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1. PURPOSE

The purpose of this Analysis/Model Report (AMR) is to describe the methods used to determine
hydrologic properties based on the available field data from the unsaturated zone at Yucca
Mountain, Nevada. This is in accordance with the AMR Development Plan (DP) for U0090
Analysis of Hydrologic Properties Data (CRWMS M&O 1999¢c). Fracture and matrix properties
are developed by compiling and analyzing available survey data from the Exploratory Studies
Facility (ESF), Cross Drift of Enhanced Characterization of Repository Block (ECRB), and/or
boreholes; air injection testing data from surface boreholes and from boreholes in the ESF; in-situ
measurements of water potential; and data from laboratory testing of core samples.

The primary objective of this work activity is to provide representative estimates of fracture and
matrix properties for use in the inversion process in the AMR documenting the calibrated
properties model and fracture spacing for generating dual-permeability grids as documented in an
AMR describing development of numerical grids for unsaturated zone (UZ) flow and transport
modeling. The resulting calibrated property sets and numerical grids from these other AMRs will
be used directly in the Unsaturated Zone Flow and Transport Process Model (UZ Model).

The fracture and matrix properties developed in this AMR include:

« Fracture properties (frequency, permeability, van Genuchten o and m parameters,
aperture, porosity, and interface area) for each UZ Model layer

« Matrix properties (porosity, permeability, and van Genuchten o and m parameters) for
each UZ Model layer

¢ Thermal properties (grain density, wet and dry thermal conductivity, grain speciﬁc heat,
and tortuosity coefficients) for each UZ Model layer

 Fault properties for each major hydrbgeologic unit.

These properties incorporate the available measurement data, as applicable, to determine base
estimates of fracture and matrix properties. Another objective is to use field data from liquid
release testing in the ESF and other relevant data to confirm these properties and provide bounds
-on property values. ‘

Caveats, constraints, and limitations are that the fracture permeability, van Genuchten fracture o
and m, matrix permeability, and van Genuchten matrix o and m reported here are uncalibrated and
serve only as initial estimates for the calibration process. These values should not be used directly
in the UZ or other models. Also, these properties as well as the other properties are intended for
use in the UZ Model and, thus, were developed to be applicable to the conceptual model
assumptions and scale of the UZ Model. These properties are also limited by the available site
data as discussed in this AMR and in the documentation accompanying the data submittal to the
Technical Data Management System (TDMS).

' ANL-NBS-HS-000002 REVO0 o 1n o e ... - March 2000



U00%0

Title: Analysis of Hydrologic Properties Data

INTENTIONALLY LEFT BLANK

' ANL-NBS-HS-000002 REV00 12

.. ... March 2000



Title: Analysis of Hydrologic Properties Data- Beoo : L U009

2. QUALITY ASSURANCE

This AMR was developed in accordance with AP-3.10Q, Analyses and Models. Other applicable -
Department of Energy (DOE) Office of Civilian Radioactive Waste Management (OCRWM)
Administrative Procedures (APs) and YMP-LBNL Quality Implementing Procedures (QIPs) are
identified in the AMR Development Plan for U0090 Analysis of Hydrologic Properties Data,

Rev 00 (CRWMS M&O 1999c).

The activities documented in this AMR were evaluated with other related activities in accordance
with QAP-2-0, Conduct of Activities, and were determined to be subject to the requirements of
the U.S. DOE Office of Civilian Radioactive Waste Management (OCRWM) Quality Assurance
Requirements and Description (QARD) (DOE 1998). This evaluation is documented in CRWMS
M&O (19992, 1999b) and Wemheuer (1999) (Activity Evaluation for Work Package WP
1401213UM1).

" ANL-NBS-HS-000002 REV00 13 . .. . March2000
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3. COMPUTER SOFTWARE AND MODEL USAGE

All software used for this work activity is either a routine or standard spreadsheet program. These
routines have been qualified per AP-S1.1Q, Rev.1, ICN 0, Sofiware Management. Table 1 lists the
routines and the accession numbers (ACC) documenting their qualification.

Table 1. Software Rouiines Used

Routine ACC
Read_TDB, Version 1.0 MOL. 19990903.0031
) MOL. 20000104.0304
frac_calc, Version 1.1 ) MOL. 19990903.0032
CAPFIT, Version 1.0 MOL. 19990903.0033

~

The documentation for these routines have been submitted to the Records Processing Center
(RPC) and are also included as Attachment IV. Standard spreadsheet programs (Excel 97 SR-1)
were also used but are not subject to software quality assurance requirements. The use of these
routines is documented in the corresponding scientific notebooks. No models are used in this
analysis.

" ANL-NBS-HS-000002 REV00 15 .. March2000
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4. INPUTS

Fracture properties are developed by compiling and analyzing available fracture survey data from
the ESF, ECRB Cross Drift, and boreholes and from air injection testing data within vertical
boreholes and ESF alcoves. Matrix properties are determined by combining core and small-scale
measurements with in-situ water potential data. These properties are assigned to UZ Model layers
using the delineation of lithostratigraphic units developed in the AMR Development of Numerical
Grid for UZ Flow and Transport Modeling (CRWMS M&O 1999d). Effective properties are
determined by computing geometric means, standard deviations, and standard errors for each UZ
Model layer for each property. Fracture porosities are determined based on the analyses of
drift-scale gas tracer data from the ESF. When no data for a specific layer are available, analogs
are identified and used to assign properties. Field testing data from the ESF are used to confirm-
the magnitude of parameters by establishing appropriate bounds for values. -

4.1 DATA AND PARAMETERS )
The key input data used in the property set development include the followmg

¢ Detailed Line Survey (DLS) fracture data from the ESF North and South Ramps, Main
Drift, and ECRB Cross ant that provrde spatially varying frequency, length and fracture
dlps and strikes

¢ Fracture frequency data from boreholes

. Au-mjecuon testing - data from vertical boreholes that prov1de fracture permeability
estimates

¢ Air-injection and gas tracer data from the Upper Tiva Canyon Bow Rldge fault, and
Upper Paintbrush Contact Alcoves, the Single Heater Test (SHT) area, and the Drift
Scale Test (DST) area that provide fracture permeability and porosity estimates

¢ Liquid release and air-injection data from the ESF niches that provrde fracture
permeabihty and porosxty estimates :

 Measured properues from core samples mcludmg effecuve porosity, bulk density,
porosity, particle density, volumetric water content, saturation, water potenual saturated
hydraulic conductmty, mamx van Genuchten a and m values, and resrdual saturation

« In-situ water potenuals from instrumented boreholes
¢ Thermal properties by lithostrati graphic unit deireloped from small-scale measurements

Speclﬁc input data sets and the associated Data Trackmg Numbers (DTNs) are provided in
Table 2. Reports documenting past work related to UZ fracture and matrix properties for the
Project are listed in Section 8.5, as a supporting bibliography. This bibliography is for information
only, and this AMR does not directly rely on any of the listed documents.

'ANL-NBS-HS-000002 REV00 217 o ... March 2000
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Table 2. Data Tracking Numbers for Input Data Used

DTN

Data Description

‘GS000399991221.004

Matrix sa:uratlon, water potential and hydrologic
property data

GS950208312232.003 _

ANL-NBS-HS-000002 REV00

In-situ water potential data for borsholas USW
GS951108312232.008 NRG-6, USW NRG-7a, USW SD- 12 UE-25 UZ#4 &
i USW UZ-Ta
(3S960308312232.001
.| GS960808312232.004 =
GS970108312232.002
GS970808312232.005 . ‘
GS971108312232.007
‘1 G5980408312232.001 : : .
GS960908312232.012 Air permeablluy data from vertical boreholss
GS960908312232.013
GS970183122410.001 Air permeablhty data from Alcoves 1,23
'LB960500834244.001 Alr injection and permeability data - SHT area:
LB970600123142.001 Air injection and permeability data - DST area
L8989120123142.004 , : ‘
LB980120123142.005 L
1LB980001233124.002 Pre-excavation air permeability data from Niches 1
- ‘ and 2
LB980201233124.001 Pre-sxcavation air parmeab‘hty data from Niches 3
: and 4 )
LB980912332245.002 Air-injection , tracer test and fracture porosity data
GS971108314224.020 Fracture type (locatlon. stnke. dlp. Iength) Sta. 0+60
B to 4400
GS971108314224.021 Fracture type (location, strike, dip, length) Sta. 4+00
: ' to 8+00
-GS971108314224.022 Fracture type (locatlon. smka. dip, Iength) Sta. 8+00
to 10400
GS971108314224.023 Fracture type (locatton. stnke, dip, Iength) Sta. 10400
, . S to 18+00 :
(GS971108314224.024 Fracture type (Iocatton, stnke. dip, Iength) Sta. 1B+00
L . t0 26+00
GS971108314224.025 Fracture typs (Iocauon, strike, dip, Iength) Sta. 26+00
) to0 30+00 _
GS960708314224.008 Fracture type (location, strike, dip, Ieng‘th) Sta 30+00
. , : to 35+00
GS960808314224.011 Fracture type (location, strike, dip, length) Sta. 35+00
B 10 40400 -
GS960708314224.010 Fracturs type (locatnon, smke. dip, length) Sta 40+00 '
A t0 45400
‘18
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Table 2. Data Tracking Numbers for Input Data Used (Cont.)

DTN ' Data Description -
GS971108314224.026 Fracture type (location, strike, dip, length) Sta. 45+00
o . | to 50+00 i 4
GS960908314224.014 Fracture type (location, strike, dip, length) Sta. 50+00
to 55+00 .
GS$971108314224.028 Fracture type (location, strike, dip, length) Sta. 55+00
to €0+00 )
GS$870208314224.003 Fracture type (location, strike, dip, length) Sta. 60+00
o . to 65400 .
GS970808314224.008 Fracture type (location, strike, dip, length) Sta. 65+00
' to 70+00
GS970808314224.010 Fracture type (location, strike, dip, length) Sta. 70+00
A to 75+00 :
GS970808314224.012 Fracture type (location, strike, dip, length) Sta. 75+00
to 78+77
GS960908314224.020 Fracture type (location, strike, dip, length) Sta. 4+00
to 28+00, Alcoves 3 & 4
GS860908314224.018 Fracture type (location, strike, dip, length) Alcove 5
GS970808314224.014 Fracture type (location, strike, dip, length) Alcove 6
GS990408314224.001 Fracture type (location, strike, dip, length) and
GS990408314224.002 lithostratigraphic contacts for ECRB Cross Drift
GS981108314224.005
GS970408314222.003 Fracture Frequency data of 15 model units from 14
borehole locations in the Yucca Mountain vicinity
GS970308314222.001 Fracture Type data from outcrop survey of Calico Hills
Formation :
GS930608312332.001 .| Fracture Type data on line surveys in the Bullfrog
GS930608312332.002 Member of the Crater Flat Tuff from (1) Raven Canyon
: and (2) east side of Little Skull Mountain in Yucca
_ Mountain Area
TM000000SD12RS.012 Fracture frequency - SD-12
SNF29041893002.084 Fracture frequency - NRG-7a
SNT05071897001.012 Thermal conductivity, grain specific heat
LB980901233124.003 ESF seepage test data
MOg301MWDGFM31.000 | Geologic Framework Model
GS990883122410.002 Ghost Dance fault permeability
4.2 CRITERIA

At this time, no specific criteria (e.g., System Description Documents) have been identified as
applying to this analysis activity in project requirements documents. However, this AMR
provides information required in specific subparts of the proposed U.S. Nuclear Regulatory
Commission rule 10 CFR 63 (see Federal Register for February 22, 1999, 64 FR 8640). It
supports the site characterization of Yucca Mountain (Subpart B, Section 15), the compilation of

ANL-NBS-HS-000002 REV00 19 o ' ‘March 2000
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information regarding the hydrology of the site in support of the License Application (Subpart B,
Section 21(c)(1) (ii)), and the definition _pf hydrologic parameters used in performance assessment
(Subpart E, Section 114(1)). '

The DOE interim guidance (Dyer 1999), requiring the use of specified subparts of the proposed
NRC high-level waste rule, 10 CFR Part 63 (64 FR 8640), was released after completion of the
work documented in this AMR; it has no impact on this work activity. ' '

43 CODES AND STANDARDS |

No specific formally established standards have been identified as applying to this analysis
activity. - o N

ANL-NBS-HS-000002 REV00 20 s+ March2000
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v §5. ASSUMPTIONS
This section documems the major assumphons made to determine hydrologlc propemes based on
data available from the unsaturated zone of Yucca Mountain.

1. The subsurface heterogeneny of the unsaturated zone of Yucca Mountain is adequately
represented by a number of model layers, each of which is assumed to have uniform
hydrologic properties. This is based on the following considerations. First, the overall

“behavior of flow and transport processes in the unsaturated zone of Yucca Mountain is

- mainly determined by relatively large-scale heterogeneities introduced by stratification of

* the tuffs. Second, the complexity of a heterogeneity model needs to be consistent with the

.+ data avmlablhty More complicated models generally introduce larger degrees of

. uncertainty in rock property estimations when data are limited. This is because more
complicated models correspond to larger numbers of variables. Third, this layered

- approach is supported by field observations, such as matrix water saturation distributions.

For a given geologic unit, measured matrix saturation distributions are very similar from

- different borcholes (Flint 1998, pp. 24-30, Figures 5-9), indicating that matrix flow
behavior and effective hydraulic properties should be similar within the unit. A further
discussion on this assumption is provided in an AMR describing conceptual and
numerical models for UZ flow and transport. Based on the above reasoning, no
confirmation is needed for this assumption.

2. Another major assumption is that van Genuchten (1980, pp. 892-898) relationships,
\_/ : originally developed for porous media, can be used as constitutive relations for the active
fracture continuum. Not all connected fractures are active in conducting liquid water in
the unsaturated zone of Yucca Mountain (Liu et al. 1998, pp. 2638-2641). The active
fracture continuum consists of fractures that actively conduct liquid water. The use of van
Genuchten relations is based on a conceptual model that flow in fractures can be
described using porous medium equivalence. A further discussion on this conceptual
model is provided in an AMR describing conceptual and numerical models for UZ flow
and transport. No confirmation is needed for this assumption. -

3. Since a systematic approach for upscaling properties directly from small-scale
measurements is still lacking for unsaturated fractured rocks, simple averaging schemes
are assumed to be appropriate in most cases for the upscaling purpose in the analyses to
be reported in this study. The relation of Paleologos et al. (1996, p. 1336), originally
developed for porous media, is assumed to be appropriate for upscaling matrix
permeability when an upper limit of 1.5 orders of magnitude is used for the amount of
upscaling. Hydrologic property data have been determined on scales that are generally
much smaller than the scales -characterizing the subsurface heterogeneity (e.g.,
characteristic sizes for model layers). While considerable progress has been made in
developing upscaling schemes for porous media, the scale-dependent behavior of a
hydrologic property for fractured rocks can be very different from that for porous media.
For example, the existence of fractures in a fractured rock, which may act as a capillary

_ barrier, can increase tortuosity of liquid water in the matrix, and therefore reduce
—/ large-scale matrix permeability compared with the case without fractures. It is necessary
to make this assumption to determine the rock properties using small-scale

ANL-NBS-HS-000002 REV00 , 21 S March 2000
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measurements. Note that the rock properties to be reported in this report are mainly used
as initial estimates for use in the inversion process documented in an AMR describing
' calibrated properties model. The upscaling issue is further considered in the inversion
process which results in the large-scale properties by matching the large-scale simulation
results with grid block-scale observations averaged from small-scale data. Based on the

- above reasoning, no confirmation is needed for this assumption.

4. Tt is assumed that a van Genuchten fracture m value, estimated from the middle

" nonlithophysal zone of the Topopah Spring welded unit (UZ Model layer tsw34), can be
‘used as a representative estimate for all of UZ Model layers. This is based on the
following considerations. First, for other model layers, there are limited data for
determining the m values. Second, the m value determined in this report is only used as an
initial guess for use in the inversion process documented in an AMR describing
calibrated properties model. The inversion process results in more accurate m values for

the model layers because it adjusts rock properties to make model simulation results’
match. the relevant observations. Based on these considerations, no- confirmation is

needed for this assumption.
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6. ANALYSES/MODEL

In this section, the methodologies and data used to determine representative estimates of the
fracture and matrix properties for the UZ Model layers are discussed. Table 3 shows the
relationships between the lithostratigraphy of the Geologic Framework Model (GFM3.1) and the
UZ Model layers, as documented in an AMR describing development of numerical grids for UZ
flow and transport modeling (CRWMS M&O 19994, Table 10). Most of these property estimates
are used as the prior information and initial estimates in the inversion modeling studies
documented in the AMR descnbmg calibrated properties model.

Table 3 GFMS 1 thhostratlgraphy. UZ Model Layer, and Hydrogeologxc Unit Correlation (CRWMS M&O
1999d, Table 10)

Ma]or Unit GFM3.1 Lithostratigraphic | = FY 89 UZ Hydrogeoiogic :
o . _ Nomenclature* Model Layer Unit
.| Tiva Canyon welded Tiva_Rainier - _ tew11 CCR, CUC
(TCw) Tpep ) ' tcw12 CuL, Cw
" TpclD _ '
Tpcpv3 | tew13 . CcMW
: _Tpcpv2 S
Paintbrush _ | Tpepvt - ptn21 CNW
nonwelded - Tpbtd ptn22 : BT4
(PTn) B Tpy (Yucca)
‘ ’ ptn23 TPY
ptn24 BT3
Tpbt3 '
Tpp (Pah) - ptn25 TPP
_prtz o ptn26 BT2
Tptrv3 ' '
Tptrv2
-'I_’opopah Spring welded Tptrvi : tsw31 | TC
(TSw) ' Tptm :
' B | , tsw32 TR
Tptr, Tptf . tsw33 TUL
Tptpul S IR
Tptpmn tsw34 TMN
Tptpll . . | tsw35 TLL
Tptpln S | tswa6 TM2 (upper 2/3 of
, Tptpln)
S Ty S| 1swaT : TM1 (lower 13 of | .
- - Tptpln)
T Tptpva . | tswae — | PV3
Tptpv2 tswag Pv2

NOTE: *GFM3.1is the Geologic Framework Mode!, Version 3.1.
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Table 3. GFM3.1 Lithostratigraphy, UZ Model Layer, and Hydrogeologic Unit Correlation (CRWMS M&O
1999d, Table 10) (Cont.)

Calico Hills nonwelded = | Tptpvt .~ -~ ch1 (vit,ze0) | BTior .
(CHn) o Tpbtt - . | BT1a(attered)
*| Tac (Calico) - : - | ch2(vit, zeo) CHYV (vitric)
' : | ch3(vit, zeo) or .
cha (vit, zeo) ,C‘HZ (zeo!itic)
ch5 (vit, zeo)
‘Tacbt (Calicobt) - - ch8 (vit, 2e0) - - BT
Tepuv (Prowuv) . - . PP4 - PP4 (zeolitic)
1 Tepuc (Prowuc) - Pp3 - PP3 (devitrified) .
Tepm (Prowmd) pp2 PP2 (devirfied)
Teplc (Prowic) - | o
Teplv (Prowlv) | pP1 _ PP1 (zeolitic)
Tepbt (Prowbt) '
: Tebuv (Bullfroguv) : _ _
Crater Flat undifterentiated Tebue (Bullfroguc) bf3 BF3 (welded)
(CFu) Tcbm (Bullfrogmd) : : :
R ' [Tebk (Bullfrogic)
Teblv (Bullfrogiv)’ bf2 - BF2 (nonwelded)
Tcbbt (Bulfrogbt) o
 Tetuv (Tramuv)
Tetuc (Tramuc) tr3 Not Available
Tetm (Trammd) '
Tetle (Tramic) ,
f Tetiv (Tramiv) 2. | Not Available
f Tetbt (Trambt) T :

NOTE: -* éFM 31isthe éeologic Framework Modal, Version 3.1.
_The key scientific notebooks (with relevant page numbers) used for this analysis are listed in
‘Table 4. ~ R R

Table a. Sdent?fic Notebooks

Scientific Notebook ID No. Pages : ACC

YMP-LBNL-GSB-1.1.2 70-73; 81-85, 91-94, .MOL.20000302.0391
(SN-LBNL-SCI-003-V1) - 117-127 and 145-146

YMP-LBNL-GSB-1.9 104-107 - - .. | MOL.20000301.1097
(SN-LBNL-SCI-053-V1) : ' o
YMP-LBNL-GSB-LHH-2 64-66 MOL.20000302.0390
(SN-LBNL-SCI-098-V1)
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"Table 4. Scientific Notebooks (Cont.)

Sclentific Notebook ID No. : Pages ACC

YMP-LENL-GSB-MC-1 126, 134, 152-163 MOL 19390908.0228
(SN-LBNL-SCI-079-V1) o

YMP-LBNL-GSB-MC-1.1 | 5465 MOL 19990908.0229
(SN-LBNL-SCI-080-V1) o
YMP-LBNL-GSB-MC-1.2 -47, 51 . MOL.19990902.0135
(SN-LBNL-SCI-047-V1)

YMP-LENL-YSW-WZ-1 57-64 MOL.20000302.0392
(SN-LBNL-SCI-115-V1)

The following subsections present the methods used to determine fracture properties, matrix
properties, thermal properties, and fault propemes followed by an analysis confirming specific
fracture properties unhzmg field data.

.

6.1 FRACTURE PROPERTIES

The following subsection discusses the determination of fracture properties from field data for the
UZ Model. These properties include fracture frequency, fracture aperture, fracture porosity,
fracture interface area, uncalibrated van Genuchten fracture o and m, uncalibrated fracture
permeability. - The fracture frequency, -aperture, porosity, and interface area are for use in
developing numerical grids for the UZ Model. The uncalibrated van Genuchten fracture o and m
and uncalibrated fracture permeability are for use as prior information and the initial estimates for
the calibrated property sets documented in an AMR describing calibrated properties model.

6.1.1 Fracture Perméability

The fracture permeabllmes calculated here for the UZ Model layers -are based on air
permeabilities inferred from air injection tests performed in vertical boreholes and in ESF
alcoves. Permeabilities . inferred from air-injection tests in boreholes are believed to be
representative of fracture absolute permeabilities. These permeabilities were determined based
on pneumatic pressure data and are calculated using a modified version of Hvorslev (1951, p. 30,
case 8) solution for steady-state elliptic flow (LeCain 1995, p. 10). The values are combined here
to determine effective fracture permeabilities for the UZ Model layers. Geometric means of these
fracture permeabilities are assumed to reflect upscaling of these permeabilities for use as single
values representative for each model layer. Note that permeability is an intrinsic property for a test
medium and theoretically independent of test fluids, as long as the test medium can be viewed as
a continuum. Thus, fracture permeabilities derived from air injection tests are considered to be
applicable for describing liquid water flow in fractures.
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. Figure 1. Schematic showing locations of selected boreholes and alcoves.

For the Tiva Canyon welded hydrogeologic unit (TCw), fracture permeabilities were based on
air-injection tests performed in vertical boreholes NRG-7a, NRG-6, SD-12 and UZ#16 and the
Upper Tiva Canyon, Bow Ridge fault, and Upper Paintbrush Contact Alcoves (Alcoves 1, 2 and
3, respectively). For the Paintbrush nonwelded hydrogeologic unit (PTn), the permeability data
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are from vertical borehole NRG-7a and Upper Paintbrush Contact Alcove (Alcove 3). For the
Topopah Spring welded hydrogeologic unit (TSw), the permeability data are from vertical
boreholes NRG-7a, NRG-6, SD-12 and UZ#16 and the Single Heater and Drift Scale Test Areas
in Alcove 5. For the Calico Hills nonwelded hydrogeologic unit (CHn), permeability data are
only available from a single sampled interval in vertical borehole UZ#16. The locations of the
boreholes and alcoves are given in Figure 1. These permeabilities are listed in Table II-1 in
Attachment II. No air-injection data are available for the Prow Pass (pp), Bulifrog (bf), and Tram
(tr) units. For model layers where no data are available, analogs to other units are used based on
those designated for matrix properties (Flint 1998, p. 46), the degree of zeolitic alteration, and

degree of welding. These fracture permeabilities are used as prior mformauon and initial

estimates for an AMR descnbmg the calibrated properties model.

 Table 5 lLists the geometnc means of the fracture permeabllmes for the Uz Model layers. The

lithostratigraphic units were assigned to the UZ Model layers as listed in Table 3. The fracture
permeabilities were treated as isotropic, and the data from vertical boreholes and the horizontal
and inclined boreholes in the ESF alcoves were combined. The scales of these measurements are
similar, as dlscussed in Section 6.1.1.1, ‘

. Table 5. Uncalibrated Fracture Permeabilities for the UZ Mode! Layers

UZ Model : . Fracture
I.iayer permeabll'rfy m?)
Basis® ke log(kg) c c] Nd
og(k }
o : (]
tew11 BRFA 3.0E-11 -10.521 - 2
tow12 UTCA 5.3E-12 -11.279 0.778 80
o UPCA
NRG-6
NRG-7a
sD-12
uz#16 N
tow13 UPCA 4.5E-12 -11.344 | 1147 3
‘ “ NRG-7a

NOTE: Submitted under DTN: L8990501233129 001. Source DTNs are included in Table H-1
_“In Attachment || and Table 2 in Section 4.

%identifies the corresponding air-injection borshole(s) and/or alcove(s) or analog to another
model layer(s). UTCA-Upper Tiva Canyon Alcove, BRFA-Bow Ridge fault Alcove,
UPCA-Upper Paintbrush Contact Alcove, SHT-Single Heater Test Area, DST-Drift
Scale Test Area, and NRG-6, NRG-7a, SD-12, and UZ#16 are vertical boreholes.

-PGeometric mean :

CStandard deviation

9Number of sampled intervals
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Table 5. Uncalibrated Fracture Permeabilities for the UZ Model Layers (Cont.)

UZ Model Fracture
. Layer ‘permeability (m?)
Basis® “ka® - log(ka) o . Nd
» logtk )
2N a
ptn21 UPCA 32E-12 -11.491 0.885 12
NRG-7a , '
ptn22 NRG-7a 3.0E-13 -12.524 0.202 4
ptn23 NRG-7a . 3.0E-13 12524 0.202 4
ptn24 .. NRG-7a - 3.0E-12 -11.527 - 1
pin25 NRG-7a 1.6E-13. ~12.784 0.101 7
ptn26 - NRG-7a 22E-13 . -12.681 - 1
tsw31 Average 8.4E-13 -12.1958 - -
TSW . v ) .
tsw32 NRG-6 7.1E-13 -12.148 0.658 31
NRG-7a
SD-12
. uz#16
tsw33 NRG-8 7.7E-13 -12.112 0.812 27
NRG-7a
sD-12
uz#1é
tsw34 SHT 3.4E-13 -12.474 0.546 180
DST
NRG-6.
NRG-7a
SD-12
UzZ#16

"NOTE: Submitted undar DTN: LB390501233129.001. Source DTNs are included in Table II-1
in Attachment |l and Table 2 in Section4. ' o o

%4antifies the corresponding air-injection borshols(s) and/or alcove(s) or analog o another
model fayer(s). UTCA-Upper Tiva Canyon Alcove, BRFA-Bow Ridge fault Alcove,
UPCA-Uppar Paintbrush Contact Alcova, SHT-Single Heater Test Area, DST-Drift
Scale Test Area, and NRG-8, NRG-7a, SD-12, and UZ#18 are vertical borsholes.

basometric mean
*  "Cstandard deviation
dNumber of sampled intervals
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Table 6. Uncalibrated Fracture Permeabilities for the UZ Mode! Layers {Cont.)

UZ Model . Fracture
Layer : ~ permeability (m?)
Basis® - ka® log(ke) c o n
" loglk )
a
alternate tsw34 | SHT | 1.6E-13 -12.805 . 180 .
DST |
NRG-6
NRG-7a
SD-12
UzZ#i16e
tsw3s NRG-7a 9.0E-13 -12.044 0.544 31
uz#16 _
tsw3([67] sD-12 1.4E-12 -11.868 0.285 19
' uz#16 ,
tsw38 Average - | 64E-13 -12.195 - -
| TSW |
\ p tsw39 Average 64E-13 | -12.195 - -
' o TSW :
chiZe , ch2Ze 2.5E-14 -13.606 - .
chivi | ptn26 . | 22E-13 | -12.661 - 1- |-
ch[2345lVI | ptn26 22E-13 | -12.661 - -
ch[2345]Ze UzZ#16 2.5E-14 -13.606 - N
ch6 ch2Ze 2.5E-14 | -13.606 - -
pp4 _ ch2Ze 25E-14 -13.606 : - — ] -
pp3 ptn26 2.2E-13 -12.661 - .
pp2 ' ptn26 22E-13 - -12.661 - -
ppl ch2Ze 2.5E-14 -13.606 - -
b3 ptn26 22E-13 -12.661 - -
bf2 ch2Ze 2.5E-14 -13.606 - -
r3 ptn26 2.2€-13 -12.661 . .

NOTE: Submitted undsr DTN: LB290501233129.001. Source DTNSs are included in Table Ii-1
in Attachment Il and Table 2 In Section 4. ' )

8identifies the corresponding air-injoction borehole(s) and/or alcove(s) or analog to another
o model layer(s). UTCA-Upper Tiva Canyon Alcove, BRFA-Bow Ridge fault Alcove,
- ) UPCA-Upper Paintbrush Contact Alcove, SHT-Single Heater Test Area, DST-Drift
Scale Test Area, and NRG-6, NRG-7a, SD-12, and UZ#16 are vertical boreholes.

bGeometric mean
“standard deviation,
‘\_/; . INumber of sampled intervals
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Table 5. Uncalibrated Fracture Permeabilities for the UZ Model Layers (Cont.)

UZ Model Fracturs
Layer a © - - permeability (m?)
| . Basls? kg? logtkg) ~ | © e| nd
log(k )
[
tr2 ch2Ze 2.5E-14 -13.608 . - -

NOTE: Submitted under DTN: LB990501233129.001. Source DTNs are included in Table II-1
in Attachmoent || and Table 2 in Section 4.

3dsntifies the corresponding air-injection borshole(s) and/or alcove(s) or analog to another
modal layer(s). UTCA-Upper Tiva Canyon Alcove, BRFA-Bow Ridge fault Alcove,
UPCA-Upper Paintbrush Contact Alcove, SHT-Single Heater Tast Area, DST-Drift -
Scale Test Area, and NRG-8, NRQG- 7a, SD-12, and UZ#18 are verﬂeal boreholes,

baeomatric mean
®Standard deviation
dNumbat of sampled intervals

The mean fracture permeabllmes range from 2.5 x 1014 m? 10 3 x 10! m2. The Tiva Canyon
welded unit (TCw) has the highest fracture permeabilities. The Topopah Spring welded unit
(TSw) fracture permeabilities are, in general, higher than those for the nonwelded Paintbrush
(PTn) and Calico Hills (CHn) units. Two fracture permeabilities are shown for the Topopah
Spring middle nonlithophysal unit (tsw34). These represent two different approaches to
weighting the available air injection data. For tsw34, there were 143 sampled intervals in the
~ Alcove 5 heater test areas compared to 37 sampled intervals in the four vertical borehole injection
tests. - For the first case, the data from Alcove 5 were weighted with those from the vertical
borehole tests (k = 0.8 g vertical borehotes + 0-2 kg, Alcove 5)- In the alternate tsw34 case, each

sampled mterval is weighted equally.

The uncertainty and variability of fracture permeabﬂmes for the UZ Model layers are reflected by

“the standard deviations reported in Table 5. These standard deviations would result in 95%
confidence intervals covering three orders of magnitude even for the units that had a large number
of sampled intervals. The data indicate that fracture penneablhnes are hlghly variable.

