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EXECUTIVE SUMMARY 

This data qualification report uses technical assessment and corroborating data methods 
according to Attachment 2 of AP-SIII.2Q, Rev. 0, ICN 2, Qualzjication of Unqualzjied Data and 
the Documentation of Rationale for Accepted Data, to qualify flowing interval data. This report 
was prepared in accordance with Data Qualification Plan TDP-NBS-GS-000035, Revision 1. 
Flowing interval location data from borehole tracejector surveys and fracture dip data from 
acoustic televiewer logging are evaluated in this report. These data were collected under the 
direction of the U.S. Geological Survey (USGS). The data qualification team considers the data 
collection protocols of the USGS during the time period of data acquisition to be state-of-the-art. 
The acoustic televiewer continues to be an important tool for fracture logging and the early 
methodology for that technique has evolved with little change into the current fracture logging 
procedure that supports the Yucca Mountain Project (YMP) - approved USGS Quality Assurance 
Program Plan (QAPP). Consequently, the data collection methods, documentation, and results 
are reasonable and appropriate in view of standard practice at the time the data were collected. 

Extensive independent corroborative evidence is available from other borehole survey and 
logging techniques as well as from independent hydrological pump and injection testing. This 
evidence supports the conclusion that the tracejector surveys adequately detected the more 
significant flowing intervals in the system and that the acoustic televiewer data are representative 
of the dips of major fracture sets at Yucca Mountain. The parallels in time, location, purpose, 
personnel and technique in testing the boreholes that were sources for the flowing interval data 
support the application of corroborative evidence to all boreholes in the series. The data 
qualification team has concluded that the tracejector and acoustic televiewer data are adequate 
for generalized use and can be appropriately used in a wide variety of applications, so long as 
consideration is given to accuracy, precision and representativeness of the data for an intended 
use in a technical product. 

This qualification report addresses the specific flowing interval data sets selected to support the 
flowing interval studies in the Analysis and Modeling Report (AMR) Probability Distribution of 
Flowing Interval Spacing (Kuzio 1999). This AMR presents an analysis of the spacing of 
flowing intervals in the saturated volcanic rocks beneath Yucca Mountain. Based on a 
preponderance of evidence, the flowing interval data used in the AMR are recommended to be 
qualified for inclusion in technical products in support of the Site Recommendation for 
generalized uses as described in this report. 
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1. INTRODUCTION 

1.1 PURPOSE 

The data addressed in this qualification report have been cited in Analysis and Modeling Reports 
(AMRs) to support the Site Recommendation in determining the suitability of the Yucca 
Mountain Project (YMP) as a repository for high level nuclear waste. The AMRs refer to both 
qualified and unqualified flowing interval data. Within the context of this report, a flowing 
interval is a zone of detectable ground water flow into or out of a borehole. The spacing of 
flowing intervals within the volcanic rocks at Yucca Mountain may be used as input in 
developing saturated zone flow and transport models for the YMP total system performance 
assessment. This report eyaluates the unqualified data within the context of supporting such 
kinds of studies on the YMP. The unqualified data considered in this report were identified and 
directly used in the AMR Probability Distribution of Flowing Interval Spacing (Kuzio 1999). 
That AMR presents an analysis of the spacing of flowing intervals in the saturated volcanic rocks 
beneath Yucca Mountain using as direct inputs the locations of flowing intervals and the dips of 
fractures encountered in test boreholes at the site. 

The purpose of this report is to recommend data that can be cited as qualified for use in technical 
products to support the Site Recommendation and that may also be used to support the License 
Application. The qualified data may either be retained in the original data tracking number 
(DTN) or placed in new DTNs generated as a result of the evaluation. The appropriateness and 
limitations (if any) of the data with respect to intended use are addressed in this report. 
References to tables, figures and sections from Kuzio (1999) are based on Rev. 00 of that 
document. 

In accordance with Attachment 6 of procedure AP-3.15Q, Rev. 1, ICN 2, Managing Technical 
Product Inputs, it has been determined that the unqualified flowing interval data are used in the 
direct calculation of Principal Factors for postclosure safety or disruptive events. Specifically, 
the spacing of flowing intervals directly affects calculation of the retardation of radionuclide 
migration in the saturated zone. 

1.2 SCOPE 

This report evaluates the data identified in Data Qualification Plan TDP-NBS-GS-000035, 
Revision 1. The Data Qualification Plan identifies seven unqualified DTNs containing acquired 
and developed flowing interval locations and fracture dips measured by the U.S. Geological 
Survey (USGS) and cited in USGS literature. The unqualified flowing interval locations directly 
used by Kuzio (1999) were identified from tracejector logs and the unqualified fracture dips were 
identified from acoustic televiewer logs. Data obtained from these logs are evaluated for 
qualification in this report using the methods and criteria described in the qualification plan. 
Other logs were also run and are used for corroboration. 

An eighth DTN identified in the Data Qualification Plan (SN9907T0571599.001) contains 
detailed, tabular data and statistical analysis files that support Kuzio's analysis. These files are 
Attachment I11 to Kuzio's report and were part of the work scope of that report (Kuzio 1999 
p. 12). The unqualified input data sources for Kuzio's report were found to be the seven 
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aforementioned USGS DTNs. DTN SN9907T0571599.001 was not an input data source and 
does not require qualification. 

The following unqualified DTNs are cited as data sources by Kuzio (1999). 

GS9009083 1221 1.001 Data for Test Borehole USW H-1 

GS9009083 123 12.001 Data for Test Borehole USW H-3 

GS9009083 123 14.001 Data for Test Borehole USW H-4 

689204083 123 14.006 Geohydrologic Data for Test Borehole USW G-4 

GS9204083 123 14.009 Geohydrologic Data for Test Borehole UE-25p#1 

GS930283 1 1746 1.002 Structural Data for Test Borehole UE-25p# 1 

GS931008312313.016 Data for Test Boreholes UE-25c#1, UE-25c#2, and UE-25c#3 

The DTNs are represented by specific data sets in the Technical Data Management System 
(TDMS) and/or tables within USGS reports. In addition to'the tracejector and acoustic televiewer 
data, these data sets contain stratigraphic, structural, geophysical and hydrogeologic information 
that was not directly used by Kuzio (1999) and is not explicitly within the scope of this 
qualification activity. This qualification report focuses on the specific data points selected to 
support Kuzio's flowing interval studies. To the extent that only subsets of data within a specific 
DTN were used by Kuzio, only those data are evaluated for qualification. 

1.3 DATA QUALIFICATION TEAM 

The Responsible Manager for this data qualification task is Robert F. Wemheuer. 

The Chairperson for the data qualification team is Charles R. Wilson. Dr. Wilson has a Ph.D. 
(1970) in civil engineering with emphasis in groundwater hydrology. He has 20 years of 
experience in site characterization for nuclear facilities. He served on the data qualification 
independent Peer Review Panel and was Chairman of the EPA-mandated Conceptual Models 
Peer Review Panel for the license application for the Waste Isolation Pilot Project (WIPP). 
Dr. Wilson has had no involvement with the collection or processing of these data. 

