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4.6 Seismic Reflection
4.6.1 Seismic Reflection Profiling

4.6.1.1 Scope and Objectives

The scope of the seismic program was to conduct source tests and other parameter tests during two walkaways and
collect 1,500 feet of CDP data along two perpendicular lines 500 and 1000 feet long (see Plate 4-2). The CDP data was
intended to test whether or not the seismic method could bridge the lithologic information gap between the trench and

the boreholes especially in the upper 130 feet.
4.6.1.2 Data Reduction

During the source tests and walkaways, very low signal-to-noise ratios were observed. Attempts to increase these ratios,
including stacking and filtering, made small improvements. When such low ratios are inherent in seismic data,
subsequent use of the data must be limited. The most major limitation, namely the inability to interpret laterally
continuous beds, is due to the loss of coherency. Coherency is the most important aid to interpretation of seismic data
and increases the confidence of the interpretation. Coherency of events or units is manifested on a seismic section as
strong amplitude wavelets which align laterally to produce an easily recognized trend which, depending on the geology,
may be curved or straight. Loss of coherency occurs due to near-surface inconsistencies or discontinuous geology. As
the source energy passes through the earth, its strength is reduced. The more reduced or attenuated the signal strength
becomes the less coherent the recorded signal. The Wake County site is characterized by a non-uniform near-surface,
effectively reducing the coherency of recorded signal. Some of the non-uniformities include an irregular, deeply
weathered layer: a large near-surface velocity gradient which produces strong refractions and reduces transmitted signal

strength: and deeper units with similar acoustic properties.

As detailed in their Draft Report submitted under separate cover (Blackhawk, 1997), Blackhawk processed the seismic
data using conventional techniques. Due to the low signal-to-noise ratio and narrow bandwidth of the data, enhanced
processing was deemed necessary. The raw data was sent to Sterling Seismic Services, Ltd. (Sterling) for processing.
Sterling processed the previous seismic data collected at the site by another contracter and has extensive experience with
processing data acquired with the vibratory source used for this survey. Because of their experience, they were

recognized as having the necessary capabilities to process this challenging data set.

The specific processing steps usad by Sterling wers as follows

"
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. Vibroseis sweep correlation

. Geometry and trace edit

. Gain recovery

. Surface consistent amplitude analysis and recovery

. Surface consistent deconvolution, spiking operator: 60 msec, noise: 0.01%

. Spectral enhancement (100 - 400 Hz)

° Green Mountain refraction statics, datum: 400 feet, velocity: 10.500 feet/sec, near-surface velocity:

1.500 feet'sec

. Common depth point gather

- freration | velocity/mute analysis and application

. Surface consistent automatic statics, 20 - 300 msec window
. Linear noise reject, -k filter

. Iteration 2 velocity/mute analysis and application

. Surface consistent automatic statics, 10 - 400 msec window
. Bandpass filter (100/24 - 400/72 Hz/dB)

. Time variant scaling gates

. Common depth point stack

. Spectral enhancement (100 - 400 Hz)

® Post stack enhancement {1090 - 400 Hz)

. Bandpass filier 0.0 - 0.5 sec (10024 - 260/72 Hz/dB)

. Time variant scaling gates
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Besides the application of the preceding processing steps, Sterling achieved good results by synthesizing a correlation
wavelet rather than using the wavelet generated on the vibrator. The use of a synthetic wavelet has proved appropriate

during previous work Sterling has performed for other contractors using the same vibrator.

Careful muting of the near-surface “noise™ signals was a necessary step in the processing. Since these signals are of a
much hizher amplitude than other desired signals down the record, allowing them 1o remain in the data is
counterproductive. The progressive application of processing steps and muting is presented in Appendix L. The plots in
Appendix | represent progressive steps in processing the CDP data. The intent of presenting this data is to allow
abservation of the changes to the data that each significant processing step brings. Scaling and trace balance have been

applied to all.

In order to convert reflections identified on the seismic section to depth, an average velocity function was calculated.
This function was calculated by interpolating all of the stacking velocities to like times and mathematically averaging.
Given the relative insensitivity of this data set to velocity, the calculated depths should be considered approximate and

not corrected for dip. The calculated velocity-depth conversion function is shown in Table 4-9.

Since the overall quality of the seismic sections is fair at best, further processing in terms of migration to depth was
deemed unnecessary due to the time and expense without expectation of gaining significant additional information.

Relative depths of individual reflections can be calculated using the above velocity function.

The limits of resolution of the seismic data are subject to interpretation. The horizontal subsurface sampling in terms of
trace spacing is 1 foot since the shotpoint spacing was 2 feet and each station was shot. However, considering the
overall frequency of the data at approximately 125 Hz the Fresnel zone radius is approximately 80 feet. Therefore, the
horizontal resolution around 80 feet at 150 feet. The vertical resolution is somewhat more difficult to calculate. Given
the insensitivity of the data to changes in frequency and velocity, the errors in vertical resolution increase greatly with
depth. From 0 to 200 feet the vertical resolution may be approximately 15 to 25 feet, but from 200 to 400 feet below
ground surface the resolution is on the order of 70 to 80 feet. Since the useable data is largely below 125 feer, the

vertical resolution is approximately 70 feet at best.
The data reduction steps for the refraction data are detailed in the Blackhawk report.

4.6.1.3 Interpretation Results
Interpretation of the seismic data was performed by identifying packages of reflections on the seismic secuon. Due (o
the need to reduce near-surface signals (muting) to eliminate unwanted returns such as refractions, ground roll and wide-

angle reflections, the first interpretable reflections begin at approximately 40 msec or approximately 125 feet below

ground surface. Rigorous and exact correlation of szismic reflections with known geologic units was difficult mainly
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due to lack of coherency (caused by the non-uniform near-surface) and also due to the truncation of reflections at the

40 msec level (caused by the removal or muting of much of the data from 0 to 40 msec or so to remove unwanted noise).
Without better correlation between the boreholes and the seismic section, individual reflections were not identified. The
focus was placed then on identifying groups or packages of reflections that would indicate the overall dip of the beds,
larger scale faulting. and other structural features such as folds. These packages are presented on Plate 4-2 and

Figure 4-11. Each plate shows a seismic line without interpretation on the top and a line drawing of the interpretation on
the bottom. The short line segments shown in the line drawing portion of the plates are meant to indicate the overall

trend of the data and do not represent geologic interfaces.

Line 1 shows east-dipping reflections in the eastern section of the line and a small synclinal-anticlinal pair in the western
section. Four packages of reflections have been interpreted on this line. Each package is differentiated by changes in
trend or dip of the reflections. Packages A, B, and C are similar in that they are interpreted to represent somewhat
steeply dipping beds with laterally discontinuous, but relatively similarly aligned reflections indicating the beds. A
possible fanlt zone is indicated on the section and may correspond with the W-8 fault or a related splay thereof. It has
been interpreted mainly by the discontinuity of reflections on either side, however there are small west-dipping
reflections at shotpoints 300 to 320 and two-way travel times 90 to 100 msec which may be from the fault itself.

Package D to the west has different dips than those to the east. This package is interpreted to represent a slight
syncline/anticline pair with the syncline axis at shotpeint 430 and the anticline axis at shotpoint 370

Line 2°s reflections are much more discontinuous than Line 1’s yet indicate generally flat-lying reflectors. Two packages
have been interpreted, Package E to the north is unremarkable in its character with the exception of a possible bowl-
shaped feature centered about shotpeint 1190 and more pronounced to the north (two-way travel times of 70 to 30 msec
and shotpoints 1190 to 1240.) Package F is distinct from Package E only by the slight indication of reflections that dip
somewhat steeply to the south. The cause of this dip is not understood. No fault zones have been interpreted on this

line. Faults such as the W-8 would be imaged nearly flat-lving at this orientation. Lack of good signal coherency

restricts the interpretation of such features on this line.
4.6.1.4 Discussion

Given the challenging seismic character of this site, the seismic data interpretations are limited. Their usefulness is in
corroborating the geologic interpretation and in delineating larger-scale structural features such as the syncline/anticline
and the possible fault zones on Line 1. Since the data lack coherency and therefore continuity and confidence, even

detailed work with svnthetics would be limited in application to the area immediately adjacent to the borehole.
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4.6.1.5 Recommendations

Given the objectives of the seismic survey, namely to bridge the data gap between the trench and the boreholes above
130 feet, continued seismic surveying is not indicated. The resolution of individual reflections and the initial depth of
usable information obtained is not within the stated objectives of the survey. However, the larger scale information
obtained below 1350 feet indicate that the method may need to be reconsidered should any of the premises of the overall

project change such as the location of the facility, changes to the design or newly identified hydrogeologic data gaps.
Collect of additional refraction data is not indicated.

4.6.2  Vertical Seismic Profile (VSP)

4.6.2.1 Scope and Objectives

The scope and objective of the VSP survey was to assist in the interpretation of the seismic data through the use of
vertical seismic profile data collected from borehole W205CH1. A second objective of the VSP survey was to collect

shear wave data to calculate engineering parameters.
4.6.2.2 Processing and Results

The processing and results are discussed in the Blackhawk report. In summary, the use of the vibratory source severely
limited the first arrival identification and usefulness of both offsets in the VSP data. This limitation affected subsequent
calculation of engineering parameters along with velocity and time data for processing the entire VSP data set.
Processed VSP data yields few reflections: there are two that are notable - one at approximately 53 msec and one at

23 msec. Since the primary objective of the VSP was to tie the seismic sections to depth, no attempt was made to
correlate these reflections to well logs since both of these reflections are above the zone of interpreiable data on the CDP

sections.
4.6.2.3 Recommendations

Further collection of VSP data is not indicated at this time.
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4.7 Recommended Site Investigation Tools

The results of this investigation indicate that a subset of the tools evaluated during the Pilot Study can be effectively
utilized to acquire and to integrate sufficient hydrogeologic data to meet the objectives of the supplemental investigation
program (SIP) and the intent of the LWP. The evaluation of the GM-1 Pilot Study results indicates that sufficient
stratigraphic and lithelogic data can be compiled using a reduced combination of geophysical and imaging tools for the
purpose of hole o hole correlation, the identification of stratigraphic “packages”, and the description of fracture and
bedding orientation/character. The hydrogeolegic character of the boreholes and the quantification of the hydraulic
parameters associated with the inflow intervals can be established through the use of hydrophysical logging and
systematic packer testing of the identified inflow intervals. This combination of all geophysical, image, and hydraulic

testing techniques will provide a sufficiently detailed data set to characterize the hydrogeologic systemis) of the site

To aid in the selection of the recommended geophysical and imaging tools, panel diagrams were prepared for each well
which include individual log curves and interpretations based un the geophysical data along with image analyses and the
hydrophysical inflow intervals and the packer test measurements. Geophysical logs and image tools can be utilized
either singly or in combination. Interpretations of the individual logs can be made using the actual measurements or
with values calculated from the measurements using certain assumptions which may or may not be valid in all cases
Furthermore, conditions in the hole (for example, hole enlargements associated with fractures) may affect log response.
Geophysical logs can be used to identify boundaries between rock units with different properties, bui because most of
these logs have volumes of investigation with radii greater than one foot it is not possible to characterize fine-scale
stratigraphy within a single well. All of these factors were taken into consideration in the selection of the

recommendations of the logging tools 1o be utilized in the supplemental site investigation.

Table 4-10 is a matrix that qualitatively rates the actual performance of the selected suite of geophysical logging tools
based on results of the GM-1 Pilot Study. This table also provides a comparison of the performance of these toals to the
core and BIPS data. Performance is rated by identifying the usefulness of each tool in terms of data acquisition factors,
and for providing a set of geologic and hydrologic parameters that may be important for characterizing the site. The
order of importance of these parameters to the project has been broadly defined as critical, useful, or not applicable
under the column labeled “Imporance to Project Objectives”. The performance of the geophysical techniques and
imaging tools is compared to that information that would be collected from conventional core logging and analysis. In
each case, the technique is identified as an excellent source of data, a fair source of data, or a technique that does not

provide information on the particular geologic or hydrologic feature(s).

In most cases, actual performance met expectations. However, based on the analysis of geophysical log performance the

following issues were note
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. The time required to carry out the analysis was longer than anticipated due to the need fora more
comprehensive approach in the pilot study than is likely required for the site characterization itself,

Consequently. the log acquisition and analysis was somewhat more expensive than anticipated.

B There was a depth discrepancy between BIPS and FMI, and between the 3-arm caliper and the other logs. In no
case was this discrepancy greater than about 1.5 feet. Although procedures were in place to identify the séurce
of the discrepancy, these were not applied early enough in the analysis to correct the discrepancy. Therefore,
these discrepancies were propagated throughout the work. This issue has been addressed by clarifying
procedures for data validation prior to analysis. Because depth differences within a single log are not affected

by this discrepancy, strata thickness and fracture frequency and spacing determinations met expectations.

. The log-derived hydraulic aperture is not considered effective because the electrical properties of clays and
fluids in these materials are similar, and because it was not possible to isolate the effects of fractures from the
effects of the accompanying hole enlargements. However. because direct hvdrologic measurements are used to

quantify these parameters, the log-based estimates are not necessary.

In combination with hydrophysical testing and the packer testing of specific intervals identified, the proposed log suite
will allow for the compilation of pertinent hydrogeologic information that meets all supplemental investigation program
objectives. This suite of logs and hydraulic tests provides for the identification and characterization of fractures,
quantitative information on porosity, permeability and the thickness of hydraulically important features, and
information which can be used to develop a structural model of the site. Furthermore, the data can be used 1o relate key

lithologic, tectonic, or weathering processes and/or factors and their influence on individual hydrologic features.

As was demonstrated through the Geologic Integration Meeting on August 14,1997, unique geophysical signatures and
patterns were developed and correlated to both the corelogs from W205CHI1, W208CH |, and the GM-series trencf’lr maps
for the mapping units defined in Section 5.0. using a combination of the six geophysical and imaging logs recommended
for use in the supplemental field program. From the Table 4-10 comparison, a combination of six standard logs can
identify the hydrogeologic, structural, and lithologic characteristics of the subsurface units at the site. The six tools

proposed for use as the standard logging suite during the supplemental investigation program include:

1. Spectral Gamma

[

Three-Arm Caliper

tad

Neutron and Density

5 Resisitivity
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5. High Resolution, Electrical Imaging
6. Full Wave Form, Acoustic

Spectral gamma - This log provides better characterization of gamma activity than a standard gamma ray, and is

available with higher vertical resolution.

Three-arm caliper - This log is essential to evaluate the effect of fractures on the other logs, and can help to identify

those fractures which should be evaluated for hydrological testing.

Full Wave Form Acoustic - An accurate measurement of compresssional wave velocity is required to determine the

extent of the weathering zone. Acquisition of acoustic full waveforms is necessary to provide quality control.

Neutron / densitv - Neutron and density logs (with the addition of the PEF measurement which is provided by most
modern gamma-gamma sondes) are critical to accurate evaluation of the relative volumes of clays, grains (quartz,
feldspar) and porosity. It is important to remember that clay volume cannot be estimated from gamma alone. Additional

logs are required in this environment.

Resistivity - Resistivity is necessary to calibrate the electrical image data. In addition, it provides valuable input to

improve the accurate determination of clay volume and porosity.

High Resolution Electrical Image- The FMI or other imaging device with equivalent resolution can be used to identify,

orient, and characterize fractures, to determine fine-scale (1-cm) bedding features, and to position and orient bed

boundaries.
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5.0 DATA INTERPRETATION AND INTEGRATION

This section describes the data interpretation performed during the GM-1 Pilot Study in the context of contribution to
enhancing and refining the pre-existing hydrogeologic model of the Site. It also presents results of the integration of
these data, which was accomplished through development of the GM Cross Section (Plate 5-1). Finally, it provides a

summary of significant observations made as a result of this data integration.
5.1 Geologic Data

This section presents a discussion of components of the Site geology that have been updated using new information

collected during the GM-1 Pilot Study. These components include stratigraphy. structure, and weathering.
5.1.1  Stratigraphy
3.1.1.1 Rocks

Except for thin {up to about 6 feet thick), scatiered patches of Tertiary high-level sediment and Quaternary alluvium
(Plate 5-1, Geologic Cross Section and Plate 3-2, Geologic Map), the Site is underlain by Triassic sedimentary rocks of
the Sanford Formation (Reinemund, 1955). These strata consist of a sequence of claystones, siltstones, sandstones, and
conglomerates that are representative of fluvial sequences, lacustrine deposits, and alluvial fan complexes. These rock
units have been described in detail in the Safety Analysis Report (SAR) (Chem-Nuclear Systems, Inc., 1993,

Revision 9).