6.1.1.1 Scaling Issues

As noted prewously, the permeablhtles measured in the vemcal boreholes and alcoves were
combined to determine the fracture permeability for each UZ Model layer. ‘The packer lengths
were approxunately 4 meters for vertical boreholes, 1 to 3 meters for Alcoves 1,2 and 3, and 5 to
12 meters in the SHT and DST areas (Alcove 5). These data were all considered to be on the
same relative scale and representative of the fracture permeability on the scale of the UZ Model
after upscaling using geometric means. Additional air permeability data on a scale of one-foot
intervals are also available from air injection testing in niches in the ESF in the Topopah Spring
middle nonlithophysal unit (tsw34). The air-injection data from the niche studies are not used here
for determining mean fracture permeabilities for the model layers since these data are on a smaller
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scale and may not be representative of a larger scale effective permeabﬂlty Figure 2 compares
the geometric means and range of data for the model layer tsw34. The data shown for the niche
studies are inferred from pre-excavation air injection testing. The ranges of the data overlap, but
the geometric means for the measurements from the niche studies are generally lower than the
other values. This would be expected because the mean permeability decreases as the scale of the
measurement decreases (Neuman 1994, pp. 349-352).

-10.50 +

1150 —
‘ X
- X
' é’ 12,50 e =
-g_n 1 [ : X 1
1350 | _ X X
1450 _
-15.50 } + _ } + + } - + ﬁ

NRG-6 NRG-7a sD-12 - - UZM6 SHT&DST . Nichel Niche 2 Niche3 Niche 4

DTN: 63960908312232:.012 GS960908312232.013, LBIG0500834244.001, LB970600123142. 001,
LB980120123142.004, LB980001233124.001, LB980001233124.002

Figure 2. Fracture Penneabntles for Topopah Spring Middle Nonhthophysal Unit. Ranges
for Inferred Permeabilties from Air |nject|on Data (X are the geometric means)

ANL-NBS-HS-000002 REV00 31 . [V March 2000



Title: Analysis of Hydrologic Properties Data S c U0090

6.1.2 Fracture Frequency, Intensity, Fracture Interface Area, Apermre, and van Genuchten
~ Parameters -

The following subsections present the field data analyzed the equations uuhzed and the steps for
determining these fracture properties. - : ‘

6.1.2.1 Field Data Used for Calculating Fracture Properties

Fracture data are available from three general types of locations - the ESF and ECRB Cross Drift,
boreholes, and surveys of surface exposures and outcrops. The entire length of the ESF Main
Drift, North Ramp, South Ramp, and ECRB Cross Drift, as well as Alcoves 3, 4, 5, and 6 have
been surveyed to characterize subsurface fracturing. Over 21,000 fractures have been
characterized. Qualified fracture data from borehole cores (DTN: GS970408314222.003) are
available for fourteen boreholes ~ NRG-1, NRG-2, NRG-2a, NRG-2b, NRG-3, NRG-4, NRG-5,
NRG-6, NRG-7a, SD-7, SD-9, SD-12, UZ-14, and UZ#16. The discussion here is focused on the
fracture data relevant to the UZ Model and applymg these data to determine fracture properties
for the UZ Model layers.

The DLS in the ESF (including the North Ramp, Main Drift, South Ramp) and the ECRB Cross
Drift include data for all of the TCw model layers, four of the six PTn model layers, and seven out
of nine of the TSw model layers. Geologic intervals of the ESF, described in CRWMS M&O
(1998, Table 2, pp. 20-22) and DTN: GS981108314224.005 for the ECRB Cross Drift, were used
to assign the DLS data to the corresponding UZ Model layers. These are listed in Table II-2 in
Attachment II. Fracture data were downloaded directly from the Technical Data Management
System (TDMS) for calculating fracture properties and were listed previously in Table 2 (DTN:
GS971108314224.020 to DTN: GS990408314224.002). Borehole data were used for estimating

fracture properties for model layers only when no, or incomplete, data were available from the
DLS. Surface fracture mapping was used to scale fracture properties when utilizing an analog to
determine the fracture properties for a model layer. Only data used for estimating the statistics of
the fracture properties for the UZ Model layers are discussed here and listed in Table 2.

Fracture orientations are not used directly in this analysis. CRWMS M&O (1998, Figure 5 and
Attachment II) provides fracture orientation rosettes along the ESF. These rosettes suggest that
fracture onentanons and site stratlgraphy are correlated (CRWMS M&O 1998, p.35)

6.1.2.2 Equations Used for Calculating Fracture Properhes

For calculating fracture frequencies using the DLS in the ESF and ECRB Cross Drift, the mean

fracture frequency is given by the inverse of the mean spacing. The mean spacing § is
calculated by:

- N _ 1 "
_ - s=_nf‘_lf‘,({).-—b,-.l)‘ Eq.0)
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- where Dy is the distance or station along the ESF where fracture i intersects the DLS and nfis the

number of fractures. This is the apparent spacing. It is not the normal distance between the
center of fractures and is therefore a rough estimate of the true spacing. These values were not
corrected for any possible bias in orientation in the DLS. The mean fracture frequency f is

given by the inverse of the mean apparent spacingi |

. f=

Dol |-

(Eq.2) -

- Directional bias is inherent in the DLS in that only those fractures that intersect the survey line are
included. Fractures that are parallel or subparallel to the ESF tunnel azimuth as well as horizontal
or subhorizontal dipping fractures are undermepresented in the survey. Corrections for this
" directional bias were not made in this analysis. To assess the impact of not correcting for
- directional bias, the apparent fracture frequency of. hydrogeologic units that are intersected by
both the ESF Main Drift and the ECRB Cross Drift were compared. These two tunnels intersect
these units in different directions. The hydrogeologic units compared include the Topopah Spring
upper lithophysal, middle nonlithophysal and lower lithophysal, which correspond with UZ.
Model layers tsw33, tsw34 and tsw35, respectively. The fracturing, as represented by the DLS
data, was found to be similar for these units (YMP-LBNL-GSB-MC-1.2, p. 51). For the other
units, the analysis in CRWMS M&O (1998, p.34) was used to assess the impact of directional
bias. The analysis in CRWMS M&O (1998, p.34), similarly, did not correct for directional bias in
the selection and analysis of joint sets using the DLS data. For that analysis, a visual inspection of
the full periphery geologic maps (these include the entire surface of the exposed tunnel) was
" conducted to assess the 1mpact of the directional bias (CRWMS M&O 1998, p. 34). This
 inspection found that fracturmg along the ceiling and the walls of the tunnels in the ESF North
‘Ramp, Main Drift, and South Ramp did not vary significantly and that, in general, the line survey
provided conservative results (i.e., indicated more fracturing). This suggests that the impact of
the directional bias in the DLS data is mmlmal

For calculatmg fracture frequency from borehole data, the data are corrected by normalizing for
core recovery, correcting for bias in orientation, and scaling to represent larger length fracture. To
- correct for orientation bias, ‘the dip distributions are used as follows (modified from Lin et al.
1993, p. 24):

Zf.o—w.ﬁp Zf.zo-suzp Zf.w-sg.ﬁp foso-go.ﬁp

Ja = °°S(10°) i c08(30°) * cos(50°) = cos(75°) o (Eq:3)

where f,, is the fracture frequency corrected for orientation bias and f; is the fracture frequency

corresponding to the range of dip distribution. Lastly, these values are corrected to represent
larger length fractures on the scale of those characterized in the ESF. A simple correction ratio is
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used based on comparisons of ESF data with corresponding - vertical boreholes for that. model
layer: - A o . . :

'?\= fconec;ed = f chr ‘ i
R=(fa;f)*** | @9

f borehole

laverage

Two correction factors R were calculated, one for welded units using data for the Topopah Springs
middle nonlithophysal hydrogeologic unit (tsw34) and one for non-welded units using data for the
Pah Canyon Tuff in the Paintbrush hydrogeologic unit (ptn25). These units were selected because
both ESF and borehole data are available and these were assumed to be representative of the other
The fiactﬁre intensity is calculated by dividing the trace length' 4of the ‘fraic‘ture by the a;'éa
surveyed. . The area surveyed was 3 meters above and below the traceline times the length along
the tunnel considered for that interval. The average fracture intensity / (m/m?) is given by:

I= i=l = . i=] : - .
| area  (6m)(ntervallengthinmeters) (Eq 5)

where ¢ is trace length in meters for fracture i.

' The fracture interface area is calculated by diiriding the fracture aréa by the volume of the interval
_surveyed. The volume for the interval is estimated by multiplying the interval length surveyed
 times the square of the geometric mean of the trace lengths of fractures surveyed. The average

fracture interface area per volume a¢ (m*m°) is given by:

’ n;

=l il

a,= =—— : . — = o o
/"~ volume ~(intervallength fgeometric mean of trace lengths)’ ' (Eq6)

where r is radius of fracture i, or one}h_alf of the trace length of fracture i

. Fré.cture.aperturesare,calculatéd assuﬁxing'that the velocity within a fracture is given by the cubic

law and the fractures characterized are fully connected. The fracture aperture b is then given by
(Bear et al. 1993, p. 15): A ,

. : . : b=|— o : S T
B [fTX e e
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where k is the fracture permeability. Note that the fracture aperture determmed in this way is an
effective “hydraulic” aperture, not a “physical” aperture.

Fitted parameters are required to wutilize the van Genuchten equation relating the effective
saturation §, and capillary pressure P, (van Genuchten 1980, p. 892-895):

" where a and m are the van Genuchten parameters. A simplified form of the Young-LaPlace

equatlon is assumed, to directly calculate the van Genuchten fracture o (af) from b. Note that the
subscript f refers to fractures. The resultmg relationship is:

b o .
4 2‘rcose (qu)

: where ‘t is the surface tension of pure water at 20 °C (0.072 N/m) and 9 is the contact angle
- Essentially, Equation 9 assumes that van Genuchten o can be estimated as the inverse of the air
..entry value, which is often used in the soil science literature (Wang and Narasimhan, 1993,

p.374). The contact angle 6 is assumed to be zero, since the rock is expected to be water wetting
and no other specific data are available.

The van Genuchten fracture m parameter (my) is determined by fitting an analyncal solution to
the fracture saturatlon-caplllary pressure curve given in Equatlon 8. :

6.1.2.3 Steps for Determining the Fracture Properties for the UZ Model Layers

The DLS data from the ESF are limited in that from station 37480 to the end of the tunnel, only
fractures one meter or longer are characterized. For the first part of the ESF (station 0+00 to
37+80), fractures that were 30 cm or longer were characterized. Excluding fractures less than 1
meter in length may underestimate the effective fracture properties for the UZ Model layer
because it would exclude smaller fractures. No method of assessing the exact portion of fractures
hydraulically connected or the relationship between hydraulic-connectivity and fracture length is
available. As such, an approach was developed to estimate fracture properties believed to be
reasonably representative of the geometrically connected fractures on the mountain-scale for use
in the UZ Model. Utilization of 80% of the fractures larger than 30 cm in length was selected as a

Teasonable means to estimate fractures that may be hydrauhcally connected. Note that not all

these connected fractures are active in conducting liquid water under unsaturated conditions due
to fingering flow at different scales (Liu et al. 1998, p. 2641). An active fracture model (Liu et al.
1998, pp. 2633-2646), in whrch only a small portion of the connected fractures are assumed to be

actively conducting liquid water in the UZ, is used to deal with this issue, as documented in an
~ AMR describing cahbrated property model '
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To utilize this approach, the first part of the ESF had to be used to determine the distribution of
fracture trace lengths and then these ratios were applied to the remainder of the ESF data. -

The following steps were followed for computing fracture frequencies, fracture interface area, and
fracture intensity for model layers tcwll, tcw12, tcw13, ptn21, ptn24, ptn25, ptn26, tsw31, tsw32,
tsw33, and tsw34:

1. Compile all the data from the DLS in the ESF and ECRB Cross Drift. The software
routine Read_TDB, Version 1.0, was used to read and combine text files from the TDMS
for the DTN: GS971108314224.020 through DTN: GS990408314224.002 in Table 2.
The output file includes the location, strike, dip, and trace lengths above and below the

traceline for each fracture in the DLS. All types of fractures were included and only
entries for contacts recorded in the DLS or entries with incomplete survey data were
excluded (see YMP-LBNL-GSB-MC-1.1 pp. 54-55 and YMP-LBNL-GSB-MC-1.2, pp.
9-10). In addition, entries for fractures at 4 locations in the ESF were not used because

' the values were misentered (YMP-LBNL-GSB-MC-1, pp. 126, 134, and 152-153 and
YMP-LBNL-GSB-MC-1.2, pp. 46-47).

2. Using only the first part of the ESF data (up to Station 37+80), determine the minimum
fracture length cutoff for each unit that corresponds to 80% of the fractures that are 30 cm
or longer. Data from the first part of the ESF are available for model layers tcwll, tcw12,

© tewl3, ptn2l, ptn24, ptn25, pm26, tsw3l, tsw32, tsw33, and tsw34. The following
minimum fracture length cutoffs were determined (see YMP-LBNL-GSB-MC-1.2,

pp- 17-18):
UZ Model Layer Cutoff length (m) -
tcwll 0.95
tcwl2 0.57

- tewl3 | o 0.5
ptn21 L1
ptn24 o 1.0
ptn25 o 1.5
ptn26 ) 0.7
tsw3l L 0.5

- tsw32 - - 08
tsw33 . .. 054
tsw34 ... 051

As expected, the Welded units had a largér pr‘oportion‘ of fracturés with smaller trace
“lengths than the nonwelded units. _ — ‘ .

3. Use the s.oft,wa;.r»eA routine frac_calc, Version i.1, to COmpi.lté the fracture ‘frequehéy,
fracture intensity, and fracture interface area using these cutoff lengths and a one-meter

cutoff length (see YMP-LBNL-GSB-MC-1.2, p. 19). The software routine frac_calc, |

Version 1.1, performs the calculations specified in Equations 1,2, 5, 6,7 and 9.
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- 4. Compute ratios between these values using the specified cutoff length and the one-meter
- cutoff length (see YMP-LBNL-GSB-MC-I 2, p. 20).

5. Usmg all of the ESF and ECRB Cross ant data, compute the fracture frequency, fracture
- intensity, and fracture interface area using a cutoff length of one-meter - (sce
- YMP-LBNL-GSB-MC-1.2, p. 21). These values are given in Table II-3 in Attachment I1.

6. Use the ratios determined under step 4 to correct these values to represent 80% of the

~ fractures with trace lengths longer than 30 cm. The corrected values for fracture

' frequency and fracture interface area are hsted in Table 6 wnh a basis of elther ESFor
~ ESF/ECRB. : : : :

For model layers tsw35-tsw39, ch1Ze, ch1V], ch[2-5]Ze, and ch[2-5] V1], borehole data were used.
- For tsw35-tsw37, data from the ESF and ECRB Cross Drift were available but these could not be
- corrected to the 80% representation, because these units are not present in the first portion of the

" ESF (see step 2 above) where surveys included fractures as small as 30 cm in length. For model
- layers * tsw35-tsw38, ‘the  summary of borehole fracture 'data . compiled in DTN:

GS970408314222.003! were used, which are already normalized for core recovery. These data
were used directly as input into Equation 3 to correct for bias in orientation (see Table II-4 in
~ Attachment IT). Equation 4 was used to ‘scale the frequency to represent larger fracture lengths ‘
using R of 0.21 for welded units. The correction factor R for welded units was computed using
the fracture frequency from the ESF for tsw34 given in Table 6 and the fracture frequency
computed usmg borehole data (see Table II-4 in Attachment ). - ,

. For chlZe data are avaﬂable from only one borehole, SD 12 (DTN TMOOOOOOSDIZRS 012)
- and for tsw39, ch1Vl, ch[2-5]Ze, and ch[2-5]V1 data from two boreholes, SD-12 and NRG-7a
available (DTN: TM000000SD12RS.012 and SNF29041993002.084). The data were corrected
by normalizing for core recovery, correcting for bias in orientation (Equation 3), and scaled to
represent larger length fracture (Equation 4). Averages for each model layer were weighted using
the'length of the cores analyzed. For the welded unit (tsw39), a correction factor R of 0.21 was
_used in Equation 4. For the non-welded units, a correction factor R of 0.09 was used. The
correction factor R for nonwelded units was computed using the fracture frequency from the ESF
for ptn25 given in Table 6 and the fracture frequency computed using borehole data (see Table
II-4 in Attachment II). For ch[2 S]Ze and ch[2-5]V], all of the data for the Calico Hills
hydrogeologic units were combined to give a single average value because there were little data
. available for these individual units. The resulting fracture frequencies for tsw39, ch1Ze, ch1Vl,
ch[2-5]Ze, and ch[2-5]V1 are listed in Table 6. The detalls of these calculatlons are documented

" m YMP-LBNL-GSB-MC-I 2, pp. 24-27 )

For the remaining model layers, analogs to other model layers were used. These analogs are
. listed in Table 6 under basis. For ptn22, the analog ptn24 was used because both are non-welded
and both represent a portion of the Yucca Mountain Tuff and the data for ptn24 are from the DLS
in the ESF. - For ch6, the analog ch1Ze was used because both are part of the Calico Hills
hydrogeologic unit, include bedded tuffs, and have zeolitic alteration. For the Prow Pass and

1. Fracture frequencies were developed for 1997 model layers, which were defined dtfferently than the cur-
rent UZ Model layers.
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* Bullfrog hydrogeologic units, nonwelded units (pp4, pp1, bf2, and tr2) were assigned the fracture
frequencies of the Calico Hills (ch2-5Ze, ch2-5VI). The partially welded units (pp3, pp2, bf3, and
tr3) were assigned an adjusted value. This value was adjusted using a ratio of surface mapping
data for the Bullfrog . hydrogeologic unit (DTN: - GS930608312332.001 and
GS930608312332.002 - using a minimum fracture cutoff length of 0.7 m to characterize 80% of
the fractures gives a fracture frequency of 1.23 m"1) to surface mapping data for the Calico Hills
pyroclastic units (unit L1 of DTN:. GS970308314222.001 — using a minimum fracture cutoff
length of 1.23 m gives a fracture frequency of 0.87 m-!). The resulting fracture frequency for

these units is 0.2 m"! as listed in Table 6 (see YMP-LBNL-GSB-MC-1.2, pp. 28-30). The surface
mapping data were not used directly because fracturing of these exposures may not be
| representative of subsurface fracturing.

The estimated mean fracture frequencies for the model layers, as listed in Table 6, range from
0.04 to 4.4 fractures/meter. The TCw has fracturing on the order of 1 to 3 fractures/meter. The
PTa is less fractured, with frequencies less than 1 fracture/meter. The TSw has the most
fracturing, on the order of 1 to 4.4 fractures/meter. The remaining units are much less fractured,
with frequencies less than 0.25 fractures/meter.

The estimated fracture interface areas listed in Table 6 range from approximately 0.1 to 14 m%m>

with values typically ranging from 1 to 4 m%/m3. The model layers tsw34 and tcw12 had the
highest fracture interface areas. For the units where borehole data were used to compute fracture
frequency, a correlation between fracture frequency and fracture interface area was used. The
data from the ESF indicated that the relationship between the fracture interface area and
frequency is linear and has a slope of 3.06 (with zero intercept) for the data analyzed here. This
factor was used to estimate the fracture interface area for the remaining model layers. -

Fracture aperture and fracture van Genuchten alpha (o) are calculated using fracture frequency
and fracture permeability estimates as detailed in Equations 7 and 9. The estimated mean
* apertures are approximately 100 to 400 pm except for the model layer tcwll, which had a

relatively high fracture permeability resulting in a higher estimated fracture aperture. The
 fracture van Gemichten alpha pMetei's (afj are on the order of 107 3 pa’l. There are relatively
large uncertainties in these values for the Calico Hills formation and lower units because little or
no fracture permeability and fracture frequency data are available.

The van Genuchten fracture m parameter (m)) is determined by fitting an analytical solution
resulting from the aperture size distribution to the fracture saturation-capillary pressure (Pcap)
curve given in Equation 8. A non-linear least-squares fit to this curve was performed using the
software routine, CAPFIT, Version 1.0, giving fitted values of m,= 0.633 and oy =1.3 x 103 for

- tsw34 (see YMP-LBNL-GSB-1.9, pp. 104-107). Figure 3 compares the analytical solution with
the fitted curve. A ﬁtted’value for m of 0.633 was used for all of the model layers. This is because
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for other model layers, the data used to determine the aperture size distributions are relatwely
limited compared with tsw34.

.E+07

1 5;0‘5 ] Fracture Pcap-Saturation
i , Analytical
. LE+05 FR
‘g ‘ 3
o 1.E+04 4
& , )
-8

1.E+03 - m=0633

| ay=1.274e3 P’
1.E+02
, 1.E+01 — v . ‘ .
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Flgure 3. Analy‘hcal and Fitted Curves for Fracture Capillary Pressure
(Pcap) and quwd Saturatlon v
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Table 6: Fracture Properties for the UZ Model Layers

00ATY T00000-SH-SEN-"INV -

van AEI’&GWI‘C

uz Fracture Frequency Fracture Fracture Genuchten {nterface
Model m") Intensity | Aperture | Porosity Parameters area
Layer Basis® (w/m’) (m) %) Basls® (m*/m’)

r Gl N o log(os) ny '
— - ___|_(Pa’) ()

towl1 ESF 0.92 0.94 76 0.48 7.3E-4 | 28E2 | 5.1E3 2294 0.633 ESF 1.66
tcwi2 ESF 1.91 2.09 1241 0.77 3264 | 20E2 | 2263 -2.652 0.633 ESF 13.39
w13 ESF | 279 1.43 60 0.69 2.7E-4 | 1562 | 19E3 2.728 0.633 ESF 377
pt21 | ESF 067 | 092 | 176 0.34 3964 | 1.1E2 | 27E3 | -2571 0.633 ESF 1
pin22 pin24 0.48 - - " 2064 | 12E2 | 14E3 | -2861 0.633 | Frequency 141
ptn23 Borehole °57 | - 63 - | 1.8E4 | 25E3 1.3E3 2892 0.633 | Frequency 1.75 |
ptn2d | ESF 0.46 0.45 18 0.34 4.3E4 | 1262 | S0E-3 | -2529 0.633 ESF 0.34
ptn25 | ESF | o052 0.6 72 0.49 16E-4 | 62E-3 1.1E-3 2.965 0.633 ESF 1.09
ptn26 ESF 0.97 0.84 14 0.32 14E4 | 36E-3 | 9.7E-4 | -3015 0.633 ESF 3.56
tswa1 ESF 217 2.37 140 0.45 1.5E-4 5.5E-3 1.1E-3 2.976 0.633 ESF 3.86
twd2 | ESF 1.12 109 | 842 060 | 20E-4 | 953 | 1463 | -2864 | 0633 ESF 321
tsw33 | ESF/ECRB 0.81 1.03 1329 0.36 2.3E-4 | 66E-3 | 1.6E3 | -2.806 0.633 | ESF/ECRB 4.44
tsw34 | ESF/ECRB 4.32 342 | 10646 126 98E5 | 1.0E2 | 68E-4 | -3.169 0.633 | ESF/ECRB 13.54
tsw35 borehole 3.16 - 595 8 1564 | 1.0E2 | 1.0E3 -2.980 0.633 | Frequency 0.68
tsw3[67] | borehole 4.02 - 526 - 1664 | 1562 | 1.1E3 | -2.956 0.633 | Frequency 12.31
tswad | borehole 4.36 - a7 . 12E-4 | 1.2E-2 | BA4E4 3077 0.633 | Frequency 13.34
1sw39 borehole 0.96 - 46 - 2.0E4 | 46E3 | 14E3 | -2.858 0.633 | Frequency 295
chiZe | borehole 0.04 . 3 - 2064 | 1.764 | 14E3 | -2.852 0.633 | Frequency 0.1
chiVi borehole 0.10 - 1 - 3.0E4 69E-4 | 2.1E-3 -2.680 0633 | Frequency 0.3
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Table 6: Fracture Properties for the UZ Model Layers (Continued) -

S
v

: . - van Fracture
uz - " Fracture Frequency - Fracture Fracture Genuchten , Interface
Model | - (m") lnhnslty Aperture | Porosity Parameters o . afea
Layer Basia® . (m/m?) (m) (S Basis® (m’m?)
: . N o N . o log(ow) T my . ~ -
1 1 — | _(Pa7) _— () :
ch[2345)VI] borehole | - 0.14 - 25 - 2.6E4 | B8.9E-4 1.86-3 -2.736 0.633 | Frequency 0.43
ch[2345]Ze| borehole 0.14 - 25 - 13E-4 | 4.3E-4 | B8.9E4 -3.051 0633 | Frequency 0.43
ché ~ chiZe 0.04 - - . 2.0E4 1.7E4 1.4E3 -2.852 0.633 | Frequency 0.11
pp4 | ch2ViiZe 0.14 - - - 13E4 | 4.3E4 | B8.9E-4 | -3.051 0.633 | Frequency 0.43
PpP3 Adusted |  0.20 - - - 2.4E4 113 | 1663 | -2.786 0633 | Frequency 0.61
| chovize | - _ —_ N N
pp2 Adjusted 0.20 - - - _ 2.4E4 1.1E-3 1.6E-3 -2.786 0.633 Frequency 0.61
ch2ViiZe ' ‘ L : , :
-~ ppl |- ch2ViiZe,. 0.14 - - - 13E4 | 4.3E4 | 8.9E4 |  -3.051 0.633 | Frequency 0.43
bf3 ~Adjusted 0.20 . - - 2.4E4 1.1E3 1.6E3 -2.786 0.633 | Frequency 0.61
ch2ViiZe - N S
bf2 “ch2ViiZe 0.14 - - - 1.3E-4 | 4.3E-4 | B.9E-4 -3.051 0633 | Frequency 0.43
3 Adjusted | 0.0 - . . 2.4E4 11E3 | 1.6e3 [ -2.786 0633 | Frequency 0.61
ch2Vi/Ze I ﬁ L. : }
tr2 ch2ViiZe 0.14 - - - 1.3E4 | 43E4 | B89E4 -3.051 0.633 | Frequency 0.43

NOTE: DTN: LB990501233129.001

. "indicates whether based on ESF data, borehole data or analog to modet! Iayer
"mean fracture ncy
_“Indicates whether based on ESF data or estimated based on the fracture frequency for the modol layer
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6.1.3 Fracture Porosity

Fracture porosity herein is defined as the effective porosity of fractures in which fluid flow and
solute transport take place. In this study, a combination of porosity data derived from gas tracer
tests in the ESF, and porosity estimates based on the geometry of fracture networks, are used to
develop representative fracture porosities for the UZ Model layers. The calculation of the fracture
* porosity is documented in the Scientific Notebooks YMP-LBNL-GSB-1.1.2 (pp. 85-86; 112-114)
and YMP-LBNL-MC-1.2 (pp. 9-38). : ~

Gas tracer tests were performed in the ESF to obtain estimates of the effective fracture porosity
for the Topopah Spring middle nonlithophysal welded tuff, corresponding to the tsw34 model
layer (DTN: LB980912332245.002). Since gas tracer travel times through the fractured rocks are
directly related to the storage of the corresponding fracture networks, analyses of tracer data can
provide reliable estimates of fracture porosity if the matrix diffusion is negligible. The porosities,
estimated from the tracer tests, are reported in DTN: LB980912332245.002, and range from
0.006 to 0.02. These values are also consistent with those estimated from the ESF seepage test
results (Section 6.5). Based on these results, an approximate average value of 0.01 is considered -
to be a reasonable, order of magnitude, estimate for fracture porosity for the model layer tsw34.

Gas tracer test data are not available for model layers other than tsw34. Alternative approaches
are available to estimate fracture porosity based on the geometry of fracturing observed in the
ESF. These geometric representations of porosity are used to apply the tsw34 value to the other
units. A so-called 2-D porosity for a model layer can be estimated using the aperture and the total
fracture length per unit area (fracture intensity). The fracture intensity is based on tracer lengths
given by the DLS in the ESF and the area enclosing the traces (see Equation 5). The equation used
to calculate the 2-D porosity is given below: ' :

 $p=bl A . (Eq10)

where I is the fracfure intensity (mlmz). When no im:ensity‘datav are available (in cases where the
unit does not intersect any portion of the ESF or ECRB Cross-Drift), the so-called 1-D porosity
can be estimated by assuming all fractures are continuous. The 1-D porosity is calculated by:

homt7 Ea1D)

It is important to note that a large degree of uncertainty exists in the estimates based on Equations
10 and 11 for the following two reasons. First, the estimated apertures are “hydraulic” apertures,
and may be very different from the average geometric apertures, since they are estimated based on
the air permeability data. Second, Equations 10 and 11 only consider 2-D or 1-D geometric
features while actual fracture networks are three-dimensional. Therefore, the estimates directly
from these equations may not be reliable. However, it is reasonable to consider these estimates to
provide more reliable relative ratios of the fracture porosity for different stratigraphic units. Based
on these considerations, a fracture porosity is- determined by using the corresponding estimate
from these equations to determine a ratio, of fracture porosity between units. Because the porosity,
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based on analyses of the gas tracer tests, is available for the tsw34 (0.01), this value was used with
these ratios to estimate fracture porosity for the other units:

¢2—D.modelhyerx ¢1Dmodell-yer: .
eE—— ¢M4————— :

(Eq.12)

¢luodel layer x = ¢uw34 or ¢mdd layerx T

¢2-D’. tsw34 ¢1 D, tsw34

where sy 34 is 0.01 and ¢,.p and ¢;.p refer to values calculated using Equations 10 and 11,
respectively. The developed fracture porosity values for the UZ Model layers are given in Table 6.
All of these values are on the order of 1%, the value measured for tsw34. An alternative approach
'would have been to use 1% for all units. Use of this scaling scheme for estimating fracture
porosities is to approximately determine the spatially variability of the porosity among the model
layers, while more rigorous approaches are not available at this point. The estimates need to be
"updated when gas tracer data are available for more model layers. :

- 6.14 Further Discussion of the Determination of Fracture Porosity o |

To clarify the defensibility and usefulness of the approach reported in Section 6.1.3, in this
- section, the currently available approaches to estimate fracture porosity are briefly reviewed, the
reasoning for selecting the approach used is further discussed, and supportmg evrdence of validity
of the fracture porosity estimates is presented.

As dlscussed in Section 6.1.3, two general approaches are available for estrmatmg fracture
porosities in the literature. The first approach is based on field tracer transport data. Since tracer
~“travel times through fracture rocks are directly related to the storage of the fracture networks,
‘analyses of these field data are expected to provide reliable estimates for fracture porosity if the
matrix diffusion is negligible. Researchers:outside the Yucca Mountain Project have also used
- -similar approaches. For example, inverse modeling was used to analyze a radially convergence
flow tracer test in a fractured chalk formation, resulting in a calibrated fracture porosity of 0.3 %
- (National Research Councﬂ 1996, pp 292-293). This porosrty value is close to the estrmates
' reported m Table 6. t

The second general approach is based on the geometry of a fracture network Ttus approach
assumes that all the fractures under consideration are connected and fracture apertures can be
- exactly determined. Although, as indicated in Section 6.1.3, a large degree of uncertainty exists in
fracture porosity values estimated from this approach for several reasons, this approach has often
been used when field tracer test data are not available. For example, in their review of numerical
approaches for modeling multiphase flow in fractured petroleum reservoirs, Kazemi and Gilman
(1993, pp. 270-271 and: 312—313) d1scuss the determmauon of fracture poros:ty based on fracture
- geometry data. -

Considering that gas tracer test data are only available for one model layer (tsw34) and a large
degree of uncertainty exists when the second approach is used, the only use of one of the two
approaches can not provide reasonable estimates for fracture porosity in the whole UZ. Therefore,
in order to make the best use of the relevant data, including both gas tracer data and the fracture
mapping data, a combination of the above two approaches was used to detemnne fracture
» poros1t1es for the Uz (See Section 6. 1 3). '
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" The validity of the approach used and porosity estimates given in Table 6 are supported by the
following observations and studies: S : :

* The average fracture porosity estimate in the highly fractured welded units is higher than
that in the nonwelded units. . ~

+ The average fracture porosity estimate of the TCw unit is higher than that of the TS
unit, and average fracture porosity estimate of the PTn unit is higher than that of the CHn
‘unit. This is consistent with a reasoning that the fracture porosity decreases with the

- depth because of the stress effects. , ' S

o The calibrated fracture porosity based on the Alcove 1 infiltration test data is about 3%,
which is close to the average estimate for the TCw unit (about 2%). The calibration based
on Alcove 1 test data is reported in an AMR describing UZ flow model and submodels.

