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7. Affected Pages / 8. Description of Change:
vii, viia Editorial changes to titles of Appeadies F and K — Title change to Appendix F was 2 DOE Comment
% Figure G-32 caption changed from “diffusion-into-blocks" to “diffusion-into-grains”
xxvi Added “Groundwater” 1o the beginning of the table titles fot Tables 6.5-5 and 6.5-6
Added “Groundwater” to the beginming of the tabje titlés for Tables G-8, G-9, and G-10. Also changad
“diffusion-into-blocks™ to “diffusion-into-grains” in title for Table G-11.
1-1 ‘BSC 2004 [DIRS 177390]" changed 1o 'SNL 2007 [DIRS 181650]".
1-3 *BSC 2004 [DIRS 177390]" changed to “SNL 2007 [DIRS 1£1650] and *BSC 2004 [DIRS 170042]" changed to ‘SNL
2007 [DIRS 1810061 g
6-3 Added note to Figure 6.1-1.
617 Centered Figure 6.1-10 and changed DTN and DIRs number for the LA FEP list. Changed “model report”
1o “analysis report”. Added a perjod after “table” (last word on page).
6-18. 6-19. 6-20 ‘BSC 2004 [DIRS 177390} changed to *SNL 2007 [DIRS 181650]" in Table 6.1-2 (numerous places). Also, one
i carriage return removed between table title and table on each page.
640 Subscripted and superscripted appropriate characters in the Zig'a.nd 37 columns of the header row of Table
6.3-2.
6-41 Moved the superscripted “@” {footnote) outside the parentheses in the Jast two rows of Table 6.3-3.
6-46 “BSC 2004 [DIRS 177390]" changed to *SNL 2007 [DIRS 181650]' in two places.
6-33 Changed “sentenes” to “sentences” - DOE comment
Changed iodide diffusion coefficient from 2.1 x 10° to 2.1 x 10” in Table 6.5-3. Also, extra header row
661 was removed from table, and “(kg)” was changed to *(g)” in the third-to-last row of table. The latter two
items were DOE Comments.
6-69 Added a comma after “flow porosity™ to avoid giving the impression that the flow porosity 15 equal 1o the
subsequent soream of numbers.
6-71 Changed what appeared to be an incomplete sentence to numbered item 3 - DOE comment. Also, removed
a space after “vq" and added a space after (=",
Moved “Groundwater” to beginning of Table 6.5-5 ritle and added “Seepage™ before “Velocites™ in both
6-72 the Table title and the header row of this table (inserted spaces in header row as well). Also, changed
footnote “a" to read .. .in SZ Flow and Transport Model Abstraction (SNL 2007 [DIRS 181650]).
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4. Title:

Saturated Zone In-Situ Testing

6-73

Added “Groundwater” to beginning of Table 6.5-6 title. Also, changed footnote “a” to read “...in SZ Flow
and Transport Model Abstraction (SNL 2007 [DIRS 181650]).” Broke sentence starting at bottom of page
6-73 (and ending on top of p. 6-74) into 2 sentences and made other editorial changes for clarity — This was
a DOE comment. One of the new sentences is the last sentence on p. 6-73. The other new sentence is the
first sentence on p. 6-75.

6-74, 6-75

There is no longer a sentence that continues from p. 6-73 onto p. 6-74. Also, the first sentence on p. 6-75 is
a new sentence that was part of the sentence that previously appeared at the bottom of p. 6-73 and ended on
top of p. 6-74.

6-76

Changed “diffusion into blocks” to “diffusion into grains”.

6-80

Changed “layers or blocks” to “layers or grains”.

7-3,7-9,7-12,7-13

‘BSC 2004 [DIRS 177390]’ changed to ‘SNL 2007 [DIRS 181650] (4 places). Changed the name for this report
on pp. 7-12 and 7-13. Also, removed extra carriage return at end of p. 7-13.