During this study, rocks mapped in GM trenches 2, 3, and 4, and logged in core from the W200 series boreholes, were
described and classified according to the Folk (1980) classification system and the Lexicon. The rock units identified

include the following:

» Conglomerate (> 30 percent gravel), 3 percent of total

+  Sandstone, coarse to very coarse-grained, 14 percent of total
»  Sandstone, medium to very fine-grained, 23 percent of total
o Mudstone (including silistone), 54 percent of total

«  Claystone (>66 percent clay), 6 percent of total

th
v
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Basad on thin section analyses of core-plugs taken from 3 sandstones and conglomerates from W205CH1 and
W208CHI cores by Reservoirs, Inc., (1997), the sandstones are generally poorly sorted and range composition lly from
feldspathic litharenites to litharenites. Metamorphic rock fragments (11 to 42 percent), both schistose and non-schistose
varieties, dominate the framework constituents, followed by quartz (17 to 43 percent) and plagioclase feldspar (4 to

22 percent). For these sandstones, the amount of pore-filling material is relatively minor, ranging from 4 percent to

20 percent of the bulk volume. Hematitic clay matrix is the most common pore-filling phase although calcite and iron
oxide cements are present locally. Based on thin section analyses and core logging, the bulk of the primary pore space

in the sandstones appears to have been lost through mechanical compaction rather than cementation.

Thin section analyses of core-plugs taken from four mudstone and claystone samples from the W205CH1 and

W208CH 1 cores by Reservoirs, Inc., (1997), indicate that these rocks are sandy 1o silty and consist largely of micaceous,
hematitic clay matrix with admixed silt to very coarse sand-sized quartz, metamorphic rock fragments, and feldspar.
X-ray diffraction of 3 core samples and geophysical logs indicate that clay fractions are primarily illite with some

smectite

The ELAN logs produced by Schlumberger show results similar to that of the core analyses, with a few exceptions. For
example, the ELAN log indicates more clay in the sandstone at 159 feet in W205CH| than does the core sample. This
may be a result of the small amount of sample taken from the core for analysis or of inaccuracies in the ELAN. In
addition, the ELAN shows muscovite percentages up to 25 percent. This value is greater than what was estimated from
thin section analysis or from core logging. Because the ELAN is an estimate of mineral percentages, the high
muscovite percentages may be a result of the large percentage of schistose rock fragments in these rocks that were not
considered to be “mica” by either core loggers or microscopists. Altemnatively, the percentage of muscovite indicated on

the ELAN may not be accurate. As discussed in Section 4.3.4.3, the precision implied with the ELAN technique is

misleading and it cannot provide quantitatively accurate mineral volumes throughout the Site.

Results of the FMI stratigraphic analysis of rocks at the Site performed by Schlumberger (Appendix D-2) are consistent
with observations made from the core and ELAN analyses. The FMI analysis showed that the rocks consist of poorly-
sorted sandstones and conglomerates with subrounded clasts reflecting a short distance of transport.  Akhough scour
cuts are present locally, there are rarely large clasts at the base of these scours. Cross-bedding is not commonly seen in
the FMI data, although it is locally present. Many of the conglomerates and sandstones are interpreted to be sheet sand
or debris flow deposits. Evidence of sheet sands are horizontal flow structures indicating an upper flow regime such as
parallel laminations, poor sorting, and the lack of cross-bedding. Debris flows were recognized by poorly-sorted,
matrix-supported conglomerates/coarse-grained sandstones with large clasts distributed throughout the unit and often
with larger clasts near the top of the unit. Other features identified on the FMI logs were zones interpreted to be
epresentative of diagenetic mineralization {recognized by thin, homogeneous, very resistive layers or “blobs”

interpreted by Schlumberger to be either calcite nodules or chert zones) and paleosols (recognized by the presence of

(=
i
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mud cracks and, in some cases, root structures). In general, the results of the core analyses and geophysical logging
indicate an immature sediment dominated by sheet sands, debris flows and thick. floodplain deposits containing some

well-developed channel sequences.
5.1.1.2 Lithofacies

Lithofacies classification is a standard part of the analysis methodology for studying sedimentary rocks (Miall, 1996).
Summaries of the principles and methods involved are presented in Reading (1996). Miall (1992, 1996), Walker (1986),
and Walker and James (1992). The classification used in this study is based primarily on bedding characteristics, grain
size, texture, and primary sedimentary structures (Collinsen and Thompson, 1982; Pettijohn and Potter, 1964; Reineck
and Singh, 1973; Ricci Lucchi, 1995). Biogenic structures such as burrowing and rooting have been used as additional
descriptive attributes. Chemical sedimentary structures, such as pedogenic calcretes form minor components but were
also considered in defining lithofacies. The scale of an individual lithofacies unit depends on the level of detail
incorporated into its definition. Facies recognized in this study were defined broadly enough to: 1) identify mappable
stratigraphic units, and 2) accommodate the level of detail required by the core logging procedures (TP-29). The goal
was to examine all rock units in considerable detail to make possible complete, unbiased observations of all important

lithofacies atiributes.

The lithofacies scheme utilized in this study is summarized in Table 5-1 and is modified from one developed by Miall
(1978, 1995) for fluvial deposits. The classification is based on detailed logging of 1,129-feet of drill core from
boreholes W201ARI1A through W208CH1 and careful examination of 1,035-fzet of section (true stratigraphic
thickness} mapped in the GM trenches. The capital letter in the facies code (Table 3-1) indicates the dominant grain
size, where C = conglomerate, S = sandstone, and M = mudstone and claystone. The lowercase letters serve as a
mnemonic for the characteristic texture or structure of the lithofacies (e.g., x = cross-bedded, cg = clast-supported,

graded, m = massive). Detailed descriptions of these lithofacies types are given in Miall (1996, Chp. 5, p. 99-130).

Bed thickness minimum cutoffs of 0.2-feet were used to define lithofacies in core from boreholes W201ARIA through
W208CH! and in stratigraphic logs derived from detailed lithologic descriptions of the GM trenches. Some of the
lithofacies types are gradational with others. For example, massive sandstones with matrix contents close to the

33.3 percent mud cutoff could be classed as Sm or Smm (Table 5-1) based solely on megascopic examination. Also, the
degree of weathering in the GM trenches and core taken from the weathered zone in boreholes W2G1AR1A through
W208CH1, present problems for lithofacies classification. Where weathering is intense it is difficult to distinguish
individual lithofacies within major groups. For example, intense weathering may obliterate original szructures such as
lamination, burrows, and rooting, which are necessary for correct subdivision within the mudstone (M) lithofacies.
Lithofacies have been annotated on the graphic core logs for W205CH I, W208CH 1, and the requalified core. These

annotated logs will be submittad under separate cover.
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5.1.1.3 Map Units

Lithofacies associations are groupings of genetically-related lithofacies and form the basis for map units. Map units are

based on the propertion of individual lithofacies within groups as well as the nature of their bounding surfaces and

vertical sequence. Each map unit is characterized by a distinctive lithofacies assemblage. Five map units are recognized

based on data derived from core logging, trench mapping, and geophysical logging:

D

43

Ly

)

(Ug) upward fining sequences, generally consisting of conglomerate and sandstone at the base with mudstone at

the top;

(M) massive mudstone with minor sandstone;
(S ) massive sandstone with minor mudstone;
{Sywp) well-bedded sandstone with minor mudstone; and

(M) well-bedded mudstone with subordinate sandstone.

While map units are primarily based on lithofacies associations, they also incorporate geophysical response criteria. A

fuller description of how map units were selected is presented in Section 5.4, Neote that coarsening-upward sequences

occur locally within the map units. Descriptions of these map units are presenied below:

. Uf (upward-fining} - Medium- to very coarse-grained, grayish-red and reddish-brown sandstone with
subordinate conglomerate, fining upward through fine and very-fine sandstone and ending with reddish-brown
stltstone or mudstone at the top. Basal units are commonly clast-supported and cross-bedded and rest in sharp
contact with underlying siltstone or mudstone. The sandstone is moderately to poorly sorted lithic arkose,
feldspathic litharenite and litharenite. Several upward-fining sequences may occur within one map unit.
Lithofacies commonly include: conglomerate - Cem, Ceg, Ceb, Cex and sandstone - Sc, Scm, Sm, Smm, Sx,
Sr, Sl in the lower part with mudstone - Mm, ML Mr, and Mb, and occastonally, claystone - Mc and Mbp in the
upper portion. The gamma-ray log response is bell-shaped with low API values near the abrupt base (20-30),
increasing upward to the top (100-120 API units). The type log for this unit with three upward fining
sequences is W203AR1, from 34 to 85 feet {Figure 3-1). This unit is common west of the W8 fault and also
occurs near the east end of the GM-4 trench (top of section).

. Ms (mudstone/minor sandstone) - Interbedded grayish-red and reddish-brown, with occasional gray a2nd purple
intervals, generally massive mudstone and siltstone with subordinate, poorly-sorted, very fine- to coarse-
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grained muddy sandstone. Claystone and very fine- to medium-grained sheet sandstone occur within the unit.
Some mudstone, silistone and fine sandstone may be laminated. Lithofacies in this unit are dominantly
mudstone - Mm, Mb, Mr, Ml and claystone - Mc, Mbp with minor sandstone - Sm, Smm, Scm and
conglomerate - Cmm. The gamma-ray log displays an irregular, serrated pattern that usually varies between
70 (muddy sandstone) and 120 (mudstone) APl units. The type log for this unit is W202ARI, from 99 to .

134 feet (Figure 3-2). This unit is most commen west of the W3 fault.

Sm (sandstone/minor mudstone) - Interbedded grayish-red and reddish-brown, generally massive, fine- to very
coarse-grained sandstone and lithic conglomerate with subordinate sandy to pebbly mudstone. The sandstone is
usually poorly-sorted arkose, lithic arkose, feldspathic litharenite or litharenite. Sandstone is the main
lithofacies - S¢, Sem, Smm with subordinate conglomerate - Cmm and mizor mudsione - Mm, Mp, Mb and
claystone - Mc. The gamma-ray log response shows an irregular, serrated pattern that typically varies between
30 (sandstone) and 80 (sandy mudstone) APl units. The type log for this unit is W203AR1, from 300 1o

344 feet (Figure 5-3). This unit is most common east of the W8 fault.

Swhb (sandstone, weli-bedded) - Gray, grayish-red, reddish-brown and brown sandstone with subordinate
conglomerate and minor sandy and pebbly mudstone; individual lithologies commonly range from less than one
to about three feet in thickness and often exhibit sharp contacis; planar- and cross-bedded intervals occur within
this unit. The sandstone is usually fine- to coarse-grained, moderately to poorly-sortzd arkose, lithic arkose and
feldspathic litharenite. The Swb mapping unit begins with an overall coarsening-upward sequence in the lower
portion of the map unit, changing to an overall fining-upward sequence in the upper portion of the mapping
unit. Common lithofacies in this unit include sandstone - Sx, Sl, Sr, Sem, Smm and minor conglomerate - Cex,
Ccb, mudstone - Mi, Mb, and claystone - Mc. The gamma-ray log response displays a serrated, convex-
outward (to left) symmerrical pattern that typically varies between 50 and 100 API units. It has a rounded base
and top. The type log for this unit is W204ARI, from 34 to 80 feet (Figure 3-4). This unit is most common

west of the WS fault.

Mwb (mudstone, well-bedded) - Predominantly grayish-red and reddish-brown mudstone and silistone with
subordinate very fine- to coarse-grained, poorly-sorted lithic arkose, feldspathic litharenite, and litharenite
Includes grayish-red purple and grayish mudstone and sandstone. Laminated mudstone (M) is the dominant
lithofacies with subordinate sandstone - Sl Sr, and Sx and claystone - Mc. The gamma-ray displays a serrated,
convex-outward (to right) symmetrical pattern that varies between 100 and 130 APl units. The type log for this
unit is W104 from 90 to 112 feet (Figure 5-3). Note that the example given contains a laminated sandstone (S1)
near the midpeint of the mapping unit. These units are commonly observed within the Mwb mapping unit.

The Mwb unit is well developed at the west end of GM-3, and west of drainaze [ in GM-1E and may be

associated with Swh.
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Summary of GM-1 Pilot Study Activities
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Strength

A designated HLA staff member actually at the work site with direct supervision over, and respensibility for

subcontractor work in progress represents a solid activity controls approach.

Observed packer testing performed by Earth Data under direction of Golder and evaluated related activity

controls. This work was performed under HLA procedure TP-5 (Packer Testing). This surveillance reported

the following:
Recommendation #1

The Work Instruction was incompletely filled out in that some spaces on the form were left blank. On any
document such as this that will become a record of Project activities, all appropriate spaces on the form should
be either filled in, or N/A marked in that space to provide for completeness or closure of that document. [f the

space in question is determined to be unnecessary, then consideration should be given to modifyving the form.

Recommendation #2

Since the procedure for obtaining a water level measurement is a relatively simple one that is practiced by a
number of disciplines, the steps for taking water level measurements for Packer Testing should be written
directly into TP-3, taking into account the necessary allowances for site setup differences. TP-3 should be
revised to incorporate this recommended change, and the reference to the Long Term monitoring procedure

eliminated
Recommendation 3

The additional calibration records available for the water level measuring tape add defensibility to the work

product and should be requested from the sub to be part of the deliverable, if not already specified.

For each of these surveillances, any identified nonconformances, or opportunities for procedural or procass
improvements were communicated to the Project Management and tracked for reselution. Based on lessons leamed
from the GM-] studies, the QA program and the procedures controlling site studies work activities have been further

strengthened in preparation for site wide characterization.
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Data Interpretation and Integration

Reanalysis of the daa set following map unit definition indicates that three of the map units can easily be identified in
boreholes using only calibrated gamma-ray logs at a scale of 1-inch equals 10-feet These include the upward-fining (U},
mudstone/minor sandstone (Ms}, and sandstone/muinor mudstone (Sy) units. The well-bedded sandstone {Syp) and well-

bedded mudstone (M, ) units are difficult 1o identify in boreholes using only the gamma-ray wol. However, when the

gamma-ray is combined with the formation micro-imager log (FMI) at a scale of 1-inch equals 1-foot , these units can be

readily identified.

Map Unit abundances along the GM-1 section are Ms-50 percent, Uf- 25 percent, Sm-16 percent. Swb-6 percent and Mwb-3

percent.
5.1.1.4 Comparison of Well Bore Logging Techniques (see pages 3-6a through 3-6¢)
5.1.2  Structure

Structural data at the Site includes data collected during previous investigations and during the GM-1 Pilot Study. Data were
collected during previous investigations during outcrop and trench mapping. and borehole core and ATV logzing. During the
GM-1 Pilot Study. structural data were collected from additional trenches and core. and from BIPS and FMI imaging wols.
FMI and BIPS structural data, including stratigraphic and fracture orieniations, are provided as wdpole plots on the montages
for W205CHI1 and W20SCH| and on panel diagrams for W201ARIA-W204AR1. W206AR1, and W207AR!] (Appendices

D). These data, as well as the fracture data for the GM trenches, are also provided erepnet plots provided in Appendix E.
5.1.2.1 Faults

Pravious studies at the Site have idenufied 3 primary faults: the W8 fault, the W82 fauli, and the Bomrow Pit Fault. The
locations of these faults are shown on Plate 5-2, Geologic Map. The WR fault rends generally north-south, and the W82 and
the Borrow Pit faults trend generally east-west. Thus, the site is subdivided into a number of blocks separated by faults. The
GM-1 Pilot Study was conducted across two of these fault blocks, separated by the north-south trending W8 fault. Revision of
the site geologic conceptual model based on GM-1 Pilot studies is, therefore, restricted to portions of the W8 fault and the two
blocks it separates. Contacts between rocks dominated by MS and Ut map units and underlying rocks domunated by Sm units
are located both east and west of the W8 fault (Plate 3-1, Geologic Cross Section GM-GM’). West of the fault, the contact is
located in boreholes W202AR! and W203AR1 at depths of 174 feet and 302 feer, respectively. East of the fault a similar
contact is located in GM-4 trench at station 245 feet. Assurning that these two contacts are the same centact, projections to the

fault show they are now separated along the dip by a distance of about $00 feet. Since this is the only feature found that may

be correlatable across the fault, it appears that dip slip along the WS fault is 2 minimum of 900 feet.

ey

The W8 fault mapped 1n the GM-1E wench has a dip of approxamaiely 33 degrees. By projecting a plane with a dip of

33 degress from the surface to the WI03CHI corchole, the {ault zone would intersect W205CH

420 feet. However, the W8 {ault was penetrated during drilling of W205CH! 2t a depth of 331 feet based on the

zeophysical logs. BIPS and FMI data analysis have indicated that the dip on this fault 1s approximately 36 degrees a1 this
location. Projecting this dip to the surface, the fault would project west of the mapped location in the trench. Thus,
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Data Interpretation and Integration

3.1.1.4 Comparison of Well Bore Logging Techniques

Panel diagrams have been prepared that compare graphic core logs. well bore image logs (BIPS and FMI) and core
photographs. The purpose of producing these diagrams is to compare, in a side-by-side format, the different technigues
used to acquire and display lithologic information and sedimentary and structural features. To best illustrate this
comparison. core intervals contaiming each of four types of geologic mapping units wdentified in W205CHI1 were used.