» The estimated fracture porosity for model layer tsw34 is similar to the value indepen-
dently estimated from water release tests performed in the same model layer, as reported
in Section 6.5 of this AMR. _

s The approach is a combination of the two approaches, both of which have been used by
scientists outside the Yucca Mountain Project.

Based on the above discussions, the approach used to détermine fracture porosity is considered to
be reasonable and defensible given the currently available data. :

6.2 MATRIX PROPERTIES

Matrix properties include matrix perméability and van Genuchten (1980, pp. 892-898) parameters
used to describe water retention and relative permeability relations. They were determined from
laboratory measurements made on core samples from 33 boreholes at Yucca Mountain and from

* in-situ measurements made in 4 boreholes at Yucca Mountain, Twenty-three of the boreholes

from which core samples came are shallow, variously penetrating the TCw, PTn, and top portions
of the TSw. There are eight deep boreholes from which core samples have been collected and
analyzed for the entire depth: NRG-6, NRG-7a, SD-7, SD-9, SD-12, UZ-7a, UZ-14, and UZ#16.
Six of these penetrate into the Calico Hills Formation, five penetrate into the Prow Pass Tuff, and
one, SD-7, penetrates the Bullfrog and Tram Tuffs. Core samples have also been collected from

~ portions of two other deep boreholes: SD-6 and WT#24. In-situ measurements of water potential

from boreholes NRG-6, NRG-7a, SD-12, and UZ#4 are used in addition to the desaturation
measurements made on cores. to better characterize the relationship of saturation to water
- potential. ce T o ' S

The sample collection and laboratory measurement methodologies as well as estimates of

uncertainty for core are described by Flint (1998, pp. 11-19) and Rousseau et al. (1999,
pp. 125-153). The in-situ water potential measurement methodology is described by Rousseau et
al. (1999, pp 143-150). :

Cdre'sample_s are grouped and anaiyzed éécordihg to the hydfogeoiogic units characterized by
Flint (1998, pp. 19-46). Table 3 shows these hydrogeologic units in relation to the
lithostratigraphy of GFM3.1 and the UZ Model layers. : .

The calculation of matn'k prbpertiés is described in Scientific Notebook :YMPfLBNL-GvSB-l.l.Z
on pp. 70-73, 81-85 and 91-94. The calculated matrix properties are given in Table 7. '
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6.2.1 Matrix Permeability

Matrix permeability has been measured on 750 core samples from 8 boreholes (including SD-6
and WT#24) at Yucca Mountain. Measurements are available for layers from the CUC down to
the BF2 (Table 7). Two different permeameters were used to measure permeability. The detection
limit of the first is higher than the second. Most of the samples were tested using the first
permeameter. The second was used to test some new samples and retest some old samples tested
using the first permeameter, including some with permeabilities too low to measure (non-detect
results). When the same sample was tested on both permeameters, the permeability measured on
the one with the lower detection limit is used. This is because the permeameter with the lower
detection limit is expected to result in a more reliable measurement. ‘

The measured data are presented in terms of sa_turated hydraulic conductivity (m/s), X, which is
converted to permeability (m?), k, by the following relationship

8 o  (Eq13)
where 1, is the viscosity of water (0.001 N s/m?), g is the acceleration of gravity (9.81 m/s?), and
P, is the density of water (998 kg/m3). '

g = Kb

Permeability is considered to be a log normally distributed quantity. Therefore the geometric
mean is used to represent the average permeability of each model layer. The standard deviation of
the log transformed permeabilities, log(k), is used as the basis for uncertainty, which is detailed
below. Where there are no non-detect measurements in the data set for a layer, the calculation of
the average and standard deviation of the data is simple. When there are non-detect measurements
present, it is important to take them into account because they may represent important
information about the extent of the lognormal distribution below the detection limit. They are

taken into account as follows: ' -

1. All data points, includihg non-detects, are ranked and asSigned a percentile.

2. Those data points that the first permeameter could measure are fit to a lognormal
distribution based on their percentile ranking. The fitting parameters are kg, the geometric

mean of the permeability data, and Oy, the standard deviation of the log transformed
permeability data. '

3. Data points, that could be measured with the second penneémeter, but not the first one,
are re-ranked to fall as close to the lognormal distribution as possible.

4. All data points, except non-detects, are fit to a lognormal distribution as in step 2.
- 5. Steps 3 and 4 are repeated if necessary.

While steps 3 and 4 are somewhat circular from a ldgical standpoint, this method allows all
valued data points to contribute fully to the calculation of the mean and standard deviation.
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The geometric mean permeabilities calculated above represent the average behavior of the

core-scale samples. For a given model layer, this averaged permeability can be very different

" from the effective matrix permeability used to represent large-scale water flow and solute

transport due to the scale effects (e.g., Paleologos et al. 1996, Figure 4, p. 1337). While many

- upscaling schemes are available in the literature, a scheme for highly heterogeneous porous medla
is descnbed by the followmg expression (Paleologos et al 1996, p. 1336) . :

K, = kyexplOy,y”(1/2-D)] (Eq.14)

where k is the effecnve permeablhty, kg is the geometric mean of small (core) scale permeabrhty,

‘ O'b,(k) is the variance of the natural log transformed permeability, and D is a function of spatial

dimensions (e.g. 2-D and 3-D) and the correlation scale of In(k). Note that the geometric mean
permeability is not the same as the effective permeability in a general case. For a 3-D isotropic
problem, D = 1/6 when the characteristic size of a flow domain under consideration (say, a model
layer) is much larger than the correlation length (Paleologos et al. 1996, p. 1336). For a site-scale
, _,model layer, these. condmons are approxlmately satisfied. In thxs case, Equation 14 can be
. rewritten as ,

log(k ) 108(" )+0380m(,,) ' (Eq. 15)

where clog(k) is the vanance of the log transformed permeablhty

In these layers, the amount of upscaling predicted by Equation 15 is as large as five orders of
-magnitude while the average predicted upscaling for all layers is 1.2 orders of magnitude. An
upper limit of 1.5 orders of magnitude upscaling is imposed on layers CMW, CNW, BT4, TC,
- TM2, PP4 and BF2. For all other layers, the amount of upscaling predicted by Equation 15 is less
than 1.5 orders of magnitude. Use of this limiting scheme is mainly based on the following
~ consideration. Equation 15 was developed for a porous medium (single continuum), and can only
be considered as an approximation for a dual-continua system. For example, the existence of
fractures, which may act as a capillary barrier, can increase tortuosity of liquid water flow in the
matrix, and therefore reduce the effective permeability compared with the case without fractures.
.This situation is not considered in Equation 15. A rigorous upscaling scheme for the matrix has
not been developed yet for the unsaturated fractured rocks. '

~ 6.2.2 Porosity

Matrix porosity has been measured on 4888 core samples from boreholes (not including -SD-6 and

WT#24) at Yucca Mountain. Porosity is determined after drying samples in a 105 °C oven for at
“least 48 hours in order to obtain a standard dry weight (Flint 1998, p. 17). Porosity is considered
. to be a normally distributed quantity, so the arithmetic mean of core measurements and standard
deviation are used to characterize the porosity for a model layer.
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- 6.2.3 Matrix van Genuchten Parameters

The relationships described by van Genuchten (1980, pp. 892-893) are used to characterize
unsaturated flow in the matrix of Yucca Mountain. Use of the water potential .vs. saturation
relationship allows the prediction of the relative permeability relationship. This technique is used
to describe the unsaturated flow at Yucca Mountain. Preliminary evidence from Yucca Mountain
core suggests that this approach is valid; those data will be addressed in a future revision of this

document.

van Genuchten parameters are S; (satiated saturation), S, (residual saturation), c, and m. Satiated

" Saturation is assumed to be 1.0, i.e. it is assumed that there is no residual gas saturation. Residual
saturation is calculated based on two porosity measurements as described below. With satiated
and residual saturation fixed, o and m are varied to fit water potential and saturation data.

' 6.2.3.1 Residual Saturation

Residual saturation is determined from relative humidity (RH) porosity and total porosity. RH
porosity is measured after drying a sample for 48 hours in a 60 °C and 65% relative humidity
oven. This process is designed to remove water from the pores that contributes to flow leaving
only bound water and water in the smallest pores (Flint 1998, p. 17). Layer average values for RH
porosity are calculated in the same manner as total porosity (see Section 6.2.2). The layer average
values of RH porosity are subtracted from the layer average values of total porosity to provide an
estimate of residual water content or the amount of water left in the pores and bound to the
minerals after relative permeability has been reduced to zero. Residual saturation is calculated by
~ dividing the residual water content by total porosity. :

6.2.3.2 Matrix oo and m - - S : _ .
 Desaturation data, water potential and saturation measured at several times while a core sample is
drying, from seventy-five samples, at least one for each layer, are used to calculate the o and m

fitting parameters for each layer. The best-fit parameters are obtained by minimizing the sum of
the squared saturation residuals, '

Yri=Y(s-S() S  (Egq. 16)
i=1 i=1 , : . e . .
where 7 is a saturation residual, » is the number of saturation and water potential data pairs for a
layer, S; is a saturation data point, and S('¥;) is the saturation predicted by the van Genuchten

. relationship for a water potential, ‘¥;.
The- uncertainty or standard error of o and m is given by the diagonal terms of the covariahce
. matrix, _ N : , ) ) o

C=s5"("I) (Eq17)
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where C is the covariance matrix, s? is the error variance, and J is the jacobian matrix. It should
be noted that standard error, SE, can be related to the standard dewauon G, whlch is grven for
- other properties, by '

SE = 74; R . (Eq.18)

Because the-data used to estimate o and m are from laboratory desaturation experiments, the

-‘estimate of o represents a lower bound of the average wetting and drying behavior. A better

-.estimate of this average behavior can be obtained by forcing the water potential curve through

saturation and water potential data representing field conditions. In-situ measurements of water

potential are available from several boreholes. Field -saturation conditions are adequately
: represented by saturation measurements from core. A :

In-sitn water potentlals are averaged for 15 layers from measurements in. four boreholes, NRG-6,
NRG-7a, SD-12, and UZ#4. In-situ measurements from UZ#5 are not included because this
borehole is sited next to UZ#4 and using data from both boreholes would bias the layer averages.
Measurements from UZ-7a are not used because this borehole is sited in the Ghost Dance fault
"-where water potential is influenced by water and gas flow in the fault.

- Saturation measurements on core from five deep boreholes, SD-7, SD-9, SD-12, UZ-14, and
. \UZ#16, are averaged for the same 15 layers. Saturation measurements from NRG-6 and NRG-7a
. are not used because the samples were not properly handled (Rousseau et al. 1999, p. 139).

:Measurements from UZ-7a were not used because of its srtmg in the Ghost Dance fault.

The m value esumated from the desaturation data is not changed, while ois re-esnmated based
solely on the field condition data. For the layers with no field condition data, an analogously
modified parameter, o, is calculated by

o'=a,'c (Eq 19)

where o4’ is the estimate of o for that layer from desaturation data and ¢ is a modification factor

given by
c=(ﬁ2‘“]y  (Eq.20)
G - |

~ where n is either the number of welded or non-welded units with field condition data, o is the
estimate of o from field condition data for unit i, and , 04 ; is the estimate of o from desaturation
data for unit i. These calculations are carried out separately for welded and non-welded units. The
welded units are CUC, CUL, CW, CMW, TC, TR, TUL, TMN, TLL, TM2, TM1, PV3, PV2, PP3,
PP2, and BF2 (Table 3). The non-welded units are CNW, BT4, TPY, BT3, TPP, BT2, BT1a, BT1,
CHYV, CHZ, BT, PP4, PP1, and BF3. For the non-welded units ¢ = 2.14, and for the welded units
c=4.74.
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- 6.3 THERMAL PROPERTIES - -

Thermal properties include rock grain density, dry and wet rock thermal conductivities, rock
grain specific heat, and tortuosity coefficient. These properties are basic inputs into model studies
involving heat flow. The approaches to determine the thermal properties are documented in
Francis (1997). For completeness, these approaches are briefly reviewed herein.

The wet and dry thermal conductivities for a lithostratigraphic unit were calculated by averaging
the conductivity measurements made within the unit. If existing experimental - data for the
conductivity were found to be incomplete for a unit, a multiple linear regression analysis was used
to estimate the conductivity value. Special considerations were also given to the lithophysal units.
The grain density was determined from the core measurements and the grain specific heat was
generally calculated from the measured thermal capacitance data. Due to the lack of experimental
data for the tortuous diffusion coefficient in the rock of Yucca Mountain, a representative value of
0.7 for the tortuosity coefficient, obtained from the literature, was assumed to be applicable for all
the units (Francis 1997, p.5). The developed thermal property data for all the lithostratigraphic

units based on these approaches are given in DTN: SNT05071897001.012.

The thermal properties for the UZ Model layers are developed from the thermal property data
(DTN: SNT05071897001.012) by correlating the geological units with each model layer (Table
3). When a UZ Model layer is composed of two or more adjacent lithostratigraphic units, the
averaging technique of Francis (1997, pp. 5-7) is used fof estimating the properties while
assuming an equal thickness for all the relevant units. This technique was developed based on an
assumption that heat flow is one-dimensional and in a direction normal to interfaces between the
units under consideration. This is appropriate because heat flow in the ambient system and in the
disturbed system (during repository heating) at Yucca Mountain is dominantly vertical. With this
assumption, the corresponding equivalent thermal conductivity (Awet or dry, eg)» Erain ‘density
(Pg,eq)» and heat capacity (Cp ., ) are calculated using the following equations (Francis 1997, pp.

5-7):

Mg = (k=wetordry) © (Eg.2D)
3 fin)
j=1 i=lij

Zpu’

pg=o— @D
‘ = . o . . N Zcpjp‘j .
- | Cpag =m— | | (Eq.23)
np',gq ’
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where n is the total number of the involved lithostratigraphic units, and A.g b Pg.i and Cp ; are heat
conductivity, grain density and heat capacity, respectively, for a lithostratigraphic unit i. Note that
‘these equations are derived from those of Francis (1997, pp. 5-7) by assuming an equal thickness
for all the relevant units within a model layer. The determined thermal properties for the UZ
* Model layers are given in Table 8. The determination of the propertles is described in Scxentlﬁc
Notebook YMP- LBNL-YSW-WZ-I on pages 57-64.

Table 8. Thermal Properties and Tortuosity Factor for the UZ Model Layers

S ‘Grain oensity spectic | 0¥ | We .}
Model Layer : (kgl 3) Heat (4 Ikg K) Conductivity | Conductivity | Tortuosity ()
: (W/m K) (W/m K)

towil 2550 823 1.60 2.00 0.7
towi2 2510 851 124 181 0.7

[rewiz_ 2470 857 0.54 0.98 o7

['pn21 2380 1040 To50 107 0.7
ptn22 2340 1080 0.35 0.50 0.7
ptn23 2400 849 0.44 0.97 0.7
ptn24 2370 1020 0.46 1.02 0.7
ptn25 "2260 1330 0.35 0.82 0.7
pin26 2370 1220 0.23 0.67 0.7
tswa1 2510 834 0.37 1.00 0.7
tswaz 2550 866 1.06 1.62 0.7
1swa3 2510 882 0.79 168 |07
1sw34 2530 948 1.56 233 0.7
tswas 2540 900 1.20 2.02 0.7
1sw36 2560 865 1.42 1.84 0.7
tswa7 2560 865 1.42 1.64 0.7
tswad 2360 984 1.69 2.08 0.7
tswa9 2360 984 1.69 208 0.7
chiZe 2310 1060 0.70 131 0.7
ch1Vi 2310 1060 0.70 131 0.7
ch[2-5]Ve 2240 1200 0.58 117 0.7
ch[2-5]Ze 2350 1150 0.61 120 |07
ch6 2440 1170 0.73 1.35 0.7
ppe ' 2410 . 577 0.62 121 B X
pp3 2580 841 0.66 1.26 0.7
pP2 2580 841 0.66 1.26 07
pp1 2470 635 0.72 1.33 0.7

o3 , 2570 763 1.41 1.83 0.7
b2 2410 1633 - 0.74 1.36 0.7
Submitted with this AMR unc_!er DTN: LB99109123129.006
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6.4 FAULT PROPERTIES

The UZ Model represents faults as having four layers that are defined by the major hydrogeologic
units (HGU), TCw, PTn, TSw, and CHn/CFu. The constituent sub-layers of these HGUs are
~ shown in Table 3. Fault properties are calculated for these four layers. In other words, we assumed
that each HGU has the uniform properties within faults to reduce the number of fault properties.
This is mainly because data to characterize faults are very limited. ‘ ‘

Direct measurements of fault specific properties are limited to air injection tests performed in
alcoves 2, 6 and 7, the Bow Ridge fault Alcove, North Ghost Dance fault Access Drift, and South
Ghost Dance fault Access Drift, respectively. Analysis of cross-hole tests run in the Bow Ridge
fault Alcove (LeCain 1998, p. 21) and the North Ghost Dance fault Access Drift
(DTN: GS990883122410.002) give the best estimates of fracture permeability in the TCw and
TSw fault layers, respectively. ' ‘ B '

All other fault properties are calculated directly as averages of non-fault layer properties or using
these averages. Some layers are much thicker than others and therefore the properties of those
layers should be weighted more heavily when calculating the fault properties. Properties are
weighted by their respective average layer thickness. Some properties are arithmetically averaged
(e.g. porosity), ' . ‘ '

| zpilf ‘
p.=5— - (Eq24)

where p, is the weighted arithmetic average property, n is the number of layers being averaged, Di
is the property for layer i, and L; is the thickness of layer i. Other properties are more
appropriately harmonically averaged (e.g. permeability), L ‘
2L
i=l -
Pv="% 1
* 3L

it Pi

(Eq.25)

where p; iS the wéighted harmonic average property. -

Layer thickness is estimated as the average (arithmetic) layer thickness over the GFM3.1 model
(DTN: MO990LMWDGFM31.000) area. The GFM3.1 model area is slightly larger than the UZ
Model area but will provide a reasonable approximation of the average layer thickness over the
UZ Model area. B ‘ o

It should be indicated that a more ri gorous way to estimate the fault properties is to correlate them

with geologic information specific to each fault being modeled and to individual locations within
each fault, such as amount of fault offset, width of the disturbed zone, and presence of contacts
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with significant property changes. This alternative approach, however, requires the development
. of relationships between hydraulic properties and geologic information that can not be reliably
- estimated for the given limited data regarding fault properties. -

'The calculatxon of fault propemes is described in Scientific Notebook YMP-LBNL-GSB 1.1.20on
pages 117-127 and 145-146. The calculated fault matrix and fracture propemes are given in
Tables 9 and 10, respectively.

6.4.1 Matnx properties

Because flow is generally perpendlcular to the bedding at Yucca Mountain, it is appropnate to use
the harmonic mean to calculate the effective permeability. Calculation of the weighted harmonic
mean is as shown in Equation 25. Effective matrix poros1ty 1s calculated using a welghted
arithmetic average (Equation 24). . 3 : ;

‘The most accurate way to calculate the matrix van Genuchten parameters for faults would be to
recalculate them using the composite data sets for each of the major HGUs and the process used
for the matrix van Genuchten parameters in Section 6.2.4. However this process would be
- complicated (but still possible) by the necessity to weight the data by the respective layer
thickness. A much simpler way that still provides a good approximation of this process 18 to take

the welghted average of each individual parameter.
Eqmvalent satiated ‘and residual saturation and m are calculated using a weighted arithmetic
average (Equation 24). The van Genuchten parameter o is approximately the inverse of an air
entry pressure. The equivalent air entry pressure would be calculated usmg the weighted
- arithmetic mean. It can be shown that the weighted arithmetic mean of 1/p; is equal 1o the

harmonic mean of p;, so the weighted harmonic mean of o is used to calculate the eqmvalent o for
the faults. -

Table 9. Calculated Fault Matrix Properties

Model Permeabitity ’Poros ity van Genuchten van Rés“‘fal : Satiated

Layer : ) ’ O . a(Pa") | Genuchten saturation satuaation
. . S o me | 86 Se6)

tewf 2.7E-19 -1 0.086 8.35E-6 -1 0.260 0.20 - 1.00

ptnf 1.2E-13 0.446 - 3.68E-5 .- ]0.2585 0.10 - -] 1.00

tswi 1.8E-18 0.127 - 3.18E-6 0.296 0.16 : 1.00

chnf 4.0E-18 0.259 9.79E-7 0.386 0.23 1.00

DTN: LB990501233129.001
, 6. 42 Fracture Pmperﬁds‘ | |
Fracture permeability for the TCw and TSw fault layers is ngen by the cross-hole air m]ectwn

tests described above. Permeability for the PTn and CHn/CFu fault layers is calculated by scaling
the weighted average bulk rock fracture permeability. As with the matrix permeability, equivalent
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fracture permeability is calculated for all four fault layers using the weighted harmonic mean of
permeabilities for the corresponding non-fault model layers. The average (geometric mean) ratio
of the measured permeability to the calculated equivalent permeability for layers TCw and TSw is
calculated. This factor multiplies the calculated equivalent permeability of the PTn and CHn/CFu
" layers to scale them up. This process is equivalent to the process used to scale bulk rock matrix o,

which is explained in Section 6.2. |

Equivalent fracture spacing, équal to the inverse of fracture frequency, can be calculated using the
weighted arithmetic mean. Again, it can be shown that the weighted arithmetic mean of 1/p; is
equal to the harmonic mean of p;, so the weighted harmonic mean of frequency is used to
calculate the equivalent frequency for the faults. , : -

Fracture aperture is calculated as in Section 6.1 (using Equation 7) based on the cubic law and the
fault permeabilities and frequencies.

Fracture porosity is determined by scaling the weighted arithmetic mean of bulk rock fracture
porosity. The scaling factor is the ratio of fault fracture aperture to mean bulk rock fracture
“aperture. The mean bulk rock fracture aperture is calculated as the weighted arithmetic average of
fracture aperture. - SRR : - '

The fracture van Genuchten m (mf) is assumed to be 0.633 as for all other fractures (see Section
- 6.1). The fracture van Genuchten o (o) is calculated based on the fracture aperture using
Equation 9 as documented in Section 6.1. | o

The fracture to matrix connection area for the faults is approximated as the weighted arithmetic
meai of bulk rock fracture to matrix connection area. : : :

Table 10. Calculated Fault Fracture Properties

Model | Permeability | Porosity | Aperture ‘Frequency . ‘Interface area
_ L o (Pa!) | me() .

Layer | © (m?) ) (m) - (m™M) , ‘ v (mP/m?)

tewf | 2.7E-11 . 4,4E-2 5.5E-4- 1.90. ' 3.8E-3 0.633 1.3E+1

ptnf 3.0E-12 1.6E-2 - | 4.0E-4 0.54 s 2.8E-3 0.633 1.3E+0

tswi 1.5E-11 3.6E-2 4.7E-4 | .70 3.2E-3 0.633 . B.6E+0 B

chnf 3.65-13 1.6E-3 33E-4 - ]| 0.3 2.3E-3 . 0.633 4.7E-1

DTN: LB990501233129.001

6.4.3 Thermal Properties

Thermal conductivity, both wet and dry, are calculated as the weighted harmonic mean of bulk
rock thermal conductivity (Francis 1997, p. 6). This is appropriate because heat flow in the
ambient system and in the disturbed system (during repository heating) at Yucca Mountain is
- dominantly vertical. The tortuosity factor is assumed to be the same as non-fault model layers.
Grain density is calculated as the weighted arithmetic mean (Francis 1997, p. 7).
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- Equivalent grain heat capacity, C, ,eq for the fault layers is calculated by (Francis 1997, p. 7):

Cree= ’———H  (Eq26)

where C ;is the grain heat. capacny of layer i, and Pg is the gram densny of layer i. The devel-

oped thermal properties are given in the bottom portion of Table 11.

: Table 11. Calculated Fault Thermal Properties and Tortuosity Factor

Wet - :
T:::: . -.Gr?:gﬂ::;ﬂy : sP:::; :)e at Dry C(:v;::ug hvity _@nd;ipﬁvhy To:rtuosityl ) -
, el 4 (WimK)
tewf - | 2508 " | 851 B RRLE 75 - fo7
ptnt 2330 1156 0.36 logt 0.7
tswf 2519 901 1.12 1.88 0.7
chaf | 2455 870 1078 1.35° : 0.7

.+ Submitted with this AMR under DTN: LB991091233129.006

6.5 CONFIRMATION OF FRACTURE PROPERTIES

Uncertamnes generally exist in the estimated rock properties due to the data availability and
limitations of the estimation procedures used. This is particularly true for the fracture properties,

. since these properties, such as fracture van Genuchten parameters and porosity, are not directly

measured, but indirectly estimated from other property measurements. In addition to model
calibration, it is useful to confirm the appropriateness of the estimated properties based on
independent methods and the relevant data. In this subsection, the ESF seepage test results are
used to determine fracture van Genuchten o and porosity for the confirmation purpose. The
determination procedures are very different from those used in Section 6.1 of this report. The

calculation is documented in a Sc1ent1ﬁc Notebook YMP-LBNL-GSB-LHH 2 (pp 64-66)
6.5.1 ESF Seepage Tests
~ After Niche 3650 (N1che,2) in the ESF‘ was excavated, a series of seepage‘tevsts were performed by

pumping water into boreholes labeled UL, UM and UR that were located above the niche. Water
was released into a number of intervals in these boreholes. Tracers were also introduced during

 the seepage tests. As test observations, water entering the niche was captured, and the water
arrival times were recorded during the tests. Based on water seepage rates and the corresponding

water release fluxes for a given test interval, a seepage threshold flux could be determined (DTN:
LB980901233124.003). The threshold flux is defined as the water-release flux within a test
interval at which seepage into the niche no longer occurred. The threshold water flux and water
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arrival time data are the primary data used for détermining vén Genuchten fracture o (o) and
porosity. The test sites were located at the fractured middle nonlithophysal zone of the Topopah
Spring welded unit, corresponding to the UZ Model layer tsw34.

6.5.2 Approaches

The approach to determine van Genuchten fracture o from the seepage test results is based on the
theory of Philip et al. (1989). They developed analytical solutions of water exclusion from, or
entry into, cavities from downward seepage through an unsaturated porous media. The underlying
assumptions they used are as follows (Philip et al. 1989, pp-16-23): : -

First, liquid water flow is downward and steady, and the concerned porous medium is isotropic
and homogeneous. To be consistent with this assumption, in our analyses we only used the results
for the seepage tests associated with fracture networks. This is because a fracture network may be
conceptualized as a continuum such that the solutions developed for porous media can be
approximately applied. Data in DTN: LB980901233124.003 indicated that the tests were
associated with either connected fracture networks or individual vertical fractures (or small
groups of vertical fractures). Studies documented in an AMR describing seepage calibrated model
and seepage testing data also support the use of the continuum approach for dealing with seepage
at the same scale. B

Second, Philip et al. (1989, pp. 16-18) assumed that the flow domain is infinite in extent and flow
velocity in the upstream is spatially uniform. It is important to note that in the seepage tests, the
flow patterns between the test intervals in the boreholes above Niche 3650 (Niche 2) and the
niche were localized in extent, as will be documented in an AMR  describing in-situ field testing
of processes. However, liquid water flow in a fracture continuum is largely dominated by gravity
and the capillary dispersion effects are weak. Therefore, it is not unreasonable to use the theory of
Philip et al. (1989) for analyzing the localized tests for fracture networks. i SR

Third, Philip et al (1989, p.18) assumed that there exists a functional relation between unsaturated
" hydraulic conductivity, X(¥) (m/s), and moisture potential, ‘¥ (m), that is exponential in nature:.

K=K ™™ . (Ea2D)

where K, (nv/s) is the hydraulic conductivity at a referential water potential ¥g (m), and o’ (m™)
is the sorptive number. In this study, we treat X as the saturated hydraulic conductivity, and
therefore ¥ = 0 by definition. The sorptive number is a constant for a homogeneous porous
medium, and usefully characterizes the capillary properties of the medium in unsaturated flow
(Philip et al. 1989, p.18). This number can be used to determine van Genuchten alpha, which will
~ be discussed later on. ' -

According to Phillip‘et al. (1989, p.19; p.23), the threshold water flux, Ko+ (m/s), can be related to

 the saturated hydraulic conductivity K, as ‘ : = -
- I . - K

Ky = KalOrme ] (Eq.28)
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with s = (1/2)all, where I (m) is the radius for a circular cylindrical cavity. For the ESF seepage
tests, it is the radius of the niche. Under a condition that s is large (or capillary effects are weak),
Umax €an be expressed as (Philip et al. 1989, p.23)

o (s)=2s+2-1+l-. | (Bq29)

: Based on Equations 28 and 29 a sorptive number, o’, can be estrmated from known saturated
- conductivity and threshold flux values for a given seepage test. The sorptive number values
estimated are given in the data set (DTN: LB980901 233124 003)

The sorptive number can be related to van Genuchten fracture o '(af) by the following curve

""'ﬁmng procedure. Based on the deﬁnmon of relative permeability, Equauon 27 leads toa relatlve
.- permeability (k) relation : _

In(k) = =L .
| | pe . (Eq:30)
'where P (Pa) is the caplllary pressure, g (m/s?) is the gravrtanonal acceleration, and p (kglm3) is
the liquid water density. van Genuchten (1980) relations result in

]n(k):—ﬂ]n[(p*)"+l]+2h[l—(l—ﬁ)m] L (Eq.31)

- where n and m=1-1/n are van Genuchten parameters, and p* is a dlmensronless caplllary pressure
: deﬁned by : L :
In terms of p*, Equation 30 can be rewritten as ‘ ’ S
o

gaj‘p o . Eq-33)

Ink) = -

For a given fracture m (my) value and a range of p* values, "/(pgaf) can be estimatedby fitting
Equation 33 through a number of data points calculated from Equation 31. Since o’ is known, the
correspondmg oy (Pa 1) can be easily estimated.

In addm_on to determining the van Genuchten fracture ¢, the seepage test results can be used to

estimate _volumetric water content of the fracture continuum. The estimated saturated water

contents provide useful mformatron for confirming fracture priorities esumated in Section 6.1 of
. the report. :
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" Under conditions that water flow is one-dimensional and the wetting front has a constant velocity,
the depth of the wetting front can be determined as .

=2
T e.-8) (Eq.34)

where Zp (m) is the depth from the water supply source to the wetting front, ¢ (s) is the arrival time
of the front at depth zy, g is the constant flux of water supplied at the source, and 9, is the residual
water content, and 8,, is the average volumetric water content between the source and the wetting
front. For the seepage tests, z, and ¢ can be ‘considered as the distance between the source and the
. ceiling of the niche, and the wetting front arrival time at the ceiling, respectively. Assuming 6, =
0, 8,, can be estimated for each seepage test. The estimated (8, - 8,) values are reported in DTN:

LB980901233124.003. Note that the conditions for Equation 34 to hold are approximately
satisfied when the capillary effects are weak, which is the case for water flow in fractures.

‘Fma]ly, it should be indicated that in the above discussions, the matrix imbibition was ignored.
This is because for the given temporal and spatial scales of the seepage tests, the matrix
imbibition is expected to be insignificant compared with the amount of water ﬂowmg through ‘

- fractures.

