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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 1999c). 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 cx and m parameters, 
aperture, porosity, and interface area) for each UZ Model layer 

* Matrix properties (porosity, permeability, and van Genuchten a 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 hydrogeologic 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 a 
and m, matrix permeability, and van Genuchten matrix a 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 REV00 March 2000
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2. QUALITY ASSURANCE 

This AMR was developed in accordance with AP-3.1OQ, 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 (1999a, 1999b) and Wemheuer (1999) (Activity Evaluation for Work Package WP 
1401213UM1).

ANL-NBS-HS-000002 REV00 ! March 2000
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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-SI. 1 Q, Rev. 1, ICN 0, Software Management. Table 1 lists the 
routines and the accession numbers (ACC) documenting their qualification.  

Table 1. Software Routines 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 REVOO
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4. INPT 

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 following: 

" Detailed Line Survey (DLS) fracture data from the ESF North and South Ramps, Main 
Drift, and ECRB Cross Drift that provide spatially varying frequency, length, and fracture 
dips and strikes 

"* Fracture frequency data from boreholes 

" Air-injection testing data from vertical boreholes that provide fracture permeability 
estimates 

" Air-injection and gas tracer data from the Upper Tiva Canyon, Bow Ridge 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 provide fracture 
permeability and porosity estimates 

" Measured properties from core samples including effective porosity, bulk density, 
porosity, particle density, volumetric water content, saturation, water potential, saturated 
hydraulic conductivity, matrix van Genuchten ot and m values, and residual saturation 

" In-situ water potentials from instrumented boreholes 

"* Thermal properties by lithostratigraphic unit developed from small-scale measurements 

Specific -input data sets and the associated Data Tracking 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 : 17 March 2000
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Table 2. Data Tracking Numbers for Input Data Used 

DTN Data Description 

GS000399991221.004 Matrix saturation, water potential and hydrologic 
property data 

GS950208312232.003 In-situ water potential data for boreholes USW 

GS951108312232.008 NRG-6, USW NRG-7a, USW SD-12, UE-25 UZ#4, & 
1 USW UZ-7a 

GS960308312232.001 
GS96080831 2232.004 

GS970108312232.002 
GS970808312232.005 

GS971108312232.007 

GS980408312232.001 

GS960908312232.012 Air permeability data from vertical boreholes 

GS960908312232.013 

GS970183122410.001 Air permeability data from Alcoves 1,2,3 

LB960500834244.001 Air injection and permeability data - SHT area 

LB970600123142.001 Air injection and permeability data - DST area 

LB980120123142.004 

LB980120123142.005 

LB980001233124.002 Pre-excavation air permeability data from Niches 1 
and 2 

LB980901233124.001 Pre-excavation air permeability data from Niches 3 
and 4 

LB980912332245.002 Air-injection, tracer test and fracture porosity data 

GS9711 08314224.020 Fracture type (location, strike, dip, length) Sta. 0+60 
to 4+00 

GS971 108314224.021 Fracture type (location, strike, dip, length) Sta. 4+00 
to 8+00 

GS971108314224.022 Fracture type (location, strike, dip, length) Sta. 8+00 
to 10+00 

GS971108314224.023 Fracture type (location, strike, dip, length) Sta. 10+00 
to 18+00 

GS971108314224.024 Fracture type (location, strike, dip, length) Sta. 18+00 
to 26+00 

GS9711108314224.025 Fracture type (location, strike, dip, length) Sta. 26+00 
to 30+00 

GS960708314224.008 Fracture type (location, strike, dip, length) Sta. 30+00 
to 35+00 

GS960808314224.011 Fracture type (location, strike, dip, length) Sta. 35+00 
to 40+00 

GS960708314224.010 Fracture type (location, strike, dip, length) Sta. 40+00 
- ' to 45+00

March 2000
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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 
to 50+00 

GS960908314224.014 Fracture type (location, strike, dip, length) Sta. 50+00 
to 55+00 

GS971108314224.028 Fracture type (location, strike, dip, length) Sta. 55+00 
to 60+00 

GS970208314224.003 Fracture type (location, strike, dip, length) Sta. 60+00 
to 65+00 

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 
to 75+00 

GS970808314224.012 Fracture type (location, strike, dip, length) Sta. 75+00 
to 78+77 

GS9609083114224.020 Fracture type (location, strike, dip, length) Sta. 4+00 
to 28+00, Alcoves 3 & 4 

GS960908314224.018 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 
GS9306083112332.002 Member of the Crater Flat Tuff from (1) Raven Canyon 

and (2) east side of Little Skull Mountain in Yucca 
Mountain Area 

TMO00000SD12RS.012 Fracture frequency - SD-12 

SNF29041993002.084 Fracture frequency - NRG-7a 

SNT05071897001.012 Thermal conductivity, grain specific heat 

LB980901233124.003 ESF seepage test data 

M09901MWDGFM31.000 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 REVOO SMarch 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 of 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.  

4.3 CODES AND STANDARDS 

No specific formally established standards have been identified as applying to this analysis 

activity.

March 2000
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5. ASSUMPTIONS 

This section documents the major assumptions made to determine hydrologic properties based on 
data available from the unsaturated zone of Yucca Mountain.  

1. The subsurface heterogeneity 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 availability. 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 boreholes (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 
hydiologic 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 March 200021
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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. It 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.

March 2000
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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 1999d, 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 describing calibrated properties model.  

Table 3. GFM3.1 Lithostratigraphy, UZ Model Layer, and Hydrogeologic Unit Correlation (CRWMS M&O 
1999d, Table 10) 

"Major Unit 'GFM3.1 Lithostratigraphic FY 99 UZ Hydrogeologic 

Nomenclature* Model Layer Unit 

Tiva Canyon welded TivaRainier tcwll CCR, CUC 
(TCw) Tpcp tcw12 CUL, CW 

TpcLD 

Tpcpv3 tcw13 CMW 

Tpcpv2 

Paintbrush Tpcpvl ptn2l CNW 

nonwelded Tpbt4 ptn22 BT4 
(PTn) Tpy (Yucca) 

ptn23 TPY 
ptn24 BT3 

Tpbt3 

Tpp (Pah) ptn25 TPP 

Tpbt2 ptn26 BT2 

Tptrv3 

Tptrv2 

Topopah Spring welded Tptrvl tsw3l TC 

(TSw) Tptm_ 

tsw32 TR 

Tptd, Tptf tsw33 TUL 

Tptpul .. . . .  

Tptpmn tsw34 TMN 

Tptpll tsw35 TLL 

Tptpln tsw36 TM2 (upper 2/3 of 
Tptpln) 

tsw37 TM1 (lower 1/3. of 
"_____ _Tptpln) 

Tptpv3 tsw38 PV3 

Tptpv2 tsw39 PV2 

NOTE: * GFM 3.1 is the Geologic Framework Model, 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.)

Major Unit
________________________________________ 5

CaioHills nonwelded 
(CHn)

_______________ 1� I FY99 lIZ Hydrogeologlo
GFM3.1 Lithostratlgraphlc, 

Nomenclature'

Tptpvl
TDbt1

Model Layer
.4 . .. I.  cril (Vii, ZOO)

Unit
BTlor
BTI a (altered)

Tac (Calico) ch2 (vit. zoo) CHV (vitnc) 
ch3 (vit. zoo) or 

ch4 (vit, zso) CZ(eltc 

ch5 (vit, zoo) ________ 

Tacbt (Calicobt) ch8 (vit, zoo) BT 

Tcpuv (Prowuv) -pp4 PP4 (zeolitic) 

Tcpuc (Prowuc) PP3 P133 (devitrified) 

Tcpm (Prowmd) pp2 PP2 (devirified)i 

Tcplc (Prowlc) ______

Tcplv (Prowlv) 

Tcpbt (Prowbt)

Tcbuv (BullfrooUY)
___________________________ I - . I - *Inv)

Crater Flat undifferentiated 
(CFu)

Tobuc (Bulifroguc) 
Tcbm (Builfrogmd) 
Tcblc (Bu~lffrogic)

Tcblv (BulffroglY) bf 2 BF2 (nonwelded) 

Tctuc (Tramuc) trs Not Available 

Tctlc (Tramic) ________

Tctlv (Tramlv) 
Tctbt (Trarnbt)

NOTE: *GFM 3.1 laths Geologic Framework Model, Version 3.1.

The Ikey scientific notebooks (with relevant page numbers) 
Table 4.

used for this analysis are listed in

Table 4. Scientific Notebooks 

Scientific Notebook ID No. Pages ACC 

YMP-LBNL-GSB-1 .1.2 70-73; 81-85, 91-94, M01-20000302.0391 

(SN-LBNL.SCI-003-V1) 117-127 and 145-146 

YMP-LBNL-GSB-1.9 104-107 M0L20000301.1097 

(SN-LBNL-SCI-053-V1)_____________ ____ _________ 

YMP-LBNL-GSB-LHH-2 64-68 M0L20000302.0390 

(SN-LBNL-SCI-098-V1) I____________ ____________
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Table 4. Scientific Notebooks (Cont.)

Scientific Notebook ID No. Pages ACC 

YMP-LBNL-GSB-MC-1 126, 134, 152-153 MOL 19990908.0228 

(SN-LBNL-SCI-079-V1) 

YMP-LBNL-GSB-MC-1.1 54-55 MOL1 9990908.0229 

(SN-LBNL-SCI-080-V1) 

YMP-LBNL-GSB-MC-1.2 9-479 51 MOLl 9990902.0135 

(SN-LBNL-SCI-047-V1) 

YMP-LBNL-YSW-WZ-1 57-64 MOL20000302.0392 

(SN-LBNL-SCI-115-V1) 

The following subsections present the methods used to determine fracture properties, matrix 
properties, thermal properties, and fault properties followed by an analysis confirming specific 
fracture properties utilizing 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 ax 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 a 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 Permeability 

The fracture permeabilities 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 11-1 in 
Attachment I1. No air-injection data are available for the Prow Pass (pp), Bullfrog (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 information and initial 
estimates for an AMR describing the calibrated properties model 

Table 5 lists the geometric means of the fracture permeabilities 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 discussed in Section 6. 1.1.1.  

Table 5. Uncalibrated Fracture Permeabilities for the UZ Model Layers

.UZ Model Fracture 

Layer permeability (M2) 

"Basis"" kb log(k0) . o Rd 
4og(k 

tcwil BRFA 3.OE-11 -10.521 - 2 

tcw12 UTCA 5.3E-12 -11.279 0.778 80 

UPCA 

NRG-6 

NRG-7a 

SD-12 

UZ#16 

tcw13 UPCA 4.SE-12 -11.344 1.147 3 

NRG-7a 

NOTE: Submitted under DTN: LB990501233129.001. Source DTNs are included in Table I1-1 
In Attachment II and Table 2 In Section 4.  

"aIdentifies the corresponding air-Injection borehole(s)*and/or alcove(s) or analog to another 

model layer(s). UTCA-Upper Twa 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.  

-bGeornetdc mean 

CStandard deviation 

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

UZ Model Fracture 

Layer permneability (M~2) 

Basis' kab Iog(kw) 0" o Nd 
l0g(k ) 

ptn2l UPCA 3.2E-12 -11.491 0.885 12 

NRG-7a 

ptn22 NRG-7a 3.OE-13 -12.524 0.202 4 

ptn23 NRG-7a 3.OE-13 -12.524 0-202 4 

ptn24 NRG-7a 3.0E-12 -11.527 , 1 

ptn25 NRG-7a 1.6E-13 .12.784, 0.101 7 

ptn26 NRG-7a 22.E-13 -12.681 1 

tsw31 Average 6.4E-13 -12.195 

TSW 

tsw32 NRG-6 7.1E-13 -12.146 0.658 31 

NRG-7a 

SD-12 

UZ#16 

tsw33 NRG-6 7.7E-13 -12.112 0.612 27 

NRG-7a 

SD-12 

UZ#16 

tsw34 SHT 3.4E-13 -12.474 0.546 180 

DST 

NRG-6, 

NRG-7a 

SD-12 

UZ#16 

NOTE: Submitted under DTN: 129905012331129.001. Source DTNs are included in Table I1-1 
in Attachment II and Table 2 in Section 4.  

aIdentifies the corresponding air-injection borehole(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.  

bGeormetri mean 

".Standard deviation 
dNumber of sampled intervals

\K)
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Table 6. Uncalibrated Fracture Permeabilities for the UZ Model Layers (Cont.) 

UZ Model Fracture 

Layer permeability (mi) 

Basiskb iog(kG) " c Nd 
Iog(k ) 

alternate tsw34 SHT 1.6E-13 -12.805 180 

DST 

NRG-6 

NRG-7a 

SD-12 

UZ#16 

tsw3s NRG-7a 9.0E-13 -12.044 0.544 31 

UZ#1 6 

tsw3167] SD-12 1.4E-12 -11.868 0.285 19 

UZ#16 

tsw38 Average 6.4E-13 -12.195 

TSW 

tsw39 Average 6.4E-13 -12.195 

TSW 
chlZe ch2Ze 2.5E-14 -13.606 -

chIVI ptn26 2.2E-13 -12.661 

ch[2345]VI ptn26 22E-13 -12.661 

ch[2345]Ze UZ#16 2.5E-14 -13.606 1 

ch6 ch2Ze 2.5E-14 -13.606 -

Pp4 ch2Ze 2.5E-14 -13.606 

pp3 ptn26 2.2E-13 -12.661 -

pp2 ptn26 2.2E-13 -12.661 

ppl ch2Ze 2.5E-14 -13.606 

bf3 ptn26 2.2E-13 -12.661 

bf2 ch2Ze 2.5E-14 -13.606 

tr3 ptn26 22E-13 -12.661 

NOTE: Submitted under DTN: L1990501233129.001. Source DTNs are Included in Table I1-1 
In Attachment II and Table 2 In Section 4.  

aldentifies the corresponding air-injection borehole(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-Drlft 
Scale Test Area, and NRG-6. NRG-7a, SD-12, and UZ#16 are vertical boreholes.  

bGeometric mean 

CStandard deviation, 

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

UZ Model Fracture 

Layer permeability (m2 ) 

Bassa kb og(kG) 0 o Nd 
l0g(k ) 

tr2 ch2Ze 2.5E-14 -13.606 

NOTE: Submitted under DTN: LB990501233129.001. Source DTNs are Included in Table I1-1 

in Attachment II and Table 2 in Section 4.  

aldentifles the corresponding air-injection borehole(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#1 6 are vertical boreholes.  

bGcometro mean 

cStandard deviation 

dNumber of sampled intervals 

The mean fracture permeabilities range from 2.5 x 10"14 m2 to 3 x 10-11 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 kc,vertical boreholes + 0.2 kG, Alcove 5)- In the alternate tsw34 case, each 
sampled interval is weighted equally.  

The uncertainty and variability of fracture permeabilities 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 permeabilities are highly variable.  

6.1.1.1 Scaling Issues 

As noted previously, the permeabilities measured in the vertical boreholes and alcoves were 
combined to determine the fracture permeability for each UZ Model layer. The packer lengths 
were approximately 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 upscalirig 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 permeability. 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 

-11.50 

,£

"IT _ __ I._ -

413.•0 III 

-14.50 1 1 
.19 C

NRG-6 NRO-7& SD-12 - UZ#16 SifT&DST . Niche 1 Niche 2 Niche 3 Niche 4

DTN: GS960908312232.012, GS960908312232.013, LB960600834244.001, LB970600123142.001, 

LB980120123142.004, 1L980001233124.001. LB980001233124.002 

Figure 2. Fracture Permeabilties for Topopah Spring Middle Nonlithophysal Unit. Ranges 
for Inferred Permeabilties from Air Injection Data. (X are the geometric means)
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6.1.2 Fracture Frequency, Intensity, Fracture Interface Area, Aperture, and van Genuchten 

Parameters 

The following subsections present the field data analyzed, the equations utilized, 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 applying 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 11-2 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 I) provides fracture orientation rosettes along the ESE These rosettes suggest that 
fracture orientations and site stratigraphy are correlated (CRWMS M&O 1998, p.35) 

6.1.2.2 Equations Used for Calculating Fracture Properties 

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 Y is 

calculated by: 

i(i-i (Eq.l1) 
nf -1 2
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where Di is the distance or station along the ESF where fracture i intersects the DLS and nf is 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 spacing: 

(Eq.2) 
S 

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 underrepresented 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-l.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 impact of the directional bias (CRWMS M&O 1998, p. 34). This 
inspection found that fracturing 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 minimal.  

For calculating 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): 

, iXiX f=,0,2-3' fd+p I -f..4--9'd I 6 )-90' 4 
cos(100) cos(30°) + cos(50°) cos(75") 

where fcj 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: 

Sf = • " "~ 
fbR 

R= fbrLuoa)z~r 
(Eq.4) 

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 
units.  

The fracture intensity is calculated by dividing the trace length of the fracture by the area 

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 I (m/m2) is given by: 

tti1 I = -- • ,=1(Eq.5) 
area (6 mXinterval length in meters) 

where t is trace length in meters for fracture i.  

The fracture interface area is calculated by dividing the fracture area 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 af (m2/m3) is given by: 

i=1 i-l 

a1 - volume = (interval length)(geometric mean of trace lengths)2 
S~ (Eq.6) 

where r is radius of fracture i, or one-half of the trace length of fracture i.  

Fracture apertures are calculated assuming 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): 

b= < •-(Eq.7)
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where k is the fracture permeability. Note that the fracture aperture determined in this way is an 
effective "hydraulic" aperture, not a "physical" aperture.  

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

P (Eq.8) 

where a and m' are the van Genuchten parameters. A simplified form of the Young-LaPlace 
equation is assumed, to directly calculate the van Genuchten fracture a (a-) from b. Note that the 
subscriptf refers to fractures. The resulting relationship is: 

b I 2rcose (Eq.9) 

where 'r is the surface tension of pure water at 20 *C (0.072 N/m) and 0 is the contact angle.  
Essentially, Equation 9 assumes that van Genuchten a 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 0 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 (mf) is determined by fitting an analytical solution to 
the fracture saturation-capillary pressure curve given in Equation 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 37+80 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 
reasonable means to estimate fractures that may be hydraulically 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 which 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 calibrated 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, tcwl2, tcwl3, ptn2l, ptn24, ptn25, ptn26, tsw3l, 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-l.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 tcw 1l, tcw l2, 
tcwl3, ptn2l, ptn24, ptn25, ptn26, 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 
tcwl3 0.5 
ptn2l 1.1 
ptn24 1.0 
ptn25 1.5 
ptn26 0.7 
tsw3l 0.5 
tsw32 0.8 
tsw33 0.54 
tsw34 0.51 

As expected, the welded units had a larger proportion of fractures with smaller trace 

lengths than the nonwelded units.  

3. Use the software routine frac-calc, Version 1.1, to compute the fracture frequency, 

fracture intensity, and fracture interface area using these cutoff lengths and a one-meter 

cutoff length (see YMP-LBNL-GSB-MC-l.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-l.2, p. 20).  

5. Using all of the ESF and ECRB Cross Drift data, compute the fracture frequency, fracture 
intensity, and fracture interface area using a cutoff length of one-meter (see 
YMP-LBNL-GSB-MC-1.2, p. 21). These values are given in Table 11-3 in Attachment H.  

6. Use the ratios determined under step 4 to correct these values to represent 80% of the 
1fractures with trace lengths longer than 30 cm. The corrected values for fracture 
frequency and fracture interface area are listed in Table 6 with a basis of either ESF or 
ESF/ECRB.  

For model layers tsw35-tsw39, chlZe, chlVl, ch[2-5]Ze, and ch[2-5]Vl, 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 1 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 H-4 in 
Attachment 11). 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 using borehole data (see Table 11-4 in Attachment 11).  

For chlZe, data are available from only one borehole, SD-12 (DTN: TMOOOOOOSD12RS.012) 
and for tsw39, chlVI, ch[2-5]Ze, and ch[2-5]VI data from two boreholes, SD-12 and NRG-7a 
available (DTN: TMOOOOOOSD12RS.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 
11-4 in Attachment II). For ch[2-5]Ze and ch[2-5]Vl,. 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, chlZe, chlV1, 
ch[2-5]Ze, and ch[2-5]VI are listed in Table 6. The details of these calculations are documented 
in YMP-LBNL-GSB-MC-1.2, 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 chlZe 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 differently than the cur
rent UZ Model layers.
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Bullfrog hydrogeologic units, nonwelded units (pp4, ppl, bf2, and tr2) were assigned the fracture 

frequencies of the Calico Hills (ch2-5Ze, ch2-5V1). 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 mr 1) to surface mapping data for the Calico Hills 

pyroclastic units (unit Li of DTN:, GS970308314222.001 - using a minimum fracture cutoff 

length of 1.23,m gives a fracture frequency of 0.87 rm' 1). The resulting fracture frequency for 

these units is 0.2 mr' 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 

PFn 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 m2/m3 

with values typically ranging from 1 to 4 m2/m3. The model layers tsw34 and tcwl2 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 (otf) 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 Genuchten alpha parameters (af) are on the order of 10-3 Pa'1 . 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 (mf) 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 my= 0.633 and Cf =1.3 x 10-3 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 relatively 
limited compared with tsw34.  

