
ENCLOSURE 1 
 
Response Tracking Number:  00217-00-00 RAI: 3.2.2.1.3.3-003 

RAI: Volume 3, Chapter 2.2.1.3.3, First Set, Number 3: 

Provide the following additional technical bases for the screening process used to 
evaluate the integrity of the compositional analysis of pore-water samples: 

(a) The rationale and technical basis for using a charge balance criterion of less 
than +/-10%. 

(b) Provide the pH value and technical basis used in screening samples for 
elevated pCO2.   Also discuss the elevated pCO2 value and technical basis used to 
support the value as an indicator of the degree of sample modification by 
microbial processes. 

(c) Direct evidence to support the degree of sample modification by microbial 
processes.  Evidence considered should include, but not be limited to, the 
following: 

• Evidence that microbes capable of producing the organic acids identified 
in pore-water analyses and attributed to microbial activity exist in the pore 
water or core samples 

• The nature and source of organic carbon adequate to generate the 
concentrations of organic acids identified in pore-water analyses and 
attributed to microbial activity 

• A plausible metabolic or cometabolic pathway capable of producing the 
identified organic acids from the above-identified organic carbon source 

• A nutrient mass balance capable of supporting the above-identified 
metabolic or cometabolic pathway 

• Evidence that anoxic or anaerobic conditions existed in the core sample 
storage containers; evidence of microbial fermentation or another anoxic 
or anaerobic process identified as the sample modifying microbial process 

Basis:  SAR Section 2.3.5.3.2.2.1 identifies 34 complete compositional analyses 
of pore waters that were considered in the selection of four initial pore-water 
inputs to the near-field chemistry model.  SAR Section 2.3.4.3.2.2.1 
[sic. 2.3.5.3.2.2.1] indicates that a screening process based on a charge balance of 
less than +/-10% and calculated pH was used to eliminate 56 pore-water analyses 
from a set of 90 complete compositional analyses of pore water. 

Charge balance is identified as an indicator of analysis quality and the calculated 
pH as a proxy for predicted elevated pCO2 values.  DOE interprets elevated pCO2 
values to indicate the degree of sample modification by microbial processes.  The 
requested information is needed for NRC review of the technical bases and details 
of the implementation of the screening process. 
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1. RESPONSE 

This response first reviews the screening analysis discussed in SAR Section 2.3.5.3.2.2.1 and 
presented in detail in Engineered Barrier System:  Physical and Chemical Environment 
(SNL 2007, Section 6.6), and provides justifications for the two screening criteria, the charge 
balance error, and calculated pH upon equilibration (Items (a) and (b) of the RAI).  Then, 
collection and storage conditions for the pore-water core samples are summarized.  As discussed 
below, core storage conditions—specifically, storage in Saran® wrap—are closely linked with 
the evidence of microbial activity.  This information provides support for the screening analysis 
and insights into the conditions which promoted microbial activity.  Finally, evidence for the 
degree of modification by microbial activity is provided (item (c) of the RAI).  The probable 
source of the organic carbon is identified as being Saran® wrap and the production of organic 
acids by microbial fermentation processes is discussed.  The evidence for the development of 
anoxic conditions within the cores is summarized.  This evidence includes (1) the presence of 
organic acids formed by anaerobic microbial fermentation processes; (2) reduced pore-water 
nitrate concentrations due to denitrification; and (3) increased pore-water Mn concentrations, 
possibly due to dissimilatory Mn(IV) reduction.  

1.1 SCREENING PROCESS FOR TSW PORE WATERS  

In Engineered Barrier System:  Physical and Chemical Environment (SNL 2007, Section 6.6), 
available pore-water analyses from the TSw were evaluated for use in the near-field and in-drift 
chemistry models, and a suite of suitable waters were identified.  This suite was later reduced to 
four representative starting waters.  As noted in that report, 125 pore-water analyses from the 
TSw were initially identified.  Of those, 35 analyses were eliminated as being non-representative 
of the repository units for several reasons, including lack of completeness (6 samples, mostly 
missing potassium data); having been collected from areas affected by thermal testing 
(17 samples); having been collected and analyzed prior to establishment of quality assurance 
procedures (3 samples); and perched water on top of or within the vitric zone at the base of the 
TSw (9 samples).  The remaining 90 samples were sufficiently complete to be considered for use 
in the near-field chemistry models.  Although 10 samples were lacking SiO2(aq) data, 10 were 
missing HCO3 data, and 40 samples were missing pH data, reasonable estimates of these missing 
data could readily be calculated for use in the near-field chemistry model.  All 125 pore-water 
analyses are provided in Appendix A, Table A-1, of this RAI response (sample locations are 
provided in the response to RAI: 3.2.2.1.3.3-001). 

As discussed in Engineered Barrier System:  Physical and Chemical Environment (SNL 2007, 
Section 6.6) and further elaborated below, evidence suggests that microbial activity modified 
many of the water compositions.  Microbial activity has two major impacts on water chemistry: 
(1) fermentative microbial reactions produce low molecular weight organic acids, thus creating 
anion deficiencies in charge balance of water samples because these organic acids were not 
included in water chemical analyses; and (2) heterotrophic microbial reactions release CO2, 
which could shift calcium-carbonate equilibrium to elevated pCO2 conditions, and cause the 
dissolution of carbonate minerals.  Two criteria are used to screen the remaining samples for 
microbial activity and for analysis quality.  The first is a charge balance criterion; the second is 
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the calculated pH upon equilibration at a pCO2 of 10–3 bars (the in situ value at the repository 
level).   

1.1.1 Technical Basis for Using a Charge Balance Criterion of +/−10% 

Charge balances are commonly used to evaluate the quality of a water analysis, and the 
recommended acceptance criteria vary with the ionic strength of the solution.  Typical values 
recommended by the American Public Health Association are provided in Table 1. 

Table 1. Recommended Charge Balance Criteria for Evaluating Water Quality 

Anion Concentration, meq/L Charge Balance Criterion 
<3.0 0.2 meq/L

3.0 to 10.0 2% 
>10.0 5%

  

 
 

Anion concentrations in actual TSw pore-water analyses vary from 2.1 to 19.6 meq/L, suggesting 
that a range of charge balance values, from 2% to ~10% (0.2 ÷ 2.1 meq/L), might be appropriate.  
The intent of the analysis was to screen waters that exhibited a bias in compositions due to 
microbial activity, not to screen waters due to random analytical errors in the chemical analyses, 
unless such errors resulted in gross shifts in water composition.  If the charge balance errors were 
solely due to random analytical errors, then they should be distributed symmetrically around 
zero.  Negative charge balance errors (e.g., cation deficiencies) range up to ~6% 
(SAR Figure 2.3.5-5).  However, there are relatively few samples with negative charge balance 
values, so a charge balance cutoff of ±6% might underestimate the analytical uncertainty.  Also, 
the volumes of the pore water centrifuged out of the cores were small, and replicate analyses 
were not possible.  For these reasons, a value of 10% was chosen as the cutoff.  The cutoff value 
implemented is inclusive, retaining water samples that might have been somewhat affected in 
order to ensure that no waters were inappropriately screened out. 

1.1.2 Technical Basis Used in Screening Samples for Elevated pCO2 

The charge balance criterion alone is not a sufficient discriminant for microbial activity—some 
analyses have elevated equilibrium CO2 concentrations while having acceptable charge balance 
(SNL 2007, Figures 6.6-7 and 6.6-8).  Perhaps conditions within the core never became anoxic, 
or perhaps oxidizing conditions were restored later and the organic acids were metabolized.  
Therefore, an additional criterion needs to be constructed to address the buildup of CO2 in the 
sealed cores.   

If measured pH and bicarbonate data were available for all waters, then the equilibrium pCO2 
without charge balancing, the measured pH, or the change in pH upon charge balancing would 
all be reasonable metrics for evaluating the potential degree of microbial activity.  This is 
because higher concentrations of CO2 in the stored core result in increasingly acidic pore-water 
solutions (SNL 2007, Figure 6.6-7), and a greater adjustment in pH upon charge balancing 
(SNL 2007, Figure 6.6-10).  However, because of the small samples sizes, pH was not always 
measured; 40 of the analyses lack pH data.  In addition, bicarbonate concentrations were not 
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measured for ten samples.  It is impossible to calculate equilibrium CO2 values without these 
parameters.   

One metric that can be calculated for all waters is pHcalc, determined by charge balancing on H+ 
while holding the HCO3

− in equilibrium with a pCO2 of 10−3 bars, the value observed in situ at 
the repository level.  As pore-water equilibrium pCO2 values increase above 10−3 bars, the value 
of pHcalc increases, and hence, pHcalc can be used as an indirect measure of elevated CO2 
concentrations.  A pHcalc cutoff of 8.35 is used as the second screening criteria for microbial 
activity.  One reasonable maximum pH cutoff for waters that have been affected by elevated CO2 
concentrations (microbial activity) might have been a pHcalc of 7.95, corresponding to the pH in a 
Ca-CO2-H2O system in equilibrium with calcite at a pCO2 of 10−3 bars.  A slightly more 
inclusive cutoff would be a pHcalc of 8.26, corresponding to pH in a Ca-CO2-H2O system in 
equilibrium with calcite at a pCO2 of 10−3.5 bars; this is consistent with the possibility that the 
waters re-equilibrated with atmospheric CO2 at some point during or after core collection.  A 
best-fit line through a plot of the change in pH upon charge balancing versus measured pH 
intersects zero at a measured pH of 8.30 (SNL 2007a, Figure 6.6-10), corresponding to the value 
at which no pH adjustment occurred during charge balancing, and indicating equilibrium with a 
pCO2 of 10−3 bars.  The actual measured pH values vary up to 8.32, likely because the pore 
waters are more complex than a simple Ca-CO2-H2O system.  All of these values are very 
similar, and suggest that, unless the pore waters were affected by elevated CO2 pressures due to 
microbial activity, pHcalc values should not exceed a value of around 8.3.  To avoid excluding 
any samples that actually had measured values above this, a pH cutoff of 8.35 was chosen.   

Using this pHcalc cutoff of 8.35, many waters that meet the cutoff still exhibit some degree of 
calcite supersaturation, up to one order of magnitude in some cases, at CO2 concentrations of 
10−3 bars (SNL 2007, Figure 6.6-9b), suggesting equilibrium with somewhat higher CO2 
concentrations.  Using a lower pHcalc criterion might be more appropriate with respect to 
eliminating waters affected by microbial activity, but increases the risk of inappropriately 
screening unaffected waters.  The cutoff value implemented, pHcalc = 8.35, is thus inclusive; the 
screened-in waters may include some slightly affected waters, but overall will represent a 
bounding range of compositions.   

This pHcalc metric is effective at discriminating between different trends within the pore-water 
data, inferred to represent different processes that have affected the pore-water compositions. 
See, for instance, the pore-water plot of Ca2+ vs. NO3

– (SNL 2007, Figure 6.6-11(a)).  In this 
plot, the 90 pore-water compositions are all shown.  The waters that pass the pH criterion form a 
clearly defined trend, while those with pH values above the cutoff scatter to higher values of Ca 
and lower values of N, likely due to microbial denitrification once the stored cores become 
anoxic.  

The results of the screening analysis, implementing both screening criteria, are shown in Figure 1 
(a) and (b).  The screened-in pore waters form a bimodal distribution, one group consisting of 
relatively Ca-rich waters and the other group consisting of relatively Na- and K-rich waters.  The 
screened-out waters are mostly Ca-CO3-rich, plotting on the left hand side of the Piper diagram 
(Figure 1a).  Screened-in waters were in equilibrium with CO2 concentrations of around 
10−3 bars, although as discussed earlier, some exhibit slightly higher pCO2 values (Figure 1b).  
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Screened-out waters have much higher equilibrium pCO2 values, and also plot more closely 
along the line indicating equilibrium with calcite, suggesting calcite dissolution concomitant with 
increasing pCO2.   

 

NOTE: Labeled diagonals represent CO2 partial pressures in the Ca-CO2-H2O system; the heavy dashed diagonal 
represents equilibrium with calcite.   

Figure 1. Results of Screening Analysis for Water Quality and Microbial Activity during Core Storage:  
(a) Piper Diagram and (b) Plot of Ca2+ vs. HCO3

– 
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1.2 EVALUATION OF THE DEGREE OF SAMPLE MODIFICATION BY 
MICROBIAL PROCESSES 

Evaluation of the water samples revealed evidence of microbial activity that was inferred to have 
occurred during core storage (SAR Section 2.3.5.3.2.2.1; SNL 2007, Section 6.6).  Evidence for 
microbial activity included elevated levels of propionic acid in a few samples (only a few 
samples were analyzed for organic acids); anion deficiencies in many samples, interpreted to 
indicate the presence of significant levels of unanalyzed organic acids; and elevated calculated 
equilibrium partial pressures of CO2 in many samples for which pH measurements were 
available.  In addition, samples interpreted as having been affected by microbial activity were 
found to exhibit low nitrate and high dissolved Mn concentrations.  Microbial activity likely 
occurred in the cores following sample collection, because high concentrations of CO2 were not 
observed in in situ gas samples from the site.  The presence of propionic acid, formed by 
microbial fermentation reactions, suggested development of anoxic conditions during core 
storage, as did the evidence of denitrification and dissimilatory Mn reduction.  In situ gas 
samples from the TSw uniformly exhibit atmospheric oxygen levels (Thorstenson et al. 1990).   

Core sampling and storage conditions have been identified for each of the pore-water core 
samples, and have been closely linked with the evidence of microbial activity.  These conditions 
are summarized in Appendix A of this RAI response.  Core collection and storage conditions 
varied over time.  Prior to 2000, core samples were either wrapped in Saran® wrap or left 
unwrapped, and then placed within Lexan® core tubes with packing to reduce headspace.  The 
core tubes were in turn placed in sleeves of Protecore® and heat-sealed.  Cores were often 
handled with bare hands during collection.  Core storage and handling procedures were modified 
when it was recognized that analysis charge balances were frequently unacceptable.  Core bits 
and sleeves were cleaned prior to use, gloves were worn when handling cores, and cores were 
wrapped in aluminum foil instead of Saran® wrap.  Core storage conditions for each of the major 
core groups used for pore-water sampling are as follows: 

• Saran® wrap, Lexan® tube, Protecore® 

o ECRB-SYS 
o ESF-SAD-GTB 
o NRG-7 
o SD-9 (samples from Tptpul) 

• Lexan® tube, Protecore® 

o HD-PERM 
o SD-9 (samples below Tptpul) 

• Aluminum foil, Lexan® tube, Protecore® 

o ECRB-DS 
o ESF-THERMALK 
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SD-9 and NRG-7 samples were collected from surface boreholes.  The HD-PERM (alcove 7), 
ESF-SAD-GTB, and ESF-THERMALK samples were collected from boreholes in the 
Exploratory Studies Facility (ESF).  ECRB-SYS samples were collected from boreholes 
systematically located along more than 2,000 meters of the Enhanced Characterization of the 
Repository Block (ECRB).  The ECRB-DS samples were also collected in the ECRB.   

Evaluation of the water samples shows that there are strong correlations between chemistry, 
screening status, and storage condition.  Specifically, the use of Saran® wrap correlates strongly 
with evidence of microbial activity.  Pore-water compositions are plotted, using the presence or 
absence of Saran® wrap as a discriminant, in Figure 2.  Comparing this information with 
Figure 1 shows that virtually all samples wrapped in Saran® wrap were likely affected by 
microbial activity, and most samples that were not wrapped in Saran® wrap were unaffected.  If 
the presence of Saran® wrap is used as the sole screening argument, a set of screened-in pore 
waters is produced that is very similar to that determined by the DOE screening justification.  