Removed citations to DIRS 170042 (old citation for SZ Flow and Transport Model Abstraction) and DIRS

8-3 170037 (old citation for SZ Site-Scale Flow Model).
314 Added new citations for SZ Flow and Transport Model Abstraction [DIRS 181650] and Particle Tracking
Model and Abstraction of Transport Processes [DIRS 181006].
8-25 Updated citation for LA FEP list.
Removed the “*” after “N/A” in the second column — there is no * in the footnote and an asterisk isn’t used
B-1 in the 3™ row or the last Tow. USW WT#1 changed to USW WT-1. Added the following wells to this table
that are now referred to in Appendix O: USW WT-10, UE-25 WT#12, USW G-1, USW G-2, USW G-3 and
GU-3, USW G-4, USW H-1, USW H-3, USW H-5, and USW H-6.
C-62 Changed the end of the second note to: “which consists largely of friction head loss, is known.”
C-66 ‘BSC 2004 [DIRS 170037]’ changed to ‘SNL 2007 [DIRS 177391}
D-2 Inserted “Figure” before “D-1".
D-19 Changed the ¢’s in the note from upper case to lower case.
Subscripted and superscripted appropriate characters in the 2" and 3™ columns of the header row of Table
D-29 D-1, and inserted spaces between the superscripted footnote designators and text in the other rows of this
table.
D-30 Slight reformatting of Table D-2. Also, inserted “Not Estimated” where there were blank table entries.
D-32 Inserted “Not Estimated” where there were blank table entries in Table D-3.
D-40, D-41 Inserted new figures with revised y-axis titles for Figures D-19, D-20, and D-21.
D-48, D-48a Replaced ¢D,,"*/b with % \/Di,n , which caused two lines to move to the next page (which is a new page).
D-54 Changed y-axis titles on both plots of Figure D-26.
¢ ] 12/t with @ §
D-63, D-64 Reformatted . \/Fm on p. D-63, and replaced ¢D,, "*/b with p \/E on p. D-64.
D-72 Moved text from between Figures D-31 and D-32 to bottom of this page.
D-73 Change bar indicates move of text to bottom of p. D-72
D-74 Changed y-axis title of Figure D-32 (inserted new figure).
¢
D-79 Reformatted ; D, -
D-82 ‘BSC 2004 [DIRS 170042]’ changed to ‘SNL 2007 [DIRS 1816507’
E-12. E-14. E-15 ¥nser.ted new figures for Figures E-6, E-8, ar}d E-9 so that axes titles would be consistent with other figures
’ ’ in this section. Also, added legend box to Figure E-9.
E-29 Appropriate characters superscripted in Diffusion Coefficient table header row.
E-32 In header row of Table E-7, abbreviated “Lithium Concentration” to “Lithium Conc.” to avoid the splitting

of Concentration into “Concentrat” and “ion”.
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E-43 Subscripted the “h” on Bh and italicized this term — to be consistent with subsequent tables containing
hydraulic aperture.
Replaced ¢D,,""*/b with Q / . This change caused the last two lines on the page to move to the next
E-47,E-47a P ¢ b D, g pag
page, which is a new page (E-47a).
E-58. F-62 Changed “Li" Retardation factor” to “Li" Matrix retardation factor” and also changed “Li" Partition
’ coefficient” to “Li" Matrix partition coefficient” in Tables E-16 and E-17.
Removed the superscripted “*” after “D,,” for Diffusion Cells. There is no corresponding footnote or
E-67 explanation for this symbol. Also, inserted a space between the “10” and the “b” in the superscripted
portion of the last column of the Lower Prow Pass (3) row (to be consistent with elsewhere).
Appendix F title Title changed from “Details of Hydraulic Testing and Test Interpretations at the Alluvial Testing Complex
PP page (ATC) and Nye County Site 22” to “Details of Hydraulic Testing and Hydraulic Test Interpretations in

Saturated Alluvium South of Yucca Mountain”.

F-1

Several changes to the first two paragraphs to include discussion of testing and test interpretations for Nye
County Site 22 — DOE comment

F-6, F-8, F-10, F-12

Subscripted the “w” of “Lw” in the notes of Figures F-4, F-6, F-8, and F-10.