The second member of the data qualification team is Terry A. Grant. Mr. Grant has an M.S. in 
geology (1974) with emphasis on engineering geology. He has 25 years of experience in site 
studies and the management of large multidisciplinary projects. He has been responsible for 
conceiving site selection methodologies and for implementing data gathering studies for 
high-level nuclear waste repositories, nuclear power plants, and a pumped storage facility. He 
has supervised or conducted investigations of site geology, active faulting, seismology, geologic 
hazards, energy and mineral resources, and ground-water hydrology. Mr. Grant has had no 
involvement with the collection or processing of these data. 

1.4 BACKGROUND 

The data in the aforementioned USGS DTNs are unqualified because they were collected in the 
early 1980s prior to implementation of the YMP-approved USGS Quality Assurance Program 
Plan (QAPP). The USGS QAPP was approved by the Yucca Mountain Project Ofice on 
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May 3, 1989 (letter from S.P. Mellington, U.S. Department of Energy (DOE), to R.W. Craig, 
USGS, dated 17 April 2000, 0PE:CEH-1185). Data obtained by the USGS prior to approval of 
the USGS YMP QAPP in 1989 are unqualified unless they have passed the qualification process 
described in procedure AP-SIII.2Q7 Qual@cation of Unqualzjied Data and the Documentation of 
Rationale for Accepted Data. Data collected by the USGS after QAPP approval are considered 
qualified unless they were found to not be in conformance with that plan's requirements. ARer 
May 3, 1989, a series of USGS procedures became the approved implementation protocols for 
USGS data collection activities. The USGS began developing and implementing these 
procedures as early as 1983 but they were not formally adopted by the USGS as part of the 
Quality Assurance Program until 1989. 

The data considered in this report were collected between 1980 and 1984. For these data, 
descriptions of the collection and analytical methodologies can be found in published USGS 
Techniques of Water Resources Investigations (TWRIs). Derived from both qualified and 
unqualified sources, the flowing interval data are used by Kuzio (1999) to establish probabilistic 
inferences about the hydrologic system beneath Yucca Mountain. In this context, the data are 
used to define statistical relationships, such that outliers, if present, can be distinguished from 
and their influence appropriately weighted by the general sample population. 

I 2. QUALIFICATION METHODS 

Qualification methods of technical assessment and corroboration are used. Technical assessment 
is applied to determine the appropriateness of data acquisition and analysis methodologies and 
their application through a technical review of procedures and protocols. The corroborating data 
method is used in making cross comparisons to evaluate the internal consistency of 
independently acquired data within the flowing interval database. The corroborating data 
method is also used to compare data obtained from tracejector and acoustic televiewer surveys 
with data obtained using independent methods. 

Technical Assessment-The USGS sampling and analytical protocols are documented in USGS 
literature (TWRIs) and approved procedures. Similarities existing between the TWRIs and the 
approved procedures are used to establish the technical adequacy of the procedures as an 
indicator of the quality of information obtained. This assessment is performed in a general 
review of the USGS procedures. Other technical assessment methods identified in the evaluation 
criteria in Section 2.1 are used as needed to hrther support the review of data acquisition and 
analysis methodologies. The technical assessments were conducted by subject matter experts in 
accordance with the requirements of procedure AP-SIII.2Q7 Rev. 0, ICN 2, Attachment 2. 

Corroborating Data- AP-SItI.2Q7 Attachment 2, states that the corroborating data approach 
may include comparisons of unqualified to unqualified data as well as unqualified to qualified 
data. The corroborating data methods are used to show that the data set provides internally 
consistent information on the characteristics of flowing intervals beneath Yucca Mountain. The 
corroborating data methods are also used to show that information obtained from the tracejector 
and acoustic televiewer surveys are generally consistent with similar information obtained from 
independent hydrological, geophysical and mapping methods. Although these data sets are based 
on different types of information, they can be shown to be mutually corroborative in that they 
support similar conclusions. 
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2.1 EVALUATION CRITERIA 

The criteria that were considered in evaluating the qualification status of the USGS tracejector 
and acoustic televiewer data are identified below. These criteria were selected to incorporate the 
considerations in procedure AP-SIII.2Q, Attachment 2 and the applicable qualification process 
attributes listed in procedure AP-SIII.2Q, Attachment 3.  

1 .  Are the data collection and analytical methods reasonable in view of standard 
measurement and instrumentation practice at the time the data were collected? 

2. Are the data the best available? 

3 .  Are these data or similarly collected data generally accepted by the technical 
community for use in non-project applications? 

4. Does analysis of comparable qualified and unqualified data sets suggest the same 
conclusions regarding flowing intervals? 

5 .  Are the conclusions reached regarding flowing intervals beneath Yucca Mountain 
consistent with conclusions reached based on independent, hydrological data 
sources? 

Although these criteria were considered in determining whether the status of the data should be 
changed to qualified, the final recommendations of the data qualification team were based on a 
preponderance of evidence, and not all of the qualification criteria were necessarily applied. 

2.2 DATA QUALIFICATION FOR GENERALIZED USES 

Because of the inherent variability in earth sciences data, particularly in data remotely acquired 
such as in borehole logging, the data qualification team has concluded that a finding that the data 
are qualified means that the data are adequate for generalized use. Such data can be appropriately 
used in a wide variety of applications, so long as consideration is given to accuracy, precision 
and representativeness of the data for an intended use in a technical product. 

Although precise definition of the accuracy and precision of a data point is often not possible, 
particularly with older data, the team recognizes that even qualified borehole logging data have 
an inherent variability. This variability can result from natural fluctuations in the field as well as 
from minor changes in measurement techniques and should be expected. A generalized use of 
data is therefore a use wherein conclusions are not based on the precise value of a single data 
point or on minor differences among a small number of data points but are rather based on the 
cumulative evidence of many corroborating data points. Such use tends to be self-correcting, it 
simplifies identification of significant errors and outliers, and it focuses on general trends and 
ranges of values. A generalized use of data is therefore most appropriate for data points with 
mixed origin and pedigree. 
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3. EVALUATION RESULTS 

The evaluation results are described in the following subsections, each reflecting a qualification 
method previously described: 

Section 3.1 provides a technical assessment of the USGS data collection methodologies 
documented in the literature for the time period of data acquisition. 

Section 3.2 provides an evaluation of corroborating data from independent qualified and 
unqualified sources. These evaluations include borehole logging data collected using 
independent measurement techniques as well as independent data from hydrologic tests 
and other sources. These corroborative data address flowing interval identification and 
location and the dips of fractures measured in the wellbore. 

3.1 REVIEW OF DATA COLLECTION METHODOLOGIES 

The unqualified flowing interval data directly used by Kuzio (1999) were taken from tracejector 
and acoustic televiewer surveys performed under the direction of the USGS between 1980 and 
1984. Both types of surveys had been developed several decades earlier and were well- 
established field techniques by the time they were used at Yucca Mountain. Both types of 
surveys are described in the USGS TWRI Application of Borehole Geophysics to Water- 
Resources Investigations (Keys and MacCary 1971). This document was published in 1971, well 
before the two techniques were used to collect the data addressed in this report. 

