in a panel has migrated out of the
waste panel. This calculation assumes that the MgO instantaneously dissolves to the
equilibrium value in the brine and that none of the C0 2 is dissolved and lost.
Furthermore, this calculation does not include the possibility that all the MgO had reacted
with the C02 before the intrusion.
For this analysis MgO was considered lost if it dissolved into available brine and
that brine subsequently migrated out of the waste panel. For an intrusion to allow
significant amounts of MgO to leave the waste panel, it needs to have flow path that
allows brine to continue to flow up the borehole to the Culebra. This corresponds to
either an E1 (hit a brine pocket) or E2 (did not hit a brine pocket) type intrusion. Five of
the BRAGFLO scenarios were used in the MgO brine loss distribution calculations:
scenario S1, the undisturbed scenario, scenarios S2 and S3, with E1 intrusions occurring
at 350 years and 1,000 years, respectively, and scenarios S4 and S5, with E2 intrusions
occurring at 350 years and 1,000 years, respectively. For each vector, the S3 normalized
amounts of MgO leaving the intruded waste panel were always smaller than the amount
calculated for the S2 quantities. This is expected and is due to the decrease in time for
brine to flow up the borehole to the Culebra; 9650 years for the 350 year intrusion versus
9000 years for the 1000 year intrusion. A similar trend was observed for the S4 and S5
scenarios. The undisturbed scenario (S1) calculation showed an order of magnitude
decrease in the MgO that would leave the waste panel without an intrusion. The S6
scenario that models an E2 intrusion followed by an El intrusion was found to have an
average that was less than the sum of the S3 and S4 averages. To simplify the analysis,
the results from multiple El and E2 intrusions were summed together to give an upper
bound.
To calculate the quantity of MgO lost due to brine outflow from a single El or E2
intrusion at time ti, the following piece-wise linear functions were generated:

M £: 1(t,) =

Mi2 + Mj -Mf (t -350\
100 ::; t, <1,000
1,000-350 '
,
.
Mi-Mi
1
3
M 31 +
(t -1000) 1,000::; t, ::; 10,000
10000-1000 ' '
'

(2)

Mi4 + Mf -Mf (t -350),
100::; t, < 1,000
1000-350
'
'
.
Mi-Mi
1
5
1
M5 +
(t -1 ooo) 1,000::; t, ::; 10,000
10,000 -1,000 ' ,
'

(3)

'

'

M ( , M f , M f , M 1,and M; denote the normalized quantities of MgO leaving the
repository for scenarios S 1, S2, S3, S4, and S5, respectively and M ~ 1 (t,) and M £: 2 (t,)
WIPP:1.4.1.2:PA:QA-L:543261
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denote the amount of sulfate entering the panel from an E1 and E2 intrusion at time tb
respectively, for each vector j. These time-dependent functions are calculated for each of
the three hundred vectors.

5.0 Procedure
Since 1,000 drilling futures were generated for this analysis, the probability of
each future occurring is equally weighted, and each future is assigned a probability of
1/1,000. Similarly, since each time-dependent Castile sulfate or MgO lost to brine
function is associated with one of 300 vectors, each function is equally weighted and
assigned a probability of 1/300. Each particular future and vector combination is
assigned the probability of 1/300,000 (1/1,000* 11300).
To calculate the quantity of Castile sulfate entering the intruded panel for a
particular future and vector combination, the time of each E1 intrusion is input into
Equation 1, corresponding to a specific vector, and the resulting Castile sulfate quantities
are summed for each panel in each future, and rounded to the nearest 0.001 for plotting
convenience. To calculate the quantity of MgO lost due to brine outflow for the intruded
panel for a particular future and vector combination, the time of each E1 intrusion is input
into Equation 2 and the time of each E2 intrusion is input into Equation 3, corresponding
to a specific vector. The resulting normalized quantities of MgO lost to brine are
summed for each panel, and rounded to the nearest 0.001 for plotting convenience. This
is a conservative approach for multiple E1 and E2 intrusions, since it is expected that a
previous El or E2 intrusion will reduce the effect of the next El or E2 intrusion by
pressurizing the panel and filling the panel with brine. The panel with the maximum
Castile sulfate or MgO lost in each future was chosen as the "worst case" and this value
was then used for further calculations.
The probability distribution functions (PDFs) for Castile sulfate and MgO lost
were used to determine complimentary cumulative distribution functions (CCDFs). The
cumulative distribution function (CDF) is determined by summing the discrete
probabilities up to a desired value of the independent variable Xn (i.e. Xn could be an
amount of normalized sulfate or MgO lost-to brine),