F-37 Inserted a dash (-) between “north” and “northwest” — DOE comment
F-39, F-39a Added a footnoted definition of “bgs” to the bottom of Table F-1.
F-40 Removed the period after “20.5”.
Made several changes to Table F-3
- Changed “Linear Regression Parameters” to “Linear Regression Equations”
- In Row 3, removed all the asterisks (which were intended to be multiplication symbols but were not
F-43 necessary).
- In 5™ column of 3™ row, changed p; to p, (this was a typo).
- In first column, added “(a)” after “Slope” and “(c)” after “Intercept”.
- Made “pressure” and “zone” plural in the NOTE.
F-49 Removed “(for illustration purposes only)” from the figure caption — it is redundant with the NOTE.
F-53 Replaced “1”” with “I”” in %;.; — DOE Comment
F-59 Added spaces on either side of the equal sign. Also, made the “i”” after Equation F-39 italic.
F-60 The first few sentences of Sect.ion F6.7.1 have beep rewritten for better clarity, and a reference to “Figure
30” has been removed from this block of text — This was a DOE comment.
F-61, F-67, F-68 Added spaces on either side of equal signs. Also, change “S” to “s” on p. F-68
F-80 Inserted a “0” before “.2”.
Removed the extra “s” in front of “storativity” in the last line of the table note. Also, changed “m?/d” to
F-83 2/ q .
m°/day” in first line of table note.
Added spaces on either side of equal signs. Also, in last two sentences of Section F6.9, changed “based on
F-88 all four zone pumping” to “based on pumping all four zones in 22S”. Also, changed “test” to “tests” at the
end of the 2™ sentence.
F-90 Revised the figure so that there are no spaces between rectangles representing layers.
F-91 Changed “10.3 m/day” to “10.4 m/day” — DOE Comment
=97, F_?ng@g, F- Replaced Figures F-46 to F-49 to improve readability of axes and improve formatting.
G-3 Changed top figure on this page so that all lines are bold/dark — DOE Comment
G-6 Removed a row from this table that contained “Grain diameter in nonadvective layers”, which was always
listed as N/A — DOE Comment
G-9. G-12. G-13 Igserted “Insets show details of halide and FBA responses near their peak concentrations” in the notes to
’ ’ Figures G-3, G-5, and G-6 — DOE Comment(s)
G-19 Changed “a = 0" to “c = 0” — DOE Comment
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G-38 Added “, which” after “Equations G-7 to G-16” — DOE Comment
G-40 ‘BSC 2004 [DIRS 170042]’ changed to ‘SNL 2007 [DIRS 1816507

G-50, G-51, G-52,

Changed “3.1 to 12.4” to “3.0 to 12.2” on pages G-50 and G-54 — DOE Comment(s). Also, removed
hyphen from between “Groundwater” and “Velocity” in titles of Sections G4.4 and G4.5 on pp. G-52 and

G-54 G-54. On p. G-51, added “Groundwater” to beginning of titles of Tables G-8, G-9, and G-10, and also
changed footnote “a” for each of these tables to read “...in SZ Flow and Transport Model Abstraction (SNL
2007 [DIRS 181650]).”

G-57 Changed “22s” to “22S” — DOE Comment. Also, changed “blocks” to “grains” in several places, and

299

replaced ‘or “blocks’” with ‘(sometimes also referred to as “blocks”)’.

G-58, G-59, G-60,

Changed “blocks” to “grains” in numerous places — DOE comment noted inconsistent usage.