3.1.1 Tracejector Surveys ' 

In tracejector surveys, a tracer is injected into the column of water in a borehole and its 
movement to a detector is timed. The measurement is repeated at many elevations in the 
wellbore, usually under the influence of a steady, artificial gradient imposed by pumping or 
injection. The results are interpreted in terms of the rate of flow in the wellbore and changes in 
that flow rate are used to indicate zones where water is entering or leaving the wellbore. Such 
zones were interpreted by Kuzio as flowing intervals supported by conductive fractures (Kuzio 
1999 p. 12). Iodine-13 1 is commonly used as a tracer in this application because it has a low (8- 
day) half-life, it is water soluble, and it is detectable at minute concentrations. Iodine-13 1 was 
used as a tracer in all of the tracejector surveys addressed in this report. A detailed discussion of 
the use of radioactive tracers in tracejector surveys is presented by Edwards and Holter (1962). 

Tracejector techniques are described along with other fluid movement survey techniques in the 
aforementioned USGS TWRI (Keys and MacCary 1971 p. 109- 1 18). The principles and 
applications of the method are described and example logs are provided using Iodine-131 as a 
tracer. Instrumentation, calibration, and potential sources of error are also described. This TWRT 
demonstrates that techniques for conducting tracejector surveys, for instrument calibration, and 
for recognizing and addressing sources of error had been assimilated into the USGS more than a 
decade before the technique was used by the USGS at Yucca Mountain in the early 1980s. 

The importance of tracejector techniques is reflected in the preparation of the USGS Hydrologic 
Procedure NWM-USGS-HP-03, Hydrologic Tracejector Test - Technical Detailed Procedure 
HP-03 - M S I  Project Quality Assurance Program, US. Geological Survey (ACC: 
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NNA. 1987050 1 .0173). This procedure became effective in January 1982 and was approved for 
standardized use at Yucca Mountain. It provided step-by-step instructions for performing 
tracejector surveys. Although this procedure described essentially the same process as the 
aforementioned TWRI, it supplemented that earlier report by providing a documented protocol 
for performing tracejector surveys. 

3.1.2 Acoustic Televiewer Logging 

An acoustic televiewer records the reflection of acoustic waves from the borehole walls. 
Compressional (P) and shear (S) waves are attenuated by fractures to different degrees and the 
angle at which a fracture intersects the borehole affects the wave amplitude, allowing the angle 
between the fracture and the borehole to be determined. Acoustic televiewers provide one of the 
most reliable methods of determining the orientation of fractures intersected by a borehole in the 
saturated zone because unlike downhole visual observations, it does not depend on the clarity of 
the borehole fluid. Fracture dip data were taken from acoustic televiewer surveys in and near the 
flowing intervals (Kuzio 1999 p. 12). A detailed discussion of the selective effect of fracture 
orientation on P and S wave arrival and amplitude was presented by Morris, Grine and Arkfeld 
(1 964). 

Acoustic televiewer techniques are described along with other acoustic logging methods in the 
aforementioned USGS TWRI (Keys and MacCary 1971 p. 88-94). The principles and 
applications of the method are described. Instrumentation, calibration, and potential sources of 
error are also described. This TWRI demonstrates that techniques for conducting acoustic 
televiewer surveys, for instrument calibration, and for recognizing and addressing sources of 
error had been assimilated into the USGS more than a decade before the technique was used by 
the USGS at Yucca Mountain in the early 1980s. 

The continuing importance of acoustic televiewer techniques for collecting fracture data is 
reflected in the USGS Technical Procedure GP-13, Fracture Logging from Acoustic Televiewer 
Images (ACC: NNA. 1991 0125.0097). This procedure was approved for standardized use at 
Yucca Mountain. The equipment and its use have remained basically unchanged for many years. 
For a more detailed description of the technology, the procedure cites as its only reference a 
paper prepared in 1970 (Zemanek et al. 1970). Although this procedure described essentially the 
same process as the aforementioned TWRI, it supplemented that earlier report by providing a 
documented protocol for performing acoustic televiewer logging. 

3.1.3 Review of Procedural Adequacy 

The data qualification team found that the USGS procedures in effect from the 1970s to the 
present indicate an evolution and elaboration of methodology, but that the basic techniques did 
not substantially change. The guidance for tracejector and acoustic televiewer surveys prepared 
by the USGS in its TWRI Application of Borehole Geophysics to Water-Resources 
Investigations (Keys and MacCary 1971) identified the key elements of instrument calibration 
and potential sources of error and were available during the early 1980s when the borehole 
surveys used by Kuzio were conducted. The USGS procedure for acoustic televiewer logging 
that was approved for YMP use relies heavily on instrumentation and techniques available since 
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1970. The data qualification team considers the procedures available at the time the unqualified 
data were collected to be adequate for generalized use. 

Evidence of procedural consistency is provided by the history of the test boreholes selected by 
Kuzio for flowing interval data. The boreholes, their drilling and testing dates, and other 
pertinent information are provided on Table 1. These boreholes were drilled and tested in series 
as part of a DOEIUSGS program of geologic and hydrologic investigations to evaluate the area 
of Yucca Mountain for the potential subsurface disposal of high-level nuclear waste (see, for 
example, Rush et al. 1983 p. 1; Thordarson et al. 1984 p. 1; Erickson and Waddell 1985 p. 1). 
The test boreholes were drilled and the tracejector and acoustic televiewer surveys addressed in 
this report were completed in the relatively short period from 1980 to 1984. The boreholes were 
drilled by the same drilling contractor using essentially the same drilling methods under the 
responsible charge of the same organization. The technical investigations were all conducted by 
or under the responsible charge of the USGS. Many investigations were conducted with 
overlapping personnel and overlapping report authorship. The objectives in testing the boreholes 
were similar and many of the same tests (including tracejector and acoustic televiewer surveys) 
were conducted in every borehole. Given the parallels in time, location, purpose, personnel and 
technique, it is probable that the procedural methodologies were essentially the same and that 
most if not all of the tests were performed with the same equipment. This conclusion means that 
corroborative evidence from one borehole can be reasonably extended to other boreholes in the 
series. 

3.2 CORROBORATION OF FLOWING INTERVAL DATA 

The flowing interval data used by Kuzio was obtained from eight different boreholes drilled on 
or near Yucca Mountain during the time period shown in Table 1. These boreholes were drilled 
as part of a series of test boreholes for the purpose of investigating the stratigraphic, structural 
and hydrological characteristics of the Yucca Mountain area. The information collected from 
each borehole was summarized in one or more USGS reports, some of which provide more 
detailed and potentially corroborative information than others. The approach taken by the data 
qualification team was to first review the information for boreholes with abundant data, and then 
determine the extent to which any corroborative relationships could be applied to the remaining 
boreholes in the series. The data qualification team identified both qualified and unqualified data 
from these boreholes that could be used for corroborative purposes. 

Flowing interval occurrences were determined by Kuzio from the results of tracejector logs 
conducted in each borehole. The flowing interval locations were assumed by Kuzio to be the 
depths of the midpoints between locations where the slopes of the tracejector survey logs 
changed (Kuzio 1999 p. 12). In most cases, these depths were read directly off the logs and were 
tabulated by Kuzio as described in Section 1.2. The flowing interval spacing was calculated as 
the difference in depths between adjacent flowing intervals. 