Some waters screen differently in the two analyses.  These fall into three groups, which are 
illustrated in Figure 3.   

1. First, two water samples from cores stored in Saran® wrap were screened in.  These are 
shown in Figures 3a and 3b; they are chemically identical to other screened-in samples, 
which were all collected from cores without Saran® wrap.   

2. Six pore-water samples from the ECRB-DS (drift shadow) sampling episode were screened 
out, although Saran® wrap was not used (Figures 3c and 3d).  Although these plot with the 
screened-in pore waters, they fail the most basic screening criterion, having charge balance 
errors of >10%.  It is not clear that these waters were affected by microbial activity; they may 
just have slightly elevated analytical errors relative to the other samples.  However, the large 
charge balance error makes them inappropriate for use in models supporting the Yucca 
Mountain Project, because relatively large shifts in chemistry would occur upon charge 
balancing, which is required prior to using any pore-water analysis.   

3. Eight of the SD-9 and HD-PERM samples failed the screening analysis, although they were 
not stored in Saran® wrap (Figures 3e and 3f).  A single datum plots with the screened-in 
samples, but failed the charge balance criterion (circled in Figure 3f); the other seven 
samples apparently equilibrated at somewhat elevated pCO2 values relative to the screened-in 
samples.  Although not stored in Saran® wrap, the SD-9 cores were stored for several years 
before water extraction.  It is possible that these samples were contaminated with minor 
amounts of organic material (e.g., core tube grease, skin particles) during core collection, but 
in the absence of Saran® wrap, insufficient organic carbon was present for microbial activity 
to drive the cores anoxic, so CO2 increased, but organic acids did not build up and the charge 
balances were not affected. 
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Figure 2. Plots of Pore Waters, Using Presence (red) or Absence (blue) of Saran® Wrap as a 
Discriminant:  (a) Piper Diagram and (b) Plot of Ca2+ vs. HCO3

– 
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NOTE: (a-b) Black symbols represent samples screened in using the DOE criteria, but that were wrapped in Saran® 
wrap.  (c-f) Black symbols represent samples which were screened out using the DOE criteria that were not 
wrapped in Saran® wrap: (c-d) samples collected in the recent “drift shadow” study; (e-f) older samples, 
collected during borehole SD-9 sampling. 

Figure 3. Piper Diagrams and Ca2+ vs. HCO3
– Plots for Samples for Which the Microbial Screening 

Analysis and Discrimination by the Presence/Absence of Saran® Wrap Differ (a-f) 
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With respect to the bullets in part (c) of the RAI, the following responses are provided: 

Microbes Capable of Producing Organic Acids 

Although microbial populations in the pore-water samples were not characterized, a diversity of 
microbial populations has been identified at the Yucca Mountain site (BSC 2004, Section 6.3).  It 
is reasonable to assume that a diverse suite of microbes, including facultative anaerobes and 
fungi capable of producing organic acids by fermentative processes, was present in the analyzed 
cores.  This assumption is consistent with the modeling approach that has successfully been used 
over the years for modeling biogeochemical processes in aquatic sediments (BSC 2004, p. 6-16).  
Thus, during core storage, the relevant microbial reaction pathways were determined by 
availability of organic carbon sources and electron acceptors, rather than by the types of 
microbes present.   

Source of the Organic Carbon and Potential Metabolic Pathway 

Since the use of Saran® wrap correlates strongly with evidence of microbial activity, including 
elevated pCO2 values, decreased nitrate, and poor analysis charge balances inferred to be due to 
the presence of unanalyzed organic acids, the major fraction of organic carbon needed for 
microbial activity is expected to have been derived from the Saran® wrap or its degassing 
products.  A plausible metabolic pathway can be constrained from water chemistry data.  It is 
known that microbial reaction pathways are determined by electron acceptors in the order of 
decreasing energy yields: aerobic respiration → denitrification → Mn reduction → iron 
reduction → sulfate reduction → methanogenesis.  All of these reactions generate CO2.  
Fermentation—an anaerobic process (Gottschalk 1988, p. 242)—does not rely on an external 
electron acceptor; instead, it partially oxidizes and reduces an organic substrate.  The final 
products of fermentation include CO2, H2, alcohols, and organic acids.  The potential electron 
acceptors in the cores include O2, NO –

3 , Mn(IV), Fe(III), and SO 2–
4 .  Mn(IV) and Fe(III) are 

derived from Mn and Fe oxide and oxyhydroxide minerals in the rock. 

Nutrient Mass Balance 

Only a small fraction of a gram of organic carbon is required to account for even the largest 
organic acid concentration (620 mg/L; SNL 2007, Section 6.6.3) measured in pore waters for a 
reasonably sized core fragment.  Because the probable source of the organic carbon was Saran® 
wrap used to enclose the cores, the abundance of organic carbon was not a limiting factor with 
respect to microbial processes.  Other essential nutrients, such as nitrogen and phosphate, do not 
limit microbial activity because they are recycled in succeeding generations.  Because of long 
core storage times prior to water extraction, even a limited biomass could have caused significant 
changes in water chemistry.  As discussed on page 7, the biomass in the SD-9 core samples 
which failed the screening analysis may have been limited by the absence of Saran® wrap as a 
source of organic carbon.   
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Evidence for the Development of Anoxic Conditions in the Stored Cores 

Water chemistry data clearly indicate that microbial reactions had reached the point of nitrate 
reduction in many samples, resulting in depletion of nitrate (SNL 2007, Figure 6.6-11(a)).  Also, 
Mn concentrations are higher in the water samples that are interpreted to be microbially affected 
(SNL 2007, Figure 6.6-14), probably indicating that Mn(IV) oxides were utilized as well, 
releasing Mn(II) into solution.  Aqueous iron concentrations have only rarely been measured in 
pore waters.  However, there is no significant difference in sulfate concentration between the 
screened-in and screened-out samples (SNL 2007, Figure 6.6-11(b)), indicating that redox 
conditions did not progress to the point of sulfate reduction.  The systematic depletion of NO3

– 
and increase in dissolved Mn in the microbially affected samples is illustrated in Figure 4.   

 

NOTE: The three sets of samples which screened differently using storage conditions as a discriminant (see text) 
are indicated.  (n = 74; some measured water samples did not have Mn concentrations.) 

Figure 4. Plot of NO –
3  and Mn Concentrations for Screened-in and Screened-out Water Samples 

1.3. SUMMARY 

When selecting water analyses for use in the near-field and in-drift chemistry models, the DOE 
implemented two criteria to screen analyses for quality and for potential modification of water 
chemistry by microbial activity during core storage.  The first screening criterion is a charge 
balance cutoff of ±10%, a value slightly larger than commonly used, chosen because the small 
samples sizes made accurate analysis difficult, and because some of the pore waters are very 
dilute.  The second criterion is a cutoff in the calculated pH value (pHcalc = 8.35) upon 
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equilibration at a pCO2 of 10–3 bars.  This value is a proxy for elevated pore-water equilibrium 
pCO2 values, which cannot be calculated directly for many water samples due to missing pH or 
bicarbonate data.  Both elevated equilibrium pCO2 values and poor charge balances are likely 
due to microbial activity in the cores during core storage.   

Evidence of microbial activity in the core samples, and the resulting modification of water 
compositions, is strong.  Elevated equilibrium pCO2 values are inconsistent with observed in situ 
values of 10–3 bars (SNL 2007, Figure 6.6-6) and are strongly indicative of microbial respiration.  
The presence of propionic acid, formed by microbial fermentation reactions (Gottschalk 1988, 
p. 242) indicates development of anoxic conditions in some core samples, as does the evidence 
of denitrification and possible dissimilatory Mn reduction.  The correlation of microbial activity 
with core storage conditions indicates that the source of organic carbon in most of the affected 
samples was Saran® wrap used to wrap the core samples within the core tubes.  Few of the core 
samples not wrapped in Saran® wrap were affected by microbial activity.   

2. COMMITMENTS TO NRC 

None. 

3. DESCRIPTION OF PROPOSED LA CHANGE  

None. 
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APPENDIX A 

SCREENING STATUS, CHEMISTRY, AND CORE STORAGE CONDITIONS 
FOR TSW PORE WATERS 
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Table A-1. Screening Status, Chemistry, and Core Storage Conditions for TSw Pore Waters 
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In ECRB-DS3-1616/7.5-7.7/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 52.9 5.9 0.81 28.7 15.7 25.3 107 34.3 1.66 0.2 55 7.1 183 3.95 3.36 8.08 

In ECRB-DS3-1616/7.7-7.9/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 50.9 7.27 0.72 25.4 15.3 19.5 107 29.8 1.46 <0.03 51 9.9 162 3.73 3.15 8.46 

In ECRB-DS3-1616/7.9-8.0/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 36.5 4.1 0.35 16.7 7.79 10.5 82 17.4 1.16 0.1 52 19 107 2.56 2.12 9.26 

In ECRB-DS3-1616/8.0-8.1/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 46.9 5.63 0.59 23.4 11.5 15.4 115 23.8 1.59 <0.03 58 5.7 158 3.40 3.00 6.35 

In ECRB-DS3-1616/9.6-9.8/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 36.8 6.06 0.73 16.5 6.89 5.29 113 8.07 1.38 <0.03 42 1.6 65 2.64 2.36 5.63 

In ECRB-DS3-1616/9.8-10.1/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 38 5.77 0.76 20.7 4.98 8.84 149 10.4 1.35 <0.06 46 3.3 120 2.90 3.01 −1.80 

In ECRB-DS3-1616/10.1-10.4/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 39.8 6.03 0.91 20.1 7.2 9.48 128 14.5 1.51 <0.03 39 12 90 2.97 2.81 2.66 

In ECRB-DS3-1616/10.6-11.0/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 61 7.68 1.44 34.1 20.4 22.3 142 33.2 2.32 <0.05 46 14 211 4.67 4.02 7.48 

In ECRB-DS3-1616/12.5-12.7/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 32.5 4.21 0.91 23.5 8.99 13.2 123 18.9 1.15 <0.06 38 14 119 2.77 2.91 −2.43 

In ECRB-DS3-1616/12.7-13.3/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul 1 — 51.4 6.81 1.05 28.8 15 17.8 166 27 1.86 <0.06 44 7.9 166 3.94 4.05 −1.38 

In ESF-HD-PERM-1 Lexan tube, 
Protecore 

Tptpmn 3 7.79 61 6 25.7 98 123 124 — 22 0.36 0.6 79 — 1400 — — — 

In ESF-HD-PERM-2 Lexan tube, 
Protecore 

Tptpmn 3 8.32 61 7 16.6 106 110 111 — 3 0.96 0.76 66 — 1000 — — — 

In ESF-HD-PERM-3 Lexan tube, 
Protecore 

Tptpmn 3a 8.31 62 9 17.4 97 123 120 — 10 0.76 1.2 75 — 1100 — — — 

In ESF-THERMALK-017/16.6-17.2/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2 — 51 14.2 9.8 73 82 105 104 45 1.3 0.33 63 15 451 7.04 7.00 0.31 

In ESF-THERMALK-017/22.3-22.9/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2 — 48 14.1 7.8 60 65 86 95 41 1.5 0.4 51 14 335 6.09 5.92 1.42 
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In ESF-THERMALK-017/22.9-23.0/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2 7.9 37 14.5 9.9 72 69 94 116 46 1.1 0.35 55 14 429 6.40 6.60 −1.59 

In ESF-THERMALK-017/26.3-26.5/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2 — 42 13.6 7.6 58 58 76 150 43 1.4 <0.10 58  395 5.70 6.44 −6.09 

In ESF-THERMALK-017/26.5-26.9/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2a 7.7 45 14.4 7.9 62 67 82 126 44 1.4 0.33 52 12 358 6.08 6.45 −2.93 

In ESF-THERMALK-019/19.2-19.5/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2 — 47 13.7 9.0 69 84 80 104 47 0.67 <0.19 62  405 6.59 6.53 0.42 

In ESF-THERMALK-019/19.5-19.7/UC Aluminum foil, 
Lexan tube, 
Protecore1 

Tptpul 2 — 44 13.2 9.1 71 82 82 124 50 0.60 0.30 59 14 379 6.55 6.89 −2.52 

In HD-PERM-3/22.4-23.0/UC Lexan tube, 
Protecore 

Tptpmn 4 — 103 14.6 17.4 48.7 131 123 120 27.9 1.6 — — — — 8.72 8.76 −0.23 

In HD-PERM-3/56.7-57.1/UC Lexan tube, 
Protecore 

Tptpmn 4a — 123 13.8 16.7 59.9 146 126 149 57.4 1.3 — — — — 10.07 10.18 −0.54 

In NRG-7/7A/839.3-839.8/UC Saran wrap, 
Lexan tube, 
Protecore 

Tptpmn 1 7.9 67 6.9 1.6 19 31 24 151 25 2.8 0.1 41 17 410 4.18 4.40 −2.56 

In SD-9/669.1-669.2/UC Saran wrap, 
Lexan tube, 
Protecore 

Tptpul 4 — 61 6.3 6.9 66 76 75 136 29 1.2 <0.10 49 17 440 6.69 6.46 1.68 

In SD-9/991.7-992.1/UC Lexan tube, 
Protecore 

Tptpll 1 7.9 61 5.4 0.60 27 26 13 — 20 3.3 0.10 55 14 220 — — — 

In SD-9/1060.1-1060.5/UC Lexan tube, 
Protecore 

Tptpll 1 7.6 68 8.8 <0.25 21 32 15 140 21 1.5 <0.16 50 17 185 4.24 3.93 3.77 

In SD-9/1119.7-1119.9/UC Lexan tube, 
Protecore 

Tptpll 1 7.7 81 12.8 <0.6 34 32 24 193 19 1.2 <0.18 45 12 281 5.55 4.93 5.90 

In SD-9/1184.7-1184.8/UC Lexan tube, 
Protecore 

Tptpll 1a 8.2 59 4.8 0.70 19 23 16 142 16 2.2 <0.10 42 <1 180 3.70 3.68 0.22 

In SD-9/1184.8-1185.0/UC Lexan tube, 
Protecore 

Tptpll 1 7.9 62 5.4 <0.4 24 16 12 196 12 0.84 <0.10 47 7 240 4.04 4.15 −1.38 

In SD-9/1185.0-1185.3/UC1 Lexan tube, 
Protecore 

Tptpln 1 — 70 8.6 0.27 18.4 42.4 12 145 18.2 2.4 2.50 — — — 4.20 4.24 −0.54 

In SD-9/1234.9-1235.1/UC Lexan tube, 
Protecore 

Tptpln 1 7.9 67 8.0 0.50 18 17 16 156 11 1.1 <0.12 42 10 216 4.06 3.60 5.98 

In SD-9/1276.5-1276.8/UC Lexan tube, 
Protecore 

Tptpln 1 7.9 67 6.4 0.60 23 29 17 136 10 1.9 <0.16 59 21 292 4.28 3.66 7.80 

In SD-9/1276.8-1277.0/UC Lexan tube, 
Protecore 

Tptpln 1 7.6 69 6.9 0.60 23 35 17 165 10 2.0 0.29 67 22 278 4.38 4.31 0.80 
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In SD-9/1303.4-1303.9/UC Lexan tube, 
 Protecore