The four mapping units, each shown on a separate panel, are Uf, Ms, Sm. and Swb. These comparisons were used to
assess the relative ability of each acquisition technique to provide the information needed to characterize the site. Keeping
in mind that the primary goal of site characterization is to identify where and how groundwater is moving, the critical
information required from the image logs is that which provides the ability to define and correlate both lithologic and

mapping units. and structural features. (see Sections 3.4 and 6.0). The panel diagrams are presented in Appendix D as

Plates D1 through D4.

Analyses of the four panel diagrams consisted of evaluating whether or not each acquisition technique adequately provides
information on lithologic types and thewr boundanes, the nature of bedding and contacts, and secondary features such as
rock structures and biogenic/epigenic markings. While geophysical logs {primanly gamma ray and resistivity} are not part

jonal confirmation of lithologic ty

@

of these panel diagrams, they (Figures 5-1
and boundaries. Based on these analyses, the following conclusions can b

Graphic Core Laogs

The combination of the rock classification column and the relative abundance curves developed during the core logging
generally correlate well with the FMI logs. Note that i some cases, there is one or more feet of offset of contacts between
the graphic core log and the images are noted. This likely results from errors in core depth measurement during drifling

eing, or mis-tdenitfication of the actual location of core loss zones. In this respect, the tmage logs provide more

=

and/or log

accurate data than the actual core

It was also noted that, based on a companson of the graphic core logs 1o the image and gamma logs, the graphic core logs
tend to underestimate sand contents of rocks in the very fine sand to silt ranges. This results in intervals of very-fine
grained sandstone not always being represented by the graphic core logs. As a result, Swb and Sm mapping units may be
thicker, and associated Ms mapping units, may be thinner than what is shown on graphic core logs. Because of the
difficalty in visually estimating sand content in fine-grainzd rocks, gamma and FMI logs provide a more objective and

of the rocks at the site. However, 1t shonld be noted that the gamma logs can indicate a

consistent characteriz
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sapdstone when the iterval may actually be

proposed in each bonng.

The graphic logs do provide information on biogenic and epigenetic features that can alse be generally observed on th

BIPS images. The FMI does not represant these features. However, correlations performed during the development of the
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Data Interpretation and Integration

GM-1 cross section indicated that these biogenic and epigenetic features are widespread throughout the units at the site
and provide little to no additional basis for correlations. As such, the lack of observed biogenic and epigenetic features on

the FMI is not considered a serious problem.

BIPS Images

BIPS images portray textures, structures and colors of borehole walls. In general, these features are not sharply defined
and coler is probably the least reliable feature. Reds and browns appear essentially the same. Important differences in
shades of gray are generally lost. Part of the problem may be a result of processing the data 1o generate the color
presented. Variations in processing probably accounts for color changes such as those at the 270.8 and 292.6 foot depths.
The poor representation of color may also be related to data acquisition techniques. Medium to coarse-grained sandstone
intervals on the BIPS logs compare very well to those on the graphic core logs and the FMI logs. However, subile
differences in color and textures on the BIPS logs make it difficult to define the finer-grained lithologic units. For
example, the upper Swb mapping unit in the Swb panel diagram would probably go unidentified if BIPS were used alone.
[n addition, fine-scale features such as laminations do not show up well on the BIPS in comparison to the FMI logs.
Fractures identified on the BIPS logs. where the log is clear, compare well with the location of fractures shown on the FMI

logs and the core logs.

Although not specific to BIPS images on these panzls, another problem identified with the BIPS data 18 the condition of
the hole during acquisition. Portions of some BIPS logs are not clear because of either the murkiness of the water or poor

condition of the hole (including lighting).

I[n conclusion, although Uf map units can be identified on the BIPS logs, they cannot be relied on to locate Ms, Sm. and

Swb mapping unit boundaries, especially since these tend to be gradational.
FMI Images

Measurement of the relative values of conductivity of rock provides data that generally portrays lithologies in shades
ranging from pale yellow (sand and gravel) to dark brown (silt and clay). FMI logs are presented in two formats; dynamic
normalization and static normalization. The static log best identifies lithology and relative grain sizes. The static
normalization log portrays details of Uf, Sm and Swb mapping units very well and matches the associated gamma log
curve best of all the four types of images shown on the panel diagrams. It allows for identification of the Swb units

because it displays very finely layered sandstone units that do not show up very well on the BIPS logs. Ms mapping units

are not so well defined by FMI because sand (quariz) contents of very fine grained luhologies apparently can var)
considerably. However, when used in conjunction with gamma logs, Ms mapping units are accurately defined and located.
The dynamic normalization log tends to show sharper images of fractures than does the static normalization log and
indicates that the locations of fractures closely matches those identified on the BIPS logs. A discussion of the comparison

of fractures berween the BIPS and FMI imagze logs is presented in Appendix E.
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Core Photographs

Due to the small diameter of the core relanive to the scale of the panel diagrams, the photographs do not clearly show smali
scale textures visible in the rock. However, they do show lithologic changes sandstone (light grey) to mudstone (grey-red
to red) and some fractures. The locations of these lithologic changes and fractures compare very well to those indicated by

the FMI and BIPS logs.

In conclusion, lithologies, contacts, structural features, and mapping units can most accurately and reliably be defined
using the FMI images in combination with gamma ray logs. The graphic core logs are subject to the biases of the logging
teams, and the geophysical logs suggest the current core logs underestimate the amount of fine-grained sand. Further,
uncertainties in core depth due to measurement errors during drilling and logging. and difficulties in assigning core loss
zones introduce errors in contact depths and unit thickness (although these errors are generally less than a few feet and are
not considerad critical at sitewide mapping scalesi. The BIPS images, even where clear, do not show fine-scale
stratification as well as the FMI logs and do not accurately distinguish fine-grained sands from mudstones. Further, data
acguisition issues with BIPS, including the nead for clean water in the hole. appropriate lighting, etc., are not

considerations with FMI, such thar FMI 1s considered a more robust and consistent logging methodology.
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the fault is not a planar feature but likely bends somewhere between the surface and W20SCHI. An alternate
interpretation may be that the W8 fault observed in the trench actally projects to a greater depth in W205CH] and that
the fault at 330 feet may be a splay associated with the W8 fault. There is a large fracture noted at about 520 feet on the

FMI log for W205CHI1 that could support this interpretation. However, this fracture does not have the attributes

associated with major faulting, such as an associated fracture zone, higher rates of water inflow, nora change in dip h

above and below this interval as observed at the 330ft depth .

The W205CHI core log and FMI tadpole plot (Appendix D-1) indicate a significant increase in fracturing about 10 feet
above the W8 fault at the 331 foot depth, and the FMI tadpole plot shows numerous fractures to about 30 feet below the
fault. Thus, the W8 fault is not a discrete plane, but actually represents a zone along which displacement occurred (e.g.,
the W8 fault zone). This fault zone can be seen on both the FMI and the BIPS image logs. Localized drag in the fault
zone is evident from the tadpole plots of the FMI and BIPS fracture data. These indicate a shift in the orientation of
beds from an easterly dip to a westerly dip within the fault zone. Trenching and mapping conducted approximately
2000 feet west and more than 1700 feet east of the W8 fault outcrop have failed to find another fault similar in

magnitude to the W8 fault.

In addition to the W8 fault, approximately 20 smaller faulits (i.e., slip surfaces and breccias with little to no measurable
offset) were observed in the trenches and borings. Most of the smaller faults are low-angle, and essentially parallel with
bedding contacts They are more commonly found near the contact between clast-supported sandstones and mudstones
and may be traced downdip in boreholes. There is an increase in density of minor faulting at the east end of the

GM-4 trench and a slight increase in density in the vicinity of the junction of GM-1W and GM-3 trenches and the nearby

GT-5 trench.
5.1.2.2 Bedding Orientation

Displacement along the Jonesboro Fault during evolution of the portion of the Deep River Basin in which the Site is
located has resulted in the originally near-herizontal beds being tilted to the east at approximately 5 to 10 degrees with
local dips of up to 25 to 30 degrees (Parker, 1979). During the GM-1 Pilot Study, bedding dip was interpreted based on
trench data and FMI and BIPS structural dzta, and confirmed by correlation. Bedding dips west of the W8 fault range
from approximately 20 to 25 degrees to the east and increase to approximately 40 degrees near the W§ fault. East of the
fault, previous trench mapping has indicated that the beds from a very gentle anticline. The FMI and BIPS data for
W206, which is located near the crest of this anticline, indicate essentially horizontal strata to a depth of 45 feet. The dip
in this borehole gradually increases to about 10 degrees northeast at 165 feet and then continues to sieepen to
approximately 15 to 20 degrees at 400 feet. Trench and borehole data indicate that the northeastward dip graduaii}:

increases east of borehole W206 to about 20 degraes near the borrow pit. Similar orientation of bedding west and east of
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the W8 fault had been reported previously (Geologic Map and Cross Sections of the License Area and Vicinity,

January, 1996).
5.1.2.3 Fractures

Deformation during faulting has generated a network of fractures throughout the rock mass. Fractures in boreholes
W203CH1 - W208CH1 were analyzed during the GM-1 pilot study with respect to orientation, aperture, and filling
material using both electrical and optical image data. In addition, fracture data collected during GM-1 Pilot Study trench
mapping (GM-2, GM-3. GM-4), and fracture data from previous trench mapping (GM-1W and GM-1E) were
interpreted, in combination with the borehole data, to assess fracture characteristics in the GM-1 Pilot Study area. The
borehole data used in the fracture study included electrical image data, optical image data and analysis of recovered

core. A comparison of the fracture analysis based on the three data sources is presented in Appendix E. The results of
the GM-1 fracture study are also compared with previous results of an analysis of acoustic televiewer data recorded at

the site.

Based on the analysis of eptical image data, two dominant fracture sets were identified from boreholes in the GM-1 Pilot
Study area. One set is bedding parallel, striking roughly north-south and dipping predominantly to the east. This
fracture set appears to correspond to internal bedding features detected in the electrical imaging data (sze Appendix E).
The other fracture set is erthogonal to the dominant bedding parallel fracture set and is comprised of more steeply-
dipping {ractures thar are not parallel to bedding. Both cptical and electrical imaging techniques detected this fracture
set and provided similar determinations of their orientation and distribution. Although there is substantial scarter in the
more sieeply-dipping fracture set, they are also primarily north-south striking but dip steeply to the west. There isa
slight change in orientation of the high angle fracture set in GM-1 and GM-4 where trend changes to slightly northwest
to northwest. This is consistent with orientations of high-angle fractures in W208AR|1. Stereonet plots of fracture

orientations are presented in Appendix E.

The combined structural trends of the fractures and strata are quite similar for both of the imaging methods used.
Borehole image analyses provide better and more compiete information than the resulis of core analysis because the
borehole samples a much larger fracture area, and also because the images allow determination of geographic
orienitation. The differences in interpretation of the bedding parallel features betwesn optical and electrical imaging
technigues are largely due to the different attributes these tools reveal. Internal laminations can generate mechanical
discontinuities which in the optical data could be interpreted to be fractures. The electrical images revealed differences
in the properties of the rock on either side of these discontinuities. Core analysts found that relatively few of these
features were large enough to be called fractures, and therefore were effectively closed (impermeable). This is an

important result of the GM-1 Pilot Study and is incorporated into permeability models. Thus, the differences between

the results provided by these methods are due to differences in the physics of the measurements, and between the display
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and analysis tools used to interpret the data. Differences in the classification of planar features may also be the result of
different interpretations of these features by the analysts. See Appendix E for a more detailed discussion and for

displays of data and results within a subset of depth intervals which highlight these differences.

As discussed in Section 4.2, fracture plots generated from the analysis of electrical image data (Appendix E) primarily
represent the high-angle fracture set (i.e., the stereonet plots of fractures measured from electrical image data do not
include bedding plane fractures). This high-angle fracture set is also consistent with the fracture data collected from the
trenches, and in the optical image data, although in the stereoplots of this data it is somewhat obscured by the relatively
large number of bedding parallel features. The stereonet plots of dipping strata derived from the electrical imaging data
are consistent with bedding plane fracture orientations for the optical image data. These fractures may or may not be

important hydrologically — this is revealed by Hydrophysical™ logging and packer testing.

Fracture orientations measured from the wellbore image data recorded during the GM-1 Pilot Study are consistent with
those observed from previous analyses of fracture orientations based on acoustic televiewer image data (SAR, 1993
Section 2.3.1.3.5.3 and C. Barton, 1995). The data analyzed in Barton’s report revealed three dominant subsets of
fractures based on data from 19 drill holes. Most fractures were shallow to moderately east-dipping (bedding-plane)
features. A second, less prominent set of moderately west-dipping fractures was also found as well as a steeply west
dipping fracture set. An acoustic releviewer is better at detecting bedding parallel fractures than is an electrical imaging
tool because it is sensitive to the mechanical character of macroscopic fractures. The acoustic televiewer generally
detects fewer overall fractures than either electrical or optical imaging tools because of its lower feature-size detection

threshold (approximately one centimeter).

Based on this analyses, fractures generally fall into two categories: high angle to near vertical fractures, and fractures
coriented along and parallel to bedding planes. Some of the weaker, clay-rich rocks appear to also contain broken zones
along bedding planes. These zones are classified as bedding parallel fractures from the analysis of optical image data
and as strata based on analysis of the electrical image data. Comparison of fracture stereonet plots for boreholes
W201ARIA through W205CHI1 (Appendix E) shows that high-angle fractures are more commonly located in close
proximity to the W8 fault, especially in its hanging wall. Examination of the same plots reveals that fracture density also
increases in the hanging wall of the W8 fault. A similar increase in fracture density is seen in GM-2 and GM-1 W data
plots (Appendix 1) and confirm earlier findings reported in the SAR (1994, Section 2.3.1.3.5.5, Fracture Domain

Analysis).

A similar increase in occurrence of high-angle fractures and fracture density is observed in the stersonet plot for trench
GM-4 where mapping has revealed many minor low- and high-angle faults. Greater than normal densities of manganese

oxide-coated fractures are also observed near minor faults located near the junction of GM-1W and GM-3 and in the
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nearby W202ZARI borehole. This suggests that fracture density may increase somewhat in the vicinity of minor faults as

well as in the vicinity of major faults, an association not previously reported.

Fractures were also evaluated with respect to their distribution in specific lithologies. Based on this evaluation there
does not appear to be 2 correlation between lithology and fracture orientation or lithology and fracture density.

However, it should be noted that this is based on a limited data set collected in the GM-1 study area.

5.1.3 Rock Weathering

Previous studies showed that weathering effects on Triassic sedimentary rock at the Site range from complete at the
surface, to slight at variable depths below the surface (Wake/ Chatham Safety Analysis Report, Section 2.3.1.3.4.2, Late
Cenozoic Weathering). Those studies identified four zones of weathering. From the surface down, they are: (1) zone of
complete weathering, (2) zone of severe weathering, (3) zone of moderate weathering and (4) zone of slight weathering.
No completely unweathered or fresh rock was recognized at the Site. Figure 2-3-30 of the SAR (1993) summarizes
major properties of the four weathering zones. In addition, the text of the SAR provided considerable data pertaining to
the mineralogical. chemical and geophysical characteristics, and hydrologic properties of the four weathering zones.