3.2.1 Flowing Interval Occurrence 

Flowing interval occurrences as determined from tracejector log data are evaluated below by 
borehole. 
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Test Borehole USW H-&The data from test borehole USW H-4 was reviewed first because it 
is the subject of a detailed report focusing on the hydrologic properties of the fractured tuff 
(Erickson and Waddell 1985). The flowing interval data for this borehole were taken from Figure 
3 on page 7 of that report. Unlike the other reports, here the flowing interval limits determined 
from a tracejector survey during pumping are presented graphically in the form of rectangular 
boxes. Also presented on the same figure are flowing interval locations determined from a 
borehole temperature log, from injection test data, and from a static tracer test. In recognizing 
that different borehole logging and survey techniques have different sensitivities and are 
designed to measure different physical properties, a perfect correlation is not expected and rarely 
found. The degree of correlation is typical of well-executed borehole survey data and is 
considered good. 

The temperature log was made during pumping and provides a continuous qualitative indication 
of flowing interval location based on the assumption that the temperature of the inflowing water 
will be different from the temperature of the water in the borehole. In general, the temperature 
log was more sensitive than the tracejector survey and had the advantage of being continuous 
(Erickson and Waddell 1985 p. 10). The tracejector survey, however, had the advantage of 
providing quantitative borehole flow velocity data that could be used to identify the most 
productive flowing intervals. Although the temperature log showed a few spikes at locations 
where no inflow was detected by the tracejector survey, most temperature spikes occurred within 
zones of flowing intervals identified by the tracejector and the correspondence is considered 
good (Erickson and Waddell 1985 Figure 3). 

The injection test intervals are accompanied by wellbore recovery times. Short recovery times 
are indicative of the most transmissive flowing intervals. The correlation with the tracejector 
survey data is again good. The two shortest recovery times, 2.5 and 2.8 minutes, correspond 
identically with the two highest tracejector flow zones yielding 29% and 12%, respectively, of 
the total borehole inflow during pumping. Although intervals with longer recovery times show 
weaker correspondence with tracejector results, the overall corroboration is again considered 
good. During static, nonpumping tracer tests, the tracejector instrument was again able to detect 
fluid movement adjacent to the two aforementioned zones of greatest flow. 

A detailed compilation of field notes for the USW H-4 testing is presented in YMP Records 
Package MOY-900820-06-01 and notes on the tracejector testing are contained in Accession 
NNA. 19900820.0128. These records document field data, calculations, checks and calibrations, 
and provide documentation of the field effort that is comparable to the documentation required 
today. 

In a discussion of the discrepancies between the various survey and logging techniques, Erickson 
and Waddell (1985 p. 23) note that the tracejector results may have been affected by turbulent 
flow in the upper part of the hole resulting from changes in hole diameter and by a limited ability 
to detect small inflows due to the brevity of the monitoring period. They also note, however, that 
the more permeable zones in the borehole were detected by all techniques. In their abstract, they 
make the following conclusion: "Borehole temperature data collected during a pumping test were ' 

used to identify 33 locations at which water was entering the hole. These results correlated well 
with results fiom radioactive-tracer surveys and packer tests of isolated intervals." (Erickson and 
Waddell 1985 p. 1). 
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Test Boreholes UE-25c#1, UE-25c#2, and UE-25c#3--The three "c-wells" were closely spaced 
in a triangular pattern to support crosshole hydrologic testing and are the subject of a detailed 
report on hydrologic properties (Geldon 1996). The flowing interval data for boreholes UE- 
25c#1 and UE-25c#2 were taken from Tables 4 and 5 of that report. The flowing interval data for 
borehole UE-25c#3 were taken from an alternate, qualified source and are separately discussed 
below. 

The flowing interval data for boreholes UE-25c#1 and UE-25c#2 are presented by Geldon in 
tabular form and no graphical interpretation was necessary to determine the interval depths. 
Flowing intervals were identified by Geldon using a combination of laboratory analyses of core 
premeability, fracture (television and acoustic televiewer) logs, caliper logs, resistivity logs, 
temperature logs, tracejector surveys during pumping tests, and heat-pulse flowmeter surveys 
(Geldon 1996 p. 9). Geldon's Tables 4 and 5 present the results of heat-pulse flowmeter surveys 
performed under static (non-pumping) conditions, tracejector surveys performed during pumping 
tests, and a summary of corroborative information provided by the results of the other tests, 
surveys, and logs. Although the static heat-pulse surveys detected approximately 20 flowing 
intervals in each borehole, most were minor and the tracejector surveys determined that over 
99% of the pumping discharge was from only three flowing intervals in each borehole. Only the 
intervals with significant flow as determined fiom the tracejector surveys were used in Kuzio's 
analysis. 

The information provided by each borehole surveying, logging and testing technique is best 
interpreted in combination with the results of the other techniques to determine flow conditions. 
Tracejector data, for example, are sensitive to borehole diameter which is provided by caliper log 
data. Increasing borehole diameter may be associated with the low rock strengths associated with 
highly fractured zones, but highly fractured zones are not necessarily associated with significant 
flow intervals. Intraborehole flow rates determined from heat-pulse surveys under static 
(non-pumping) conditions would not find significant flow from a transmissive interval if the 
hydraulic gradient between the interval and the wellbore was small. While electrical resistivity 
may decrease because of a higher water content in the rock, it may also decrease because of 
changes in mineralogy. Hydrologic characteristics are best determined from flow or pressure 
measurements under induced flow conditions where the hydraulic gradient is sufficient to 
produce a measurable fluid movement. Of the techniques used by Geldon to identify flowing 
zones, the tracejector data provided the least ambiguous evidence of the most transmissive zones. 

In general, good agreement was found between Geldon's tracejector results and the information 
provided by the other borehole logs. In test borehole UE-25c#1, the most transmissive zone 
(which provided 64% of the flow during pumping) was moderately to very fractured, provided a 
large inflow during the heat-pulse survey, had a very low resistivity, a borehole enlargement, and 
a temperature gradient inflection. The next most transmissive zone (which provided 25% of the 
flow during pumping) was very fractured, had a large inflow during the heat-pulse survey, an 
extensive borehole enlargement, and a temperature gradient inflection (Geldon 1996 Table 4). In 
test borehole UE-25c#2, the most transmissive zone (which provided 79% of the flow during 
pumping) was very fractured, had a large (but not the largest) inflow during the heat-pulse 
survey, a low resistivity, a borehole enlargement, and a major temperature gradient inflection. 
The next most transmissive zone (which provided 14% of the flow during pumping) was very 
fractured, had a relatively small inflow during the heat-pulse survey, a low resistivity, an 
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extensive borehole enlargement, and a temperature gradient inflection (Geldon 1996 Table 5). 
Although the corroborative evidence from these other logs cannot be considered to confirm the 
tracejector results because similar evidence was also found in non-flowing intervals, the 
combined results of all tests consistently support the tracejector results. 