Tptpln 1 — 95 11.3 2.30 37 65 28 194 19 4.8 <0.43 54 34 411 6.47 6.15 2.47 

Out ECRB-DS2-1613/13.2-13.4/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul — — 75.6 6.04 1.01 38.2 37.3 22.9 97 34.5 2.84 <0.07 — — — 5.43 3.82 17.37 

Out ECRB-DS2-1613/18.6-18.9/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul — — 64.2 6.14 0.88 29.9 23.8 19.3 97 31.4 2.49 <0.04 — — — 4.51 3.30 15.53 

Out ECRB-DS3-1616/7.1-7.5/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul — — 50.5 6.07 0.51 19.8 14 15.8 91 27.8 1.76 0.1 55 7 119 3.38 2.76 10.23 

Out ECRB-DS3-1616/8.7-8.9/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul — — 89.1 8.32 0.82 38.4 38.3 23.9 146 37.5 3.89 <0.08 — — — 6.07 4.78 11.90 

Out ECRB-DS3-1616/10.4-10.6/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul — — 45.5 6.21 0.85 20.2 6.42 8.68 119 13.9 1.19 <0.03 35 6.4 88 3.22 2.60 10.64 

Out ECRB-DS3-1616/11.5-12.5/UC Aluminum foil, 
Lexan tube, 
Protecore2 

Tptpul — — 70.8 7.33 0.88 33.0 23.3 16.6 152 19.1 2.83 <0.04 69 7.3 232 4.99 3.95 11.64 

Out ECRB-SYS-CS400/3.8-4.3/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.3 120 12.5 35.1 240 29 94 — 0.25 3.7 <1 48 410 3580 — — — 

Out ECRB-SYS-CS400/5.6-6.2/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.0 89 9.7 15.4 85 21 64 415 8.5 1.7 <1 55 43 1480 9.66 8.95 3.81 

Out ECRB-SYS-CS450/5.3-6.0/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 6.7 68 17.0 22.9 190 66 147 388 4.8 1.1 0.4 54 100 1240 14.79 11.42 12.86 

Out ECRB-SYS-CS500/12.0-16.7/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 8.0 57 10.3 19.3 120 54 78 286 6.1 4.8 0.4 49 26 1100 10.34 8.19 11.65 

Out ECRB-SYS-CS600/3.6-4.0/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.5 67 10.4 10.6 81 22 50 346 3.3 2.0 <1 44 39 1750 8.13 7.49 4.12 

Out ECRB-SYS-CS700/5.5-5.8/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — — 91 13.7 33.0 230 64 146 — 2.8 6.2 <0.1 56 330 2970 18.57 5.22 56.14 

Out ECRB-SYS-CS750/6.2-6.5/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.6 70 8.5 12.9 130 73 78 191 <0.2 1.2 <1 40 54 1160 10.84 6.88 22.36 

Out ECRB-SYS-CS800/4.9-5.6/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.4 53 6.6 11.9 92 20 32 357 0.0 1.6 — 53 34 1140 8.07 7.17 5.94 
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Out ECRB-SYS-CS850 5.1-5.6/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 8.1 59 5.9 13.1 63 32 30 280 1.6 2.9 <0.2 46 14 1150 6.97 6.29 5.06 

Out ECRB-SYS-CS900/2.8-3.0/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — — 90 8.7 17.7 142 25 63 349 1.2 0.52 0.60 45 469 3250 12.75 7.78 24.20 

Out ECRB-SYS-CS900/3.0-3.2/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.4 127 13.0 28.1 229 66 112 — 5.9 0.73 1.2 43 449 5180 — — — 

Out ECRB-SYS-CS900/3.5-4.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.5 140 13.6 25.8 210 53 88 775 1.9 2.0 0.3 65 470 4090 19.13 16.16 8.41 

Out ECRB-SYS-CS900/5.4-5.9/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.7 79 6.9 14.0 110 37 56 216 1.3 1.7 <0.2 54 77 1980 10.30 5.86 27.47 

Out ECRB-SYS-CS950/4.8-5.5/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.1 84 7.1 22.6 170 30 67 286 11 4.9 <0.2 58 130 2070 14.23 7.36 31.78 

Out ECRB-SYS-CS950/5.2-5.3/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — 7.1 66 6.2 13.6 98 19 37 239 0.27 1.9 <0.2 58 62 1240 9.07 5.33 25.98 

Out ECRB-SYS-CS1000/10.9-11.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — — 72 18.7 53.5 275 29 45 700 4.3 0.87 1.4 64 198 2910 21.80 13.34 24.07 

Out ECRB-SYS-CS1000/11.1-11.6/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.3 79 21.3 54.1 280 18 65 714 5.6 0.59 1.1 57 404 2940 22.47 13.68 24.31 

Out ECRB-SYS-CS1000/12.9-14.0/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.8 47 9.9 21.9 120 22 35 405 17 2.0 <0.1 50 47 1110 10.11 8.37 9.45 

Out ECRB-SYS-CS1000/15.6-15.8/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn —  110 24.8 44.2 240 29 82 741 9.6 1.3 <0.10 61 201 2170 21.08 14.89 17.21 

Out ECRB-SYS-CS1000/5.4-6.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 8.0 64 13.5 21.6 105 48 41 258 5.9 1.0 2.9 50 158 1010 10.17 6.58 21.40 

Out ECRB-SYS-CS1000/7.3-7.7/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.6 39 7.6 18.1 94 21 36 333 2.6 3.4 <1 42 23 1040 8.09 7.02 7.11 

Out ECRB-SYS-CS1100/3.7-3.8/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.1 110 9.0 23.3 170 17 55 525 24 0.65 <0.10 54 238 3160 15.49 10.65 18.51 
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Out ECRB-SYS-CS1150/3.2-3.8/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — — 130 8.8 6.3 96 33 22 323 24 1.9 <0.10 70 33 1130 11.21 7.17 22.00 

Out ECRB-SYS-CS1250/3.4-4.0/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.5 83 13.7 23.5 160 25 60 464 1.3 2.1 — 54 200 1390 13.91 9.69 17.88 

Out ECRB-SYS-CS1250/5.0-5.7/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.7 79 11.2 7.9 55 50 21 — 25 3.0 0.2 59 18 480 — — — 

Out ECRB-SYS-CS1500/10.0-12.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 8.1 120 11.1 16.4 130 97 97 349 0.52 1.4 0.91 45.7 220 1250 13.37 10.56 11.75 

Out ECRB-SYS-CS2000/16.3-16.5/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 7.4 120 6.1 3.3 81 24 31 362 0.41 6.0 <0.2 42 130 1260 9.72 7.58 12.38

Out ECRB-SYS-CS2000/16.5-21.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 7.4 130 10.6 5.3 82 26 39 382 4.2 11 <0.2 48 58 1390 10.49 8.45 10.74

Out ECRB-SYS-CS2000/3.3-3.8/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — — 204 20.3 7.1 170 38 76 639 0 3.9 0.96 64 120 3702 18.54 13.33 16.35 

Out ECRB-SYS-CS2000/3.95-4.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 7.8 116 11.1 2.8 88 20 35 329 2.0 7.7 0.22 39 89 1460 9.98 7.12 16.73 

Out ECRB-SYS-CS2150/5.5-6.1/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 7.6 83 6.9 8.3 98 27 48 265 1.2 5.3 <0.2 52 38 1110 9.39 6.40 18.90

Out ECRB-SYS-CS2250/5.2-5.6/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 8.0 74 9.1 10.1 87 24 27 384 1.3 1.1 <0.10 54 69 690 8.64 7.61 6.33 

Out ECRB-SYS-CS2300/4.3-4.9/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 7.9 98 12.5 10.2 73 23 34 340 0.9 1.7 <0.1 43 260 590 9.08 7.03 12.69

Out ECRB-SYS-CS2300/6.1-6.7/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 8.2 96 12.7 9.3 65 20 13 434 1.4 1.0 <0.10 49 49 610 8.52 8.02 3.03 

Out ECRB-SYS-CS2350/5.0-5.7/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — — 110 11.2 10.8 58 45 22 — 6.3 5.9 <0.10 46.1 54 750 — — — 

Out ESF-SAD-GTB#1/119.4-120.0/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — — 69 19.2 12.0 73 69 46 266 3.9 1.5 0.40 51 95 660 8.14 7.41 4.71 

 

 

 

 

 Page 18 of 20 



ENCLOSURE 1 
 
Response Tracking Number:  00217-00-00 RAI: 3.2.2.1.3.3-003 
 

Table A-1. Screening Status, Chemistry, and Core Storage Conditions for TSw Pore Waters (Continued) 

Screening 
Status Sample Name Storage Condition Lith. Unit 

G
ro

up
 #

 
(r

ep
. w

at
er

a ) 

pH
 

N
a 

(m
g/

L)
 

K
 (m

g/
L)

 

M
g 

(m
g/

L)
 

C
a 

(m
g/

L)
 

C
l (

m
g/

L)
 

SO
4 (

m
g/

L)
 

H
C

O
3 

(m
g/

L)
 

N
O

3 
(m

g/
L)

 

F 
(m

g/
L)

 

B
r (

m
g/

L)
 

Si
O

2 
(m

g/
L)

 

M
n 

(u
g/

L)
 

Sr
 (u

g/
L)

 

b
Su

m
 o

f C
at

io
ns

 

Su
m

 o
f A

ni
on

sc  

C
ha

rg
e 

B
al

an
ce

 %
 

Out ESF-SAD-GTB#1/126.1-126.4/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — — 100 22.4 23.3 170 133 66 427 6.2 1.2 0.63 54 310 1680 15.36 12.29 11.12 

Out ESF-SAD-GTB#1/194.2-195.2/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 8.0 97 24.7 35.5 230 110 115 545 1.5 1.5 0.89 66 820 2350 19.30 14.53 14.10 

Out ESF-SAD-GTB#1/195.4-196.7/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — 7.6 81 21.2 29.0 190 97 79 501 3.7 1.4 0.57 62 390 1930 15.98 12.72 11.33 

Out ESF-SAD-GTB#1/199.0-199.3/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpmn — — 161 30.6 38.2 268 180 112 706 35.1 1.4 — — — — 24.30 19.62 10.66

Out HD-PERM-2/19.3-19.7/UC Lexan tube, 
 Protecore

Tptpmn — — 101 15.7 17.2 113.0 133.0 129.0 259.0 28.8 1.8 — — — — 11.85 11.24 2.63

Out HD-PERM-2/34.5-34.9/UC Lexan tube, 
 Protecore

Tptpmn — — 110 17.1 17.8 143.0 128.0 128.0 368.0 18.5 1.5 — — — — 13.82 12.68 4.30

Out HD-PERM-2/61.7-62.3/UC Lexan tube, 
 Protecore

Tptpmn — — 86.7 16.9 8.2 89.0 86.5 76.2 236.0 37.3 1.7 — — — — 9.32 8.59 4.10

Out SD-9/670.5-670.6/UC Saran wrap, 
Lexan tube, 

 Protecore

Tptpul — — 72 8.4 9.0 81 46 56 — 28 2.8 0.30 53 42 500 — — —

Out SD-9/990.4-991.7/UC Lexan tube, 
 Protecore

Tptpll — 7.9 84 7.9 0.90 56 23 10 313 17 2.5 <0.2 50 21 420 6.73 6.39 2.60

Out SD-9/1184.0-1184.2/UC Lexan tube, 
 Protecore

Tptpll — 7.7 92 7.6 1.9 44 44 17 221 17 1.7 <0.10 45 32 450 6.56 5.58 8.06 

Out SD-9/1236.4-1236.8/UC Lexan tube, 
 Protecore

Tptpln — 7.5 100 8.4 4.9 51 77 21 210 12 3.6 <0.10 54 20 620 7.53 6.43 7.83 

Out SD-9/1275.6-1276.0/UC Lexan tube, 
 Protecore

Tptpln — 7.5 81 7.7 2.5 42 61 20 146 8.5 3.7 <0.10 38 17 510 6.03 4.86 10.76

Out SD-9/1330.4-1330.7/UC Lexan tube, 
 Protecore

Tptpln — 7.2 130 9.5 7.5 73 133 35 245 15 5.0 0.54 55 31 960 10.18 9.00 6.15 

Out SD-12/1053.7-1054.1 UC-1 Saran wrap, 
Lexan tube, 

 Protecore

Tptpll — 7.7 122 11.9 23.9 75 180 32 308 4.2 3.8 <0.10 43 58 849 11.34 11.06 1.25 

Excluded1 ESF-HD-ChemSamp-1/26.1-26.9/UC ND Tptpmn — 7.6 53 8.4 18.0 82 71 88 254 22 0.91 0.24 49 29 893 8.11 8.40 −1.73 
Excluded1 ESF-HD-ChemSamp-1/28.8-29.7/UC ND Tptpmn — — 69 10.7 16.5 84 45 70 162 20 0.83 <0.20 49 46 833 8.84 5.75 21.22 
Excluded1 ESF-HD-ChemSamp-1/34.6-35.4/UC ND Tptpmn — — 63 10.9 12.7 56 48 59 63 38 1.8 <0.10 47 49 566 6.87 4.32 22.77 
Excluded1 ESF-HD-ChemSamp-1/37.1-37.2/UC ND Tptpmn — — 66 13.6 11.6 57 79 62 192 29 1.7 <0.30 56 52 553 7.03 7.22 −1.35 
Excluded1 ESF-HD-ChemSamp-3/104.6-105.3/UC ND Tptpmn — 7.9 39 5.2 2.0 13 27 23 45 6.0 0.84 <0.10 28 16 148 2.65 2.12 11.06 
Excluded1 ESF-HD-ChemSamp-3/108.4-109.0/UC ND Tptpmn — — 61 7.9 4.2 26 58 44 104 11 0.80 <0.10 36 11 405 4.51 4.48 0.35 
Excluded1 ESF-HD-ChemSamp-3/111.8-112.0/UC ND Tptpmn — — 108 18.3 9.6 49 66 75 — 18 1.3 <0.40 65 21 649 — — —
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Table A-1. Screening Status, Chemistry, and Core Storage Conditions for TSw Pore Waters (Continued) 