1.E+07 

1.E+06 Fracture Pcap-Saturation 

-Analytical 

1.E+g0 -.. Fit 

1.E+034 
0.6.  

af= 1.274e-3 Pa 

1.E+02 

i.E+01 
0 0.2 0.4 0.6 0.8 

Liquid Saturation 

Figure 3. rAnaytical and Fitted Curves for FractUre Capillary Pressure 
(Pcap) and Liquid Saturation
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Table 6: Fracture Properties for the UZ Model Layers

C,

(I

w 

0 

()

van Fracture 

UZ Fracture Frequency Fracture Fracture Genuchten Interlace 

Mode (on) Intensity Aperture Porosity Parameters area 

Layer Baaw i"__N (anMl') (m) (0) ______ ___ _ (mB'"s) 

N~91 0o~g) m 

tcw1 1 ESF 0.92 0.94 76 0.48 7.3E-4 2.8E-2 5.1E-3 -2.294 0.633 ESF 1.56 

tcw12 ESF 1.91 2.09 1241 0.77 3.2E-4 2.0E-2 2.2E-3 -2.652 0.633 ESF 13.39 

tocw13 ESF 2.79 1.43 60 0.69 2.7E-4 1.5E-2 1.9E-3 -2.728 0.633 ESF 3.77 

ptn2l ESF 0.67 0.92 76 0.34 3.9E-4 1.1E-2 2.7E-3 -2.571 0.633 ESF 1 

ptn22 ptn24 0.46 - 2.0E-4 1.2E-2 1.4E-3 -2.861 0.633 Frequency 1.41 

ptn23 Borehole 0.57 - 63 - 1.8E-4 2.5E-3 1.3E-3 -2.892 0.633 Frequency 1.76 

ptn24 ESF 0.40 0.45 18 0.34 4.3E-4 1.2E-2 3.0E-3 -2.529 0.633 ESF 0.34 

ptn25 ESF 0.52 0.6 72 0.49 1.6E-4 6`2E-3 1.1E-3 -2.965 0.633 ESF 1.09 

ptn26 ESF 0.97 0.84 114 0.32 1.4E-4 3.6E-3 9.7E-4 -3.015 0.633 ESF 3.56 

tsw31 ESF 2.17 2.37 140 0.45 1.5E-4 5.5E-3 1.1E-3 -2.976 0.633 ESF 3.86 

tsw32 ESF 1.12 1.09 842 0.60 2.0E-4 9.5E-3 1.4E-3 -2.864 0.633 ESF 3.21 

tsw33 ESF/ECRB 0.81 1.03 1329 0.36 2.3E-4 6.6E-3 1.6E-3 -2.806 0.633 ESF/ECRB 4.44 

tsw34 ESF/ECRB 4.32 3.42 10646 126 9.8E-6 1.0E-2 6.8E-4 -3.169 0.633 ESF/ECRB 13.54 

tsw35 borehole 3.16 595 - 1.5E-4 1.1 E-2 1.0E-3 -2.980 0.633 Frequency 9.68 

tsw3167] borehole 4.02 526 1.6E-4 1.5E-2 1.1E-3 -2.956 0.633 Frequency 12.31 

tsw38 borehole 4.36 37 1.2E-4 1.2E-2 8.4E-4 -3.077 0.633 Frequency 13.34 

tsw39 borehole 0.96 46 2.0E-4 4.6E-3 1.4E-3 -2.858 0.633 Frequency 2.95 

chIZe borehole 0.04 3 2.0E-4 1.7E-4 1.4E-3 -2.852 0.633 Frequency 0.11 

chIVI borehole 0.10 11 3.0E-4 6.9E-4 2.1E-3 -2.680 0.633 Frequency 0.3
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Table 6: Fracture Properties for the UZ Model Layers (Continued) 

van Fracture UZ Fracture Frequency Fracture Fracture Genuchten Interface Model (W"4) Intensity Aperture Poroelty Parameters .am 
Layer, Bsis" (MBais) (m) 0 OA$*' (mrihu) + + f m N = I•(om) m (r/r2  (n ")___ ___-) 

ch[2345jV1 borehole 0.14 - 25 2.6E-4 8.9E-4 1.8E-3 -2.736 0.633 Frequency 0.43 
ch[2345]Ze borehole 0.14 25 1.3E-4 4.3E-4 8.9E-4 -3.051 0.633 Frequency 0.43 

ch6 chlZe 0.04 -- 2.0E-4 1.7E-4 1.4E-3 -2.852 0.633 Frequency 0.11 
pp4 ch2VI/Ze 0.14 - - 1.3E-4 4.3E-4 8.9E-4 -3.051 0.633 Frequency 0.43 
pp3 Alusted 0.20 2.4E-4 1.1E-3 1.6E-3 -2.786 0.633 Frequency 0.61 ch2VUZe 
pp2 Adjusted 0.20 . 2.4E-4 1.1E-3 1.6E-3 -2.786 0.633 Frequency 0.61 

ch2Vl/Ze 
ppl ch2Vl/Ze 0.14 - 1.3E-4 4.3E-4 8.9E-4 -3.051 0.633 Frequency 0.43 
bf3 Adjusted 0.20 - 2.4E-4 1.1E-3 1.6E-3 -2.786 0.633 Frequency 0.61 

ch2Vl/Ze 
bf2 ch2VI/Ze 0.14 1.3E-4 4.3E-4 8.9E-4 -3.051 0.633 Frequency 0.43 
tr3 Adjusted 0.20 . 2.4E-4 1.1E-3 1.6E-3 -2.786 0.633 Frequency 0.61 

ch2VVZe I t2 ch2VI/Ze 0.14 - 1.3E-4 4.3E-4 8.9E-4 -3.051 0.633 Frequency 0.43 
NOTE: DTN: L1399001233129.001 
"Indicates whether based on ESF data, borehole data or analog to model layer : bmean fracture frequency 
Cfr.,icates whether based on ESF data or estimated based on the fracture frequency for the model layer

10 

'._



6.1.3 Fracture Porosity 

Fracture porosity herein is defimed as the effective porosity of fractures in which fluid flow and Ku 
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-!. 1.2 (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 K,) 
to calculate the 2-D porosity is given below: 

2-D= fb (Eq. 10) 

where I is the fracture intensity (m/m 2). When no intensity data 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: 

I- =b7 (Eq 11l) 

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 fihore 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: 

h.. yer X 0=34 or O a-x 0.4 (Eq.12) •o~m•, =uws4 •-,,,u or •modhycri "- Uw34 •-D, odtaw3r4 

02-D.ttw34 01-D,3q 

where ýMW34 is 0.01 and 4 2-D and 01-D 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.  

6.1.4 Further Discussion of the Determination of Fracture Porosity 

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 supporting evidence of validity 
of the fracture porosity estimates is presented.  

As discussed in Section 6.1.3, two general approaches are available for estimating 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 Council 1996, pp. 292-293). This porosity value is close to the estimates 
reported in Table 6.  

The second general approach is based on the geometry of a -fracture network. This 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) discuss the determination of fracture porosity 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 determine fracture 
porosities 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: 

"* 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 TSw 
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.  

"* 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.  

"* 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 determine fracture porosity is considered to 

be reasonable and defensible given the currently available data.  

6.2 MATRIX PROPERTIES 

Matrix properties include matrix permeability 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.  

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).  

Core samples are grouped and analyzed according to the hydrogeologic 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 matrix properties is described in Scientific Notebook YMP-LBNL-GSB-1.1.2 
on pp. 70-73, 81-85 and 91-94. The calculated matrix properties are given in Table 7.
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Table 7. Matrix Properties Developed From Core Data (Note that permeability for layer CUL is not upscaled, and this 
layer is not used in the UZ Model)02 
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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 saturated hydraulic conductivity (mis), K, which is 

converted to permeability (M2), k, by the following relationship 

k = Ku.w 

8P. (Eq.13) 

where gw is the viscosity of water (0.001 N s/m 2), g is the acceleration of gravity (9.81 m/s 2 ), and 

Pw is the density of water (998 kg/m3).  

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, including 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 alog(k), the standard deviation of the log transformed 

permeability data.  

3. Data points, that could be measured with the second permeameter, 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 logical 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, ascheme for highly heterogeneous porous media 
is described by the following expression (Paleologos et al. 1996, p. 1336) 

ke = k~exp[a1(k)2(1/2-D)] (Eq.14) 

where ke is the effective permeability, kg is the geometric mean of small (core) scale permeability, 
t rln(k)2 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 ln(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 conditions are approximately satisfied. In this case, Equation 14 can be 
rewritten as 

log(k,)=log(k,)+0.38a103 (,)2 (q. 15) 

where Glog(k)2 is the variance of the log transformed permeability.  

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), Sr (residual saturation), a, 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, a 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 OC 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 a and m 

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

_,j2 = ,(Si - S(Fi)V (Eq. 16) 

where ri is a saturation residual, n is the number of saturation and water potential data pairs for a 

layer, Si is a saturation data point, and S(C1i) is the saturation predicted by the van Genuchten 

relationship for a water potential, T'i.  

The uncertainty or standard error of a and m is given by the diagonal terms of the covariance 
matrix, 

C-= S02(jTJyl (Eq.17)
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where C is the covariance matrix, s0
2 is the error variance, and J is the jacobian matrix. It should 

be noted that standard error, SE, can be related to the standard deviation, a, which is given for 
other properties, by 

(Eq.18) 

Because the-data used to estimate a and m are from laboratory desaturation experiments, the 
:estimate of a represents a lower bound of the average wetting and drying behavior. A better 
Sestimate 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.  

In-situ water potentials 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 siting in the Ghost Dance fault.  

The m value estimated from the desaturation data is not changed, while at is re-estimated based 
solely on the field condition data. For the layers with no field condition data, an analogously 
modified parameter, a', is calculated by 

a'= 'c (Eq. 19) 

where ad' is the estimate of x for that layer from desaturation data and c is a modification factor 
given by 

Sa,, 
C (i adJI (Eq.20) 

where n is either the number of welded or non-welded units with field condition data, aIi is the 
estimate of a from field condition data for unit i, and , aj is the estimate of a 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, BTla, BT1, 
CHV, CHZ, BT, PP4, PPI, and BF3. For the non-welded units c = 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 for 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 (Xwet or dy e), grain density 

(Pg,eq), and heat capacity (Cpeq) are calculated using the following equations (Francis 1997, pp.  

5-7): 

n 

4,cq = ,,i (k = wet or dry) (Eq.21) 
]:( IflA 1) 
j=I i=1u•aj 

Pg,. = (Eq.22) 
n 

CP " (Eq.23) 
np,.,q
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where n is the total number of the involved lithostratigraphic units, and J, Pg,i and Cpi are heat 
conductivity, grain density and heat capacity, respectively, for a lithostratigraphic unit L 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 properties is described in Scientific 
Notebook YMP-LBNL-YSW-WZ-1 on pages 57-64.  

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

Grain Density Specific Dry Wet 
Model Layer Conductivity Conductivity Tortuosity (-) 

(kg/rn2 ) Heat (Jlkg K) (Wm) (WmK (W/m K) (Vim K) 

tcwl1 2550 823 1.60 2.00 0.7 

tcwl2 2510 851 1.24 1.81 0.7 

tcw12 2470 857 0.54 0.98 0.7 

ptn2l 2380 1040 0.50 1.07 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 

ptn26 2370 1220 0.23 0.67 0.7 

tsw3l 2510 834 0.37 1.00 0.7 

tsw32 2550 866 1.06 1.62 0.7 

tsw33 2510 882 0.79 1.68 0.7 

tsw34 2530 948 1.56 2.33 0.7 

tsw35 2540 900 1.20 2.02 0.7 

tsw36 2560 865 1.42 1.84 0.7 

tsw37 2560 865 1.42 1.84 0.7 

tsw38 2360 984 1.69 2.08 0.7 

tsw39 2360 984 1.69 2.08 0.7 

chlZe 2310 1060 0.70 1.31 0.7 

chlVI 2310 1060 0.70 1.31 0.7 

ch[2-5]Ve 2240 1200 0.58 1.17 0.7 

ch[2-5]Ze 2350 1150 0.61 1.20 0.7 

ch6 2440 1170 0.73 1.35 0.7 

pp4 2410 577 0.62 1.21 0.7 

pp3 2580 841 0.66 1.26 0.7 

pp2 2580 841 0.66 1.26 0.7 

ppl 2470 635 0.72 1.33 0.7 

bf3 2570 763 1.41 1.83 0.7 

bf2 2410 633 0.74 1.36 0.7 

Submitted with this AMR under 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, Frn, 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.  

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), 

- i-i (Eq.24) 

iWl 

where Pa is the weighted arithmetic average property, n is the number of layers being averaged, p5 

is the property for layer i, and Li is the thickness of layer i. Other properties are more 

appropriately harmonically averaged (e.g. permeability), 

i=1 ph =X (Eq.25) 

where Ph is the weighted harmonic average property.  

Layer thickness is estimated as the average (arithmetic) layer thickness over the GFM3. 1 model 

(DTN: MO99OLMWDGFM31.000) 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.  

It should be indicated that a more rigorous 'vay 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

ANL-NBS-HS-000002 REVOO

ý U0090

March 200052



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 calculation of fault properties is described in Scientific Notebook YMP-LBNL-GSB-1.1.2 on 
pages 117-127 and 145-146. The calculated fault matrix and fracture properties are given in 
Tables 9 and 10, respectively.  

6.4.1 Matrix properties 

Because flow is generally perpendicular to the bedding at Yucca Mountain, it is appropriate to use 
the harmonic mean to calculate the effective permeability. Calculation of the weighted harmonic 
mean is as shown in Equation 25. Effective matrix porosity is calculated using a weighted 
arithmetic average (Equation 24).  

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 is to take 
the weighted average of each individual parameter.  

Equivalent satiated 'and residual saturation and m are calculated using a weighted arithmetic 
average (Equation 24). The van Genuchten parameter cc is approximately the inverse of an air 
entry pressure. The equivalent air entry pressure would be calculated using the weighted 
arithmetic mean. It can be shown that the weighted arithmetic mean of l1Pi is equal to the 
harmonic mean of pi, so the weighted harmonic mean of a is used to calculate the equivalent a for 
the faults.  

Table 9. Calculated Fault Matrix Properties 

Model Permeability Porosity van Genuchten van Residual Satiated 
Genuchten saturation saturation 

Layer (M2) (. (Pa 1) m - Sr () Sa (-) 

tcwf 2.7E-19 0.086 8.35E-6 0.260 0.20 1.00 

ptnf 1.2E-13 0.446 3.68E-5 0.255 0.10 1.00 

tswf 1.8E-18 0.127 3.18E-6 0.296 0.16 1.00 

chnf 4.OE-18 0.259 9.79E-7 0.386 0.23 1.00 

DTN: LB990501233129.001 

6.4.2 Fracture Properties 

Fracture permeability for the TCw 'and TSw fault layers is given by the cross-hole air injection 
tests described above. Permeability for the Pin and CHnICFu 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 PFn and CHn/CFu 

layers to scale them up. This process is equivalent to the process used to scale bulk rock matrix a, 
which is explained in Section 6.2.  

Equivalent fracture spacing, equal 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 lipi is 

equal to the harmonic mean of pi, 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.  

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 a (af) is calculated based on the fracture aperture using 

Equation 9 as documented in Section 6.1.  

The fracture to matrix connection area for the faults is approximated as the weighted arithmetic 

mean of bulk rock fracture to matrix connection area.  

Table 10. Calculated Fault Fracture Properties 

Model Permeability Porosity Aperture Frequency Interface area 

Layer (m2) (-) (m) (onl) t ( (m2/m) 

tcwf 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.OE-4 0.54 2.8E-3 0.633 1.3E+0 

tswf 1.5E-11 3.6E-2 4.7E-4 1.70 3.2E-3 0.633 8.6E+0 

chnf 3.6E-13 1.6E-3 3.3E-4 0.13 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, Cpeq, for the fault layers is calculated by (Francis 1997, p. 7): 

-p~q X (Eq.26) 

i=1 

where Cpi is the grain heat capacity of layer i, and Pgj is the grain density 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 
Model -Grain Density Specific Heat Dry Conductivity Conductivity Tortuosity (-) 
Layer (kg/rn3 ) (Jfkg K) (Wir K) (Wim K) 

tcwf 2508 851 1.18 1.7 - 0.7 

ptnf 2330 1156 0.36 0.81 0.7 

tswf 2519 901 1.12 1.88 0.7 

chnf 2455 870 0.75 1.35 0.7 

Submitted with this AMR under DTN: LB991091233129.006 

6.5 CONFIRMATIOjN OF FRACTURE PROPERTIES 

Uncertainties 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 a 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 Scientific Notebook YMP-LBNL-GSB-LHH-2 (pp. 64-66).  

6.5.1 ESF Seepage Tests 

After Niche 3650 (Niche 2) in the ESF was excavated, a series of seepage tests 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 determining van Genuchten fracture a (a) 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 a 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.  

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.  

Third, Philip et al (1989, p.18) assumed that there exists a functional relation between unsaturated 

hydraulic conductivity, K('P) (mis), and moisture potential, T1 (m), that is exponential in nature.  

K('1) =Koe (Eq.27) 

where Ko (m/s) is the hydraulic conductivity at a referential water potential TPo (m), and a' (m-1) 

is the sorptive number. In this study, we treat Ko as the saturated hydraulic conductivity, and 

therefore TPo = 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 Philip et al. (1989, p.19; p.23), the threshold water flux, Ko, (m/s), can be related to 

the saturated hydraulic conductivity Ko as 

(Eq.28)
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with s = (1/2)o'l, where 1 (in) 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), 
*max can be expressed as (Philip et al. 1989, p.23) 

(s) = 2s +2-- +2 ... (Eq.29) 
S S 

Based on Equations 28 and 29 a sorptive number, a', can be estimated 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: LB980901233124.003).  

The sorptive number can be related to van Genuchten fracture a (ctf) by the following curve 
fitting procedure. Based on the definition of relative permeability, Equation 27 leads to a relative 
permeability (k) relation 

n( )=a' p 

Pg (Eq.3o) 

where P (Pa) is the capillary pressure, g (m/s 2) is the gravitational acceleration, and p (kg/m3) is 
the liquid water density. van Genuchten (1980) relations result in 

m .,1___(q.1 
ln(k)=-- lnI(p*)" +l] + 21n[1 -(1 l- (p*) ,E.3 

where n and m=l-lIn are van Genuchten parameters, and p* is a dimensionless capillary pressure 
defined by 

p*=apf (Eq.32) 

In terms of p*, Equation 30 can be rewritten as 

ln(k) P (Eq.33) 
pga,( 

For a given fracture m (mf) value and a range of p* values, a'/(pgcf) can be estimated by fitting 
Equation 33 through a number of data points calculated from Equation 31. Since a' is known, the 
corresponding qf (Pa-1) can be easily estimated.  

In addition to determining the van Genuchten fracture a, the seepage test results can be used to 
estimate volumetric watercontent of the fracture continuum. The estimated saturated water 
contents provide useful information for confirming fracture priorities estimated 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 

Z - q,, (Eq.34) 

where zp (m) is the depth from the water supply source to the wetting front, t (s) is the arrival time 

of the front at depth zp, qs is the constant flux of water supplied at the source, and Or is the residual 

water content, and 0 av is the average volumetric water content between the source and the wetting 

front. For the seepage tests, z. and t 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 Or = 

0, 0av can be estimated for each seepage test. The estimated (eav.- Or) 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.  

Finally, 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 flowing through 
fractures.  

6.5.3 Results and Discussion 

The van Genuchten fracture a 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 a is closely related to the air entry 
pressure, which is mainly characterized by capillarity 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 oa. 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 mf = 0.633 for the curve fitting. The determination of this m value 
was given in Section 6.1 of this report. The curve fitting results are shown in Figure 4.  

Table 12. Log Values of van Genuchten Fracture 0a Estimated from the ESF Seepage Tests (Niche 3650) 

Borehole (Depth(m))a Log(rt)b 

UL (7.01-7.32) -3.31 

UM (4.27-4.57) -2.73 

UM (5.49-5.79) -2.90
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Table 12. Log Values of van Genuchten Fracture oX Estimated from the ESF Seepage Tests (Niche 3650) 

(Cont.) 

Borehole (Depth(m))M Log(or)b 

UR (4.27-4.57) -3.10 

UR (4.88-5.18) -2.69 

UR (5.49-5.79) -4.23 

average -3.16 

NOTES: 8UL - upper left; UM - upper middle; UR - upper right.  
bLog(af) is calculated using ce 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(af) value is -3.16, which is very close to the log(af) 
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 a based on different data sets lead to 
similar fracture a values. This indicates that the approach used to estimate fracture a based on the 
air permeability data and the resultant fracture a values, reported in Section 6.1 of this report, are 
reasonable.

Rgure 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 modeling 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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Submittal date: 08/23/1996.  

LB970600123142.001. Ambient Characterization of the ESF Drift Scale Test Area by Field Air 

Permeability Measurements. Submittal date: 06/13/1997.  

LB980001233124.001. Water Potential Measurements in Niches 3566 and 3650. Submittal date: 
04/23/1998.  

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

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

LB980120123142.005. Hydrological Characterization by Air Injections Tests in Boreholes in 

Heated Drift in DST. Submittal date: 01/20/1998.  

LB980901233124.001. Pneumatic Pressure and Air Permeability Data from Niches 3107 and 

4788 in the ESF from Chapter 2 of Report SP33PBM4: Fracture Flow and Seepage Testing in the 

ESF, FY98. Submittal date: 09/14/1998.  

LB980901233124.002. Laboratory Imbibition, Tracer, and Seepage Tests in Niches 3566, 3650, 
3107, and 4788 in the ESF. Submittal date: 09/14/1998.
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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 ESF. Submittal date: 09/30/ 
1998.  

LB991091233129.005. Hydrologic Properties Data - Number of Matrix Permeability 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.  

MO9901MWDGFM31.000. Geologic Framework Model. Submittal date: 01/06/1999.  

SNF29041993002.084. Yucca Mountain Site Characterization Project Core Hole Rock Structural 
Data Summaries for Boreholes UE25 NRG-1, -2, -2A, -2B, -3, -4, -5; and USW NRG-6 and 717A, 
Revision 2. Submittal date: 07/09/1996.  

SNT05071897001.012. 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.  

TMOOOOOOSD12RS.012. USW SD-12 Composite Borehole Log (0.0' - 1435.3') and Weight Logs 
(1,438.8 - 2,151.7'). Submittal 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 Properties for the UZ Model Layers for AMR U0090, "Analysis of Hydrologic 
Properties 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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R.R. 1996. Flow Calculations for Yucca Mountain Groundwater Travel Time (GWTT-95).  
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Cook, P.J.; Trautz, R.C.; and Wang, J.S.Y 1998. "Compilation of Borehole Permeability Values 
from the Pre- and Post-Excavation Air Injection Tests." Chapter 3 of Drift Seepage and Niche 
Moisture Study: Phase 1 Report on Flux Threshold Determination, Air Permeability Distribution, 
and Water Potential Measurement, Version 1.0. Wang, J.S.Y. ed. Milestone Report SPC315M4.  
Berkeley, California: Lawrence Berkeley National Laboratory. ACC: MOL. 19980806.0713.  

Sonnenthal, E.L.; Ahlers, C.F.; and Bodvarsson, G.S. 1997. "Fracture and Fault Properties for the 
UZ Site-Scale Flow Model." Chapter 7 of The Site-scale Unsaturated Zone Model of Yucca 
Mountain, Nevada, for the Vability Assessment. Bodvarsson, G.S.; Bandurraga, T.M.; and Wu.
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Mountain, Nevada. Milestone Report 3GGF205M. Denver, Colorado: U.S. Geological Survey.  

ACC: MOL.19961213.0181.  

Sweetkind, D.S.; Barr, D.; Polacsek, D.; and Anna, L. 1997. Administrative 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-Rivera, R.; and Tokunaga, T. 1996. Letter 

Report on Hydrological Characterization of the Single Heater Test Area in the ESF Milestone 
Report OS327322D1. Berkeley, California: Lawrence Berkeley National Laboratory. ACC: 
MOL. 19971119.0549.  

Tsang, Y.W. and Cook, P. 1997. Ambient Characterization of the ESF Drift Scale Test Area by 

Field Air Permeability Measurements. Milestone Report SP9512M4. Berkeley, California: 
Lawrence Berkeley National Laboratory. ACC: MOL. 19971201.0829.  

Tsang, Y.W. and Freifeld, B. 1998a. "Hydrological Baseline Measurements." Chapter 2 of ESF 

Drift Scale Test As-Built Data and Baseline Measurements (Hydrological, Radar, and 

Microseismic). Milestone Report SPY193M4. Berkeley, California: Lawrence Berkeley National 

Laboratory. ACC: MOL.19980527.0252..  

Tsang, Y.W. and Freifeld, B. 1998b. "Hydrological Characterization Data." Chapter 3 of ESF 

Drift Scale Test As-Built Data and Baseline Measurements (Hydrological, Radar, and 

Microseismic). Milestone Report SPY193M4. Berkeley, California: Lawrence Berkeley National 
Laboratory. ACC: MOL.19980527.0252.
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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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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

I. Document Identifier No./Rev.: Change: Title: 
ANL-NI3S-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5 4 I.t 8. TBV Due To 

2. Technical Product Input Source 3 tIt Section 6. Input Description TBVf/BD From Un
Title and Identifier(s) with Version 3. Section Used in Priority Unqual. Uncontrolled ___,_Source 

2a 

DTN: 
GS00039991221.004. N/A
Preliminary Developed Entire Qualified- 6.2 Matrix property and N/A N/A N/A N/A Matrix Properties. Verification saturation 
Submittal date: Level 2 
3/10/2000.  

DTN: 
GS930608312332.001.  
Outcrop-Fractures N/A

2. Orientation and Geometry Entire Qualified- 6.1 Fracture data NIA N/A N/A N/A 2. OVerification 
in the Area of Raven Level 2 
Canyon. Submittal date: 
06/30/1993. Initial use.  

DTN: 
GS930608312332.002.  

i Outcrop FracturesN 
Orientation, Description - N/A-.....  Qualified. 6. FrtuedtNA NA NANA 

3. and Geometry in the Area Entire Verification 6.1 Fracture data N/A N/A N/A N/A 
East of Little Skull Level 2 
Mountain, Nevada.  
Submittal date: 
10/30/1993. Initial use.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Title: 

ANL-N'3S-HS-000002/Rev.00 - Analysis of Hydrologic Properties Data 

Input Document 5._7. 8. TBV Due To 
2. Technical Product Input Source 4. Input Section 6. Input Description TBVfIBD From Un

S. TethiacProdtt r Status Unqual. Uncontrolled 
Tidle and Identifier(s) with*Version Soutne Used in ePriority 

DTh: 
GS950208312232.003.  
Dat" Including Water 
Potential, Pressure and 
Temperature, Collected Water N/A- Calculation of in-situ 

4. from Boreholes USW 6.2 water potentials for model N/A N/A N/A N/A 
NRG-6 and USW NRG - potential VeriicatLion layers 
7A from Instrumentation 
through Mach 31, 1995.  
Submittal date: 
02/13/1995.  
DTh: 
GS951108312232.008.  
Data, Including Water 
Potential, Pressure and 
Temperature, Collected 
from Boreholes UE-25 N/A- Calculation of In-situ 
UZ#4 & UZ#5 from Water Qualified- 6.2 water potentials for model N/A N/A N/A N/A 
Instrumentation through potential Verification 
September 30, 1995, and Level 2 layers 

from USW NR"-6 & 
NRG-7A from April 1 
through September 30, 
1995. Submittal date: 
11/21/1995.
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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. 7. 8.TBVDueTo 

2. Technical Product Input Source 4. I nta Section 6. Input Description TBVfrBD FromUn
Title and Identifier(s) with Version on S s Used in Priority Unqual. Uncontrolled confirmed Source 

DTN: 
GS960308312232.001.  
Deep Unsaturated Zone 
Surface-Based Borehole 
Instrumentation Program 
Data from Boreholes N/A- Calculation of in-situ 

6. USW NRG-7A, USW Water Qualified- 62 Cation of in-situ 
NRG-6, UE-25 UZ#4, potential Verification . water potentials for model N/A N/A N/A N/A 
UE-25 UZ#5, USW UZ- Level 2 layers 

7A, and USW SD-12 
FOR the Time Period 
10/01/95 through 3Y31/96.  
Submittal date: 
04/04/1996.  