6.5.3 Results and Discussion

“The van Genuchten fracture o values estimated from the seepage test results are given in Table
12. To estimate these values, we applied the curve fitting procedure for p* < 5 based on the
- following considerations. First, van Genuchten fracture o is closely related to the air entry
pressure, which is mainly characterized by capﬂlarlty and relative permeability data at large
saturations (or small capillary pressures). Therefore, it is appropriate to perform the curve fitting
for a range of p*, corresponding to relatively small capillary pressure values, in order to estimate
the -van Genuchten fracture o. Second, assuming a unit hydraulic head gradient condition, the
water release flux at the source for a given seepage test can be considered as the unsaturated
hydraulic conductivity. In this case, the ratio of the water release flux to the saturated hydraulic
conductivity is an approximation of the relative permeability. The natural logs of the calculated
~ ratio for the relevant seepage tests based on the data in DTN: LB980901233124.003 are larger
than -5. In this case, p* < 5 results in relative permeability values that are adequate to cover this
range (Figure 4). We also used my = 0.633 for the curve fitting. The determination of this m value

- was given in Secnon 6.1 of this report. The curve ﬁttmg results are shown in Figure 4.

Table 12. Log Values of van Genuchten Fracture oc Estlmated from the ESF Seepage Tests (Nlche 3650)

Borehole (Depth(m))* ‘Log(ay)®
UL (7.017.32) .3.31
UM (4.27-4.57) 273
UM (5.49-5.79) -2.90
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Table 12. Log Values of van Genuchten Fracture O, Estimated from the ESF Seepage Tests (Niche 3650) .

(Cont.)

Borehole (Depth(m))? ' Log(oy)®
UR (4.27-4.57) _ 310 -
UR (4.88-5.18) : -2.69
UR (5.49-5.79) : -4.23

average - . -3.16

NOTES: 2UL - upper left; UM — upper middle; UR — upper right.
- PLog(ay) is calculated using o data (DTN: LB980901233124.003).

Table 12 shows that the estimated fracture alpha value varies for different test locations due to the
heterogeneities. However, the average log(oy) value is —3.16, which is very close to the log(oy)
value of -3.17, determined from air permeability data for UZ Model layer tsw34. As indicated
before, the test sites are located in zones represented by the model layer tsw34. It is encouraging

“that independent approaches used to estimate the fracture o based on different data sets lead to
similar fracture o values. This indicates that the approach used to estimate fracture o based on the
air permeability data and the resultant fracture o values, reported in Section 6.1 of this report, are
reasonable. ‘

[w] Eq. 31
Eq. 33 (slope = -2.44)

in{k)

b b YU b KA LA L

Figure 4. Graph of fitting of Equation 33 to Equation 31 using a number of data points for
' p*<5
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The data from DTN: LB980901233124.003 include values of the fracture water content change
for the seepage tests. As discussed before, this change is equal to the average volumetric water
content when assuming zero residual water content. Herein, we are interested in the water content
values under the saturated condition or when the liquid water release flux at the source is close to
the saturated hydraulic conductivity. In these cases, the fracture networks are or should be nearly
saturated, and therefore, the water content values are good approximations of the corresponding
fracture porosities. Three water content values of this kind were given in DTN:
LB980901233124.003. They are 0.0242, 0.0124 and 0.0024, respectively, and the average value
is 0.013. The fracture porosity for the model layer tsw34, determined in Section 6.1, is 0.01 and
close to this average value. Again, this confirms that the fracture porosity values developed in
Section 6.1 are reasonable. : '
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7. CONCLUSIONS

Methodologies have been described for providing representative estimates of fracture and matrix
properties for UZ Model layers based on the relevant data. The fracture and matrix properties
developed here were submitted to the Technical Data Management System (TDMS) under DTN:
LB990501233129.001 and DTN: LB991091233129.005. The thermal properties developed here
were submitted to the TDMS under DTN: LB991091233129.006. The estimated properties are
also documented in this report for use as the prior information and initial estimates in the
" inversion processes in an AMR documenting calibrated properties model. The resultant fracture
spacing is an important input for the development of the UZ Model grids. The independent
determination of fracture properties based on ESF seepage test results confirms the
appropriateness of the estimated fracture properties and the procedures used for the estimation.

Like many field-scale problems, data availability and limitations of approaches for upscaling flow
parameters, directly from small-scale measurements, are major sources of uncertainties in the
estimated hydraulic properties. It is particularly true for the unsaturated fractured rocks due to the
complexity of the flow processes involved. To reduce the uncertainties, model calibrations are
generally needed. The calibration is discussed in an AMR describing calibrated properties model.
Therefore, it should be emphasized that flow parameter estimates reported herein are only
developed as inputs into model calibrations, and should not be directly used for modelmg Uz
flow and transport processes without careful evaluations.

This document may be affected by technical product input information that requires confirmation.
Any changes to the document that may occur as a result of completeing the confirmation activities
will be reflected in subsequent revisions. The status of the input information quality may be
confirmed by review of the DIRS database. The impact of modifications or inability to verify
these data may be minimal, because the results of this AMR are primarily used as prior
information (input) to the calibration process and changes in these inputs as a result of the
verification process are not expected to be substantial. Therefore, changes in property values will
not result in substantial changes in the final calibrated values. The data that support the properties
that are not calibrated (fracture porosity, fracture frequency and thermal properties) may have a
greater impact because these properties represent final values used for flow and transport
simulations. '
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GS990408314224.002. Detailed Line Survey Data for Statlons 15+00 85 TO 26+63 8, ECRB
Cross Drift. Submrttal Date 09/09/1999

GS9908813122410. 002 Quahﬁed Data in "Results From Geothermal Loggmg, Air and
'Core-Water Chemistry Sampling, Air-Injection Testing and Tracer Testing in the Northern Ghost
Dance Fault, November, 1996 - August, 1998." Submittal date: 08/ 16/1999

»GSOOOS99991221 .004. Prehmmary Developed Matrix Propertres Submlttal dates 3/ 10/2000

LB960500834244.001. Hydrological Charactenzatlon of the Single Heater Test Area in ESF
Submittal date: 08/23/1996

LB970600123142.001. Ambient Characterization of the ESF Drift Scale Test Area by Field Air
Permeablhty Measurements Submittal date: 0611311997

LB930001233124.001. Water Potential Measurements in Niches 3566 and 3650. Submittal date:
04/23/ 1998

LB980001233124 002. Air Permeablhty Testing in Niches 3566 and 3650. Submlttal date: 04/
23/1998.

LB980120123142 004. Air Iujecuons in Boreholes 57 through 61, 74 through 78, 185 and 186 in
the ant Scale Test Area. Submrttal date: 01/20/1998

LB980120123142.005. Hydrological Characterization by Air Injections Tests in Boreholes in
Heated Driftin DST Submittal date 01720/ 1998 4

LB980901233124 001. Pneumatic Pressure and Air Permeabﬂlty Data from Niches 3107 and
" 4788 in the ESF from Chapter 2 of Report SP33PBM4 Fracture Flow and Seepage Testrng in the
- ESF, FY98. Submittal date: ()9/14/1998

LB980901 233124, 002 Laboratory Imbibition, Tracer, and Seepage Tests in Nlches 3566, 3650
3107, and 4788 in the ESF Subm1tta1 date: 09/1411998 ‘
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LB980901233124.003. Liquid Release and Tracer Tests in Niches 3566, 3650, 3107, and 4788 in
the ESF. Submittal date: 09/14/1998.

LB980912332245.002. Gas Tracer Data from Niche 3107 of the ESE. Submittal date: 09/30/
1998. o

LB991091233129.005. Hydrologic Properties Data - Number of Matrix‘ 'Permea-bility Non
- Detects for AMR U0090, "Analysis of Hydrologic Properties Data." These Data are also
Associated with AMR U0035, "Calibrated Properties Model." Submittal date' 10/22/1999. -

M09901MWDGFM31 OOO Geologic Framework Model Submmal date: 01/06/ 1999.

SNF29041993002 084 Yucca Mountain Slte Characterization Project Core Hole Rock Structura]
Data Summaries for Boreholes UE25 NRG-1, -2, -2A, -2B, -3, -4, -5; and USW NRG-6 and 7/7A,
Revision 2. Submittal date: 07/09/1996. o o

SNT05071897001.012. Source Data for Base Case Thermal Property Data for TSPA-VA (Total
:System Performance Assessment-Vlablhty Assessment) (VA supportmg data). Submittal date:
05/25/1999. ~ , S

TMO000000SD12RS.012. USW SD-12 Composite Borehole Log (0.0 - 1435.3") and Weight Logs
(1, 438 8-2, 151 Y. Submrttal date: 09/08/1995. ,

8 4 OUTPUT DATA LISTED BY DATA TRACKING NUMBER

.LB990501233129.001. Fracture Properties for the UZ Model Grids and Uncalibrated Fracture
and Matrix Propertles for the UZ Model Layers for AMR U0090, "Analysis of Hydrologic
Propernes Data " Submittal date: 08/25/1999.

LB991091233129.006. Thermal Properties and Tortuosity Factor for the UZ Model Layers
Submittal date: 10/15/1999.
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| Sweetkind, D.S.; Barr, D.; Polacsek, D.; and Anna, L. 1997 Admzmstrattve Report Integrated
Fracture Data in Support of Process Models. Milestone Report SPG32M3. Denver, Colorado:
U.S. Geological Survey. ACC: MOL. 19971017.0726.

Tsang Y. W.; Wang, J.; Freifeld, B Cook, P; Suarez-Rlvera, R and Tokunaga, T. 1996. Letter
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9. ATTACHMENTS
Attachment I - Document Reference Input Sheet

Attachment II - Supporting Data for the Calcutaions of Fracture Properties
Attachment III - Technical Data Information Form

Attachment IV - Software Routines
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DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:

Change: Title: :
ANL-NBS-HS-000002/Rev.00 * | Analysis of Hydrologic Properties Data .
Input Document 5 ) 8. TBV Due To
4, Input . - o From
2. Technical Product Input Source . Status Section 6. Input Description | TBV/TBD ; Un-
Title and Identifier(s) with Version 3. Section Used in P“F'“‘Y Unaual. U";Tl::led confirmed
2a '

DTN: ,

GS00039991221.004, N/A- . :

Preliminary Developed . Qualified- Matrix property and
L Matrix Propertics, Entire Verification | 62 saturation .NIA N/A N/A N/A

Submittal date: Level 2

3/10/2000.

DTN:

GS930608312332.001.

Outcrop-Fractures N/A- ‘

R . Qualified-

2. Orientation and Geometry | Entire . Vesification | 61 Fracture data N/A N/A N/A N/A

in the Arca of Raven Level 2

Canyon. Submittal date:

06/30/1993. Initial use.

DTN:

G5930608312332.002.

i | Outcrop Fractures -
- | Orientation, Description gﬁ:l-lf od ,

3. and Geometry in the Area | Entire Verification | 61 Fracture data N/A NA |NA N/A

East of Little Skull Level 2

Mountain, Nevada.

Submittal date:

10/30/1993. Initial use,
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DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00 -

Change:

Title:

Analysis of Hydrologic Propettics Data

00ATY T00000-SH-SEN-TINV-

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version®

3. Section

4. Input

Status

5.
Section
Used in

6. Input Description

TBVI.I'BD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

DTN:
GS950208312232.003.
Dati, Including Water
Potential, Pressure and
Temperature, Collected
4. from Boreholes USW
NRG-6 and USW NRG -
7A from Instrumentation
through March 31, 1995.
Submittal date:
02/13/1995.

Water
potential

6.2

Calculation of in-situ
water potentials for model
layers

NA

N/A

NA

N/A

‘| DTN: :
GS951108312232.008.
Data, Including Water
Potential, Pressure and
Temperature, Collected
from Boreholes UE-25
UZ#4 & UZ#S from
Instrumentation through

. | September 30, 1995, and
=1 from USW NRG-6 & - -
NRG-7A from April 1
through September 30,
1995. Submittal date:
11/21/1995.

Water
potential

N/A-
Qualified-

Vegification -

Level 2

6.2

Calculation of In-situ
water potentials for model
layers |

NA

N/A

NA

NA
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ANL-NBS-HS-000002/Rev.00

Change:

Title: o .
Analysis of Hydrologic Properties Data

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3, Section

4. Input
Status

S
Section
Used in

6. Input Description

TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

DTN: -
G$960308312232.001.
Deep Unsaturated Zone
Surface-Based Borehole |
Instrunientation Program
Data from Borcholes
USW NRG-7A, USW
NRG-6, UE-25 UZ#4,
UE-25 UZ#5, USW UZ-
7A, and USW SD-12
FOR the Time Period
10/01/95 through 3/31/96.
-| Submittal date:
04/04/1996..

Water
potential

N/A-
Qualified-
Verification
Level 2

6.2

Calculation of in-situ
water potentials for model
layers ‘

N/A

N/A

N/A

N/A

DTN: :
GS960708314224.008,
Provisional Results:
Geotechnical Data for
Station 30400 to Station
35+00, Main Drift of the
| ESF. Submittal date:

-1 08/05/1996.

Entire

N/A-
Qualified-
Verification
Level 2

6.1

Fracture data (location,
length, strike, dip)

NA

NA

N/A
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DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Tide:

Analysis of Hydtologic Properties Data

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

4. Input

3. Section Status

5.
Section
Used in

6. Input Description

TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source -

~ Un-
confirmed

DTN: .
GS960708314224.010.
Provisional results: -
Geotechnical Data for

* Station 40+00 to Station

45+00, Main Drift of the
ESF. Submittal date: .
08/05/1996,

Entire

N/A-
Qualified-
Verification
Level 2

6.1

Fracture data (location,
length, strike, dip)

N/A

N/A

N/A

NA

DTN:
GS960808312232.004,
Decp Unsaturated Zone -
Surface-Based Borehole
Instrumentation Program
Data for Borcholes USW
NRG-7A, USW N RG-6,
UE-25 UZ#4, UE-25
UZ#5, USW UZ-7A and
USW SD-12 for the Time
Period 4/1/96 through
8/15/96. Submittal date: .
08/30/1996.

Water

potential

N/A-
Qualified-
Verification
Level 2

6.2

Calculation of in-situ
water potentials for model
layers

NA

NA

NA

NA
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1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Title:

Analysis of :Hydrologic Properties Data

" Input Document

2. Technical Product Input Source

Title and Identifier(s) with Version

3. Section

4. Input
Status

-5,
Section
Used in

6. Input Description

8. TBVDueTo .

TBV/TBD
Priority

Unqual.

From
Uncontrolled
Source

Un-
confirmed

10.

DTN:
GS960808314224.011.
Provisional results:
Geotechnical Data for
Station 35+00 to Station
40+00, Main Drift of the
ESP. Submittal date:
08/29/1996.

Entire

N/A-
Qualified-
Verification
Level 2

6.1

Fracture data (location,
length, strike, dip)

N/A

N/A

N/A

N/A

11. .

DTN:

| GS960908312232.012,

Comparison of Air-
Injection Permeability

‘Values to Laboratory

Permeability Values.

‘Submittal date:

09/26/1996.

Column of
Permeabilit
y data

TBV-3533

6.1

Air permeability

N/A

NA

12,

DTN:
G$§960908312232.013.
Air-Injection Testing in
Vertical Boreholes in
Welded and Non-Welded
Tuff, Yucca Mountain,
Nevada. Submittal date:
09/26/1996. -

Entire

N/A-
Qualified- -
Verification
Level 2
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NA

NA

N/A

N/A
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| 1. Document Identificr No/Rev.: Change: Title:
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Propetties Data
Input Document 5 ’ 7 + 8, TBV Due To
- . 4. Ioput " - . From
2. Technical Product Input Source . - Status Section 6. Input Description TBV/TBD Un-
Titte and Ideutifier(s) with Version | > S¢°4o" Used in Priority | Unqual. | Uneontrolled | oo grpeq
DTN: :
GS960908314224.014. NA ‘
Provisional Results—ESF . .
13. | MainDrift, Station 50+00 | Eantire Quallied- 6.1 e G Qocaons | via NA | NA NA
to Station 55400, Level 2 ngth, sirike, CIp.
Submittal date:
09/09/1996.
DTN: . .. )
GS960908314224.018.
Provisional Resulis: N/A- . »
Geotechnical Data for . Qualified- Practure data (location, .
14. Alcove § (DWFA), Main Entire Verification 6.1 length, strike, dip) NA N/A NI.A NA
| Drift of the ESF. Level 2 - . I '
Submittal date:
09/09/1996. Initial use. ..
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1. Document Identifier No./Rev.: '

ANL-NBS-HS-000002/Rev.00

Change: Title: :
Analysis of Hydrologic Properties Data :

- - Input Document :

2. Technical Product Input Source.
Title and Identifier(s) with Version

3. Section )

s ‘ 7 . 8. TBV Due To

4. Input

<omput | Scction | 6. Input Description - | TBV/TBD From

Usedin | Priority Unqual. | Uncontrolled
' i ) Source

~ Un-
confirmed

15. -

DTN: :
GS960908314224.020.
Analysis Report: Geology
of the North Ramp -
Stations 4400 to 28+00
and Data: Detailed Line

‘Survey and Full-Periphery

Geotechnical Map -
Alcoves 3 (UPCA) and 4
(LPCA), and Comparative
Geologic Cross Section -
Stations 0+60 to 28400,
Submittal date:

'09/09/1996.

Entire

N/A-
Qualified- 6.1 | Practure data (location,
Verification ) - | length, strike, dip)

N/A N/A N/A
Level 2 :

NA
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1. Docunent Identifier No./Rev.:
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Change:

Title:

Analysis of Hydrologic Propertics Data

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3. Section

4, Input
Status

5.
Section
Used in

6. Input Description

3
TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confinned

16.

DIN: L
G8970108312232.002.
Deep Unsaturated Zone,
Surface-Based Borehole
Instramentation
Program—Raw Data
Submittal for Boreholes
USW NRG-7A, USW
NRG-6, UE-25 UZii4,
UE-25 UZi5, USW UZ-
74, and USW SD-12, for
the Period 8/16/96
through 12/31/96.
Submittal date:
01/22/1997.

Water
poteatial

N/A:

Verification
Level 2

6.2

Calculation of in-situ
water potentials for model
layers

NA

N/A

NA

NA -
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1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

"Title:

Analysis of Hydrologic Properties Dat

a |

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3. Section

4. Input
Status

5.
Section
Used in

6. Input Description

TBV/TBD
Priority

- 8. TBVDueTo

Unqual.

From
Uncontrolled
Source

Un-
confirmed

R

DTN: ‘
GS970183122410.001.
Results from Air-Injection
and Tracer Testing in the
Upper Tiva Canyon, .
Bowridge Fault, and
Upper Paintbrush Contact
Alcoves of the
Exploratory Studies
Facility, August 1994 .
through July 1996, Yucca
Mountain, Nevada.
Submittal date:
02/03/1997. Initial use.

Entire

N/A-
Qualified-
Verification
Level 2

6.1
6.4

Air permeability

N/A

N/A

| wa

N/A

18.

DTN: o
GS§970208314224.003.-
Geotechnical Data for
Station 60+00 to Station
65+00, South Ramp of the
ESF. Submittal date:
02/12/1997.

Entire’

N/A-
Qualified-
Verification
Level 2

6.1

Practure data (focation,
length, strike, dip)

N/A

N/A

N/A

N/A

BIE(] SoN19d01J J130[0IPAH JO SISA[UY (L

06000




00ATY Z00000-SH-SEN-TINV _

o1-1

0007 WO®N - - -

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET
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Change:

Title:

Analysis of Hydrologic Properties Data

Input Document

2 chhhical Product Input Source
Title and Identifier(s) with Version

3. Section

4, Input
Status

5
Section
Used in

6. Input Description

TBV/TBD
Priority

- 8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confinned

19.

DTN: =
GS970308314222.001.
Fracture Data from -
Natural Outcrops of the
Calico Hills Formation
and the Topopah Spring
Tuff at 10 Locations in
the Vicinity of Prow Pass,
at the Head of Yucca
Wash, North of Yucca
Mitu, and 2 Locations at

_| the NE End of Busted

Butte, SE of Yucca Mtn,
Submittal date:
03/26/1997 . Initial use.

Entire

N/A-
Qualified-

Vetification

Level 2-

6.1

"| fracture data

NA

N/A

N/A

N/A

20.

DTN: -
GS§970408314222.003.
Integrated Fracture Data
in Support of Process
Models, Yucca Mountain,
Nevada. 'Submittal date:
04/21/1997. Initial use.

Entire

N/A-
Qualified-
Verification
Level 2

6.1

Fracture properties

N/A

N/A

N/A

N/A
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Change:

Tite:

"Analysis of Hydrologic Properties Data

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3. Section

4 Input

Status

Section
Used in

s

6. Input Description

TBV/TBD
Priority

8. TBV Due To

Unqual.

From
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Source

Un-
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21.

DTN: .
GS970808312232.005.
Deep Unsaturated Zone
Surface-Based Borchole
Instrumentation Program
Data from Boreholes
USW NRG-7A,UE-2§
UZ#4, UE-25 UZ4S,
USW UZ-7A and USW
SD-12 for the Time
Period 1/1/97 - 6/30/97,
Submittal date:
08/28/1997.

Water
potential

N/A-
Qualified-
Verification
Level 2

6.2

Calculation of in-situ -
water potentials for model
layers

N/A

N/A

N/A

N/A

22

DTN: ' :
GS970808314224.008.
Provisional Results:
Geotechnical Data for
Station 65+00 to Station
70+00, South Ramp of the
ESF. Submittal date:
08/18/1997.

Entire

N/A-
Qualified-

Verification .

Level 2

6.1

Fracture data (location,
length, strike, dip)

N/A .

N/A.

N/A.

N/A.
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ANL-NBS-HS-000002/Rev.00 : Analysis of Hydrologic Propertics Data
' . Inpit Document o ' 5 : 4 - 8. TBV Due To
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2. Technical Product Input Source . Status Section 6. Input Description | TBV/TBD | Un-
Title and Identifier(s) with Version | > S°°9°0 Used in Priogity | Unqual. | Uncontrolled | o504
-DTN: :
GS970808314224.010.
Provisional Results: N/A-
Geotechnical Data for . Qualified- Practure data (location, )
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75+00, South Ramp of the Level 2 '
ESF. Submittal date:
08/25/1997.
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Provisional Results: N/A-
Geotechnical Data for . Qualified- i Fracture data (location,
24 | Station 75400 to Station | B Vesification | 51 length, strike, dip) NA - |NA | NA NA
78+77, South Ramp of the Level 2
ESF. Submittal date: . .
08/25/1997.
DTN: ..
GS970808314224.014.
Provisional Results: WA
Geotechnical Data for - . p
25. | Alcove 6 and Alcove 6 | Entire Qualifed 16 ¢ Caleulation of fracture—— { nya NA [ NA NA
Drill Alcove, Main Drift Level 2 : propertics
of the ESF. Submittal S '
date: 08/25/1997. Initial N
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

Change:

Title:

1. Document Identifier No./Rev.: :
ANL-NDBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data
Input Document 5 7 8. TBV Due To
. 4. Input Ca P VIR [P From
2. Technical Product Input Source . Status Section 6. Input Description TBV/TBD Un-
Title and Identifier(s) with Version 3. Section Used in Priority | Unqual. Uncszl:lt:elled confirmed
DTN: :
GS971108312232.007.
Provisional Results: ' N/A- . o
Calculation of in-situ
Geotechnical Data for Water Qualified- .
26.- Alcove 6 and Alcove 6 potential Vesification | 62 ;;a:;rs potentials for model | N/A N/A N/A N/A
‘Drill Alcove, Main Drift Level 2 y
of the ESF, Submirtal
date: 11/18/1997.
DIN: = =
1 GS971108314224.020.
Revision 1 of Detailed
Line Survey Data, Station N/A-
0460 to Station 4+00, . Qualified- Fracture data (location,
27. North Ramp Starter Entire Verification | &1 length, strike, dip) NIA N/A N/A N/A
Tunnel, Exploratory Level 2
Studies Facility. ‘
Submittal date:
12/03/1997.
DTN: :
GS971108314224.021.
*| Revision 1 of Detailed NIA
Line Survey Data, Station - N I - . .
28. | 4400t Station 8400, | Entire Qualified- | ¢, . Fracture data (location, |\, NA | NA NA
Verification , length, strike, dip)
North Ramp, Exploratory Level 2
Studies Facility.
Submittal date:
12/03/1997.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.: Change: Title:
ANL-NBS-HS-000002/Rev.00. ' Analysis of Hydrologic Propertics Data :
Input Document 5 1 8. TBV Due To
- o 4- Inw‘ .. ) V P \ i len
2. Technical Product Input Source : Status Section 6. Input Description | TBV/TBD Un-
Title and Identifier(s) with Version | > S°°to8 Usedin | Puiority | Unqual. | Uncontrolled | oopgrppeq
DTN: : .
GS971108314224.022.
Revision 1 of Detailed NA
Line Survey Data, Station " . .
29. | 8+00to Station 10400, | Entire Quiified- | ¢y e e oo™ | NvA NA  |Na NA
North Ramp, Exploratory | - Level 2 e PP
Studies Facility. -
Submiltal date:
12/03/1997.
DTN: .~ ‘
GS971108314224.023.
Revision 1 of Detailed NA o o
Line Survey Data, Station " .
30. | 10400t Station 18400, | Entire | w5 e (clh‘.”;““' NA NA | NA NA
North Ramp. Explomory Level 2 ng » dIp.
Studies Facility.
Submittal date:
12/03/1997.
DIN: . = :
.GS8971108314224.024.
Revision 1 of Detailed NIA
Line Survey Data, Station " 1 v . . .
31 | 1840010 Station 26400, | Entire | Judlified- ¢ ) o s Goatom: [ ua NA | NA NA
North Ramp, Exploratory Level2 ° S hgth, strike, dip
Studies Facility. .
Submittal date: ’
12/03/1997.
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OFFICE OF CIV lLiAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:

Change:

Title:
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data
Input Document 5 7 " 8. TBVDue To
4, Input " - ; From
2. Technical Product Input Source Status Section 6. Input Description TBV/TBD Un-
Title and Identifier(s) with Version | > Sc°tion | Usedin Priority | Unqual. UMSZ':::'“’ confirmed
DTN:.
GS971108314224.025.
Revision 1 of Detailed NIA .
Line Survey Data, Station " .
32. | 2640010 Station 30400, | Entire Qualified- | o | Fracture data (location, | NA | NA N/A
Verification length, strike, dip)
North Ramp, Exploratory Level 2 -
Studies Pacility.
Submittal date:
12/03/1997.
DTN: . -
1 GS971108314224.026.
Revision 1 of Detailed N/A
| Line Survey Data, Station ” .
N . Qualified- Practure data (focation,
33. 454:00 to Station 50400, | Entire Verification 6.1 length, strike, dip) N/A N/A N/A N/A
Main Drift, Exploratory Level 2
Studies Facility.
Submittal date:
12/03/1997. :
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Documnent Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Title:

Analysis of Hydrologic Properties Data

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

4. Input

3. Section Status

5.
Section
Used in

6. Input Description

TBV/TBD
Priority

8. TBV Due To

Ungqual.

From
Uncontrolled
Source

" Un-
confirmed

34,

DTN: .
GS971108314224.028.
Revision 1 of Detailed
Line Survey Data, Station
55+00 to Station 60+00,
Main Drift and South
Ramp, Exploratory
Studies Pacility.
Submittal date:.
12/03/1997.

Entire

N/A-
Qualified-
Verification
Level 2

6.1

Fracture data (location,
length, strike, dip)

NA

N/A

N/A

NA

35.

DTN: .
GS980408312232.001.
Deep Unsaturated Zone
Swrface-Based Borehole
Instrumentation Program
Data from Boreholes
USW NRG-7A, UE-25
UZ #4, USW NRG-6,

UE-25 UZ #5, USW UZ---

7A and USW SD-12 for
the Time Period 100197
-03/31/98.. Submittal
date: 04/16/1998.

Water

potential

N/A-
Qualified-
Verification
Level 2

6.2

Calculation of water
potentials for model layers

NA

N/A

N/A

NA
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.: Change: Title:
ANL-NBS-HS-000002/Rev.00 - - | Analysis of Hydrologic Properties Data. - :
Input Document 5 7 8. TBV Due To
— 4. Input " - ; From
2. Technical Product Input Source . Status Section 6. Input Description | TBV/TBD . Un-
Title and Identifier(s) with Version | > S°°tion Usedin Priority | Unqual. Uncontrolled | congirmed
DTN: : :
GS981108314224.005. _
Locations of . . .
36. | Lithostratigraphic - Entire N/A - 612 | Lithostratigraphic contacts |\, NA | NA NA
Contacts in the ECRB Qualified/Con in the ESF
Cross Drift. Submittal rmed/Contro
date: 11/30/1998.
DTN:
GS990408314224.001.
Detailed Line Survey N/A-
3. | o N s1s | Entire Quiified- 6.1 Fracture Data N/A NA | NA NA
ECRB Cross Drift. Level 2
Submittal Date:
09/09/1999.,
DTN: ,
GS990408314224.002.
Detailed Line Survey N/A-
3B | e 3g | Entire Quiified | ¢ ) Fracture Data N/A NA . | Na NA
ECRB Cross Drift, Level 2 L
Submittal Date:
09/09/1999.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Docuinent Kdentifier No./Rev.: Change: Title:
' ANL-NBS-HS-000002/Rev.00 ) Analysis of Hydrologic Propertics Data
Input Document ) 5 1 8. TBV Due To
' ; 4. Input ; - . From
2. Technical Product Input Source . ' Section 6. Input Description | TBV/TBD : Un-
Title and dentifice(s) with Version | 35608 [ S | Ugedin priority | Unqual. | Uncontralled | opgrypeq
DTN: - - - .
GS9908813122410.002.
Qualificd Data in "Results
From Geothermal -
Logging, Air and Core-
Water Chemistry "":I‘.r g >
39. Sampling, Air-Injection Entire 3:“:.““;“ 6.4 Fault fracture permeability | N/A N/A N/A N/A
Tesﬁng and Tracer ) Leved 2
‘Testing in the Northem
Ghost Dance Fault,
November, 1996 -
August, 1998." Submittal
date: 08/16/1999.
DTN: - -
LB960500834244.001.
Hydrological - A _ _
40. Characterization of the Entire 8‘;‘1.' cation | 61 Air permeability N/A N/A N/A N/A
Sillglc Heater Test Area | Level 2 - b
in ESF. Submittal date:
08/23/1996. Initial use.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:

Change: Title: .
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data
Input Document 5 ‘ 9 8. TBV Due To
4. Input " - o From
2. Technical Product Input Source . Status ~Section 6. Input Description TBV/TBD Un-
Title and Kentifier(s) with Version | > Sc€tion Used in Priority | Unqual. | Uncontrolled |\ neq
DTN:
LB970600123142.001.
Ambient Characterization
of the ESF Drift Scale A
41. Test Area by Field Air Entire 3:“;.' wi:m 6.1 Air permeability N/A N/A N/A N/A
Permeability -~ Level 2
Measurements, Submittal
date: 06/13/1997. Initial
use.
DTN: - ' :
1LB980001233124.001. N/A- .
Water Potential Qualified- . ore
42, Measurements in Niches Entire Versification 6.1 Air permeability N/A N/A N/A N/A
3566 and 3650. Submittal Level 2
date: 04/23/1998,
DTN: v
LB980001233124.002. N/A-
‘ Air Permeability Testing . Qualified- PR . "y
43. in Niches 3566 and 3650, Entire Veificstion | 61 Air permeability N/A N/A N/A N/A
' Submittal date: Level 2
04/23/1998

-
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

‘1. Document Identifier No./Rev.: ‘Change: Title:
ANL-NBS-HS-000002/Rev.00 ' Analysis of Hydrologic Properties Data
- .- Input Document ' 5 7 8. TBV Due To.
4, Input " - - From
2. Technical Product Input Source | . Stans | Seetion | 6.Input Description | TBV/TBD | m | Un
Title and Identifier(s) with Version '3' Section Usedin | Priority | Unqual Ums‘:;‘::e“m confirmed
DTN:
LB980120123142.004.
Air Injections in v N/A-
Borcholes 57 through 61, . Qualified- . -
44, 74 through 78, 185 and Entire Vedification | 6 Air permeability NA | |NA N/A N/A
186 in the Drift Scale Test Level 2
Arca. Submittal date:
01/20/1998.  Initial use.
DIN: '
LB980120123142.005.
Hydrological ‘ N/A- ‘
‘ Characterization by Air . Qualified- . -
45. Enjections Tests in ‘ Entire Vesification | &1 Air permgabth o N/A NIA 7 MA N/A
Boreholes in Heated Drift Level 2
in DST. Submittal date:
01/20/1998. Initial use.
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DOCUMENT INPUT REFERENCE SHEET
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171 -

1. Document Identifier No./Rev.: Change: Title:
ANL-NBS-HS-000002/Rev.00 ‘ Analysis of Hydrologic Properties Data
Input Document S B o Co : R 8. TBV Due To
4. Input . -~ . From
2. Technical Product Input Source . Status Section 6. Input Description TBV/TB Un-
Title and Identificr(s) with Version 3. Section Used in Priority | Unqual. Ums‘:::::led confirmed
DTN:
LB980901233124.001. -
Pneumatic Pressure and
Air Permeability Data
from Niches 3107 and ‘ N/A- » )
, 4788 in the ESF from . Qualified- ; -
46. Chapter 2 of Report Entire Vesification | 61 Air Permeability N/A N/A N/A ‘ | N/A
SP33PBM4: Fracture Level2 | '
Flow and Seepage Testing
in the ESF, FY98.
Submittal date:
09/14/1998. - Initial use.
DTN:
LB980901233124.002.
Laboratory Imbibition, N/A- ) )
Tracer, and Seepage Tests . Qualified- : . ,
47. | in Niches 3566, 3650, Entire Verifieation | 61 Air Permeability N/A N/A N/A ‘ N/A
3107, and 4788 in the | Level2 '
ESF. Submittal date:
09/14/1998. Initial use.
DTN: .
LB980901233124.003. .| Characteris. NA.
Liquid Release and Tracer | tics and - .
48. | TestsinNiches3566, | water | Quiifid ¢ Confirnation of fracture | g/ NA | NA N/A
3650,3107, and 4788in | contert . | [eye2 . pha & porosity
the ESF. Submittal date: | data
09/14/1998. Initial use. S
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:

Tite:

Change: :
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data
TInput Document | 5 : ‘ 7 8. TBV Duc To
— . 4. Input . - o From

2. Technical Product Input Source . Staius Section 6. Input Description TBV/TBD , Un-
Title and ldentifier(s) with Version 3. Section Used in c Priority | Unqual. Uncsznul:coelled confinned

DTN:

LB980912332245.002. N/A-

Gas Tracer Data from . Qualified- . ;
49, Niche 3107 of the ESE. Entire  Vesification | 6} f@cture & porosity N/A N/A N/A N/A

Submittal date: Level 2

09/30/1998. Initial use.