Screening Sample Name Storage Condition Lith. Unit Status 

Excluded1 ESF-HD-ChemSamp-3/113.1-113.8/UC ND Tptpmn — — 103 15.2 11.5 63 83 115 212 25 1.2 0.61 73 26 826 8.98 8.68 1.71 
Excluded1 ESF-HD-ChemSamp-3/115.0-115.6/UC ND Tptpmn — — 89 15.7 9.2 46 66 58 228 17 1.0 <0.53 64 65 532 7.34 7.13 1.42 
Excluded1 ESF-HD-ChemSamp-3/127.1-128.0/UC ND Tptpmn — — 85 13.1 10.8 55 63 79 235 18 1.4 0.67 59 32 649 7.68 7.64 0.28 
Excluded1 ESF-HD-ChemSamp-3/33.9-34.4/UC ND Tptpmn — — 45 6.4 6.1 29 41 51 88 18 1.2 0.36 45 18 323 4.08 4.01 0.79 
Excluded1 ESF-HD-ChemSamp-3/34.4-34.5/UC ND Tptpmn — 7.6 40 5.3 5.4 28 41 51 72 18 1.2 0.19 43 16 312 3.72 3.75 −0.37 
Excluded1 ESF-HD-ChemSamp-3/36.5-37.5/UC ND Tptpmn — 7.9 96 14.0 8.6 62 107 128 143 39 1.7 0.37 51 42 714 8.35 8.75 −2.30 
Excluded1 ESF-HD-ChemSamp-3/38.2-39.1/UC ND Tptpmn — — 116 19.7 11.0 51 34 17 145 5.9 0.45 <0.10 46 66 552 9.01 3.81 40.59 
Excluded1 ESF-HD-ChemSamp-3/42.3-42.8/UC ND Tptpmn — 8.0 66 8.8 1.5 21 30 30 146 10 0.79 0.13 57  237 4.27 4.07 2.47 
Excluded1 ESF-HD-ChemSamp-3/46.0-46.3/UC ND Tptpmn — 7.8 30 4.9 1.2 6.9 12 8.8  5.3 1.3 <0.17 33 15 70 — — — 
Excluded1 ESF-HD-ChemSamp-3/46.3-46.9/UC ND Tptpmn — 7.9 51 6.9 3.4 17 27 19 118 7.9 1.0 0.15 53 6.2 171 3.53 3.27 3.76 
Excluded2 SD-6/1509.9 – 1510.3/UC1 ND Tptpv2 — 7.7 98.9 8.3 2.6 65.8 98.7 28 178 1.8 14.7 — 54.5 — — 8.01 7.09 6.13 
Excluded3 SD-9 /669.8-669.9/UC1 ND Tptpul — 8.5 44 5.8 6.5 50.2 43.8 42.2 205 20.5 7.2 0.00 46 — — 5.11 6.18 −9.50 
Excluded3 SD-9/ 669.7-669.8/UC1 ND Tptpul — 8.5 68 11.9 7.5 61.8 61.8 44.6 185 21.0 10.4 0.00 49 — — 6.96 6.59 2.73 
Excluded4 SD-9/1095.6-1096.0/UC ND Tptpll — 7.6 110 8.1 7.10 72 — — — — — — 52 35 630.00 — — — 
Excluded3 SD-9/669.0-669.1/UC1 ND Tptpul — 8.3 59 10.0 5.6 43.8 53.3 47.1 143 29.5 7.5 0.10 53 — — 5.47 5.70 −2.06 
Excluded4 UZ14-1258.5-1258.8/UP-1       ND Tptpln — — 67 — 3.7 43 88 19 170 16 — — — — — — — — 
Excluded4 UZ14-1277.4-1277.7/UP-1       ND Tptpln — — 49 — 4.5 62 87 45 170 17 — — — — — — — — 

G
ro

up
 #

 
Excluded4 UZ14-1277.7-1278.0/UP-1       ND Tptpln — — 45 — 5.1 74 130 38 170 15 — — — — — — — — 

(r
ep

. w
at

er
a ) 

Excluded5 UZ14A/384.6 ND Tptpln — 7.6 39 5.6 1.8 23 7.9 14.3 150 8.6 — — 34.2 — — 3.14 3.12 0.29 
Excluded5 UZ14A2/384.6 ND Tptpln — 7.8 38 3.9 1.8 24 9.1 13.8 148.8 12.5 — — 36.4 — — 3.10 3.18 −1.37 

pH
 

Excluded5 UZ14B/387.68 ND Tptpln — 8.1 40 4.4 2.7 31 8.3 16.3 147.6 16.9 — — 51.4 — — 3.62 3.27 5.18 
Excluded5 UZ14C/390.75 ND Tptpv — 8.3 88 5.8 4.1 45 15.5 223 106.1 0 — — 7.7 — — 6.56 6.82 −1.94 
Excluded5 UZ14D/390.75 ND Tptpv — — 35 4.1 2.5 31 7 24.2 146.4 17.1 — — 40.7 — — 3.38 3.38 0.05 

N
a 

(m
g/

L)
 

Excluded5 UZ14PT-1/390.75 ND Tptpv — — 40 6.3 3.1 37 7.2 57.3 144 12.7 — — 21.4 — — 4.00 3.96 0.52 
Excluded5 UZ14PT-2/390.75 ND Tptpv — — 35 3.3 2.4 30 7 22.9 144 15.4 — — 25.7 — — 3.30 3.28 0.29 
Excluded5 UZ14PT-4/390.75 ND Tptpv — — 34 1.8 2.1 27 6.7 14.1 141.5 14.5 — — 32.1 — — 3.05 3.04 0.16 

K
 (m

g/
L)

 
Excluded4 UZ16-1166.19-1166.47/UP-1 ND Tptpv2 — 8.1 83.6 — 13.7 28.9 82 28 196 17 — — — — — — — — 
Excluded4 UZ16-952.6-952.9/UP-1 ND Tptpln — 8.2 99.5 — 13.7 2.2 81 34 179 30 — — — — — — — — 

Screening Status (Column 1) Footnotes: Storage Condition (Column 3) Footnotes: General Footnotes: 
M

g 
(m

g/
L)

 
1 1 a  Thermally perturbed; heated block of Drift Scale Test.  Cleaned split sleeves, shoe, and inner barrel with Liquinox and DI water.  Cores Representative water used in P&CE model to represent the four water groups (1, 2, 3, 
2   Base of TSw, below repository horizon. handled with sterile gloves. and 4).
3 2 b Samples collected prior to establishment of QA procedures.  Core bits, barrels and sleeves cleaned with Liquinox and DI water.  Cores handled with  Cation equivalents calculated using Ca2+, Mg2+, Na+, K+, and Sr2+.  Mn, Ba, and U not 
4 Analysis incomplete (missing other than pH, HCO3

–, or SiO2). sterile gloves. used due to very low concentrations. 
C

a 
(m

g/
L)

 
5 c 2– –   Perched water at base of Tptpln and in Tptpv (below repository units).  Note that  Anion equivalents calculated using = Cl–, SO4 , HCO3 , NO3

–, and F–.  Br not used due ND = not detected.  
 depths (these samples only) are given in meters, not feet. to very low concentrations.
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RAI:  Volume 3, Chapter 2.2.1.3.3, First Set, Number 4:  

Provide the mean and the standard deviation values associated with the beta 
distribution used to represent the ambient feldspar dissolution rate and their 
technical bases.  Provide additional support to show that the beta distribution 
accounts for uncertainties with respect to timing and conditions of alteration, 
hydrologic properties, and mineral abundances. The response should account for 
uncertainties such as: 

• Uncertainty due to the potential contribution of vitric glass in the 
aluminosilicate alteration product concentration 

• Uncertainty in the abundances of secondary aluminosilicate alteration 
products (e.g., clays and zeolites) in the rock 

• Uncertainty in the temperature dependence of the feldspar dissolution 
rate that is described by the Arrhenius relationship 

• Other uncertainties that DOE concludes would affect the calculation of 
feldspar dissolution rate significantly and describe how these and other 
relevant uncertainties are propagated in the near-field chemistry model.  

Basis:  SAR Section 2.3.5.3.2.2.2 describes the uncertainty in the ambient 
feldspar dissolution rate and identifies this uncertainty as the source of the most 
uncertainty in the near-field chemistry model. DOE uses a beta distribution to 
represent the ambient feldspar dissolution rate. The requested information is 
needed for NRC review of the technical bases supporting the use of the beta 
distribution. 

1. RESPONSE 

The mean and standard deviation values obtained from the beta distribution are provided in the 
following section.  The technical basis for using the adopted distribution to quantify uncertainties 
with respect to the timing of alteration and how this affects the estimated dissolution rates is also 
explained in the next section.  Other factors such as hydrologic properties (porosity, grain 
density, and matrix saturation) and mineral abundances are also captured in the uncertainty of the 
feldspar dissolution rate in the form of a unit conversion operation.  The uncertainty due to the 
potential contribution of vitric glass in the aluminosilicate alteration products concentration is 
not treated by the near-field chemistry model (SNL 2007) because the region between the upper 
and lower vitric zones of the Topopah Spring Tuff are completely devitrified.  The effect of 
having a vitric component is captured in the uncertainty for the mineral abundances given its 
relatively large uncertainty.  The uncertainty in the abundances of secondary aluminosilicate 
alteration products (e.g., clays and zeolites) in the rock is captured in the distributions for the 
mineral abundances in the near-field chemistry model (SNL 2007) that are then passed on to the 
combined uncertainty in the feldspar dissolution rate.  The uncertainty in the temperature 
dependence of the feldspar dissolution rate that is described by the Arrhenius relationship is 
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small, resulting in about a factor of two at the highest temperatures (100°C).  Uncertainties for 
parameters that would affect the calculation of the feldspar dissolution rate are porosity, matrix 
saturation, and grain density.  Details on the treatment of these uncertainties are given in 
Section 1.4.  

1.1 MEAN AND STANDARD DEVIATION VALUES FROM BETA DISTRIBUTION 
FOR AMBIENT DISSOLUTION RATES AND TECHNICAL BASES 

The mean and standard deviation values obtained from the distribution used to represent the 
ambient feldspar dissolution rate are 1.139 × 10−15 and 4.843 × 10−16 in units of mol/L - sec, 
respectively.  The minimum and maximum values for the beta distribution are 2.323 × 10−16 and 
3.233 × 10−15, respectively, in units of mol/L - sec.  Uncertainties with regards to timing and 
conditions of alteration (including temperature), hydrologic properties, and mineral abundances 
are all captured in the beta distribution advanced by the near-field chemistry model (SNL 2007).  
The uncertainty distribution for the timing and conditions of alteration is considered within the 
bounding time frames and temperatures deduced from various mineralogical studies on the 
alteration mineralogy of the Topopah Spring Tuff.  Four assumptions are made in the estimation 
of the distribution for the timing and conditions of alteration (SNL 2007, Section 6.12.2.2.1): 

1. After emplacement, cooling to below boiling is unlikely to have taken more than a few 
thousand years and, even if secondary minerals formed at temperatures up to 180°C, the 
amount of minerals formed under conditions >100°C is likely to have been small. 

2. Over 50% of the secondary mineral formation occurred at temperatures between 40°C to 
100°C.  This is supported by geochemical and petrological evidence indicating that the 
bulk of the secondary mineralization occurs early in the history of the Topopah Spring 
Tuff (e.g., 5 to 12 Ma). 

3. Temperatures greater than 80°C may have persisted, or have occurred intermittently, for 
up to 3 million years after emplacement of the tuff.   

4. Temperatures have been below 50°C for the last ~6.3 Ma, and below 35°C to 45°C for 
the last ~5.3 Ma, as shown by isotopic and fluid inclusion studies. 

These assumptions are used to constrain minimum and maximum temperatures through the 
history of the Topopah Spring Tuff formation and estimate feldspar dissolution rates including 
the ambient dissolution rate.  The estimated ambient dissolution rate (5.94 × 10−9 mol/yr - kg 
tuff) for the alkali feldspar is calculated using the total abundance of Al-bearing secondary 
silicate minerals (e.g., clay and zeolites) and represents a mix of both ambient and higher 
temperature alteration.  This value is based on the age of the Topopah Spring Member (12.8 Ma).  
In determining this ambient rate, it is assumed that feldspar dissolution is the only source of 
aluminum and that this phase component is conserved through precipitation of secondary phases.  
Given that this estimated ambient dissolution rate may have encompassed levels of alteration at 
temperatures above ambient, then a more representative value for the ambient rate must be less 
than this value.  Therefore, a possible range of ambient feldspar dissolution rates can be 
evaluated as most of the alteration occurred at temperatures between 40°C and 100°C, with a 
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maximum temperature of 180°C.  Also, there is a relationship between the ambient rate and the 
elevated temperature rate defined by the Arrhenius relationship (e.g., the 100°C rate is ~59 times 
the 23°C rate). The total feldspar dissolved (and the amount of secondary minerals formed) is the 
sum of that dissolved at elevated temperatures (e.g., syngenetic alteration) and that dissolved at 
ambient conditions (e.g., diagenetic alteration).  The ambient rate can be calculated as a function 
of how long elevated temperatures might have persisted.  The minimum bound for the ambient 
feldspar dissolution rate is calculated by assuming that the tuff was never at elevated temperature 
and all secondary minerals formed at ambient conditions.  The maximum bound is calculated by 
assuming that the tuff has always been at an elevated temperature; in this case, all feldspar 
dissolved at an elevated temperature, and the dissolution rate calculated using the entire 
abundance of secondary minerals, is the high temperature dissolution rate.  The Arrhenius 
relationship can then be used to calculate the relevant ambient rate.  For instance, if 100°C 
conditions persisted over the entire history of the tuff, then all the secondary minerals formed at 
100°C, and the ambient rate is equal to about 1/59 of the rate calculated using all the secondary 
minerals. This is because the temperature dependence of the feldspar dissolution rate, based on 
the Arrhenius relationship, is such that the rate at 100°C is 59 times the rate at 23°C.  The 
maximum value for the likely range of possible ambient rates as determined by this approach is 
defined by the ambient rate consistent with more than 50% of the minerals forming early under 
elevated temperature conditions.  This value is approximately 3.144 × 10−9 mol/yr - kg tuff and is 
smaller than the estimated ambient dissolution rate of 5.94 × 10−9 mol/yr - kg tuff noted above.  
The reason for this difference is that the value of 3.144 × 10−9 mol/yr - kg tuff is corrected for the 
timing of alteration at a given temperature. The unit had cooled below 90°C by 9.7 Ma; hence, 
the estimated ambient dissolution rate value for 100°C at ~3 million years after emplacement 
(12.8 Ma − 9.7 Ma) would be the minimum value of 4.07 × 10−10 mol/ yr - kg tuff.  These 
minimum and maximum values bound the beta distribution used to represent feldspar dissolution 
rates.  Both of these values are assumed to be unlikely end-cases, and there is little information 
to justify choosing a specific most likely value between them. For these reasons, a beta 
distribution with a broad peak is chosen to represent the uncertainty in the ambient dissolution 
rate. The beta distribution is calculated using the built-in Excel statistical function BETADIST. 

Other factors such as water:rock ratio, which includes hydrologic properties such as porosity, 
grain density, and saturation in the four repository units, need to be factored into the feldspar 
dissolution rate.  Inclusion of all these effects requires conversion of the ambient dissolution rate 
from units of mol/yr - kg tuff to units of mol/L - sec.  In this conversion, the weighted averages 
for total porosity (0.139), total saturation (0.798), and the calculated grain density (2.526 kg/liter) 
of the tuff are used to calculate the ambient alkali feldspar dissolution rate in the desired units of 
mol/L - sec (e.g., 5.94 × 10−9 mol/yr - kg tuff converts to 3.68 × 10−15 mol/L - sec.)  As discussed 
in Section 6.12.2.1 of Engineered Barrier System: Physical and Chemical Environment 
(SNL 2007), this value is not actually the ambient rate, as much of the alteration occurred under 
elevated temperature conditions early in the history of the tuff.  However, as documented in 
Section 6.12.2.1 of Engineered Barrier System: Physical and Chemical Environment 
(SNL 2007), given the knowledge of the tuff thermal history, it is possible to constrain the 
ambient feldspar dissolution rate to a range of values due to uncertainties in the mineral 
abundances and water:rock ratios.  Similarly, dissolution rate values generated from the beta 
distribution in units of mol/yr - kg tuff were converted to units of mol/L - sec.  In this 
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conversion, the dissolution rate is combined with hydrologic parameters such as porosity, grain 
density, and matrix saturation whose mean values are derived from a different type of 
distribution.  Therefore, the resulting converted values of units of mol/L - sec are refitted with a 
beta distribution.  The median value for the ambient dissolution rate after factoring all these 
effects is 1.139 × 10−15 mol/L - sec.  This methodology for obtaining rates and passing this 
information to the beta distribution effectively captures the effects of timing and conditions of 
alteration plus the uncertainties and hydrologic properties of the tuff rock. 