Corroborative support for the tracejector results was also provided by dual-packer falling head 
injection test results in test borehole UE-25c#1 (Geldon 1996 Table 7). The highest hydraulic 
conductivity of any test interval (Geldon's Test 15 - 2 Rlday) corresponded to the interval 
identified as the most transmissive zone in the tracejector survey. The other two transmissive 
zones identified by the tracejector survey also provided high hydraulic conductivities (Geldon's 
Tests 16 and 18 - both 0.5 Rlday). Although one other highly fractured zone provided a similar 
hydraulic conductivity (Geldon's Test 21 - 0.6 Wday), it was not detected as a major transmissive 
zone by the tracejector survey and may not have been well interconnected with other major 
flowing intervals. The falling head injection tests were of fairly short duration (minutes to hours), 
they involved relatively small fluid volumes, and as a result had relatively small zones of 
influence. By comparison, the longest duration of pumping in test borehole UE-25c#1 was 3.5 
days (Geldon 1996 p. 43). Dual-packer pressure injection tests were conducted by Geldon in test 
borehole UE-25c#1 but also involved small fluid volumes and had relatively small zones of 
influence (Geldon 1996 Table 8). The largest hydraulic conductivity (Geldon's Test 23 - 0.4 
Rlday) was again measured in the most transmissive zone detected by the tracejector survey. 
Geldon noted that hydraulic conductivity was found to increase as the scale of the test increased, 
indicating the involvement of larger fracture networks (Geldon 1996 p. 69). 

Flowing interval data for test borehole UE-25c#3 were taken from a qualified source (Thompson 
1997) rather than from Geldon (1996). Although the data from Thompson (1997) were collected 
in the 1990s and do not need qualification, they provide corroborative information for Geldon's 
unqualified flow interval data collected in the same test borehole in the early 1980s. Thompson 
(1997 p. 1) identified flowing intervals in test borehole UE-25c#3 using a full-bore flowmeter 
survey, a four-arm caliper log, and water flow logs. The water flow log functioned using an 
impulse activation method and was similar in principle to a tracejector. A burst of high energy 
neutrons from a neutron generator activated the oxygen in the flowing water in the wellbore and 
scintillation detectors spaced along the tool detected the radiation as the activated slug flowed 
past (Thompson 1997 p. 9). 

Thompson's qualified spinner survey and water flow log measurements were reviewed by the 
data qualification team and found to provide similar results (Thompson 1997 Tables B-4 and 
B-5). The earlier, unqualified flowing interval locations presented by Geldon (1996 Table 6) 
were based primarily on heat-pulse and tracejector surveys and were compared by Thompson 
with his results. Thompson found that "Close agreement between the Full-Bore Flowmeter 
[spinner] and Water Flow Log provide confidence in the accuracy of the calculation of water 
flow rates. The radioactive tracer [tracejector] survey which was run 10 years earlier also 
indicates close agreement with the Full-Bore Flowmeter and Water Flow Log, though the 
absolute flow rates are slightly greater." (Thompson 1997 p. 5). Thompson also states that "The 
temperature survey conducted on May 7, 1984 is in excellent agreement with the flow profile 
obtained in June 1995." (Thompson 1997 p. 10). In summary, he states "Comparison of flow 
measurements taken 10 years earlier indicated flow from the same zones in the borehole, and 
resulted in comparable flow rates and percentage of contribution." (Thompson 1997 p. 1). The 
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comparison of Thompson's data with the earlier unqualified data strongly corroborates not only 
the earlier data from test borehole UE-25c#3 but also the quality of the procedures and practice 
used in the early 1980s to collect flowing interval data. 

Test Boreholes USW H-1, USW 8-3, and USW G4-These three test boreholes were 
evaluated as a group because less detailed information is available on their test results. The 
flowing intervals identified by Kuzio for these boreholes are presented in Attachment 111 of her 
report (Kuzio 1999 Attachment 111, System Performance Assessment Data (SPA), file 
pacture dips2.xls, worksheet FIS). In each borehole the highest transmissivity flowing intervals 
were corroborated by independent hydrologic testing. 

Tracejector results for test borehole USW H-1 were taken from water production rate plots (Rush 
et al. 1983 Figures 4 and 5). Seven major flowing intervals were identified by Kuzio from these 
plots. Pumping and falling head injection tests were located in a permeable flowing interval 
identified by the tracejector survey near the top of the Prow Pass Member (592 to 596 m depth), 
yielding approximately 25% of the total borehole flow during pumping (Rush et al. 1983 
Table 11). The hydrologic testing results confirmed the relatively high transmissivity of this 
interval. 

Tracejector results for test borehole USW H-3 were taken from a water production rate plot 
(Thordarson et al. 1984 Figure 3). Four major flowing intervals were identified by Kuzio from 
this plot. Falling head injection tests were located in two permeable flowing intervals identified 
by the tracejector survey in the Tram Member of the Crater Flat Tuff The transmissivity of the 
most productive interval detected by the tracejector (792 to 835 m depth), yielding 63% of the 
borehole flow during pumping, was confirmed to be high by Injection Test 1. The transmissivity 
of the second most productive interval (1060 to 1105 m depth), yielding 30% of the borehole 
flow during pumping, was addressed in Injection Test 5. The transmissivity of this second 
interval was found to be lower than that of Test 1, as would be expected, but a similar 
transmissivity was found from Injection Test 4 in a zone where the tracejector log showed no 
flowing intervals. As discussed above, this lack of correlation likely resulted from the small area 
of influence of the falling head test and the lack of good interconnection of the latter test zone 
with the major flowing intervals (Thordarson et al. 1984 Table 8 and Figures 7, 10, and 11). 

Tracejector results for test borehole USW G-4 were taken from a water production rate plot 
(Bentley 1984 Figure 8). Five major flowing intervals were identified by Kuzio from this plot. 
The results were unusual in that 96% of the borehole inflow during pumping was determined by 
Kuzio to come from a 43-meter thick zone in the Tram Member of the Crater Flat Tuff at the 
bottom of the borehole. This was corroborated by three falling head injection tests in that 
interval, each of which indicated a considerably higher transmissivity than any other zone in the 
borehole (Bentley 1984 Table 5 and Figures 19-21). 

Test Borehole UE-25p#l-Although this test borehole was drilled through the volcanic rocks 
into the underlying carbonate aquifer, only data from the volcanic interval were considered by 
Kuzio. Tracejector results for the volcanic rocks were taken from a water production rate plot 
(Craig and Robison 1984 Figure 5). Four major flowing intervals were identified by Kuzio from 
this plot (Kuzio 1999 Attachment 111, System Performance Assessment Data (SPA), file 

fracture-d@s2.xZs, worksheet FIS). Discounting leakage from the carbonate aquifer through a 
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cement plug, about 80% of the flow from the volcanic section was derived from a zone less than 
30 m thick in the upper part of the Prow Pass Member of the Crater Flat Tuff (Craig and Robison 
1984 p. 10). These tracejector results are corroborated by a water temperature survey made at the 
time of the flow survey showing deflections that correlated well with the water-yielding zones 
(Craig and Robison 1984 p. 10). The tracejector and temperature survey results are plotted side- 
by-side for comparison in Craig and Robison's Figure 5. The presence of a high transmissivity 
zone in the upper Prow Pass Member is also corroborated by a static (non-pumping) tracejector 
survey showing that virtually all water in the hole was moving upward and into that thin, 
transmissive interval (Craig and Robison 1984 p. 10). 