G-61
G-64 Added a space between the “12” and the superscripted “a” in the Longitudinal Dispersivity row of the table.
Removed an extra space before the first “20”, and also changed “m/d” to “m/day.” Also, added a comma
G-65 after “flow porosity” to avoid giving the impression that the flow porosity is equal to the subsequent stream
of numbers.
Changed iodide diffusion coefficient from 2.1 x 10° to 2.1 x 107 in Table G-13. Also, “(kg)” was changed
G-66 to “(g)” in the last row on the page. The latter item was a DOE Comment for Table 6.5-3 that also applies
here.
Changed “blocks” to “grains” and made “line” plural (“lines”) near bottom of page. The latter item was a
G-76
DOE Comment.
G-77 Changed “blocks” to “grains”.
G-81 Added “(continued)” at the end of the Table G-14 title — DOE Comment
G-91 Added “prior to time zero” at end of figure note.
Revised and clarified block of text to read: : “It can be shown that if advective transport times are long
relative to diffusion time scales, a nonsorbing solute will experience an effective physical retardation factor
equal to 1.0 plus the ratio of stagnant to flowing porosity in a system (Robinson 1994 [DIRS 1011541]).
G-96, G-96a Advective time scales are clearly longer than deduced times scales for diffusion (Table G-20) in the
alluvium under ambient flow conditions, so the range of porosity ratios of 0.3 to 1.9 translates to a range of
effective physical retardation factors of 1.3 to 2.9 in the alluvium.” — DOE Comment. Also, removed “(or
“blocks”)” and changed “blocks” to “grains” in last paragraph.
G-97 Changed “blocks” to “grains”.
G-100 Changed “untracerd water” to “untraced water” — DOE Comment
G-101 In the “Output DTN” footnote, changed “retardation factor” to “partition coefficients (K4 values)”.
G-105 Changed “blocks” to “grains”.
H-6 Changed “30,000 xg” to “30,000x g (at an acceleration 30,000 times that of gravity)”. Also, a colon was
added after “from” just before Equation H-1.
H-11 Inserted spaces before superscripted footnote designators in header row of table.
H-18 Reformatted the two equations on this page.
J-2 Inserted spaces before superscripted footnote designators in header row of table.
K-3 ‘BSC 2004 [DIRS 170037]" changed to ‘SNL 2007 [DIRS 177391]’in two places.
N-2 Used carriage returns in header row to move “zone” down to the second line in four of the columns
0-2. 025 Changed borehole designations of 4 WT wells, as necessary, to be consistent with the following
’ designations that appear in the TDMS: USW WT-10, UE-25 WT#12, UE-25 WT#14, UE-25 WT#17
Q-19 Added a space before “Derivative calculated” in figure note. Also, the “+” at the end of the second row of

the note was moved to the beginning of the third row.
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1. PURPOSE

The purpose of this scientific analysis is to document the results and interpretations of field
experiments that test and validate conceptual flow and radionuclide transport models in the
saturated zone (SZ) near Yucca Mountain, Nevada. The test interpretations provide estimates of
flow and transport parameters used in the development of parameter distributions for total
system performance assessment (TSPA) calculations. These parameter distributions are
documented in Site-Scale Saturated Zone Transport (SNL 2007 [DIRS 177392])), Saturated Zone
Colloid Transport (BSC 2004 [DIRS 170006]), and Saturated Zone Flow and Transport Model
Abstraction (SNL 2007 [DIRS 181650]).

Although this TWP was prepared before transition to the Lead Laboratory, it was considered
appropriate for developing this report, because it was prepared in compliance with
LP-2.29Q-BSC, Planning for Science Activities (a BSC procedure (predecessor)), which
corresponds to SCI-PRO-002, Planning for Science Activities (the Lead Laboratory procedure).
Specifically, this scientific analysis contributes the following to the assessment of the capability
of the SZ to serve as part of a natural barrier for waste isolation for the Yucca Mountain
repository system:

e The bases for selection of conceptual flow and transport models in the saturated
volcanics and the saturated alluvium located near Yucca Mountain.

e Results and interpretations of hydraulic and tracer tests conducted in saturated fractured
volcanics at the C-wells complex near Yucca Mountain. The test interpretations include
estimates of hydraulic conductivities, anisotropy in hydraulic conductivity, storativities,
total porosities, effective porosities, longitudinal dispersivities, matrix diffusion mass
transfer coefficients, matrix diffusion coefficients, fracture apertures, and colloid
transport parameters.

e Results and interpretations of hydraulic and tracer tests conducted in saturated alluvium
at the Alluvial Testing Complex (ATC) located at the southwestern corner of the Nevada
Test Site (NTS) and at Nye County Site 22, located just east of Fortymile Wash about
4.5 km northeast of the ATC (and about 13 km from the repository). The test
interpretations include estimates of hydraulic conductivities, storativities, total
porosities, effective porosities, longitudinal dispersivities, matrix diffusion mass transfer
coefficients, and colloid transport parameters.