1.2 UNCERTAINTY DUE TO THE POTENTIAL CONTRIBUTION OF VITRIC 
GLASS 

The uncertainty due to the potential contribution of vitric glass in the aluminosilicate alteration 
products concentration is not treated by the near-field chemistry model (SNL 2007, 
Sections 4.1.6, 6.3.2.4.2, and 6.12.2.2.1).  The main four units (Tptpul, Tptpmn, Tptpll, and 
Tptpln) comprising the densely welded part of the Topopah Spring Tuff between the upper and 
lower vitric zones are completely devitrified.  Therefore, no consideration was given to the 
presence of the vitric component in the uncertainty calculations as it is assumed that secondary 
minerals are the result of feldspar alteration.  The potential effect of having more vitric 
component in the tuff would be to augment the amount of secondary minerals.  The uncertainties 
on the average mineral abundances for the four repository units are large and are represented by 
a lognormal distribution.  Therefore, this effect is captured in the uncertainty for the mineral 
abundances.   

1.3 UNCERTAINTY IN THE ABUNDANCES OF SECONDARY ALUMINOSILICATE 
ALTERATION PRODUCTS 

The uncertainty in the abundances of secondary aluminosilicate alteration products (e.g., clays 
and zeolites) in the rock is captured in the distributions for the mineral abundances in the 
near-field chemistry model (SNL 2007) that are then passed on to the combined uncertainty in 
the feldspar dissolution rate.  The mineral abundances are based on an analysis in Heat Capacity 
Analysis Report (BSC 2004). The near-field chemistry model calculates the distributions for the 
mineral abundances by taking the normal mean and standard deviation values for each of the 
four units given in Heat Capacity Analysis Report (BSC 2004) and then converts these values to 
lognormal distributions. These lognormal distributions are then weighted for each of the four 
repository units.  The weighting methodology based on the average thickness of the unit over the 
area of the repository footprint comprises a Monte Carlo sampling method of five-thousand 
realizations for each of the four units.  The weighted distributions are then combined to calculate 
the mean of the new distribution.  The additions of all these distributions representing the 
mineral abundances in the relevant stratigraphic units accounts for all of the uncertainties in 
mineral abundances when passed to the mean of the final distribution.  Table 1 summarizes the 
resulting weighted means and the standard errors used for each mineral phase.   
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Table 1. Summary of the Uncertainties after Conversion to a Lognormal Distribution 

Mineral Phase 
Weighted Mean 

(ln of value) 
Standard Error 

(ln of value) 
Clays (illite/smectite) 7.125 × 10−1 1.807 × 10−2 
Alkali Feldspar 4.105 2.808 × 10−3 
Zeolite −1.760 2.846 × 10−2 
 

1.4 UNCERTAINTY IN THE TEMPERATURE DEPENDENCE OF THE FELDSPAR 
DISSOLUTION RATE 

The uncertainty in the temperature dependence of the feldspar dissolution rate that is described 
by the Arrhenius relationship is small, resulting in a multiplier/divisor, for two standard 
deviations, of about a factor of two at the highest temperatures (100°C).  It is unlikely that the 
error in the assumed value for the activation energy of dissolution (Ea) is that large, however.  A 
simulation in which five-thousand values for the Ea were calculated assuming a normal 
distribution shows that one standard deviation on the rate at 100°C is on the order of 40%, and 
only about 16% at 50°C.  Even these values overestimate the error in the water–rock interaction 
parameter (WRIP) due to the uncertainty in Ea, as percolating waters will be exposed to a range 
of temperatures from ambient to boiling as they move downwards through the thermal field, and 
the maximum error, which occurs at 100°C, will be applicable for only a small part of the entire 
flow path.  Given that the combined uncertainty in the feldspar dissolution rate due to 
uncertainties in mineral abundance and water:rock ratios is on the order of a factor of three to 
four, the uncertainty in Ea is considered insignificant and it is therefore not included in the 
uncertainty in the WRIP parameter value.  The effect of uncertainty in the temperature 
dependence of the feldspar dissolution rate that is described by the Arrhenius relationship is 
further discussed in the response to RAI:  3.2.2.1.3.3-005, which also evaluates the relationship 
between feldspar dissolution rate and activation energy with the thermal history of the tuff. 

1.5 OTHER UNCERTAINTIES THAT WOULD AFFECT FELDSPAR DISSOLUTION 
RATE 

Uncertainties for parameters that would affect the calculation of the feldspar dissolution rate but 
were not explained in detail in the previous paragraphs are (SNL 2007, Section 6.12.2.2.1): 

Average Porosity—Average porosity for the four repository units is weighted according 
to the thickness of each unit. No standard deviations are given on the data for the original 
units. The standard deviation is calculated from the four values without weighting. 

Average Matrix Saturation—As with the mineral abundances, the standard deviations 
of the estimated matrix saturations are large relative to the mean values (two σ would 
result in saturation values above unity), so assuming a lognormal distribution is justified. 
The mean value is calculated by taking the mean and standard deviation values for each 
unit and calculating the lognormal distribution, adding the weighted distributions 
together, and calculating the mean of the new distribution. The weighting for each unit is 
based on the average thickness of the unit over the area of the repository footprint.  
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Calculating an Average Grain Density—There is little variation in the average grain 
density values for the four repository host units. The standard deviations are very small; 
assuming a normal distribution is therefore justified. The mean value is calculated by 
taking the mean and standard deviation values for each unit and calculating the normal 
distribution, adding the weighted distributions together, and calculating the mean of the 
new distribution. The weighting for each unit is based on the average thickness of the unit 
over the area of the repository footprint. The propagation of all these uncertainties in the 
alkali feldspar dissolution rate is captured by the combination of the distributions of these 
parameters, for example, in the conversion of dissolution rate units from mol/yr - kg tuff 
to moles mol/L - sec. 

In conclusion, the uncertainty in the feldspar dissolution rate, due to uncertainties in secondary 
mineral abundance, rock hydrologic properties, and timing and temperature of alteration, is the 
largest contributor to the overall uncertainty applied in the near-field chemistry model.  The 
uncertainty in the activation energy (Ea) for the temperature dependency of the feldspar 
dissolution rate was found to be relatively small and is therefore not included in the uncertainty 
in the WRIP parameter value.  The adopted approach to describe the uncertainty in the 
temperature-dependent feldspar dissolution rate is appropriate since it comprises many 
uncertainties from various parameters such as mineral abundances and rock hydrologic 
properties.  Moreover, the estimated dissolution rates are consistent with field-based feldspar 
alteration rates.   

1.6 DOCUMENTATION OF TEMPERATURE OF DEPENDENCE OF FELDSPAR 
DISSOLUTION RATE 

In Section 1.1, the temperature dependence of feldspar dissolution is presented. SAR 
Section 2.3.5.3.2.2 incorrectly indicates that the relative rate of 59 times higher than the 23°C 
rate is associated with a temperature of 96°C. This computed relative rate is actually associated 
with 100°C. This misidentification of the rate estimation for 96°C instead of 100°C is a 
documentation issue. The appropriate rate is used in analyses and the documentation error does 
not impact the LA technical baseline or the TSPA-LA.  Final resolution of this issue is not 
expected to require a change to the license application.   

2. COMMITMENTS TO NRC 

None. 

3. DESCRIPTION OF PROPOSED LA CHANGE  

None. 
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The evolutionary trends predicted by the NFC model in SAR Figure 2.3.5-22(b) 
appear to indicate that a majority of upper TSw water compositions will not 
evolve to the observed lower TSw water compositions.  Explain how the NFC-
model-predicted evolutionary trends in SAR Figure 2.3.5-22(a) and (b) 
adequately represent the compositional trends observed in the Yucca Mountain 
region and the range of pore water compositions that are included in this figure. 

Basis:  SAR Section 2.3.5.3.3.5.2 compares the compositional trends of pore 
water predicted by the NFC model, as the pore water percolates through the 
geologic section, with observed Yucca Mountain pore water compositions.  The 
evolutionary trends predicted by the NFC model in SAR Figure 2.3.5-22(a) show 
a slight decrease in calcium concentration and a large increase in potassium 
concentration.  Some of the upper TSw water compositions appear to evolve 
toward compositions consistent with measured values for lower TSw waters.  
However, a majority of the upper TSw waters appear to evolve away from the 
observed lower TSw water compositions. 

1. RESPONSE 

The calculated water evolution is consistent with the TSw water trends evaluated and the full 
range of TSw pore-water variation is represented in the results provided to total system 
performance assessment (TSPA) from the near-field chemistry (NFC) model. The NFC model 
estimates of the ambient pore-water (i.e., the Paintbrush Tuff nonwelded (PTn) water samples) 
compositional evolution demonstrate that the NFC model appropriately represents the processes 
of water–rock interaction. This response also provides additional details of the effect of NFC 
model simplifications on the calculated PTn water evolution. These effects are minor relative to 
the level of agreement within the validation comparison, but overestimate the variability of the 
evolved PTn water compositions and, therefore, bound the possible range of results. 

The validation plot (SAR Figure 2.3.5-22(a,b)) shows the NFC model results for the evolutionary 
trends of ambient PTn pore water reacting through 200 m of TSw rock (SNL 2007, 
Section 7.1.2). These trends are compared to the ambient compositions of pore water from both 
the upper and lower TSw. Although calculated evolutionary trends are not shown for the upper 
TSw pore-water compositions in the plots, using the calculated PTn trends shown in SAR 
Figure 2.3.5-22(a) to estimate changes to upper TSw water compositions suggests evolved 
compositions not encompassed by the values shown for lower TSw water compositions.  

The lower TSw samples are from a single borehole (SD-9), exhibit a narrower range of 
compositions than the upper TSw samples, and follow the same general trends as the upper TSw 
samples on the two plots. Regardless of the reason for the smaller compositional range of the 
lower TSw samples, this is not an issue for the NFC model, nor for the validation comparison 
using the ambient PTn pore water, because: (a) the full range of TSw pore-water variation is 
represented in the results provided to TSPA from the NFC model and in the NFC calculated 
evolutionary trends of the PTn water compositions; and (b) the validation comparison reproduces 
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the general trends and the water compositions within the criteria for the comparison of 
compositional evolution of PTn fluids to the TSw compositions.  

Use of the PTn fluids as the starting point for the NFC model was considered as an alternative 
conceptual model (SAR Section 2.3.5.3.3.1; SNL 2007, Section 6.11.1) and rejected because the 
PTn fluid compositions are from throughout the PTn not just sampled directly from the base of 
the PTn, and therefore represent a wider range of variation that is not expected to be directly 
relevant to the water compositions that can reach the repository level. 

The NFC model was developed to capture the range of variability on water composition that can 
result from variable amounts of water–rock reaction for fluids percolating through the thermal 
field throughout the repository host unit (SAR Section 2.3.5.3, pp. 2.3.5-20, -21). For this reason, 
the NFC model results appropriately represent the range of variability and uncertainty in the 
system aspects that most influence the processes driving changes in the range of water 
compositions, rather than focusing on the specific changes to any individual pore-water 
composition for any specific amount of water–rock reaction.  

The application of the NFC model to the evolution of the PTn pore water through the TSw in the 
natural geothermal gradient involved some simplifications that emphasize general trends. This 
focus directly influenced the validation criteria for the NFC model estimates of ambient 
pore-water compositional trends. These criteria are: (1) that the general compositional trends 
predicted by the NFC model match those observed in the ambient pore waters; and (2) that 
predicted and measured compositions vary by less than an order of magnitude (SNL 2007, 
Section 7.1.2, p. 7-15).  The validation comparison meets both criteria. Even though the resulting 
compositions of evolved PTn pore water provide a wider range than the lower TSw pore-water 
compositions, they are all well within an order of magnitude of the full range of TSw water 
compositions. The purpose of the NFC model is to represent the major general trends in the 
evolution of water composition from reaction with the host rock and capture the range of 
variability and uncertainty in those processes. Because it is not possible to characterize the 
specific water–rock reaction history of any particular natural water sample, comparison of 
calculated evolved water compositions to specific ambient water compositions is viewed 
appropriately as an order-of-magnitude estimate, even with observing the same trend in the 
changes. 

In SAR Figure 2.3.5-22(a), the evolution of PTn fluids is shown in a plot of the concentrations of 
the two constituents, potassium versus calcium.  Most of the initial PTn water compositions are 
slightly higher in calcium and lower in potassium compared to the TSw waters. All the PTn 
sample trends evolve to lower calcium and higher potassium and most of the endpoint values 
calculated with the maximum NFC reaction rate are within about a factor of two of the potassium 
and calcium values of the TSw water compositions. There are three samples from the PTn that 
appear separate due to much higher calcium content.  These three samples are the only PTn 
water samples from borehole SD-9 and contain substantially higher dissolved calcium, 
magnesium, and sulfate, as well as the lowest dissolved carbonate values of the PTn water 
samples.  These three samples also have substantially higher chloride concentrations than other 
PTn samples and have potassium concentrations similar to the highest levels in TSw water 
samples.  They are distinguished by their elevated calcium concentrations.  Even these three 
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samples evolve to values that are within a factor of two for potassium concentration and within 
about a factor of five for calcium concentration of the TSw fluids. The general trends of the 
upper TSw compositions and the lower TSw compositions appear similar to the calculated 
trends, given that the lower TSw waters may have started out compositionally distinct. 

SAR Figure 2.3.5-22(b) shows the evolution of PTn fluids with a plot of the concentrations of 
dissolved carbon (i.e., total dissolved carbonate) versus the ratio of divalent cations (calcium plus 
magnesium) to monovalent cations (sodium plus potassium).  The TSw water compositions 
define a trend that curves upwards from right to left on the plot, reflecting replacement in 
solution of divalent cations with monovalent cations and increasing dissolved carbonate at lower 
divalent cation concentrations. The trends for the evolved PTn water compositions migrate all of 
the samples in the direction of the TSw data, and the resultant evolved PTn compositions for the 
calculations using the maximum NFC reaction rate reproduce the same trend as the TSw 
samples.  The results using the inflated NFC reaction rate (five times the mean NFC rate) also 
show the bend in the trend developed more clearly. (Because other compositional constraints 
confirm that this inflated reaction rate is not appropriate, these portions of the calculated curves 
should not be interpreted as more than illustrating what further water–rock reaction would 
reflect.)  All the resulting compositions are within a factor of three for dissolved carbon and 
within a factor of two of the full range of the TSw water compositions for the cation ratios. 
Similar validation comparisons can be seen for sodium versus calcium evolution, for gaseous 
carbon dioxide as a function of depth, and for pH as a function of depth. 