Discussions of the evolution of the completely, severely, and moderately weathered zones were also presented.

S.1.3.1 Weathered Zone

Geological characteristics of the weathered zone at the Site were observed and measured during three

GM-1 Pilot Studies activities; trench mapping, borehole soil and rock core logging, and berchole geophysical
measurements. Earlier findings regarding textural and mineralogical changes to Triassic rocks due to
weathering were generally confirmed. However, a number of refinements have been made based on data

collected during the GM-1 Pilot Study. In this report, the term “weathered zone” is meant to include all its

subzones, i.e., complete, severe, and moderate.

Geophysical measurements collected in boreholes drilied during the GM-1 Pilot Study have furthered our
understanding of the depth and hydrologic nature of the zone of weathering. Based on the log results guantified
using ELAN, this zone appears to be slightly more porous and softer than the unweathered rock. CMR porosity
in this zone is lower than that determinad using the other logs, whereas below this zone the ELAN porosity
more closely matches the CMR porosity. The weathered zone has lower density and acoustic velocity and

higher apparent neutron porosity than the unweathered zone . The geophysical log showing the larges: change

oz (DTCO) The differences

d zones is the acoustic veloci

between the weathered and the unweathere
between the two zones recognized on the geophysical logs are interpreted to be due, in part, to the presence of
stress-relief microcracks caused by mechanical unloading of the highly compacted sediments (particularly the

claystones) in the weathered zone. These microcracks allow the movement of groundwater through this zone
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and contribute to development of authigenic clay minerals (chemical weathering). Because the authigenic clays
have not been compacted, they may have a lower density and slower senic signature (and a different
mineralogy, although this was not obvious from the log data) than clays at greater depth. Therefore the
assumed clay properties used to compute the apparent effective porosity using ELAN may not be appropriate
for these materials, resulting in an apparent effective porosity which is slightly larger than the CMR porosity.
Alternatively. the CMR may simply undersample the microcrack porosity in this zone, as it may be associated
with T, times less than the cutoff time used to compute the CMR porosity. In either case, it is appropriate to use

the CMR porosity as a lower bound, and the porosity derived using other logs or ELAN as an upper bound.

In many cases, the base of the weathered zone corresponds with a fracture or set of fractures, and a slight hole
enlargement. The hole enlargement causes slightly decreased sonic coherence and a loss of pad contact which
results in much higher neutron log values, lower density and an increased density correction at the contact. The
fracture(s) at the base of the weathered zone may help to limit fluid circulation across the contact with the

unweathered zone by allowing a pathway for preferential groundwater flow parallel to the contact.

The base of the weathered zone in boreholes 201-208 ranges from 40 to 80 feet bgs (Table 5-2). Figure 5.6
illustrates the vertical extent of the zone at each borehole using the DTCO curve. Figure 5.7 shows the

differences in properties in this zone for W203 hased on velocity and density data.

Different descriptions and depth criteria of the subzones within the zone of weathering have evolved depending on this
particular study/technique being applied. Figure 5-8 shows the zone of weathering and its subzones and the criteria used

for depth determination. Each of the subzones and depth criteria are described in the sections that follow.
5.1.3.2 Subzone of Complete Weathering

The definition of the subzone of complete weathering was not changed during GM-1 Pilot Studies. This subzone, or 50il
zone, was continuously measured and described during the mapping of Trenches GM-2, GM-3 and GM-4, a total of
approximately 1600 feet, and in logging shallow intervals of the eight, W200-series boreholes drilled in support of the
GM-1 Pilot Study. Studies of soils performed during the GM-1 Pilot Study support findings of previous studies. For
example, it was observed that the B horizon of the completely weathered subzone is the most clay rich of all the
weathering zones, and thicknesses of the subzone of complete weathering were observed to generally fall within the
range of thicknesses described during the previous studies. The thickness of the subzone of complete weathering was
estimated to range between 2.0 and 6.3 feet during previous investigations and up to 8.0 feet during the GM Pilot Study

investigation.

The potential for understanding the relationship of properties of the subzone of complete weathering to its parent

material has been significantly increased during the GM-1 Pilot Study. Soil types and their properties were mapped at a
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scale of one inch = five feet along with underlying lithologies and fractures in trenches GM-2, GM-3 and GM-4
{GM Cross Section). Such continuous mapping of soils had not previously been done at the Site. Detailed soi]
descriptions, recorded on electronic spreadsheets similar to those used for lithologies and fractures, make rapid sonting

and correlation studies possible.
5.1.3.3 Subzone of Severe Weathering

Underlying the subzone of complete weathering is the subzone of severe weathering. The subzone of severe weathering
is characterized by manganese, iron-oxide, and limonite staining. Manganese-coated fractures and manganese-stained,
clast-supported sandstones appear to be largely confined to the severely weathered subzone but are not uniformly
distributed over the Site. Hematite-filled fractures and stained rocks are occasionally present in the severely weathered
zone but do not appear to be genetically related to modem weathering. Rather, they are interpreted to be related to
Mesozoic-Jurassic diagenetic processes. These features, including hematite nodules, are observed at depths to several

hundred feet in rock core.

The base of the subzone of severe weathering was defined in earlier studies as the depth at which power auger refusal
occurred, During the drainage studies conducted in 1994, core drilling was instituted as soon as it was possible to
retrieve core, generally at a depth shallower than power-auger refusal. A similar approach was taken during the

(GM-1 Pilot Study. The definition of the base of the subzone of severe weathering has been revised to correspond to the
depth at which split-spoon sampling was abandoned, usually when the blow counts reached 50 per inch, and core
drilling could be initiated. The depth of the zone of severe weathering based on split-spoon “refusal” for boreholes
W201ARI1A through W208CH1 ranged from 5.9 to 16.1 feet bgs. This depth is indicated in Figure 5-8 in the column

titled “Core Logs™.

The subzone of severe weathering was subdivided for mapping of trenches GM-2, GM-3 and GM-4 into two units; very
severely-weathered and severely weathered. These zones are indicated on Figure 5-8 in the column titled “Trench
Maps™. Very severely weathered rock is defined as rock in which soil peds are beginning to develop such that rock
structures and textures are locally absent. The depth of this very severely-weathered rock was found to be generally less
than the depth of the trench which is approximately 5 to 8 feet. This depth would likely correspond 1o the depth of
hand-auger refusal as described during previous investigations at the Site (Wake / Chatham Safety Analysis Report,

1994, Sections 2.3.1.3.43.2 and 2.3.1.3.6.3).

Immediately below the subzone of very severely-weathered rock is severely-weathered rock where rock has lost all

ubzone was often observed in the jowest

11
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strength, ie: is friable, but has not started developing peds. The top of this

portion of geologic mapping trenches.
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After split-spoon “refusal” (6-16 feet bgs), rock coring continued until competent bedrock was reached. Casing was
installed at this depth. The depth of casing, which ranges from 24 to 36 feet bgs in boreholes W201ARIA through
W208CHL., is shown in Figure 5-8 in the column titled “Driller’s Log”. Casing depth is, therefore, into the moderately

weathered subzone.
5.1.3.4 Subzone of Moderate Weathering

The subzone of moderate weathering underlies the subzone of severe weathering. Our understanding of the subzone of
moderate weathering is little changed as a result of core logging during the GM-1 Pilot Study. The rock is generally
moderately indurated to indurated. Manganese oxide and limonite coated fractures and rock staining are uncommon
while local calcite cement and fracture filling may be found. The base of the zone of moderate weathering cannot be
determined by examination of rock core. As in earlier studies, the base is determined largely by examination of

geophysical logs and corresponds to the base of the zone of weathering described in Section 5.1.3.1.
5.2 Hydrogeologic Data

One of the main objectives of the GM-1 Pilot Study was to assess which geologic features are important for controlling
groundwater flow beneath the Site. Observations of geologic features in the trenches and core (Table 5-3) provide
indirect evidence of flow in the shallow subsurface. In addition, some of the geophysical logs also provide hydrologic
information (i.e., the various porosity tools, caliper log, and Stoneley waveform log). However, the most diagnostic tool
for assessing conductive intervals is direct testing. This was accomplished for the saturated zone using both
hydrophysical logging and packer testing. This section presents a discussion of data that may be related to subsurface

water occurrence and movement collected from the vadose zone and the saturated zone during the GM Pilot Study.
5.2.1 Vadose Zone

Manganese oxide-coated fractures and manganese stained, clast-supported sandstones appear to be largely confined to
the severely weathered zone, but are not uniformly distributed across the Site. These features often appear to be
associated with near surface “seepage columns” observed during trench mapping. During the GM-1 Pilot Study,
manganese oxide-coated fractures and open fractures were also observed to be associated with areas in which minor
low- and high-angle faults (ie: slickensided surfaces with little or no measurable offset) are located and where
weathering zones are somewhat deeper than normal (Plate 5-1, Geologic Cross Section GM-GM"). These features,

suggesting the shallow circulation of water, may mark the locations of higher than normal groundwater infiliration. If

¥

g

s, they are very important features of the vadose zone. The best example of confluence of all these features is in the

vicinity of the junction of the GM-1W and GM-3 trenches. Borshole W202AR1 ., located in the same vicinity,

penetrated rock that contains abundant fractures, most of which are manganese oxide-coated.
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Anocther important feature of the vadose zone are surface seeps. Sixteen seepage zones were identified in trenches that
have been mapped prior to and during the GM-1 Pilot Study. These have been annotated on the GM-1 cross section.
Available data used to identify the seeps included trench map spreadsheets, photographs. original field notes and
sketches, and the annotated trench maps. Seepage zones were identified in trenches GMIE, GM1-ED, GM-2, GM-3,
and GT-3. Trench GM-4 had no seeps, and trench GT-5 had the greatest number of seeps. Eight seeps occur in fine-
grained sequences, and seven occur in coarse-grained units. Eight of the seepage zones identified in trenches GM-1
through GM-3 appear to be directly related to fracturing, rooting, or root-related fracturing. It is not clear what conirols
the seep that was photographed in GM-2, Unit 15, but it may be associated with the contact between Units 15 and 16
(i.e., bedding plane seep). Lithology does not appear 1o be an important factor controlling the occurrence of seeps. This
observation is consistent with shallow core logs which indicate abundant fractures in all lithologies above approximately
30 feet. Additionally, there is no apparent relationship of seepage distribution to map units or to topography. Rather,
seepage zones appear to be associated with fractures, roots, and root-induced fractures. Increased fracture density in
near-surface units is probably due to a combination of 1) brittle behavior due to unloading/low confining pressure and

2) biogenice (i.e., root-induced) fracturing. Thus, most of the seeps are probably near-surface phenomena and may not

be related to deeper pathways for groundwater flow.

2.2 Saturated Zone

th

Hydrelogic data collected from the saturated zone include porosity data from geephysical logs, flow data from

hydrophysical logging, and permeability data from packer testing.
3.2.2.1 Porosity Data

e porosity curves are plotted on the montages for W205CH1 and W208CH1 and on the ELAN logs for boreholes
W201ARIA through W204AR1, W206ARI, and W207AR1. These curves have also been included on the Panel
Diagrams for W201ARIA through W208ARI1 {Appendix D.3). The computed and edited CMR porosity is believed to
represent a lower bound on formation porosity (see discussion in Section 4.3). Density porosity and ELAN-computed
apparent porosity are also presented on the logs. As discussed in Section 5.1.3.1, the apparent porosity in the weathersd
zone is higher than that in the unweathered zone, and CMR porosity is lower than the other porosity curves. In the
unweathered zone, the porosity curves more closely match the CMR porosity. From the various porosity curves, it is
apparent that there are multiple zones of relatively higher porosity below the base of the weathered zone. The majority
of these relatively higher porosity zones correspond to sandstone intervals for which porosities range from 2 to
8 percent. Less than 100 feet of logged depth have porosities above 10 percent.  Although these porosities are still
considered low, they stand out relative to the remainder of strata encountered in the GM-1 Pilot Study, for which
porosities are less than 2 percent. Histograms of porosities which illustrate these observations are presented in

Figure 5-9. A detailed discussion of the analysis and interpretation of the porosity curves is presented in Section 4.3.
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5.2.2.2 Hydrophysical Logging Results

Hydrophysical logging is an excellent method for locating conducting features and providing an estimate of their flow

The distribution of conductive zones shows that they are concentrated in three primary areas; within the weatherad zone
as defined by geophysics, along strata-concordant fractures, and within the hanging wall of major faults. Most of the
conductive zones were observed to occur within the weathered zone, except at W205CH1. W205CH]1 is located on the

hanging wall and in close proximity to the W8 fault.

Below the weathered zone, conductive intervals identified during hydrophysical logging occur primarily along bedding
plane fractures or high-angle fractures in sandstones, except in W205CH1. In W205CHI, conductive features were also
found to occur within some of the finer-grained units. Results of the hydrophysical logging have been plotted on the

Geologic Cross Section (Plate 5-1).
5.2.2.3 Packer Testing

Packer tests were targeted at the conductive features or intervals that exhibited the highest yields during hydrophysical
logging. Packer test transmissivities generally agreed well with the hydrophysical log resulis. The packer testing results
from the GM-1 Pilot Study boreholes indicate values of T in the weathered zone of 10E-6 to 10E-8 m™/s, and generally
lower values of T (10E-3 to 10E-9 m%s) in the unweathered zone. The morz transmissive features in the unweathered
zone typically are strata-concordant fractures, or fractures on the hanging wall and adjacent to the W3 fault, with

T values of 10E-5 to 10E-6 m¥s. Values of T calculated from packer testing have been ploued on the Geologic Cross

Section (Plate 5-1).
5.3 Geochemical Data

Nineteen groundwater samples were collected from packer-tested intervals in boreholes W201ARIA through
W207ARI1, and from the two production wells used to supply water for drilling during the GM Pilot Study. The data
were analyzed for major cations and anions. In addition, pH, temperature, and specific conductance data were collected.
The resuits of the geochemical data analysis showed that there are two basic types of water in the GM study area:
primarily sodium bicarbonate (Na-CI-HCO, or Na-HCO,-Cl), and sodium chloride (Na-Cl). Piper diagrams for the
various groundwater samples have been plotted on the GM Cross Section (Plate 5-1). Values of pH in site waters are
slightly alkaline (i.e. greater than pH of 7) with the highest values reported from well W205CH]1 in the hanging wall of

the W8 faull

A detailed discussion of the results of the geochemistry data collection activities is presented in Section4.5. A

discussion of the geochemistry data integration results is presented in Section 5.3.3.
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5.4 Development of GM-1 Cross Section and Geologic Map

Prior to the GM-1 Pilot Study activities, a skeletal cross section was developed along the GM transect oriented east-west
across the buffer zone. This cross section provided a vehicle for integrating all geologic, hydrologic, and geochemical
data in the area of the existing and proposed GM trenches and boreholes 1o refine the hvdrogeologic model for this area
of the site. The ultimate goal of this integration effort was to assess the geologic features controlling groundwater flow.
The cross section also provided a framework in which to plan additional data collection activities. This initial cross

section was presented at the February 18-19, 1997, GM-1 Pilot Study planning meeting.

As additional geologic, hydrologic, and geochemical data were collected during the GM-1 Pilot Study program. this
cross section was updated and revised. The cross section is located coincident with the location of the GM trenches
shown on the Geologic Map (Plate 5-1). Data plotted on the cross section, or analyzed in conjunction with development
of the cross section, to assist in the geologic interpretation and the integration of various data types, are summarized in
Table 5-3. Table 5-4 summarizes how the zeophysical logs were used in development of the cross seciion. Thase
include data from core, trench maps, and geophysical logs. . It should be noted that the W32 cluster and WROW 100 are
located approximately 160 feet south and north of the cross section, respectively. The geophysical/graphic core logs for
W32MP14 and WSOW 00 appear to correlate 2long strike to geology shown on the cross section, but require projection
in a direction that local strike dam does not support. However, because the data from these borings provides additional
information for the cross section, the locations were moved to a position where the data are consistent with that shown
on the cross section {(i.e., W32MPI14 was moved 21 feet west and WROW 100 was moved 20 feet east). Borehole
W97SW43 is located 170 feet northwest of the GM cross section and the correlations between the two are not readily
apparent. Therefore, the requalified graphic core log is shown screened back, but was not used in constructing the cross

section.