DTN: L

LB991091233129.005. NA.

Hydrologic Properties c " . .
50. | Data—NumberofMatrix | Entie | Juiied- 165 Caloulation of malrix | A NA | NA NA

Pemieability Non Detects. Level 2 prope

Submittal date:

10/22/1999. Initial Use.

DTN:

MO9901MWDGFM31.000. TBV-3005 = : :
51 Geologic Framework Entire 6.2 Lithostratigraphy 1 v NA NA-

. | Model. Submittal date: Tov-3582 o » e .
-| 01/06/1999. - '
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OFTFICE OF CIVILIAN RADIOACHVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change: Title:
Analysis of Hydrologic Properties Data

Input Document

2. Technical Product Input Source

Title and Identifier(s) with Version_

3. Section

5 1 8. TBV Due To

4, Input

Stams Section 6. Input Description | TBV/TBD From Un-

Used in Priority | Unqual. | Uncontrolled confirmed

52

DIN: _
SNF29041993002.084.
Yucca Mountain Site
Characterization Project
Core Hole Rock

1 Structural Data

Summaries for Boreholes
UE25 NRG-1, -2, -2A, -
2B, -3, -4, -5; and USW
NRG-6 and 7/7A,
Revision 2. Submittal
date: 07/09/1996. Initial
use. : L

Entire

N/A-
Qualified-
Verification
Level 2

6.1 Fracture data NA  |[NA  |NA A

eieq sapndoxd J130]0IPAH JO SISARUY :9pL

53.

DTN:

1 SNT0S071897001.012.
‘Source Data for Base

Case Thermal Property
Data for TSPA-VA (Total
System Performance’

.| Assessment-Viability
‘| Assessment) (VA

supporting data). :.
Submittal date:
05/25/1999. Initial use.

Entire

Ve |63 Calculation of thermal R I

properties N/A N/A
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.: Change: Title: _
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Propeitics Data
. Input Document 5 e 7 8. TBV Due To
4. Input . p L . From
2. Technical Product Input Source . Stalus Section 6. Input Description | TBV/TBD Un-
Title and Identifier(s) with Version 3. Section Used in Priority | Unqual. Uncsznl::co:led confirmed
' DIN:
TMO00000SD12RS.012.
USW SD-12 Composite N/A-
Borehole Log (0.0°- . - . Qualified-
54, 1435.3) and Weight Logs Entire Vesification | 61 Fracture data N/A N/A N/A N/A
(1,438.8-2,151.7"). Level 2.
Submittal date: -
09/08/1995. Initial use.
Bear, J.; Tsang, C.F.; and
de Marsily, G. eds. 1993.
| Flow and Contaminant N/A- -
55. | Transport in Fractured - | p.15 Reference 6.1.22 Eﬁmm‘m of fracture | \/p N/A NA NA
Rock. SanDiego, '~ only L
California: Academic
.| Press. TIC: 226388.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Title:

Analysis of Hydrologic Properties Data

00AT TO0000-SH-SAN-INV:

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

3. Section

4, Input
Status

5.
Section
Used in

6. Input Description

TBV/TBD

Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

156.

CRWMS M&O (Civilian
Radioactive Waste
Management System
Management and
Operating Contractor)

| 1998. Geology of the

Exploratory Studies

| Facility Topopah Spring

Loop, Rev. 1.

| BAB000000-01717-0200-

00002. Las Vegas, -

| Nevada: CRWMS M&O.
ACC: T .

MOL.19980415.0283.

Table 2,
pp. 20-22

3435
Fig. §

| Aann

TBV

6.1.2.1

16.1.2.2

{ Lithostratigraphic contacts

in the ESF

N/A

N/A

157.

CRWMS M&O 1999a.
M&O Site Investigations.
Activity Evaluation, Las
Vegas, Nevada: CRWMS
M&O. ACC: :
MOL.19990317.0330. .

Entire

N/A-
Reference
only’

Activity Evaluation

NA .

N/A

'NVA

N/A

58.

CRWMS M&O 1999b.
M&O Site Investigations.
Activity Evaluation. Las
Vegas, Nevada: CRWMS
M&O. ACC:-
MOL..19990928.0224.

Entire

‘NA-

Reference

only .

‘ Acéi'\'ity E;éuiiion

,N,.A...v

NA

N/A

N/A

o
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No/Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Title:

Analysis of Hydrologic Properties Data

Input Document

2. Technical Product Input Source
Title and Identifier(s) with Version

"-3, Section

4, Input
Status

5.
Section
"Used in

. 6. Input Description

TBV/TBD

Priority

8. TBV Due To

Unqual.

From
-Uncontrolled
Source

Un-
confirmed

59.

_CRWMS M&O 1999c.

Analysis & Modeling
Development Plan (DP)
Jor U0090 Analysisof
Hydrologic Properties
Data, Rev 00. TDP-NBS-
HS-000003. Las Vegas,
Nevada: CRWMS M&O.
ACC:
MOL.19990826.0105.

N/A -
Reference
only

Plan

N/A

N/A

NA

N/A

CRWMS M&O 1999d.
Development of
Numerical Grids for UZ

| Flow and Transport

Modeling. ANL-NBS-
HS-000015. Las Vegas,
Nevada: CRWMS M&O.
ACC: ’

Table 10

N/A -
Reference
only

FY99 UZ Model Layers

N/A

N/A

N/A

N/A

MOL.19990721.0517.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Title:

Analysis of Hydrologic Properties Data

Input Document

2. Technical Product Input Source
Title and ldemiﬁer(s) with Version

3. Section

4, Input
Status

s.
Section
Used in

6. Input Description

TBV/TBD-
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

61.

Dyer, J.R. 1999.

‘| “Revised Interim

Guidance Pending
Issuance of New U.S.
Nuclear Regulatory -
Commission (NRC)
Regulations (Revision 01,
July 22, 1999), for Yucca
Mountain, Nevada.”
Letter from J.R. Dyer
(DOE) to D.R. Wilkins
(CRWMS M&O),
September 9, 1999,
OL&RC: SB-1714, with
enclosure, “Interim
Guidance Pending
Issuance of New U.S.
Nuclear Regulatory -
Commission (NRC) .
Regulations (Revision

01).” ACC:

Entire

N/A-
Reference
only

42

Interim Guidance

N/A

N/A

N/A

N/A

MOL..19990910.0079.

"“:w".
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.:
ANL-NBS-HS-000002/Rev.00

Change:

Tide:

Input Document

2. chluucal Product Input Source

Title and Jdentifier(s) with Version

3. Section

4. Input
Status

5.
Section
Used in

Analysis of Hydrologic Propertics Data

6. Input Description

TBV/TBD
Priority

8. TBV Due To

Unqual.

From
Uncontrolled
Source

Un-
confirmed

62.

Hint, L.E. 1998.
Characterization of -
Hydrogeologic Units
Using Matrix Properties,
Yucca Mountain, Nevada.
Water-Resources
Investigations Report 97-
4243. Denver, Colorado:
U.S. Geolagical Survey.
TIC: 236515.

pp- 1146

N/A -
Reference
only

6.2

Geologic layers

N/A

N/A

NA

N/A

63.

Francis, N.D. 1997. “The
Base-Case Thermal
Propertics for TSPA-VA
Modeling.” Memorandum
from N.D. Francis (SNL)
to Distribution, April 16,
1997. Albuquerque, New
Mexico: Sandia National
Laboratorics. ACC:

MOL.19980518.0229.

pp. 5-7

N/A -

Reference -

only

6.3,6.4.

Thermal Properties

N/A

NA - -

N/A

N/A

BIeQ SoNI90a01] OISOJ0IPAH JO SISATEUY apiY,
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
DOCUMENT INPUT REFERENCE SHEET

1. Doctiment Identifier No./Rev.:
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ATTACHMENT II - DATA USEDIN THE CALCULATIONS
‘ - OF FRACTURE PROPERTIES '

The following tables prowde data for the calculation of fracture propemes dlscussed in Section
6.1.

Table II-1: Air Permeability Data from Air Injection Testing L

| v UFI’:CA ct Al Al 3 SHT
T [ty | g
N '’ "’
DTN: GS960908312232.012 DTN: GS970183122410.001 DTN: LEST0600123142.001
DTN: GS960908312232.013 '
Borshole Unit kim) - Borehole ~ Unit  k(ml) o kim?)
uz-16 Tac 2.48E-14 RBT#1  Tpepinc  1.6E-12 45E-13
nrg-7a Tpepvi 1.20E-13 RBT #1 Tpepine  2E-13 _ : 9E-14
nrg-7a Tpcpvi 2.87E-13 RBT#4  Tpepinc 2E-12 4.7E-13
nrg-7a Tpy 2.12E-13 RBT#4  Tpcpinc :  2E-14 : 3.4E-13
nrg-Ta Tpy - 2.40E-13 RBT#4  Tpcpinc 6E-14 4 1E-14
nrg-7a Tpy - 265E-13 ' RBT#4  Tpepinc 4E-13 - s 2E-12
nrg-7a Tpy 5.92E-13 RBT#4  Tpepinh 4E-13 1 4 8E-13
nrg-7a Tpbt3 - 297E-12 RBT#4  Tpepinh  4.7E-12 1.4E-13
nrg-7a Tpp - 1.24E-13 RBT#4  Tpepinh 1.7E-12 - 4.9E-13
nrg-7a Tpp 1.37E-13 - RBT#4  Tpecpinh 1E-13 4.2E-13
nrg-7a Tpp 1.40E-13 RBT #4 Tpepinh 6.2E-12 1E-13
nrg-7a . Tpp 1.50E-13 RBT#4  Tpepinh  3.1E-12 - . 3E-13
nrg-7a Tpp - 201E-13 RBT#4  Tpcepinh 1.2E-11 ~ : 7.8E-14
nrg-7Ta - Tpp 2.10E-13 RBT #4 Tpepinh  6.2E-12° 24E-14
nrg-7a Tpp 2.19E-13 RBT#4  Tpepinh 1E-12 ‘ 6.2E-15
mrg-7a Tpp-Tpbt2-Tptv3d 2.18E-13 RBT#4  Tpcpinh  2.3E-12 . 4.4E-13
. prg-6 . Tpeplne 2.78E-13 RET#4 Tpcpinh 2.9E-12 ’ 3.5E-14
nrg-6 Tpepine 2.29E-12 RBT #1 Tpcpv2  9.3E-12° i 4.4E-13
nrg-6 Tpepl 1.40E-11 - RBT#1  Tpcpv2  4.11E-11 : 1.2E-13
nrg-6 Tpepll-Tpepinh  2.82E-11 RBT #1 Tpepvt 5.7E-11 1.36-12 -
nrg-7a Tpepinc 1.09E-11 RBT#1 Tpepvt  3.39E-11 e 3.4E-14
nrg-7a Tpepinc 406E-11 - RBT #1 Tpepvi 1.5E-11 6.1E-14
nrg-7a - Tpepinh-Tpepine  5.39E-11 RBT #1 Tpepvi 4E-13 . ’ 9.5E-15
sd-12 - Tpcpine 7.71E13 RBT #1 Tpepvi 1.36-11 4 5E-14
sd-12 Tpcpl-Tpepinh - 9.16E-13 RBT #1 Tpepvi 1.1E-12 6.8E-15
sd-12 Tpepll .~ 9.23E-13 RBT #1 Tpepvi1 77612 . 1.4E-13
sd-12 Tpcpinh 1.66E-12 RBT#1  Tpepvl - 9E-13 1.1E-14
sd-12 Tpcpinc 2.10E-12 RBT #1 Tpepvi 1.9E-12 5.8E-14
sd-12 Tpepine-Tpepv2z  3.16E-12 RBT #1 Tpcpvi 1 7E-11 4.1E-15
sd-12 Tpepine 5.86E-12 UTCA 6.1E-14
sd-12  Tpepinh-Tpepine  5.97E-12 Upper Tiva Canyon Alcove (Alcove 1) 2.4E-14
sd-12  Tpepinc-Tpepv2  6.77E-12 LeCaln, 1998 8.8E-16
- 8d-12  Tpepinh-Tpepine  1.10E-11 DTN: GS$70183122410.001 1E-13
8d-12 © Tpepll 3.83E-1 : 1.1E-13
uz-16 TpeplTpepinh © 1.50E-12 Borohole Unit k [m') 1.9E-15
uz-16 Tpeplt - 5.48E-12 RBT #1 Tpcpul §.5E-12 2.7E-13
uz-16 Tpepinc 1.50E-11 RBT #1 Tpepul - 1.13E-11 2.1E-13
uz-16  Tpepinh/Tpepine  2.74E-11 RBT #1 Tpcpul 34E-12 ’ 1.9E-14
nrg-7a Tpeplnc-Tpcpvz 242E-13 RBT#1 Tpepul 2.3E-12 6.6E-14
nrg-6 Tptmn 8.15E-14 RBT #1 Tpeput 24E-11 49E-13
nrg-6 Tptn ' 1.30E-13 RBT #1 Tpcpul 2.7E-11 ' ) 5.5E-14
nrg-6 Tptn 1.68E-13 RBT#1  Tpepul 32612 s v
nrg-6 Tptm 1.87E-13 RBT #2 Tpcpul 4.7E-11
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Table II-1 (cont.) -

nrg-6 Tptm 3.23E-13 RBT#2  Tpcpul 3E-1 DST

nrg-6 Tptm 4.32E-13 RBT#2  Tpcpul  29E-11 Heated Drift Borsholes
nrg-8 Tptm 4.60E-13 RBT#2  Tpepul - 26E-11 _ DTN:LBI30120123142.008
nrg-6 Tptm 6.44E-13 RBT#2  Tpcpul  26E-11 |’ kim?) -
nrg-6 Tptm 6.508-13 RBT#2  Tpcpul  4.9E-11 7.01E-15
nrg-6 Tptm 6.74E-13 RBT#2  Tpcpul  7.6E-11 1.12E-13
nrg-6 Tptm 6.78E-13 RBT#2  Tpepul 8E-13 2.33E-13
nrg-6 Tptm 9.19E-13 RBT#2  Tpcpul  2.8E-11 1.26E-11
ng6 - Tptm 9.43E-13 . | RBT#2  Tpcpul  B8.1E-11 - 2.80E-12
nrg-6 Tptm 1.06E-12 RBT#2 - Tpepul 6.6E-11 5.22E-13
nrg-6 Tpin 1.06E-12 RBT #2 Tpcpul 3E-11 . 279E-13
ng6  Tptm 221E-12 . RBT#2  Tpcpul  1.17E-11 3.32E-14
nrg-6 Tptm 2.56E-12 RBT#3 ° Tpcpul  1.5E-11 - 5.20E-14
nrg-6 Tptm 3.04E-12 RBT#3  Tpcpul  28E-1 3.50E-13
ng8 Tptm 3.70E-12 RBT#3 Tpopul = 2.7E-1 3.76E-13
nrg-6 Tptm 2.37E-11 RBT#3  Tpcpul =~ B.5E-11 - 3.44E-13
nrg-7a Tptm 3.47E-14 RBT#3  Tpcpul 2E-13 . B.63E-14
nrg-7a Tptm - 2.58E-13 RBT #3 Tpcpul = 2.3E-11 1.17E-13
nrg-7a Tptm 4.00E-13 RBT#3  Tpcpul  1.65E-11- 3.72E-13
sd-12 Tptmn 1.20E-13 - BRFA ‘ 8.02E-14
sd-12 Tptm 1.85E-13 Bow Ridge Fault Alcove (Alcove 2) - 3.1E-13
sd-12 Tptm © 545E-13 LeCaln, 1998 1.02E-14
sd-12 Tptm 6.40E-13 DTN: GS970183122410.001 1.79E-14
sd-12 Tptm "1.02E-12 Borshols - Unit | k(mh) - T.05E-13
sd-12 Tptm 8.95E-12 HPF#1  Tpcpmn - 8.1E-12 4.61E-13
sd-12 Tptm 292811 HPF#1  Tpcpmn  1.37E-11 : 7.36E-13
uz-16 Tptm 6.45E-13 HPF#1  Tpcpmn  2.1E-11 1.03E-12
nrg-6 - Tptpul 2.39E-13 HPF#1  Tpcpmn  2.16E-11 8.26E-13
nrg-6 Tptd 2.49E-13 HPF#1  Tpcpmn  2.64E-11 , 1.26E-12
nrg-6 Tptpul 1.91E-12 HPF#1  Tpcpmn  8E-12 1.51E-11
nrg-6 Tptpul 2.08E-12 HPF#1  Tpepmn  6.1E-12 . : 2.26E-12
nrg-6 Tpipul 3.61E-12 HPF#1  Tpepmn  6E-12 DST
ng6 . Tptpul 1.256-11 HPF#1 Tpcpmndl 1.1E-12 - Hydrology Boreholes
nrg-7a Tptr 6.09E-14 HPF#1  Tpepll 9E-13 DTN: LB980120123142.004
nrg-7a Tptr 1.54E-13 HPF#1  Tpeph 6E-13 , K(m’)
nrg-7a Tptpul 1.67E-13 HPF#1  Tpcpll 2E-12 . 1.46E-13
nrg-7a Tptpul 1.90E-13 HPF#1  Tpepl  1.7E-12 . 2.26E-13
nrg-Ta Tptr . 247E-13 HPF#1  Tpepll  1.5E-12 1.58E-15
nrg-7a Tptpul  277E-13 | HPF# Tmbd  4.13E-11 ‘ 4.37E-13
nrg-7a - Tptpul 2.79E-13 HPF#1. ~Tmbil ~ 2.2E-11 1.74E-13
nrg-7a Tptpul 3.00E-13 : - , 2 15E-13
nrg-7a Tptpul 3.186-13 8.45E-13
nrg-7a - Tptpul 4.24E-13 - ) )  1.27E-13
nrg-7a Tptpul 4.50E-13 : ‘ 1.45E-13 -
nrg-7a Tptpul 4.71E-13 T . 4.04E-13
sd-12 Tptpul 7.23E-13 . » C- 3.11E-13
sd-12 Tptpul 1.108-12 : : 9.69E-13 -
sd-12 Tptpul 2.71E-12 : . : . 3.62E-13 _
sd-12 Tpipul 4.18E-12 . . . 213E-13
sd-12 ~Tptpul 1.84E-11 . o . 4.98E-13
uz-16 Tptpul 1.36E-12 . : s - 1.358-14
uz-16 . Tptpul 1.68E-12 . : ‘ ... 9.85E-15
uz-16 Tptpul 2.12E-12 : .. ) ‘ L 2.04E-13
uz-18 - Tptpul 2.19E-12 - . . -
nrg-6 Tptpmn 1.58E-13

nrg-6 - Tptpmn 2.58E-13

nrg-6 Tptpmn 4.67E-13
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Table lI-1 {cont.)

ng-6 Tptpmn 9.16E-13 261E-13
nrg-6 - Tptpmn 9.25E-13 8.99E-13 .
g6 Tptpmn 1.55E-12 4.68E-14
nrg-6 Tptpmn 3.11E-12 8.23E-14
nrg-7a Tptpmn 9.00E-14 2.65E-13
nrg-7a Tptpmn 1.89E-13 6.12E-14
nrg-7a Tptpmn 2.26E-13 1.44E-13
nrg-7a Tptpmn 2.60E-13 1.21E-13
nrg-7a Tptpmn 2.70E-13 295E-13 .
nrg-7a Tptpmn 2.39E-12 1.46E-13 -
sd-12 Tptpmn 3.67E-13 1.53E-13
sd-12 Tptpmn 8.65E-13 7.24E-13
sd-12 Tptpmn 1.24E-12 2.64E-13 -
sd-12 Tptpmn 2.01E-12 - 1.29E-13
sd-12 Tptpmn 2.04E-12 6.76E-14
sd-12 Tptpmn 251E-12 8.62E-14
sd-12 Tptpmn 9.64E-12 1.4E-13
uz-16 - Tptpmn 234E-14 3.57E-13
uz-16 Tptpmn 4.63E-14 3.91E-13
uz-16 Tptpmn 8.59E-14 4.21E-14
uz-16 Tptpmn 1.37E-13 2.56E-14
uz-16 Tptpmn - 1.40E-13 2.74E-14
uz-16 Tptpmn | 1.42E-13 2.75E-14 -
uz-16 Tptpmn . 1.50E-13 3.94E-13
uz-16 Tptpmn 1.90E-13 2.02E-13
uz-16 Tptpmn 2.29E-13 4.64E-14
uz-16 Tptpmn 2.31E-13 5.49E-14
uz-16 Tptpmn  © 292E-13 1.09E-13
uz-16 Tptpmn~  3.10E-13 3.46E-13
uz-16 Tptpmn 5.89E-13 2.07E-13
uz-16 Tptpmn 6.11E-13 9.26E-14
uz-16 Tptpmn 9.52E-13 3.8E-13
uz-16 Tppmn  1.04E-12 2o
uz-16 Tptpmn 1.18E-12 7.34E-15
nrg-7a Tpipll 1.49E-13 8.68E-15
nrg-7Ta Tptpll 1.65E-13
nrg-7a Tpipll 1.74E-13 Single Heater
nrg-7a Tptplt 1.80E-13 DTN: LB960500834244.001
nrg-7a Tptpl! 1.86E-13 k{m)
nrg-7a Tpipll 202E-13 1.6E-13*
nrg-7a Tptpll 2.22E-13 7.2E-14
nrg-Ta Tptpll 4.12E-13 1.8E-13
nrg-7a Tptpll 4.31E-13 9.2E-15
nrg-7a Tptph 441E-13 3.7E-14*
nrg-7a Tptpll 4.86E-13 2 3E-12*
nrg-7a Tptpll 5.19E-13 1.2E-14
nrg-7a Tptpll 6.26E-13 5.2E-12
nrg-7a Tptpll 6.43E-13 2.1E-13
nrg-7a Tptpl! 1.20E-12 6.6E-14
uz-16 Tptpll 4.14E-13 1.4E-14
uz-16 Tptpll 497E-13 8.3E-15
uz-16 Tptph 6.68E-13 2.8E-12
uz-16 Tptph 1.35E-12 8.8E-14
uz-16 Tptpll 2.20E-12 1.6E-13
uz-16 Tptpll 2.22E-12 9.9E-15
uz-16 Tptpll 2.31E-12 ’
uz-16 Tptpll 242E-12

* Average of measurements

from same borehole

- ANL-NBS-HS-000002 REV0) I1-3 March 2000
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: Title: Analysis of Hydrologic Properties Data

U0090

g

Table 1i-2: Corresponding UZ Model Layers Alon§ the ESF and ECRB Cross-Drift, (see section 6.1.2.1)

Distance (m) along the ESF Distance{m) Along Alcove 4
nit start end unit start end
tewi2 61.7 1986 ptn26 0 222
tew11 3488 4352 pin26 29.55 510 -
tew12 441.9 776.5 : .
tew13 .776.5 793.6 Distance(m) Along Alcove §
ptn21 793.6 869.3 unit T ogtant end
pin24 8758 8046 tsw34 0 120
ptn25 8946 1021 tsw34 - - 0 .15.0
ptn26 1021 1075.7 tsw34 0 140
tsw31 1075.7 C1191 T ‘ : o
tsw32 1191 1716 Distance(m) Along Alcove 6 -
tsw33 1716 27120 unit start end
tsw34 2720 5729.2 tsw34 0 240
tsw35 §729.2 5878.3 tsw34 0 175.0
tsw34 5878.3 6308 ‘
tsw33 6308 6324.2 Distance(m) Along ECRB Cross Drift
tsw33 6327.5 6507.7 unit start - end :
tsw32 6507.7 6525.2 tsw33 0 1015
tsw32 6527.4 6632.8 tsw34. 1015 1444
tsw31 6632.8 6637.5 tsw35 1444 2326
ptn26 6637.5 6680.7 tsw36/37 2326 2583
ptn24 6680.7 6694
ptn21 6697.5 6718.5
tow13 6718.5 6725.5
tow12 6725.5 6761.4
tcw13 6761.4 6769.4
tew12 6769.4 6787.5
tsw33d 6791.8 6885
tsw32 6885 6990.3
tsw31 6990.3 6996.5
ptn26 6996.5 7057.4
tsw34 7057.4 7100
tsw34 7143 7167.5
tsw33 7167.5 7255
tsw33 7290 7341.5
tsw32 73415 7440
tsw31 7440 74519
pin26 7451.9 7476.3
ptn25 7476.3 7481.3
ptn24 7481.3 7494
- ptn21 7495.4 7507.8
tew13 7507.8 7514.2
- tow12 7514.2 7875
-ANL-NBS-HS-000002 REV00 II-5

~ March 2000



Title: Analysis of Hydrologic Properties Data L : S U00%

Table II-3: Converting Fracture Data from ESF and ECRB Cross Drift, (see section 6.1.2.3)

Fracture Properties for Fractures > 1 m In Length Ratlos for Converting Fracture Properties Data
(Based on DLS of ESF and ECRB Cross Drift) {Based on ESF Stations 0 to 37+80)
: . Ratio for Ratlo for o Ratlo for
Unit Froquency Intens! Intor Area Frequency . Intensity Inter Area
am  (vm) (m/m? ) (S 5]
w11 0.89 0.474 1.478 : 1.03 1.01 1.05
tew12 1.36 0.705 6.909 1.40 1.09 - 194
tcw13 1.70 0.585 1.695 1.64 1.18 222
ptn21 0.70 0.346 1.1056 0.96 0.98 0.90
ptn24 0.46 0.338 1.558 1. 1 0.22
ptn25 0.58 0.496 1.476 0.89 098 - 0.74
ptn26 0.69 0.292 2.002 141 . 1.09 : 1.78
tsw31 1.12 0.333 1.454 1.94 135 2686
tsw32 1.01 0.576 2504 1.1 . 1.04 - .1.28
tsw33 0.54 0.331 1916 1.50 1.09 232
tsw34 249 1.056 5.147 174 1.19 263
Corrected Fracture Proporties
Frequency Inten Inter Area
Wm (mm]) (mim?) -
0.92 0.48 1.56
1.91 0.77 13.39 -
279 0.69 3.77
0.67 0.34 1.00
0.46 0.34 0.34
0.52 0.49 1.09
0.97 0.32 3.56
217 0.45 336
1.12 0.60 a2
0.81 0.36 444
4.32 1.26 13.54"

. ANL-NBS-HS-000002 REV00 - 1I-6 “March 2000
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Title: Analysis of Hydrologic Properties Data

R
PRI

Table i1-4: Fracture Data from Boreholesa Used for Model Layers tsw35-tsw38

ANL-NBS-HS-000002 REV00 17

Frequency
uz 1997 Fracture Fracture Dip Distribution® Adjusted for Blas
model mode!  Frequency® Frequency® _ in Orientation®
javers  Jayers® £aos Ym 048 2039 4085 £0-90 1im
ptn25 pn24 . 66 217 17% 10% 27% 47% . 5.50
tsw34  tsw34 225 7.38 13% 12% 15% 60% - 2097
tsw3S  sw3s 156 5.12 14% 1% 8% 67% '15.35
tsw3[6,7] tsw36 216 7.09 15% 18% . 8% 58% 19.51
tsw3s  tsw37 239 ’ 7.84 15% 19% 1% 55% 21.14
Notes:
*Only the data used for this AMR are listed here
®Model layers used in DTN: GS970408314222.003 )
“Fracture frequencies from DTN: GS970408314222.003 already
normalized for core recovery
‘Fracture frequency in meters (10 ft = 3.048 m)
*Using Equation 3
_March 2000



Title: Analysis of Hydrologic Properties Data

U0090

Table lI-5: Fracture Data Used from Boreholes SD-12 and NRG-7a2
(DTN: TM000000SD12RS.012 and SNF29041992002.084

uz
model
layers
tsw39
ch1Ze
chiv1

CH

Notes:

SD-12 - NRG-7a :

Interval Fracture Interval Fracture Fracture . Fracture

Length® Froquency® Length? Frequency® Frequency® Frequency'
{m) (/m} (m} {t/m) C {tim) Ym)
12.19 4.20 9.14 5.29 467 © 096
9.14 0.38 NA NA 0.38 0.04
1219 . 0.29 6.1 249 - 102 ©04
28.955 0.27 9.15 5.46 15 0.14

. 'Onl_y the data used for this AMR s listed here

®From boring logs in Rautman and Engstrom (1996, Table 3 on pp. 10-11, Appendix B on pp.55-88)
°After normalizing for core recovery and correcting for bias in orientation

‘From boring logs '

*Average weighted by core length

'Corracted to represent larger fracture fengths

‘ANL-NBS-HS-000002 REV0O ' 1-8
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Title: Analysis of Hydrologic Properties Data U0090
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ATTACHMENT III - TECHNICAL DATA INFORMATION FORM

- , ' - 308727
YMP-023-R6 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
04%9. TECHNICAL DATA INFORMATION FORM Page 1 of .2_
[ acQuirep pATA DTN: LB990501233129.001
(3] DEVELOPED DATA - h Preliminary Data:

PARTl Identification of Data
Title of Data: _FRACTURE PROPERTIES FOR THE UZ MODEL GRIDS AND UNCALIBRATED mmm AND

MATRIX PROPERTIES POR THE UZ ¥ODEL LAYERS.