Craig and Robison also reported on a series of 29 dual packer falling head injection tests that 
virtually profiled the entire borehole. They concluded that "Packer-injection tests of the Tertiary 
[volcanic] section generally confirmed the borehole-flow survey. Those intervals that showed 
significant production during the flow survey also have the largest values of transmissivity." 
(Craig and Robison 1984 p. 52). 

3.2.2 Flowing Interval Locations 

Flowing interval locations were calculated by Kuzio from the depths at which the slopes of the 
tracejector survey logs changed (Kuzio 1999 p. 12). Information on the accuracy of the depth 
data related to the borehole logs is provided in two of the USGS reports cited by Kuzio and is 
assumed to be representative of logging in all test boreholes because of the similarities in testing 
methodology and time discussed in Section 3.1.3. With reference to their temperature log in test 
borehole USW H-4, Erickson and Waddell (1985 p.10) report that "The depths are accurate to 
within about +/- 5 R, including uncertainty in interpreting the log and errors in depth 
measurement." In a comparison of the qualified logs run in 1995 in test borehole UE-25c#3 with 
the earlier unqualified logs run in 1984, Thompson (1997 p. A-2) states "Category I [I995 
qualified data] log depths correlated to the density log run 4/27/84 at the top of the logged 
interval, but the density log runs one foot deeper at the bottom portion of the logged interval. 
This is considered negligible for the purposes of this analysis and hture flow rate calculations." 
Based on this information, the overall error in depth measurement is expected to be on the order 
of +/- 1 meter. Because of the generalized nature of Kuzio's results and her use of the differences 
in depths rather than the absolute magnitude of the depth, this error is considered negligible. 
Information on borehole deviations is also available but was not used by Kuzio who assumed 
that the boreholes were vertical. 

3.2.3 Fracture Dips 

The dips of fractures in and near the flowing intervals were used by Kuzio to correct the effect of 
the angle of intersection between the plane of the fracture and the borehole (Kuzio 1999 p. 12). 
In cases where the fractures used in the analysis were not within the flowing intervals, their dips 
were considered by Kuzio to be adequately representative of the unit in which the flowing 
interval occurred. The correction for dip is intended to approximate the fracture spacing that 
would be measured in boreholes oriented normal to the fracture planes. The corrected spacing 
may be used in incorporating matrix difhsion processes in the saturated zone transport model 
(Kuzio 1999 p. 7). The strikes of the fractures were not used in Kuzio's analysis. 
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Fracture dip data were taken from acoustic televiewer surveys presented in the following 
sources. 

Test Borehole 
USW H-1 

USW H-3 

USW H-4 

USW G-4 

UE-25p#1 

UE-25~#1 

UE-25~#2 

UE-25~#3 

Source 
Rush et al. 1983 Table 6 

Thordarson et al. 1984 Table 4 

Erickson and Waddell 1985 Figure 3 

Dip data not available 

Carr et al. 1986 Plate 1 

Geldon 1996 Table 10 

Geldon 1996 Table 1 1 

Geldon 1996 Table 12 

Kuzio assumed a lack of correlation among dip data, flowing interval spacing, and 
hydrogeologic units, and combined all dip data into a single statistical population (Kuzio 1999 
p. 11). Her results show a median fracture dip angle of about 65 degrees and a mode of between 
70 and 75 degrees (Kuzio 1999 Figures 4 and 6). Approximately 80% of the values lie between 
30 and 80 degrees. Kuzio also collected dip data fiom these same sources on all fractures 
encountered in the boreholes including those not associated with flowing intervals and obtained 
similar results (Kuzio 1999 Figures 9 and 11). 

Corroboration of the fracture dip data used by Kuzio is available from several sources. Erickson 
and Waddell (1985 p. 4) observed that fracture orientations generally agree with the orientation 
of faults in the area. They also note that the locations of fractures and fracture zones identified 
from temperature and flow surveys correlated well with fractures identified from the acoustic 
televiewer log (Erickson and Waddell 1985 p. 2). Geldon provides evidence for corroboration of 
the dips from acoustic televiewer logs with those from television and lithologic logs for some 
fractures (1996 Tables 10, 1 1 and 12). 

Steeply dipping fractures are commonly observed throughout the Yucca Mountain area. Fracture 
mapping in the Exploratory Studies Facility tunnel indicated that most fractures are steeply 
dipping, typically in the range of 79" to 84" (Nieder-Westermann 1999). Although steeper 
average dips would be expected to be measured in horizontal line surveys in a tunnel than in a 
vertical borehole because of the bias introduced by the different survey orientations, both the 
borehole and tunnel data indicate that steeply dipping fractures are common at Yucca Mountain. 

I 3.3 SUMMARY OF EVALUATION RESULTS 

The data qualification team evaluated unqualified information on the occurrence and locations of 
flowing intervals from borehole tracejector surveys and information on fracture dip from 
acoustic televiewer logs. A review of these borehole techniques indicated that both 
methodologies had been well established in the technical community at least 20 years before the 
measurements in the Yucca Mountain test boreholes were made. In addition, standardized 
techniques for both tracejector surveys and acoustic televiewer logs had been prepared by the 
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USGS at least 10 years before the measurements were made. The techniques for conducting 
these surveys have not substantially changed and the acoustic televiewer remains a standard 
fracture logging methodology for Yucca Mountain as evidenced by the continued availability of 
a standardized USGS technical procedure for that technique. 

The specific results of the tracejector surveys and acoustic televiewer logs in the Yucca 
Mountain boreholes were corroborated by several independent borehole logging and testing 
techniques. These included both pumping and static borehole temperature logs, resistivity logs, 
spinner logs, activated oxygen water flow logs, pumping tests and injection tests. The spinner 
and activated oxygen water flow logs were qualified and were described by the investigator as 
being in close agreement with the unqualified tracejector survey results (Thompson 1997 p. 5). 
The major flowing intervals identified by the tracejector logs were also independently 
corroborated by the results of numerous hydrologic pumping and injection tests (Erickson and 
Waddell 1985 p. 12 and Figure 3; Geldon 1996 Table 7; Rush et al. 1983 Table 11; Thordarson 
et al. 1984 Table 8 and Figures 7, 10 and 1 1; Bentley 1984 Table 5 and Figures 19-2 1). 

In reviewing the corroborative borehole survey and logging techniques, the data qualification 
team recognized that the methods used relied on detecting physical property variations, such as 
changes in temperature, resistivity, or borehole diameter, that did not directly measure fluid 
movement. These are indirect indicators of flowing intervals that could be triggered by other 
phenomena and as expected, they did not always agree with the tracejector results. In addition, 
the different methods had different sensitivities to flowing intervals and their results did not 
always agree for this reason. Each method was acknowledged to have its sources of error, which 
were recognized in the USGS TWRI procedures (Keys and MacCary 1971 p. 1 18) as extraneous 
effects and discussed, for example, by Erickson and Waddell (1985 p. 23). 