L>·
n

P(X <X.)=

i=l

(4)

where Pi is the discrete probability of obtaining the discrete variable Xi,
p, = P(X =X,).

(5)

P(X >X.) =1-P(X <X.).

(6)

The CCDF is then

The PDFs described above were used to calculate the expected result (average value)
and the associated uncertainty (standard deviation). The average value and standard
deviation were found by applying the following equations:
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n

X=L;X,p,

(7)

i=l

n

CF

2

= L;(x,

2

-x) P,

(8)

i=l

where X is the mean of the independent variable and CF is the standard deviation of the
variable distribution (Freund, 1992).
The normalized amount of MgO lost due to brine flow out of the waste panel was
then converted to fraction of MgO lost, by dividing by the ratio of moles of MgO
emplaced per mole of organic carbon emplaced in a panel, which for this calculation, a
ratio of 1.2 moles of MgO emplaced per mole of carbon was used, as this is the amount
proposed by DOE (Moody 2006). This was applied to the PDF of MgO lost due to brine
flow to generate a PDF of the fraction of MgO lost due to brine flow. This procedure
was applied to the data and verified as shown in Appendix A.3.

6.0 Results
The means and standard deviations of the normalized moles of Castile sulfate that
enters the repository PDF and the fraction of MgO lost due to brine flow PDF are listed
below in Table 3.
Table 3. Average and standard deviation for Castile sulfate that entered the
.
andMg401 ost to brine.
reposJtOI"
PDF
CF (dimensionless)
X (dimensionless)
Normalized Castile Sulfate
0.024
0.051
MgO lost to brine
0.008
0.019
The CCDF of the normalized moles of Castile sulfate that enters the intruded waste panel
is shown in Figure!. As seen in Figure 1, there is a probability of less than 1% that
enough sulfate enters the "worst case" waste panel to consume 27% or more of the
carbon by sulfate reduction using Castile sulfate. In other words, there is a probability of
99% that enough sulfate enters the "worst case" waste panel to consume 27% or less of
the carbon by sulfate reduction using Castile sulfate. There is a probability of 0.1% that
enough sulfate enters the "worst case" waste panel to consume 53% or more of the
carbon by sulfate reduction using Castile sulfate. As a result, there is a probability of
99.9% that enough sulfate enters the "worst case" waste panel to consume 53% or less of
the carbon by sulfate reduction using Castile sulfate.
The CCDF of the fraction of MgO lost due to brine flow out of the waste panel is
shown in Figure 2. As seen in Figure 2, there is a probability of less than 1%, that more
than 10% of the MgO is lost due to brine flow out of the waste panel. Accordingly, there
is a probability of 99%, that 10% or less of the MgO is lost due to brine flow out of the
waste panel. There is a probability of 0.1 %, that more than 19% of the MgO lost due to
brine flow out of the waste panel. Therefore, there is a probability of 99.9% that 19% or
less of the MgO is lost due to brine flow out of the waste panel.
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Figure 1. CCDF of normalized moles of Castile sulfate that enters the waste panel.
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Appendix A. Verification of Calculations
The results generated in this report were verified through each step in the analysis.
A discussion of the verification process is given below. First, the verification for the
future generation process is discussed. Next, the verification process of the piece-wise
linear functions calculated from the BRAGFLO results is shown. Finally, the verification
process used to verify the Microsoft Access® calculations and further calculations in
Microsoft Excel® is given.