Given that simplifications made to the NFC model representation for these calculations provide 
bounding constraints of the variability of evolved PTn water, the validation comparisons 
demonstrate that the NFC model captures the major water–rock reactions affecting water 
composition evolution through the repository host rock. For example, the three PTn samples 
from borehole SD-9 that both start and end as the most different from the TSw fluids are also the 
most different from the rest of the PTn water compositions. Some of the difference could simply 
reflect the variation in PTn water compositions due to variable reaction with PTn glass 
(SNL 2007, Section 7.1.2.4). However, the variability of these three samples could result, in part, 
from NFC model simplifications (for this validation comparison) that treat all PTn water samples 
as if they come from the base of the PTn (i.e., just above the top of the TSw). In particular, this 
validation comparison simulation set the pCO2 at the top of the modeled TSw section, and a 
value of 0.1% was chosen based on the general values measured for the TSw in borehole UZ-1 
(SNL 2007, Figure 7.1-5, and p. 7-19). However, the variation of pCO2 in the PTn (from ~0.1% 
to 0.4%; SNL 2007, Figure 7.1-5) is larger than for the upper TSw, and the pCO2 in the PTn 
generally decreases to the value of about 0.1% at the top of the TSw.   

Given the higher pCO2 in the PTn and the calculated calcite saturation state for the three SD-9 
water compositions as initialized for this validation comparison, the SD-9 samples could have 
been in equilibrium with higher pCO2 values within the PTn. After the three sulfate-rich  
PTn samples from borehole SD-9 (samples:  SD-9/93.3-93.4/UC, SD-9/92.9-93.2/UC, and 
SD-9/93.4-93.5/UC; SNL 2007, Tables 7.1-2 and 7.1-3) are equilibrated at 0.1% pCO2, those 
solutions are supersaturated with calcite.  This can be interpreted to reflect that these three SD-9 
fluids were in equilibrium with higher pCO2 values in the PTn. As fluids at higher pCO2 migrate 
through the PTn and react to the lower pCO2 values at its base, the resulting water compositions 
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at the top of the TSw would have lower calcium concentrations via calcite precipitation. This 
validation comparison calculation does not include any compositional changes that could occur 
via further reaction in the PTn prior to reaction in the TSw. Even though such changes would 
shift these three sulfate-rich samples closer to the TSw water compositions, these modifications 
represent small variations because they are within the validation criteria of the overall trends and 
compositions resulting from the NFC model application.  

As is shown, the calculated PTn water evolution is consistent with the TSw water trends 
evaluated, and the full range of TSw pore-water variation is represented in the results provided to 
TSPA from the NFC model. The NFC model estimates of the ambient pore-water (i.e., the PTn 
water samples) compositional evolution demonstrate that the NFC model appropriately 
represents the processes of water–rock interaction. 

2. COMMITMENTS TO NRC 

As a result of this review, an editorial error was discovered in SAR Figure 2.3.5-22(a).  The 
DOE commits to correct this figure as described in Section 3 in a future LA update. 

3. DESCRIPTION OF PROPOSED LA CHANGE  

The lowest value on the x-axis of SAR Figure 2.3.5-22(a) will be changed to read 0.  The lowest 
value on the y-axis of SAR Figure 2.3.5-22(a) will be changed to read 0. 

4. REFERENCES  

SNL (Sandia National Laboratories) 2007.  Engineered Barrier System: Physical and Chemical 
Environment.  ANL-EBS-MD-000033 REV 06.  Las Vegas, Nevada: Sandia National 
Laboratories.  ACC:  DOC.20070907.0003; LLR.20080328.0031. 
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Part 1:  Provide a basis for why effects of dusts on seepage water chemistry have 
not been considered in the in-drift chemical environment models. Include 
implications of new information discussed by Peterman (2009) on seepage water 
chemistry. 

Basis: SAR Section 2.3.5.5 addresses the chemical characteristics of water in 
drifts. No information is provided regarding the potential effects of atmospheric 
or drift dusts on the IDPS model or abstraction. Dusts are expected to occur in 
drifts and have soluble material that may affect seepage water chemistry. 

Part 2:  Evaluate new information on loss of nitrate from heated dust samples as 
discussed in Peterman (2009, 2008), as well as any ongoing research, with regard 
to Features, Events, and Processes (FEP) screening arguments for dust 
deliquescence (FEPs 2.1.09.28.0A and 2.1.09.28.0B), recognizing both 
atmospheric and tunnel dusts. Considering that the dusts for Peterman’s 
investigation were samples taken from the drifts, discuss how the presence of 
organics in those samples and the associated processes affects the screening 
arguments for excluded FEPs “Undesirable Materials Left” (FEP 1.1.02.03.0A) 
and “Chemical Effects of Excavation and Construction in the Near Field” 
(FEP 1.1.02.00.0A). 

Basis: Screening arguments for “Dust Deliquesence” (FEPs 2.1.09.28.0A, and 
0B) rely, in part, on benign nitrate-to-chloride ratios in evolved seepage water. 
However, Peterman (2009) shows that nitrate is lost from the soluble fractions of 
heated dust.  This nitrate loss appears to result in nitrate-to-chloride ratios that 
were not considered in FEP screening. Similarly, screening arguments for 
FEP 1.1.02.00.0A and 1.1.02.03.0A apparently have not considered nitrate-to-
chloride ratios or effects of introduced materials in Peterman (2009, 2008). 

1. RESPONSE 

Dust, as-found or thermally-modified, will not significantly affect the chemistry of the seepage 
water in contact with waste packages because of its low mass of soluble chloride and the 
chloride-to-nitrate ratio of thermally-modified dust is not significantly different from that of 
seepage water. Also, thermally-modified dust compositions would have no significant impact on 
the existing set of FEP screening justifications. 

1.1 EFFECT OF DUST ON SEEPAGE 

Initial analyses of the soluble fraction of repository-relevant dust have consistently indicated that 
nitrate is roughly equivalent to, or greater than, chloride in concentration. The mixture of such 
dust with seepage only has beneficial effects on seepage water chemistry, and such dust is 
expected to decrease the potential for initiation of waste package localized corrosion. Subsequent 
results from Peterman (2009) indicate that the nitrate component of dust is significantly affected 
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when such dust is heated to a temperature of 180°C, near the maximum waste package 
temperature predicted for the repository. 

1.1.1 Mass Balance Chloride Comparison 

The potential contribution of dust to seepage chemistry can be demonstrated by a comparison of 
the chloride present in dust on waste packages with the chloride contained in seepage. Chloride 
is selected for this comparison because it is, in general, chemically-conservative in the repository 
environment, and higher concentrations of chloride favor initiation of localized corrosion of the 
waste package outer barrier. Chloride is a relatively minor component of atmospheric dust 
collected in cyclonic separators outside the Yucca Mountain site (SNL 2007a, Table 4-3[a]), 
compared to anionic species such as sulfate and nitrate. 

Even assuming a significant compositional difference between dust leachate and seepage that 
would make the mixture of both more corrosive than either individually, and allowing for 
uncertainty in chloride accumulation, the mass balance shows that over a period of a few weeks 
or months, the chemical environment under any location with seepage would be dominated by 
the composition of the seepage. Though the modeling of seepage rates in the TSPA is on a 
per-waste-package average, this mass balance comparison is based upon treating seepage as a 
localized occurrence (BSC 2004, Sections 6.2.1 and 6.8) that is expected at last on the order of 
months or more. 

The mass balance comparison starts with an estimate for the amount of soluble chloride present 
in dust on the waste package. Chloride in leachates from dust samples collected in cyclonic 
separators outside the Exploratory Studies Facility (ESF) averages approximately 4% by weight 
of the soluble constituents analyzed, which included all the major anions and cations, and silica. 
A total soluble weight fraction of 5.5% or less was reported by Peterman (2009, Slide 5) for 
atmospheric dust. This value is smaller than the value of 10.5% used in the original brine volume 
calculation (SNL 2007a, Section 6.4.1.2), but is based on samples of dust collected at the Yucca 
Mountain site. An average amount of soluble chloride present in dust (or mass fraction of soluble 
chloride) can be determined by multiplying the mass fractions of total soluble content in dust 
(5.5%) by the chloride in the soluble fraction (4%); the result is a soluble chloride mass fraction 
of 0.2% of the total mass of dust. 

An upper-bound estimate for the maximum amount of dust deposited on any waste package 
(26 mg/cm2) was generated for previous brine volume calculations (SNL 2007a, Section 6.4.1.3). 
The maximum dust load was shown to be deposited by the largest particle size fraction, on the 
first few upstream waste packages only (e.g, 30 μm; SNL 2007a, Figure 6.4-2(a)). This analysis 
considered airborne dust transport from the intersection of the emplacement drift with the access 
main. Considering dust transport along the full ventilation intake pathway from the surface, and 
the observed particle size distribution from tunnel dusts, a smaller particle size than 30 μm, on 
the order of 10 μm, is more realistic. At this particle size, the maximum accumulated waste 
package dust load was calculated to be approximately 6 mg/cm2 (SNL 2007a, Figure 6.4-2(a)). 
Multiplying this value by the chloride mass fraction gives a reasonably bounding estimate of 
12 μg/cm2 chloride on the waste package surface. 
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This chloride mass estimate is then compared to the value of 49.4 mg/L, which is the mean 
chloride concentration of the 34 selected pore-waters reported in Engineered Barrier System: 
Physical and Chemical Environment (SNL 2007b, Table 4.1-3). Dimensional analysis shows that 
approximately 0.24 mL of pore-water, representing seepage, contains a mass of chloride 
equivalent to the estimated mass of dust on 1 cm2 of the waste package surface. Using a 
minimum seepage rate of 0.1 kg per waste package per year (SNL 2007c, p. 6-166) and 
assuming that the seepage rate is constant with time, results in approximately 0.27 mL per day 
seepage (or 5 drops per day at approximately 20 drops/mL). Thus, after approximately 1 day 
(5 drops), a small seep would contribute as much chloride as is present in the dust on 1 cm2 of 
the waste package surface. Over a period of a few weeks or months, the chemical environment 
under any seep would be dominated by the composition of seepage. This evaluation shows that 
seepage water chemistry will dominate the chemical environment at sites where seepage occurs, 
based on mass balance considerations.  

1.1.2 Thermally-Modified Dust Composition Relative to Seepage Composition 

The potential for localized corrosion of the Alloy 22 waste package outer barrier resulting from 
contact with brines formed by deliquescence of soluble salts in dust was evaluated and excluded 
from the performance assessment (SNL 2008a, FEP 2.1.09.28.0A, Localized Corrosion on Waste 
Package Outer Surface Due to Deliquescence). As the repository cools, relative humidity 
increases and deliquescent brines become more dilute. Seepage becomes possible when the drift 
wall temperature decreases to the boiling point of water (100°C is used in the TSPA; SAR 
Section 2.3.3.3.4). From that point in time onward, any aqueous phase that persists on the waste 
package surface, whether it is derived from seepage or dust deliquescence, will rapidly (on the 
order of hours) equilibrate to the local temperature and relative humidity.  

In addition to contributing small quantities of soluble constituents, thermally-modified dust 
compositions are similar to potential seepage water compositions with respect to the molar ratio 
of chloride-to-nitrate. These thermally-modified dust compositions are not expected to 
significantly affect the potential for nitrate inhibition of initiation of Alloy 22 localized 
corrosion. 

The effect of thermal exposure on the soluble chloride and nitrate in various dust samples was 
presented by Peterman (2009, Slide 12). Except for one data point, the chloride-to-nitrate ratio 
was increased after heating; the chloride-to-nitrate molar ratios for thermally-modified samples 
consistently ranged from approximately 5 to 30. This range compares reasonably to the chloride-
to-nitrate ratios for the 34 pore waters that are used in the near-field chemistry model, which 
range from about 0.8 to 64, with a mean of 5.3.  

Both dust and seepage have been analyzed for performance assessment: dust deliquescence in 
FEP screening (SNL 2008a, FEP 2.1.09.28.0A) and seepage in the localized corrosion initiation 
analysis for the TSPA (SNL 2008b, Appendix O). To be significant to the performance of the 
repository, the mixture of dust and seepage must be more corrosive than either substance 
individually. However, there are no mixtures of thermally-modified dust and seepage that are 
more corrosive than either substance individually, due to the similarity of major chemical 
components of dust and seepage, and given the selection of group waters to represent the range 
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of brines that could be formed from partial evaporation of seepage (SAR Section 2.3.5.3.2.2.1). 
Therefore, it is appropriate to separately consider deliquescent dust chemistry and seepage 
chemistry when assessing the long-term performance of the Alloy 22 waste package outer 
barrier.  

Based on this comparison, and given the mass balance presented in Section 1.1.1, the potential 
effect of soluble dust content on the chloride and nitrate concentrations in seepage is within the 
sampled range. Accordingly, no significant impact would be expected if thermally-altered dust 
were considered in the modeling of in-drift seepage chemistry. 

1.2 EVALUATION OF THERMALLY-MODIFIED DUST ON FEP SCREENINGS 

This section evaluates the effect that thermally-modified dust would have on the screening 
justifications for the exclusion of the following FEPs: FEP 2.1.09.28.0A, Localized Corrosion on 
Waste Package Outer Surface due to Deliquescence; FEP 2.1.09.28.0B, Localized Corrosion on 
Drip Shield Surfaces Due to Deliquescence; FEP 1.1.02.03.0A, Undesirable Materials Left; and 
FEP 1.1.02.00.0A, Chemical Effects of Excavation and Construction in the Near Field. This 
discussion assumes that the results reported by Peterman (2008 and 2009) are representative of 
nitrate loss for repository conditions, because while the temperature and time of the experiment 
is repository-relevant, the closed conditions of the test oven are not.  

The cause of the decrease in soluble nitrate in tunnel dust samples is postulated by Peterman 
(2009, Slide 11) to be volatilization or sequestration of nitrate from reaction with organic matter 
in the dust. Tunnel dust samples that contain neoprene particles abraded from the conveyer belt 
used in tunnel construction are particularly impacted by nitrate loss. Neoprene (a polymer of 
chloroprene, C4H5Cl) degrades above 120°C, and as such is expected to significantly degrade at 
the 180°C exposure temperature used by Peterman (2009). Atmospheric dust outside the 
repository drifts (from cyclonic dust collectors) does not show the same extent of nitrate 
degradation (Peterman 2009, Slide 8). Also, some of the observed degradation is due to 
decomposition of ammonium nitrate, a known carrier compound for atmospheric nitrate 
(SNL 2007a, Section 6.1.2.3). The fate of nitrate in the experiments reported by Peterman is 
uncertain, but measurements do not indicate that it was reduced to soluble nitrite, increasing the 
likelihood that the nitrate was volatilized. 

Process controls exist that will limit materials remaining in the emplacement drifts. Because of 
the proximity to the waste packages in emplacement drifts, it is expected that the specific 
controls to be developed and applied to emplacement drifts will result in either prevention of 
deposition or removal of any undesirable materials from the postclosure emplacement drift 
system. 

1.2.1 Effect on Localized Corrosion 

The justification for excluding the potential for dust to affect localized corrosion has two parts, 
one addressing the Alloy 22 waste package outer barrier (FEP 2.1.09.28.0A) and the other 
addressing the titanium drip shields (FEP 2.1.09.28.0B). These two cases are discussed 
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separately because the materials perform differently with respect to localized corrosion in the 
presence or absence of nitrate. 

The justification for excluding dust deliquescent localized corrosion of the drip shields is 
unaffected by the potential decrease in nitrate because the corrosion performance of titanium 
does not depend on the presence of nitrate. Testing referred to in Features, Events, and 
Processes for the Total System Performance Assessment: Analyses (SNL 2008a, p. 6-713) 
indicates strong corrosion resistance in a variety of pure NaCl concentrations and temperatures, 
“consistent with significant localized corrosion margin even in absence of nitrate.” 