While data shown on Table 5-3 were used to construct and interpret the cross section, not all data listed are actually
displayed on the cross section included in this report. Specifically, the graphic logs (both from core and interpreted
from geophysics) are included separately in Appendix B. In addition, only fracture data that are important for
understanding the nature of productive inflow intervals identified during hydrophysical logging have been noted. These
include annotation as to whether the water-producing interval is characterized by strata-concordant fractures or high

angle fractures. Fracture plots for each borehole and for the trench are included in Appendix E.
5.4.1  Stratigraphic Correlations

Correct corvelation of stratigraphy 1s essential for construction of geologic cross sections and maps, and. ultimately, fo

resistivity logs. graphic logs of W203CHI, W203CHI, and the requalified core, trench maps, the trench columnar

section, and dip information from both the FMI logs and the trench maps. In support of correlation, a graphic log of the
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trench stratigraphic section was developed and is included in Appendix A. Currently, most geologists correlate along
stratigraphic sections by matching log patterns (geophysical and core log), allowing for variations in lithology,

thickness, and completeness of section. This method was also employved during the GM Pilot Study.

Two approaches were used for stratigraphic correlation: 1) using geophysical logs, the trench cross section, and the
shallow core logs, and 2) using graphic core logs and the trench stratigraphic column. These two approaches were used
to assess the reliability of using geophysical logs for correlation during the sitewide investigation. If correlations are

similar using both approaches, the use of geophysical logs for correlation during the sitewide investigation is justified.

Correlation of lithologic units using geophysical logs was initiated by matching patterns on the gamma-ray and
resistivity (primarily useful east of the W8 fault) logs between boreholes, followed by matching major (thicker) rock
units benween trenches and nearby boreholes. Prior to using this approach, the gamma logs were calibrated with the core
logs for W205CH I and W208CH1. Because the gamma logs run through casing did not appear to be reliable indicators
of sandy lithologies, the core logs for the cased intervals were used for correlating to the shallow portions of the
boreholes. More reliable gamma log signatures in the cased intervals can likely be obtained by using the appropriate
type of casing and grout. Rock unit matching was constrained by bedding orientation data collected from the trenches
and the FMI logs. Following the correlation of lithologic units, these lithologic units were grouped to define larger-scale
map units that are associated with distinctive gamma-ray log patterns. It was observed that there are five distinctively
different gramma-ray patterns on the cross section that are representative of these map units. Once map units were

defined, it was found that they could be correlated more reliably than individual rock units.

In addition to correlation using the geophysical logs, correlations were also performed using the graphic logs for
W205CH!, W20SCH 1, and the requalified logs in conjunction with the trench graphic log, Prior to correlation using
this approach, lithofacies were added to the graphic logs for W2035, W208, and the trench graphic log. Representative
lithofacies have been annotated on the GM-1 hydrogeologic cross section. Correlations were made by pattern matching
of various rock units in conjunction with their lithofacies designations. Using this graphic log approach, only minor
revisions in correlations and map unit definitions, made using the geophysical logs, were required. Therefore, graphic
core logs are not considered necessary for correlation of mapping units. Although lithofacies were initially helpful in
defining mapping units, the addition of lithofacies is also not considered necessary for future defining of map units and

correlating stratigraphy.

In addition to lithofacies, diagenetic features were also added onto the cross section to assess whether these features are
important for correlating or whether they are diagnostic of water-producing intervals. These features include manganese
staining, manganese nodules, iron staining, iron nodules, iron cement, calcite cement, carbenate nodules, silica cement
(observed in trench), halo aureoles, and intense mottling. Diagenetic features such as manganese stzining and nodules

appear to be related to weathering and are confined 1o that zone, and their distribution may be an important characteristic
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of the vadose zone. Mottling is generally ubiquitous throughout the section and not diagnestic of any one map unit.
Other features, such as carbonate nodules, cements, and halos are present locally and do not appear to be confined to or
diagnostic of one map unit. Based on these observations, diagenetic features do not appear to be a valuable aid in

making correlations nor can they be used to predict the location of producing intervals.

Analysis of the distribution of biogenic features, burrowing, rooting and bieturbation, lozzed in core from W205CH!
and W208CHI, indicates that they are found in all lithologies except most claystone, very coarse sandstone, and
conglomerate. Furthermore, biogenic features are not found to be restricted to nor indicative of any particular type of

map unit. Thus, they do not appear to be important for making correlations.

Success in defining lithologic groups by means of borehole geophysical logs suggests that, during the sitewide
investigation, stratigraphic interpretations and correlations can be made using only geophysical logs if boreholes are
spaced closely enough. In addition, the existing and the limited core to be acquired in the supplemental field

investigation will be used to calibrate the geophysical logging results.

Using the gamma logs and trench maps, correlations along the GM cross section (Plate 3-1) were readily apparent on the
west side of the W8 fault, in part, because of the close spacing of the boreholes. In addition, the strata west of the fauli
consists of thicker, more continuous channel sands and conglomerates interbedded with thick siltstone/mudstone units
that form more distinctive gamma log patterns. Some of the sandstones west of the fault can be correlated up to

distances of 900 feet.

East of the fault the correlations were more difficult because of wider spacing of boreholes and less distinctive gamma
log patterns.  The strata in this area consists of relatively thin, discontinuous units of interbeded sandstones, siltstones,
and minor conglomerates that are responsible for the less distinctive log pattemns. With the exception of Ms and Uf map
units near the east end of trench GM-4 (top of the section), map units cast of the W8 fault are dominated by sandy
packages. Because of this lithologic heterogeneity, correlation of boreholes W206AR 1, W207AR1, and W20SCH | was
extremely difficult using pattern matching. However, the gamma-ray and resistivity logs indicate excellent correlation
with several clay-rich layers that occur in all three boreholes and which serve as marker beds (see Plate3-1, GM Cross
section). Dip data from the trenches and the FMI logs were also used to assist in the correlations. Correlations east of
the W8 fault indicated ihat the section between 200 and 240 feet bgs in W207AR! is missing in W208AR 1due to non-
deposition or erosion. The remainder of the section in W208 above 324 feet bas correlates with the section above

200 feet bes in W207AR| and the section in W2UBARI below 324 feet bgs correlates well with the section below

240 feet bgs in W207AR1. The missing section in W208ARI is indicated on the cross section.

Stratigraphy could not be correlated across the W8 fault using available data. The lack of correlation across the fault is

most likely due to offset that is too great to make correlations based on the stratigraphic sections available.
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In addition to correlating units along dip parallel to the GM1 cross section, correlations were also
performed along strike in a northerly direction from the GM1 cross section to assess the distance that map
units may extend in the strike direction (see Geelogic Map, Plate 5-2). These correlations are presented in
the form of two cross sections: Plates 5-1A and 5-1B. The location map for these cross sections is
presented in Figure 5-9a. These cross sections were first presented in the Discrete Fracture Modeling
Report (Figures 3.3 to 3.5, HLA, 1995} and have been reproduced herein with minor edits o lithologic
correlations and with the addition of mapping units. Cross section GMA-A" extends north from the GM1
cross section south of W74PM4 to WSOWG61. Cross section GMB-B’ begins at W8OWO96 on cross section
GMA-A" and extends northeast through W8PTHA to WEOW39.

Mapping units were identified on the basis of gamma logs primarily, but graphic core logs were also used,
where available. However, as noted in Section 4.2 4, the graphic core logs often underestimate the amount
of fine-grained sand and. therefore. do not always correlate with the corresponding gamma log. In these

cases, the gamma log was used to identify the mapping unit.

Twao sandstones that occur near the tops of both GMA-A” and GMB-B" cross sections have been designated
as A and D Sandstone A can be comrelated all the way north to WS0WS9. A facies change has been
interpreted to occur along strike within sand A. In the area of W74PM4 and WSOW 100, the sandsione is
interpreted to be part of an Uf map unit, 2nd a transition 1o 2n Swb map unit occurs between WSOW 100
and WEOWS6 then back 1o Uf between WE0W6S and WEMC 12, Sandstone D can be correlated northward
as part of an Uf map unit to WSDP4 then transitions 1o an Swb map unit at WS0W39. Correlations of these
sandstones and map units indicate that both mapping units and some lithologic units can be correlated for

distances of more than 600 feet along strike.

Mapping units identified along strike are similar to those recognized west of the W8 fault in the GM1 Pilot
Study area. They are dominated by Hluvial sequences (Uf) with minor Ms and Sm units near the GM1 Pilot
Study area and dominantly by Ms and relatively thick Sm units with only minor Uf units to the north and
northwest (i.e., north of WROWGES on cross section GM-A-A” and north of WSMP3 on GM-B-B’). Thus.
there are some facies changes occurring north and northwest of the GM1 Pilot Study area indicating that
some fluvial sequences may be fairly limited in areal extent in that particular direction. A three-dimensional
interpretation is required to assess the true extent and configuration of mapping units. These activities will

be performed dunng further Site Characterization,

As discussed in Section 4.1, water level responses were noted in WSMCI 2 during drilling of W205CH!.
Maost of the responses were noted when drilling beneath the fault. However, a slight water-level increase
was noted when coring between 140 to 136 feet (see Table 4-1). This interval corresponds approximately
to the interval that had the hizghest vield during hydrophysical logging and where a strata-concordant
conductor occurs (i.e., at 159 feet in W205CHI). A likely relationship may be that this conductor correlates
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north to WEMC12. This hypothesis was examined by use of the two new cross sections. WSMCI2 is
screened within an interpreted conductive zone based on evaluations of the Aquifer Test 4 area by HLA
{1993). Within this zone, one thin sand occurs which has been interpreted to be part of 2 Uf sequence. If
the conductive zone identified in WEMCI 2 is related to a strata-concordant feature, it is likely that this
feature would occur at the contact between a sandstone and an underlying mudstone. Therefore, an attempt
was made to correlate the sandstone identified in the screened interval at WSMCI2 to the GM1 Pilot Study
area. This sandstone can be correlated as far south as WSOW96. However, it appears 1o pinch out just
north of WS8OW 100 and. therefore, likely does not continue to W205CH 1. The nature of the connection
between W205CH! and WSMC12 is not clear at this time. but could be through the enhanced fracture
network associated with the W8 fauit zone rather than through a specific strata-concordant conductor.
Additional work is required to complete the correlation of map units and hydrologic conductors throughout

the entire WS area.
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5.4.2 Scale and Detail

In comparing the various scales of data, it was found that lithologic correlations are best made at a scale of | inch =

10 feet using both the gamma logs and the graphic log of the trench. Resolution of the gamma logs (and other
geophysical logs with the exception of the FMI) is lost at any greater scale and lithologic sequences are 100 stretched on
the graphic trench log to identify correlatable units. In order to see detail in the trench maps. and to add a large amount
of annotation data on the cross section, it was initially constructed at both a vertical and horizontal scale of 1 inch =

10 feet. However, a smaller scale (e.g., I inch =20 feet) would be more workable for the sitewide characterization.
This study also indicates that lithologic logging of core or trench exposures at a scale of 1 inch equals § feef provides
sufficient detail for recognition of all map units. However, for the purposes of showing finer details observed in core,

where necessary, and annotating fractures with respect to specific lithofacies, | inch equals 1 foot will be used when

logging new core or relogging existing core.
5.4.3  Geologic Map

edding orientation shown on the previous geologic map of the Site (February 1996) has not been significantly changed.
However, map units have been revised and additional minor faults have been added. All five map units occur both east
and west of the W8 fault. Boundaries between map units were located on the geologic map (Plate 5-2) based on
boundaries determined on the cross section. Bedding orientation and faults on the geologic map are based on trench
mapping data. Stratigraphy west of the fault is dominated by mudstone with minor sandstone (Ms) and closely
associated upward fining (Uf) map units, whereas the sandstone with minor mudstone unit (S;;,) dominates the area east
of the fault. The portion of the Geologic Map revised as a result of GM-1 Pilot Studies is indicated on Plate 5-2

{Geolozic Map) and is a 500-foot wide strip with the GM trenches located near its center.

One area of the map requiring explanation is the area where trench GM3 and GM1W tie. Two distinctive coarse-grained
sandstones have been identified in this area during trench mapping conducted during previous investigations and the
GM-1 Pilot Study investigation. One unit occurs at the eastern terminus of trench GM3, where it joins GMIW. The
other unit has been mapped at the east end of trench GT3 about 60 feet north of the main trench system. Both sand units
have been designated as Sm map units. However, although these two sandstones are in close proximity to each other,
they do not appear to correlate. Rather, they are each of limited lateral extent and appear to have a lenticular geometry.
Thus, they are shown to pinch cut within a relatively short distance on the zeologic map. The larger sand body at the
east end of GM3 can be correlated to a thinner conglomerate unit that has been mapped in GT5 (see stratigraphic
columnar section; Appendix A). However, the sandy conglomerate unit at the east end of GT3 has not been mapped a1

any other location.
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Borehole W202AR1 is located about 30 feat east of the eastern edge of the GM3 sand. Examination of the shallow core
log for this borehole indicates that it consists entirely of silt and clay. Therefore, the GM3 sand pinches out to the east
prior to the location of W202AR1. The hypothesis that the GM3 sand is lenticular and may be of limited lateral extent is
supported by its northwest strike and northeast dip, indicating that its orientation is anomalous with respect to regional
strike and dip. The sand at the east end of GT3 is not present in W202AR, nor can it be projected into the GM3 or

GM1 trenches. Thus, it also appears to be lenticular, pinching out to the south and east.

The existing geologic maps of the Site show laterally continuous map units of uniform thickness striking NNE to SSW.
This relatively simple map pattern is partly the result of the limited amount of outcrop and subsurface information that
had been available prior to the GM-1 Pilot Study. It now appears that the Sm map units may be much more laterally
discontinuous than pré:viousiy realized. In contrast, the Ufand Swb map units can often be correlated for relatively long
distances across the site before pinching out. However, based on the GM cross section, it appears that the map unit

which mayv be the most laterally continuous across the Site are the finer-grained seguences of the Ms unit
55 Significant Observations Based on GJM-1 Cross Section Data Integration

During and after development of the GM Cross Section several significant observations were made with regard to
geology, and the hydrogeologic, and geochemical data integration efforts. These have been summarized in the

following subsections.
351 Geology

. The stratigraphy along the GM trench could be correlated using primarily the gamma ray log patterns, in
conjunction with the FMI and trench stratigraphic orientation data. However, gamma curves within casing (as
presently designed) may not be reliable indicators of sandy intervals. Core will be retrieved from the cased
intervals during the sitewide investigation and will be used, in conjunction with the geophysical curves. to

correlate stratigraphy.

. The stratigraphy west of the fault differs from the stratigraphy east of the fault. West of the fault the strata

ra

consist of thicker, more continuous channel sands and conglomerates interbedded with thick silistone’'mudsione
units. These units were readily correlated because of the distinct gamma-ray signatures. The stratigraphy east
of the fault consists of a greater percentage of sandstones, but which are thinner and less continuous than those
west of the fault. Most of the individual sandstone units east of the fault could not be correlated for long
distances. Additionally, the strata east of the fault {including the finer-grained units) are more guartz rich than
the strata west of the fault. Thus, there are fewer extremely clay-rich intervals on the east compared to the west

side of the fault (Figure 4-6). The clay unit in Drainage | is one such clay-rich unit. In borehole W203CHI, the
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rock above the W8 fauit is more similar to the strata west of the fault, and the interval below the fault is more

similar to the data from boreholes on the east side of the fault.

. Gamma-ray logs and FMI logs indicate that core logging underestimated the sand’silt content of very fine
lithologies east of the W8 fault. Thus, the Ms map units identified in W208CH1 based on core logzing are, in

some instances, probably Sm packages.

. The Ms map units comprise the greatest percentage of strata at the Site and are anticipated to be the most

laterally continuous.