A.l Drilling Event Futures
The drilling event futures generated by the commercial-off-the-shelf (COTS)
software Crystal Ball® used the stochastic parameters listed in Table 1. The Crystal
Ball® software must be installed in Excel® in order to generate the drilling event futures.
The parameters were taken from the parameter database and entered into the input file
Martins_CB_Intervals.xls. A visual inspection of the input file confirmed that the correct
values were taken from the parameter database. The output Excel® file generated by
Crystal Ball® was labeled MartinsCCDFGF_Intervals_JOOOTrials.xls and loaded into
the sulfate.mdb and brineloss.mdb databases as a table labeled "Futures". These Excel®
files are located on the attached CD.

A.2 Piece-Wise Linear Functions
The piece-wise linear functions were generated from the ALGEBRA2 files, that
were obtained during BRAGFLO post-processing (Nemer and Stein, 2005) of the 2004
Compliance Recertification Application (CRA-2004) Performance Assessment Baseline
Calculation (PABC). These files are named ALG2_BF_CRA1BC_RxSy_Vzzz.CDB
(1800 files), where R is the replicate and x = 1, 2 or 3, Sis the scenario where y = 1 to 6,
and Vis vector where zzz = 001 to 100 (Long and Kanney, 2005). These files were
fetched from the 18 CMS libraries LIBCRA1BC_BFRxSy. The values of the variables
BNBHLDRZ and BRNWPOC (along with some others as well) at 10,000 years were
extracted for each replicate, scenario and vector using the SUMMARIZE program with
18 input files labeled BOREHOLERxSy.SMZ, which are located in the CMS library
LIBMGORED. This generated 18 output files named BOREHOLERxSy.TBL which are
also located in the CMS library LIBMGORED. The output files were loaded into the
Microsoft Excel® files Borehole Brine Loss Calculations.xls and Borehole Sulfate
Calculations.xls, with each of the 18 files loaded as 18 separate sheets labeled
"BOREHOLERxSy", respectively in the Excel® file.
The piece-wise linear functions for the Castile sulfate were generated in the
Borehole Sulfate Calculations.xls file. First, in each of the imported file sheets labeled
"BOREHOLERxSy", the normalized amount of Castile sulfate that entered the waste (S)
panel was calculated by the following equation:
si

= BNBHLDRzi ·179
l.le9/,(

/(10·2

(A.1)

)
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for each vector j. This equation was visually confirmed and can be seen in column N in
each of the "BOREHOLERxSy" sheets. Next the normalized sulfate for each sheet was
summarized in the "Summary" sheet, where the terms in the piece-wise functions were
calculated, in columns U through AF. These terms are shown in Equation 1,
Si2 +

s1 +
3

s31 -s21 (t -350),
1,000-350 '
s 1 -s 1 (t -1 ooo)
1

'

10,000-1,000 '

,

where the columns labeled Region! refer to the
refer to the

s31 -s'2

100 ~ t, < 1,000
(1)

,

1,000 ~ t,

~ 10,000

Sf terms, the columns labeled Slope!

.

1,000-350

terms, the columns labeled Region2 refer to the S j terms, and

s11 -s 31

terms, for each vector j. A visual
10,000 -1,000
inspection of the formulas for the terms confirmed the calculations in the "Summary"
sheet of the Borehole Sulfate Calculations.xls file. The terms were then complied on the
"Sulfate_Adj_Slope" sheet to be loaded in to the sulfate.mdb database as a table labeled
"Sulfate_Adj_Slope". The Borehole Sulfate Calculations.xls file and sulfate.mdb
database are located on the attached CD.
The piece-wise linear functions for the MgO lost to brine were generated in the
Borehole Brine Loss Calculations.xls file. First, in each of the imported file sheets
labeled "BOREHOLERxSy", the normalized amount of MgO that left the waste panel was
calculated by the following equations for the El intrusion scenarios (Me 1, scenarios S2,
S3, S6) and the E2 intrusion scenarios (Me2 , scenarios S1, S4, S5):
the columns labeled Slope2 refer to the

Mi
El

= BRNWPOC 1 ·157

(A.2)

I.Ie9!'