The data qualification team considers the data provided by the tracejector surveys and 
corroborated by other borehole logging techniques to be the best available identified source of 
information on flowing intervals. Unlike temperature logging, which can be more sensitive but 
does not provide a direct hydrologic measurement, a tracejector survey performed 'during 
pumping provides a quantitative measurement of the contribution of each interval to the total 
borehole flow. The alternative of profiling the length of the borehole through a continuous series 
of sequential packer injection tests is costly and in the aforementioned instance where a nearly 
complete packer injection profile was performed, the results were found to corroborate the 
tracejector data (Craig and Robison 1984 p. 52). 

The data qualification team similarly considers the acoustic televiewer logs to be the best 
available identified source of information on fracture dips below the water table. The alternative 
of oriented core was not available because only part of one hole was core drilled and recovery 
was oRen poor. The acoustic televiewer continues to be a basic fracture logging tool for the 
YMP. The acoustic televiewer was consistently used in every test borehole and provides dip data 
under conditions where other techniques, such as borehole television, will not work. 

The data qualification team found that the techniques for performing and interpreting tracejector 
surveys and acoustic logging were well established within the USGS and the larger technical 
community by the early 1980s when the data used by Kuzio were collected. The data 
qualification team also found that the limitations in the methods were adequately understood. 
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Further, extensive independent corroborative evidence supports the conclusion that the 
tracejector method adequately detected the more significant flowing intervals in the system and 
that the acoustic televiewer data are representative of the dips of major fracture sets at Yucca 
Mountain. The parallels in time, location, purpose, personnel and technique in testing the 
boreholes that supplied Kuzio's data support the application of corroborative evidence to all 
boreholes in the series. The data qualification team has concluded that the tracejector and 
acoustic televiewer data are adequate for generalized use and can be appropriately used in a wide 
variety of applications, so long as consideration is given to accuracy, precision and 
representativeness of the data for an intended use in a technical product. 

4. EVALUATION CONCLUSIONS 

The conclusions of the data qualification team's review of flowing interval data are presented 
below in terms of the five evaluation criteria presented in the controlling flowing interval data 
qualification plan (TDP-NBS-GS-000035, Revision 1). 

1 .  Are the data collection and analytical methods reasonable in view of standard 
measurement and instrumentation practice at the time the data were collected? 

The data considered in this report were collected and analyzed by the USGS. The data 
qualification team considers the USGS protocols for tracejector surveys and acoustic televiewer 
logging during the time period of data acquisition to be state-of-the-art. The early acoustic 
televiewer logging methodology has evolved with little change into the currently used logging 
procedure that supports the YMP-approved USGS QAPP. Consequently, the data collection 
methods, documentation, and results are reasonable and appropriate in view of standard practice 
at the time the data were collected. The data qualification team considers the collection 
procedures available at the time the unqualified data were taken to be adequate for generalized 
use. 

2. Are the data the best available? 

The data qualification team considers the data provided by tracejector surveys and acoustic 
televiewer logs to be the best available identified source of borehole information on flowing 
interval locations and fracture dips. Both methods provide quantitative measurements under a 
variety of downhole conditions and both methods were used in every borehole, providing 
consistent data sets. Although alternative methods for collecting similar types of data exist, they 
were not routinely used at Yucca Mountain. Where alternative sources of data are available, they 
have been shown to corroborate the tracejector and acoustic televiewer results. 

3. Are these data or similarly collected data generally accepted by the technical 
community for use in non-project applications? 

Tracejector and acoustic televiewer data are accepted within the technical community as standard 
components of borehole logging suites for hydrologic site characterization. These data would be 
acceptable for use in non-project applications. 
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4. Does analysis of comparable qualified and unqualified data sets suggest the same 
conclusions regarding flowing intervals? 

Comparable qualified and unqualified data identify flowing interval locations and fracture dips 
that are consistent with those defined by tracejector and acoustic televiewer results. These 
include static and pumping temperature logs, spinner logs, and oxygen activation water flow 
logs. 

5 .  Are the conclusions reached regarding flowing intervals beneath Yucca Mountain 
consistent with conclusions reached based on independent, hydrological data 
sources? 

There is close agreement between the major flowing.intervals identified by the tracejector logs 
and those identified using independent pumping and injection tests. These results fbrther 
corroborate the adequacy of the tracejector results for identifying the significant flowing 
intervals in a borehole. 

5. RECOMMENDATIONS 

Based on a preponderance of evidence, the tracejector and acoustic televiewer data used by 
Kuzio are recommended for qualification for generalized use as defined in Section 2.2 of this 
report. Because these data are subsets of larger data sets presented in unqualified source DTNs, 
they have been separately identified and assigned new DTNs. The qualification team 
recommends that the following new DTNs be qualified for inclusion in technical products in 
support of the Site Recommendation and License Application for generalized uses as described 
in this report. 

The unqualified flowing interval data addressed in this report were separated from the original 
DTNs and new DTNs containing only those data were generated. The original DTNs and the 
new DTNs are identified in the following tabulation. The data to be incorporated into the new 
DTNs is presented and discussed in Attachment A. The current unqualified status of the new 
DTNs should be changed to qualified. 
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Original DTN 

GS9009083 1221 1.001 

GS9009083 123 12.001 

GS9009083 123 14.001 

GS9204083 123 14.006 

GS9204083 123 14.009 

New DTN 

M00007FLWINTHl. 000 

M00007FLWINTH3.000 

M00007FLWINTH4.000 

M00007FLWDEPG4.000 

M00007FLWINTP 1.000 

M00007FDIP25C3.000 

M00007FLWINTC2.000 

M00007FLWINTC 1.000 

Title 

Fracture Dip Data and Flowing 
Interval Depth Data from Borehole 
H-1 Flow Meter Survey 

Fracture Dip Data and Flowing 
Interval Depth Data from Borehole 
H-.3 Flow Meter Survey 

Fracture Dip Data and Flowing 
Interval Depth Data from Borehole 
H-4 Flow Meter Survey 

Flowing Interval Depth Data from 
Borehole US W G-4 Flow Meter 
Survey 

Fracture Dip Data and Flowing 
Interval Depth Data from Borehole 
UE-25p#1 Flow Meter Survey 

Fracture Dip Data from Flowing 
Interval for Borehole UE-25c#3 

Fracture Dip Data and Flowing 
Interval Depth Data from Borehole 
UE-25c#2 Flow Meter Survey 

Fracture Dip Data and Flowing 
Interval Depth Data from Borehole 
UE-25c#1 Flow Meter Survey 
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Table 1. Test Borehole Drilling and Testing Dates 

' See Craig and Johnson 1984 p. 2 

TDR-NBS-GS-0000 17 REV 00 

Drilling and 
Oversight 

Contractors 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

Reeco; Fenix & Scisson 

July 2000 

Test 
Borehole 

USW H-I 

USW H-3 

USW H-4 

USW G-4 

UE-25p#1 

UE-25c#1 

UE-25c#2 

UE-25c#3 

Approximate 
Testing 
Dates 

1980 - 1982 

1982 - 1983 

1982 - 1983 

1982 - 1983 

1983 - 1984 

1983 - 1991 

1984 - 1991 

1984 - 1991 
1995 

Drilling 
Method 

Rotary air foam 

Rotary air foam 

Rotary air foam 

Rotary air foam 

Rotary air foam 

Rotary air foam 
and core 

Rotary air foam 

Rotary air foam 

information source 

DTN GS900908312211.001 

DTN GS900908312312.001 

DTN GS90090831 231 4.001 

DTN GS92040831 231 4.006 

ACC: TIC 2031 60' 