DTN: 
GS960708314224.008.  
Provisional Results: N/A

7. Geotechnical Data for Entire Qualified- 6.1 Fracture data (location, N/A N/A N/A N/A 
Station 30+00 to Station Verification length, strike, dip) 
35+00, Main Drift of the Level 2 
ESF. Submittal date: 
08/05/1996.
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OFFICE OF CIVILIAN RAI)IOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Tide: 
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 

2. Technical Product Input Source 3.4. Input Section 6. Input Description TBVJTBD Fm Un
Tide and Identifier(s) with Version Status Used in Priority Unqual. Uncontrolled confirmed Source o 

DTN: 
GS960708314224.010.  
Provisional results: N/A

8 Geotechnical Data for Entire Qualified- Fracture data (location,N/A N/A N/A 
Station 40+00 to Station Veerification length, strike, dip) N 

45+00, Main Drift of the Level 2 
ESF. Submittal date: 
08/0511996.  
DTN: 
GS960808312232.004.  
Deep Unsaturated Zone 
Surface-Based Borehole 
Instiumentation Program NIA
Data for Boreholes USW Watr Qualfe- Calculation of in-situ 9. fr USW N RG-6, poter V-ifid- 6.2 water potentials for model N/A N/A N/A N/A 9. NRG-7A,.S G6 potential Verification laye.. .  

UE-25 UZ#4, UE-25 Level 2 layers 
UZ#5, USW UZ-7A and 
USW SD-12 for the Time 
Period 4/11/96 through 
8/15/96. Submittal date: 
08/30/1996.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBS-HS-4000O2/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 4._Input 5. 7. 8, TBV Due To 

2. Technical Product Input Source 4. Snput Section 6. Input Description TBV/TBD From 
Title and Identifier(s) with Version 3 Stats Used in Priority Unqual. Uncontrolled Un

Soce onfirmed 
DTN: 
GS960808314224.011.  
Provisional results: N/A

10. Geotechnical Data for Entire Qualified- Fracture data (location, N/A N/A N/A N/A 
Station 35+00 to Station Veification 6. length, strike, dip) 
40+00, Main Drift of the Level 2 
ESP. Submittal date: 
08/29/1996.  

DTN: 
GS960908312232.012.  
Comparison of Air- Column of 

! Injection Permeability Permeabilit TBV-3533 6.1 Air permeability 
Values to Laboratory N/A NaA 
Permeability Values. y data 

Submittal date: 
09t26/1996.  

DTN: 
GS960908312232.013.  
Air-Injection Testing in N/A

12. Vertical Boreholes in QualifiedWelded and Non-Welded Entire Verification 6.1 Air permeability N/A N/A N/A N/A 
Tuff, Yucca Mountain, Level 2 
Nevada. Submittal date: 
09/26/1996.
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DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Title: 
ANL-NBS-HS-O00O02/Rev.00 Analysis of Hydrologic Properties Data 

7 ,8. TBV Due To InuDocument 5. 7. 8 1VDeT 
2. Technical Product Input Source4. Input Section 6. Input Description TBV/TBD From 

3. Section Status Unqual Uncontrolled Un
Title and Identifier(s) with Version Used in Priority cSour confinned 

DTN: 
GS960908314224.014. N/A
Provisional Result&--ESF Qualified- Fracture data (locationA 

13. Main Drift, Station 50+00 Entire Vification 1 length, strike, dip) 
to Station 55+00. Level 2 
Submittal date: 
09/09/1996.  

DTN.  
GS960908314224.018.  
Provisional Results: N/A

14. Geotechnical Data for fieEntire QidA- 6.1 Fracture data (location N/A N/A N/A N/A VAlcove 5 (DWFA), Main Veification length, strike, dip) 
Drift of the ESF., Level 2 
Submittal date: 
09/09/1996. Initial use..... _ __ ll _ ____
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DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Title: 
ANL-NIS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. . TDV Due To 
2. Technical Product Input S 3 n 4. Input Section 6. Input Description TBV/TBD From Un
Title and Identifier(s) with Version Used in P Unqual. Uncontrolled confirmed __Source 

DIN: 

GS960908314224.020.  
Analysis Report: Geology 
of the North Ramp 
Stations 4+00 to 28+00 
and Data: Detailed Line N/A

15. , Survey and Full;Periphery Entire Qualified- 6.1 Fracture data (location, N/A NiA NIA N/A 
Geotechnical Map - Verification length, strike, dip) 
Alcoves 3 (UPCA) and 4 Level 2 
(LPCA), and Comparative 
Geologic Cross Section 
Stations 0+60 to 28+00.  
Submittal date: 
0 9 /09 /19 9 6 . - .. . .. . ... .. .. ..
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No.IRev.: Change: Title: 
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Propceties Data 

Input Document 4. t . 7. 8. TBV Due To 

2. Technical Product Input Source 4. Iectt Section 6. Input Description TBV/TBD From Un
Title and Identifier(s) with Version 3. Section Stas Used in Priority Unqual. Uncontrolled conirmed 

S• Source 

DTN: 
GS970108312232.002.  
Deep Unsaturaed Zone, 
Surface-Based Borehole 
Instrumentation 
Program-Raw Data N/A
Submittal for Boreholes Water Qualified-Calculation of in-situ 

16. USW NRG-7A, USW 6.2 water potentials for model N/A N/A N/A N/A 
NRG-6, UE-25 UZ#4, potential V ii layers 
UE-25 UZ#5, USW UZ
7A. and USW SD-12, for 
the Period 8/16/96 
through 12/31/96.  
Submittal date: 
01l22/1997.
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DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Title: 
ANL-NDS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. _ 8. TBV Due To 
2. Technical Product Input Source 4. Input section 6. Input Description TBV/TBD From 

TidSe and Ideutifier(s) with Version 3. Section Used in Priority Unqual. Uncontrolled Un

confirmed 
DTN: 
GS970183122410.001.  
Results from Air-Injection 
and Tracer Testing in the 
Upper Tiva Canyon,.  
Bowridge Fault, and N/A' 

17. Alcoves of the PEntire rified- 6.1 Air permeability N/A N/A N/A N/A 
Uppoer Paintbuhe CnatEtr Verification 6.4 
Exploratory Studies Level 2 
Facility, August 1994 
through July 1996, Yucca 
Mountain, Nevada.  
Submittal date: 
02/03/1997. Initial use.  

DTN: 
GS970208314224.003. .  
Geotechnical Data for N/A

18. Station 60+00 to Station Entire Qualified- 6.1 Fracture data (location, N/A N/A N/A N/A Verification length, strike, dip) 65+00, South Ramp of the Level 2 
ESF. Submittal date: 
02/12/1997.
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DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Tide: 
ANL-NBS-HS-O00002/Rev.00 Analysis of Hydrologic Properties Data r 

Input Document 4._Input 5. 7. 8. TBV Due To 

2. Technical Product Input Source 3.S. I Section 6. Input Description TBV/TBD From Un.TehiaPodtIntSoreStatus Usdi roiy Unqual. Ucnrle ofre 
Title and Identifier(s) with Version 3. Section Used in Priority Soreo d 

DTN: 
GS970308314222,001.  
Fracture Data from 
Natural Outcrops of the 
Calico Hills Formation 
and the Topopah Spring N/A
Tuff at 10 Locations in ua-ed 

19. the Vicinity of Prow Pass, Entire Vefican 6.1 fracture data A N/A N/A A 
at the Head of Yucca Levd 2 
Wash, North of Yucca 
Mtn, and 2 Locations at 
the NE End of Busted 
Butte, SE of Yucca Mtn.  
Submittal date: 
03/26/1997. Initial use.  

DTN: 
GS970408314222.003.  
Integrated Fracture Data N/A

20. in Support of process Entire Qualified- 6.1 Fracture properties N/A N/A N/A N/A 20. n Suportof roces Enire verification 
Models, Yucca Mountain, Leve 2 
Nevada. Submittal date: 
04W21/1997. Initial use. __
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBS-HS4X)0002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document .- 7. 8. TBV Due To 

2. Technical Product Input Source 4. Input Section 6. Input Description TBV/TBD From Un
Title and Identifier(s) with Version 3. Section Status Used in priority Unqual. Uncontrolled n Usedin rioity Unqul. ncotroled confirmed 

Source 

DTN: 
GS970808312232.005.  
Deep Unsaturated Zone 
Surface-Based Borehole 
Instrumentation Program 
Data from Boreholes N/A- Calculation of in-situ 

21. USW NRG-A, UE-2 5 potential Vaific n 6.2 water potentials for model N/A N/A N/A N/A UZ#4, UE-25 UZfl5 potential Verification lyr U#,U-5U 5,Level 2 layers 

USW UZ-7A and USW 
SD-12 for the Time 
Period 1/1/97 - 6/30/97.  
Submittal date: 
08/28/1997.  

DTN: 
GS970808314224.008.  
Provisional Results: N/A

22. Geotechnical Data for Entire Qualified- 6.1 Fracture data (location, N/A N/A N/A N/A 
Station 65+00 to Station Verification length, strike, dip) 
70+00, South Ramp of the Level 2 
ESF. Submittal date: 
08/18/1997.
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1. Document Identifier No./Rev.: Change: Tide: 

ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. ThV Due To 
4. Input Section 6. Input Description TBV/TBD From 2- Technical Product Input Source 3. Section Status Usdi roiy Unquai. Uncontrolled Un

Title and Identifier(s). with Version Used in Priority Uonro coneinued 

DTN: 
GS970808314224.010.  
Provisional Results: N/A
3 Geotechnia Data for EQualified- Fracture data (location, 
Station 70+00 to Station i Verification length, strike, dip) 
75+00. South Ramp of the Level 2 
ESF. Submittal date: 
08/25/1997.  

DTN: 
GS970808314224.012.  
Provisional Results: N/A
S4. otation 75+0 for Entie Qualified- 6.1 Fracture data (location, N/A N/A MA NIA 
Station 75i00 to Station Veification length, strike, dip) 
78+77, South Ramp of the Level.2 
ESP. Submittal date: 
08/2511997....  

DTN.: 
OS970808314224.014.  
Provisional Results: N/A
Geotechnical Data for a-Calculation of fracture 

25. Alcove 6 and Alcove 6 Entire Qtaaled 6.1 N/A N/A N/A N/A Vegification properties 
Drill Alcove, Main Drift Level 2 
of the ESF. Submittal 
date: 08/25/1997. Initial 
Use.
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DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Title: 
ANL-NIS-HS-000002/Rev.00 Analysis of Hydrologic Propeties Data 

Input Document . 5.- . ... 7. 8. TBV Due To 

2. Technical Product Input Source 3. Sectio 4. Input Section 6. Input Description TBV/TBD From un
Tie and Identifier(s) with Versiontatus Used in Priority Unqual. Uncontrolled Un

Source 

DTN: 
GS971108312232.007.  
Provisional Results: NIA- Calculation of in-situ 

26. Geotechnical Data for Water Qualified. Calcuatiotn o r inNsAt 
Alcove 6 and Alcove 6 potential Verification 6.2 water potentials for model N/A N/A N/A N/A 
Drill Alcove, Main Drift Level 2 layers 

of the ESF. Submittal 
date: 11/18/1997.  

DTN: 
GS971108314224.020.  
Revision I of Detailed 
Line Survey Data, Station N/A
0+60 to Station 4+00, Entire Qualified- 6.1 Fracture data (location, 
North Ramp Starter Verification length, strike, dip) 
Tunnel, Exploratory Level 2 
Studies Facility.  
Submittal date: 
12/03/1997.  

DTN: 
GS971108314224.021.  
Revision 1 of Detailed 
line Survey Data, Station N/A

Lta- Fracture data (location, " N/A N/A N/A N/A 
28. 4+00 to Station 8+00, Entire Qualiftio- 6.1 length, strike, dip) Verification lntsrkdp 

North Ramp, Exploratory Level 2 
Studies Facility.  
Submittal date: 
12103/1997.
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DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Tide: 

ANL-NIDS-HS4)00002&ev.00' Analysis of Hydrologic Properties Data _ 

Input Document 5. 7. 8. TBV Due To 
2. Technical Product Input Source 4. Inaus Section 6. Input Description TBV/TBD Frole Un

Title and Identifier(s) with Version 3,cUsed in Priority Source confirmed 

DTN: 
GS971108314224.022.  
Revision 1 of Detailed N/A
Line Survey Data, Station Fracture data (location, N/A N/A N/A 

29. 8+00 to Station 10+00, Entire Qualified- 6.1 N/AN/ NANI 
Verification length, strike, dip) 

North Ramp, Exploratory Level 2 
Studies Facility. ' 
Submittal date: 
12/03/1997.  

DTN: 
GS971108314224.023.  
Revision I of Detailed 
Line Survey Data, Station N/A

30. 104-00 to Station 18+00, Entire Qualified- 6.1 Fract data (locaon, N/A N/A N/A N/A 
Verification length, strike, dip) 

North Ramp, Exploratory Level 2 
Studies Facility.  
Submittal date: 
12/03/1997.  

DTN: 
GS971108314224.024.  
Revision 1 of Detailed ' Lie SuveyData StaionN/A
Line Survey Data, Station Qualified- Fracture data (location, N/A N/A N/A N/A 

31. 18+0 to Station 2640, Entire Vrificatio 6.1 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 Properties Data 

Input Document 4._Input 5. 7. 8. TBV Due To 

2. Technical Product Input Source S4Inut Section 6. Input Description TBVfrBD From Title and Identifier(s) with Version 3. Section Used in Priority Unqual. Uncontrolled UnTilean Ienife~s wthVesinSoure cnire 

DTN: 
GS971108314224.025.  
Revision I of Detailed 
Line Survey Data, Station N/A

32. 26+00 to Station 30+00, Entire Vealified- 6.1 FractreN/A N/A N(A NIA Norh amp EploatryVerification length, strike, dip)NANA N/NA 
North Ramp, Exploratory Level 2 
Studies Facility.  
Submittal date: 
12/03/1997.  

DTN: 
GS971108314224.026.  
Revision I of Detailed 
Line Survey Data, Station NiA

33. 45+00 to Station 50+00, Entire Qualified- 6.1 Fractre d ion N/A N/A N/A N/A ManDit EpoaoyVerification length, strike, dip) 
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. Docunent Identifier No./Rev.: Change: Tide: 

ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 

2. Technical Product input Source 4. Input Section 6. Input Description TBV/TB D From Un
2.TcnclPoutIptSuc .Scin Status Ue nPirt Unqual. Uncontrolled ofre 

Tide and Identifier(s) with Version Used in Priority or confirmed 

DTN: 
GS971108314224.028.  
Revision I of Detailed 
Line Survey Data, Station N/A

34. 55+00 to Station 60+00, Entire 6.1 Fracture data (location, N/A N/A N/A N/A 

Main Drift and South Verification length, strike, dip) 
Ramp, Exploratory Level 2 
Studies Facility.  
Submittal date:, 
12/03/1997.  

DTN: 
GS980408312232.001.  
Deep Unsaturated Zone 
Surface-Based Borehole 
Instrunentation Program N/A
Data from Boreholes Na/lain fwae 

35. USW NRG-7A, UE-2 5 Water Qualified- 6.2 Calculation of water N/A N/A N/A N/A 
UZ #4, USW NRG-6, potential Verification potentials for model layers 

Level 2 
UE-25 UZ #5, USW UZ- 
7A and USW SD-12 for 
the Time Period 10/01/97 
- 03/31/98. Submittal 
date: 04/16/1998. • _ '
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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 

2. Technical Product Input Source 4. Input Section 6. Input Description TBVfTBD From 
Title and Identifier(s) with Version 3. Section Status Used in Priority Unqual. Uncontrolled Un

confirmed 
DTN: 
GS981108314224.005.  
Locations of 

36. Lithostratigraphic Entire N/A- 6.1.2 Lithostratigraphic contacts NIA N/A N/A N/A 
Contacts in the ECRB Qualified/Con in the ESF 

Cross Drift.. Submittal lied 
date: 11/30/1998. fled 

DTN: 
GS990408314224.001.  
Detailed Line Survey N/A

37. Data for Stations Entire Qualified
00+00.89 to 14+95.18, Verification 6.1 Fracture Data N/A N/A N/A N/A 
ECRB Cross Drift. Level 2 
Submittal Date: 
09/09/1999.  

DTN: 
GS990408314224.002.  
Detailed Line Survey N/A
Data for Stations Qualified- 6.1 Fracture Data NIA N/A N/A N/A 38. 15+00.85 TO 26+63.8, Verification 

ECRB Cross Drift. Level 2 
Submittal Date: 
09/09/1999.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 

ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 
2. Technical Product Input Source 3 4. Input Section 6. Input Description TDVfTBD From Un

2T ,,,-odtIntSore 3Seto Status Ue nPirt Unqual. Uncontrolled cofre 

Title and Identifier(s) with Version Used in Priority _ ______ UnotrlSource cofime 

DTN: 
GS9908813122410.002.  
Qualified Data in "Results 
From Geothermal' 
Logging, Air and Core- N/A
Water Chemistry Qualfe

39. aEntire Verified- 6.4 Fault fracture permeability N/A N/A N/A N/A 3. Sampling, Air-Injection Enie Vedfiration 

Testing and Tracer Ldvel 2 
Testing in the Northern 
Ghost Dance Fault, 
November, 1996
August. 1998." Submittal 
date: 08/16/1999.  

DTN: 
LB960500834244.001.  
Hydrological . N/A

40. Characterization of the Entire Veaified- 6.1 Air permeability N/A N/A N/A N/A 
Single Heater Test Area everi 2 

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. . 8. TBV Due To 

. Technical Product Input Source 4. Input Section 6. Input Description TBV/TBD From 

Title and Identifier(s) with Version 3. Section Used in Priority Unqual. Uncontrolled Un

Source confirmed 

DTN: 
LB970600123142.001.  
Ambient Characterization 
of the ESP Drift Scale N/A

41. Test Area by Field Air Entire Qualified- 6.1 Air permeability N/A N/A N/A N/A Verification 
Permeability Level 2 
Measurements. Submittal 
date: 06/13/1997. Initial 
Use.  
DTN: 
LB980001233124.001. N/A
Water Potential Entire Qualified

42. Measurements in Niches Verification 6.1 Air permeability N/A N/A N/A N/A 

"3566 and 3650. Submittal Level 2 
date: 04/23/1998.  

DTN: 
LB980001233124.002. N/A

43. Air Permeability Testing Entire Qualified- 6 1 Air permeability N/A N/A N/A N/A 
in Niches 3566 and 3650. Verification 
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: Tide: 
ANL-NBS-HS-0OO002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 
2. Technical Product Input Source 4. Input Section 6. Input Description TBV/TBD From Un2TehiaroctIptSre 3.Stin Status Usdi roiy Unqual. Uncontmfied U 

Title and Identifier(s) with Version 3Stu Used in Priority U ouroefired 

DThq: 

LB980120123142.004.  
Air Injections in N/AQualitied

Boreholes 57 through 61, Entire 6.1 Air permeability N/A N/A N/A N/A 
74 through 78, 185 and Vecifi 
186 in the Duift Scale Teat Level 2 
Area. Submittal date: 
01/20/1998. Initial use.  
DThq: 

LB980120123142.005.  
Hydrological N/A
Characterization by Air Qualified

45. Injections Tests in Entire Verification 6.1 Air permeability N/A N/A N/A N/A 

Boreholes in Heated Drift Level 2 
in DST. Submittal date: 
01/20/1998. Initial use.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBS-HS-00D002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 4Inu 5. " .. 7. 8. TBV Due To 

2. Technical Product Input Source Status Section 6. Input Description TBV/TBD From 
Tide and Identifier(s) with Version 3. Section Used in Priority Unqual. Uncontrolled UnSource cnfirmed 

DTN: 
LB980901233124.001.  
Pneumatic Pressure and 
Air Permeability Data 
from Niches 3107 and N/A

46. 4788 in the ESF from Entire Qualified- 6.1 Air Permeability NIA N/A N/A N/A Chapter 2 of Report Verification 
SP33PBM4: Fracture Level 2 
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- 6.1 Air Permeability N/A N/A N/A NIA 
in Niches 3566,3650, Entire Verification 
3107, and 4788 in the Level 2 
ESF. Submittal date: 
09/14/1998. Initial use. ___.  

DTN: 
LB980901233124.003. Characteris 
Liquid Release and Tracer tics and N/A

48. Tests in Niches 3566, water Qualifi- 6.5 Confirmation of frture N/A N/A N/A N/A Verification alpha & porosity 
3650,3107, and 4788 in content Level 2 
the ESF. Submittal date: data 
09/14/1998. Initial use. .
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Title: 
ANL-N8S-HS-000002/Rev.00 . Analysis of Hydrologic Properties Data 

Input Document _ _5. 7. 8. TBV Due To 

2. Technical Product Input Source 4. u Section 6. Input Description TBVfTBD From Used in Prioritynut ouce tausUnqual. Uncontrolled Un 

Title and Identifier(s) with Version 3. Section Used in priority confirmed ~source 
DTN: 
LB980912332245.002. N/AGas TacerDatafromQualified
Gas Tracer Data from Entire Veia 6.1 fracture & porosity N/A N/A N/A N/A 
9. Niche 3107 of the ESF. Vewation 
Subnittal date: Level 2 
09/30/1998. Initial use.  

DTN: 
LB991091233129.005.  
Hydrologic Properties N/Aa 

50. Data-Number of Matrix Entire Qulifie- 6.2 Calculation of matri N/A N/A N/A N/A Veification properties 
Pernealility Non Detects. Level 2 
Submittal date: 
10/22/1999. Initial Use.  

DTN: 
M09901MWDGFM31.000. TBV-3005 

51. Geologic Framework Entire 6.2 Lithostratigraphy 1 N/A N/A 
ModeL Submittal date: IBV-582 
01/06/1999.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: ritle: 
ANL-NBS-HS-000}02/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 4._Input_5. 7. 8. TBV Due To 

2. Technical Product Input Source 4. Input Section 6. Input Description TBV/TBD FromUn Title and Identifier(s) with Version 3. Section Satus Used in Priority Unqual. Uncontrolled Unr confirmed 

DTN: 
SNP29041993002.084.  
Yucca Mountain Site 
Characterization Project 
Core Hole Rock 
Structural Data N/A

52. Summaries for Boreholes Entire Qualified- 6.1 Fracture data N/A N/A N/A N/A Verification 
UE25 NRG-1, -2,-2A, - Level 2 
2B, -3, -4, -5; and USW 
NRG-6 and 7/TA, 
Revision 2. Submittal 
date: 07/09/1996. Initial 
use.  

DTN: 
SNT05071897001.012.  
Source Data for Base 
Case Thermal Property 
Data for TSPA-VA (Total Calculation of thermal 

53. System Performance' Entire TBV-3260 6.3 properties I NherN/A 
Assessment-Viability 
Assessment) (VA 
supporting data).  
Submittal date: 
05/25/1999. Initial use.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

.DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Title: 
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 

2. Technical Product Int Source S Section 6. Input DeUziption T3V1TBD From un
Tide and Identifier(s) with Version 3. Section Used in Priority Unqual. Uncontrolled Source confirmed 

DTN: 
TM000000SD12RS.012.  
USW SD-12 Composite N/A
Borehole Log (0.0' Entire 6.1 Fracture data A N/A N/A N/A 
1435.3) and Weight Logs Verillcadon 
(1,438.8. 2,151.7). Level 2 
Submittal date: 
09/08/1995. Initial use.  