;'JO

Mi = BRNWPOC 1 ·578
EZ
l.le9!'
!'10

(A.3)

for each vector j. These equations were visually confirmed and can be seen in column N
for each of the "BOREHOLERxSy" sheets. Next the normalized MgO lost for each sheet
was summarized in the "Summary" sheet, where the terms in the piece-wise functions
were calculated, in columns U through AR. These terms are shown in Equations 2 and 3,

M'2 + Mj -M{ (t -350)
1000-350
'
,
,

100 ~ t, < 1,000

M 11 -M 1
M 31 +
(t -1 ooo) 1,000 ~ t,
'
10,000-1,000 ' ,
,

(2)
~

10,000
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Mj +Mi-MI
4

Mj +
5

(t

1,000-350 '
M( - M1

-350)
'

100:::; t; < 1,000
(3)

(t - 1 000)

10,000 -1,000 '

'

'

1,000:::; t;

:::; 10,000

where the columns labeled "El Region I" refer to the M { terms, the columns labeled "E1
Slope!'' refer to the M j - M i terms, the columns labeled "E1 Region2" refer to the
1,000-350
.
M i terms, the columns labeled "E1 Slope2" refer to the

columns labeled "E2 Region!" refer to the
refer to the

Mj5 -Mj4

1,000-350

M;

Mj1 -Mj

3
terms, the
10,000 -1,000
terms, the columns labeled "E2 Slope!''

·

terms, the columns labeled "E2 Region2" refer to the M 1 terms,

M! - M!, terms, for each vector j. A
10,000 -1,000
visual inspection of the formulas for the terms confirmed the calculations in the
"Summary" sheet of the Borehole Brine Loss Calculations.xls file. The terms were then
complied on the "Brine_Loss_Slope" sheet to be loaded in to the brineloss.mdb database
as a table labeled "Brine_Loss_Slope". The Borehole Brine Loss Calculations.xls file and
brineloss.mdb database are located on the attached CD.
the columns labeled "E2 Slope2" refer to the

A.3 Microsoft Access® and Excel® Processing
The classification of the drilling-events in each future was done in Microsoft
Access®. The drilling-events were classified, by the criteria matrix shown in Table 2, as
no change, E1 or E2 events. Furthermore, the drilling-events were classified by the time
they occurred to determine which part of the piece-wise functions would be used.
Drilling-events that occurred between 100 and 1,000 years were classified as Time region
1 (Tl) and drilling-events that occurred on and between 1,000 and 10,000 years were
classified as Time region 2 (T2). For the following examples, two futures will be used,
labeled 2 and 89, which were selected as representative futures. The results from Crystal
Ball® for futures 2 and 89 are shown in Tables Al and A2, respectively. The
classification of the drilling-event is represented by both color coding and the last four
columns in each table. The classification was performed in the "Validation" sheets in the
files Borehole Brine Loss Calculations.xls and Borehole Sulfate Calculations.xls. The
white rows, as well as zeros in the last four columns indicate that there was no change to
the repository due to the drilling-event. The dark grey rows, as well as a one in the El Tl
or El T2 columns, indicate that the drilling-event represents an El intrusion. The lighter
grey rows, as well as a one in the E2 Tl or E2 T2 columns, indicate that the drilling-event
represents an E2 intrusion. The classification between Tl and T2 is shown for each
intrusion in the last four columns in the tables.
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Table Al.
Future
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A.3.1 Castile sulfate calculations
In the sulfate.mdb database, the queries "SelectedFuturesEl", "RegionlEJ",
"Region2El" and "Combined_Regions" were used for the classification process for the
Castile sulfate calculations. The "SelectedFuturesEl" query filters the table "Futures"
for all of the El intrusions. The "Region] El" and "Region2El" queries each filter the
"SelectedFuturesEJ" query based on the intrusion time. The "Combined_Regions" query
combines the results from the "Region] El" and "Region2El" queries and fills in zeros
for the other entries. Table A3 shows the results of the "Combined_Regions" query in the
sulfate.mdb database for futures 2 and 89. Review of Tables Al, A2 and A3 show that
the drilling-event classification is being calculated correctly in the sulfate.mdb database.