e Comparisons of sorption parameter estimates for a reactive solute tracer (lithium ion)
derived from the C-wells field tracer tests and laboratory tests using C-wells core
samples.

e Sorption parameter estimates for lithium ion derived from laboratory tests using
alluvium samples from ATC well NC-EWDP-19D and from well NC-EWDP-22PC.
For the latter well, these estimates allow a comparison of laboratory- and field-derived
sorption parameters to be made for saturated alluvium (cross-hole tests were never
conducted at the ATC, so a similar comparison is not possible for that location).
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believed to be far removed from potential flow pathways from the repository
footprint). Also, Eh, pH, and redox couple data relevant to potential radionuclide
transport from Yucca Mountain are discussed in considerable detail in Impacts of

Solubility and Other Geochemical Processes on Radionuclide Retardation in the
Natural System - Rev 01 (BSC 2006 [DIRS 178672]).

— Comparisons of alluvium hydraulic parameter estimates and specific discharge
estimates to estimates obtained from the calibrated SZ site-scale flow model are
discussed in Saturated Zone Site-Scale Flow Model (SNL 2007 [DIRS 177391])
rather than in this analysis report.

— More software items are listed in Table 3-1 and used in this analysis than are listed in
Table 6 of the TWP.

The data and analyses documented in this report are used as scientific supporting information in
other Yucca Mountain Project reports including:

Saturated Zone Site-Scale Flow Model

Site-Scale Saturated Zone Transport

Saturated Zone Colloid Transport

Saturated Zone Flow and Transport Model Abstraction.

Figure 1-1 shows the relationship of this report to other analysis and model reports that pertain to
flow and transport in the SZ. Figure 1-1 also shows the flow of key information among the SZ
reports. It should be noted that Figure 1-1 does not contain a complete representation of the data
and parameter inputs and outputs of all SZ reports, nor does it show inputs external to this suite
of SZ reports. In addition to the SZ analysis and model reports in Figure 1-1, this analysis report
provides input (longitudinal dispersivity estimates from C-wells tracer tests) to Radionuclide
Transport Models Under Ambient Conditions (SNL 2007 [DIRS 177396]) and Particle Tracking
Model and Abstraction of Transport Processes (SNL 2007 [DIRS 181006]).

The bases for the conceptual models and the estimates of flow and transport parameters
presented in this scientific analysis are derived from tests conducted at only one location in the
saturated fractured volcanics (C-wells complex) and two locations in the saturated alluvium
(ATC and Nye County Site 22). Consequently, several other sources of information are used to
develop broader uncertainty distributions for flow and transport parameters in the TSPA for
license application (LA) analyses. The development and bases of these distributions are
documented in SZ Flow and Transport Model Abstraction (SNL 2007 [DIRS 181650]), where it
is shown that the overall parameter distributions used in the TSPA-LA analyses include
considerations of literature data, expert elicitation input, and peer review input. The only
uncertainty distribution presented in this report is one for the north-south/east-west anisotropy
ratio of horizontal hydraulic conductivity in the fractured volcanics (Section 6.2.6).

The SZ FEPs included in the TSPA-LA and supported by the results of this report are listed in
Table 6.1-3.
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Source: Based on Geldon 1993 [DIRS 101045], p 6, Figure 2.
NOTE: The repository footprint is subject to change and is shown for illustration purposes only.

Figure 6.1-1. Location and Surface Layout of the C-Wells Complex
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Figure 6.1-10. Schematic Diagram of NC-EWDP-22S, -22PA, -22PB, and -22PC Completions and Lithology. Red
rectangles within wells indicate screens into which tracers were injected during single-well and
cross-hole testing. The depths correspond to the tops and bottoms of sand packs (see text for tops
and bottoms of screens)