Bear, J.; Tsang, C.F.; and 
de Marsily, 0. eds. 1993.  Flow wadu Cotataninant N/AFlo w atul G ma w w antN/A -D eterm ination of fracture w 

55. 'Transporr in Fractured p.15 Reference 6.1.2.2 DeteN/A N/A N/A MA 
Rock. San Diego, " only aperture 
California: Academic 
Press. TIC: 226388.......

C

0-4 

t!j 
4ýb



C

�i2 

I

(7

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 4._Input 5. 7. 8. TBV Due To 

2. Technical Product Input Source 3 S S Section 6. Input Description TBVfIBD From Tideand dentfie~s) ith erson 3 Secion StatusU 

rite and Identifier(s)'with Version Used in Priority Unqual. Uncontrolled Un
_____________Source confirmed 

CkWMS M&O (Civilian Table 2, 6.1.2.1 
Radioactive Waste pp. 20-22 
Management System 34-356.1.2.2 
Management and 
Operating Contractor) Fig. 5 
1998. Geology of the Ant. II 

56. Exploratory Studies Lithostrtigrphic contacts Facility Topopah Spring in theosr c N/A / N/A 
Loop, Rev. I.  
BABOOOOO0-01717-0200
00002. Las Vegas, 
Nevada: CRWMS M&O.  
ACC: 
MOL19980415.0283.  
CRWMS M&O 1999a.  
M&O Site Investigations. N/A

57: Activity Evaluation. Las Vegas, Nevada: CRWMS Entire Reference Activity Evaluation N/A N/A yN/A N/A 
M&O. ACC: only' 

MOL.19990317.0330. . .. . .. .....  
CRWMS M&O 1999b.  
M&O Site Investigations. N/A 

S Activity Evaluation. LasNA58. Avy Evada:ion, Las Entire Reference 2 Activity Evaluation N/A N/A N/A N/A Vegas, Nevada: CRWMS ol 
M&O. ACC:" onY 
MOL.19990928.0224. _ .. . _" __ _ _" . .. ..___ .,_r.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET

1. Docent Identifier NoJRev.: Change: Tile: 

ANL-NBS-HS-000002/kev.00 Analysis of Hydrologic Properties Data 

Input Document .5 7. 8. TBV Due To 

2. Technical Product Input Source 4. Input Section 6. Input Description TBV/rBD From Un
"Title and Identifier(s) with Version Used in Priority Unqual. -Uncontroiled Source 

CRWMS M&O 1999c.  
Analysis & Modeling 
Development Plan (DP) 
for UO090OAiudyyir of N/A 

59. Hydrologic Properlies Entire Reference 2 Plan N/A N/A N/A N/A 
Data, Re 00. TDP-NBS- only 
HS-000003. Las Vegas, 
Nevada: CRWMS M&O.  
ACC: 
MOL19990826.0105.  
CRWMS M&O 1999d.  
Development of 
Numerical Gridtfor UZ 
Flow and Transport N/A 

60. Modeling. ANL-NBS- Table 10 Reference 6 FY99 UZ Model Layers N/A N/A N/A NA 
HS-000015. Las Vegas, only 
Nevada: CRWMS M&O.  
ACC: 
MOL.19990721.0517. __"
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBIS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 
2. Technical Product Input Source 3 St 4. InStut Section 6. Input Description TBV/TBD From Un
Title and Identifier(s) with Version Used in Priority Unqual. Uncontrolled UnTitl an Idntifer~) wth Vrsin _____ Sorce confirmed S~ Source 

Dyer, i.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 N/A

61. (DOE) to D.R. Willins N/A(CRWMS M&O), Entire Reference 4.2 Interim Guidance N/A N/A N/A N/A 
September 9, 1999, only 

OL&RC: SB-1714, with 
enclosure, "Interim 
Guidance Pending 
Issuance of New U.S.  
"Nuclear Regulatory 
Commission (NRC) 
Regulations (Revision 
01)." ACC: 
MOL 19990910.0079.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBS-HS-000002IRev.0O Analysis of Hydrologic Properties Data ___ 

Inpjut Document 5.__ 7.~ _ 8. TBV Due To 

2. Technical Product Input Sorc 4. Inpu Section 6. Input Description TB VITBD FromU

Title and Identifier(s) with Version 3.Scin Status Used in priority Unqual. Uncontrolled Un 
-_________ Source confirmed 

Flint, LB. 1998.  
Characterization Of 
Hydrogeologic Units 
Using Matrax Properties, N/A 

62. YucaterMountincevaa pp. 11-46 Reference 6.2 Geologic layers N/A N/A N/A N/A 

Investigations Report 97- only 
4243. Denver, Colorado: 
U.S. Geological Survey.  
TIC: 236515. _________ ___ _____ 

Francis, N.D. 1997. "The 
Base-Case Thermal 
Properties for TSPA-VA 
Modeling." Memorandum N/A 

63. from N.D. Francis (SNL) pp. 5-7 Reference 6.3,6.4. Thermal Properties N/A N/A' N/A N/A 
to Distribution, April 16, ol 
1997. Albuquerque, New ol 
Mexico: Sandia National 
Laboratories. ACC: 
M0L1998051L0229. _____ _________ __________ ____ ___ _____
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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 4.Input 5. 7. 8. TBV Due To 

2. Technical Product Input Source 3. Section Status Section 6. Input Descuiption TBV/TD From Un
Title and Identifier(s) with Version Used in Priority Unqual. Uncontrolled confirmed 

Hvorslev, M.J. 1951.  

"Time Lag and Soil 
Permeability in Ground
Water Observations." N/A 

64. US.. Army Corps of p.30 Reference 6.1 Equation for permeability N/A N/A NIA N/A 
Engineers Bulletin. 36. only 
Vicksburg, Mississippi: 
U.S. Army Corps of 
Engineers. TIC: 238956.  
Kazemi, H. and J.R.  
Gilman. 1993.  
"Multiphase Flow in 
Fractured Petroleum 
Reservoirs" in J. Bear, C- pp.270- N/A

65. F. Tsang; and G. de 271 N/A N 
Marsily (eds.) Flow and 271,312- Reference 6.1.4 Fracture porosity lNA N/A N/A N/A 
Contaminant Transport in 313 only 
Fractured Rock. San 
Diego, California; 
Academic Press. TIC: 
226388.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Tide: 

ANL-NBS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data _ 

input Document 4. 5. 7. 8. TBV Due To 

2. Technical Product3S4. Input Section 6. Input Description TBV1TBD From Un
Tide and Identifier(s) with VersintioUsed in Priority Unqual. Uncontroled confirmed 

___Source 

LeCain. G. D. 1995.  
Pneumatic Testing in 45
Degree-Inclined 
Boreholes in Ash-Flow 
Tuff near Superior, N/A 

66. Arizona. Water- p.10 Reference 6.1 Equation for permeability N/A N/A N/A N/A 
Resources Investigations only 
Report 95-4073. Denver, 
Colorado: U.S.  
Geological Survey. TIC: 
221220.  
LeCain, G.D. 1997. Air
Injection Testing in 
Vertical Boreholes in 
Welded and Nonwelded 
Tuff, Yucca Mountain, N/A 

67. Nevada. Water- 2 Reference 6.1.1 Fracture permeability N/A N/A N/A N/A 
Resources Investigations only 
Report 96-4262. Denver, 
Colorado: U.S.  
Geological Survey. TIC: 
233455. . I
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier No./Rev.: Change: Tide: 
ANL-NBS-HS-OOOOO2/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 

2. Technical Product Input Source 4. Input Section 6. Input Description TBV/TBD From 

Title and Identifier(s) with Version 3. Section Status Used in priority Unqual. Uncontrolled Un
Source confirmed 

LeCain, G.D. 1998.  
Resuts froan Air-Injection 
and Tracer Testing in the 
Upper Tiva Canyon, Bow 
Ridge Fault, and Upper 
Paintbrush Contact 
Alcoves of the p. 5 N/A - 6.1.1 

68. Erploratory Facility, 
August 1994 through July Reference Air permeability N/A N/A N/A N/A 
1996, Yucca Mountain, p. 21 only 6.4 
Nevada. Water
Resources Investigations 
Report 98-4058. Denver, 
Colorado: U.S.  
Geological Survey. TIC: 
237249..  

iUn, M.; Hardy, M.P.; and 
Bauer, S.J. 1993.  
Fracture Analysis and 
Rock Quality Designation 
Estimation for the Yucca N/A - Correction.of.borehole 

69. Mountain Site Correction ofborehole 
Characterization Project. Reference 6.1.2.2 observations/A NA N/A N/A 
Report SAND92-0449. only 
Albuquerque, New 
Mexico: Sandia National 
Laboratories. ACC: 
NNA.19921204.0012.
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET

1. Document Identifier NoJRev.: Change: Title: 

ANL-NDS-HS-000002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7, 5.7.8. TBV Due To 
2. Technical Product Input Source 3. Section Status section 6. Input Description TBV/TBD From Un

2.TcnclPoutIptSuc .Scin Status Usdi roiy Unqual. Uncontrolled ofre 

Title and Identifier(s) with Version Used in Priorityconied ~Source 
Liu, lH..; Doughty, C.; 
and Bodvarson, G.S.  
1998. "An Active 
Fracture Model for 
Unsaturated Flow and N/A 

70. Transport in Fractured pp. 2633- Reference 5 Active Fracture Model N/A N/A N/A N/A 
Rocks." Water Resources 2646 only 
Research, 34 (10), 2633
2646. Washington, D.C.: 
American Geophysical 
Union. TIC: 243012.  

National Research 
Council. 1996. Rock 
Fractures and Fluid 
Flow, Contemporary 292- N/A 

71. Understanding and 29 Reference 6.1.4 Fracture porosity N/A N/A N/A N/A 71. nde~caningand 293 
Applications. only 
Washington, D.C.: 

National Academy Press.  
TIC: 235913



.CI

C#2 

S

( C

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 

2. Technical Product Input Source 3. Setot Section 6. Input Description TBV/TBD From 
Title and Identifier(s) with Version 3. Section Used in priority Unqual. Uncontrolled Un

Source confied 

Neuman, S.P. 1994.  
"Generalized Scaling of 
Permeabilities: 
Validation and Effect of N/A 

72. Support Scale." pp. 349- Reference 6.1 Scale-dependent behavior N/A N/A N/A N/A 
Geophysical Research 352. only of permeability 
Letters, 30 (21), 349-352.  
Washington, D.C.: 
American Geophysical 
Union. TIC: 240142.  

Paleologos, E.K.; 
Neuman, S.P.; and 
Tatakovsky, D. 1996.  
"Effective Hydraulic 
Conductivity of Bounded, Fig. 4, p. N/A 

73. Strongly Heterogeneous 1337; Reference 6.2 Upscaling of permeability. N/A N/A N/A N/A Porous Media" Water p 36 ol 
Resources Research, 32, p. 1336 only 
"1333-1341. Washington, 
D.C.: American 
Geophysical Union. TIC: 
224599.

ts6

0 

.4 

0 

.4 

0 
PQ 
0 

C', 

0 
0 
0



(#2 

I

(2

OFFICE OF CIVILIAN ILADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Tide: 

ANL-NBS-HS-000002/Rev.00. " Analysis of Hydrologic Properties Data 

Input Document 4 5. 7. 8. TBV Due To 

2. Technical Product Input Source 3tts Section 6. Input Description TBVfTBD From Un
Tide and Identifier(s) with Version 3. Section Used in Priority Unqual., Uncontrolled Unf 

__________________ ________Source cofre 
Philip, J.R.; Knight, J.H.; 
and Waechter, R.T. 1989.  
"Unsaturated Seepage and 
Subterranean Holes: 
Consprets, and N/A 

74. Exclusion Problem for pp. 16-18, Referece 6.5.2 Theory of unsaturated N/A N/A N/A N/A 
Cylindrical Cavities." 23 seepage 
Water Resources y 

Research 25 (1), 16-28.  
Washington, D.C.: 
American Geophysical 
Union. TIC: 239117.  
Rautman, RA. and 
Engstrom, D.A. 1996.  
Geology of the USW SD
12 Drill Hole, Yucca 
Mouitain, Nevada. Letter N/A

75. Report SAND96-1368, N/A Reference N/A N/A N/A N/A N/A N/A 
UC-814. Albuquerque, only 
New Mexico: Sandia 
National Laboratories.  
ACC: 
MOL19961219.0271. r

1!

0 

0' 

0

x

Q C



(

C') 

S

(

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 4._Input_5. 7. 8. TBV Due To 

2. Technical Product Input Source 3. S Section 6. Input Description TIV/TBD 
Title and Identifier(s) with Version 3. Section Status Used in Priority Unqual. Uncontrolled cnm Uni

Rousseau, J.P.; Kwicldis, 
Source 

E.M.; and Gillies, D.C., 
eds. 1999. Hydrogeology 
of the Unsaturated Zone, 
North Ramp Area of the 
Exploratory Studies N/A 

76. Facility, Yucca Mountain, pp. 125- Reference 6.2 In-situ water potential .N Nevada Water- 153 Remeasurement. N/A N/A N/A N/A Neaa atr 5 only measurement..  

Resources Investigations 
Report 98-4050. Denver, 
Colorado: U.S.  
Geological Survey. TIC: 
243099.  
van Genuchten, M. 1980.  
"A Closed-Form Equation 
for Predicting the 
Hydraulic Conductivity of 
Unsaturated Soils." Soil N/A 

77. Science Society of Pp. 892- Reference 5. van Genuchten relations N/A NtA N/A NIA 
America Journal, 44 (5), 893 only and parameters 

892-898. Madison, 
Wisconsin: Soil Science 
Society of America. TIC: 
217327.

I-,

C

0
0 

co

C)



Rev. 06/30/1999

Cd)w 

I 
8

2..  

0"

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRcv.: Change: Tide: 

ANL-NBS-HS-00002/Rev.00 Analysis of Hydrologic Properties Data 

Input Document 5. 7. 8. TBV Due To 

2. Technical Product Input Source 4. Input Section 6. Input Description TBV/TBD FromU2.Tcnclrdc nu oreStatus Usdi nny Unqual. Uncontroiled U

Title and Identifier(s) with Version 3. Section Used in priority Souroe confirmed 

Wang mS.Y. and 
NarainihauT.N. 1993.  
"-Unsaturaed Flow in 
Fractured Powr Media." 
Captr 7 of F/ow and N/A

78. Contaminant Transport in p. 374 Reference 6.1 Van Genuchten a WA N/A N/A N/A 
Fractured Rock. Bear. J.; only 
Tsang, C-H; and do Marsily, 
G.. edo San Diego, 
Califoatia: Academic Prem.  
TIC: 235461.  

Wemheer, R.F. 1999.  
"First lssw of FY00 NEPO 
QAP-2-0 Activity 
Evalumions." Interolfice 
correapondeace from R.F.  
Wewnweuc (CRWMS M&O) wmtpackage N/A
to LA. Mrgan (CRWMS #1401213UM Reference N/A N/A WA N/A N/A N/A 
M&O), October 1, 1999, I. only 
LV.NEPO.RTPS.TAG.10/99 
-155, with attachd•ms, 
Activity Evaluation for 
Work Package 
#1401213UM1. ACQ 
MOL19991028.0162.

AP-3.15Q.1

0

( C

8

C



Vertical Boreholes 
LeCain, 1997 

DTh: GS960908312232.012 
DTh: GS960908312232.013

unit 
Tac 

Tpcpvl 
Tpcpv1 

Tpy 
Tpy 
Tpy 
TOY 

Tpbt3 
Tpp 
Tpp 
TOP 
TOP 
TOP 
TOP 
TOP 

Tpp-Tpbt2-Tptrv3 
Tpcplnc 
Tpcplnc 

TpcP11 
Tpcpfl-Tpcplnh 

Tpcplnc 
Tpcplnc 

Tpcplnh-Tpcptnc 
Tpcplnc 

Tpcpll-Tpcplnh 
Tpcp11 

Tpcplnh 
Tpcplnc 

Tpcplnc-Tpcpv2 
Tpcplnc 

Tpcplnh-Tpcplnc 
Tpcplnc-Tpcpv2 
Tpcpinh-Tpcplnc 

.TpcpII 
TpcplllTpcplnh 

TkpcpI 
Tpcplnc 

Tpcplnhrrpcplnc 
Tpcplno-Tpcpv2 

TPtrn 
TPtrn 
Toirn

LLrn6 
2-48E-14 
1.20E-13 
2.87E-13 
2.12E-13 
2.40E-13 
2.65E-13 
5.92E-13 
2.97E-12 
1.24E-13 
1.37E-13 
1.40E-13 
1.50E-13 
2.01E-13 
2.10E-13 
2.19E-13 
2.18E-13 
2.78E-13 
2.29E-12 
1.40E-11 
2.82E-11 
1.09E-11 
4.06E-11 
5.39E-11 
7.71E-13 
9.16E-13 
9.23E-13 
1.66E-12 
2.10E-12 
3.16E-12 
5.86E-12 
5.97E-12 
6.77E-12 
1.10E-11 
3.83E-11 
1.50E-12 
5.48E-12 
1.50E-11 
2.74E-11 
2.42E-13 
8.15E-14 
1.30E-13 
1.68E-13 
1.87E-13

UPCA 
Upper PTn Contact Alcove (Alcove 3) 

LeCain, 1998 
DTN: GS970183122410.OO1 

Borehole Unit LI!332 

RBT#1 Tpcplnc 1.6E-12 
RBT #1 Tpcplnc 2E-13 
RBT #4 Tpcplnc 2E-12 
RBT #4 Tpcplnc 2E-14 
RBT #4 Tpcplnc 6E-14 
RET #4 Tpcplnc 4E-13 
RBT #4 Tpcplnh 4E-13 
RET #4 Tpcplnh 4.7E-12 
RET#04 Tpcplnh 1.7E-12 
RET #4 Tpcplnh IE-13 
RET #4 Tpcplnh 6.2E-12 
RBT #4 Tpdplnh 3.1E-12 
RBT#4 Tpcplnh 1.2E-11 
RBT #4 Tpcplnh 6.2E-12 
RBT#4 Tpcplnh IE-12 
RBT#4 Tpcplnh 2.3E-12 
RBT#4 Tpcplnh 2.9E-12 
RBT#1 Tpcpv2 9.3E-12 
RBT#1 Tpcpv2 4.11E-11 
RBT#1 Tpcpvl 5.7E-11 
RBT #1 Tpcpvl 3.39E-11 
RBT #1 Tpcpvl 1.52.11 
RBT#1 Tpcpvl 4E-13 
RBT #1 Tpcpvl 1.3E-11 
RBT#1 Tpcpvl 1.12-12 
RBT#1 Tpcpvl 7.7E.12 
RBT#1 Tpcpvl 9E-13 
RBT#1 Tpcpvl 1.9E-12 
RBT#1 Tpcpvl 1.7E-11 

UTCA 
Upper Tiva Canyon Alcove (Alcove 1) 

LeCaln, 1998 
DTN: GS970183122410.0O1

Borehole 
uz-16 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-7a 
nrg-7a 
nrg-7a 
sd-12 
sd-12 
ed-12 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
UZ-16 
uz-16 
UZ-16 
UZ-16 
nrg-7a 
nrg-6 
nrg-6 
nrg-6 
nra-6

Untpc 
Tpcpul 
Tpcpti 
Tpcput 
Tpcptl 
Tpcpul 
TpcpuL 
Thcrni

urn J 
5.5E-12 

1.1 3E-11 
3.4E-12 
2.3E-12 
2A4E-11 
2.7E-11 
3.2E-12 
4.7E-11

SHT 
Obsarvatlon Drift 

DTN: L18970600123142.001 

Lftb 
4.5E-13 
9E-14 

4.7E-13 
3.4E-1 3 
4.1E-14 
2E-12 

4.8E-13 
1.4E-13 
4.9E-13 
4.2E-13 
1 E-1 3 
3E-13 

7.8E-14 
2.4E-14 
6.2E-15 
4.4E-13 
3.5E-14 
4.4E-13 
1.2E-1 3 
1.3E-12 
3.4E-14 
6.1E-14 
9.5E-15 
4.512-14 
6.8E-15 
1.4E-13 
1.1E-14 
5.8E-14 
4.1E-15 
6.1E-14 
2.4E-14 
8.8E-16 

1E-13 
1.1E-13 
1.9E-15 
2.7E-13 
2.1E-13 
1.9E-14 
6.6E-14 
4.9E-13 
5.5E-14

ANL-NBS-HS-000002 REVOO uiMrh20

Borehole 
RET #1 
RET #1 
RET #1 
RBT#1 
RBT #1 
RBT#1 
RET #1 
RBT #2
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ATT'ACHMENT H - DATA USEDIN THE CALCULATIONS 
OF FRACTURE PROPERTIES 

The following tables provide data for the calculation, of fracture properties discussed in Section 

6.1.  

table 1l-1: Air Permeability Data from Air Injection Testing
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Table 11-1 (cont.)

nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6, 
nrg-6 
nrg-7a 
nrg-7a 
nrg-7a 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
uz-16 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-6 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
nrg-7a 
sd-12 
sd-12 
sd-12 
sd-12 
sd-12 
UZ-16 
uz-16 
UZ-16 
UZ-16 
nrg-6 
nrg-6 
nra-6

I 

¶

Tptrn 
Tplrn 
Tptrn 
Tptrn 
Tptmn 
Tpb'rn 
Tptrn 
Tptm 
Tptrn 
Tptmn 
Tplm 
Tptrn 
Tptrn 
Tptm 
Tptrn 
Tptm 
Tptmn 
Tptrn 
Tptmn 
Tptmn 
Tptmn 
Tptm 
Tptm 
Tptrn 
Tptmn 
Tptm 
Tptrn 
Tptpul 
Tptrl 
Tptpul 
Tplpul 
TplpuI 
Tptpul 
Tptdl 
Tptil 

Tptpul 
Tptpul 
Tptul 

Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
TptpUl 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tptpul 
Tplpul 
Tptprrnn 
Tptprnn 
Tolixnn

ANL-NBS-HS-000002 REVOO -2Mrh00

I3.23E-13 
4.32E-13 
4.60E-13 
6.44E-13 
6.50E-13 
6.74E-13 
6.78E-13 
9.19E-13 
9.43E-13 
1.06E-12 
1.06E-12 
2.21E-12 
2.582-12 
3.04E-12 
3.70E-12 
2.37E-11 
3.47E-14 
2-58E-13 
4.002-13, 
1.20E-13 
1.85E-13 
5.45E-13 
6.40E-13 
1.022-12 
8.95E-12 
2.92E-11 
6.45E-13 
2.39E-13 
2.49E-13 
1.91E-12 
2.08E-12 
3.61E-12 
1.25E-11 
6.09E-14 
1.542-13 
1.67E-13 
1.90E-13 
2.47E-13 
2.77E-13 
2.79E-13 
3.002-13 
3.18E-13 
4.24E-13 
4.50E-13 
4.71E-13 
7.23E-13 
1.102-12 
2.71E-12 
4.18E-12 
1.84E411 
1.36E-12 
1.68E-12 
2.122-12 
2.192-12 
1.68E-13 
2.68E-13 
4.67E-13

unit 
Tpcpnrnn 
Tpcpmn 
Tpcpmnl 
Tpcpmnn 
Tpcpmnh 
Tpcpmn 
Tpcpmnr 
Tpcpmnn 

Tpcpmn4i 
TpcplI 
TpcplI 
Tpcp~l 
TpcplI 
TpcplI 
TmbU 
TmbU

H-2 March 2000

Title: Analysis of Hydrologic Properties Data

I RBT #2 TpcpUl 3E-11 
RBT #2 Tpcpul 2.9E-11 
RBT #2 Tpcpul 2.62-11 
RBT #2 Tpcpul 2.6E-11 
RBT#2 Tpcpul 4.92-11 
RBT #2 Tpcpul 7.6E-11 
RST #2 TPCPUl 8E-13 
RBT#2 Tpcpul 2.82-1 
RBT#2 Tpcoul 8.12-11 
RBT #2 Tpcpul 6.6E-11 
RBT#2 TPCPUl 32-11 
RBT#2 Tpcpul 1.172-1 
RBT #3 Tpcpul 1.52-11 
RBT#3 Tpcpul 2.82-11 
RBT#3 Tpcpul 2.72-11 
RBT #3 TpCpul 8.52-11 
RBT #3 Tpcpul 2E-13 
RBT #3 Tpcpul 2.3E-11 
RBT #3 Tpcpul 1.65E-1 

BRFA 
Bow Ridge Fault Alcove (Alcove 2) 

LeCain, 1998 
DTN: OS970183122410.D01

UST -_ Heated Drift Borehole.  
DTN:LB980120123142.00S 

k (m2) 
7.01E-15 
1.12E-13 
2.33E-13 
1.26E-11 
2.89E-12 
5.22E-13 
2.79E-13 
3.32E-14 
5.29E-14, 
3.59E-13 
3.76E-13 
3.44E-13 
8.63E-14 
1.17E-13 
3.72E-13 
8.02E-14 
3.12-13 
1.02E-14 
1.79E-14 
7.05E-13 
4.612E-13 
7.36E-13 
1.03E-12 
8.26E-13 
1.26E-12 
1.51 2-11 
2.26E-12 

DST 
Hydrology Boreholes 

0TN: 1E3980120123142.004 
(Im2 

1.46E-13 
2.26E-13 
1.58E-15 
4.37E-13 
1.74E-13 
2.15E-13 
8.45E-13 
1.27E-13 
1.45E-13 
4.04E-13 
3. 11 E-13 
9.69E-13 
3.62E-13 
2.13E-13 
4.98E-13 
1.35E-14 
9.85E-15 
2.04E-13

8.1 E-12 
1.37E-11 
2.1E-11I 
2.16E-11 
2.84E-11 

8E-12 
6.IE-12 
6E-12 

1.12-12 
92-13 
6E-13 
2E-12 

1.7-12 
1.5E-12 

4.13E-11 
2.2E-11

Borehole 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HPF #1 
HOF #1 
HPF #1.