Based on experience gained in support of the GM Pilot Study activities, the data required for recognition of mapping
units are geophysical logs (primarily gamma ray logs) and the FMI image data. These data sources provide lithology,
relative grain size, percentage of clay versus quartz, contact type, primary sedimentary features, and the geophysical log
pattern. Other lithologic features that were used to define map units during the GM Pilot Study, such as percent gravel-
sand-mud, fabric, color, and biogenic and diagenetic features, are not considered necessary to define map units during
the sitewide characterization. It should also be noted that a specific mapping unit recognized at one location on site does
not necessarily correlate to the same tvpe of mapping unit elsewhere on site. Rather, correlations made between closely-
spaced boreholes using the geophysical logs are necessary to define the three-dimensional extent of a single mapping

unit.
5.5.2 Hydrogeologic Data Integration

Based on hydrophysical logging, the distribution of conductive features shows that they are concentrated in three
primary areas: 1) within the weathered zone as defined by geophysics (the base of Zone 1,See Section 4.0, Summan
Report for Dp-1), 2) along strata-concerdant conductors (bedding plane fractures), and 3) within the hanging wall
adjacent to the W8 fault plane (approximately 30 feet above based on increase in fracturing noted on the FMI). In
association with an analysis of the distribution of conductive features, hydrophysical and packer test data were also
evaluated, in conjunction with the borehole image data and core data, to identify correlations between fluid flow
indicators and geologic features that may be responsible for the flow anomaly. Because of possible depth tie
mismatches between the different logging techniques, an interval =3.0 feet above and below a fluid flow anomaly was
inspected for potentially permeable (open, eroded) fractures and’or structures that correlate to 2 producing zone. Note
that BIPS data are not available past 100 feet depth for W204AR1 (TD 143 feet ) and the Schlumberger fracture analysis
results are required to analyze the lower part of this well. Also note that the BIPS data quality of W203AR| was very
poor below a depth of 100 feet where visibility was limited and the flow analysis for this well also requires the FMI

fracture analysis results.
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3.3.2.1 Fluid Flow in the Weathered Zone

The unsaturatzd portion of the weathered zone, the vadose zone, contains localized areas of manganese oxide-coated and
open fractures associated with relatively deeper completely- and severely- weathered subzones. Seepages are often
mapped in trenches at these locations. This association, which is not distributed uniformly over the site, may mark the

locations of relatively greater surface water infiltration to subsurface water flow conduits.

The saturated portion of the weathered zone contains the greatest number of water producing intervals, except in
W205CH1 which is located in the hanging wall of the W8 fault. The increased number of conductive intervals in the
weathered zone is interpreted to be a result of enhanced secondary porosity/permeability due to chemical weathering or
to enhanced fracturing as a result of isostatic unloading. A conductive zone was identified at or near the base of the
weathered zone in every borehole except W206ARI, indicating that this centact may be a preferential pathway for
groundwater flow. A caliper increase at the base of the weathered zone also suggests increased permeability at the base

of this zone.

The base of the zone of weathering determined by geophysical logs appears to be more significant hydraulically than the
base of the subzone of severe weathering determined by core and auger refusal. This suggests that a visual assessment

of the depth of hydraulically significant weathering is difficult. Rather, the depth of hydraulically significant weathering
can best be assessed by identifying a change in rock matrix based on the porosity logs, the density log, the sonic log, and

the caliper log. The base of this zone ranges from 49 feet bgs in W204AR1 0 84 feet b:s in W208CH1.

35.5.2.2 Strata-Concordant Conductors

The results of the GM Pilot Study evaluation showed that almost every flow anomaly is associated with a fracture. At
shallow depths (i.e., above 200 feet), most of these are parallel to bedding, while at greater depth most of these are
steeply dipping. Table 5-5 presents the preliminary results of the correlation between fractures and producing zones.
Three hydraulically significant strata-concordant fractures have been identified on the GM-1 cross section; at 129 and
139 feet bgs in W20SCH, and between 139 and 161 feet bgs in W207AR1. These fractures yielded 263, 1.06, and
0.69 gpm, respectively, during the hydrophysical logging program. The fractures at 159 feet in W203CH] and at
159 - 161 in W207ARI were the highest producers identified during the GM1 Pilat Study program. The sandstones
with which these fractures in W203CHI are associated have been correlated across the GM-1 Pilot Study area as shown
on the GM-1 cross section. The strata-concordant fractures at 139-161 feet in W2Z07ARI1 do not ceontinuz 1o boreholes
each side of W207AR1. Groundwater elevation monitoring during drilling indicated that the strata-concordant fracture
t 139 feet in W205CH lis hydraulically connected to well WEMCI12, and may be one of the strata-concordant

conductors identified in the vicinity of the W8 well cluster during HLA’s 1996 evaluation of Aguifer Test 4. Additional

evaluation of this hypothesis will be conducted during the SIP.
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Hydraulically-significant strata-concordant fractures generally occur at the contact between coarse-grained to
conglomeratic sandstones and underlying siltstones or claystones (i.e., where large contrasts in physical properties occur
across the contact). It is difficult to determine whether fluid flow at a given location is more dependent on
strata-concordant fractures or on the overlying lithologic unit that appears to be relatively more permeable than others:
for example in borehole W205CHI1 near 161.5 feet depth. The sandstone interval including this feature is relatively more
permeable (0.239 md) relative to the sandstone unit 5 feet higher (0.157 md). The highest T values below the weathered
zone (10E-5m%/s) were measured in W205CH]1 at 159 and 270 feet bgs. T values elsewhere in the unweathered zone
ranged from 10E-5 to 10E-9 m¥/s. The sandstones above the bedding plane fracture at 159 feet has an estimated
effective porosity of up to 8 percent based on the CMR and ELAN logs. The higher T value in this zone may be a result
of both fracture porosity and secondary porosity in the sandstone. Thin section analysis of this sandstone during the
GM-1 Pilot Study and performed during previous investigations at the Site indicates that the porosity is secondary and is
a result of the dissolution of feldspar and, in some cases, intergranular cement. Of interest is that some of the fractures
with relatively high T values (10E-3 m¥s at 270 feet in W205CH|) have flows during hydrophysical testing as low as
0.005 gpm as compared to |.06 gpm at 159 feet in W205CHI. The higher T value at 270 feet is likely a result of
increased fracturing approaching the W8 fault. Both bedding plane and high angle fractures were noted in this
sandstone. Thus, the higher producing intervals appear to be associated with bedding plane fractures that are in contact
with a relatively higher permeability sand. The bedding plane fractures are most likely a result of slip along these
surfaces to accommodate stress associated with faulting and are mechanically more likely along fold limbs. Thus, these

features may become less important with increased distance away from the major fault zones.

There are also examples of significant bedding plane fractures identified through geophysics that did not produce during
the hydrophysical logging. An example is at 90 to 100 feet in W204AR1. This sandstone correlates to the sandstone in
W203SCHI at 139 feet. Although these sandstones correlate and are both characterized by bedding plane fractures at
their base, the sandstone in W204AR1 did not produce. The hydrophysical logging indicated a producing zone from

103 to 138 feet. It may be possible that it was actually producing from the fracture at the base of the sandstane (i.e., at
100 feet). Aliernatively, the sandstone in W204AR | may not have produced because it has a higher clay content (based
on the geophysical logs) than the sandstone in W205CH]1. This would suggest that the location of the “clean”
sandstones may be predictors of preducing intervals. Although the CMR porosity in the sandstone in W204ARI is

14 percent, this value is likely a result of borehole enlargement rather than matrix porosity.
5.5.2.3 Hanging Wall of W8 Fault

In addition to the weathered zone and bedding plane fractures in the

zone is also interpreted to be a zone of higher conductivity. The W8 fault is clearly visible in image data. Intensely
fractured rock associated with the fault, especially its hanging wall side, appear to be fiuid flow conduits. In support of

this conclusion, W205CH 1, located on the hanging wall and adjacent to the W8 fault, had the highest number of
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producing features and higher porosity intervals (as interpreted from the ELANS) in the GM-1 pilot study area.
Although several conductive features were identified in the weathered zone in W205CHI, several conductive features
were also identified below this zone. These occur above the W8 fault both along strata-concordant fractures and as
high-angle fractures within sandstones and claystones. As indicated from the BIPS, FMI, and Stoneley waveforms, this

borehole exhibits has a high density of fractures approaching the W8 fault and for some depth beneath it
5.3.2.4 Other Potential Controls on Groundwater Flow

Fractures inclined to bedding may also play an important role in controlling groundwater flow if they connect one
bedding-plane fracture to another. These are fikely to be confined to individual units and to be truncated at bedding
contacts. One such feature crosses W203CH1 within the sand above 163 feet. It is associated with a large thorium
anomaly, possibly suggesting that it has carried, or is, carrying large amounts of fluids. The hydrophysical anomaly at
158 feet may be associated with this high-angle fracture as well as the fracture at the base of the sandstone and the
sandstone itself. Open, high angle shear fractures are also responsible for permeability at depth, particularly in
W203CHI1. A large, high-angle fracture in a sandstone at 317 feet bgs in W205CH]1 had a relatively high flow rate at
0.05 gpm. This fracture occurs approximately 23 feet above the W3 fault. In some cases the permezble zones
correspond to the depth location of the intersection of the two orthogonal fracture sets. However, it should be noted that
these fractures all occur in W205CH]1 which is located in the hanging wall and adjacent to the W8 fauit. The unportance

of these high-angle fractures away from fault zones will continue 1o be evaluated during the sitewide investigation.

At greater depth, the more steeply dipping fracture set associated with high-angle faults may assume a more important
hydraulic role. Based on fracture data from W203CH1, the hydrologic importance of the bedding parzalle!l fractures
appears to decrease with depth. Most of the conductive intervals identified below 200 feet in this borehole (4 out of 3)
are associated with high-angle fractures. This is likely a result of the increase m lithostatic load with depth. Producing
intervals in other boreholes were not identified below 200 feet. Therefore, this hypothesis is based on a very limited

data set.
5.5.3 Geochemical Data Integration
DP-2 Geochemical Site Conceptual Model Summary

The geochemical site conceptual model has been revised based on the results of the GM-1 program. The essential

n the development of the geochemistry site conceptual model for major ion chemistry include the

observations used

. Three basic types of groundwater have been identified thus far as a result of the review of histerical and

recently collected data and include Na-CI-HCO; or Na-HCO; -Cl, Na-Cl, and production mixed cation-HCO,
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waters. The total dissolved solids (TDS) content of these waters range from several hundred to nearly
5000 milligrams per liter (mg/l) with the highest TDS waters found in the most highly weathered rocks in the

proximity of surface drainages.

. Surface-waters are mostly dilute Na-SO, to dilute Na-Cl waters with TDS values typically less than 50 mg/l.
. Precipitation is dilute Na-SO, water with TDS values less than 50 mg/l.
. The dominance of Cl over HCO, and the range of TDS values observed in groundwater may be related to

weathering, residence time, amount of groundwater circulation, changes in lithology, and the presence of
faulting and fracturing. Specific conductance is strongly correlated with chloride and TDS. This makes for the

easy distinction of waters within the system based on major ion chemistry.

Stable isotope chemistry data for oxygen and deuterium presented in the DP-2 information package and the recently

collected packer test data collected in support of the GM Pilot Study indicate the following:

. Groundwater is not evaporatively enriched and surface-waters are moderately enriched.

. No evidence of isotopic enrichment by thermal exchange.

. No evidence of depletion associated with paleotemperature effects.

. I[sotopic compositions of waters are consistent with post-pleistocene precipitation in central north America.

These finding indicate that stable isotope signatures will be a very useful too! in distinguishing water types at the site.

Radon-222 results indicate the following:

. Groundwater values are higher than in surface water and range from 230 to 2,100 picocuries per liter (pCi/l).
. Generally surface-water radon concentrations are less than the method detection limit of 50 pCV/L

Radon-222 results suggest that low levels observed in surface-waters may be the result of dilution, diffusion across air-
water interfaces, or the absence of groundwater discharge to surface-water within the footprint of the site. The utility of
radon as a tool to identify discharze of groundwater to the surface is considered to be limited unless lower method

reporting limits can be obtained.

Unstable isotope analyses for carbon-14 and tritium indicate that groundwater at the site may not be as old as model ages
indicate and correction of the data may be necessary. However, they do indicate a general downward flow of

groundwater with increasing age with depth.
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GM Pilot Study Geochemistry Site Conceptual Model Update

The results obtained during evaiuation of the geochemical data collected during the GM Pilot Study confirm the
previous findings detailed in the DP-2 Information Package concerning the geochemical site conceptual model. The
results also provide some additional insights that will be used in moving forward towards site characterization activities.

Packer test analytical results indicate the following:
. Production water is low in sedium, chloride and TDS, and high in magnesium.

. East of the W-8 fault rocks in borehole W207AR! are higher in quartz and lower in clay content and fewer
permeable water bearing zones exist. Waters in this environment are dominated by the anion chloride relative
to bicarbonate even at depths below the weathering zone. Tighter, less productive boreholes (insufficient flow
during packer testing to support pump testing) west of the fault from which samples were collected from the
weathering zone are also dominated by chloride over bicarbonate, while tighter boreholes tested below the

weathering zone show bicarbonate dominating over chloride.

. In the hanging wall of the W8 fault groundwater samples collected from corehole W205ARI are dominated by

hicarbonate over chloride and TDS values are lower,

. Oxvgen/deuterium results from the packer tests plot with groundwater from elsewhere at the site and show no

sign of enrichment.

. Raden concentrations in groundwater collected during the packer tests appear 1o crudely increase with depth

and are similar to those obtained during the DP-2 groundwater sampling program.

The analytical results collected during the GM Pilot Program confirm previous DP-2 observations used in the
development of the initial geochemical site conceptual model with one exception. It also appears that waters higher in
chloride than bicarbonate, and higher in TDS, exist at depths below the weathered zone in areas east of the W-8 fault.

This occurs in less productive zones where the mineralogy of the sequence is less clay-rich and more quartz-rich.

Time series results also provide interesting results relative to the current geochemical site conceptual model and include

the following:

. A gradual decrease in specific conductance and rapid decrease in temperatures were observed in test intervals
from well W207CH 1. The pH values were relatively constant and moderately basic (pH ~ 8) and less than

200 gallons total were preduced from any one interval.
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. The pH values from the deepest interval tested in well W205CH]1 increased with time from approximately 8 to
9 and temperatures were relatively constant throughout the tests. As much as 1430 gallons of water were

produced in a 3 hour period.

Constant and relatively lower specific conductance, and constant temperatures, suggest uniform groundwater
composition and more rapid circulation in corehole W205CH1. Variable and relatively higher specific conductance
suggest higher residence times, lower circulation, and more mature weathering in borehole W207CHI. Increases in pH

with time suggest that carbonate sequences found below the W8 fault may be influencing water chemistry.
Geologic, Climatic, and Physical Factors Influencing the Geochemical Site Coneceptual Model

Clay mineralogy was found to be predominantly smectite and illite based on analysis of samples collected from core
and analysis of the geophysical logs run during the GM Pilot Program. Previous analyses conducted by Rust (1993) also
indicate the presence of some kaolinite clays (primarily in samples collected from the weathered zone). Mineralogical
information from rocks present at the site is incomplete, as is the water chemistry data. However, preliminary
indications based on the available data are that the mineralogy of the rocks is simple; composed primarily quartz,
plagioclase feldspars, and clay, with variable amounts of potash feldspars, micas, and oxides. Rain and surface-waters
are acidic with a pH of around 4.5 and vegetation {evapotransporation) relatively prolific across the site. These and
other factors are the result of, or control the processes that are responsible for, the geochemistry of the waters present at

the site.
Summary and Conclusions

At present, insufficient data of a known guality is available to refine our understanding of the geochemical processes that
control the water chemistry and related mineral-forming processes at the site. Geochemical modeling using several of
many codes (e.2. PHREEQC, WATEQ4F, NETPATH) will need to be used to analyze the available data once it has

been compiled and verified. The overall nature of the system and the processes controlling the system can, however, be

examined briefly given the currently available and verified data.

Rock-dominated waters are those in relatively closed systems, out of contact with fresh, diluting recharge. Such waters
can approach equilibrium with respect to contacting silicates and alumnosilicates, and so tend to have relatively high
pHs and high major ion and silica concentrations (Langmuir, 1997). High pH values may also result from the
concentrating impact of evapotransporation. Clay types and content reflect differences in the maturity of weathering,

rock composition, and fracturing that has enhanced water circulation.