Table A3. Results from the "Combined_Regions" query in the sulfate.mdb database
for futures 2 and 89.
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Next, the Castile sulfate amount is calculated for each event and for each piecewise linear function. For the following example, the piece-wise linear functions from
vectors 17 and 66 will be used. The piece-wise linear Castile sulfate function terms for
vectors 17 and 66 are shown below in Table A4 from the "Sulfate_Adj_Slope" table in
the sulfate.mdb database. Using the piece-wise linear functions shown in Table A4, the
Castile sulfate was calculated for each event in futures 2 and 89, for both vectors 17 and
66, in the "Validation" sheet in the Borehole Sulfate Calculations.xls. The results are
shown in Table AS.

Table A4. Piece-wise linear Castile sulfate function terms for vectors 17 and 66.
I

Table AS. Results from the verification calculations for the Castile sulfate for
futures 2 and 89 vectors 17 and 66

'

.

Vector

Future

Time

Panel
Number

17
17
17
17
17
66
66
66
66
66

2
89
89
89
89
2
89
89
89
89

5663
368
3189
5286
9919
5663
368
3189
5286
9919

3
6
6
2
3
3
6
6
2
3

Sulfate

0.2738
0.5994
0.4300
0.2976
0.0051
0.0521
0.1219
0.0817
0.0566
0.0010

The "Sulfate" query takes the results of the "Combined_Regions" query and
applies the piece-wise linear function to each event for each vector. The results from the
"Sulfate" query in the sulfate.mdb database are shown in Table A6 for futures 2 and 89,
for vectors 17 and 66. Review of Tables AS and A6 show that the piece-wise linear
functions are correctly applied to each intrusion event.

Table A6. Results from the "Sulfate" query in the sulfate.mdb database for futures 2
and
for vectors 17 and 66.

66
66
66

2
89

368
3189
5286
9919
5663
368
3189
5286

3
3

6
6
2

0.1219
0.0817
.. 1.. 0.0566
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66

89

9919

3

o.oo1o I

The "SulfatebyFbyP" query in the sulfate.mdb database takes the results from the
"Sulfate" query and sums the events to get a total amount for each panel. The results
from the "SulfatebyFbyP" query in the sulfate.mdb database are shown in Table A7 for
futures 2 and 89, for vectors 17 and 66. As seen in Table A6, there are two events in
future 89, panel6. The other panels each only had only one (or zero) events in these
futures. As seen in Table A 7, the Castile sulfate amounts for each vector-future-panel
combination are the same as shown in Table A6, except for future 89, panel 6, where the
Castile sulfate amount is the sum of the two events seen in Table A6 for both vectors.