Title: Analisvi of Mvdrnonoic Prnnerties DlataU09

Table 11-1 (cant.) 

nro- Tptpmn 9.16E-13 2.61E-13 
nrg-6 Tptpmn 9.25E-13 8.99E-13 
rwg-6 Tptpmn 1.55E-12 4.68E-14 
nrg-6 Tptpmn 3.I1E-12 8.23E-14 
nrg-7a Tptpmn 9.OOE-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 2.95E-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-112 1.29E-13 
sd-12 Tptpmn 2.04E-12 6.76E-14 
sd-12 Tptpmn 2.51E-12 8.62E-14 
sd-12 Tptpmn 9.64E-12 1 .4E-13 
UZ-116 Tptpmn 2.34E-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-1B Tptpmn 2.29E-13 4.64E-14 
uz-16 Tptpmn 2.31E-13 5.49E-14 
uz-16 Tptpmn 2.92E-13 1.09E-13 
UZ-16 Tptpmn" 3.10E-13 &.46E-13 
UZ-16 Tptpmn 5.89E-13 2.07E-113 
uz-16 Tptpmn 6.IIE-13 9.26E-14 
uz-16 Tptpmn 9.52E-13 3.8E-13 
uz-16 Tptmn 1.04E-12 2.011E-13 

Pr 2.71 E-14 
UZ-16 Tptpmn 1.18E-12 7.34E-15 
nrg-7a TptpII 1.49E-13 8.68E-15 
nrg-7a Tptplt 1.65E-13 
nrg-7a TptpII 1.74E-13 Slngle Heater 
nrg-7a Tptpfl 1.80E-13 DIN: LE960500O34j4.001 
nrg-7a TptpII 1.86E-13 k (m) 
nrg-7a TptpII 2.02E-13 1.6E-13* 
nrg-7a TptpII 2.22E-13 7.2E-14 
nrg-7a TptpII 4.12E-13 1.8E-13 
nrg-7a TptpiI 4.31E-13 9.21E-5 
nrg-7a TptpRl 4.41E-13 3.7E-14* 
nrg-7a TptpII 4.86E-13 2.3E-12* 
rirg-7a TptpII 5.19E-13 1.2E-14 
nrg-7a TptpII 6.26E-13 5.2E-12 
nrg-7a Tptpfl 6.43E-13 2.IE-13 
nrg-7a Tptpfl 1.20E-12 6.6E-14 
uz-116 Tptpfl 4.14E-13 1.4E-14 
UZ-116 TptPfl 4.97E-13 8.3E-15 
UZ-16 Tptpfl 6.68E-13 2.8E-12 
uz-16 Tptpfl 1.35E-12 8.8E-14 
UZ-116 Tptpfl 2.20E-12 1.6E-13 
UZ-116 TptpII 2.22E-12 9.gE-15 
uz-16 TptpII 2.3iE-12 
uz-16 TptpII 2.42E-12 ___________________________ 

*Average of measurements 
from same borehole

ANL-NBS-HS-000002 REVOO -3Mrh20
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Table 11-2: Corresponding UZ Model Layers Along the ESF and ECRB Cross-Drift, (see section 6.1.2.1)

Distance (m) along the ESF
Unit 

tcwl2 
tcw11 

tcw12 
tcw13 
ptn2l 
ptn24 
ptn25 
ptn26 
tsw3l 
tsw32 
tsw33 
tsw34 
tsw35 
tsw34 
tsw33 
tsw33 
tsw32 
tsw32 
tsw3l 
ptn26 
ptn24 
ptn2l 
tcw13 
tcw12 
tcwl 3 
tcw12 
tsw33 
tsw32 
tsw3l 
ptn26 
tsw34 
tsw34 
tsw33 
tsw33 
tsw32 
tsw3l 
ptn26 
ptn25 
ptn24 
ptn2l 
tcwl3 
tcw12

start 
61.7 

348.8 
441.9 

.776.5 
793.6 
875.8 
894.6 
1021 

1075.7 
1191 
1716 
2720 

5729.2 
5878.3 

6308 
6327.5 
6507.7 
6527.4 
6632.8 
6637.5 
6680.7 
6697.5 
6718.5 
6725.5 
6761.4 
6769.4 
6791.8 

6885 
6990.3 
6996.5 
7057.4 

7143 
7167.5 

7290 
7341.5 

7440 
7451.9 
7476.3 
7481.3 
7495.4 
7507.8 
7514.2

unit 
ptn26 
ptn26 

unit 
tsw34 
tsw34 
tsw34 

unit 
tsw34 
tsw34 

unit 
tsw33 
tsw34 
tsw35 

tsw36/37

Distance(m) Along Alcove 4 
S-end 

0 22.2 
29.55 51.0 

Distance(m) Along Alcove 6 
startend 

0 12.0 
0 15.0 
0 14.0 

Distance(m) Along Alcove 6 
startend 

0 24.0 
0 175.0 

Distance(m) Along ECRB Cross Drift 
stait end 

0• 1015 
1015 1444 
1444 2326 
2326 2583

ANL-NBS-HS-000002 REVOO

end 
198.6 
435.2 
776.5 
793.6 
869.3 
894.6 
1021 

1075.7 
1191 
1716 
2720 

5729.2 
5878.3 

6308 
6324.2 
6507.7 
6525.2 
6632.8 
6637.5 
6680.7 

6694 
6718.5 
6725.5 
6761.4 
6769.4 
6787.5 

6885 
6990.3 
6996.5 
7057.4 

7100 
7167.5 

7255 
7341.5 

7440 
7451.9 
7476.3 
7481.3 

7494 
7507.8 
7514.2 

7875

: Title: Analysis of Hvdroloeic Proerties Data U0090
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Table 11-3: Converting Fracture Data from ESF and ECRB Cross Drift, (see section 6.1.2.3)

Fracture Properties for Fractures > I m In Length 
(Based on DLS of ESF and ECRB Cross Drift)

t

Unit Frequency Intensitl 

cwlI 0.89 0.474 
cw12 1.36 0.705 
cw13 1.70 0.585 
ptn21 0.70 0.346 
ptn24 0.46 0.338 
ptn25 0.58 0.496 
ptn26 0.69 0.292 
sw3l 1.12 0.333 
sw32 1.01 0.576 
sw33 0.54 0.331 
sw34 2.49 1.056

Inter Area 

1.478 
6.909 
1.695 
1.105 
1.558 
1.476 
2.002 
1.454 
2.504 
1.916 
5.147

Ratios for Converting Fracture Properties Data 
(Based on ESF Stations 0 to 37+80)

Ratio for Ratio for 
Frequency Intensity 

1.03 1.01 
1.40 1.09 
1.64 1.18 
0.96 0.98 

1 1 
0.89 0.98 
1.41 1.09 
1.94 1.35 
1.11 1.04 
1.50 1.09 
1.74 1.19

Ratio for 
InterArea 

1.05 
1.94 
2.22 
0.90 
0.22 
0.74 
1.78 
2.66 
1.28 
2.32 
2.63

Corrected Fracture Properties 

Frequency Intenslt Inter Area 

0.92 0.48 1.56 
1.91 0.77 13.39 
2.79 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 
2.17 0.45 3.86 
1.12 0.60 3.21 
0.81 0.36 4.44 
4.32 1.26 13.54

ANL-NBS-HS-000002 REVOO
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Table 11-4: Fracture Data from Boreholesa Used for Model Layers tsw35-tsw3B

Fracture 
Frequency' 

6.6 
22.5 
15.6 
21.6 
23.9

Fracture 
FrequencyO 

r/m 
2.17 
7.38 
5.12 
7.09 
7.84

DIp Dlstrlbution*

0-19 
17% 
13% 
14% 
15% 
15%

20-39 
10% 
12% 
11% 
18% 
19%

40-S9 
27% 
15% 
8% 
8% 

11%

Frequency 
Adjusted for Bias 

In Orientation* 
60-0 1On 

47% 5.50 
60% 20.97 
67% 15.35 
58% 19.51 
55% 21.14

aOnly the data used for this AMR are Isted here 
bModel layers used In DTN: GS970408314222.003 
cFmcrjre frequencies from DTN: GS970408314222.003 already 

normalized for core recovery 
dFracture frequency In meters (10 It = 3.048 m) 
*Using Equation 3

ANL-NBS-HS-000002 REVOO

UZ 
model 

layers 
ptn25 
tsw34 
tsw35 

tsw3[6,71 
tsw38

1997 
model 
iaversb 
ptn24 
tsw34 
tsw35 
tsw36 
tsw37 

Notes:

H-7
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Table 11-5: Fracture Data Used from Boreholes SD-1 2 and NRG-7aa 
(DTN: TMOOOOOOSD12RS.012 and SNF29041992002.084

ANL-NBS-HS-000002 REVOO

SD-12 NRG-7a 
UZ Interval Fracture Interval Fracture Fracture Fracture 

model Lengthb Frequency' Lengthd Frequencye Frequency* Frequency' 

layers LM (11n) PiLlU film) Lim U1mi 

tsw39 12.19 4.20 9.14 5.29 4.67 0.96 

chlZe 9.14 0.38 NA NA 0.38 0.04 

chiVi 12.19 0.29 6.1 2.49 1.02 0.1 

CH 28.955 0.27 9.15 5.46 1.5 0.14 

Notes: 
"Only the data used for this AMR Is listed here 
bFrom boring logs In Rautran 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 
dFwm boring logs 

OAverage weighted by core length 

fCorrected to represent larger fracture lengths

Title: Analysis of Hydrologic Properties Data •vlv

H-8 March 2000



Title: Analysis of Hvdrolo0ic Prollerties Data U0090

ATTACHMENT mI - TECHNICAL DATA INFORMATION FORM

YMP-023-R6 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 
04M9. TECHNICAL DATA INFORMATION FORM Page 1 of .2__ 

0 ACQUIRED DATA DTN: I8990501233129.001 

[J DEVELOPED DATA Preliminary Data: 

-PART I Identification of Data 
Tite of Data: ACTR PROPERTIrES FOR THE UZ ODEL GRIS AND UNCALIRATED FRACTURE AND 

MATRIX PROPERTIES FOR THE UZ KODEL LAYERS.  

Description of Data: IMmmvR T rWWTWt'•t MlMVW. PaAMiI¶RW Pln_'TrTlF, V2AfWW, t T"•. WMtf 

AREAS, UNCARATED VAN GENUCHTE FRACTURE ALPHAS AND K, AND DNCiLrIBATED FRACTURE PERKERBILITIES FOR 

Data OrlgInator/Preparer Nu, I s 
Last Name RFst and Middle IntiaLs 

Data Originator/Preparer Organization: RSCB RERRELEY NATIONAL LABORATORY 

Qualification Status: [K) Q ] Un-Q [] Accepted Governing Plan: scP 

SCPActivityNumber(s): 8.3.1.2.2.9 

WBS Number(s): 1.2.3.3.1.2.9 

PART II Data Acquisltion/Development Information 
Method: COMPILATION AND ANALYSIS OF AVAILL•E SITE DATA.  

Location(s): LBNL 

Peflod(s): 3/29/1999 to 8/4/1999 From: MM/DDtYY To: MM/ODDNY 

Sample ID Number(s): 

PART III Source Data DTN(s) 
GS930608312332.001 GS951108312232.008 GS960708314224.010 

GS930608312332.002 GS960308312232.001 GS960809312232.004 

GS950208312232.003 GS960708314224.008 GS960808314224.011

Comments 

THIS PROPERTY SET INCLUDES BOTH FRACTURE AND MATRIX PROPERTIES. USED FOR DEVELOPMENT OF DUAL-K GRID 

(AMR UOOOO DEVELOPMENT OF NUMERICAL GRIDS FOR UZ FLOW AND TRANSPORT MODELING) AND INITIAL ESTIMATES FOR

Checked by:
0

Da. teq
Slanatur.

AP-SIII.30

ANL-NBS-HS-000002 REVOO March 2000
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Title: Arnal-is of Hvdrnlovkc Pronneties DataU09

308727 

YMP-023-RO YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 
04/99 TECHNICAL DATA INFORMATION 

CONTINUATION SHEET Page_,2_ of 2 

Description of Data (continued) 

UZ MODEL LAYERS DETERMINED OR CALCULATED FROM SURVEY DATA FROK THE EXPLORATORY STUDIES FACILITY (ESPI, 

EAST-WEST CROSS DRIFT, OR BOREHOLES AND AIR INJECTION TESTING IN BOREHOLES AND ESF. MATRIX POROSITY, 

MATRIX RESIIUAL AND SATIATED SATURATION, UNCALIBRATED MATRIX VAN GENUCHITEN PARAMETERS ALPHA AND X. AND 

UZCKLIBRATED MATRIX PERMEABILITY DETERMINED OR CALCULATED FROM IN-SITU MEASUREMENTS Of WATER POTENTIAL 

AMD LABORATORY TESTING CORE. FRACTURE PERMEABILITIES. FRACTURE VAN GENU==TEN ALPHAS-AND x ARE INITIAL 

ESTIMATES FOR CALIBRATION PROCEDUR AND SHOULD NOT BE USED DIRECTLY IN THE UZ MODEL OR ANY OTHER MODEL.  

DETAILS PROVIDED IN AMR U0090 ANALYSIS OF HYDROLOGIC PROPERTIES DATA.  

Source Data DTM|s) lcontinued) 

OS960903312232.013 
0S960908314224.014 
0S960906314224.018 
GS960908314224.020 
aS970106312232.002 
GS970183122410.001 
GS970208314224.003 
GS970308314222.001 
GS970408314222.003 
GS970808312232.005 
GS970808314224.008 
GS970808314224.010 
GS970808314224.012 
G9970808314224.014 

G$971108312232.007 
05971109314224.020 
GS971109314224.021 
GS971108314224.022 
GS971108314224.023 
G5971106314224.024 
GS971108314224.025 
GS971108314224.026 
GS971108314224.028 
GS980408312232.001 
0S980908312242.039 
GS980908312242.041 
LB960500834244.001 
l.3970600123142.001 
1.390120123142.004 
SNY29041993002.084 
Th000000SD12RS.012 

Coments (continued)' 

CALIBRATION OF HYDROLOGIC PARAMETERS FOR UZ MODEL SIMULATIONS (AMRU0035 CALIBRATED PROPERTIES MODEL).  

ADDITIONAL SOURCE DATA USED IN THIS PROPERTY SET: MOL.19971119.0549, MOL.19971201.0829, 

MOL.19980527.0252. AND NOL.19971017.0726. DATA SETS UNDER DTNS: GS990408314224.001 AND 

GS990408314224.002 WERE ALSO USED AS SOURCE DATA; ALTHOUGH THESE DTNS ARE NOT CURRENTLY IN THE SYSTEM.  

THE DATA HAVE BEEN REQUESTED OPFICIALLY THROUGH AP-3.15Q.  

AP-SIII.30

ANL-NBS-HS-000002 REVOO 111-2
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YMP-023-R6 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 
o4/99 TECHNICAL DATA INFORMATION FORM Page 1 of I.  

D[ ACQUIRED DATA DTN: W9991091233129.006 

0 DEVELOPED DATA Preliminary Data: 

PART I Identification of Data 

Title of Data: THERXOAL PROPERTIES AND TORTUOSITY FACTOR FOR THE UZ KODEL LAYERS FOR AHR 

U0090. 'ANALYSIS OF HYDROLOGIC PROPERTIES DATA.' 

Description of Data: wga- , Rr. AmnPRniv• p TfA •ItnTIy rA('Tt R M14WtR WITW. fl? 100DE IT•ffAYl 

ANL-NBS-HS-000002, MOL.19990721.0519. SR/LA SUPPORTING DATA.  

Data Originator/Pmparer: NlU, Y S 

Last Name FMst and Mide Initiats 

Data Originator/Preparer Organization: I EC BRKEEY NATIONAL LA1BORATORY 

Qualification Status: [Q] j g Un-C E] Accepted Governing Plan: scP 

SCP Activity Number(s): 8.3.1.2.2.9 

WBS Number(s): 1.2.3.3.1.2.9 

",PART II Data Acqulsftlon/Development Information 
Method: ANALYSIS AND SPREADSHEET CALCULATION OF SOURCE DATA USED TO DERIVE PROPERTIES FOR THE UZ 

IO3DEL LAYERS.  

Location(s): LENL 

Period(s): 4/13/1999 to 9/1/1999 
From: MM/DD/YY To: MM/DD/YY 

Sample ID Number(s): 

PART III Source Data DTh(s) 
MO991O2,GFN3 1.000 

SNT05071897001.012 

Comments 
K/A 

Checked by. • n• . _,, k. ()•-& €-4_ 10.'q 
Signatýre Date / 

AP-SIII.30

!/(1(IO(I
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YMP-023-RO YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 
0"/9 TECHNICAL DATA INFORMATION 

CONTINUATION SHEET PageL 2Of. 2 

Title of Data (continued) 

'CALIBRATED PROPERTIES MODEL.' 

Description of Data (continued) 

ANL-NES-HS-000002, !4OL.19990721.0519 AN2D AMiR U0035, XDL-NBS-HS-000003, KOL.19990721.0520. SRJLD.  

SU3PPORTING DATA.

Source Data DTX(s) (continued) 

GS950608312231 .006 

GS9506083 122 31. 007 
GS950609312231. 008 

GS951100312231..009 
GS95110S312231.010 
GS951108312231 .012.  

GS960808312231 .001 
GS960808312231. 002 
GS960B08312231. 003 
GS960808312231. 004 
GS960S08312231 .005 

Ccw~tnts (continued) 

LBL-USG-9 9247 .T.  

AP-SIII.3Q

ANL-NBS-HS-000002 REV0011- ach20March 2000

7"ifla- Analut nfT4 drn1Ocrh-Prnnt-.ftjes Data L U0090

IH-4



Attachment IV - Software Routines

CAPF[T v.1.0 
Routine/Macro Documentation Form Page 1 of 2 

The following information can be included in the scientific notebooL Attach and reference notebook pages 
and diskettes with files as needed when submitting routincnmacro to records.  

Name of routine/macro with version/OS/hardware environment: 
CAPFIT v.1.0 (routine) I UNIX Solaris/Sun workstation 

CAPFIT (CAPpflary pressure curve FITting for two-phase drainage and imbibition 
data), vl.0 

2. Name of commercial software with version/OS/hardware used to develop routine/macro: 
FORTRAN compiler 77403UNIX SUNOS Solarls /Sun workstation 

3. Description and Test Plan.  

Explain whether this is a routine or macro and describe what it does: 
This routine is used In the development of Van Genuchten fracture parameters used 
In the flow and transport for the UL CAPFIT vl.0 fits a curve to water potential and 
saturation data Pints to obtain the Van Genuchten (1980) fitting parameters 'a' and 
'n' with parameter m=1.l/n (see pp. 39-45 from S/N YMP-LBNL-GSB-MC-.12).  

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

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

0 Specify the range of input values to be used and why the range is valid 
The spedlc range of parameters tested Is 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. For the specific Input range used see pp. 40 and 41, 
from S/N YMP.LBNL-GSB.MC-1.2.  

4. 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 S/N YMP-LBNL-GSB-MC-1.2 

" List limitations or assumptions to this test case and code in general 
Values for Se and at 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 
Routine/Macro Documentation Form Page 2 of 2 

5. Supporting Information. Include background information, such as revision to a previous routine 
or naro or explanation of the steps performed to run the softwar Include listings of all 
elec-onic 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.  

Note: All relevant scientific notebook (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 
routine.  

MAINTAIN NOTEBOOK PAGES IN THIS ORDER: 
1) This 2.page Routine Documentation Form 
2) pp. 39-43 from SIN YMP.LBNL-GSB-MC.L2 
3) 8 page print out of code 
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SIGNATURE DATE___ 
READ AND UNDERSTOOD DATE 19

"42- IPROJECT NAMi. NOTEBOOK NO.  

I •u* DATA FILE NAME: tracture.dat 
CASE TITLE: FRACT. PROPERTIES M=.6,a10 
INPUT PARAMETERS 

_PARAMETER TABLE OUTPUT OPTION (0=NO, 1-Y3S) O•C, *. t 
.. ........................................ (MODRO) 1 
PARAMETER FITTING OPTION 
(=o, BOTH ALPHA & BETA ARE VARYING) .  
(1l, BETA(DRYING))=BETA(WETTING) (MODEl) = 1 

NUMBER OF OBSERVATIONS .................... (NOB) =116 
NEW DATA READ INDEXI0=NO, 1-YES) ........ (NDATA) = 0 
SATURATED FUID CONTENT ................... (WCS) = 1.0000 

INITIAL PARAMETER VALUES - E. S •" ' 

ALPHA DRYING .......................................... .0000 
ALPHA WETTING ........... ........................... 8.0000 
ABETA DRYING ................................ 2.5000 
BETA WETTING ...................................... 2.0 
RESIDUAL FLUID CONTENT ............................ 9.0500 -.  

ITERATION NO SSQ ALPHA BETA WCR 
0 1.0886521 0.8000E+01 2.5000 0.0500 
1 0.0251476 0.9473E+01 2.5832 0.0067 
2 0.0003690 0.9940E+01 2.5091 0.0009 
3 0.0000925 0.9995B+01 2.5009 0.0000 
4 0.0000924 0.99963+01 2.5007 0.0000 
5 0.0000924 0.9996E+01 2.S007 0.0000 
6 0.0000924 0.9996E+01 ,- 2.5007 0.0000 

CORRELATION M4ATRIX 

1 2 3 
1 1.0000 
2 -0.5498 1.0000 
3 0.0623 0.6557 1.0000 

NON-LINEAR LEAST-SQUARES ANALYSIS: FINAL RESULTS 

95% CONFIDENCE LIMITS 
VARIABLE VALUE S. E. COEFF. T-VALUE LOWER UPPER 

ALPHA 0.9996R.+01 0.3900E-02 0.99883+01 0.1000E+02 -j --. BETA 0.25012+01 0.1423E-02 * 0.2498E+01 0.2503E÷01 _

r



43 

---------- q 

'-I.  

K>. a

DATA FILE NAME; matrix.dat 
CASE TITLE: MATRIX PROPERTIES M=.3a.&.1 
INPUT PARAMETERS 

I~~~ ,. A - rc.,_*%JL(J S L &&_ 4AZO VA-t-cAr 0 L Y 
PARAMETER TABLE OUTPUT OPTION (0zNO, *IffYES) t4. ril 

........................ MODEO) = 1 
PARAMETER FITTING OPTION 
(=0, BOTH ALPHA & BETA ARE VARYING) 
(-I, BETA(DRYING)=BETAIWETTING) (MODEl) = 1 
NUBER OF OBSERVATIONS .................... (NOE) =116 
NEW DATA READ INDEX(0=NO, i-YES) ........ (NDATA) a 0 
SATURATED FUID CONTENT ................... (WCS) = 1.0000

INITIAL PARAMETER VALUES - , A .t .-,-- ' 

ALPHA DRYING ..................................  
ALPHA WETTING ...............................  
BETA DRYING .....................................  
BETA WETTING......  
RESIDUAL FLUID CONTENT........................