Description of Data: _ERACTIIRE FRF : A o
AREAS, UNCALTBRATED VAN GENUCHTEN FRACTURE ALPHAS AND M, AND UNCALIBRATED FRACTURE PERMEABILITIES FOR

Data Originator/Preparer. ¥, Y S —
Last Name First and Middis Inftials

LAWRENCE BERKELEY NATIONAL LABORATORY

Data Originator/Preparer Organization:
Qualification Status: [X] @ [Jun@ [J Accepted Goveming Plan: ._SCP
SCP Activity Number(s): _8:3.1.2.2.9

WBS Number(s): __1:2:3.3.1.2.9

PART Il Data Acquisition/Development Information
Method: __COMPILATION AND ARALYSIS OF AVAILABLE SITE DATA.

Location(s): LENL

372971999 to B8/4/1993

Period(s): —2==
. T From: MMDDNYY To: MWDD/NY

Sample 1D Number(s):

PART lll Source Data DTN(s)

GS$930608312332.001 GS5951108312232.008 GS960708314224.010

GS930608112332.002 65960308312232.001 GS960808312232.008

GS950208312232.003 GS960708314224.008 GS960808314224.011
Comments

THIS PROPERTY SET INCLUDES BOTH FRACTURE AND MATRIX PROPERTIES. ' USED FOR DEVELOPMENT OF DUAL-K GRID
{AMR UDO00 DEVELOPMENT OF NUMERICAL GRIDS FOR UZ 'FLOW AND TRANSPORT MODELING) ‘AND INITIAL ESTIMATES FOR

Checked by: /AR : MJAI_ZE;.M———-
) ' ‘ . : Date -

Signaturs
AP-SHL3Q

ANL-NBS-HS-000002 REV00 ni-1 B March 2000



Title: Analysis of Hydrologic Properties Data V0090
308727
YMP-023-R8  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
0 . : TECHNICAL DATA INFORMATION - :
CONTINUATION SHEET ,  Page_2_ of L__

Description of Data ({continued)

DETAILS PROVIDED IN AMR U00S0 ANALYSIS OF HYDROLOGIC PROPERTIES DATA. -

Source Data DTN(s) (continued)

65960908312232.013
65960908314224.014
6S960308314224.018
G5960908314224.020
G5970108312232.002
~ 65970183122410.001
GS970208314224.003
65970308314222. 001
65970408314222.003
65970808312232.005
65970808314224.008
v G5970808314224.010
GS5970808314224.012
6S970808314224.014
65971108312232.007
6S971108314224.020
GS971108314224.021
G5971108314224.022
65971108314224.023 S
GS971108314224.024
GS971108314224.025
G5971108314224.026
6S971108314224.028
€S980408312232. 003
65980908312242.039
©5980908312242. 041
LB960500834244.001
LE970600123142.001
1.8980120123142.004
SNF29041993002.084
w3000000sn12ns‘012 :

Comments (continued)’

ADDITICNAL SOURCE DATA USED IN THIS PROPERTY SET: NOL.19971119.0549, MOL.19371201.0825,
MOL.19980527.0252, AND MOL.19971017.0726. DATA SETS UNDER DINS: GS990408314224.001 AND

THE DM‘A HAVE BEEN REQUESTED OFFICIALLY THROUGH AP-3. 150

UZ MODEL LAYERS DETERNINED CR CALCULATED FRCM SURVEY DATA FRON THE EXPLORATORY STUDIES FACILITY (ESF},
EAST-WRST CROSS DRIPT, OR BOREHOLES AND AIR INJECTION TESTING IN BOREHOLES AND ESF. MATRIX PCROSITY,
MATRIX RESIDUAL AND SATIATED SATURATICN, UNCALIBRATED MATRIX VAN GENUCHTEN PARAMETERS ALPHA AND ¥, AND,
{NCALTERATED MATRIX PERMEABILITY DETERMINED OR CALCULATED FROM IN-SITU MEASUREMENTS OF WATER POTENTIAL'
AND LABORATORY TESTING CORE. FRACTURB PERMEABILITIES, FRACTURE VAN GENUCHTEN ALPHAS AND X ARE INITIAL
ESTIMATES FOR CALIBRATION PROCEDURE AND SHOULD NOT BE USED DIRECTLY IN THE W2 MODEL 'OR ANY OTHER MODEL.

CALIBRATION OF HYDROLOGIC PARAMETERS FOR UZ MODEL SIHULATIONS (MIRUOO}S CALIBRA’I'ED PROPERTIES HODEL) .

65990408314224.002 WERE ALSO USED AS SOURCE DATA; ALTHOUGH THESE IYI'NS ARE NOT CURREN'I'LY IN THE SYSTEH

ANL-NBS-HS-000002 REV00 . 11-2

—AP-SL.3Q
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- Title: Analysis of Hydrologic Properties Data . U009

309112

YMP-023-R6  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
04/99 TECHNICAL DATA INFORMATION FORM Page 1 of 1 __

D ACQUIRED DATA DTN: -1B991091233129.006

[x] peveLoPED DATA Preliminary Data:

PART | ldentification of Data
Title of Data: _THERMAL PROPERTIES AND TORTUOSITY FACTOR FOR THE UZ MODEL LAYERS FOR AMR

Y0090, “ANALYSIS OF HYDROLOGIC PROPERTIES DATA.*

Description of Data: : AN RTLE ACTOR
ANL-NBS-HS-000002, MOL.19990721.0519. SR/LA SUPPORTING DATA.

Data Originator/Preparer: WU. T _S
Last Name First and Nkddla Initials

Data Originator/Preparer Organization: ~ LAWRENCE BERRELEY NATIONAL LABORATORY
Qualification Status: [ ] Q@ [®unQ [] Accepted  Governing Plan: __SC2
SCP Activity Number(s): _8:3:1.2.2.9 ‘

WES Number(s): 1.2.3.3.1.2.9

ART Il Data Acquisition/Development Information
Method: _ ANALYSIS AND SPREADSHEET CALCULATION OF SOURCE DATA USED TO DERIVE PROPERTIES FOR THE UZ

: }G{ MODEL LAYERS.

Location(s):

LENL

Period(s): _4/13/1999 to 9/1/1999 :
From: MM/DD/YY To: MWDO/YY

Sample ID Number(s):

PART il Source Data DTN(s)
M09901MDGFM31.000

SNT05071897001.012

Comments
N/A

Checked by: W 2/ £ Oototes 20, 1999

SIgna:ure . Date

AP-SII1.3Q

ANL-NBS-HS-000002 REV00 - II-3 S . March 2000



Title: Analysis of Hydrologic Properties Data

U009%0

309111

YMP-023-R6
04/9

YUCCA MOUNTAIN SITE CHARACTERIZATION PROJ EC’f

TECHNICAL DATA INFORMATION
CONTINUATION SHEET Page 2 of 2___

Title of Data (continued)
*CALIBRATED PROPERTIES MODEL.*

Déscription of Duf.i (contiimed) -

ANL-NBS-HS-000002, MOL.19990721,0519 AND AMR U003s, MDL-NBS-HS-000003, MOL.19990721.0520. SR/LA
* SUPPORTING DATA. - i

Source Data DTN(s} (continued)

(5950608312231, 006
68950608312231.007
GS950608312231.008
GS951108312231.009
(5951108312231.010

' 6§951108312231.011

6S960808312231.001
65960808312231.002

' 6GS960808312231.003

G5960808312231.004

. GS960808312231.005°

Coxxments {continued)
LBL-USG-99247.7.

ANL-NBS-HS-000002 REV00

AP-Sii.3Q
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Attachment 1V - Software Routines

- CAPFIT v.1.0 .
Routine/Macro Documentation Form Pagel of 2

The following information can be included in the scientific notebook. ' Attach and reference notebook pages
and dxskencs with files as needed when submitting mmndmaao o reoords .

i

Namc of routine/macro wnh vcrs:on/OSlhardwarc environment:

'CAPFIT v.1.0 (routine) / UNIX Solaris lSun workstation

CAPFIT (CAPpﬂlary pressure curve Fthlng for two-phase drainage angd Imbibition
data), vl.o '

- Name of commercial softwa.re with version/OS/hardware used to develop rouunclmam

FORTRAN compiler 77-03/UNIX SUNOS Solarls /Sun workstation

Description and Tost Plan

Explain whether this lsaroutmcormacroanddwcnbc whamdocs
This routine is used In the development of Van Genuchten fracture parameters used
in the flow and transport for the UZ. CAPFIT v1.0 fits & curve to water potential and
saturation data points to obtain the Van Genuchten (1980) fitting parameters ‘a‘ and
‘n’ with parameter m=1-1/n (see pp. 35-45 from S/N YMP-LBNL-GSB-MC-1.2).

Source code: (including equations or algorithms from software setup (LabView, Excel, etc.):
The source code Is attached to this form

Description of test(s) to be performed (be specific):
PP 39 from S/N YMP-LBNL-GSB-MC-1.2

Specify the range of input values fo be used and why the range is valid
The specific range of parameters tested ks similar to the range of parameters found at
" Yucca Mountain. The two scenarios run in the test case use parameters that fully
encompass any possible values. Fer the specific nput range used see pp. 40 and 41,
from 8/N YMP-LBNL-GSB-MC-1.2.

Test Results.

Output from test (explain difference between input range used and possible input)
pp- 42— 45 from S/N YMP-LBNL-GSB-MC-1.2

Description of how the testing shows that the results are correct for the specified input.
pp- 44 ~45 from SN YMP-LBNL-GSB-MC-1.2

List limitations or assumptions to this test case and code in general
Values for Se and ¢ must be appropriate for the hydrogeologic conditions at the site
being modeled.

Electronic files identified by name and location (include disc if necessary) '
None )




CAPFIT v.1.0 A
Rountine/Macro Documentation Form Page2 of 2

Supporting Information. Include background information, such as revision to a previous routine
or macro, or explanation of the steps performed to run the software. Include listings ofall
electronic files and codes used. Attach Scientific Notebook pages with appropriats information
annotated. : ' - : : . : o
See attached pages for technical review forms, referenced sclentifle notebook pages
and other supporting documentation.

Note: All relevant sclentific notehook (SN) pages are Included in this records
package. In some Instances, the included SN pages cross-reference other pages that
"~ are not included here because these were not essential to the documentation of this

MAINTAIN NOTEBOOK PAGES IN THIS ORDER:
1) This 2-page Routine Documentation Form

2) pp. 39-45 from S/N YMP-LBNL-GSB-MC-1.2

3) 8 page print out of code .. o
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42 , PROJECT NAME

f[y.w-* DATA FILE NAME: fractura.dat
CASE TITLE: FRACT. PROPERTIES M=.6,a=10

|
G

NOTEBOOK NO.

INPUT PARAMETERS -_
zzmzsaacsss=sa==  PUMe 'e-b\ LM\‘K b L*"\~ : .
PARAMETER TABLE OUTPUT OPTION (0=NO, 1=YES) (X; wa scnarnilag —
[ — N
N . (MODEO) = 1 3.p . \r
—_— PARAMETER r-'rm'mc opnon i
e (=0, BOTH ALPHA & BETA ARE VARYING) (““‘L“M&‘; v
. (=1, BETA(DRYING)=BETA(WETTING) (MODE1) = 1 T TN
, ‘ NUMBER OF OBSERVATIONS.....evvveevonnnn. . . (NOB) =116 T~y
~ —'7"—- NEW DATA READ INDEX(0=NO, 1=YES) ..... ...(NDATA) = O —_
HEar — SATURATED FUID CONTENT ............ Ceeaees {WCS) = 1.0000 Y
Q. : e
Jry INITIAL PARAMETER VALUES — Estiwecatel —
b w . oo 44 33 2 L3 3+ + 1 LT T o - ’\
2 - ALPHA DRYING...... trecieteatiarennensa Cetieeneann 8.0000 . :
—e—
i ALPHA WETTING. ccveurcnenvoannns 8.0000
BETA DRYING.......0.c.... Ceeeeiean S 2.5000 —~
ey g " BETA WETTING.....0c...w. cttatieneeean teerenenes ‘e 2.5000 e~
RN RESIDUAL PLUID CONTENT.....0oo0vv.n.. R Ceeeaia 'p.0500 ———
ITERATION NO ssg ALDHA BETA  WCR R
: ] 1.0886521 0.8000E+01 2.5000  0.0500 -
oJ "1 0.0251476 0.9473E+01 ° 2.5832 0.0087 ——
T a— 2 0.0003690 0.9940E+01 - 2.5091 0.0009 —_——
A\ p—— 3 0.0000925" 0.9995E+01 2.5009 '0.0000 :
e 4 0.0000924 0.9996E+01 2.5007 0.0000 :
Hay 5 0.0000924 0.9996E+01  2.5007  0.0000 -
. , 6 0.0000924 - 0.9996E+01W= 2.5007 0.0000 ————
§ — _  CORRELATION MATRIX ' - W
_‘:,", - - ==SSs= == ' I »
o "1 2 3 — e
|| ——— 1 1.0000 e——
© 2 -0.5498 1.0000 _ .
: 3 0.0623 0.6557 1.0000
——————  NON-LINEAR LEAST-SQUARES ANALYSIS: FIMAL RESULTS —_—
N ————————— =z=II=cSaeIS=aTI=AS == Pt s s TP T T T I T
. 7 S ’ 95% com*mmcn LTS
e, B VARIABLE VALUE S.E.COEFF. T-VALUE LOWER UPPER —_
3 ALPHA 0.9996E+01 0.3900E=-02 #*#wsww 0.9988B+01 0.1000E+02 ———
K " BETA 0.2501E401 0.1423E-02 *##*++v  0.2498E+01 0.2503E+01 . —
) e e
e —
B R
i—-n. L ——
: ~ . . T
& SIGNATURE ‘ : ' S DATE
o EE o 19
F: J : READ AND UNDERSTOOD. __ DATE . 19




*| PROJECT NAME _

S 3
- ,__,_:&——— 4Wwpuk DATA FILE RAME: matrix.dat
./ > A CASE TITLE: MATRIX PROPERTIES M=.3,a=.1
~— 1 INPUT PARAMETERS , ‘ .
,—-—"—_——_- | mmsescssss=zmsss -
:: —_— 1 Rumn wrtde cuove Siwalac do wnaelex —AY
o PARAMETER TABLE OUTPUT OPTION (0=NO, 1=YES) t&; »N\ ¥
e A e ettt (MODEO) = 1 —
~ - I PARAMETER FITTING OPTION ——ihiy
~—~ 7 (=0,  BOTH ALPHA & BETA ARE VARYING) C i‘ii_
—_ —— {=1, . BETA (DRYING) =BETA (WETTING) (MODE1) = 1 R
: s NUMEER OF OBSERVATIONS . :«veeevvnreeeennnns (NOB) =116 R t}‘f _
~ ¥ NEW DATA READ INDEX (0=NO, 1sYES)........ (NDATR) = O© —_—i
73 | * SATURATED FUID CONTENT . ....ocoveeenes- .+.{WCS) = 1.0000 R
g S . INITIAL PARAMETER VALUES — {o¢ { \wea-€) ——'Q :
—_— S X; §
————— ALPHA DRYING......crvueanen. ceeens ceeviiesse...  0.0600 B »gjz: ‘
“__,_.g___—- , ALPHA WETTING............ P S 0.0500 - T A7)
. : BETA DRYING. : v uueenennsnssonannnoneaseses reenan 1.8000 = ~———s¥%
] BETA WETTING......... ettt reienerieaaereeneea. . 2.8000 _.....5%:,
— RESIDUAL FLUID CONTENT...... Cereaaaes titeriersad. . 0.0500 ";: :
—3 - |
: __ ITERATION NO ssQ ALPHA BETA WCR . ‘ 1
& 0.  0.3749536 0.6000E-01 1.8000 0.0500 SR ¥
3 1 0.1050593 0.6753E-01 | 1.5947  0.0571 ot
—a 2 0.0597970 0.8768E-01 - 1,4329 0.0157 ¥
b 3 0.0001782 0.5949E-01  1.4277 0.0001
< -4 0.0000447 0.9974E-01 1.4281 0.0001
\_ o 5 0.0000112 0.9987E-01  1.4283 0.0000
6 0.0000028 0.9993E-01 1.4285 0.0000
7 0.0000007 0.9997E-01 1.4285 0.0000
8 0.0000000 0.1000E+00  1.4286 0.0000
9 0.0000000 0.1000E+00° . 1.4286 0.0000
10 ' 0.0000000 0.1000E+00 1.4286 0.0000
11 0.0000000 0.1000E+00 w= 1.4286 - .0.0000
CORRELATION MATRIX m=1- "v'(
- 2 1 1+ § 4 3+ + 14
1 2 3
—_— 1 1.0000 :
. 2 -0.8192 1.0000
' 3 -0.3459 0.7194 1.0000
—_— NON-LINEAR LEAST-SQUARES ANALYSIS: FINAL RESULTS
E & 41 t 43 1+ 1+ 3 3 5 -2 1) ===========—==== -+ <+ 3 3>+ + +
o ; 95% CONFIDENCE LIMITS —___ 5 '!«
— """ VARIABLE VALUE S.E.COEFF. T-VALUE - LOWER UPPER "
———————-  ALPHA 0.1000E+00 0.2604E-06 #wwrws 0.1000E+00 0.1000E+00 &
—~— § = BETA 0.1429E+01  0.8807E-06 *+ewws 0.1429E+01  0.1429E+01
—————— . - e e ,
B | ’ _j;fu
e —— om it e e e i car————————abes b
— : -r 5
SIGNATURE - DATE 19
READ AND UNDERSTOOD DATE 19
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CAPFIT - CAPillary pressure curve-FITting
VERSION 1.0 April 1593

-
. -
. .
- -
L4 -
L] . ®
. THE PROGRAM ESTIMATES PARAMETERS THAT DEFINE DRYING .
. AND WETTING RETENTION CURVES. .
. DRYING AND WETTING CURVES ARE ASSUMED TO DIFFER ONLY .
. IN THEIR VALUES FOR PARAMETER ALPHA AND BETA RESIDUAL .
. AND SATURATED FLUID CONTENT ARE THE SAME FOR DRYING .
. AND WETTING; THEY ARE DETERMINED BY SIMULTANEOUS hd
. FITTING OF BOTE DRYING AND WETTING DATA. .
» L]
» L
» *
» .
. *

" BASED ON THE PROGRAM SOHYP BY M. TH. VAN GENUCHTEN (1980);
. MODIFIED BY J.B. KOOL AND YU-SHU WU, 4/30/93

RSO RRC IO RS R ER RSP R RO E NN RN APPSR I RAATAN SRR NAP IR P AN CONN AN PRI USRORY

implicit realL®*8 {A-H,0-2)

parameter (rxobs=100)

CHARACTER TITLE*80,BI(8)*6,infil*30,0utfil*30

integer index(10)

real*8 X{mxcbs),Y (mxobs),R{mxobs),F (mxobs),DELZ (mxobs,5),B(10)},

1 E(S),P(S),PHI(5),Q(S),TB{10),A(5,5),.D(5,5),TH{10),WT {mxobe}
COMMON/SER/ WCSW

DATA STOPCR/.000S/,MIT/25/,MAXTRY/1S5/

wwes open files ~----~

cell get_files(infil,outfil)
open{unitsS,file=infil, status=‘old’)
open{units6, file=ocutfil,status=‘unknown’)

- = . P = " v e - -

NC IS NUMBER OF CASES (15)
{FOLLOWING INPUTCARDS ARE REPEATED NC TIMES)

WRITE(6,1004)
write(6,2002) infil
READ(5,1000) NC ’
DO 144 IC=1,NC

- = > e O 26 0 o e - ——-- - ————

RBAD(S 1002) TITLE

" WRITE(§,3002) TITLE

WRITE{S, 3001) Ic
F.ODEO SELECTS OUTPUT (I15)
MODEQ = 0 HYDRAULIC PROPERTIES FOR SOIL ARE NOT PRINTED
MODEO = 1 HYDRAULIC PROPERTIES FOR SOIL ARE PRINTED

MODE1 SELECTS MODEL TO BE PITTED (IS5)
MODE1 = 0 ALPHA AND N BOTH VARIABLE
MODEl = 1 N-DRYING = N-WETTING

NOB IS NUMBER OBSERVATIONS (IS5) , NOB MUST BEEZ LESS OR
EQUAL 40

NDATA IS DATA INPUT CODE (IS)
NDATA = 0 NEW DATA ARE READ IN
NDATA = 1 DATA FROM FREVIOUS CASE ARE USED

¥WCS I8 SATURATED WATER CONTENT (F10.0), OR SAT WATER
CONTENT ON DRYING CURVE IF LOOP NOT CLOSED

SATK IS SATURATED CONDUCTIVITY (F10.0), USED ONLY WHEN
MODEO = 1 . SATK IS SET T0 1.0 WHEN FIELD I8 LEFT BLANK

WCSW= VALUE OF WCS FOR WETTING CURVE (OPTIONAL)
READ(5,1000) MODEO,MODE],NOB,NDATA,WCS, SATK,WCSW
satks=1.0
IP(SATK.EQ.0.0) SATK=1.0
IF(8ATK.le.0.0) SATK=1.0
IF (WCSW.EQ.0.0)WRITE(6,1005) NOB,WCS,SATK

capfit.f
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2000
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16

IP{WCSW.18.0.0)WRITE(6,1005) MODEO, MODE1,NO3,NDATA,WCS,SATK
IP (WCSW.NE.0.0) WRITE(6,2005) NOB,WCS,WCSW, SATK

IP(WCSW.gt.0.0) WRITR(6,2005) NOB,WCS,WCSW, SATK

IP(WCSW, 19.0.0)WRITR(6,1005) MODRO, MODE1,NOB,NDATA,WCS

1P (WCSW.gt.0.0)WRITE(6,2005) NOB,WCS,WCSW

BI IS ARRAY CONTAINING NAMES FCR EACH PARAMETER (4 (AS,4X))

- cmwas e m -, - — - ——--——- - .-

READ(S, 1007) (BI{I),I=1,5) | ¥sw )
B IS ARRAY CONTAINING INITIAL VALUES FOR PARAMETERS (4F10.0)
N.B. ! PARAMETERS KUST BE ENTERED IN THE FOLLOWING ORDER:
A-DRYING, A-WETTING, N-DRYING, N-WETTING, WCR

INDEX IS FLAG FOR EACH PARAMETER (5I10)
INDEX(I) = 0 THX I-TH PARAMSTER IS XEPT CONSTANT
INDEX{I) = 1 THE I-TH PARAMSTER IS PITTED TO DATA

READ(S,1006) (3(1),I=1,5) ,
WRITE(6,1009) (B(1),1=1,5) :
READ(S,2000) (INDEX{I),I=1,5)

FORMAT(SI10)

==w=e READ AND WRITE EXPERIMENTAL DATA ~----
WRITE(6,1008)
IP(ND}'I‘A.G‘I‘.O} GO TO 16

X IS ARRAY OF OBSERVED PRESSURE HEADS (F10.0}

N.B. | PRESSURE KEADS ARZ ASSUMED TO EE POSITIVE 1!

Y IS ARRAY OF OBSERVED WATER CONTENTS (F10.0)

WP IS ARRAY OF WEIGHTING FACTORS (r10.0)
IF Wr(I) = 0.0 (OR LEFT BLANK), A WEIGHT OF 1.0 13
GIVEN TO THE I-TH OBSERVATION.

MODE2 INDICATES WETHER DATAPOINT CORRESPONDS TO DRYING
{MODE2=0) CR TO WETTING (MODE2=1)

1! DATA POINTS ON DRYING CURVE MUST BE ENTERED FIRST (!

NOBW=0

DO B8 I=1,NOB
READ(S5,1010,end=9, exrr=9} X(I),Y(I),WP{I),MODE2
I¥{MODR2.EQ.0) NOBD=NOBD+1
IF{MODE2.2Q.1) NOBW=NOZW+l
IF{WP{I).BQ.0.) WT(I)=1.0
IF{WP{I).le.0.} WT{(I)=1l.0
WRITE(6,1011) I,X{(I),¥(I)},Wr(Il),MODE2

continue

go to 10

stop 'ERROR IN INPUT DATA' .

if(nobd.eq.0.cr.nobw.aq.0) then
modalsl )
nobdsmax (nobd, nobu}

nobw=0
write(§,1080)
endif

-we= asgign parameter nags ----
1£(modsl.eq.0) then
- 1f({nobw.ne.0.and.nocbd.ne.0) then
BI{1)=‘A-DRY’
BI{2)='A-WET’
BI{3)=?!B-DRY’
BI{4)=’B-WET’
BI{5)=‘WCR/
alse
bi (1) ='ALPHA’
bi(2)=*ALPHA’
bi(3}s!BETA’
bi{4)=/BETA’
bi {5)='WCR’
i1£({index(1}.2q.0.and.index(2) .ne.0) then
b(1)1=b(2}
index(1)=1
else
h(ZD-b(l)

capfit.$
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30
40

NOnN

WRITE(*,*)
WRITE(*,*)
WRITE{*,*)
WRITE(*,*)
WRITE(*,*)
WRITE(*,*)
WRITE(*,*)
WRITE(*,*)
WRITE(®,*)
WRITE(*,*)

*

' os’e 0
WRITE(®,*) *

+

00‘00’03 L 0 000 0

CAPpillary pressure curve FITting
for two-phaga drainage and imbibition
data

WRITE(*", ")
WRITE(*,*)
WRITE(*,*)
WRITE(*.*)
WRITE({*,*)
WRITE({*,*)
WRITE(*.*)
WRITE(*. ")
WRITE(*.*)
WRITE(*,*)
WRITE(*,*)
write(*,10}
read(*,*(a)') infil

Version 1.0

Developed by
HydroGeologic, Inc
for
WESTINGHOUSE HANFORD COMPANY

- e b e Y w e e NN e N Y e e

!

inquire(file=inkil, exisc-istil iostat=jos) t check if file exists
if(.not.isfil.or.ios.ne.0} then ! invalid name

write(*,30)

iposisindex{infil,period)
1f(iposi.eq.0) then
iposisindex{infil, space)}

endif

iposisiposi-1

write(*,20)

read(+,'{a)') outfil

if(outfil.eq.* '} then
lou:ul-:lntu (1:iposi)//* .out’

else

open(2, file=cucfil, form="formatted' ,err=6} t check name

goto B
¢close(2)
write(*,40)
go to 4

4

continue
close(2)

return

format(' Enter CAPFIT INPUT Filename: *,$)

format (' Enter CAPFIT OUTPUT Filename: ',$)

format(/* Invalid name or file not found, try again .. '/)
:;gxmttl' Invalid file name, try again .. '/)

SUBROUTINE MODEL(B, PY,NOBD, NOBW, X, WCS, NP, INDEX, MODE1)

ixplicit realL+*8 (A-K,0-2)

parameter (mxobs=100}

DIMENSION B(10),FYimxobs),X(mxobs), INDEX{10)
COMMON/SPR/ WCEW ’ ’

UPDATE PARAMETER ARRRY
Ke0

NUl=6

NU2=10

- DO 2 IeNU1,NU2

IF(INDEX{I-5).EQ.0) GO TO 2
K=K+l

B{I)sB(K)

CONTINUE

AD=B(€)

AW=B{7)

DN=B{8)

WN=B(9)

05388 URRY 08350038&35068880855
oULUOC QOO0

capfit.f
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frac_calc V1.1
Routine/Macro Documentation Form* : Page1 of 2

Note: Al rélevant sclentific notebook (SN) pages are inchuded In this records package. In some instances, the
included SN pages cross-reference other pages that are not inctuded here because these were not essential to
the documentation of this routine. . ’ :

1.

Name of routine/macro with version/OS/hardware environment: .
frac_calc / Verslon 1.1/ DOS (or Windows with DOS) /PC

~ Name of commercial software with version’OS/hardware used to develop routine/macro:

FORTRAN 77 / FORTRAN Powerstation 4.0 (see SN YMP-LBNL-GSB-MC-1.1, p. 105)
Description and Test Plan, : )
¢ Explain whether this is a routine or macro and describe what it does: (frac_calc is a routine)
The software routine frac_calc is a FORTRAN code which performs simple calculations nsing
Detalled Line Survey (DLS) data including fracture location, strike, dip, and trace lengths above and
below the traceline to compute fracture hydrologic properties. The user can select a minimum and
maximum fracture length to Include in the calculations. Version 1.1 is & minor revision of Version
1.0 and calculates additional fracture properties from the same data. The fracture propertles
calculated Include fracture frequency, aperture and other properties. These properties are listed and
the computation methods are described on pages 60-65 in YMP-LBNL-GSB-MC-1, pp. 102-104 in
YMP-LBNL-GSB-MC-L.1, and p. 14 In YMP-LBNL-GSB-MC-1.2. To install the software, copy

‘frac_calcl1.f and datablk11.f from a disk onto the hard drive of a PC. Then, compile Ix:ac_cn!c using

a FORTRAN 77 compiler and run executable.

Changes between Version 1.1 and 1.0 are discussed on p. 14 In YMP-LBNL-GSB-MC-1.2 for the
source code (filename: frac_calc11.f) and on pp. 12-13 in YMP.LBNL-GSB-MC-1.2 for the
parameter dimensions file (filename: datablk11.0). 7

This software routine is docnmenied in the following scientific notebook pages (the order below
provides a chronology of the documentation from Version 1.1 back to Version 1.0):

YMP-LBNL-GSB-MC-12 - ' pp- 14-16, 1213

Reference Binder YMP-LBNL-GSB-MC-1.2A pp. 67-87, 63-66 '
YMP-LBNL-GSB-MC-1.1 ' , pp. 114-115, 105-109, 101-104
YMP-LBNL-GSB-MC-1 pp. 60-65

Inputs: o ’

- The code is designed to use an ASCII input Gle. The first row is & header and is not read.
Each row represents a single fracture, It must have five columns of data for each fracture -
location (in meters), strike (in degrees), dip (in degrees), length above (in meters), and length
below (in meters) - in that order. The fractures must be in increasing order of location
(distance along the ESF, an alcove, or the ECRB). All values must be numbers (no text, except
the first vow). All values must be positive, The limit on size of the tnput values is that the
strike must be less than 360 degrees and the dip must be less than 90 degrees. For other
values, there are no limits except those for double precision parameters and computations.