The early weathering products of complex silicate rocks, such as plagioclase feldspars to clays, result primarily in the

release of sodium and bicarbonate (Andrews, 1996). Chlorine and the related anion chloride is found to occur in

pro-onh\fmiextisect-3 doc 5-27
10725797 7:20 PM



Data Interpretation and Integration

gneissic rocks, similar to those which are found as lithic fragments throughout the sedimentary section at the site at
concentrations as high as 200 micrograms per kilogram (Johns, 1966) . Chlorine in these rocks is likely to have
substituted for hydroxyl ions in micas or occur in late magmatic fluid inclusions in quartz and potash feldspars. As
weathering reaches a mature stage, chlorine is released when micas and quartz breakdown. This explains the presence of
Na-Cl waters in the weathered zone and in rocks containing elevated percentages of weathered micas. Diabase rocks are
inherently higher in magnesium than those relatively more acid parent rocks from which most of the sedimentary rocks
found throughout the stratigraphic sequence were derived. This explains the mixed cation compositicn of the production

water.

In addition to the release of sodium and bicarbonate into the system as a result of the initial weathering of complex
silicates to form clays, hydronium ions (OH") are also released 1o the system acting to raise the pH (Langmuir, 1997).
Time series plots of pH versus time discussed in Section 4 indicate that pHs are highest in the vicinity of well
W20SCHI. This is consistent with the upper portion of W20SCHI in the hanging wall of the W38 fault where rock -

water interactions are likely enhanced due to increased circulation and aguifer capacity.

Figure 5-10 shows the pathways for the development of clay minerals and iron oxides under various degrees of
maturation and parent rock composition. From this figure it is easy to conclude why the dominant clay types found at
the site are illite and smectite. Magnesium and potassium contents of rocks and waters at the site are low and cation
removal likely slow throughout most of the system although in areas where cation removal is high it is anticipated that
substantial kaolinite should be present. It is suspected because of its relatively high solubility that in areas where
circuiation is low (because of less fracturing), weathering more complete (weathered zone), or where rocks contain a
larger abundance of lithic fragments containing micas, that chloride would dominate over bicarbonate as the primary
anion. This hypothesis, however, must be confirmed through more detailed analyses of the distribution of micas and the
actual source of chloride in the system. The high solubility of chloride and the higher relative abundance of complex
silicates in most of the rocks at the site would suggest that, under conditions that enhance circulation (i.e., fractured
zones) and where weathering is not as complete, that bicarbonate would be found at higher concentrations. This
conclusion is further supported by the fact that waters found to have higher TDS, which are generally associated with
longer residence times or more complete weathering, are dominated by chloride (W206 AR 1, W202AR!1, W201AR1),
while waters with lower TDS which generally occur below the weathered zone, or in areas that are more highly

fractured, contain substantial quantities of bicarbonate.

Figure 5-11 shows how the bulk chemistry of most systems can be tied into the processes responsible for the dominance
of chioride over bicarbonate and result in a range of TDS concentrations in groundwaters. While this is a gross over
simpiification of the geochemical system likely present at the site this same general diagram can be applied to most
water types found across the globe. During site characterization these relationships will be examined in detail and
specific mechanisms and reactions identified. This information will then be funneled into facility performance

assessment.
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6.0 SIGNIFICANT FINDINGS OF THE GM-1 PILOT STUDY

During the GM-1 Pilot Study, a large volume of information and data was compiled for the geologic, geochemical, and
hydrogeologic conditions within the investigation area. The analysis and integration of this comprehensive data set has
resulted in the an increased knowledge and understanding regarding the hydrogeologic conditions along the GM-1: Pilot

Study Area. This Section presents a summary of the most significant findings of this GM-1 Investigation:

1 This field investigation evaluated a number of investigative techniques, tools and protocols for the compilation
of data required to characterize the hydrogeologic, hydraulic, and geochemical conditions at the Wake site,
From this study, a series of six downhole geophysical tools and two hydraulic testing tools have been identified
as best suited to site conditions and the project needs for site characterization and analysis. These tools include:
three arm caliper, full wave form sonic, high resolution electrical imaging, density and neutron, spectral
gamma, and resistivity. In addition, hydrophysical and packer testing techniques provide delineation and
quantification of the important hydrogeologic features. Comparison of the information gained from these -
techniques to that from rock core, when used in combination with trench maps and existing site data, indicates
that the selected geophysical and hydraulic testing tools significantly improve the accuracy, repeatability,
consistency, and reliability of measurement, while reducing uncertainty in the results and interpretations. The

proposed combination of geophysical, imaging, and hydraulic tools allows:

. direct identification of hydraulically conductive discrete features or zones,

. rapid evaluation of the relative magnitude of flow through each feature or zone,

. quantirative analysis of conductive-feature geometric and hydraulic parameters,

. in-situ images of the conductive features or zones for geologic classification,

. a range of associated physical characteristics of the feature or zone and surrounding rocks,

. the ability to collect water samples directly from the feature or zone for geochemical analysis, and
. the identification of mapping uniis for correlation and geologic data integration.

[§9]

Development of the geologic cross section along the GM-1 trench has provided valuable insights into the scale
and detail of investizations needed for site-wide studies. Work along the GM-1 trench included logging two
deep cores and selected existing cores at a scale of 1 inch=1 foot. This scale allowed definition of fine-scale

features in these cores and comparison of fine-scale features to geophysical logs and images. The trench

mapping was done electronically by surveying points along contacts and fractures. As such, this mapping can
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be considered scale-independent. Similarly, the geophysical logs have resolutions ranging from less than an
inch to approximately one foot. The hydrophysical testing allows direct and accurate location of conductive
features, which can then be correlated to images and geophysical data. Correlation of map units with those
exposed in the GM trenches was done primarily by pattern matching using the graphic log of the trench with
the resultant graphic logs for each borehole. This comparison indicated that the correlations made using only
the zamma log patterns for map units, in combination with the trench maps, provided the same results as using

the trench graphic log in combination with borehole graphic logs.

The basic geologic information evaluated in the GM-1 Pilot Study was collected at very fine scales. As part of
the integration and correlation studies, lithofacies were identified which ranged from a few inches to a few feet
in thickness. Associations of lithofacies were assembled into mappable rock units ranging in thickness from
about 10 to about 60 feet. These mappable units have characteristic physical properties, geologic attributes and
geophysical signatures that are distinctive across the GM-1 Smdy Area. As such, this scale of geologic units
appears appropriate and usable for correlation between trenches, surface exposures, and borings at the site for
the SIP. This scale of mappable units is also appropriate to meet the regulatory requirements for geologic
mapping of the site at a scale of | inch=100 feet. Lithologic correlations were readily made over distances of

800 1 and for thickness on the order of 60-90 fi.

The GM-1 Pilot Study results indicate that groundwater occurs in three principal locations: 1) within and at the
base of the weathering zone, 2) along inclined bedding plane (strata-concordant) conductors near the lithelogic
contacts of sandstones and mudstones, and 3) within the enhanced fracture zone of the W§ fault, approximately
150 to 200£ from the fault plane in the hanging wall. The weathered zone contains the greatest number of
producing intervals, except in W205, which is in the hanging wal’I of the W8 fault. A producing feature is
generally present at or just above the base of the weathered zone. The geophysical log analysis indicates this
zone is higher in porosity, lower in acoustic velocity, and contains lower density geologic materials. Analyses
of both the geophysical and image tool results, in combination with the hydrophysical logzing, indicate that
fluid flows appears to be dominated by open strata-concordant fractures, particularly at shallow depth. Where
data are available from some of the deeper boreholes, there is evidence that the hydraulic importance of the
strata-concordant fractures decreases with depth as the lithostatic load increases. At greater depth, the more
steeply dipping fracture sets associated with high-angle faults may assume a more important hydrologic role in
groundwater occurrence and movement. In many cases, the strata-concordant fractures occur at the contact
between an upper, more permeable, unit (usually sandstone) and a lower, impermeable, unit (usually mudstone

A te 3

d,and are often conglomeratic. It s
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or silistone). These coarse sandstones are relatively ¢l
difficult to determine whether inflow at a given location is more dependent on bedding plane fractures, oron a

lithologic unit that is relatively more permeable than others. In its hanging wall, the W-8 fault contains
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intensely fractured rock associated with the fault and acts as a fluid flow conduit. Fractures inclined to bedding may

also play an important role if they connect one bedding-plane fracture to another.

Significant understanding has been compiled regarding the structural geology along the GM-1 Pilot Study Area. The
combination of trench mapping and oriented downhole imaging provide in-situ fracture data, including fracture
density, orientation, and apparent aperture. The dominant fracture directions in the GM-1 area include generally
north-trending high-angle fracture sets as well as low-angle fractures parallel 1o the east-dipping stratigraphy. The
high angle fracture set is mare prevalent in the hanging wall of the W3§ fault. Strata-concordant fracture zones tend to
occur at the boundaries of units with significantly different mechanical properties, such as coarse-grained sandstone
in contact with mudstone. This relationship is consistent with preferential slip along these zones to accommodate
movements during ancient faulting and tilting episodes. Downhole imaging provides oriented bedding directions
throughout each boring, so that variations in bedding orientation due to changes in depositional environment or
structural deformation can be recognized. Dips west of the W8 fault are on the order of 20 degrees to the east,
increasing to about 40 degrees approaching the fault. Immediately east of the W3 fault, 2 gentle anticline has been
mapped, with nearly horizontal beds at the surface near the fault and dips systematically increasing to about 20

degrees NE both with depth near the fault and eastward.

The location of drainages across the site was hypothesized to be conrrolled by the presence of major faulting.
Comparison of the revised geologic map and the trench maps in the GM-1 Pilot Study Area, and the apparent absence
of faults in the topographic lows, indicate that the topography in this area is more likely controlled by stratigraphy
than by structure. A correlation does exist between topographic saddles and strike-paraliel drainages which are
underlain by fine-grained units such as mudstones within the GM-1 Pilot Study Area (Plate 3-2, Geologic Map). The
topographic saddle at GM-3 Trench Station 130 feet and Drainage | are both underlain by Ms map units. Similarly,
topographic highs and ridge-lines tend to correlate with lithologic intervals dominated by sandstone units mapped in
the trenches (Plate 5-1, Geologic Cross Section) and on the geologic map. The southeastern trending ridge at GM-2
Trench Station 250-330 feet is held up by an Sm unit, and the topographic high with associated northerly trending
ridges at GM1-W Trench station 500 to 763 feet can be correlated with a lithologic interval dominated by sandy map
units. At a smaller scale, isolated zones of deeper weathering and minor topographic lows tend to correlate with the
oceurrence of small faults or increased fracturing observed in the trenches. An example is located in GM-1 Trench at

Station 510 feet.

Analysis of the GM-1 Pilot Study, review of the existing data, and review of the data collection methodologies
provided a technically strong foundation upon which to design theSIP. A combination of previously applied
rechniques along with the recommended geophysical and imaging tools will be implemented. These methodologies

include but are not limited to:

. Trenching and scraping o expose near-surface soils. rock, and geologic structures;



Significant Findings of the GM-1 Pilot Study

. Continuous sampling in all borings from the surface to an appropriate depth for setting casing,

including standard penetration testing in the upper zone for geotechnical evaluation:

. Percussion drilling to provide boreholes for geophysical logging and hydrologic testing;

. Downhole imaging and geophysical logging using the proposed suite of tools from the GM-1 Pilot
Study;

. Hydrophysical logging to identify significant groundwater conductors;

. Targeted packer testing of these discrete features or zones;

. Collection of samples from groundwater, surface water and soil and rock for geochemical analysis:

- Infiltration testing at or near final design grade;

. Interference testing in paired wells to develop additional hydrologic parameters, and;

. Natural gradient tracer testing, and use of tracers during aquifer and infiltration testing.

The analvsis and integration process of this GM-1 program demonstrate that integration of multiple lines of

(7

evidence does lead to a more complete and internally consistent understanding of the site conditions in the

(GM-1 area. This observation is based, in part, on:

. Direct observation and measurement of water level responses in wells along the W8 fault and along
strata-concordant conductors perpendicular to the fault during drilling and packer testing at well

W205CHI:

. Successful packer testing and modeling of geometries and hydraulic characteristics of discrete
cenductors identified through hydrophysical logeing, and the consistency of those geologic analysis
models with the current understanding of the relationships of high angle fractures to strata-concordant

conductors;

. Hydraulic responses and analyses of packer tests that are consistent with earlier observations at the

site, including the results of Aquifer Tests | and 4;

. The ability to geologically classify discrete hydraulic features by downhole imaging and geophysical

technigues, and recogaition that these features are related to specific geological characteristics;
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Significant Findings of the GM-1 Pilot Study

Demonstration that uncontaminated formation water can be collected for geochemical analyses even

after drilling and geophysical and hydrophysical logging of new borings, and;

Trends in the geochemical data that are consistent with water movement and gecchemical evolution
laterally and downward from the potentiometric high along the W8 fault towards both the east and

west.

Significant Findings Regarding the Applicability of the Proposed Field Testing and Analysis Techniques

Many technical issues regarding the protocols and the sequence of testing methods were addressed during the

GM-1 Pilot Study. The following summarizes some of the pertinent findings related 1o field methods,

protocols, and data analysis technigues:

Afmrextisect

7 828 PM

Continuous sampiing from the surface to the depth of casing provides geological information related to
the weathered portion of the geologic section. This information is lacking from most previous

investigations at the site.

Downhole geophysical data provide a reliable and unbiased indicator of the top of slightly weathered
rock. In contrast, visual observation of core or observations during drilling appear to be inconsistent

and highly variable.

Information from trenching, coring and downhole geophysics and imaging in the GM-1 area allowed
definition of five mappable geologic units generally ranging from 10 to 60 feet in thickness. Each map
unit has characteristic geological (lithofacies) components, physical properties, and geophysical
signatures. These mapping units were correlable for distances approximately on the order of 500 ft
along strike and dip. The geology underlying the GM portion of the site is comprised of alternating

combinations of these units.

Correlations of map units from the trench to and between boreholes were successfully accomplished,
both by pattern matching of geophysical signatures and by geologic correlation of individual map

units. Each approach yielded the same correlations along the GM-1 cross section.

Fine descriptive details of rock characteristics, such as the presence or absence of nodules, burrows
and root traces, celor mottling and small variations in composition or physical characteristics were

found to be of lintle use in correlating between boreholes and 1o the trenches

This

il

Downhole imaging and geophysical data provide true orientations of bedding and fracture

allows resolution of changes in the strike and dip of map units both laterally and with depth, and
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Significant Findings of the GM-1 Pilot Study

provides actual fracture orientations. Additionally, in-situ fracture apertures can be estimated from the
images, and the in-place characteristics of faults and broken zones can be determined. None of this

information is available from rock core.

. Hydrophysical testing of boreholes allows direct measurement of conductive features. Once
conductive features are identified, targeted packer testing provides information on geomeiry and
properties and provides samples for geochemical testing. This approach is more efficient and superior

to fixed interval packer testing and bulk geochemical sampling.

. Water-level monitoring using pressure transducers in nearby wells during the drilling and testing
programs provided valuable information with respect to delineating the connectivity of conductive

features in the subsurfacs.

. The techniques and sequencing of borehole drilling and testing evaluated in the GM-1 Pilot Study
demonstrate that reliable samples of formation water can be extracted from individual hydrologic
conductive features in boreholes for geochemical analysis. This was demonstrated by comparison of
major ion chemistry of tested waters with the production well and surface water and the stability of

field geochemical parameters with time during pump-out packer testing.

. The suite of geochemical parameters proposed for analysis provides information useful for flow and
transport modeling of the site and for estimation of groundwater residence time and rock/water
interaction. Information from the groundwater testing program will be enhanced once the rock

geochemistry program is institated.
6.2 Significant Findings Related to Refinement of the Site Conceptual Model

The GM-1 Pilot Study provided significant information and data resulting in the refinement of both the GM-1 cross
section and the hydrogeologic conceptual model along the study area. This section briefly summarizes some of the more

pertinent findings relating to the conceptual understanding of the hydrogeolozic setting:

. Five major map units have been identified in the GM-1 area, based on trench mapping, core, and
geophysical signatures: 1) Uf: upward fining sequences, 2} Ms: massive mudstones with minor
sandstone, 3) Sm: massive sandstones with minor mudstone, 4) Swh: well bedded sandstone with
minor mudstone, and 5) Mwb: well bedded mudstone with suberdinate sandstone. Each map unit is
characterized by distinctive lithofacies, physical characteristics and geophysical signatures. Map units

range in thickness from about 10 to 60 feet. The geology underlying the GM-1 portion of the site is
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Significant Findings of the GM-1 Pilot Study

composed of alternating combinations of these units. Approximately 75 percent of the rocks along the

GM-1 cross section area are within the Uf and Ms units.