DTN GS931008312313.016 

DTN GS931008312313.016 

DTN GS931008312313.016 
DTN TMUE25C3000095.001 

Drilling 
Completion 

Date 

November 1980 

March 1982 

April 1982 

November 1982 

May 1983 

September 1983 

February 1984 

April 1984 



APPENDIX A 

DATA TO BE INCORPORATED INTO NEW DTNS 

A.l New DTN M00007FLWINTH1.000: Fracture Dip Data and Flowing Interval Depth 
Data from Borehole H-1 Flow Meter Survey 

The original source for flowing interval depth and fracture dip data for Test Borehole USW H-1 
is DTN GS900908312211.001 (Rush et al. 1983 Figures 4 & 5 and Table 6). Data originally 
presented in graphical form were quantified and compiled in Tables A.l and A.2 for 
incorporation into the new DTN. 

Table A. 1. Flowing Interval Depth Data from Test Borehole US W H- 1 Flow Meter Survey 

Table A.2. Fracture Dip Data from Test Borehole USW H-I 
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A.2 New DTN M00007FLWINTH3.000: Fracture Dip Data and Flowing Interval Depth 
Data from Borehole H-3 Flow Meter Survey 

The original source for flowing interval depth and fracture dip data for Test Borehole USW H-3 
is DTN GS900908312312.001 (Thordarson et al. 1984 Figure 3 and Table 4). Data originally 
presented in graphical form were quantified and compiled in Tables A.3 and A.4 for 
incorporation into the new DTN. 

Table A.3. Flowing Interval Depth Data from Test Borehole USW H-3 Flow Meter Survey 
-- 

Table A.4. Fracture Dip Data from Test Borehole USW H-3 

Below Dip Angle Ground Surface (Degrees) 

890 74 
891 6 1 
892 82 
897 8 1 
929 79 
1070 74 
1079 72 
1104 85 
1107 82 
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A.3 New DTN M00007FLWINTH4.000: Fracture Dip Data and Flowing Interval Depth 
Data from Borehole H-4 Flow Meter Survey 

The original source for flowing interval depth and fracture dip data for Test Borehole USW H-4 
is DTN GS9009083 123 14.001 (Erickson and Waddell 1985 Figure 3). Data originally presented 
in graphical form were quantified and compiled in Tables A.5 and A.6 for incorporation into the 
new DTN. 

Table A.5. Flowing Interval Depth Data from Test Borehole USW H-4 Flow Meter Survey 

Table A.6. Fracture Dip Data from Test Borehole USW H-4 

Depth Below 
Ground Surface Dip Angle 

(ft) 
(Degrees) 

:.:.: .:.:.:.:.:.:.:.:.:.:.~:.;~:,:<<.:.:.:.......... . . . . . . . . . . . . . .......... "" .. .. .. .. .. .. ................ . . . . . . . . . . . . . . . .. ... ....... . . . . . . . . . . ,,,,,, i:i:i:i:i:i:i:i:i:i:j::::xaC$sp$~~; . . . . . . . . . . . . , ...... m~J$;;;~~~;;$;;;;;;;$mi 
.......................... ...... :w.:.:<:~.:::::::::::::::::::::::::::::::::: ...................................................................... 

2070 76 
2080 58 
2090 67 
2320 58 
2320 74 
2325 76 
2330 72 
2330 68 
2340 75 
2350 74 
2550 75 
2570 68 
2575 78 
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Table A.6. Fracture Dip Data from Test Borehole USW H-4 (Continued) 
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A.4 New DTN M00007FLWDEPG4.000: Flowing Interval Depth Data from Borehole 
USW 6-4 Flow Meter Survey 

The original source for flowing interval depth data for Test Borehole USW G-4 is DTN 
GS9204083 12314.006 (Bentley 1984 Figure 8). Data originally presented in graphical form were 
quantified and compiled in Table A.7 for incorporation into the new DTN. 

Table A.7. Flowing Interval Depth Data from Test Borehole USW G-4 Flow Meter Survey 

A.5 New DTN M00007FLWINTP1.000: Fracture Dip Data and Flowing Interval Depth 
Data from Borehole UE-25p#1 Flow Meter Survey 

The original source for flowing interval depth data for Test Borehole UE-25p#1 is DTN 
GS9204083 123 14.009 (Craig and Robison 1984 Figure 5). Data originally presented in graphical 
form were quantified and compiled in Table A.8 for incorporation into the new DTN. 

Table A.8. Flowing Interval Depth Data from Test Borehole UE-25p#1 Flow Meter Survey 

TDR-NBS-GS-000017 REV 00 A-5 July 2000 

Depth Below Ground 
Surface (m) 

TOP Bottom 
........................................................ ....................... 

1000 
570 
472 
430 

1187 
680 
500 
472 



A.6 New DTN M00007FLWINTP1.000: Fracture Dip Data and Flowing Interval Depth 
Data from Borehole UE-25p#1 Flow Meter Survey 

The original source for fracture dip data for Test Borehole UE-25p#1 is DTN 
GS930283117461.002 (Carr et al. 1986 Plate 1). Data originally presented in graphical form 
were quantified and compiled in Table A.9 for incorporation into the new DTN. 

Table A.9. Fracture Dip Data from Test Borehole UE-25p#1 
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A.7 New DTN M00007FLWINTC1.000: Fracture Dip Data and Plowing Interval Depth 
Data from Borehole UE-25c#1 Flow Meter Survey 

New DTN M00007FLWINTC2.000: Fracture Dip Data and Flowing Interval Depth 
Data from Borehole UE-25c#2 Flow Meter Survey 

New DTN M00007FDIP25C3.000: Fracture Dip Data from Flowing Interval for 
Borehole UE-25c#1 

The original source for flowing interval depth and fracture dip data for Test Boreholes UE- 
25c#1, UE-25c#2, and UE-25c#3 is DTN GS93 10083 123 13.016 (Geldon 1996 Tables 4, 5, 10, 
11, and 12). The original data, presented in tabular form, were compiled in Tables A.10 through 
A. 14 for incorporation into the new DTNs. 

Table A. 10. Flowing Interval Depth Data from Test Borehole UE-25c#1 Flow Meter Survey 

Table A. 1 1. Fracture Dip Data from Test Borehole UE-25c#1 
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Table A. 12. Flowing Interval Depth Data from Test Borehole UE-25c#2 Flow Meter Survey 

Table A. 13. Fracture Dip Data from Test Borehole UE-25c#2 
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Table A. 13. Fracture Dip Data from Test Borehole UE-25c#2 (Continued) 

Below Dip Angle Ground Surface 
(ft) 

(Degrees) 

Table A. 14. Fracture Dip Data from Test Borehole UE-25c#3 
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Table A. 14. Fracture Dip Data from Test Borehole UE-25c#3 (Continued) 
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