6.1.2 Features, Events, and Processes Supported by This Scientific Analysis

As stipulated in the TWP (BSC 2006 [DIRS 177375]), this analysis report addresses the SZ FEPs
pertaining to saturated zone in-situ testing included in TSPA-LA (Table 6.1-3). Table 6.1-3
provides a list of FEPs relevant to this model analysis in accordance with their assignment in the
LA FEP list (DTN: MO0706SPAFEPLA.001 [DIRS 181613]). Specific reference to the various
sections within this document where issues related to each FEP are addressed is provided in the
table.
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Table 6.1-3. Features, Events, and Processes Included in TSPA-LA and Relevant to This Report

Sections Where Disposition | FEP Topic Addressed in Other
FEP No. FEP Name Is Supported SZ Analysis or Model Reports
1.2.02.01.0A  |Fractures Flow in fractures is addressed |Upstream Feeds®-N/A. Expanded
throughout Section 6.2 and Discussion® —
Appendix C. Transport in BSC 2004 [DIRS 170014].
fractures is addressed Corroborating® —
throughout Section 6.3 and SNL 2007 [DIRS 174109];
Appendix D. Also, discussion |gNL 2007 [DIRS 177392];
of lab transport studies in SNL 2007 [DIRS 177391];
fractures is provided in SNL 2007 [DIRS 181650]
Appendix E (Section E3.2).
1.2.02.02.0A |Faults The influence of faults (or the  |Upstream Feeds®-N/A
potential influence of faults) on | Expanded Discussion® —
flow in the saturated volcanics
is discussed in Sections SNL 2007 .
6.1.1.1,6.2.3,6.2.4, 6.2.7, 5, |[DIRS 174109]Corroborating” —
and C6.2. SNL 2007 [DIRS 177392];
SNL 2007 [DIRS 181650]
2.2.03.01.0A |Stratigraphy Hydrologic settings (including  |Upstream Feeds®- N/A
stratigraphy) for the hydraulic | Expanded Discussion® -
and tracer tests in the fractured |SNL 2007 [DIRS 174109];
volcanics and in the alluvium SNL 2007 [DIRS 177391].
are discussed in Sections .
6.1.1.1and 6.1.1.2, Corroborating” —
respectively. SNL 2007 [DIRS 181650];
BSC 2004 [DIRS 170014]
2.2.03.02.0A |Rock properties of host rock |Rock properties as they relate  |Upstream Feeds®N/A
and other units to flow and transport are Expanded Discussion® —
addressed in many places SNL 2007 [DIRS 174109]];
throughout Sections 6.1.1, 6.2 |gNL 2007 [DIRS 177391].
through 6.5, and in Appendices .G
C through H. Corroborating” —
SNL 2007 [DIRS 177391];
SNL 2007 [DIRS 181650]
2.2.07.12.0A |Saturated groundwater flow in |Saturated groundwater flow in |Upstream Feeds®-N/A.
the geosphere the fractured volcanics is Expanded Discussion® —
addressed in Section 6.2 and SNL 2007 [DIRS 177391].
Appendix C. Saturated Corroborating® —
e oy |SNL 2007 DIRS 177351 850
Section 6.4 and Appendix F. 2004 [DIRS 170015]; BSC 2004
[DIRS 170014]; SNL 2007
[DIRS 181650]
2.2.07.13.0A |Water-conducting features in |Geologic features affecting flow |Upstream Feeds®-N/A.
the SZ in the fractured volcanics are | Expanded Discussion® —
addrgssed in Section 6.1..1 A, SNL 2007 [DIRS 177391];
Section 6.2, and Appendix C. SNL 2007 [DIRS 181650].
Geologic features affecting flow Corroborating® —
in the alluvium are addressed in
Section 6.1.1.2, Section 6.4 and | BSC 2004 [DIRS 170014]
Appendix F.
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Table 6.1-3. Features, Events, and Processes Included in TSPA-LA and Relevant to This Model Report

(Continued)
Sections Where Disposition | FEP Topic Addressed in Other
FEP No. FEP Name Is Supported SZ Analysis or Model Reports
2.2.07.15.0A  |Advection and dispersion in Advection and dispersion Upstream Feeds®-N/A
the SZ effects on transport in the Expanded Discussion® —

fractured volcanics are SNL 2007 [DlRS 177392];
discussed throughout SNL 2007 [DIRS 181650].
Section 6.3 and Appendix D, .G
and they are discussed for the Corroborating — .
alluvium throughout Section 6.5 SNL 2007 [DIRS 177391];
and Appendix G. Scale BSC 2004 [DIRS 170015]
dependence of dispersion in the
fractured volcanics is
addressed in Section E4.1.