The potential effect of decreased nitrate on each of the five propositions in the FEP screening 
justification for the Alloy 22 waste package outer barrier (SNL 2008a, FEP 2.1.09.28.0A) is 
discussed below: 

(1) Can multiple-salt deliquescent brines form at elevated temperature?  When thermally-
modified dust is considered, the response becomes temperature-dependent, and 
changes from “yes” to “no” for temperatures over approximately 120°C. The effect of 
decreasing the amount of nitrate in dust by one or two orders of magnitude is to 
significantly lower the temperature at which deliquescence can occur. For example, 
without nitrate, a system composed of only Na-K-Cl cannot deliquesce at temperatures 
greater than 110°C, at the repository elevation. However, cooler temperatures 
generally inhibit localized corrosion initiation. 

(2) If deliquescent brines form at elevated temperature, will they persist? The response 
remains “sometimes” and the underlying processes are unaffected by a decrease of one 
component (nitrate). 

(3) If deliquescent brines persist, will they be corrosive? The response to this proposition 
could be adversely affected by decreased nitrate levels in dust, to the extent that nitrate 
inhibition is important. However, greater chloride-to-nitrate ratios do not ensure a 
corrosive environment with respect to Alloy 22, because initiation also depends on 
temperature and on other soluble species (e.g., carbonate also inhibits localized 
corrosion). Without specific information on the cause of this observed nitrate loss 
(beyond that of ammonium nitrate decomposition and reaction with organic 
compounds), the response to this proposition changes from “not expected” to 
“possibly” when thermally-modified dust is considered. 

(4) If deliquescent brines are potentially corrosive, will they initiate localized corrosion? 
The response to this proposition remains “no.” In fact, the justifications discussed in 
this portion of the FEP are potentially strengthened by the loss of soluble content. 
Decreased nitrate will further limit the quantity of deliquescent brine that can form, 
further reducing the likelihood of this brine being able to contact surfaces beyond the 
porous dust particles themselves, and reducing the ability to create or maintain a 
connection from anode to cathode. Reduced quantity of brine enhances this portion of 
the exclusion justification. 
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(5) Once initiated, will localized corrosion penetrate the waste package outer barrier? 
Response remains “no.” The limited quantity of soluble chloride in dust, even when 
including a possible contribution from organic degradation (e.g., neoprene), does not 
provide enough activity to sustain localized corrosion sufficient to penetrate the 
25-mm-thick waste package outer barrier. Removal of nitrate further limits the 
available brine volume. This justification is not dependent upon any particular quantity 
of nitrate to be present within the dust, leaving this screening justification unaffected 
or strengthened. 

The effects of decreased nitrate strengthen two of the screening propositions above (i.e., (1) and 
(4)), primarily due to a lower maximum temperature for deliquescence of the remaining salt 
assemblage, and reduced brine volume. Only proposition (3) above is adversely affected. 
Importantly, the stifling process of proposition (5), based upon a limited quantity of aggressive 
anionic species (i.e., chloride), is unaffected by decreased nitrate. Consequently, 
thermally-modified dust does not effect the exclusion of localized corrosion on the waste 
package outer barrier due to deliquescence. 

Peterman (2009, Slide 8) observes that the soluble chloride in leachates is also affected by 
heating of the dust, with an initial increase (likely from neoprene decomposition) followed by a 
consistent decrease. This is similar to other observed acid degassing that releases chloride 
(SNL 2007a, Sections 6.2.2 and 6.2[a]), which indicates that thermally-elevated conditions 
should not decrease the nitrate-to-chloride ratio any further than measured by Peterman. Also, 
ongoing loss of chloride from the system will further reduce the amount of soluble salt available 
for deliquescence, directly supporting the screening propositions (4) and (5) above. 

1.2.2 Other FEP Implications 

The screening justification for FEP 1.1.02.00.0A, Chemical Effects of Excavation and 
Construction in EBS (SNL 2008a, p. 6-26), provides a summary of the controls that will be used 
to ensure that construction material residues will be maintained at levels that have no significant 
adverse impact on postclosure performance. This screening justification itself refers directly to 
excluded FEP 2.1.09.28.0A, Localized Corrosion on Drip Shield Surfaces Due to Deliquescence, 
and excluded FEP 2.1.09.28.0B, Localized Corrosion on Waste Package Outer Surface Due to 
Deliquescence, both of which relate to deliquescent salts. Because there is no change to the 
conclusions of those FEP evaluations, there is no impact on this FEP justification. 

Similarly, the screening justification for FEP 1.1.02.03.0A, Undesirable Materials Left 
(SNL 2008a, p. 6-37), also summarizes the control processes that will be used to ensure that  
any unacceptable materials would be removed from the subsurface prior to closure and 
cross-references the screening justification for FEP 1.1.02.00.0A. In addition, SAR 1.3.6.1.3 
commits to the removal of noncommitted materials and an evaluation of repository performance 
caused by unintentional construction and operation materials, as reflected in the administrative 
Design Control Parameter 02-03 (SAR Table 1.9-9). As such, there is no impact on the  
screening justification for FEP 1.1.02.03.0A. 
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1.3 SUMMARY 

Dust residing on the surfaces of engineered barrier components will have a minimal effect on 
seepage water chemistry because there is not enough soluble content in the dust to have an effect 
on seepage chemistry of significant magnitude or lasting duration. Thermally-modified dust 
compositions fall within the expected range of seepage, with respect to their chloride-to-nitrate 
ratio. Evaluation of the potential effects from thermally-modified dust compositions on several 
FEP screening justifications shows that there is no significant impact on any of the justifications. 
As discussed in this response, the extent of the changes observed in the soluble composition by 
recent thermal testing of dust has no adverse consequence to repository performance. 

2. COMMITMENTS TO NRC 

None. 

3. DESCRIPTION OF PROPOSED LA CHANGE  

None. 

4. REFERENCES 

BSC (Bechtel SAIC Company) 2004. Seepage Model for PA Including Drift Collapse. 
MDL-NBS-HS-000002 REV 03. Las Vegas, Nevada: Bechtel SAIC Company. 
ACC: DOC.20040922.0008; DOC.20051205.0001.  

Peterman, Z.E. 2008. “Effects of Temperature on the Compositions of Soluble Salts in Dust at 
Yucca Mountain.” Presentation to the Nuclear Waste Technical Review Board, Las Vegas, NV. 
January 16, 2008. 

Peterman, Z.E. 2009. “Thermal Experiments on Atmospheric and Subsurface Dust at Yucca 
Mountain, Nevada.” Presentation to the Nuclear Waste Technical Review Board, Las Vegas, 
NV. January 28, 2009. 

SNL (Sandia National Laboratories) 2007a. Analysis of Dust Deliquescence for FEP Screening. 
ANL-EBS-MD-000074 REV 01 AD 01. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20070911.0004; DOC.20070824.0001; DOC.20080109.0005. 

SNL 2007b. Engineered Barrier System: Physical and Chemical Environment. ANL-EBS-MD-
000033 REV 06. Las Vegas, Nevada: Sandia National Laboratories. ACC: DOC.20070907.0003; 
LLR.20080328.0031. 

SNL 2007c. Abstraction of Drift Seepage. MDL-NBS-HS-000019 REV 01 ADD 01. Las Vegas, 
Nevada: Sandia National Laboratories. ACC: DOC.20070807.0001.  

SNL 2008a. Features, Events, and Processes for the Total System Performance Assessment: 
Analyses. ANL-WIS-MD-000027 REV 00. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20080307.0003; DOC.20080407.0009; LLR.20080522.0166. 
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SNL 2008b. Total System Performance Assessment Model /Analysis for the License Application. 
MDL-WIS-PA-000005 REV 00 AD 01. Las Vegas, Nevada: Sandia National Laboratories. 
ACC: DOC.20080312.0001; LLR.20080414.0037; LLR.20080507.0002; LLR.20080522.0113; 
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RAI: Volume 3, Chapter 2.2.1.3.3, First Set, Number 17: 

Quantitatively describe the intermediate-level output data ranges (pH, pCO2, 
nitrate-to-chloride ratio, and ionic strength) for the IDPS model and explain why 
those ranges are representative of the in-drift environment when compared to 
uncertainty and variability in the site characterization data.  Demonstrate that the 
values used in the TSPA compliance demonstration are consistent with the data 
output and uncertainty from the IDPS model.  Demonstrate that variations in the 
pH, pCO2, nitrate to chloride ratio, and ionic strength are appropriate to 
encompass uncertainty and variability in site characterization data. 

Basis: SAR Section 2.3.5.5.2 addresses data inputs to the IDPS model, and SAR 
Section 2.3.5.5.4 discusses TSPA implementation; however, no intermediate 
process-level data output is discussed.  Therefore, no uncertainty comparison can 
be made to site characterization data, and the reasonableness of the ranges of 
output data, such as nitrate-to-chloride ratio, cannot be considered. 

1. RESPONSE 

1.1 INTRODUCTION 

First, this response clarifies how the in-drift precipitates/salts (IDPS) model is used to obtain the 
in-drift seepage evaporation (IDSE) abstraction.  The response then explains how the IDSE 
abstraction is implemented in the total system performance assessment (TSPA) model, and 
where the values of water compositions used by the TSPA-LA model are generated. 

In order to demonstrate that the values used in the TSPA-LA model are consistent with the 
output and uncertainty of the IDSE abstraction, the results from a localized corrosion initiation 
(LCI) analysis for pH, ionic strength, chloride-to-nitrate ratio, and pCO2 at 1,000,000 years are 
analyzed and presented in Section 1.2, along with the IDSE abstraction values and uncertainties 
for ambient conditions.  

Further, in order to demonstrate that the ranges of pH, chloride-to-nitrate ratio, and ionic  
strength given by the IDSE abstraction are representative of the in-drift environment, the IDSE 
abstraction values and uncertainties are compared with the site characterization data in 
Section 1.3.   

The information this RAI is seeking is the results of the IDSE abstraction, which is based on the 
IDPS model.  Thus, discussion below focuses on the IDSE abstraction.  The IDPS model 
(SAR Section 2.3.5.5.3) developed in In-Drift Precipitates/Salts Model (SNL 2007a) is applied 
in Engineered Barrier System: Physical and Chemical Environment (SNL 2007b) to develop the 
IDSE abstraction (SAR Section 2.3.5.5.4 and SNL 2007b, Section 6.9).  The IDSE abstraction is 
presented in the form of lookup tables for use in the TSPA-LA model, together with uncertainties 
that are directly from the IDPS model.  Uncertainties are accounted for by adding sampled 
uncertainty values to the nominal values given by the lookup tables.  There are four  
groups of lookup tables, and each group corresponds to a starting water or water type (SAR 
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Section 2.3.5.3.2.2.1).  The inputs for the IDSE abstraction are temperature (T), partial pressure 
of CO2 (pCO2), water–rock interaction parameter (WRIP), and relative humidity (RH).  The 
outputs of the IDSE abstraction are pH, ionic strength, concentrations of Cl− and NO3

−, and the 
ratio of chloride-to-nitrate concentration.  More details of the IDSE abstraction and its 
relationship with the near-field chemistry (NFC) model are provided in Figure 1 in the response 
to RAI: 3.2.2.1.3.3-002.  

The IDSE abstraction is implemented in both the TSPA-LA model and with additional resolution 
and minor differences (identified in the remainder of this paragraph) in the LCI analysis.  In the 
TSPA-LA model, the IDSE abstraction is used to calculate the water chemistry in the invert.  In 
the LCI analysis, the same abstraction is used to calculate water chemistry at the surface of waste 
packages.  In the TSPA-LA model, the time histories of temperature and relative humidity for 
each percolation subregion are provided for a representative waste package, while in the LCI 
analysis, temperature and relative humidity are specified for each spatial location or node within 
each percolation subregion.  Also in the TSPA-LA model, dilution in the invert is limited to an 
upper relative humidity boundary, which is a function of T and pCO2, whereas in the LCI 
analysis dilution is unconstrained.  Thus, the LCI analysis produces higher-fidelity information 
regarding T, RH, pCO2, and WRIP over the horizontal plane of the repository.   

The IDSE abstraction is in the form of response surfaces.  Thus, the values used in the TSPA 
compliance demonstration (i.e., the IDSE outputs) are not available until the inputs for the IDSE 
(i.e., T, RH, pCO2, and WRIP) are determined; these inputs are calculated within the TSPA-LA 
model and the LCI analysis.  Because the LCI analysis produces higher-resolution results for T, 
RH, pCO2, and WRIP, outputs from the LCI analysis are used to produce the IDSE results 
presented in this response.  However, equivalent results could be obtained using inputs to the 
IDSE abstraction from the TSPA-LA model. 

1.2 RESULTS SUPPORTING COMPLIANCE DEMONSTRATION 

An updated version of the LCI analysis model has been developed to save the necessary results 
for this response.  For each of the 300 samples of epistemically uncertain parameters used in the 
TSPA-LA, data are recorded at 100 randomly selected nodes in each percolation subregion.  

Results at ambient conditions at the end of the simulation (i.e., t = 1,000,000 years) for pH, ionic 
strength, ratio of chloride-to-nitrate, and pCO2 vs. RH are presented.  Variations in these results 
between percolation subregions are minor.  Thus, only the results at percolation subregion 5 are 
presented.  Since the temperature difference between a commercial spent nuclear fuel (SNF) 
waste package and a co-disposal (CDSP) waste package is insignificant after 1,000,000 years, 
only the results for commercial SNF waste packages are presented and discussed.  Relative 
humidity applied in the TSPA-LA model does not go beyond the upper boundary.  According to 
Table 6.9-1 of Engineered Barrier System: Physical and Chemical Environment (SNL 2007b), 
this upper boundary for temperature of 30°C and pCO2 = 10−3 bars is 0.999921.  The figures and 
associated discussion of the results are similarly bounded. 
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1.2.1 pH Ranges 

Figure 1 shows pH values of seepage water at the surface of commercial SNF waste packages in 
percolation subregion 5 as a function of relative humidity at 1,000,000 years.  The figure shows 
that for Type 1 water, pH increases as it evaporates.  The pH range for Water Type 1 at ambient 
conditions is from 7.9 (when RH = 0.999921) to 9.6.  For Types 2, 3, and 4 waters, pH increases 
first as relative humidity decreases, and then decreases.  For Type 2 water, the range of pH is 
from 7.6 to 8.1.  For Type 3 water, the range is from 7.5 to 8.2, while for Type 4 water, it is from 
7.4 to 8.3.  Overall, the pH range is from 7.4 to 9.6 at ambient conditions.  

Also presented in this figure are values from the IDSE abstraction at ambient conditions 
(T = 30°C, pCO2 = 10−3 bars, and WRIP = 0).  The figure shows that the LCI analysis results fall 
within the uncertainty range of the IDSE abstraction.  

 
NOTE: Solid lines are the nominal values of pH for each water type at ambient conditions (T = 30°C, 

pCO2 = 10−3 bars, and WRIP = 0).  Dashed lines are the lower bounds, while double-dotted dashed lines 
are the upper bounds of pH for the four types of water at ambient conditions given by the IDSE 
abstraction. 