¢  Source code: (including equations or algorithms from software setup (LabView, Excel, etc.):
Pp- 72-87, in Reference Binder YMP-LBNL-GSB-MC-1.2A for frac_calc.f, the source code.
Pp- 63-66, In Reference Binder YMP-LBNL-GSB-MC-1.2A for datablk11.f, the include file
that sets parameter dimensions and values. - ' )

o  Description of test(s) to be performed (be specific): | -
A sample case using site data will be used to test the routine. The test case for Version 1.01s
rerun for Version 1.1 to test the new features as well as confirm that the previous computatlons

03/01/00




frac_calc V1.1
Routine/Macro Documentation Form* Page2 ot 2

are still performed correctly. The Version 1.0 test case included selecting a minimum fracture
length of 1 meter to confirm that fractures smaller than 1 meter in the sample case willbe
excluded from the computations (the Version 1.0 test case Is on pp, 105 ~108 In YMP-LBNL- -
GSB-MC-1.1). All new output from the output files alil.par and all2.par will be compared with
computations performed using a calculator (previous output will be compared to Version 1.0).
The acceptance criterion is that the values computed by hand and from the routine are the same
within the round-off difference between the code and the calculator.

e  Specify the range of input values to be used and why the rangs is valid: oo
The Input values are a direct sample from the TDMS (see p. 105 in YMP-LBNL-GSB-MC-1)
after pre-processing using the routine Read_TDB. The sample Input includes small and large
fracture lengths and a range of strikes and dips that are representative of the fracture
parameters found at Yucca Mtn. -

4, Test Results,

s Output fromtest : : : .
" Test results are shown on p. 13 in YMP-LBNL-GSB-MC-1.2 and in Reference Binder YMP-
LBNL-GSB-MC-1.2A, pp. 67-71. S . .

o  Description of how the testing shows that the results are correct for the specified input: _
Values from Version 1.1 matched exactly with these from Version 1.0 (regression testing), see p.
15 In YMP-LBNL-MC-1.2, Calculated values for new fracture calculations (gmlen and intarea)
- matched with rounding to 3 decimal places (the output format of frac_cale- -

. Lisl“inﬁtaiiom or assumptions w this test case and code in general:

As noted above the fractures must be listed in order of their locations with increasing distances
_along a survey line, ’ : ’ v '

o  Electronic files identified by name and location (include disc if necessary):
See pp. 15-16 in YMP-LBNL-GSB-MC-1.2. No electronic files submitted.

5. Supporting Information. Include background information, such as revision to a previous routine or macro,
or explanation of the steps performed to run the software. Includs listings of all electronic files and codes
used. Attach Scientific Notebook pages with appropriate information annotated: o

See attached pages for technical review forms, referenced sclentific notebook pages and other

supporting documentation. Pages from YMP-LBNL-GSB-MC-1.1 and YMP-LBN-GSB-MC-1

are for Version 1.0 and provide the necessary background information for Version 1.1, The -
- original qualification and references for Version 1.0.are pravided on pp. 114-113 of YMP-LBNL-

GSB-MC-1.L o ‘ _ _ o L
MAINTAIN PAGES IN THIS ORDER: . - ’ '

This 2 page “Routine Documentation™ summarization form

YMP-LBNL-GSB-MC-12 | T pp14-16,12-13
_Reference Binder YMP-LBNL-GSB-MC-1.2A pp. 67-87, 63-66 o o
YMP-LBNL-GSB-MC-1.1 - ' pp- 114-115, 105-109, 101-104

YMP-LBNL-GSB-MC-1 . N pp. 60-65- :

- #Note that this supplemént includes: - _ ‘ .

- «Addition of this 2-page “Routine Documentation” summarization form
-Addition of pp. 63-66, Reference Binder YMP-LBNL-GSB-MC-1.2A
-Addition of pp. 12-13, S/N YMP-LBNL-GSB-MC-1.2
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“File ‘datablk11.f

o Flle with data blocks for

frac_calq Versmn 1.1

Referenced on p. 13
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Includes data stataments for assigning model layers for use in

original data stataments crsated by MAC /98 - 5/98

Data statcments added to identify subunits and latar combine

Tha following assignmant of stations for PN (naw UZ modal layars)
is basad my analysis of data in Tabla 2, CRWsM MzO, 1398.
Ses Scientific Notebook YMP-LENL-GSB-MC-1.1 pages 8-9

Stations. reassigned for TCw and TSw (now UZ model laysers)
based on my analysis of data in Table 2, CRWSM Mx0, 1958.

See Scientific Notabook M-LBNL-GSB-MC-I 1 pages 38-39, 47

Most recent fracture pemea.bilit:las ara in di\permeability\
proparties\airk.xls which is linked to othar data spreadshests
Saa Scientific Notsbook m-Lm-GSB-MC-l.l pagas 34, 61

Version 1.1 - reevaluated station aasignmants. assigned values

ten thousandch location.  ECRB has a ‘9' in the ten

ntotal is tha total number of UZ model layars and
nlayers is tha total number of sugmem:s along the ESP

¢

c

c the program frac_calc.f

[ Creatad by Mark Cushay

c Made into a saeparate filas 6/98
c

c

c gubunits for sach model layer.
c

e MAC 6/16/98

¢

c

e

¢ MAC 6/25/98

[ ]

c

c Also reassigned alcoves.

]

c MAC 7/98

c

c

c

c MAC V 1.1

c

c to 1999 Modal layers, and added ECRB
c Alcove stations ara enterad with Alcove # in the
c

c thousandth location.

c First, set ui: arrays

c

c

K-} for the data statanents

intager nlayars,ntotal

parametar (nlaysrs=57,ntotal=is)

intager modlayer(ntotal)

doubla precision logairk(nlaysrs), unitsta (nlayors) '
+ unitend(nlayars}

character*S unitnama(nlayars)

data unitname /°*tcwll’

+ ,'tcwl2’, *tewl2’, *tewl2’, *tewll’, 'tewl2’
+ ,'ecwll! ' tAlcove 3
+ ,'tcwlld', *tewlld®, ‘tewll’, 'tcwlld!
+ ,'ptn2l1’,‘ptnal’, ‘ptnal’
+ . 'pPtn22’ ! no fracture data
+ ,'ptn23’ ! no fracture data
+ ,'ptn24°, ‘ptn2d’, 'ptn2d’
o+ ,'ptnas’, ‘ptn2s*
+ . ‘ptn26°, 'ptn26°, ‘ptn26’, *ptn2s’
7/22/9% datablkll.f

by




7722799

! Alcove &

+ . 'ptn26’, 'ptn2é’
+ . 'tsw3l’, 'tsw3l’, ‘tswll’, "tsw3l’
+ ,‘tsw32', 'tswi2’, 'tswl2', 1tsw32’, 'tswi2’ ‘
+ ,'tsw33’, 'tsw3ld’, *tewll’, ‘tsw33’, 'tsw33’, 'tsw3l3’
+ ,‘tsw33’ {ECRB
+ ,'tsw3d’, 'tawdd’, 'tsw3d’, 'tew3dd’
+ ,ttswid’, ‘taw3d’, 'tewld’, ‘tsw3dd’, 'tawld’ IAlcove 5 & 6
+ ,ttewdd!? {ECRB
+ , ‘tsw3s’
+ , ‘tsw3s’ 1ECRB
+ , ‘tewidé’ 1ECRB
+ ,'tswi?’ tECRB
+ , ‘burst’
+ 7 I
~ data modlayer / 1,2,8
+ ,12,15,16,17,20,22
+ ,28,32,37,44.54,56,57
+ .58 .
+ /

station for start and end of unit in meters & log airk (m2)

data unitsta /348.8 . lecwll
+ ,61.7,441.9,6725.5, 6769 e,7514.2 tewl2 }
* ,30003.00 ftewl2 slcove 3 )
+* ,776.5,6718.5, 6751 .4,7507.8 Itewll
+ ,793.6,6697.5,74895.4 ) 1ptn2l
+ ,0.0 iptn22 .
- ,0.0 tptn23 - no data
+ ,875.8,6680.7,7481.3 ‘ 1ptn2d
+ ,894.6,748476.3 tptn2s
+ ,1021.0,6637.5,6956.5, 7451 ] 1ptn26
+ ,80000.0,40029.55 tptn26 alcova ¢
+ ,1075.7,6632.8,6990.3,7440. 0 ttswil
* ,1191.0,6507.7,6527.4,6885.0,7341.5 itsw32
+ ,1716.0,6308.0,6327.5,6791.8,7167.5,7290.0 itsw33
+ ,90000.0 1tsw33 ECRB
+ ,2720.0,5878.3,7057.4,7143.0 1taw3d
+ ,50000.0,51000.0,52000.0,60000.0,61000.0 ttswid alc 5 & 6
+ ,91015.0 ltsw34{ ECRB
+ +5729.2 1tsv3s
+ ,91444.0 1tsw3d5 ECRB
- .92326.0 1tsw36/37 ECRB
+ .,92326.0 t1tew36/37 ECRB
+ ,4000.0 .
+ /
data unitend /435.2 ttewll
+ ,198.6,776.5,6761.4,6787.5,7875.0 ttewl2
- ,30035.0 itewl2 alcove 3
+ ,793.6, 6725.5,6769.4,75148.2 1tewll
+ ,869.3,6718.5,7507.8 . 1ptn2l
+ ,0.0 tptna2
+ ,0.0 ] tptn23 - no data
+ ,894.6,669¢8.0,745%4.0 iptn24
* ,1021.0,7481.3 1ptn25
+ ,1075.7,6680.7,7057.4,7476.3 tptn2é6
+ ,40022.2,40051.0 tptn26 alcove 4
* ,1191.0,6637.5,6996.5,7451.9 ttawdl
+ ,1716.0,6525.2,6632.8,6990.3,7440.0 ttaw32
datablkll.f 2
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~ fleramesare -
- frac_cacidF ond

Froc_calcIl.ex
Input and Output files for tesd a%g‘m
case for frac_calc Version 1.1 ~
Input: test.dat
Output: alll.par, all2.par, &
calibrate.par

(S/IU P 2B G SEB -~
Mc-{f, QA)

&l




D

LOCATION
879.700
882.370
887.300
893.860
893.920
894.130

STRIKE

20.000

134.000
2399.000
20.000

22.000

20.000

DIP
8.000
78.000
78.000
49.000
80.000
67.000

test

LENGTH A LENGTH B

2.000
3.500
.000
.100
.680
1.200

Page 1

6§.000
1.670
1.110
.330
.620

- 1.600

Tor test case run,

: - Proaram excludes -

+this becavse
minimom fracturé.

\ergth cobrff is setto
Im (sée nedpag)

L8




sele COV“ ler)
Unit <---Station---> Min-m MinUse Max-m #Frac Spac-m SDSpac¢ Fg-1/m SDFreq Leng-m SDLaeng Intens
ptn24 '875.80 894.60 .43 1.00 8.00 5 3.61 2.78 .28 .21 3.68 2.91 .16

879.70 894.13 . (m) ' (m) (Ym) (m)

'alll.far‘
(7

| m—————— e 83



), | )

" unit MinUse #Frac Fg-1/m Apr-um por-3D Por-2D Por-1D alpha kzz/kxx Kyy/kxx k2z/Kyy
ptn24 1.00 S - .28 - 504. 5,93E-05 8.21E-05 1.40E-04 3.S0E-03 1.69 1.81 .93
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Code for

Frac_calc

Version 1.1

12




~t

Ly

program Frac_ _Calc

Version 1.1
All changes for Version 1.1 are indicated by MAC V1.1
See Scientific Noteboock YMP-LENL-GSB-MC-1.2 pages 14-16

nan

Discussion for Version 1.0

The purpose of thiz program is to calculate means and variances

for fracture proparties for UZ model layers based on deotailed .
line survay (DLS) data for the Exploratery Studies Facility (ESF) -

that has been downloaded frem the Technical Databass (TDB). -

onoaoanonaQ

This program was originally written by Eric Sonnenthal with .
revisions and additions by Mark Cushey (4/98 to 7/98) which are
labeled MAC and dated. Major additions include using data
statemants and coding to combine subunits for model layers
internally in the program; calculating additional paramecters;
program recalculates zll numbaers for each modsel layer each-time -
it is executed; calculate apartures; calculate alpha & log alpha
and its statictics; calculates spacing, frequencies and intensity
for selected interval lengths; new input format for direct reading
of data from TDB after processing through rnad_t:db £; and new
output formats. .

NDoOOOOODOOOCON

MAC V1.1 - updated pages below for references for Version 1.0
See Scientific Notebook YMP-LBNL-GSB-MC-1 pages 60-~69, 124-125, 137
See Scientific Notebook YMP-LBNL~-GSB-MC~-1.l1 pages 98, 101-108, 11(-115
See Reference Binder YMP-LENL-GSB-MC-1.1A pages 88-97, 98-106

o0oan

c - Mark Cushc'y 7798
c— - - - D D D e e S T D P S D D G W T T D D P WS R D O R N D D S S G e e . -
c Below comments by E.Sonnenthal
c... Program to read USGS ESF data and calculate fracture geometries
c... =and densities for plotting (11/4/56: E. Sonnenthal)
¢... Components of hydraulic conductivity tensor (de uarsny. 1985)
... 11/11/96 E. Sonnenthal :
c... revised 2/6/97 for a fracture size range -
c nf = Number of fractures
blksiz = Block size (m)
kfrc = Hydraulic conductivity of each tracture (mls!
aper = Aperture of each fracture (m)
strike = strike of each fracture (azimuth in radians)
daip = Dip of each fracture (dip in radians)
ktens = Conductivity tensor (9 component)
k(%) = {kex, kxy.,kxz,kyx,kyy.kyz, kzx, kzy,kzz)
| ox kxy kxz |
| xyx kyy kyz |
] xzx kzy kzz |

anoaanonononononan

Commanted out varliables no longer used MAC 7/98
integer nil,ni2
integer 1,k,nd, n.nn,nml.nfr.nt.nsl.nsz
parameter (nf = 50000)
parameter (pi=3.141592653640)
paramater (ni = 198)

on

7722/9% frac_calcll.f 1

23




o

c Added MAC 4/13/38

c
[
c
[+
c

anonoaonnanan0aa

0

aonaoanna0a

cha.racter*sz fname

Ccmented out variables no longar usod MAC 7/98

charactaer*8 outfile, headexr2, fstat
character*200 header

integer distl

doubla precision height(nf),dist2
1ntngar nfrint(ni),ns

doubls precision blksiz,kt,sdaq.stkrad dip:ad.proptf

doubla pracision fmin, fmax

doubla precision kfre{nf),apar{nf)

double precision ktana(9).

double pracision kxx,Xkxy,kxz,Xkyx, lqry kyz kzx,kzy.kzz

doubla pracision andpl,endp2, tocalcr,totalht.a.dip.bdip
doubla precision dist(nf),nfrcinf)

doubla precision strika(nf),dip(nf),alen{nt), blen(nﬂ

doubla precision atracae(nf), btraca(nt),trace(nt)

double precision trlen, fmasf, frint, fgrpl, fgrp2, fsiz.

doubls pracision trcmax,dipmin,dipmax.apsrture

doubla precision avgsp,frcint,varsp,sdspac

doubla pracision freq,sdfreg, frcvol, freraqd, freper, blkht b.lkdp
doubles pracision sdlen,varlen,avglen,frarsa,frcpd
character*l ansl,ans2 .. . , .

MAC V1.1
doublae pracision intarea, gmlen

Balow added by MAC 4/98 - 5/98

Data statements added to identify subunits ‘and later combina
subunits for each model layax.

Moved to include MAC §/98 so that vatious combinations could 'be
used by simply using a diffaraent file for include

Nota that alcova stations are entaered with Alcova # in tha

tan thousandth location.

Asgignment for model layers Yased on CRWSM M&O, 1998.

For most rscent assignment saa

Scientific Notsbook m-t.BNL-GSB-MC-l 1 pages 36-139.

Includa file 'datablk.f* mcludas data statemanr.s for
unitname, modlayer, unitsta, unitand, and logairk

MAC V1.1
includa ‘*datablkill.f*

Por testing, instead of 'datablk.f’', include file ‘uzmodaeld7.f*.
for comparison with calculations performed for tha July 97
nilestone {Chapter 7, Sonnathal et. al, 1937} or includa.
'sweatkind.f' for comparison with calculations in

Sweetkind at. al (1997). Use the data files ericdls.dat and
swaatdls.dat, respaectivaly.

include ‘uzmodsld?.f£*

include ‘sweatkind.f*

7/22/99 " frac_calcll.f ’ 2
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c MAC 7/98 For the more detailed PTn model layers use
c include ‘ptndblk.f’
c- -

¢ Below added MAC 4/98 - 6/98

ntotal iz the total number of UZ model 1ayers

nlayers is the total number of segments along the ESF

Both are used for the data statements and are defined in the
.file ‘datablk.f’

npar is the number of parameters saved £or calculeting properties

for entire model layer

variables with 'int’ are for calculating fracture properties for
intervals .

variables for data statements [integer modlayer(ntotal):;
double precigion logairk(nlayers),unitsta(nlayers),
unitend(nlayers)] are in file ‘'datablk.f’

noonanNnaonnonaon

integer layer,first,last,npar
c MAC V1.1 changed npar from 16 to 18
parameter (npar=18) v
double precision spac,frcpld,trcemin, combine, kzzkxx, kyykxx kzzkyy
+ alpha,loga,logf,sdalpha
dimension combine(nlayers,npar) .
character?*S outfile

integer intn,intmax,intnfr,intlayer

parameter (intmax«10000)

double precision intfreq,intspace, intlength, inttrace
dimension intfreg(intmax),intspace(intmax).intnfr{intmax),
+ inttrace(intmax)

c...Input file name

2 print *, 'Enter fracture data filename: °'
read ('.*) fname
open(unit=12, file=fname, status="'o0ld’, exrr=a$)

go to 7
5 write(*,*)'File not found®
go to 2 ) :
7 continue

c Removed call to station file -- all in one file MAC 4/13/98

c revised MAC ¢/13/98 - starting and end points for modsl layers
c now determined internally

¢ revised MAC 4/17/98 - changed input process

dipmin = 0.40
&ipmax = 90.40
angl = *‘n’
ans2 = !yl
write(*,*) ‘Enter minimum and maximum fracture length to use‘
read(*,*)fxmin, fmax

¢ Added MAC 7/8/98 - query user for interval length’
“write(*,*) 'Enter interval 1enm:h (1n meters) *
read(*,*)intlength .
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c - : -
€... Read station fila - Removed MAC 4/13/98

c MAC 4/98 open output filaes ‘
opan (13, file=‘alll.par’, status=‘unknown’)
open({l4,file='all2.par’, statua- unknown'*)
writa{l3,441) -
writa(l4,442)
ocpen(ls,files‘'intarval. par',status- unknown®)
write({18,1999)
opan(20,file="tmp.par*)

(=] R .
c... Read fracture data file
c Rev MAC 4/13/98

raad (12,*)

1=0
10 i=xi+1
c rov MAC 6/29/98 - Don't read in haeight

read(12, *,end=99)dist (1) ,strike(i) dip(l). atraca(i),
c & btrace(i) ,hasight (1)
read(12,*,end=99)dist (i) ,strike(i) dip(i), atraco(i},
& btraca(i)
go to 10
99 ns =41 -1
dist(na+1)=99999.9
close(1l2)
c .
¢ Added MAC 6/25/98
c initialize combinas
do j=1,npar
do i=l,nlayers
combina(i,j) = 040
end do
end do

Added MAC £/17/98
Loop through modal layers, assiging station ranges
Define endpl, endp2, nsl, ns2

0

aqQaQaaon

no layer = 1,nlayers
andpl = unitsta{layer)
ondp2 = unitand{layer)
write(*, *)unitnama(layar},endpl,endp2
nsl = 0
ns2 = 0
do 1 L 11“"‘1 .
1f ({(dist(i).ge.endpl).and. (dist({i-1).1t.andpl))
& .or.{(dist{i).ge.andpl) .and. (1.9g¢.1})))
& nal =i
if ((dist(i) .gt.endp2).and. (dist(i-1).1le.andp2))
& ns2 =4 ~1
end do
c MAC V1.1 - changed 0.0 to O .
- . 1f ((ns2-nsl1).1s.0) go to 999 .
writa{*, *}* ' ,dist (nsl),dist(ns2)
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c

AN 0000

outfile = unitname(layer)

outfile = ’'durmy’

if ((layer.egq.48).or.(layer.eg.27)) then
outfile = unitname(layer)

write(*,*) ‘Tecplot file for',unitname(layer),

* unitsta(layer),unitend( laynr)
end if

. Find size distribution for all tracl:ures

if(ans2.eq. 'y’ )then
fmesf = 0.340
frint = 0.2d0
do { = nsl,ns2
trlen = atrace(i) + btrace(i)
do k=1, ni
fgrpl = fmesf + dble(k-1)*frint
fgrp2 = fmesf + dble(k)*frint
if(trlen.ge.fgrpl.and.trlen.lt.£fgrp2)
& nfrint(k)=nfrint{k)+1
enddo |
enddo
endif

c Added MAC ¢/9%8 find miniwum trace length bafore excluding

tremin = fmax
do 4 = nsl,ns2

tremin = min((atrace(i)+btrace{i)),trcmin)
enddo

c... Find fractures that are within range if given

c

n=20
nfr = 0
do 1 = nsl,ns2

if(dip(i) .ge.dipmin.and.dip(i) .le.dipmax.and.atrace{i)+ .
- btrace(i).ge.fmin.and.atrace{i)+btrace(i).le. fmax) -

+ then
n=n+1
nfrcin) = 4
nfr = n
endif
enddo
if (nfr.le.l) go to 999 .

c... Calculate proportion of total fractures

proptf = dble(nfr)/{(dle(nsi-nsl+l))

c... Find total trace length

c

C..n

don=1, nfr

nn = nfre(n)

trace(n) = atrace(nn) + btrace(nn)
anddo

"Find maximum trace length

trcmax = ~-1.45
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don=1, nfr
trcmax = max{trace(n),trcmax)
enddo

LN

e .
e... Langth of fracture segmant for plotting is 0.15 inchlmetor
don =1, nfr i
nn = nfre(n}
alenin) = atrace(nn)*0. 15d0
blen(n) = btraca(nn)*0.1540
anddo
c +
c... Calculata blocksize (intaerval length)
blksiz = endp2 - andpl
blkht = 6.d0
blkdp = 6.d0
e .
¢ Rev MAC 4/17/98 - moved perm, frac velume, porisit:y to aftar -
¢ parametars

¢ Rov MAC 4/98 - zeroc sum parametars
totalht = 040
totaltr = 040
saght = 040
ssgtr = 0do
sspac = 040
ssqsp = 040
ssqlsp =040
slgsp = 040

L c MAC V1.1

) gmlen = 040

intarea = 040

c Added MAC 5/98:
do n = 1, intmax
intspace(n) = 040
intfreqi(n) = 040
intnfr(n) = 0
! inttracaein) = 030"
end do
intn = 0
intlayar = 0 .
c E
c... Calculate fracture parametars - loop through fractures
do n =1, nfr
mn = nfrc(n} -
totaltr = trace(n) + totaltr
ssqtr = traca{n)**2 + ssgtr

¢ MAC V1.1
gmlan = gmlen + dloglottraca(nn

if(n. ;lt l)thon
nml = nfre(n-1)
c xev mc 4713798 - put in if
. . spac = dabs(dist{nn)-dist(nml}}
\ 1f {spac.ag.0.0) then
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write(*,*) 'station overlap',dist(nn),.nn,nml
end if
2099 format(lx,a5,3(1x,£9.2))

gspac = gpac + SSpaC
¢ correction MAC &/13/98
c put in ‘+ slgsp' in place of e gspac’
c put in dlogl0 and if-then
if (spac.ne.0.0) then
slygsp = dloglO(npac) + slgsp -

c correction MAC 4/98
c put in '+ ssqglsp’ in place of '+ ssgsp’
c put in dloglo
£sqlep = (dloglO(spac))**2 + ssqlsp
alse
Cc rev MAC 4/98 for zero spacing use 0.005 m which is 1/2
c of the measurement precision

slgsp = dloglO(S5d-3) + slgsp
ssqlsp = (dloglO{Sa-3))**2 + ssqlsp
end if

88Qsp = Spac**2 + gsqgsp

added MAC 5/98 - for determining fregquency and intensity over interval
added MAC 7/98 - if-then statment to prevent from
c : overextending interval boundary
intn = INT({dist(nn)-endpl) /intlength)+1l
if ( (endpl+(intn*intlength}) .le.endp2 ) then
if (intn.gt.intmax) then
write(*,*) ‘Max number of intervals exceeded -

an

+ ' program stopped’
write(*,*) 'Resize intmax - intmax, intn',intmax intn
stop .
end if

intspace(intn) = intspace{intn) + spac
intnfr(intn) = intnfr(intn) + 1
inttrace(intn) = inttrace({intn) + trace(n)
intlayer = intn
end if
endif
o0 cantinue
enddo

avgsp = sspac/dble(nfr-1)
freq = 1.40/avgsp

c added MAC 5/88 - for datcxmining fregquency and 1ntensicy over interval
do intn = 1,intlayer .

if {intnfr(intn).gt.l) then .
intspace(intn) = intspace(intn)/dble(intnfr(intn)-l)
intfreq{intn) = 1d0/intspace(intn)

else
intfreq(intn) = 1d9/intlength

end if

inttrace(intn) = 1nttrace(1ntn)lintlengthlblkht
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end do

-3 MAC 5/98 added if-then for small # of Eracturas
if (nfr.gt.2) then
< nfr-1 is the number of pairs used to calculate spacing

varsp = (ssqgsp - ((sspac"2lldble(ntr-l)))I(dblo(nft-Z))
1£ (varsp.gt.0.0) then
sdspac = sqgrt{varsp)
¢ added comment and put in varsp rathar than sdspac**2 by uac 5[98
c VIiLtl= Vis)*(-B{s]**-2)**2
sdfreq = sqxt!((¢-avgspl'*(-2))"2)*vazsp)
alse
sdspac = 0d0
sdfreq = 040
end if
alse
varsp = 040
sdspac = 040.
sdfreq = 040
end 1

freint = totaltr/blksiz/blkht
avglen = totaltr/dble(nfr) .
varlen = (ssqtr - ((totaltr":)ldblo(ntr)))Idbla(nf:-l)
i1f (varlaen.gt.0.0) than

sdlen = sqrt({varlan)
alse :

sdlan = 040
and if

¢ Rav MAC 4/17/98 - calculato b {in um) from airzk
apertura = 1d6'(12do*(10'*loga1rk(1ayar)l/tteq)"(l 0/3. O)

¢... Calculatae pasrmeability of zach fractura and pass to xtensor
don =1, nfr :
aper(n) = aparturse*l.d-6
kfre(n) = (apsx(n)**3)/12.40
enddo

© Rav MAC 4/98 - zero sum paramstars
frevol = 040
frarea = 040
do 1 = 1,9
ktens (i) = 0a0
and do

¢,.. Calculata fractura volume based on penhy-shaped fractures
don =1, nfr _
frerad = traca(n)*0.540
frcvol = pi*aper(n)*frcradr+2 + frcvol
: frarea = aper(n)*frcrad*2.d40 + frarea ‘
c MAC V1.1 - will dividae by block volume after combining
intaraa = pi*frcrad**l + intarea

enddo

¢... CGalculata fracture porosity )
fxcpor = frcvol/(blks{z*blxht*blkdp)
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c writs cumulative size distributions
open(12, filo-outfila/l'.csd'.status-'unknown )
feot = 1.0 :
writa(12,470) fmasf, Lot
dGok=1, ni
fgrpl = fmasf + dblas(k) *frint
fsum = dbla(ntrin:(k))ldbla(ns) + fsum :
write(12, 410)tgrpl 1.40 - fsunm
anddo
closa(l2)
andif
c

¢ Added MAC 4/17/98
993 continua
END DO
closa(l3)
closa(l4)

0

Balow is all new code added by MAC 4/98
Combine rasults for single valuas for sach model layer
Output to files °‘combl.par’ & ‘comb2.par’ - combined results of

alll.par & all2.par
output to file 'calibzato.par' - data to bo used tor inversion

0ac0aona

opan(13,fila=‘combl.par*, status='unknown')
open(14,file=‘ccombl.par*,statuss ‘unknown’)
opan(l15,file='calibrata.par’,statuss'unkncwn'}
write(13,1441)
write(14,442)
write(15,2501)
DO i = 1,ntotal
tremin = 14§
trcmax = 040
nfr = 0
avgsp = 040
sspac = 040
sdspaca = 040
ssqsp = 040
avglen = 040
sdlsn = 040
ssgty = 040
frcpor = 040
frcp2d = 040
blksiz = 040
kxx = 040
kyy = 040
kzz = 040
slgsp = 040
sslgsp = 040
c MAC V1.1
N . intaraea = 040
gmlan = 040
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New=

.frcp2d = frcpad* (aperturstid-6) /blksiz
frcpld = freg*aperture*ld-6

c calculata k ratios lnot:o frog ca.ncels)
kzzkxx = kzz/kxx
kyvkxx = kyy/kxx
kzzkyy = kzz/kyy

c calulata fracture intansity )
’ freint = avglent*dbla(nfr) /blksiz/6a0
e MAC V1.1

gmlen = 10**(gmlen/dbla(nfr}))
intaraa = intarasa/blksiz/ (g'nlen**Z)'

writa{l3,1443)unitnama(layer), tromin, fmin,

L] trcmax,nfx, avgsp, sdspac, frag, sdfreq, avglen, sdlsn, :rc:lnt
writa({l4,444)unitname(laysr),fmin,nfr, fraq,

+ apartura, frcporx, frep2d, frepld, alpha kzzkxx.lq(ykxx kzzkyy

ssqlsp = (ssqlsp - slgsp")ldbln(nﬁr-n) )I dblo(nf.r—n-l)
algsp = slgsp / dble(nfr-n) :

logf = - slgsp

loga = (1420/340)*(dlogl0(1240} +loga1rktlayor) ~logf)

> - dlogl10(240*72d4-3)
sdalpha = sdfregq*dsqrt{140/724-3) *- : B
> { (10**logairk(layer)) /18d40/(freqg**4) )**(1.0/3.0)

if (ssqlsp.1s.0.0) than
write(*,2500) unitname(layer), slgsp. ssqlsp
ssqlsp = 0.0

end if

MAC V1.1 add new paramaters gmlen (gematric mean length) and

intarea (fracture arsa/block volume whera block velume is

c block length * gmlen*2). Also changad output for calibrata:par
writa(15,2500) unitname(laysr), fmin, frep2d, (apartura*14-6), £req.

+ intarea, gmlen,alpha, sdalpha, loga,dsgrt (ssqlsp/940)

2500 format{lx,aS,5x,f9.2,2(3x,239.2),.3x,£9.2, 2(3x.f.9 3),

+ 3(3x,239.2),2{3x,£9.2))

2501 format(lx,® Unit*,1x, '‘Min-Fr-Langth’,lx, 'Pr-Porosity*,4x,

+ ‘Apartura‘,3x, '‘Frequency’,2x, ‘Inter-Area‘, 3x, ‘Cn-length’,

+ 4%, ‘FPr-Alpha‘’, ix, 'sD-Alpha’, 4x, ‘LogAlpha‘,1x, ' SD-LogAlpha')
©c2500 format(lx,a5,2(1x,£7.2),.2(1x.059.2),3(1x,£7.2),1x,£7.3,1%,£7.2, -
c + 1x,45,2(1x,£7.2))
c2501 format(lx,*® Unit*,dx, 'Ftaq',Zx,'snPreq' 5x, 'alpha',:x. sdalphat,.
c + 4x, 'loga’,2x, *logsda‘’,2x, '<loga>"*,

] + 1x, 's<loga>‘*,2x, 'gmFreq’, 1x, *‘#Frac’,3x, *Block’, 3x, ' #Ffreq’ )

naoa

e added als. statemant - MAC 6/25/98
else
if (layer.ag.last) than
writae(l13,2500)unitnama({layaer)
write(l4,2500)unitnama({layar)
writa(l5,2500)unitnama(layer)
end if

end if

* END DO
END DO

7722799 . frac_calcll.f
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Read_TDB V1.0
Routine/Macro Documentation Form®*. Page1 of 2

Note: All relevant scientific notebook (SN) pags are included in this records package. In some instances, the
nclnded SN pages cross-reference other pages that are not included here because these were not essentlal to

the Jdocumentation of this routine.