Table A7. Results from the "SulfatebyFbyP'' query in the sulfate.mdb database for
futures 2
vectors 17 and

66
66
66

3
2
89 - - __ •_____3,___ - +···············:"="--' -~ ---~·
89
6
0.2036

The "WorstCasebyFuture" query in the sulfate.mdb database takes the results
from the "SulfatebyFbyP" query and finds the maximum Castile sulfate in a panel for
each future. The "WorstCasebyFutureRounded'' query takes the results from the
"WorstCasebyFuture" query and rounds them to the nearest 0.001. The
"WorstCasebyFuturePlusZero" query takes the results from the
"WorstCasebyFutureRounded'' query and fills in zeros for the futures that had no events
and assigns a probability (1/300* 1/1,000) for each future-vector combination. The
results from the "WorstCasebyFuturePlusZero" query are shown in Table AS for futures
2 and 89, for vectors 17 and 66. As seen by comparing Tables A7 and AS, the maximum
value from each future-vector combination was chosen.

Table AS. Results from the "WorstCasebyFuturePlusZero" query in the sulfate.mdb
database for futures 2 and
for vectors 17 and 66.

The "SulfatePlot" query in the sulfate.mdb database takes the results from the
"WorstCasebyFuturePlusZero" query and combines all of the vector-future combinations
that calculate the same Castile sulfate value and sums their probabilities. This condensed
list of Castile sulfate amounts versus probability is output to the Excel® file labeled

Information Only

WIPP:1.4.1.2:PA:QA-L:543261

16 of 20

SulfatePlot_DJC.xls in the sheet "SulfatePlot". In the SulfatePlot_DJC.xls file the
CCDF, mean and standatd deviation ate calculated in the "Total Effect" sheet and the
resulting plot is generated in the "Plot" sheet as seen in Figure 1. A visual inspection of
the SulfatePlot_DJC.xls file shows that the procedure was implemented correctly.

A.3.2 MgO lost to brine flow calculations
In the brineloss.mdb database, the queries "SelectedFutures",
"SelectedFuturesEJ", "SelectedFuturesE2", "RegionlEJ", "Region2El", "RegionlE2",
"Region2E2" and "Combined_Regions" were used for the classification process for the
MgO lost to brine flow calculations. The "SelectedFuturesEJ" and "SelectedFuturesE2"
queries filter the table "Futures" for all of the El and E2 intrusions, respectively, while
the "SelectedFutures" query filters the table "Futures" for all of the El and E2 intrusions
together. Based on the intrusion time, the "Region] El" and "Region2El" queries each
filter the "SelectedFuturesEJ" query, while the "RegionlE2" and "Region2E2" queries
each filter the "SelectedFuturesE2" query. The "Combined_Regions" query combines
the results from the "RegionlEJ", "Region2El", "RegionlE2" and "Region2E2" queries
and fills in the zeros for the other entries. Table A9 shows the results of the
"Combined_Regions" query in the brineloss.mdb database for futures 2 and 89. Review
of Tables Al, A2 and A9 show that the drilling-event classification is being calculated
correctly in the brineloss.mdb database.

Table A9. Results from the "Combined__}legions" query in the brineloss.mdb
database for futures 2 and 89.

Next, the MgO lost to brine flow is calculated for each event and for each piecewise lineat function. For the following example, the piece-wise lineat functions from
vectors 17 and 66 will be used. The piece-wise lineat MgO lost function terms for
vectors 17 and 66 are shown below in Table AID from the "Brine_Loss_Slope" table in
the brineloss.mdb database. Using the piece-wise lineat functions shown in Table AID,
the MgO lost to brine flow was calculated for each event in futures 2 and 89, for both
vectors 17 and 66, in the "Validation" sheet in the Borehole Brine Loss Calculations.xls.
The results ate shown in Table All.
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Table AlO. Piece-wise linear MgO lost to brine flow function terms for vectors 17
and

Table All. Results from the verification calculations for the MgO lost to brine flow
for futures 2 and 89, vectors 17 and 66

.