ITERATION NO 
0o 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11

SSQ 
0.3749536 
0.1050593 
0.0597970 
0.0001782 
0.0000447 
0.'0000112 
0.0000028 
0.0000007 
0.0000000 
0.0000000 
0.0000000 
0.0000000

ALPHA BETA WCR.  
0.6000E-01 1.8000 
0.6753E-01 1.5947 
0.B768E-01 1.4329 
0.9949E-01 1.4277 
0.9974E-01 1.4281 

0.9987E-01 1.4283 
0.9993E-01 1.4285 
0.9997E-01 1.4285 
0.1000E+00 1.4286 
0.1000E+00' 1.4286 
0.1000E+00 1.4286 
0.1000E+00 hiL1.4286

0.0600 
0.0500 
1.8000 
t.4.8000 
0.0500 

0.0500 
0.0571 
0.0157 
0.0001 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

CORRELATION MATRIX 

1 1.0000 
2 -0.8192 1 
3 -0.3459 0

Mffik

2 3

.0000 

.7194 1.0000

NON-LINEAR LEAST-SQUARES ANALYSIS: FINAL RESULTS

VARIABLE VALUE 
ALPHA 0.1000E+00 
BETA 0.1429E+01

I SIGNATURE 
READ AND UNDERSTOOr

95% CONFIDENCE LIMITS 
S.E. COEFF. T-VALUE LOWER UPPER 

0.2604E-06 * 0.1000E+00 0.1000E+i00 ,r, 
0.880"E-06 * 0.1429E+01 0.1429E+01

DATE 19 
D DATE 19

NOTEBOOK NO.

D 

O 

I 

Q 

I

PROJECT NAME
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capf it. f

C CAPFIT - CAPillary pressure curve-FITting * 
C ' a 
C VERSION 1.0 April 1993 a 
C * a 

C * THE PROCRAM ESTIMATES PARATERS THAT DEFINE ]DRYING 
C * AND WTNG RETENTION CURVES. • 
C , DRYING AND WETTING CURVES ARE ASSUMED TO DIFFER ONLY 
C IN THEIR VALUES FOR PARAMETER ALPHA AND BETA RESIDUAL 
C AND SATURATED FLUID CONTENT ARE THE SANE FOR DRYING 
C * AND WETTING; THEY ARE DETERMINED BY SIMULTANEOUS 0 
C * FITTING OF BOTH DRYING AND WETTING DATA.  
C • a 
C * a 
C • BASED ON THE PROGRAM SOHYP BY X. TH. VAN GENUCHTEN (1980); 
C * MODIFIED BY J.B. KDOL A)ND •U-S[U WU. 4/30/93 * 

C 
iJplicit reaL*8 (A-H.O-Z) 
parameter (=xobs-100) 
CHARACTER TITLE80,BX(8)*6, infIl"30,outfil*30 
integer Index (10) 
real-S X(mxobs) .Y(naobs) ,R(m-doba) ,F(ixobs) ,DELZ(uobs, S) ,B 10).  

1 E(5),PI5),PHI(S),O(5),TB(10),AIS.S).D(S,S),TH110)),W1T (fxCob) 
COXMON/SPR/ WCSW 
DATA STOPCR/.OOOH/,MIT/25/,MAXTRY/15/ 

c 
C ---- open files .  
C 

call getefiles(infil, outfil) 
open (unit-s,=5ie-infil, status- 'old'! 
open (unit-6, f le-cutfil,status="unknown' 

C NC IS NtD4DER OF CASES (I5) 
C 
C (FOLLWA'ING INPUTCARDS ARE REPEATED NC TIMES) 
C 
C --------* ------------- ----------.. ..---.. ... .. ... ..-------------------------

WRITE1E.10041 
write(6,2002) Lafil 
READ (5.1000) NC 
DO 144 IC=1,NC 

C TITLE IS TITLE FOR EACH CASE (20A4) 

READ(5.1002) TITLE 
WRITEI6,3002) TITLE 
WRITE16,3001) IC 

C ----- ----- ---- -- ------ --- -- ----------- ---- ------------ --- -- --- ---
C YODEO SELECTS OUTPUT (15) 
C MODE0 - 0 HYDRAULIC PROPERTIES FOR SOIL ARE NOT PRINTED 
C MODE0 - I HYDRAULIC PROPERTIES FOR SOIL ARE PRINTED 
C 
C MODEl SELECTS MODEL TO BE FITTED (IS) 
C MODEl - 0 ALPHA AND N BOTH VARIABLE 
C MODEL - I N-DRYING - N-WETTING 
C 
C NOB IS MUNDER OBSERVATIONS (151 , NOB MUST BE LESS OR 
C EQUAL 40 
C 
C NDATA IS DATA INPUT CODE (15) 
C NDATA - 0 NEW DATA ARE READ IN 
C NOATA - I DATA FROM PREVIOUS CASE ARE USED 
C 
C WCS IS SATURATED WATER CONTENT (FlO.0), OR SAT WATER 
C CONTENT ON DRYING CURVE IF LOOP NOT CLOSED 
C 
C SATE IS SATURATED CONDUCTIVITY (FlO.0), USED ONLY WHEN 
C MODEO a I . BATK IS SET TO 1.0 WHEN FIELD IS LEFT BLANK 
C 
C WCSW- VALUE OF WCS FOR WETTING CURVE (OPTIONAL1 
C 

READ(5, 1000) MODEOMODEI,NOB,NDATAWCS.SATKWCSW 
satk-1.0 

cc IF(SATK.EQ.0.0) SATK=2.0 
cc IF(EATK.le.0.0) SATK-1.0 
cc IF (WCW.EQ.0.0)WRITE(6,100s) NOBWCSSATK

I



capfit. f 

cc IWlwcsw. Is. 0.0) WRITS (6, 1005) 140030, 14ODEl1NO3,N:ATA1CSSk'TK 
cc IFIWCSW.Nz. 0.0)WRIaTR(6.2005) BN. 1wC81wCSN, SATI 
cc U gwCSV.gt.0 .0)WRIT3(G. 2005) NMWCS*WCSV, SATX 

Xl IICSW. 10.0.0) WRITI (6,1005) MODSO, MO0021, NOBMATA.WCS 
IF (wCSV. t.0.0) WRIT! (6.2005) NON. cs.wcsV 

C BI IS AiRRAY CONTAINING NAMES FOR BACK PARAMETER (4(A6, 4X)) 

C RSAD(5,1007) (?I.1,) YSW 

C 3 1S ARRAY CCNTAXN1ING INITIAL W.WES FOR PARAMETERPS (4F10 .01 
C N.S. I PARAMETERS MUST BE ENERED IN( THEl POLLMWIW ORDERS 
C A-DRYISG, A-WMTI)S3* N-DRYIN13, N-WZTTING, WCR 
C 
C INDEX IS FLAG FOR EACH PARAMETER (5110) 
C INDEI(I) m 0 THlE I-TH PARAMETER 1S XRPT CONSTANT 
C INDZX(II a 1 THlE I-TI PARAMETER 18 PITTED TO DATA 

READ(5,1006) (()I15 
WRITZ(S1009) (B(I) .- 1..5 
READ15,2000) IINDEXII).I=1.5) 

2000 FORHATESIIO) 
C 
C --- REMD AND WRITS EXPERIMENTAL DATA --

WRITEIS.1006) 
IF(NDATA.GT.0) G0 TO 16 

C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C X IS ARRAY OF OBSERVED PRESSURE HEADS (710.0) 
C M.S. I PRESSURE HEADS ARE ASSUMED TO BE POSITIVE I 
C 
C Y IS ARRAY OF OBSERVED WATER CONTENTS (F10.0) 
C 
C WY IS ARRAY OF WEIGH'TING FACTORS IY10.0) 
C IF WT(T) - 0.0 (OR LEFTBAN) A WRIGHT OF 1.0 IS 
C GIVEN TO THE I-TH OBSERVATION.  
C 
C 140032 INDICATES WETHER DATAPOINT CORRESPONISS TO DRY=lR 

C 1M00E2=0) OR TO W ETTIING (MODE2-1) 
C 
C I I DATA POINTS ON DRYING CURVE MUST 13E ENTERED FIRST I I 

C 

lqOBm-0 
NOBWO0 
DO a I.1.NO3 

R&AD(5. 1010.end-9,eZT.91 XfI) .Y(11 .Wt1(E 1,022 
IF(MM032.3g. 0) OBD-NOBD44 
IF(14012. EQ. 1) NOBW=U03E*1 

c IF(WT(!).EQ.0.1 WTMI)1.O 
IF(WI'(Z1).l.O.) WY(II.1.0 
WRITE(E.1011) I,XI1).Y111.Wf(1JHODE2 

8 continue 
go to 10 

9 stop 'ERROR IN INPU7T DATA, 
10 1f(:Sobd.eq.0.or.nobwvaq.0) then 

nobd-m~x (nohd. ow 

wr1tet6.10901 
endif 

c 
c ---- assign parameter at--

16 if(mode.a.q.0) than 
if(rnobw.m..0.and.nobd.ns.0) then 
BVIW1A-DRY' 
B1(2)1 uA-WE6T' 
S! (1.' -DRY' 
B!(4)oa'B-WET' 
BI(5)u'WCR' 

bi (11 'ALPHA' 
bi (2)*IALPHA' 
bi (3). *BETA' 
bi (4) .'BETA, 
b1(5)w'WCR'.  
if(index(1) .eQ.0.and.indeX(2) .ne.0) then 

b(2.I bC2) 
index(1)1l 

else 
b(2) -h 1) 

2
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WRITE(CIt,*) a 
WRITE(*.-) *S 038 38 ~S s 
WRITE(*.*) 3JJtJ000 05 
MUZTE (*,*) - S 0"W0 OES0 0S lo 

WRITE (0. 3 

WRITE(* M 

MITlE (t, CAlpillary pressure C 
WRrTE(*.3*) 2 for two-phase drainagea 

WRITE(j*) Idata 

NRITZ(*,*) Version 1.0 
MU!TE 4*, *) I 

MUWR!Z,* Developed by 
WRI'TE(',I*1 H ydro~eoLogl.c, 

WIE* *) a for 
WRITE (*,* 3 WESTINGHOUSE HANWOR 
MU.TE q. * 
WRITE(** 
WRITE( 9~ 

c2 write{*,1O) 
readi', * (a Infll 
inquire (file-infil,exist-isfil, ioatat-los) 
if (.not. isfil.or.ios.ne.O0) then 
write (*,30) 
go to 2 

endif 
iposi-indexlinfil ,period3 
if(iposi.eq.OI then 

ipasi-lfldex C UsE 1 space) 
endif 
iposi-iposi-l 

C 
4 writetC.20) 

read(*,'(a) c utfil 
if(outfil.e-q.. ,) then 

outfil-infil(1: iPosi1// *.Out, 
else 

open(2, file-outfil.fon=-formatted .err-6) 
gote B 

6 close(21 
write(*.401 
go to 4 

end~if 
8 continue 

close(2)
C 

c 
10 
20 
30 
40 

C 
C 

C 
C 
C

rv. limting 
nd Imbibition 

Inc 

DCOMPANY

iKiIiIiIiiIIKKiKXtVIfr*

a, 
3, 
2� 

3.  

3, 
a.  
2' 

a.  
a, 
a.  
a.  
a.  
a.  
a, 
3, 
a.  
a.

iinvalid name 

i check name

return 

forMati' Enter CAPFIT INTUT Filename: '8 
formitl' Enter CIAPPF= OUTPUT ?iler~AmeS 
formatU, Invalid name or file not found, try again .  

formatW Invalid file name, try again . / 
end 

SUBROUTZRE MODEL (B, IY,NOBD,NDBW. X.WCSN1W.INDE. MODEl) 

implicit reaL*8 (A-la-Zl 
Paramter (umcobaslOO I 
DIMENSION E(lO),flIamobcl ,X(amcobsl ,INDEX(l0) 
CCIMCN/SPR/ WCSW 

UPDATE PARAMETER ARRAY 
Kea 

NU2.1O 
Do 2 I-NUl.NU2 
IF(ZNnExCi-s3.zE0.) 0O To 2 
1=.1~ 
DhIX)a(XI 

2 CONTINUE 
ADzBt&) 
AW=S(7) 
XN-B (a) 
fj*B (9)

7

47i

capfit.f
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frac-calc VI.1 
Routine/Macro Documentation Form* Page I af 2 

Note: Afl relevant scientific notebook (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 routine.  

1. Name of routine/macro with version/OS/hardware environment: 
fraccalc / Version 1.1 / DOS (or Windows with DOS) / PC 

2. Name of commercial software with version/OS/hardware used to develop routine/macro: 
FORTRAN 77/ FORTRAN Powerstatlon 4.0 (see SN YMP.LBNL-GSB-MC-1.1, p. 105) 

3. 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 fraccak Is a FORTRAN code which performs simple calculations using 
Detailed Line Survey (DIS) 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 a minor revision of Version 
1.0 and calculates additional fracture properties from the same data. The fracture properties 
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-LBN1.GSB-MC-L1, and p. 14 In YMP.LBNL.GSB-MC-1.2. To install the software, copy 
fraccalcll.f and datablkllt from a disk onto the hard drive of a PC. Then, compile fraccalc 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-calcl .L) and on pp. 12-13 in YMP.LBNIL-GSB-MC-1.2 for the 
parameter dimensions file (filename: datablk11.).  

This software routine Is documented 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-1.2 pp. 14-16,12-13 
Reference Binder YMP-LBNL-GSB-MC-1.2A pp. 67-47,63-66 
YMP.LBNL-GSB.MC-1.1 pp. 114-115,10S.109, 101-104 
YMP-LBNL-GSB-MC-I pp. 60-65 

Inputs: 

The code Is designed to use an ASCII Input file. The fast row is a header and Is not read.  
Each row represents a single fracture. It must have tie 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). Al values must be numbers (no text, except 
the first row). All values must be positive. The limit on size of the input 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-.7, In Reference Binder YMP.LBNL-GSB-MC-1.2A for frac.calcf, the source code.  
pp. 63-66, In Reference Binder YMP-LBNL-GSB-MC-1.2A for datablkll.f, the Include file 
that sets parameter dimensions and values.  

"* 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 1.0 is 
rerun for Version 1.1 to test the new features as well as confirm that the previous computations

03/01)00



frac-calc Vl.1 
Routine/Macro Documentation Form* Page 2 of 2 

are still performed correctly. The Version 1.0 test cue Included selecting a minimum fracture 

length of 1 meter to confirm that fractures smaller thaa 1 meter in the sample case will be 
excluded from the computations (the Version 1.0 test case Is on pp. 105 - 103 In YMP-LBNL.  
GSB-MC-1.1). AD new output from the output files all.par and a112.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 calculatar.  

Specify the range of inputvablues to be used and why the range is valid: 
The Input values are a direct sample from the TDMS (see p. 105 in YMP.LBNL-GSB-M1C-1) 
after pro-processing using the routine ReadLD"IL 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.  

Output from test: 
Test results are shown on p. 15 In YMP-LBNL-GSB-MC-L2 and in Reference Binder YMP
LBNL-GSB-MC-1.2A, pp. 67-7L 

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

List limitations or assumption; to 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.  

Electronic files identified by name and location (include disc if necessary): 
See pp. 15-16 In YMP-LBNL-GSB-MC-12. No electronic fies 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. Include listings of all electronic 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. Pages from YMP-LBNL-GSB-MC-I. and YMIP-LBN-GSB-MC-I 
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 provided on pp. 114-115 of YMP-LBNL
GSB.MlC.l.L 

MAINTAIN PAGES IN THIS ORDER: 
This 2 page "Routine Documentation" summarization form 
YMP.LBNL.GSB-MC-L2 pp. 14-16,12-13 
Reference Binder YMP.LBNL-GSBMC-1.2A pp. 67-87, 63.66 
YMP-LBNL-GSB-MC-1.1 pp.114-115,185-109,101-1 04 

YMP-LBNL-GSB-MC-1 pp. 60 -05 

*Note that this supplement Includes: 
-Addition of this 2-page "Routine Documentation" summarization forn 
-Addition of pp. 63-66, Reference Binder YMP-LBNL-GSB-MC-1.2A 
-Addition of pp. 12-13, SIN YMP.LBNL.-GSB.MC-1.2 

0 3/o01 
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c Includes data sta=Gnoints for assigning model layers for use in 

"a the program fraccalc.f 
"o created by Mark Cushey 

"a Had* into a separate file 6/98 
"o original data statements created by MAC 4/98 - 5/98 

o Data statements added to identify subunits and later combine 
a subunits for each model layer.  
C 

"a MAC 6/16/98 

"€ The following assignment of stations for P79 (new UZ model layers) 

"o Is based my analysis of data in Table 2, CRWSH M&O, 1993.  
a See Scientific Notebook YMP-LBNL-GSB-MC-I.l Pages 8-9 

a MAC 6/25/99 
€ Stations. reassigned for TCw and TSw (new UZ model layers) 

"o based on my analysis of data in Table 2, CRWSN MaO, 1998.  
"o Also reassigned alcoves.  
"o See Scientific Notebook YMP-LNL-OSS-MC-1.1 pages 38-39, 47 

"o MAC 7198 
"o Most recent fracture permeabilities aXe in dt\pormeability\ 
"o properties\airk.xls which is linked to other data spreadsheets 
"o See Scientific Notebook YMP-LBNL-GSB-MC-1.1 pages 34, 61 

"a MAC V 1.1 
"o Version 1.1 - reevaluated station assignments, assigned values 
a to 1999 Model layers, and added ECRB 

o Alcove stations are entered with Alcove # in the 
o ten thousandth location. ECRB has a 19' in the ten 
c thousandth location.  

c First, set up arrays 
o ntotal is the total number of UZ model layers and 
c nlayers is the total number of segments along the ESP 
c for the data statements 

integer nlayers, ntotal 
parameter (nlayers=57, ntotal-16) 
integer modlayer (ntotal) 
double precision logairk(nlayers),unitsta(nlayers), 

+ unitend(nlayers) 
character* S unitname (nlayers) 

data unitname I'tcwll' 
"+ , ,tcwl2', tcw12, tcl2-, 'tcwl2', tcwl2
"* ,'tcwl2' lAlcove 3 
"÷ ,tcvl3s.tcw13-,Gtcwl3',-tcw13I 
+ *ptn2l Vpt ' 2p , 'ptn2l' 
"* 'ptn22' I no fracture data 
"÷ .ptn23, I no fracture data 
"* 'ptn24'.,ptn24Sptn24, 
* Iptn2S*,'ptn25' 
* 'ptn261',ptn261.,ptn26',,ptn2

6 1
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* -

"+ #ptni2GI,*tn261 
"* Itsw3l'.tsw3l.',tsw31''tsw3le 
"4 ,tsw321,ltsw321,tsw320.!tsw329, 
"* stsw33','tsw334.,tsw331,atsw330, 
" *'tzw33, 
" . ,'txw34,*.txw34bootsw34','trV34

"* ttsw3','tsw341.ltxw34,ltsw34', 

+ - Itxw341 
+ Itsw3S' 

+ .,tsw36' 

"* ,tsw371 
c + .,'burst' 

data modlayer /1.2,8 
+ 12,15.216,17,20,22 
* .26,32,37,44,54,S6,57

I Alcove 4 

'tsw32' 
ýtsw33, tsv33 

I ECRB 

*tsw34I lAic 
I ECRB 

IECRB 
I ECRB 
IECRB

4. + 

c station for start and end of unit in motors & log &irk (m2) 

data unitsta /342.8 ItcvlI.  
+ .61.7,441.9,6725.5,6769.4,7514.2 Itcvl2 

+. 30003.00 Itcvl2 alcove 3 

+ 776.5,6718.5,6761.4,7507.8 Itcvl3 
+ ,793.6,6697.S.7495.4 iptn2l 
+. 0.0 Iptn22 
+. '0.0 Iptn23 - no data 
+ 917S.;L, 6680.7.7491.3 Iptn2d 

+ 9894.6,7476.3 Iptn25 
* *1021.0,6637.S,6996.5,7452.9 Iptn2G 

+ ,40000.0,40029.SS t1ptn26 alcove 4 

+ ,1075.7,6632.8o6990.3,7440.0 itaw~l 
+. .1191.0,g507.7o6527.4o6ggS.0,7341.5 ttsv32 
+. .1716.0,6308.0,6327.5,6791.B,7167.5,7290.0 Itxw33 
+ .90000.0 Itsw33 ECRB 
+. 2720.0,5878.3,7057.4,7143.0 Itsw34 
+ .50000.0.52.00., 52000.0,60000.0, 61000.0 Itsv34 ale S 6 

* .91015.0 Itsvl4 R9RM 

+. 5729.2 Itsw35 
+ .91444.0 Itsw35 ECRE 
+ ,92326.0 Itsw36/37 ECRB 
+. 92326.0 Itsw3E/37 ECRB 

c + .4000.0 

data unitend /435.2 Ittwll 
*. 198.6,776.S,6761..4o678?.S,7875.0 Itcwl2 

*. 30035.0 Itcwl2 alcove 3 
* .793.6. 672S.5,6769.4,7514.2 ItCWl3 

*. 869.3,6710.5,7507.8 !ptn2l 

* .0.0 Iptn22 
* .0.0 Iptn23 - no data 
*. 1394.6,6694.0,7494.0 Iptn2d 

* ,1021.0,7461.3 Iptn25 
+ .1075.7,6680.7.70M7.47476.3 Iptn26 
* .40022.2.40051.0 Iptn26 alcove 4 

.a+ 1191.0,6637.5,6996.5,7451.9 Itsw3l 
+* .1716.0,6525.2.6632.8.6990.3,7440.0 Itsw32

7/22/99 datablkll. f
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case for fraccalc Version 1.1 

Input: test.dat 
Output: alll.par, a12.par, & 

calibrate.par
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progran eXClI 5e 
6h~~eeause-

)

Page 1

(�8

1)D

test

LOCATION 
879.700 
882.370 
887.300 
893.860 
893.920 
894.130

STRIKE 
20.000 

184.000 
299.000 

20.000 
22.000 
20.000

DIP 
8.000 

78.000 
78.000 
49.000 
80.000 
67.000

LENGT A 
2.000 
3.500 

.000 

.100 

.680 
1.200

LENGTH B 
6.000 
1.670 
1.110 

.330 

.620 
1.600

\l.)