1. - Nameof foutine}macrd'with vetiionlOélhArdwafe environment: ; ‘ '
. " ‘Read_TDB / Version 1.0 / DOS (or Windows with DOS) 1PC

2. Name of commercial sbﬁwarc with vérsionle/ha:dwm used to develop muundmncro
- FORTRAN 77/ FORTRAN Powerstation 4.0 (sce SN YMP-LENL-GSB-MC-12, p. 48)

3 Description and Test Plan. : _ _ ‘
s  Explain whether this is a routine or macro and describe what it does: (Read_TDB s a routine)

The software routine Read_TDB Is a FORTRAN code that reads a text file (ASCI format)
downloaded from the Technical Data Management System (TDMS), extracts the selected ,
columns and rows of data for use in standard spreadsheet packages, and converts stations into
Knear meters. It excludes any rows that have incomplete or missing Information and notes the
rows excluded with a print out to the screen. It Is described on pages 52 and 58 in YMP-LBNL- .
GSB-MC-1. To Install the software, copy frac_calc11.f and datablk1Lf from a disk ento the hard
drive of a PC. Then, compile frac_calc using 8 FORTRAN 77 complier and run executable,

This sofﬁvnre routine is documented tn the following sclentific notebook pages:

YMP-LBNL-GSB-MC-1 . pp- 52, 58, 82-87
YMP-LBNL-GSB-MC-12 . , pp. 48-50
Reference Binder YMP-LBNL-GSB-MC-12A pp- 120-124
lnpﬁts: | - v

The code is designed to use fracture property data text files as divectly downloaded from the
TDMS. The test input which Is in this very specific TDMS format is provided on pp. 120-124,
Reference Binder YMP-LBNL-GSB-MC-1.2A.

s Source code: (incluﬂing equations or algorithms from software sétup (LabVic\v;. Excel, etc.):
The FORTRAN code ts included on pp. 82.87 in YMP-LBNL-GSB-MC-1 ' '

«  Description of test(s) to be performed (be specific): _ o
A test case is to use a downloaded file from the TDMS that has stations to be converted to linear
distance and includes some columns with incomplete data (that are to be excluded by the
routine). The test case downloaded flle ks DTN: GS951108314224.005. It was saved as test.dat
and Is included as pages 121-122 in Reference Binder YMP-LBNL-GSB-MC-1.2A. This routine
is primarily used for processing of Detailed Line Survey (DLS) data and the test case uses a DLS
file. The acceptance criteria are that it (1) extract the proper columns, (2) print the correct
values for the selected columns, (3) exclude rows that have incomplete data, and (4) convert
statlons into linear distance.

e  Specify the range of input values to be used and why the range is valid:
The input is a direct sample from the TDMS and includes the columns with incomplete data and
station values to be converted to linear distance. It is considered valid because it is the type of
the data that the routine was designed ¢o use.

4. TestResults.
¢  Output from test (explain difference between input range used and possible input):




Read_TDB V1.0
Routine/Macro Documentation Form* - : Page2 of2

Test results are shown on pages 49-50 In YW-LB\IL-GSB-MC-I.Z and in Reterenco Binder
YMP-LBNL-GSB-MC-I.ZA. PP 120-124. N

o Description of how the testing shows that the resuln are correct for the specified input:© -
The routine correctly (1) extracted the proper columns (see columns/datatypes selected on p. 50
tn YMP-LBNL-GSB-MC-1.2 and output on pp. 123-124 In Reference Binder YMP-LBNL-GSB-
MC-1.2A, (2) printed the correct values for the selected columns in output file frac.dat (compare
values in output with input pp. 123-124, 121-122 in Reference Binder YMP-LBNL-GSB-MC-
124, respectively (3) exciuded rows that have incomplete data (ses p. 50 in YMP-LBNL-GSB-
MC-1.2 and output which excludes these rows on pp. 123-124 in Reference Binder YMP-LBNL-
GSB-MC-1.2A, and (4) converted stations into linear distance (compare vahies under
LOCATION In output as a linear distance in meters with input as stations on pp. 123-124, 121-
122 in Reference Binder YMP-LBNLGSB-MC-I.ZA, respectively).

. Lxsthnumnonsmassumpuonsmtlustestcasemdcodcmgencml
The input file must be a downloaded file (ASCII or text) from the TDMS. It also assumes that
the TDMS will not change its formatting of having the column heading align direcily with the
value or text within the column. It also assumes that station msurements correpsond to meten
(which has been used for the ESF, ECRB and thelr alcoves)

s Electronic files identificd by name and location (include disc xfnnccssary).
* test.dat and frac.dat (input and output) listed on pp. 120-124 In Reference Binder YMP-LBNL-
GSB-MC-12A. File sizes and other information given onp. 49 of YMP-LBNL-GSB-MC-IJ.

Supporting Information. Include background information, such as revision to a previous routine or macro,
or explanation of the steps pesformed to run the software. Include Tistings of all clectromc ﬁles and codes
used. Attach Scientific Notebook pages with appropriate information annotated: :
See attached pages for technical review forms, referenced scientific notebook pages and other
supporting documentation.

_ MAINTAIN PAGES IN THIS ORDER:
1) This 2 page “Routine Documentation” summaxlzatlon form :
2) YMP-LBNL-GSB-MC-1 . pp- 52, 58, 82.87

3) YMP-LBNL-GSB-MC-1.2 pp. 48-50
4) Reference Binder YMP-LBNL-GSB-MC-I&A ~ pp.120-124

. *Note that this supplement includes:
- -Addition of this 2-page “Routine Documentatton” summarization form

3/, /aooo
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PROJECT NAME . .. NOTEBOOK NO.
: I/\’grslonl.o IW)N

o
Do

i) This code (s a simle vser
Frogram Read TDB e ma

This program reads the data files from the B3/3 ’/ ﬁ - 1
Technical Database. Output are written 8
unformatted to selected ocutput file. 2All messages are 3
recorded toc the screen and file 'index.txt'

Mark Cushey 4/%8

output is limited to 10 numerical datatypes
It is scsumed that the maximm line length is less than 250

nao

]

>

real anum,bnum,value(10),limvalue(10,2) B
character*{ first : fE T
character*25 filename b 1
character*250 21l o T
character*250 datastring : i
character*8 astat,bstat,avalue,limtext (10) ] 3
% character*l onestring(250),onedata(8),plus(8),ans
character+*8 dataname(10),limitname {10} -
integer row,iname,istring, idata,icolurn(10),1,loc,rowused, .
v / + im, limnum, limtxt, loctype :

S
Z

Lo
-1

b c cpen output files
- write(*,*) 'Enter name of ocutput file:°
¥ read(*,1000) filename
. open (unit=20, file=filenane)
open({unit=21,file='index.txt"*)
write(*,*)'Details on data retrieval are 1n index.txt’

m

Query for different data types to be stored SREC::

non

write(*,*) 'List names of data types to be retrieved -~ up to 10°
write(*,*)* Enter only the first 8 letters for each'
:rir.e(*.")' Enter the word end for last entry’
= 0 :
40 i=31i+1 : :
; . read(*,1010)dataname (i} -39
! if ((dataname{i).ne.’'end’).and. : &
: & {dataname (i) .ne.’END'})) go to 40
iname = i - 1
write(*,1040) iname
write(21,1040) iname
write(20,1041) (dataname(i), i=1, iname)
write(*,*)'Should header be printed in output file - Y or N'
‘. read(*,1011)ans
if ({(ans.eg.'Y').or.(ans.eq.'y'))
& write(21,1041) (dataname(i), i=1, iname)
1010 format {a8)
1011 format (al)
1040 format{1x,17,* datatypes selected‘)
1041 format {10 ({2x,a8))

< ———

1

AR | | | SIGNATURE DATE __ 19
: READ AND UNDERSTOOD DATE 19

e e g e D T . [
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PROJECT NAME 7 __ NOTEBOOK NO___[(

c query for limits on outputting Gata o . . ‘
limmum = iname ‘ , ' R
limtxt = iname ) -
write{*,*) 'Are there limits for the output - Y or N ?° ——
read(*,1011l)ans . ) . R
if ({ans.eg.’'Y’').or.(ans.eq.'y')) then . ———

i = iname

write(*,*) 'Enter the parameter names fox' mmerical limi.tt )

-0

write(*,*)' Enter only the.first 8 letters ‘for each' R —— 4
write(®,*)* Enter the word end for last entry' A
i=4i¢1. . . ‘ Tl
read(+*,1010)dataname (i) .

if ((dataname{i).eqg.’end‘).or. ———
(dataname(i) .eq.'END')) go to 46

write(*,*) 'Enter upper and lower value for limit®
read(*,*)lirvalue(i,1),limvalue(i,2)

write(*,*) 'Enter next limit or end’

go to 45 ) -
i=i-1. .

[
(]

02“600000000
(4]
"

limnum = 1 ) ’
write(*,*) 'Enter the parameter names for text-defined lim

. write(®,*)* Enter only the first 8 letters for each’
write(*,*)* Enter the word end for last entry’
47 i=i+1 . .
: - - read(*,1010)dataname(i) -
[ if ((dataname(i).eqg.'end'}.or.
& (Gataname{i).eqg.'END'}) go to 45
write(*,*) 'Enter text to exclude - up to 8 characters’
read(*,1010)limtext (i)
write(*,*) 'Enter next limit or end:
. go to 47
49 limtxt = 3 - 1
4o i=(iname+l1),limtxt
if (4. le limnum) then .
: write({*,1045)dataname(i), luwalue(:l.,l) 1i
mvalue(i,2) :
write(:l,lMS)datamme(i),limvalue(i,n.1
imvalue(i,2) .
elge

write(*,1046)dataname (i), limtext (i)
. write(21,1046)dataname(i),limtext (i) - 2 N
end if . (it

2.
S

el

" .end do
end if
1045 format (1x, 'Limits on’,e8,1x,£9.3,1x,.£9.3)
1046 format (1x, 'Limits on',a8,1x, ‘exclude’, 1x,a8)

e " A 2. o

Query for inmput filename and open

N ey

s

-l-._lu'!n' I— |- I‘,:I

50 write(*,*) ‘Enter nexl: data fi.lcname (use MS-DOS filename) or quit

read(*,1000) filename
if ((filename.eq.’'quit’). or. (filenama eq. QUIT'))qo to 990

)

S-tofet

‘.
o
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PROJECT NAME

. NOTEBOOK NO.

open({unit=10, file=filenama, actions'READ", -
& form=' Pomn'xb'.stam-'old',errﬂS)
write(*,*)filename R
write(21,*)' . v
writa(2l,*)filename -
write(21,*)* - ’

1000 format (a25)

- go to 80 - o

75 writa(*,*)'Pila does not axisr.'
go t:o 50 :

If one of the parametaers ig LOCATION, determine type.
If LOCATION iz atation number -along DLS, loctype =0
If LOCATION is along alcovs, loctype = alcova #.
I1f other, then loctype = -1.
0 loctypa = -1 ' L
Do i = 1,iname ' :
if (datanams(i}.eq. LOCATIOH') then -

a0

+' DLS, alcove, or other - 4, a, or o'
read(*,*)ans
it ((m .eq.'d'}.or. (ans eq.'D'}) then

writa(*,*)'Is LOCATION a station number along the

loctypa = 0
else ‘
if (lans.eq.'a*}.or. (ans.eq.'A')) then
; write(*,*) '‘Which alcove #°*
read(*,*)loctypa
else :
) loctyps = -1 -
" end if
end if
end if
End Do
c -
e ﬂ.nd headar line (between rows ot as!:e:iks)
a2 read(10,1001)first )
if (first.na.,'**t*1} g5 t0 82
1001 format (a4)
c - - - - - -
c find location whers different data starts (use header)
do i=1, lintxt S
{icolumn(i)=0 -

read(10, 1020)datastring

read(datastring, 1021) (onestring(istring) 1scrinq=1 250)

do i'= 1,limtxt " ’
read(datanamn(i) 1022) (wedata(idata) idata—l B)
do istring = 1,250
do jdata = 1,8

SIGNATURE __ ' DATE

READAND UNDERSTOOD____———— DATE




PROJECT NAME | ' NOTEBOOK NO.

. ifl (onestring(istring+idata-1) .ne onadata(idata.)) )
& go to 98
o end do
S8 if (idata.eq. 8) go to 5%
. end do
89S if (istring.ne.251) then -
. icolum(i)=istring
else
. write(*,1023)dataname (i)
pause
. stop
: .. .. end if
end do
write(*,1003) {icolumn(i),i=1,iname)
write(21,1003) (icolum(i),i=l, iname)
1003 format (1x, 'Column headers at', 10(1:.15))
1020 format (a250)
1021 format (250(al))
1022 format (8(al))
1023 format (1x,a8, * not found in file -- stopped’)

»

c - -
c . move forward to first data row
" 105 read(10,1001) first
- if (first.ne.°****') go to 105
c skip blank line
read(10,1002)all
1002 format (a72)
c
c read data lines fran file and get velues
rowused = 0
xow = 0
200 read(10,2001, err=900, md-SOO)datastring
if (Aatastring.eq. End of Report') go to 900
if (datastring.eq. . ') go l:o 200
row = Yow + 1
write{*,*)row
c " first see if data is within text-deﬁned limits

do ii=(limnum+l), limtxt

loc = :lcolmm(ii)

read{dal:astring,.‘l!”)all

if (all.eqg.limtext(ii)) then
write(*,2025)row,dataname (i), limtext (ii)
write(*,2026)datastring
write(21,2025) row,dataname(ii), limtext (ii)
write(21,2026)datastring
go to 200

end if

SIGNATURE ___ ‘ DATE
READ AND UNDERSTOOD : ' _.. DATE

gy vy s . e e e

. . . L4 O - . . . . - .




86 - |PROJECT NAME NOTEBOOK NO.
! -
]

3
Al
f
|
i do 131 iname
loc = icolumn(i)
11 " read(datastring,1999)avalue
!."l . ] first check to seae if any are not recorded {FR) or
1) c ~ special (*) -- exclude NR and use *-
i " read(avalue,2002) (cnedata(idata), 1dataal,8)
- - do idata=1,8
?”‘ 12 ((cnedata(idata)).eq.'N’') then
L c the entire line is excluded
iy - writa{*,2020)row,onedata{idata),cnedata{idata+l)
-!f‘ : . ' & datanams(i)
!' '» write{21,2020) row, onedata(idata),onadata{idata+l
. ‘. ¥, :
1 & dataname (i)
'] oa iz
: if (onedata(idata).eq.'*’) then
; ] writea(*,2021)zow
0 write(21,2021)row
A : . read(avalue,2024)avalua
P end if = '
]! e chack if entry is a station number -- if loctype = 0
4 c LOCATION is station number along DLS, if loctype = +#
1 c LOCATICN is along alcova (number loctype)
Ri8 )
l; . If (({loctype.ga.0).and. (dacanam(i) eq. 'LOCATION')) then
fll ' c : get station number
’;} read{avalus,2005) (plus{ip),ip=1,8)
| do ip=1,8
“ if (plus(ip).eq.'+') go to 215
;l end do R
) l . 215 read(avalus, 2010)astat,all, bstat
: read{astat, *)anum
| : read (bstat,2005) (plus (im), im=1, (8-1p))
i ' do im = 1, (8-ip)
| | : . if (plus(im}.eq.'-') go to 216
;h 216 read{bstac,2011l)astat
EI . . read{astat, *)boum
]I[‘ , ' if (loctype.eq.0) then
11 value(i) = anum*100 + bowm
jl elsa - :
valua({i) = real(loctype)*10000 + armum*100
”‘ . ' ‘alsa LT
1l - road(avalue, *)valua(i) -
i )
g end do
8
"]%
3!
i
- - )
W -~ . | SIGNATURE "~ DATE 19
;]- S * | READ AND UNDERSTOOD, : _. DATE - 19




PROJECT NAME NOTEBOOK NO.

2001 format (a250)

c change a8 to larger value if mmber is more than 8 digita

1893 format (<loc-1>x,a8)

2002 format(8(al))

2008 format(8(al)) - :

2010 format {a<ip-1>,z1,a8)

2011 format {a<im-1>) . . .

2020 format{1lx, 'Row’',1i5,¢ has & *',al,al,' for ',a8, et 18
& + - this data row ig not used')

2021 format (1x, 'Row',15,' has 2 * - printed value will be used’)

2024 format (a<idata-1>)

2025 format (1x, '‘Row',15, ' excluded ',a8,' is °,e8)

2026 - format (5x,240) :

c write data to output file and read next line
write(20,3000) (value (i), i=1, iname) K

3000 format (10(£10.3)) ——
rowused = rowused + 1 BN
A go to 200 . . ; =
1 500 close(10) g‘ "
I e write(*,*)row,' rows read and’,rowused,’' used’ ) g’
i i " write(21,*)row,' rows read and',rowused,’ used’
5! c ask for next file
\ dRtes go to 50
‘ ' ; - 990 close(20) ‘ ___k
3 g close(21)
\"/II g4 . pause
: stop '
999 write(*,*) 'Brror in file formatting -- stopped’ : _
i iR write(*,*) 'Error in file formatting -- stopped’ =}
: - close(20) )
: s close(21) -
i A& . close (10) 4& :
: g 70 pause A
R A- . end _—",‘
R o] ; - -‘
e . —"" :
. & E
ey o —
; b /78
£, e
4 R— 3!
v, oty
-4 24 /L L/
- iE SIGNATURE 7 [a DATE D/7 18 98 -
— |15 READ AND RSTOO! /A DATE 19 ;
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) A
R 50 lPRcuecr NAME NOTEBOOK NO. :
et
4 : 7 dabatypes gelected gt t v
S LOCATION STRIKE DIP LENGTHE A LENGTH B HEIGHT e A
et c-l:‘\code\rea.d‘ tab\test.txt ;; ” .
o Column headers at 28 70 87 104 121 138 155
g T Row 2 has a NR for LENGTH A - thiz data row is not used P
-y . Row ¢ has & * - printed value will be used 'E:_
: Row S has a NR for LENGTH B - this data row is not used T,
‘3“!-——— Row 18 has a NR for LENGTH B - this data row is not used o
4{ Row 16 has a NR for LENGTH B - this data row is not used . e
’ . 'Row 20 has a NR for LENGTH B - this data row is not used Ll
E: Row 24 has & KR for LENGTH B - this data row is pot used o
: Row 26 has a NR for LENGTH B - this data row is not used e
2 Row 29 has a NR for LENGTH B - this &ata rxow is not used TN
| Row 30 has 2 NR for LENGTH B - this data row iz not used - .
#‘r—— Row 31 has a NR for LENGTH B - this data row is mot used HA
- — Row 34 has a NR for LENGTH A - this data row is not used Yo
-2. Row 63 has a NR for LENGTH A - this data row is not used =
N Row 70 has a NR for LENGTH B - this data row is not used -
: Row 72 has a NR for LENGTH B - this data row is not used DA
'z'v_'__- Row 81 has a NR for LENGTH B - this data row is not used ;?'—,
- Row €2 has a NR for LENGTH B - this data row is not used LY
: Row 84 has a NR for LENGTH B - this data row is not used
}— Row 86 has a NR for LENGTH B - thizs data row is not used e
— Row 67 has 2 NR for LENGTH B - this data row is not used g
i ;. Row 95 has a NR for LENGTH B - this data row is not used S
) 123 rows read and 103 used
\\./'( w
/L
[ Gom €ile ‘indextxt’
¥
——
¥
3.{_ \
2
7 AN
& AN
e <
>, N
e
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N
“W N\
- ]
*'l‘
EW 55 v, /I’ /Y f
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Files used in cuck.-;al Rexd DB Versen 1.0

(6 <offuwanr rov

test.dak — inpot test Gle
froc.dat — ovtpt tegt Gle

Ywse Lles were creoded om

4/:3_/‘!6
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LOCATION
801.360
802.580
803.180

804.150

804.640
804.830
805.600
806.290
806.420

806.860

807.750
808.340
808.650
£08.900
805.840
814.960
£15.310
816.180

817.880

81%.450
81%.730
824.180

829.830 -
836.650

£39.950
843.310
844.580
845.000
849.920
857.390
857.610
859.370

859.620°

855.810

862.840 -

863.770

864.180

864.700
865.370
865.420
865.450
865.600
868.550

868.650

873.970
874.030
874.410
874.580
875.220
879.700
£82.370
883.860
£93.920
894.130
896.1%0

STRIKE
200.000
.000
325.000
220.000

255.000

15.000

170.000 -

'220.000
215.000

220.000

210.000
225.000

| 230.000
225.000

230.000

30.000

235.000

200.000 -

180,000
230.000
170.000
-176.000
225.000
195.000
15.000
225.000
183.000

300.000
187.000

.000
230.000

216.000"

13.000

20.000. -

12.000
24.000
212.000
21.000

© 172.000

28.000
180.000
20.000

5.000

15.000
176.000

97.000

14.000
345.000
.000
20.000
184.000
20.000
22.000
20.000
225.000

DIP
86.000

$0.000 -

£83.000
73.000
85.000
78.000
€0.000

84.000

84.000
85.000

74.000

80.000

83.000 -

83.000
75.000
'84.000
75.000
80.000
48.000
75.000
£5.000
£6.000
77.000
85.000
78.000
'77.000
80.000
84.000

65.000

40.000

60.000“

55.000
71.000
7%.000
82.000

7.000
€1.000

15.000.

.68.000
4.000
- .64.000

10,000
66.000

~20.000
. 68.000

£4.000
66.000

' 69.000

74.000

8.000
78.000
49.000
80.000
67.000
50.000

frac.dai?

LENGTH A LENGTH B HEIGHT

2.450
.700
.650

2.500
.750
.270

©2.500

1.400

4.000

~ 1.500
©2.200

4.000

6.000

1.800
.660

1 0200

4.000

5.000

1.500

2.500

© .950
~ .650
. 4.000
. 1.200

1.790

3,000

2.150

'5.400 -

2.900
.700
.550
.470

1.110
.730

1.020
.340 -
.570
.600

~ 2.750

~.030
.150
3.600

. 4.500
5.000
4.500

. .560
.230
.570
2.600
2.000

' 3.500
.100
.680
1.200
2.660

Page 1

.700

..200 .

3.000

.500.
1.300

.500
.500
1.100
1.000
.750

2.500

1.300

.1.000

.500
.350
.700
.100
.200
.150

1,200

- .500
.600
2.000
.170

2.330

2.100
1.600
1.900
1.600

.850

©1.250

1.500
.210

1.020
.220
- 2.800

.800
.480

.490
030

.560
.200
2.500
«100
1.650
.350
.600

.120

.030
6.000
1.670

.330

.620
1.600
1.480

3 .100

.900
*3.500

3.000

. 1.800

1.100

3.000

2.500

§.000

2.250
4.500

5.000

6.000
2 l‘oo
1.000

.. 1.900
_3.500

5.000
2.000

'3.500 .
1.400
1.250

5.500
1.330
3.850
4.800

.3.500.
'7.000

4.400

. 1.500
. 1.750
"1.970
1.300

1.700
1.170

13.000
1.200
©1.000
3.000

.060
.650

3,400 ¢

6.500
5.000

' 6.000

.850
.780

" .650

2.400
8.000
4.000

.400
1.250
2.700
3.800

WIDTH

400

.100

2.600
,400 -

. 060
.030

.400
.100

.500

.080
1.500
.600
3.000
.150

030
.100.

- 3.000
4.000
.100

- .9500
. - +300
. .100

£.000

.200

.0S0

.050
.350

.100

.750

.200

.250

. ,080
. .030 .

.250
©. 010
- . 050

.030

2.500
.300
4.000

.100
.060 -

.050
.400
1.500
2.000
.010
.050
.300
.350

-.800
©.050
. ,050
. 1.500
" .050

123



.

899.09%0
304.670
911,550
9156.700
921.5670
922.000

$23.570

923.950
926.550
927.000
927.100

. 929.570

931.760
938.700
933.%00

939.900
940.610"

942.050
942.430
944.780
955.800
956.430
958.020

962.000.

963.230
365.3%0
965.430
863.750
970.030
870.070
970.210

973.600

973.740
974.670
983.470
984.760
985.140
986.450
986.850

987.860.

991.280
$91.610
991.870
994.150
995.940
996.270
997.570
998.430

220.000

220.000

- 240.000
300.000

165.000
205.000
5.000
30.000
15.000
15.000

175.000

195.000
220.000
165.000
150,000
195.000

'210.000

215.000

'210.000

215.000

170.000
"188.000

330.000
200.000
150.000
160.000
180.000
340.000

'190.000

15.000

.000.

190.000
190.000
210.000
200.000
350.000
210.000
340.000
210.000

190.000 .
355,000

5.000
215.000
340.000

195.000

210.000

.000

340.000

61,000

82,000

58.000°

-49.000

- 76.000 -
90.000
© 85.000
80.000

- 87.000

-60.000 -

-74.000

83.000

§5.000

§0.000
90.000

73.000 -

82.000
70.000

" 64.000
65.000

64.000

6§6.000
82.000

-90.000

"~ 84.000

66.000
59.000

- 83.000
" 75.000
* 85.000

80.000 -

©70.000
©75.000

78.000

58.000

88.000

75.000
©78.000

87.000
74.000
84.000

" 85.000

88,000

' 82.000
64.000
© 47.000

82.000

"~ 76.000

frac, é«‘k

4.500
3.000
15.000"
5.000
15.000
1.000
1.700 -
6.000
2.700
.400
.500
13,000
©3.700
7.500
3,300
18.000
8.000
700"
5.000
1.800
1.000
18.000
4.000
©.600
3.500

©1.000

5.000
7.000 .

©.500
.700
4.000
1.200
3.300
2.200
5.000
.500
6.000"
..700
.050
.400
1.700
.900
. 4.000
2.000
.800
2,400
2.7400

paga 2

1.500
2.300

.200
2.500

2.000.

1.800
1.800
1.650
1.400

<200

.500
10.000
1.500
2.300
T .B00
5.000

. 3.000

.500
.800
.300
1.100
5.000
1.400

-1.600

1.800
1.200
1.800
2.000

.200

.140
1.900
1.100

.220
1.800
1.900
2.000
2‘000
2.300

.900
. 600
2.450
2.400
2.400
2.200
2.000
" .400
2.600
3.200

5.500

-5.000 .
6.000 .

7.200

8.000

.2.500
3.100

7.000 .

3.500 .
.500 .

1.000 .

8.000
3.500

7.000 .
3.000 .
12.000 .

5.000
1.300

5.500

2.500
1.700
12.000
'5.000
2.100

5.000

2.000
6§.500
7.500
.700
.800

5.900°
2.200 -

3.000
3.900
'6.000
2.400
7.000
2.200

.900 -

1.000

- 4.000

3.000

'6-000:‘

4.000
2.500

- 2.700
4.500
4.500

1.000
1.500
10.000
3.000
7.000
1.400

"1.300
2.700.

.800
.200

.150 .

8.000
..700

 7.000

- .300

'8.000

2.500
- .150

1.000.

.400
" .300

8.000 -

2.200
.200

1.000
.300 .

1.000

3.800

.050
.050
1.000
~.500

.300.

.900
1.000
‘1.400
3.800
1.900
.300
-100

2.000.
2.000
1.500
2.100°
1.000

©.300 -

$2.2007

+2.200
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test.dat

View U,nig Descriptions
g:art of Report...

INCRES REPORT Copyright (c) 1981, 1995 Cowputer ‘As‘nclutu Intl, Inc.
‘Reading report specifications and preparing query . . . ‘
Retrieving data .. , . . S

TECTINIC CHARACTERISTICS DATA REPORT

TASLE DESCRIPTION: ) . . .
Practure Type data frem Norzh Ramp Tunnel - ESF, and Yucca Mountain : . *
Project Dutailed Line Survey-Data from Station 8¢01.35 to 9¢98.43; ‘
col;;e:;ds\mdor GP-32, RO, ICP Study Pumber 8.3.1.4.2.2.4., 06/02/19%5 to

0§/20/1995, . .

ToIfs  2050SS S ‘ BRI , L
DI 08951108314224.008 | ‘

FOOTINOTES: Traceline is gemsrally 0.9 meters below right wall springline;

BID-Bedding) P-Fracture; FLT-Fault; SH-Shear; RX-Ends blindly in rock

mass; ST-End not visidble beiind ground support; IN-Fracture extends under

precest invert segments; Ais-Fracture (usually subparallel to tumnel)

tornination haz been excavazed; CR-Crown; P-Planar; I-Irregular;

U-Undulating; NR-Not racordad; Ri-Stapped, Near-pornal steps and ridges

‘oecur on the fracture surface; RI-Rough, Large; angular asperities can be

.sven; Ri-tMnderately rough, asperities are clearly visible and fracture

‘awrface feals abrasive; R4-3lightly rough, smmll asperities on the

-fracture surface ars visible and can be felt; RS5-Smooth, no asperities, : ‘
smooth to the touch: R6- Polished, extremely smooth A shiny; ‘ ‘ FRORE
.Ja.11-Tightly healed, hard filling; Ja.12-unaltercd sirface stain enly; o : A BEE T
Ja.13-slightly altered, nom softening coating, sandy particles; ‘

Ja.14-311ty or sandy clay coatings, little clay; Ja.l3-seftening or clay

wineral coatings; :

AIDNL POOTNOTES: Ja.ll-zones of disintegrated or crushed rock;
Js.32-20ne3 of silty or sanly clay.
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uppst tazaization in stratigrephic pusice bed, 1 to ims clay coaling, mostly in middle of tracture

wpper tezmlnilion at trace 1ine, has small fiager fracture coming off which 1atersects frasture at sta. 9+463.58, finger coman off at 0.1% below trace line, 1 to 2am clay ceating
at 0.658 above Lrace line fracture has ginger that copes off with changs in ailmuth o 170, dip 30 degress, this fracture ran be traced from Im to fracturs
upper terminition in fructure $+03.60, fracture thianing ac bottom, 2 to 3am clay intilling

2 to Jam sltered clay infilling, zohe of alteratiocn o fracture sices, suds ia bighly alteced gone

up £o s soit orange colured clay infilling

dip varies « or -~ S degress alony Lrace

no coatings )

amplitude 0.C4m, wave length 0.7, up to L0ma orunye clay infilling, fracturs surface slickea sided, Take 70 dogrees

cleaa to local patches of up to lmm thick orangs clay fufilling

this has movenent with 0.1 offset, west side down, up to .imm clay intidling

0.15n offset, west side down, locally clean, local ilsm clay infillihgy, unable to detersine wutuda and wave langth

0 to 10mm orange clay intilling

ism o Jcw orange clay infilling

0 to 10w clay {average approx. 4sm) infilling

1 to Jem orange clay intilling

se® Rext fracturm 9473.74, upper tontnnon bas apparent curved into 9¢73.74, whaile the lmr tezsination ﬂu. naxt fracture is oubs.nud
308 9071.60, the cower termination curves near tapeline to intersect $473.60

3ard o see ands

sottom 1.0m (Plus or mints) is ‘n an sitarsd, discolozed xone, iz ucu | ZORSE upoainlly 4t the botton ake up to 1Sam mineralized tuuluuq
spper terminabion is taint, dies out, lover termination m in altered, discolcred scue, bottom of [racture anastomoses, has -lmnuua intiliing
1ocal mineralised intilling, especislly im bottom altarerd snna

sineralised 12£1114ng. especially iu bottam altered xone, up to iCam (plus or winus)

aineralized 122111109, up to 1S thick. extsading shout 0.3m abcve altered xcne

alneralized 13f111ing along total height, tMcnou of mineralized 1ufilling W to 10am

wloerulized 13£111ing 0 to Scm thick )

sineralized $atilling 0 to 3.5¢ca, becomes very faint r.ouu'd.- s inmt

sluecalized with dark minerals, varies from 0 to Jem

sineralitud with dark sinerals, varies from 0 to d=a

slightly minuzalized 0 to Ssm

slightly mineralized 0 to izm, fracture is falnt and hard to trace ln somw locations
sineralized 4 to 10wm, [racture tmnucu at top of hydrothermal alterations
winerallized 3 to Sum
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