2.2.07.17.0A |Diffusion in the SZ Molecular diffusion processes |Upstream Feeds®-N/A
in the volcanics are addressed | Expanded Discussion® —
in Section 6.3 and in several SNL 2007 [DIRS 181650];
places in Appendices D and E. |gNL 2007 [DIRS 177392].
In Section 6.5 and Appendix G, .G
molecular diffusion is discussed | Corroporating” - )
for the alluvium, but it was ggg 3883 {B:Eg 1;888‘61%
concluded that it did not have a
maijor effect on transport in the
alluvium.

2.2.08.08.0A |Matrix diffusion in the SZ The effects of matrix diffusion  |Upstream Feeds®-N/A
on transport in the volcanics are Expanded Discussion® —
discussed in Section 6.3.2 and SNL 2007 [D|RS 181650];
n SeCtIOI?S D4. and E4.2. SNL 2007 [D|RS 177392]'
Observations and L
parameterizations of matrix Corroborating” — .
diffusion in the volcanics are BSC 2004 [DIRS 170014];
addressed in several places in BSC 2004 [DIRS 170006]
Section 6.3 and Appendices D
and E. Matrix diffusion in the
alluvium is discussed in
Sections 6.5.2, 6.5.4 and in
Appendix G, but it was
concluded that matrix diffusion
did not have a significant effect
on transport in the alluvium.

2.2.08.09.0A |Sorption in the SZ Sorption in the SZ is addressed |Upstream Feeds®-N/A

in Sections 6.3.4, 6.3.5, 6.3.6,
and 6.5.6. Itis also addressed
in detail in the following
appendix sections: D4, E1, E3,
H1, and H2. The material in
Sections 6.3 and D4 address
field-scale observations of
sorption, and the material in the
other sections addresses
laboratory observations of
sorption of sorbing tracer used
in the field tracer tests.

Expanded Discussion® —

SNL 2007 [DIRS 177392];
SNL 2007 [DIRS 181650].

Corroborating® —

None (This analysis is
corroborating to the two reports
above that contain expanded
discussions).
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Table 6.1-3. Features, Events, and Processes Included in TSPA-LA and Relevant to This Model Report

(Continued)
Sections Where Disposition | FEP Topic Addressed in Other
FEP No. FEP Name Is Supported SZ Analysis or Model Reports
2.2.08.10.0A |Colloidal transport in the SZ | Colloid transport in the Upstream Feeds®-N/A
volcanics is addressed in Expanded Discussion® —
Section D4. Colloid BSC 2004 [DIRS 170006];
detachment rates in the SNL 2007 [DIRS 181650].
alluvium are addressed in Corroborating®
Section G4.6. Colloid- -
facilitated transport of SNL 2007 [DIRS 177392]
radionuclides is not directly
addressed in this report.
2.2.12.00.0B |Undetected features in the SZ |Undetected features are Upstream Feeds®-N/A
indirectly addressed in the Expanded Discussion® —
discussion of anisotropy in SNL 2007 [DIRS 177391].
horizontal hydraulic conductivity c boratina®
in the fractured volcanics in Bgréozgéi IrlljglR—S 1700141-
Sections 6.2.6, C6.2, and C6.3. | o~ 20014 [DIRS 1816501'
Flow anisotropy may be the [ ]
result of undetected features
such as fracture sets or faults.

@ Upstream Feeds — Aspects of the SZ FEP screening position adopted in this report are a result of SZ analyses
performed in a directly upstream SZ model or analyses.

b Expanded Discussion — The FEP topic is addressed in more detail in an SZ analysis or model report.
¢ Corroborating — Corroborative aspect(s) of the FEP topic is (are) discussed in an SZ analysis or model report.
FEP=feature, event, and process; SZ=saturated zone.