Unit < --- Station---> Min-m MinUse Max-m #Frac Spac-m SDSpac Fq-I/m SDFreq Leng-m SDLong Intons 
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 CM) 0(V4 (M) 

_) 2)



)
unit M4inuse #Frac Fcj-1/m Apr-urn Por-3D 

ptn24 1.00 S .28 504. 5.93E-O5
Por-2D Por-lD alpha kzz/kxx 1eyf/)Oo kzz/kyy 

8.21E-05 1.40E-04 3.50E-03 1.69 1.91 .93

)
41 
�zz�
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program FracCalc

c Version 1.1 
C All changes for Version 1.1 are indicated by MAC Vl.1 
c See Scientific Notebook Ymp-LsNL-OSB-MC-l.2 pages 14-16 

c Discussion for Version 1.0 
c 

c The purpose of this program is to calculate means and variances 
c for fracture properties for UZ model layers based on detailed 
c line survey (DLS) data for the Exploratory Studies Facility (ESE) 
c that has been downloaded from the Technical Database (TDB).  

c This program was originally written by Eric Sonnenthal with 
c revisions and additions by Mark Cushey (4/98 to 7/98) which are 
o labeled MAC and dated. Major additions include using data 
c statements and coding to combine subunits for model layers 
c internally in the program; calculating additional parameters; 
c program recalculates all numbers for each modal layer each-time 
c it is executed; calculate apertures; calculate alpha & log alpha 
c and Its statistics; calculates spacing, frequencies and intensity 
c for selected interval lengths; new input format fordirect reading 
c of data from TDR after processing through read.tdb.f; and new 
c output formats.  

c MAC Vi.1 - updated pages below for references for Version 1.0 
€ See Scientific Notebook MP-LBNL-GSB-MC-1 pages 60-69, 124-125, 137 
c See Scientific Notebook YMP-LBNL-GSB-MC-l.1 pages 98, 101-108, 114-115 
c See Reference Binder YMP-LBNL-GSE-MC-I.1A pages 88-97, 98-106 

€ - Mark Cushey 7/98 
c--------------------------------------------------------------------
o Below comments by E.Sonnenthal 
*... Program to read USGS ESF data and calculate fracture geometries 
c... and densities for plotting (11/4/96: E. Sonnenthal) 
c... Components of hydraulic conductivity tensor (do Marsily, 1986) 
*... 11/11/96 E. Sonnenthal 
*... revised 216/97 for a fracture size range 
o nf - Number of fractures 
c blksiz - Block size Wm) 
c kfrc - Hydraulic conductivity of each fracture (m/s) 
0 aper - Aperture of each fracture (m) 
o strike - Strike of each fracture (azimuth in radians) 
c dip Dip of each fracture (dip in radians) 
c ktens a Conductivity tensor (9 component) 
c k(9) - (kxx,kxy,kxz,kyxkyy,kyz,kzx.kzykzz) 
c Ikxc kxy ]cxzl 
c Ikix kyy kyzI 
c Ikzx kzy kzzl 
c-------------------------------------------------------------------

"c Commented out variables no longer used MAC 7/98 
"c integer nil,ni2 

integer i,k, ni,nnn,nml,nfr,nfnslns2 
parameter (nf - 50000) 
-parameter (pi=3.1415926536d0) 

) parameter (ni - 199)

7/22/99 frac_calcll.f I



) c Added MAC 4/13/98 character*32 fname 

c C•mmented out variables no longer used MAC 7/98 
c character*8 outfile, header20 fstat 
o character*200 header 
o integer distl 
c double precision height(nf),dist2 

integer nfrint (ni) ,ni 
double precision blksiz,lkf, sdsq,stkrad,dipradproptf 
double precision fmin, fmax 
double precision kfrc I nf), aper (nf) 
double precision ktens (9).  
double precision kxx, kxy, kxz, kyx, kyy• kz .kzx, kzy, kz: 
double precision erdpl,endp2,totaltr,totalht,adip.bdip 
double precision dist(nf),nfrc(nf) 
double precision strike(nf) ,dip(nf) ,alen(nf) ,blen(nf) 
double precision atrace(nf) ,btrace(nf),trace(nf) 
double precision trlen, fmasf,frint. fgrpl,fgrp2, fsiz 
double precision trcmax, dipmin, dipmax,aperture 
double precision avgsp, frcint,varsp,sdspac 
double precision freq. sdfreq, frovol, frcrad, frcporblkht,blkdp 
double precision sdlen, varlen, avglen, frarea, frcp2d 
character*l ansi, ans2 

C MAC Vl.l 
double precision intarea, gmlen 

C 
0------------------------------ ;-------------------------------------------------------------

"o Below added by MAC 4/98 - 5/98 
"o Data statements added to identify subunits and later combine 
C" subunits for each model layer.  
"a Moved to include MAC 6/98 so that various combinations could be 
"o used by simply using a different file for include 
"c Note that alcove stations are entered with Alcove # in the 
"c ten thousandth location.  
"o Assignment for model layers based on CRWSM M&O. 1998.  
"a For most recent assignment see 
"o Scientific Notebook YMP-LBML-CSB-MC-l.l pages 36-39.  

c Include file 'datablk.fe includes data statements for 
C unitname, modlayer, unitsta, unitend, and logairk 

c MAC Vl.l 
include Idatablkll.fl 

c 
a For testing, Instead of 'datablk.fl, include file 'uzmodel97.f' 
c for comparison with calculations performed for the July 97 
c milestone (Chapter 7, Sonnethal et. al, 1997) or include 
a sweetkind.f' for comparison with calculations in 
"o Sweetkind et. al (1997). Use the data files ericdls.dat and 
"o sweetdls.dat., respectively.  
a include 'uzmodel97.f' 
c include 1sweetkind.f"

7/22/99 fraq_calcII.f 2



€ MAC 7/98 For the more detailed PTn model layers use 

) c include 'ptnblk.f' 

c Below added MAC 4/98 - 6198 
c ntotal is the total number of UZ model Layers 
c nlayers is the total number of segments along the ESF 
c Both are used for the data statements and are defined in the 
c file ,datablk.f' 
c npar is the number of parameters saved for calculating properties 
c for entire model layer 
c variables with 'int, are for calculating fracture properties for 
c intervals 
c variables for data statements [integer modlayerintotal); 
c double precision logairk(nlayers).unitsta(nlayers), 
c unitand(nlayers)] are in file 'datablk.f' 

integer layer, first,last,nzpar 
c MAC V1.1 changed npar from 16 to 18 

parameter (npar-1) 
double precision spac. frcpld, trcmin, combine, kzzkxx, kyykxx, kzzkyy, 

+ alpha, loga, logf, sdalpha 
dimension combine (nlayers ,inpar) 
character*5 outfile 

integer intn, intmax. intnfr. intlayer 
parameter (intmax-1 0000) 
double precision intfreq,intspace, intlength, inttrace 
dimension intfreq(intmax), intspace(intmax),intnfrlintmax), 
+ inttrace (intmax) 

C.. .nput file name 
2 print *, 'Enter fracture data filename: I 

read (*,*) fname 
open(unit=12, file-fname, status='old' *errS) 

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 4/113/98 - starting and end points for model layers 
€ now determined internally 

"o revised MAC 4/17/98 - changed input process 
dipniin - O.dO 
dipmax = 90.dO 
ansl aIn* 
anx2 = eye 

write(*,*) 'Enter minimum and maximum fracture length to use' 
read(*,*)fminfmax 

"o Added MAC 7/8/98 - query user for interval length' 
"w rite(*, *) 'Enter interval length (in meters)' 
"read(*,l*intlength 

7/22/99 fraccalcil. f 
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) .... Read station file - Removed MAC 4/13/98 

c MAC 4/98 open output file* 
opon(13,fileu'alll.paL'.statusa-unknowni) 
open (14, file-IAll2 .parl *StatU2- Iunkn~own') 
write{13. 4413 
write(14 .442) 
open(18, filen Iinterval .parl, statusa unknown*) 
writ. (19 *1999) 
open (20, file=,tmp.parl 

c 
c... Read fracture data file 
c Rev k=C 4/13/91 

read (12.') 

10 1 i1+I 
c rev MAC 6/29/98 - Don't read in height 
c read(12,*,end-99)dist(i) ,strik.C~i3,dip(i) .atrace(i), 
c a btrace(i),height(i) 

read(12, ',end-99)dist(i) .strik.(i) ,dip(i) .atrace(i), 
&btrace(i3 

go to 10 
99 n - i-l1 

diat~ns+1)a99999.9 
cloxe(12) 

c 

c Added MAC 6/25/98 
c initialize combine 

do 1u1.npar 
do ii-1,nlayars 

combine(i.1) OdO 
end do 

end do 

c-------------------

"o Added MAC 4/27/98 
"a Loop through modal layers,* assigirig station ranges 
"o Define endpi. endp2. mnit. ns2 
c 

Do layer -1,nlayers 

andpl unitsta(layer) 
andp2 iunitand(layer) 
writ.(*,*)uwdtname(layer) .endpl,endp2 
mnil - 0 
n~S2 = 0 
do i w l~ns'l 

it (((dist(i).ge.endpl).and.(dist(i-1).lt.endpl)) 

if ((dist(i) .gt.endp2) .and. (dist~i-1) .1e.endp2)) 
I ns2-J I
end do 

c MAC VlIA - changed 0.0 to 0.  
if ((ns2-nslkl.e.0) go to 999 
write(*,*)* .dist(whl).dist(ns2)

7/22/99 fErac...calctll.ft.7/22/99 . 4



) c outfilo - unitname (layer) 
outfilo lduamem 

c if 1(layer..q.48).or.(layer..q.27)) then 
c outf ils a wnitname(layer) 
C vrite(*,*1 ?ecplot file for'.unitnimellayer) .* 

C + unitsta(layer),unitand(layer) 
C and if 
c... Find size distribution for all fractures 

if(ans2.eq.,y )then 
fmesf 0 .3d0 
frint : O,2d0 

do I - nzl,ns2 
trien w atrace(i) + btrace~i) 

do k - 1. nii 
fgrpl a fmesf + dbl*(k-I)*frint 
fgrp2 -fmasf + dble(k)*frint 
if (trlan.ge. fgrpl .and.trlen.1t.fgzp2) 
&nfrint (kD anfrint 1k) el 

.nddo, 
enddo 
endif 

c 

* lAdded MAC 4/98 find minimnum trace length before excluding 
tromin - fmax 
do i - nsl~ns2 

trcmin - miu((atrace(i).btrace(i)) ,trcmin) 
anddo 

*... Find fracture& that are vithin range if given 
n a 0 
nfr - 0 
do i - nsl~ns2 

if(dip(i) .ge.dipwmin.and.dip(i3 .le.dipmax-and.atraceti)4 
".e btrace(i) .ga.fmin.and.atrace(i).btrace(i) .le.fmax) 
"4 then 

n -ne +1 
nfrc W) - i 
nfr = n 

endif 
enddo 
if (nfr.le.1) go to 999 

C 
c... Calculate proportion of total fractures 

proptf -dbl&(nfr) /(dkbl*(ns2-nsl~l)) 

c 

c... Find total trace length 
do n - 1.' nfr 

nn - nfrc In) 
traco(n) - atracelan) + btrace(nn) 

anddo 
C 

c....- Find maximum trace length 
trainax - -l.d5 

7/22/99 frac..calcll .ft
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do n - 1, nfr 
trcmax - max(traco(n),trcmax) 

anddo 

c 
c... Length of fracture segment for plotting is 0.15 inxch./motor 

do it - 1, nfr 
nn. - nfrc(n) 
alenin) a atrace(nn)0O.l5d0 
blen(n) a btrace(nn)*O.1SdO 

anddo 

c... Calculate blockslze (interval length) 
biksizi endp2 - endpl 
blkht - GAO 
blkdp GAdO 

c 
c Rev MAC 4/17/98 - moved perm. frac volume, porisity to after 
c parameters 

c Rev PMC 4/98 - zero sum parameters 
totalht a OdO 
totaltr ado4 
ssqht = OdO 
suqtr - DdO 
sspac a OdO 
ssqsp - OdO 
asqiap -OdO 
sigep - OdO 

o MAC V1.1 
gulen a 040 
intaraa = 040 

c Added XhA 5/98 
do n -1, intmax 

intspace(n) -OdO' 

intfreq(n) - OdO 
intnfr(n) - 0 
inttrace(n) -a 040 

end do 
intn = 0 
intlayar = 0 

c 
c... Calculate fracture parameters -loop through fractures 

do n - 1, nfr 
ra - nfre(n) 
totaltr - trace(p) + totaltr 
ssqtr =trace(n)**2 +' ssqtr 

c M~AC v-Ii 
galen -gulen + dloglO(traoe~n)) 

if(n.gt.l)then 
nml - nfrc(n-1) 

c rev MA 4/131398 -put in if 
s pac adabs(dlst(nn)-dist(nml)) 

if (spac.eq.0.O) then 

7122/99 frao..calcll .f



write(*,* 'station overlap', dist(nm),nn.nml 
and if 

2099 format(lx.a5,3 (lx. f9.2)) 

sspac - spac + aspac 
c correction MAC 4/13/98 
c put in I+ slgspl in place of I+ aspac' 
c put in dioqlO and if-then 

if (spac.ne.O.O) then 
sigsp va diogl spac) + xlgsp 

c correction MAC 4/98 
c put in I+ ssqlsp' in place of I+ suqspl 
c put in dioglO 

al saqip - (dloglO(spac))**2 + asqltp 

c rev MAC 4/99 for zero spacing use 0.005 m which is 1/2 
c of the measurement precision 

sigsp *dlogiOt5d-3) + slgsp 

6 sqlap -(dloglo(Sd-33)"*2 + ssqlsp 
Ica if

ssqsp w xpac**2 +. ssqsp

Lad MAC S/98 - f or determining frequency and intensity over interval 
added MAC 7/98 - if-then statment to prevent from 
overextending interval boundary 
intn = INT( (dist(nn) -endpl) /intlength).2.  
if ( (endpl.(intn~intlength)J.le.endp2 ) then 

if (intn.gt.intmax) then 
write(*,*) 'Flax number of intervals exceeded-¾ 

4. I program stopped' 
write(*.*) 'Resize intmax - intmax~intn'.intziax~intn 
stop 

end if 
intspace (intn) - intspacet1intn) + spac 
intnfr(intn) - intnfr(intn) + 1 
inttrace (intn) - inttrace intri) + trace (n) 
intlayer -intn 

end if 
endif 
continue 

enddo

avgsp xzspac/dble(nfr-1) 
freq l .dO/avgsp 

c added MAC 5/98 - for determining frequency and intensity over interval 
do intn a l.intlayer 

if (intnfr(intn.).gt.l) then 
intspace(iratn) - intspace(intn) /db~le(intnfr(intn) -1) 
intfreq(intn) - ldO/intspace(intn) 

else 
intfreq(intn) u ldo/intlength 

end If
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and do

c MAC S/92 added If-than for small # of fractures 
if (rifr.gt.2) then 

c ntr-l is the number of pairs used to calculate spacing 
varsp - (xxqsp - ((sspac**21/dble(nfr-l)))/(dble(nfr-2I).  
if (varsp.gt.0.0) then 

sdspac a sqrt (varsp) 
c added ccomment anid put in varsp rather than sdspac**2 by MAC 5/98 
c V~t)- V~s1*(-ZtsI**2)**2 

adfreq = xqrtUU(-avgsp)"*(-2))**2)*varsp) 
also 

sdspac a OdO 
sdfreq a OdO 

end if 
ealso 

vamxp -OdO 
sdapac - 04 
sdfraq = 04 

end it 

frcint = totaltr/blkuiz/blkht 
avglen - totaltr./dble(nfr) 
varlan - (ssqtr - ((totaltr**2)/dble(nfr)))/dbleinfr-i) 
if (varlan-gt.0.0) then 

adlea' s qrt(varleu) 
alse 

sdleri = OdO 
anid If 

c Rev MAC 4/17/98 -calculate b (in um) from airk 
aperture 2 dG' (1240' (l0"logairkc(layer)) /fraq)*' (1.0/3.0) 

c... Calculate parmeability of each fracture and pass to )ctansor 
do ni - 1, nfr 

aper En) - aperture'l.d-6 
kfre(n) - (aper(n)**3)/l2.dO 

eriddo 

a Rev MAC 4/98 - zero smu parameters 
frevol - OdD 
frarea - 040 
do I M 1,9 

ktens(i) = OdO 
end do 

c... Calculate fracture volume based on periry-shaped fractures 
do n -21, nrif 

frcrad x t~race(n)'0.5d0 
trovol - piamper(n)*frcrad**2 4frcvol 
frarea '- aper(n)*frcrad*2.dO + frarea 

o MAC Vii2 - will divide by block volume after combining 
intarea w pi'frcrad"*2 + intarea 

eriddo 
C... Calculate fracture porosity 

fropor =frcvol/ (blksiz*blkht*blkdp) 
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op, 0 = =2; 
QT) *SOTO 

Oppus 
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--------------------------------------------------------------------- 2 

000C 
X14Tstmlul - 'xt' - R2J5u*7/ # , 'xV , A*usnbgx3. 'xr' . J5uTDvft - + 
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bOz;/(T)su*24=(ZT'.%OAvT)euTqmoo 

(q-pT*8=328d*) /zTSTq.PCdOJJ- CET '"XvT) gu';qmOz 
(9-pt.smijaeft) /z,;s3ttq*aodbz;- JOIC ouTqmw 
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o write cumulative size distributions 
)open(k2,file-outfil*//' .csd' .st atus-lunknown') 
* ftot a 1.40 

write(12,470) fmatf f tot 
do kc = 1, ni 

* fgrpl - fmasf + dlble(2c3*trint 
Laum - dbl*(nfrint(k))/d1bl*(ns) + f sum 
write(12,470)fMrp.1.d0 - faum 

anddo, 
close (12) 
andif 

c 

c Added MAC 4/17/98 
999 continue 

E= DO 
close (13) 
closo(14) 

c --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

"c Below Lu all now code added by MAC 4/99 

"a Combine results for single values-for each model layer 
c 
o output to files 'combl.par' & comb2.parl combined results of 
a* alll.par & all2.par 
o Output to file Izalibrate.par' - data to be used for inversion 

open(13,filauIcombl.parl~statusauunknowna) 
operi(14,file-'comb2.parl~status-lunknown')V 
open(15,file-'calibrate.par ,statusuuunknowni 
write(13,1441) 
write(14,442) 
write(15,2501) a 

DO i - l.ntotal 
trcmin a 146 
trcmax - 040 
nfr a 0 
avgsp - OdO 
aspac: a 040 
sdapace, - 040 

NOupu 4 
avqlen a 040 
adlen - 040 
ssqtr - 040 
frcpor = 040 
frcp2d - 040 
blkicuL - 040 
kxx aOdO 
kyyu 040d 
kzz a 040 
slgsp a 04 
sslgsV a 04 

o MAC Vl. I 
-intarea - 040 

) gaban a 040
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.frcp2d - frcp2d*(ap&rtur**ld-6j/bIksiz 
frcpld - freq*aperturo*ld-6 

a calculate k ratios (note freq cancels) 
kzzkxx - kzz/kxx 
kyykxx - kyy/kxz 
kzzkyy a kzz/kyy 

c calulate fracture intensity 
frcint - avglen*dbI*(nfr)/bIksiz/6G0 

c M= V1.1 
gml4n a l0**(gmlen/dble(nfr)) 
intarea, - intarea/blk2iz/(qnlen**2)' 

write(l3,t443)unitnnma(layar),trcm:Lnfmin, 
trcmaxniravgsp#2dspaefreqsdfreqavolenadlenfreint 

write (14,444) unitname (layer), fmin, afr, freq, 
aparturo.frcporfrcp2dfrcpldalpMkzzkxxkyyk=,kzzkyy 

ssqlsp (snqlxp - slqzp**2/dble(nfr-n) H dble(nfr-n-1) 
slgsp slgsp / dble(nfr-n) 
logf = 2lqsP 
loga - (IdO/3dO)*(dloglO(12dO)+Iogairk(layer)-logf) 

> - dloglO(2dO*72d-3) 
sdalpha - sdfraq*dsq;rt(IdO/72d-3) 

> I (10"logairk(layar)) /1$dO/(freql*4) )**(1.0/3.0) 
if (szqlsp.le.0.0) than 

writ*(*,2SCO)unitname(layer),slgspszqlsp 
szqlsp a 0.0 

and if 

c MAC V1.1 add now parameters gmlen (gametric mean length) and 
c intarea. (fracture area/block volume where block volume is 
c block length * gmlen^2). Also changed output for calibrate-.par 

write(IS,2500)unitnamo(14ar),fmin, frcp2d,(ap*rtura*ld-6Yfreq, 
+ intareaomlon.alphaL.sdalphalogadsqrt(ssqlsp/9dO) 

2SOO for=t(lxaLS.Sxf9.2,2(3xas9.2).3xf9.2,2(3xf9.3), 
4. 2(3xex9-2),213xf9.2)) 

2SOI fc=at(lxl Uhitllx,'Min-Fr-Langthllx.,Fr-Porosityl,4x, 
+ 'Aparturol,3x,*Frequencyl,2x,*Inter-Areal,3xlcm-lengthl, 
+ Ax.'Pr-Alpha*.Ax,'SD-Alphal,4x,*LooAlphallx,'SD-LogAlphal) 

c2SOO format(lx.aS,2(lx.f7.2).2(lxes9.2),3(lxf7.2),Ixf7.3,lxf7.2-, 
c 4. lx.iS,2(ixf7.2)) 
c2501 formatUx., Uhitl,4x.,Freql,2x,'SnFraq,.Sx.lalphatl,3xlsdalphal, 

* + dxllogal,2xllogsdao.2x.141oga>l, * + Ixls4loga2.'.2x,*gmFroqllx,*#Fracl,3x,*Blockl,3x,,#Froql) 

* added also statement - XAC 6/25/98 
also 

if (layar.aq.la2t) than 
writeU3,2SOO)unitnam*(Iayar) 
writ*(l4,2SOO)unItnam&(lay&r) 
write(IS,2500)unitname(layer) 

end if 

end if 
END Do 
MM DO 
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Read_TDB V1.0 
Routine/Macro Documentation Form* Page I of 2 

Note: All relevant scientific notebook (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 routine.  

1. Name of routine/macro with versionDOS/hardware environment.  
Read_TDB Version 1.0/ DOS (or Windows with DOS) PC 

2. Name of commercial software with versionlOS/hardware used to develop routinelmacro: 
FORTRAN 77 7 FORTRAN Powerstatlon 4.0 (see SN YMP.LBNLGSB-MC-1.2, p. 48) 

3. Description and Test Plan.  

* Explain whether this Is a routine or macro and describe what it does: (ReadTDB Is a routine) 
The software routine ReadTDB Is a FORTRAN code that reads a text file (ASCII format) 
downloaded from the Technical Data Management System (TDMS), extracts the selected 
coluhns and rows of data for use in standard spreadsheet packages, and converts stations Into 
linear 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-I. To Install the software, copy fraccalcl.f and datablkl lf from a disk onto the hard 
drive of a PC. Then, compile frac-calc using a FORTRAN 77 compiler and run executable.  

This software routhie is documented In the following scientific notebook pages: 

YMP.LBNL.-GSB-MC-1 pp. 52, 58,82-87 
"YMP-LBNL-GSB-MC-I.2 pp. 48-50 
Reference Binder YM*P.LBNL.GSB-MC-1.2A pp. 120-124 

Inputs: 

The code is designed to use fracture property data text flies as directly downloaded from the 
TDMS. The test Input which Is In this very specific TDMS rormat Is provided on pp. 120.124, 
Reference Binder YMP.LBNL-GSB.MC-1.2A.  

* Source code: (including equations or algorithms from software setup (LabView. Excel, etc.): 
The FORTRAN code is included on pp. 82-87 in YMP-LBNL-GSB-MC-1 

a Description of test(s) to be performed (be specific): 
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 file Is DTN: GS951108314224.00S. It was saved as test.dat 
and Is Included as pages 121-122 in Reference Binder YMP.LBNL-GSB-MC-L2A. This routine 
is primarily used for processing of Detailed Line Survey (DLS) data and the test case uses a DLS 
fie. The acceptance criteria are that it (1) extract the proper columvs, (2) print the correct 
values for the selected columns, (3) exclude rows that have incomplete data, and (4) convert 
stations into linear distance.  

* 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 to use.  

4. Test Results 

* Output from test (explain difference between input range used and possible input):



Read_TDB V1.0 
Routine/Macro Documentation Form* Page 2 of 2 

Test results are shown on pages 49-"0 to YMP.LBNL-GSB-MC-1.2 and in Reference Binder 
yMP.LBNL-GSB-MC-.2A, pp. 120-124.  

a Description of how the testing shows that the results are correct for the specified input.  
The routine correctly (1) extracted the proper columns (see colunns/datatypes selected on p. 50 
in 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 colunms In output file fram.dat (compare 
values in output with input pp. 123-124,121-122 In Reference Binder YMP.LBNL-GSB-MC.  
1.2A, respectively (3) excluded rows that have Incomplete data (see p.50 In YMP.LBNL-GSB
MC-L2 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 values under 
LOCATION in output as a linear distance In meters with Input as stations on pp. 123-124,121.  
122 in Reference Binder YMP.LBNL.GSB.MC-1.2A, respectively).  

a List limitations or assumptions to this test case and code in general; 
The input file must be a downloaded Mie (ASCII or text) from the TDMS. It also assumes that 
the TDMS wil not change Its formatting of having the column heading align directly with the 
value or text within the column. It also assumes that station measurements correpsond to meters 
(which has been used for the ESF, ECRB and their alcoves) 

a Electronic files identified by name and location (include disc if necessary):
test.dat and frac.dat (input and output) lsted on pp. 120-124 In Reference Binder YMP.LBNL
GSB-MC-1.2A. File sizes and other Information given on p. 49 of YMP-LBNL.GSB-MC-1.1 

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. Include listings of all electronic 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 ODERD 
1) This 2 page "Routine Documentation" summarization form 
2) YMP-LBNL-GSB-MC-1 pp. 52,5$,82-87 
3) YMNP-LBNL-GSB-MC-1.2 pp. 48-50 
4) Reference Binder YMP.LBNL-GSB-MC.1.2A pp. 120-124 

*Note that this supplement Includes: 

-Addition of this 2-page "Routine Documentation" summarization form 
3/,A/•o0
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PROJECT NAME
,/ y"5ion L.W. (TIlAl -1. -/119

SIGNATURE 
READ AND UNDERSTOOD

IATE s19 
ATE 19

OTEBOOK NO.