Figure 1. pH Values of Seepage Water at the Surface of Commercial SNF Waste Packages in 
Percolation Subregion 5 as a Function of Relative Humidity at t = 1,000,000 Years 
(see Figure A1 in Appendix A for details) 
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1.2.2 Range of Nitrate-to-Chloride Ratio 

Figure 2 shows the chloride-to-nitrate concentration ratio (molal/molal) in seepage water at the 
surface of commercial SNF waste packages in percolation subregion 5 as a function of relative 
humidity at t = 1,000,000 years.  As expected, this ratio is independent of relative humidity.  The 
range of chloride-to-nitrate ratio for Type 1 water is from 0.783 to 6.121.  For Type 2 water, the 
range is from 2.359 to 3.187.  Type 3 water has a high chloride-to-nitrate ratio, from 9.778 to 
64.128.  The ratio for Type 4 water is from 4.448 to 8.212.  

Also presented in Figure 2 are the uncertainty ranges of the IDSE abstraction for ambient 
conditions (T = 30°C, pCO2 = 10−3 bars, and WRIP = 0) for each water type.  The figure shows 
that the LCI analysis results span the whole range of the IDSE abstraction. 

 
NOTE: Dashed lines are the lower bounds, while double-dotted dashed lines are the upper bounds of chloride-to-

nitrate ratio for the four types of water at ambient conditions (T = 30°C, pCO2 = 10−3 bars, and WRIP = 0) 
given by the IDSE abstraction.  

Figure 2. Chloride-to-Nitrate Concentration Ratio (molal/molal) of Seepage Water at the Surface of 
Commercial SNF Waste Packages in Percolation Subregion 5 as a Function of Relative 
Humidity at t = 1,000,000 Years (see Figure A2 in Appendix A for details) 

It is noticeable that, for each water type, the chloride-to-nitrate ratio exhibits few discrete values.  
These are the sampled values from the discrete distributions for chloride-to-nitrate ratios 
specified by the IDSE abstraction (SAR Section 2.3.5.5.4.3).  
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1.2.3 Ranges of Ionic Strength 

Figure 3 shows the ionic strength of seepage water at the surface of commercial SNF waste 
packages in percolation subregion 5 as a function of relative humidity at t = 1,000,000 years 
given by the LCI analysis.  Among the four group waters, Type 1 water exhibits the lowest ionic 
strength, from 2.27 × 10−3 to 9.62 × 10−3 molal, while Type 2 water has the highest, from 
3.5 × 10−3 to 0.282 molal.  Type 3 water has a similar range as Type 2 water, from 3.67 × 10−3 to 
0.213 molal.  Type 4 water has a slightly higher ionic strength range than Type 1 water, from 
3.07 × 10−3 to 0.121 molal. 

Also presented in Figure 3 are values from the IDSE abstraction outputs at ambient conditions 
(T = 30°C, pCO2 = 10−3 bars, and WRIP = 0).  The figure shows that the results of LCI analysis 
fall within the uncertainty range of the IDSE abstraction. 

 
NOTE: Solid lines are the nominal values of ionic strength for each water type at ambient conditions (T = 30°C, 

pCO2 = 10−3 bars, and WRIP = 0) given by the IDSE abstraction.  Dashed lines are the lower bounds, 
while double-dotted dashed lines are the upper bounds of ionic strength for the four types of water at 
ambient conditions. 

Figure 3. Ionic Strength of Seepage Water at the Surface of Commercial SNF Waste Packages in 
Percolation Subregion 5 as a Function of Relative Humidity at t = 1,000,000 Years 
(see Figure A3 in Appendix A for details) 
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1.2.4  Ranges of pCO2 

Figure 4 presents pCO2 within drifts in percolation subregion 5 at 1,000,000 years.  Note that 
pCO2 is an output of the NFC model rather than an output of the IDSE abstraction (see Figure 1 
of the response to RAI: 3.2.2.1.3.3-002).   

The figure shows that, at 1,000,000 years, pCO2 at the waste package surface returns to ambient 
condition, i.e., 10−3 bars, with little variation (< 6%).  Type 1 water tends to yield higher pCO2 
than the other three waters.  This is because Type 1 water tends to have higher pH and alkalinity.  

 
NOTE: Dashed lines are the lower bounds, while double-dotted dashed lines are the upper bounds of partial 

pressure of CO2 for the four types of water at ambient conditions given by the NFC model.  

Figure 4. Partial Pressure of CO2 within Drifts in Percolation Subregion 5 as a Function of Relative 
Humidity at t = 1,000,000 Years (see Figure A4 in Appendix A for details) 

Also presented in Figure 4 are values from the IDSE abstraction outputs at ambient conditions 
(T = 30°C, pCO2 = 10−3 bars, and WRIP = 0).  The figure shows that the results of LCI analysis 
fall within the uncertainty range of the IDSE abstraction.  
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1.3 COMPARISON OF MODEL OUTPUTS WITH SITE CHARACTERIZATION 
DATA 

To demonstrate that the ranges of pH, chloride-to-nitrate ratio, and ionic strength given by the 
IDSE abstraction are representative of the in-drift environment, values from the IDSE abstraction 
(including uncertainties) for ambient conditions are compared with the site characterization data.  
Specifically, data from the 34 pore-water samples are used for this comparison.  

The 34 pore-water samples are described in detail in Section 6.6 of Engineered Barrier System: 
Physical and Chemical Environment (SNL 2007b); measurements are reported in Table 4.1-3 of 
that report.  Since not all of the chemical compositions are measured for all 34 pore-water 
samples (e.g., pH is measured for only 14 pore-water samples), geochemical model calculations 
were utilized to obtain the necessary information, such as pH, ionic strength, and water activity 
(at equilibrium which equals the relative humidity in the air).  

Note that, because pH was measured under laboratory conditions, pCO2 equals the atmospheric 
value (10−3.5 bars).  Within the repository, pCO2 is slightly higher than the atmospheric value 
(10−3 bars).  Chemical compositions of pore water under in situ conditions are of primary 
interest, and pCO2 has a strong impact on them.  In order to obtain the chemical compositions of 
these pore-water samples under in situ conditions, adjustments were made based on geochemical 
model calculations.  Geochemical model calculations are also used to obtain information not 
directly measured, such as water activity and ionic strength.  In these model calculations it is 
assumed that those pore-waters are in equilibrium with pCO2 = 10−3 bars.  Typically, under a 
higher pCO2, some amount of calcite is predicted to precipitate at this equilibrium point, and a 
positive adjustment (if pH is measured) by up to half of a pH unit was added.  Since the adjusted 
pH values are more representative of the in situ conditions, only the adjusted pH will be 
presented.  

1.3.1 Comparison of pH Values 

Figure 5 shows pH and water activities of the 34 pore-water samples along with the output of the 
IDSE abstraction.  The figure clearly shows that the 34 pore-water samples are well within the 
uncertainty ranges of the IDSE abstraction for ambient conditions.  In other words, the 
uncertainties in the site characterization data are well captured by the IDSE abstraction.  Since 
the pH ranges used in the TSPA-LA model, including the LCI analysis, are consistent with the 
IDSE abstraction, the pH variations and uncertainties in the site characterization data are also 
well captured by the values used in the TSPA-LA model.  
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NOTE: Solid lines are the nominal values of pH for each water type at ambient conditions (T = 30°C, 

pCO2 = 10−3 bars, and WRIP = 0).  Dashed lines are the lower bounds, while double-dotted dashed lines 
are the upper bounds of pH for the four types of water at ambient conditions given by the IDSE 
abstraction.  The larger symbols are the representative starting waters for the four water types. 

Figure 5. Comparison of pH and Water Activities of the 34 Pore-Water Samples with the Output of the 
IDSE Abstraction 

1.3.2 Comparison of Chloride-to-Nitrate Ratio 

Figure 6 presents the chloride-to-nitrate concentration ratios (molal/molal) and water activities of 
the 34 pore-water samples along with values from the IDSE abstraction.  This figure clearly 
shows that the uncertainties in the site characterization data are well captured by the IDSE 
abstraction.  In fact, the uncertainty in the chloride-to-nitrate ratios is explicitly based on the 
measured ratios in the 34 water samples, which are grouped for each of the four representative 
water types (see Section 1.2 and Figure 1 of response to RAI: 3.2.2.1.3.3-002).  The definition of 
the uncertainty by the data is indicated by the measured values that correspond to the upper and 
lower bounds for each water type in Figure 6.  As shown in the response to RAI: 3.2.2.1.3.3-001 
(Section 1.2), the 34 values include some with high chloride-to-nitrate ratios (>10, which are 
equivalent to very low nitrate-to-chloride ratios of <0.1), possibly in part due to microbial 
activity during core storage; the range is likely bounding with respect to pore-water nitrate-to-
chloride ratio, and therefore conservative with respect to corrosion of Alloy 22.  For relative 
humidity values above the salt precipitation relative humidity (e.g., all the “ambient” conditions 
shown in Figure 6), nitrate and chloride simply concentrate/dilute in evaporating/condensing 
solutions, and therefore the discrete distribution from the 34 water samples is used directly with 
no additional model uncertainty for the chloride-to-nitrate ratio (see Section 1.2 of response to 
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RAI: 3.2.2.1.3.3-002 and SAR Table 2.3.5-12).  Below the salt precipitation relative humidity 
value, additional uncertainty from the IDPS model is applied and allows further variation in the 
chloride-to-nitrate ratio (see Section 1.2 of response to RAI: 3.2.2.1.3.3-002).  Again, because 
the ranges of chloride-to-nitrate ratio used in the TSPA-LA model, including the LCI analysis, 
are consistent with the IDSE abstraction, the chloride-to-nitrate ratio variations and uncertainties 
in the site characterization data are well captured by the values used in the TSPA-LA model.  

 
NOTE: Dashed lines are the lower bounds, while double-dotted dashed lines are the upper bounds of chloride-to-

nitrate ratio for the four types of water at ambient conditions (T = 30°C, pCO −
2 = 10 3 bars, and WRIP = 0) 

given by the IDSE abstraction.  Those larger symbols are the representative starting waters for the four 
water types. 

Figure 6. Comparison of Chloride-to-Nitrate Concentration Ratios (molal/molal) of the 34 Pore-Water 
Samples (symbols) with the Output of the IDSE Abstraction 

1.3.3 Comparison of Ionic Strength 

Figure 7 compares ionic strengths and water activities of 34 pore-water samples with values from 
the IDSE abstraction.  This figure demonstrates that the uncertainties in the site characterization 
data are well captured by the IDSE abstraction, with only one sample of Water Type 1 slightly 
falling out the uncertainty range.  Because the ranges of ionic strength used in the TSPA-LA 
model, including the LCI analysis, are consistent with the IDSE abstraction, it is concluded that 
variations and uncertainties in ionic strength in the site characterization data are well captured by 
the values used in the TSPA-LA model. 
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NOTE: Solid lines are the nominal values of ionic strength for each water type at ambient conditions (T = 30°C, 

pCO2 = 10−3 bars, and WRIP = 0) given by the IDSE abstraction.  Dashed lines are the lower bounds, 
while double-dotted dashed lines are the upper bounds of ionic strength for the four types of water at 
ambient conditions.  

Figure 7. Comparison of Ionic Strength of 34 Pore-Water Samples with the Output of the IDSE 
Abstraction 

1.3.4 Comparison of pCO2 

In the geochemical model calculations, the 34 pore-water samples are assumed to be in 
equilibrium under a pCO2 of 10−3 bars.  Figure 4 shows that the NFC model yields a pCO2 range 
that captures this value for ambient conditions.  Thus, it is concluded that the data range of pCO2 
used in the TSPA-LA model is appropriate and captures the range of uncertainty and variability 
in the site characterization data.   

1.4 SUMMARY 

The values from the IDSE abstraction as used in the TSPA-LA model are consistent with the 
IDSE abstraction.  It has been demonstrated that uncertainties in the 34 pore-water samples from 
the site characterization data are well captured by the IDSE abstraction.  Therefore, the variations 
of those chemical conditions used in the TSPA-LA model are appropriate to capture uncertainty 
and variability in site characterization data. 
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2. COMMITMENTS TO NRC 

None. 

3. DESCRIPTION OF PROPOSED LA CHANGE  

None. 

4. REFERENCES  
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ACC: DOC.20070306.0037; LLR.20080401.0242; DOC.20080707.0001. 

SNL 2007b.  Engineered Barrier System: Physical and Chemical Environment.   
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DOC.20080724.0005; DOC.20090106.0001a. 
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ENCLOSURE 5 
 
Response Tracking Number:  00231-00-00 RAI: 3.2.2.1.3.3-017 

APPENDIX A 

HIGH-RESOLUTION VERSION OF FIGURES 1-4 

With 30,000 data points presented, Figures 1 through 4 are not easy to read.  Figures in this 
appendix present the same data, but in a different manner, to enhance their readability. 

 
NOTE: Solid lines are the nominal values of pH for each water type at ambient conditions (T = 30°C, pCO2 = 10−3 

bars, and WRIP = 0).  Dashed lines are the lower bounds, while double-dotted dashed lines are the upper 
bounds of pH for the four types of water at ambient conditions given by the IDSE abstraction. 

Figure A1. pH Values of Seepage Water at the Surface of Commercial SNF Waste Packages in 
Percolation Subregion 5 as a Function of Relative Humidity at t = 1,000,000 Years for Each 
Water Type (a) Water Type 1; (b) Water Type 2; (c) Water Type 3; and (d) Water Type 4 
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ENCLOSURE 5 
 
Response Tracking Number:  00231-00-00 RAI: 3.2.2.1.3.3-017 

 
NOTE: Dashed lines are the lower bounds, while double-dotted dashed lines are the upper bounds of chloride-to-

nitrate ratio for the four types of water at ambient conditions (T = 30°C, pCO2 = 10−3 bars, and WRIP = 0) 
given by the IDSE abstraction.  

Figure A2. Chloride-to-Nitrate Concentration Ratios (molal/molal) of Seepage Water at the Surface of 
Commercial SNF Waste Packages in Percolation Subregion 5 as a Function of Relative 
Humidity at t = 1,000,000 Years for Each Water Type (a) Water Type 1; (b) Water Type 2; 
(c) Water Type 3; and (d) Water Type 4 
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ENCLOSURE 5 
 
Response Tracking Number:  00231-00-00 RAI: 3.2.2.1.3.3-017 

 
NOTE: Solid lines are the nominal values of ionic strength for each water type at ambient conditions (T = 30°C, 

pCO2 = 10−3 bars, and WRIP = 0) given by the IDSE abstraction.  Dashed lines are the lower bounds, 
while double-dotted dashed lines are the upper bounds of ionic strength for the four types of water at 
ambient conditions. 

Figure A3. Ionic Strength of Seepage Water at the Surface of Commercial SNF Waste Packages in 
Percolation Subregion 5 as a Function of Relative Humidity at t = 1,000,000 Years for Each 
Water Type (a) Water Type 1; (b) Water Type 2; (c) Water Type 3; and (d) Water Type 4. 
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ENCLOSURE 5 
 
Response Tracking Number:  00231-00-00 RAI: 3.2.2.1.3.3-017 
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NOTE: Dashed lines are the lower bounds, while double-dotted dashed lines are the upper bounds of partial 

pressure of CO2 for the four types of water at ambient conditions given by the NFC model.  

Figure A4. Partial Pressure of CO2 within Drifts in Percolation Subregion 5 as a Function of Relative 
Humidity at t = 1,000,000 Years 
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