Vector

Future

Time

17
17
17
17
17
17
17
17
17
17
66
66
66
66
66
66
66
66
66
66

2
2
2
2
2
89
89
89
89
89
2
2
2
2
2
89
89
89
89
89

1432
3025
5663
6682
6940
368
630
3189
5286
9919
1432
3025
5663
6682
6940
368
630
3189
5286
9919

Panel
Number

Brine
Loss

8
7
3
5
1
6
2
6
2
3
8
7
3
5

0.0098
0.0081
0.1164
0.0041
0.0038
0.2548
0.0131
0.1824
0.1264
0.0027
0.0633
0.0515
0.0183
0.0245
0.0226
0.0440
0.0684
0.0288
0.0199
0.0003

1

6
2
6
2
3

The "Brine loss" query takes the results of the "Combined_Regions" query and
applies the piece-wise linear function to each event for each vector. The results from the
"Brineloss" query in the brineloss.mdb database are shown in Table A12 for futures 2
and 89, for vectors 17 and 66. Review of Tables All and A12 show that the piece-wise
linear functions are correctly applied to each intrusion event.

2
2
89
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6682
6940
-· -"'-' ----368

. . ._.::5 ____ , 0.0041
0.0038
--. 1
6
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17

89
89
89
89
2
2
2
2
2

66
66
66
66
66
66
66
66
66

630
3189
5286
9919
1432
3025

-~-··-~·-·---·-

2
6
2
3
8
7
3

630

-·+--······:::::

2
3

The "BrinelossbyFbyP" query in the brineloss.mdb database takes the results
from the "Brineloss" query and sums the events to get a total amount for each paneL The
results from the "BrinelossbyFbyP" query in the brineloss.mdb database are shown in
Table A13 for futures 2 and 89, for vectors 17 and 66. As seen in Table A12, there are
two events in future 89, panel2 and panel6. The other panels each only had only one (or
zero) events in these futures. As seen in Table A13, the MgO lost to brine flow for each
vector-future-panel combination are the same as shown in Table Al2, except for future
89, panels 2 and 6, where the MgO lost to brine flow is the sum of the two events seen in
Table A12 for both vectors.

Table A13. Results from the "BrinelossbyFbyP'' query in the brineloss.mdb database
for futures 2 and
for vectors 17 and 66.

0.0041
0.0081
0.0098
0.1395
0.0027

O.D183
0.0245
0.0515

0.0003
0.0727

The "WorstCasebyFuture" query in the brineloss.mdb database takes the results
from the "BrinelossbyFbyP" query and finds the maximum MgO lost to brine flow in a
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panel for each future. The "WorstCasebyFutureRounded'' query takes the results from
the "WorstCasebyFuture" query and rounds them to the nearest 0.001. The
"WorstCasebyFuturePlusZero" query takes the results from the
"WorstCasebyFutureRounded'' query and fills in zeros for the futures that had no events
and assigns a probability (1/300*111,000) for each future-vector combination. The
results from the "WorstCasebyFuturePiusZero" query are shown in Table A14 for futures
2 and 89, for vectors 17 and 66. As seen by comparing Tables A13 and A14, the
maximum value from each future-vector combination was chosen.

Table A14. Results from the "WorstCasebyFuturePlusZero" query in the
brineloss.mdb
for futures 2 and
for
17 and 66.

I

I

The "BrinelossPlof' query in the brineloss.mdb database takes the results from
the "WorstCasebyFuturePlusZero" query and combines all of the vector-future
combinations that calculate the same MgO lost to brine flow value and sums their
probabilities. This condensed list of MgO lost to brine flow amounts versus probability
is output to the Excel® file labeled BrinelossPlot_DJC.xls in the sheet "BrinelossPlot".
In the BrinelossPlot_DJC.xls file the CCDF, mean and standard deviation are calculated
in the "Total Effect" sheet and the resulting plot is generated in the "Plot" sheet as seen in
Figure 2. The values are divided by the ratio of 1.2 moles of MgO emplaced per mole of
carbon was used, as this is the amount proposed by DOE (Moody 2006). A visual
inspection of the BrinelossPiot_DJC.xls file shows that the procedure was implemented
correctly.
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