I

| 

• •

-Thil 451e IC 0 t er 
program ReadT -- 14C4 

V17 
c This program reads the data files from the /' 
c Technical Database. Output are written 
c unformatted to selected output file. All messages are 
c recorded to the screen and file 'indax.txt' 
c Mark Cushey 4/98 

€ Output is limited to 10 numerical datatypes 
C It is assumed that the maximum line length is less than 250 

real anumbnum,value(1O) .limvalue(10,2) 
character'4 first 
character*25 filename 
character*250 all 
cbaracter*250 datastring 
character*8 astatebstagt,avalue, limtext (10) 
character*l onestring(250) .onedata(8) ,plus (B) ,ans 
character*8 dataname(10) ,limitname(lO) 
integer row, in-me, istring, idata, icolumn(10),i, locrowused, 
+ in, linmum, limtxt ,loctype 

€ open output files 
write(*,*)'Enter name of output file:' 
read(*,1000) filename 
open (unit-20, file=filename) 
open(unit-21,file- ' index.txt') 
write(e,*) 'Details on data retrieval are in index.txt' 

c 
c query for different data types to be stored 
c 

write(*,*)1List names of data types to be retrieved - up to 10, 
write(*,*)' Enter only the first 9 letters for each' 
write(*,*)* Enter the word end for last entry' 
i 0 

40 i=i1+ 
read(*,1010)dataname(i) 
if ((datanama(i) .ne. 'end') .and.  
& .(dataname(i).ne.'END')) go to 40 
iname = i - 1 
vrite(*,1040)iname 
write (21,1040)inane 
write(20,1041) (datianan(i), lliname) 
write(*,*) 'Should header be printed in output file - Y or N' 
read(*,1011)ans 
if ((.ns.eq.'Y') .or. (ans.eq.'y1)) 
& write(21,1041) (dataname(i),,il,iname) 

1010 format (aS) 
1011 format (al) 
1040 format(lx,1i7,' datatypes selected') 
1041 format (10 (2x. a8)) 

-- - - - - - - - - -- - - - - - - - - -

.f =. , . --- jr , --

I

-41 
'44 1� 

S 

-4-

-4

, a 

-4
-4
-4
-4-

-4-
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'3 

4' 

Sf 

4

I 

ii-

its'I

'7

uvalue (i 

invalue (1,2)
else 

end if

vrite(*.1046)dataname(i) ,limtext(i) 
write(21,1046)dataname(i) ,limtext Ci)

Lend do 
end if 

1045 format(lx,'Limits on',a8,1x~f93.3lx~f9.3) 
1046 format(lx, 'Limits oan,a8,lx, 'exclude1,lx,aB)

C 

50

query for input filename and open 

write(*, C) Enter next data filename (urse MS-DOS filename) or quit 

read(*. 1000) filename 
if ((filenameeq.lquit').or.(fildmamp.eq.,QUITI))go to 990

ISIGNATURE 
REAI? AND UNDERSTOOD

DATE ___ 9 
RATE.. 19I

c query for limits on outputting data 

lfrtxt -inane 
write(*.) 'Are there limits for the 6utput -Y or N V' 
read(*,1011)ens 
if (fans. eq. 1Y9)or.(fans. er.'ly')) then.  

± z iname 
owrite(. C* IEnter the parameter names for nmmerical limnit& 

C write(*,*), Enter only the, first ft letters'for each, 
c write(*,*)' Enter the word end for last entry' 
C45 i= i +1 
c readM*1010)dataname(i) 
c if ((datanameji).eq.'end').or.  
c (dataname(i).eq.'I2ND')) go to 46 
c write(*,*) 'Enter vvper end lover value for limit' 
c readC*,*)liurralue(i.1),limvalueli,2) 
c write(*,*)'Inter next limit or end' 
C go to 45 
C46 i -i- I 
c limnum W-i 

write(*,*I 'Enter the parameter names for text-defined lrn

44 

;4A

PROJECT NAME

I .

write(*,*), Enter only the first 8 letters for each, 
write (*,*)' Eater the word end for last entry, 
i = i + 1 
read(*,l010)dataname(i).  
if ((datanaine(i).eq.'end').or.  

a (dataname(i).eq.'END')) go to 49 
write(*,*I 'Enter text to exclude - up to 8 characters, 
read(*, 1010) limtext Cii 
vrite(*,*) 'Enter next limit or end' 
go to 47 
lintint - i - I 
do i-(in&:me+l),limtxt 

if (i.le.limnum) then 
write(*,104S)dataname(i) ,limvalue(i,1),li 

writel21,1045)datanaine(i),limvalue(i,l) .I
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end if 
end if 

end if 
End Do 

find header line (between rows of asteriks) 
read(10,1001) first 
if (firSt.he.****) go to 82 
format (a4)

c find location where different data starts (us 

do i£l,limtxt 
icolumn(1)-o 

enddo 

read (I0,102 0) datastring 
read (datastring, 1021) .(onestring (istring) ist: 
do i 1,'limtxt 

read(dataname(i), 1022) (onedata(idata 
do istring 1,250 

do idata - 1,8

SIGNATURE 
READ AND UNDERSTOOD

so header) 

ringul,250) 

), data.l,8I 

DATE 19 if 
DATE . 19. .

1000 

75 

c 

C 
c 80

C

c 
82 

1001

c

I

NOTEBOOK NO.

open (mitulon, file=filename, action. 'READ', 
& form: 'FOR1TTED' ,status-' old', err-75) write (,,*) filename., 
write(21,*)' ----------------
write (21. *) filename 
write(21,*)' -----------------
-format (a2S) 
go to 80 
write(*,*) File does not exist' 
go to 50 

If one of the parameters is LOCATION, determine type.  
If LOCATION is station number -along DLS, loctype -0 

If LOCATION is along alcove, loctype * alcove *.  
If other, then loctype - -1.  
locaype - -1 
Do i - 1,iname 

if (dataname(i) .eq. 'LOCATION') then 
write(*,*) 'I LOCATION a station number along the 

+' OLS, alcove, or other - d, a, or 01 
read(*, *) ars 
if ((an&.eq.1d').or.(ans.eq.D)) then 

.loctype - 0 
else 

if ((ans.eq.'a').or.(ans.eq.'A1)) then 
"write(*,*) Which alcove #1 
read(*,')Ioctype 

else 
loctype = -1

I

II

I
I

r

PROJECT NAME
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if(I (onestriflg(istriflg+idata-l) .ne-o 
Sgo to 9B 

end do 
if (idata~.eq.9) go to 99 

end do 
if (istring.ne.2Sl) then 

.Iicoluim ( i)-is tring 

e.Be write (*, 1023)datftnflfll M 
pause 
stop 

end it 
end do 

write(*,1003) (icolvz=(i ,iul, inane) 
write(21,1003) (icolumn(i) ,i-l~iname) 
fozmnt(lx., Col1u- headers at' .20(1x,15)) 
format (a250) 
format (250 Cal)) 
format (B al) ) 
format(lx,ag.1 not found in file -- stopped')

i

SI tGNATURE 
IREAD AND UNDERSTO OD

98 

1003 
1020 
1021.  
1022 
1023

A 

imtext(ii) 

limtext (ii) 

DATE ____19 

DATE 19 .

c - - - - - - - - - - - - - - - -

c move forward to first data row 

105 read (10, 1001) first 

if ýfirxt.ne.*""*) go to 105 

read(10, 1002)all 
1002 format~a72) 

c read data lines from-file'and get values 
rowused a 0, 
row = 0 

200 read(10,2001,err-900,efldgOO)datastring 
if (datastrina.eq.'EWI of Report') go to 900 
if (datastring.el., ') go to 200 
row a row + 1 
wzite(*,*)rov 

c first see if data in within text-defined limits 
do iin(limnum+l),.lfrtxt 

boc - ieolumn(ii) 
read (datastring, 1999) all 
if (all.eq.limtext(ii)) then 

write(*,2025)row,dat~faname(ii) .1 
write (*,2026)datastring 
write(21,2025)roV,dataflame(ii).  
write (21,2026) datastring 
go to 200 

end if 
end do
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do i1l, inaem 
lbe = icolumn M) 
read(datastring. 1339) avalug

a 
c 

a

-aelso 

and if

end if 

read Iavalue. *)value

end do

SIGNATURE______ 
READ AND UNDERSTOODý__

& 

&

c 
c 
c 

c

215

215 

+. bamm

first check to see if any a 
Special (*) -- eXClude XR a 
read (wnalu, 2002) (onedatai 
do idataml,a 

if ((onedata(idata)J 
th1e entire line is 
write(* 2020)row,ol 

dataname Ii) 
write (22, 2020) row,c 

dataname Mi 
go to 200 

end if 
if (onedata(idata).eq.11) I 

writa(.,2021)rov 
write(21,2021)row 
read(avualue,2024)avz, 

end if 
eddo 

check if entry is a station 
LOCATION is station number 
LOCATION is along alcove (m~ 

If ((loctype.qe,,O).and. (data 
got station number 
read(avalue, 2005) (P 
do ip=1,8 

an oif (plus(ip~ 

read(avalu., 2010) au 
read(astat, *) anmm 

* read(bstat,2005) (p1 
do im =1, (8-ip) 

if (plUs(im) 
end do 
read(bstat,2011)ast 
read (astat, *) brum 

if (loctype.eq.0) ti 
valueli) = 

elso 
value(i) =

~enot recorded MNR) or 
3d use 
lata) * idatami. 8) 

).eq.-no) then 

~edata (idata),*ozedata (idata~l) 

mnedata I idata), onedata (idata~l 

then 

l1ue12 

number -- if loctype z 0 
alon~g Ms.. if loctyp. - + 

amer loctypel 4 
aname iM.eq. LOCATION)2 then 

.eq..' go to 215 

tat, all,batat 

s(im), IM-1, IB-ip)) 

.eq.-) go to 216 

anxvA*100 + baum 

real1.(1octype)*10000 + anumflO00 -..  

DATE -19

-K)

0



NOTEBOOK NO.4 87 PROJECT NAME

W.r

:iL

SIGNATURE 1RST 
READANDUAMRSTO(

IA' 1AAA't � .� 
)

.91I- mE

I F --

< -aL 42ý- ý ý30-9-x,

2001 
c 
1999 
2002 
2005 
2010 
2011 
2020 

2021 
2024 

2025 
2026

format (a250) 
chan e aS to larger value if number is More 
format (<4o0-l>x, a8) 
format(S(al)) 
format C8 (alV) 
format ( al<p-1>, a,, aS) 
format (a<Im-l>) 
format(lx,Rov',i5,' has a ',al,al,1 for ',a 
& , - this-data raw is not use 
format(1x,'Rcw',L5,' has a * - printed value 
format (a<idata-1>-) 

format(ix, 'Row',i5, excluded ',aS,' in ',aS 
format (5x,a40)

than S digits 

d') 
will be used') 

--

eCd' 

ed' 
ed 

DATE 19"7 19 
DATE____19___

c write data to output file and read next line 

write(20,3000) (value(i). i-.iname) 

3000 format(10(flO.3)) 
rowused r owvused + 1 
go to 200 

900 close(lo) 
write(*,*)row,' rows read and',rowused,' use 
write(21,*)row,' rows read and',rowused,' us 

C ask for next file 
go to 50 

990 close (20) 
close (21) 
pause 
stop 

999 write(*,*) 'rror in file formatting stow 
write(*,*) 'irror in file formatt.ing -- stoWp 
close(20) 
close (21) 
close (.0) 
pause 
stop 
end
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50 IPROJECT NAME

7 datatypes selected 
WLCTZON STRIKE DIP 

dt \code\read4_tdb\test. txt

.ini I.  
*11 

-ft 
I,.

�1zz

NOTEBOOK NO.

LENGTH A LENGTH B HEIGHT

87 
this 
will 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
this 
103 t

104 121 138 155 
data row is not used 
be used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used 
data row is not used

Column headers at 28 70 
Row 2 has a NR for LENGTH A 
Row 4 has a * - printed value 
Row 5 has a NR for LENGTH B 
Row 1B has a qR for LENGTH B 
Row 19 has a NR for LENGTH B 
Row 20 has a NR for LENTH B 
Row 24 has a NR for LENG"TH B 
Row 26 has a NR for LENGTH B 
Row 29 has a NR for LENTHB 
Row 30 has a NR for LENGTH B 
Row 31 has a NR for LENGTHB
Row 34 has a NR for LENGTH A
Row 63 has a mR for LN•tTH A
Row 70 has a VR for LENGTH B
Row 72 has a NR for LENGTH B 
Row 81 has a NR for LENGTH B
Row 82 has a NR for LENGTH B
Row 84 has a NR for LENGTH B
Row 86 has a NR for LENTH B
Row 87 has a HR for LENGTH B 
Row 95 has a NR for LENGTH B 

123 rows read and

'7 I
A.,fl �Af1f

toi A f A /. Z
SIGNATURE j/_ ZZ•u 
READ AND UN0LEf1VTCODL-

I Ad

/r
DATE 1k../2:. 19 
DATE _ __19

Lsed

[.. -•r'o 4"; le ,, .- • 
\' .-....

i -

A -

I

WIMTH

A41.

_ _ JJ.
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frac° "

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 
808.900 
809.840 
814.960 
815.310 
816.180 
817.880 
B19.450 
819.730 
824.160 
829.830 
836.650 
839.950 
"843.310 ". 844.580 

845.000 
849.920 
857.390 
857.610 
859.370 
859.620 
859.810 
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 
882.370 
893.860 
893.920 
894.13 0 
896.190

STRmIn 
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 
193.000 
300.000 
197. 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 
90.000 
83.000 
73.000 
85.000 
78.000 
50.000 
84.000 
84.000 
85.000 
74.000 
80.000 
83.000 
83.000 
75.000 
84.000 
7S.000 
80.000 
48.000 
75.000 
85.000 
56.000 
77.000 
85.000 
78.000 
77.000 
80.000 
84.000 
65.000 
40.000 
60.000 
55.000 
71.000 
79.000 
82.000 
7.000 

61.000 
15.000 
'68.000 

4.000 
;64.000 

10. 000 
66. 000 
20. 000 
68.000 
84.000 
66.000 

69.000 
74.000 

8.000 
78. 000 
49.000 
80. 000 
67.000 
50.000

LENGQTH A 
2.450 

.700 

.850 
2.500 

.750 

.270 
2.500 
1.400 
4.000 
1.500 
2.200 
4.000 
6.000 
1;.800 

.660 
1.200 
4.000 
5.000 
1.900 
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
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EXN3TH B 
.700 S.200 

3.000 
.900 

1.300 
.900 
.500 

1.100 
1.000 

.750 
2.500 
1.300 
1.000 

.900 

.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 

.490 

.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.SO0 
3.000 
1.900 
1.100 
3. 000 
2.500 
5.000 
2.250 
4.500 
5.000 
6.000 
2.400 
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 

.3.000 
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 

.800' 

.050 

.050 

.050 

.900 
S.300 

.100 
8.000 

.200 

.050 

.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 

.900 

.350



frac*&tb

899.090 220.000 61.000 4.500 1.500 5.500 1.000 

904.670 220.000 82.000 3.000 2.300 5.000 1.500 

911.550 240.000 58.000 15.000 .200 6.000 10.000 

916.700 300.000 49.000 5.000 2.500 7.200 9.000 

921.670 155.000 76.000 15.000 2.000 8.000 7.000 

922.000 205.000 90.000 1.000 1.800 2.500 1.400 

9323.570 5.000 85.000 1.700 1.800 3.100 1.300 

923.950 30.000 80.000 6.000 1.650 7.000 2.700 

926.550 15.000 83.000 2.700 1.400 3.500 .800 

927.000 15.000 65.000 .400 .200 .500 .200 

927.100 175.000 60.000 .500 .600 1.000 .150 

929.570 195.000 87.000 13,000 10.000 8.000 8.000 

931.760 220.000 90.000 2.700 1.500 3.500 .700 

938.700 165.000 73.000 7.500 2.300 7.000 7.000 

938.900 190.000 82.000 3.300 .800 3.000 - .300 

939.900 195.000 60.000 18.000 5.000 12.000 8.000 

940.610 210.000 70.000 8.000 3.000 9.000 2.500 

942.050 215.000 64.000 .700 .500 1.200 .150 

942.430 210.000 65.000 5.000 .800 5.500 1.000 

944.780 215.000 64.000 1.800 .900 2.600 .400 

955.800 170.000 74.000 1.000 1.100 1.700 .300 
956.430 188.000 66.000 18.000 5.000 12.000 8.000 

958.020 330.000 82.000 4.000 1.400 5.000 2.200 

962.000 200.000 90.000 .600 1.600 2.100 .200 

963.230 150.000 84.000 3.500 1.800 5.000 1.000 

965.390 160.000 66.000 1.000 1.200 2.000 .300 

965.490 180.000 59.000 5.000 1.800 6.500 1.000 

"969.750 340.000 83.000 7.000 2.000 7.500 3.800 

970.030 190.000 75.000 .500 .200 .700 .050 

970.070 15.000 85.000 .700 .140 .800 .050 

970.210 .000 80.000 4.000 1.900 5.900 1.000 

973.600 190.000 70.000 1.200 1.100 2.200 .500 

973.740 190.000 75.000 3.300 .220 3.000 .300 

974.670 210.000 78.000 2.200 1.800 3.900 .900 

983.470 200.000 58.000 5.000 1.900 6.000 1.000 

984.760 350.000 88.000 .500 2.000 2.400 1.400 

985.140 210.000 75.000 6.000 2.000 7.000 3.800 

986.450 340.000 78.000 .700 2.300 2.200 1.900 

986.850 210.000 87.000 .050 .900 .900 .300 

987.860 190.000 74.000 .400 .600 1.000 .100 

991.280 355.000 84.000 1.700 2.450 4.000 2.000 

991.610 5.000 85.000 .900 2.400 3.000 2.000 

991.870 215.000 88.000 4.000 2.400 6.000 1.500 

994.150 340.000 82.000 2.000 2.200 4.000 2.100 

995.940 195.000 64.000 .800 2.000 2.500 1.000 

996.270 210.000 47.000 2.500 .400 2.700 .300 

997.570 .000 82.000 2.400 2.600 4.500 2.200' 

998.430 340.000 76.000 2.700 3.200 4.500 :2.200 

Page 2 
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View Unit Descriptions 

S-.art of Repot...  

msREpm~ copyright (c) 191, 190U5 Cosputier Associates Intl, Inc.  
Itadng report sp.@Uioiatious anA preparing Wney.  

Retrieving data.  

Ttawc chImaCT6iCsm DXm? mrEon 

P.-Aeture TV"e data from liamh Pimp7%el M . and Yucca 11ountain 
p.-OJeCt Dstailed Line VurVe'f-Dmta from Station 8+01.3S to 9+99.431 
collected under OP-32, RO, WV? Btudy Pmmbr 4.3.1.4.2.2.4.. 06/02/1995 to 
0o/20/1995.  

ISlV, 305053 

PnMs0110343.0 

n07140MO3: Tracelln. Is generally 0.1 meterx below right wall opriuFigneg 
3DW-Beddings V-Fractur.j VLI'-ftautt u-Shear, IX-grids blindly In rock 
mass; ST-IMO not visible9 be~ind ground support; III-?Tactur. extends under 
p~.-cast invert Peg atsg A:-Fmaoture (usually subperallal to ttannel I 
tornanatien hias been excawa:.ds CR-CrownS P-Planar; I-Irrewalar: 
U-rldulatina: MR-Not recorded; RI-s"Wueds 19r-morml #tops and uidaes 
occur oan the fracture Purfacel a -Pough, Loarge. angular asperities cani be 
,seen; ft3~nmrtely rough, asperities are clearly visible and fracture 
strface teele abravives R*-Ilightly rough, mmll asperit ies on the 
.fraeturo surface are visibla and eon be felt; RS-Smoth, no asperities, 
mwcuth to the touch; NO- Polished, extremely smooth and a";'y:*~ 
70.. l-Tightly elehard C1ilungi Jo. 12-mitered surface stain ny 
j%.13-sllghtly altered. nan softening coating, sandy particles; 
1 a..14-uilty or samdy clay coatirgs. little clayl Ja.13-potteninug or clay 
mineral coatiungs; 

AXWUl~ FOO1IMOT!: 0s .31-zones of disintegrated or crus~w4 rocki 
.7.32-zones of silty or easily clay.

. a
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I

uMieg tezm~ioajw isa VsxtratlgA'hic Vmice had. I to 280 Clay Coating. mostly in Siddle of frac ture 
Yamsr termIbatlo. at trace line, bad amail finger ftactuate eceamg off %&&CA Istersects fraztUre at ate. 962-S.4. 91Mer ca"M. off at 6.15. below.tsece like. 1 to 2mn clay Coating 
at 0.45. eajoc. Lcae line. fracture Mea UWlge that COP". 0 9g WIts change in atlmsth to 170. dip 10 dagreem, Wei fracture cani be traced from 3m to fractuare 
us~pe terinafltion 11 fracture 8#03.60. fracture tWaning at bottom. 2 to 3m clay Intilling 
2 to 3am altered clay Infiiulaq. cone 09 alteration on fracture siles. on"g In igl~y altecea $*o.  
up to 3= &*it orosge colored clay LdinS 111m 
dip Varies. or - 6 degrees Along trace 
a* ooatt~ag 
axplituise O.C4m, wave length 0.7m, up to taom Os-enge clay Infillingi fracture surface slick". aided, take 70 4.Qtee.  
clean to local ]patches of up to Inm thick orange clay Wnilling 
this haa movesment with 0.1.Is offset, West side down, up to .:J clayin IMliag 
0.15. afloat, West aide dWAM. loca1ly Clean. local Sms clay Inti~lviu. unable to determine amplitude AMd Uave length 
a to 10M orange clay WnSillinag 
iam to 300 oeange clay Lafilling 
o to 1Cmn cleV taverage appaon. 4=Q Wlli hng 
I to 3me orsame clay Snt~lllsbg 

see Zest fracture 9+73.74, upper teramination, baa ap~aret curved into !0.73.74. hubll the lever termination died. heat fracture is subparallel 
see 9#71.60. the *owet totat-ation curvn usear taluelino to Intersect. 6.73.90 

ýoottom l.Om (plus or minos) is !a an altarod, diacol~oed sons. It locial, none., especially at the bottom are up to lies minera~lized Int 111mg 
NOWe termination Is faint, died out. low"r termination ins In Altered. discolored go&*, bottom of fracture anoatemoses. bad alnoralinod La1 llLmrg 
local mineralized Intilling. especially In bott 'om altorft semM 
Mineralized Wtilling. eapecia.1y Ini bottom altered tone. up to 3Mai (plus of amins) 
mineralized Wl 11mg up to IS= thick. extending about 0.3m ncv. altered scom 
ilneralliged Wnilling along total Migoht. thickneas of mineraizced thrilling %4p to loom 
piuaoxUised ~Z1391ILD a to Scm thick 
MAieraltaad 1:afillIng 0 to 3.5cm, becomes very faint towards SW Invert 
siueralized with dark minerals. varies from 0 to 3cm 
64aerelieW, Wi~h dark minerals. varies from 0 to 4ma 
slightly aunaraiised 0 to 3ma 
slightly mlneraiAed4 0 to am, fracture to 1.11 nt ahard to trace In sou locations 
ainerelizedi 4 to lam, fracture terminaites at top of bydrotlairrmal lterationa 
mineralized 3 to Usia
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YMP-LBNL DOCUMENT REVIEWICOMMENT RESOLUTION (DRCR) FORM rage i OT 3

Document No. and Trtle: Software Macro ReadTDB Vers~n 1.0 page -1-o oi 
Date of Document / revision noJ draft revision no. (as appkiable): _Version 1.0 Author. _Mark Cushey 
Are Sclenfflfc Notebooks or other background documents/data Included In the scope of this review? J@Yes [] No (11 yes, identify on Attachment 3) 
Specific Review Culterla or Govemning Procedure: AP-SI.10, Rev 1, iCN 0 and YMP-LBNL-QIP-6.1, Rev. 4. Mod. 0 
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