6.2 HYDROLOGIC PROPERTIES OF FRACTURED TUFFS (C-WELLS COMPLEX)

6.2.1 Introduction

This section of the report (1) summarizes the hydraulic tests conducted at the C-wells complex
and the interpretive analyses performed on the test data; (2) discusses the implications of the test
interpretations, including implications for conceptual understanding of groundwater flow in the
fractured volcanics, hydrologic parameter estimates, and horizontal flow anisotropy in the
fractured volcanics; and (3) discusses the uncertainties and limitations associated with the
hydrologic properties determined from the test analyses.

6.2.2 Summary of C-Wells Hydraulic Testing to Determine Hydrologic Properties

Table 6.2-1 summarizes the hydraulic testing conducted at the C-wells complex over a
fifteen-year period. Aquifer storativities and transmissivities were estimated primarily from
water-level drawdowns measured in observation wells as a function of pumping time of a
production well (i.e., drawdown curves) in the last five tests listed Table 6.2-1. The other tests
listed in Table 6.2-1 provided valuable information on flowing intervals within each well; some
of this information was used to convert aquifer transmissivity estimates to hydraulic conductivity
estimates for flowing intervals. Details of hydraulic testing at the C-wells, especially the tests
listed in the last four rows of Table 6.2-1, are provided in Appendix C.
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Table 6.3-2. Ratios of Observed Tracer Arrival Times and Distances Squared, as well as Apparent Flow
Anisotropy Ratios, for C-Wells Nonsorbing Tracer Tests

Timecw/ r el
Tests (Injection Well) Timecso-cas” L ctz-c#3 Anisotropy Ratio ®
Bullfrog: PFBA (c#2) and iodide (c#1)° 6 8.5 1.42
Bullfrog: 2,6-DFBA (c#2) and pyridone (c#1)° 11 8.5 0.77
Prow Pass: iodide and 2,4,5-TFBA (c#3) 10 8.3 0.83
and 2,3,4,5-TeFBA (c#1)°

Sources: DTNs: GS010508312315.001 [DIRS 155860]; GS990208312315.001 [DIRS 159238];
LAO007PR831231.001 [DIRS 156043] (data); Borehole separation distances taken from Table 6.1-1.

Output DTN: LA0303PR831231.005.

NOTE: Because the borehole separation distances are unqualified data, the anisotropy ratios are provided for
information purposes only. The uncertainties in the anisotropy ratios are quite large because vertical tracer
transport distances, which were not accounted for in the calculations, could have been comparable to or
even greater than the horizontal travel distances between the boreholes.

NOTE: c#1, c#2, and c#3 are abbreviations for Boreholes UE-25 c#1, UE-25 c#2, and UE-25 c#3. r2is the
distance squared between injection and production wells.

2 Timeew and ri% are the time and distance, respectively, between c#1 and the production well (either c#2 or c#3,
depending on the test), and Timecs-cx3 and N 2eo-c3 are the time and distance, respectively between c#2 and c#3.
Columns 2 and 3 give the ratios of these times and distances. Ratio is for c#1 to production well direction divided
by c#2 to c#3 direction. For the anisotropy ratio, a value greater than 1.0 indicates that the c#1 to production well
direction is the preferred flow orientation.

® Both tests conducted with 2.5% to 3.5% recirculation into injection well. Peak tracer arrivals compared.
¢ Both tests conducted with no recirculation. First tracer arrivals compared.

4 c#3-to-c#2 test conducted with 30% recirculation; c#1-to-c#2 test conducted with no recirculation. Peak tracer
arrivals compared.

DFBA= difluorobenzoic acid; PFBA= pentafluorobenzoic acid; TeFBA= tetrafluorobenzoate; TFBA= trifluorobenzoic
acid.

The ratios of tracer arrival times and 7 * values are in reasonably good agreement in all three
cases, with apparent flow anisotropy ratios (c#1 to production well direction divided by c#2-c#3
direction) varying from 0.77 to 1.42. These relatively small ratios suggest that flow anisotropy at
the scale of the C-wells may be relatively small despite the apparent orientation of the fracture
network in the general direction of c#1 to c¢#2 (Geldon 1993 [DIRS 101045], pp. 43 to 51). The
apparen