Along the GM-1 wench, correlations of map units were readily made over distances exceeding 500 feet
in the dip direction. Extension of map units to the W8 swell cluster area and other borings indicates

similar correlation distances along strike.

Stratigraphy west of the W8 fault differs from that to the east of the fault. No clearly correlatable units
were identified across the fault. As such, a preliminary estimate of the vertical displacement on the

W§ fault appears to be in excess of 900 feet.

During the drilling of boring W203CHI1 along the W8 fault, hydrologic responses were observed in the
W8 well cluster, about 650 feet to the north. Responses to packer testing at W205CH1 were also
observed at the W8 cluster and at the original deep VSP boring WI109SV3, about 125 feet to the west.
These observation are consistent with the concept of enhanced connectivity along the hanging wall of

the W8 Fault and or the lateral extent of a strata-concordant conductor.

During packer testing at W2035, hydrologic responses were also noted at well W203AR1, about
525 feet west. This connection is interpreted to be along a strata-concordant conductor and s

consistent with the conceptual model of flow along these features.

A rotal of 27 conductive features were identified in the W200 well series by hydrophysical testing.
Conductive zones occurred in the lower portion of the weathered zone which includes the contact
between moderately weathered and slightly weathered rock defined by the geophyvsical data. This
observation is consistent with enhanced secondary porosity in at least the lower portions of the

weathered zone due to weathering and possibly fracturing related to unloading,.

Conductive features were also associated withstrata-concordant fractures, and, particularly near the
W8 fault, with individual high angle fractures. These observations are consistent with the current
conceptual model of two classes of conductors in slightly weathered to fresh rock (bedding plane and

high-angle fractures), and enhanced connectivity and conductivity in the hanging wall of faults.

Inflow rates from the conductive features during hydrophysical logging ranged from 0.001 to

1.06 gallons per minute. The highest yields came from boring W205CH1 in the hanging wall of the
W8 fault, where over 1500 gallons of water were extracted in a three-hour packer test. This is
consistent with the current conceptual model of enhanced hydraulic conductiviry in the hanging wall

of the fault.
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Significant Findings of the GM-1 Pilot Study

During the analysis of the packer test data, modeling of the packer test response data indicated that the
conductors exhibit finite sources of water, which is consistent with the expected physical
characteristics of the conductors at the site. Both high angle fractures and strata-concordant conductors
likely vary in aperture, effective porosity, storage and ransmissivity both laierally and vertically. The

packer test data provide valuable insights into the geometries of these features.

Major ion and isotope geochemical data from groundwater samples analyzed as part of the GM-1 Pilot

Study are consistent with those obtained during earlier site-wide geochemical sampling activitiss.

The major ion chemistry is consistent with the current conceptual model in the vicinity of the

W38 fault. For example, samples from W203CH1 are relatively lower in chloride than samples from
wells to the east and west. This observation is consistent with a model of lateral movement and
evolution of groundwater from the potentiometric high along the hanging wall of the W8 fault curward
to the east and west. The single exception is well W204AR1, which has significantly lower TDS and

chloride content and may represent local recharge.

Time series geochemical sampling for field parameters during packer testing at W205CH|1 and
W207AR| yielded generally stable resulis, suggesting that sinzle geochemical samples from earlier

sampling programs are likely representative of the formation waters in the area of the sampling well.

During the drilling of boring W205CH ] along the W8 fault, water-level responses were observed in
Well W206ARI, located approximately 350 feet east of W203SCH]I and approximately 30 feet east of
the W8 fault trace. This response suggests that there is hydraulic connection across the W8 fauli,
despite the large apparent throw on the fault (greater than 900 feet) and despite the significant
difference in the type of mappable geologic units on either side of the fault. This response implies the
following: (a) the WS fault along the alignment of GM-1 activities (trench and boring locations) does
not apparently serve as a barrier to hyvdraulic response; and (2) different, but hydraulically connected

cenductors occur on both sides of the W8 fault.
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Table 1-1. Topical Meetings Held Related to the GM-1 Pilot Study

NCLLRWDF
Wake County, North Carolina

Date Topic
February 18, 19, 1997 Planning meeting for GM-1 pilot studies

March 12, 1997 Discussion of GM-1 work plan

April 21, 1997 Field progress meeting

May 29, 1997 First topical meeting to discuss imaging techniques
August 7, 8, 1997 Trench walk through and review

August 14, 1997 Geologic integration and cross-section review

Second topical meeting on comparisen of rock core with imaging

September 10, 1997 and geophysical resuits

September 17, 1997 Vadose zone status report

September 17, 1997 Geochemistry status report

September 18, 1997 LWPSC meeting on proposed strategy for supplemental field investigation =2

LWPSC - Licensing Work Plan Steering Commuttee
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Table 1-2. Summary of Borehele Geophysics and Imaging Too! Runs

NCLLRWDF
Wake County, North Carolina

Borzhole BIPS CPR AIT CMR ECS FMI NGT PEX
W201ARIA % X X X X X % X
W201ARIB X %

W202ARI X X : X X 5 X
W203ARI X ¥ X X X X %
W204ARI! X X X X b § X %
W205CHI X X X ¥ X X x X
W206ARI1 % X X X X X X
W207ARI X X X X X X s
W208CHI X X X X X s X

BIPS - Borehole Imaging Processing System
CPR - 3 Arm Caliper

AIT - Array Induction Tool

CMR - Cembinable Magnetic Resonance Imager
ECS - Elemental Capture Spectoscopy Tool

£MI - Formation Micro Imager

NGT - Natural Gamma Ray Spectometry Tosl

PEX - Platform Express Tool
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Table 3-1, Summary of Borchole Construction

NCLLRWDF

Wake County, North Caroling

Total Sphit- Total Depth of  Total Depth of Depth of Total
Stant End Ground Surface Top of Surface Spoon Non-Competent Cored Competent  Surface Borehole  Drilling or
Borehole Drilling Drilling levation Casing Elevation  Sampling Bedrock Bedrock Casing Depth Reaming Bt
Number Date Date (feet above MSL)  (fect above MSL) — Depth {feet bgs) (feet bgs) (feet bgs) — (feet bes) Type
W20TARTA 472197 475197 251.3 252.81 9.8 36.0 NA 36.0 115.0 Tri-cone bit
W201ARIB 43797 474797 i 2 252,97 NA NA NA 36.0 115.0 Button bit
W202AR1 467 4412197 258.5 260.29 4.9 30.0 NA 3.0 2150 Tri-cone bit
W203ARI 17397 410097 272.1 273.48 5.6 320 NA 32.0 365.0 Button bit
W204AR1 4/3/97 419197 2709 272.48 11.2 32.0 NA 32.0 145.0 Button bit
W205CH]I 171797 4/22/97 268.8 270.03 12.4 31.0 562.0 310 715.0 Button bit
W206AR!] 1497 416/97 2713 273. 14 7.4 320 NA 33.0 415.0 Tri-cone bit
W207AR I 17197 4714197 2493 251.66 9.4 2.8 NA 24.0 465.0 Button bit
W208CH 1 4/5197 4/18/97 249.7 251.02 7.0 32.0 501.1 32.5 515.0 Tri-cone bit

MBL - Mean sen lescl
b « Below ground welace
NA « Mat applicable
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Table 3-2. Seil and Rock Core Logged During GM-1 Pilot Study

NCLLRWDF
Wake County, North Carolina

Borehole Soil (by Split Spoon) Rock (by Coring)
Depth (ft) Recovered/Logged Depth (ft) Recovered/Logged
Number Total Depth (ft) Sampled Footage Cored Footage
W201AR1A 113 . 098 7.85 10.2-36.0 2435
W202AR1 215 0-4.9 135 5.85-30.0 23.03
W203AR!I 363 0-5.6 335 5.95-32.0 23.75
W204AR1 145 0-11.2 8.6 11.5-32.0 16.45
W205CH]I 715 0-12.4 925 12.5-562.0 513.05
W206AR1 415 0-74 4.03 8.0-32.0 23.1
W207ARI 463 0-94 46 10.0-22.5 12.05
W208CH1 515 0-7.0 56 8.0-501.1 4806
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Table 2-3. Borehole Imaging and Geophysical Log Mnemonics

NCLLRWDF
Wake County, North Carolina

Tool Acronym Units Measurement
AIT AHTI0 ohm-m AIT-H Two Foot Resistivity A10
AHT20 ohm-m AIT-H Two Foot Resistivity A20
AHT30 chm-m AIT-H Two Foot Resistivity A30
AHT60 ohm-m AIT-H Two Foot Resistivity A60
AHTS0 ohm-m AIT-H Two Foot Resistivity A90
AHIMR ohm-m AIT-H Input Berehole Mud Resistivity To AIT Processing
CMR CMFF decimal CMR Free Fluid N
CMRP decimal CMR Porosity
KCMR mDarcy Permeability from CMR
DSI DTCO 10-6 sec/ft Compress. wave inverse velocity (1/Vp)
DTSM 10-6 sec/ft Shear wave inverse velocity (1/Vs)
DTST. 10-6 sec/fi Stoneley wave inverse velocity
ECS 3¢5 2 RO units ECS Capture fron Relative Yield
CT1 no units ECS Capture Titanium Relative Yield
CGD [0 Units ECS Capture Gadolinium RelativeYield
CCA no units ECS Capture Calcium Relative Yield
Csl no units ECS Capture Silicon Relative Yield
CSUL no units ECS Capture Sulphur Relative Yield
NGT SGR APl unuts Total Gamma Ray
CGR API units Computed Gamma Ray (Total minus URAN)
THOR ppm Thorium
POTA decimal Potassium
URAN ppm Uranium
PEX HCAL inches HRCC Cal. caliper SC
TNPH decimal Thermal Neutron Porosity
NPHi decimal Thermal Neutron Porosity (RatioMethod)
NPOR decimal Enhanced Thermal Neutron Porosity
HNPO decimal HiRes Enhanced Thermal Neutron Porosity
PEFZ Barnes/e HRDD Formation Photoelectric Factor
PEF8 Barnes/e HRDD HiRes Formation PEF
RHOZ g/em HRDD Formation Density
RHOS giem HRDD HiRes Formation Density
HDRA g/em HRDD Density Correction
DPHZ decimal HRDD Density Porosity

1o

DPHS decimal HRDD HiRes Density Poros
RXOZ ohm- MCFL Invaded Zone Resistivity

MCFL HiRes Invaded Zone Resistivity

RXO8
ohm-m-  Ohm * meters m - centimcter
Mdatey - mili Darcy {flux} Vp- Velocity of pnmary wave
sec - second Vs- Velociry of secondary wave
fi - fost HRCC -
APl - Armencan Petesleum Iastitute HRDD-
ppen - pans per million MCFL -
e- electrons CMR -
g Fans ECS-
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Table 3-4. Borehole Imaging and Geophysical Log Field Activity Chronology

NCLLRWDF
Wake County, North Carolina

Borehole No. Date Tool Activity

W201ARIA 4797 BIPS With ambient water

W201ARIA 4/7/97 BIPS Borehole pumped dry

W201ARIA 417/97 BIPS Borehole refilled with clear water

W201ARIA 4/8/97 BIPS Borehole jetted and pumped dry

W201ARIA 4/9/97 3-Arm Caliper

W201ARIA 41097 BIPS Additional testing

W201ARIA 411797 BIPS Additional testing

W201ARIA 4/24/97 BIPS FINAL LOG:First log after furlough,using

. new calibration tank and color-adjusted tool

W201AR1IA 4724/97 3-Arm Caliper FINAL L.OG

W201AR1A 4/29/97 Schiumberger Minor acquisition problems were resolved and
successful logs obtained in the following
order: NGT, FMI, PEX, AIT, CMR, DSL.DSI
dipole data poor (see above and comment for
W205CHI)

W20IARIA 4/30/97 ECS Run to test tool performance and acquisition
software - test successful

W201ARIB 4/7/97 BIPS With ambient water

W201ARIB 4/8757 BIPS; logged twice while Borehole jetted clean and pumped dry

borehole refilled

W201ARIB 1/ 10/97 3-Arm Caliper

W201ARIB 4/12/97 BIPS

W2CIARIB SIRGT BIPS3-arm caliper FINALLOG

W2GEZARI 41297 BIPS3-arm caliper To test borehole conditions

4/25/97 BIPS3-arm caliper FINAL LOG

537297

Schlumberger:

<16:42-18:55> Data were acquired in the
following order: FMI, DSI, AIT/NGT, DSI
dipole data poor (see above and comment for
W205CHI)

W202ZAR! 6/3/97 Schlumberger CMR log <5:23-10:25>81ation measurament acquired at
15 ft

W203AR1 BIPS Water murky at depth

W203AR1 3-Arm Caliper

W203ARI BIPS Aborted at 40 feet - opaque water

W203ARI BIPS Suspended solids observable in water

W203ARI 3-Arm Caliper

Schiumberger:

<11:34-13:30> Data were acquired in the

following order: FMI, DSL NGT/AIT, PEX (2
high gamma reading at 2957 was attribuied to
having stopped there prior to logging to
perform electrical checks)DSI dipole data poor
{see above and comment for W203CH1)
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Table 3-4. Borehole Imaging and Geophysical Log Field Activity Chronology

NCLLRWDF

Wake County, North Carolina

Borehole No. Date Tool Activity

W203ARI1 6/2/97 Schlumberger CMR log <16:45-18:13> Station measurements were
obtained at 2613 and 2295 ft

W204AR1 4/9/97 BIPS

W204AR1 4/9/97 3-Arm Caliper

W204AR! 4/25/97 BIPS Halted at 32.4 m due to high suspended solids
beginning at 30 m.

W204AR1 426/97 3-Arm Caliper Carried out after attempting BIPS log of
W208CH!

W204ARI1 5/3/97 Schlumberger <9:45-12:44> Data were acquired in the
following order: FMI, DSI, AIT/NGT,
PEX.DSI dipole data poor {see above and
comment for W205CH1)

W204AR1 6/2/97 Schlumberger CMR <14:00-13:24>A station measurement was
obtained at 93 fi

W205CH! 4727/97 BIPS from water level to 280 et

W205CHI 4/27/97 3-Arm Caliper

W20s5CHI 4730/97 Schlumberger: DSI dipole data poor - due to the shallow

FMI/DSVAIT/NGT depth of the borehole and operaticnal

requirement for finite pressure (see above) -
monopole data is sufficient here to measure
shear-wave velocity. CMR failed while running
stations -<11:33-21:30>

W205CHI 5:/7-5/8 BIPS From TD to 267 feet: repeated logs, borehole

flushed and filled with DI water prior to
logging.An exception was allowed to record
BIPS data moving uphole, rather than
downhole as the TP requires - this allows fluid
replacement from TD with tool below, and

Schlumberger CMR

This was the first log acquired with the CMR

calibration was obtained prior to

| 798
in sun

e, A
logging using a borehole simulator containing

a gel with known properites. Two runs; Repeat
stations were acquired at 167.1 ft using
carbonate and sandstone settings.

BIPS3-arm caliper

FINAL LOG

al -
oo || 3
o
O

]

g
bl

S

A 48-18-133<08

d in the foilowing

N

=4

DSl (repeat halted for thuderstorms): On 5/2:
AIT/NGT, PEX.DSI dipole data poor (see
above and comment for W205CH 1)

W206CHI

o
i3
G

-

Schlumberger CMR

<10:40-14:02>3 stations were obtained
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Table 3-4. Borehole Imaging and Geophysical Log Field Activity Chronology
NCLLRWDF
Wake County, North Carolina
Borehole No. Date Teol Activity
W207AR1 4724797 BIPS FINAL LOG:Second log after furloughbelow
- about 124 m (406 f) there was a slight

decrease in image quality due to suspended
sediments

W207ARI 4725197 3-Arm Caliper

W207AR1 5/1/97 Schiumberger wireline <10:00-15:40> Data were acquired in the
following order: FMI, DSI, AIT, PEX. NGT.
NGT was run enly two hours after PEX w/
nuclear source.DSI dipole data poor (see
above and comment for W205CH1)

W207ARI 5/4/97 Schlumberger wireline <9:00-10:20>NGT re-run to obtain better data
than acquired during the earlier run: That run
may have been contaminated due to running
immediately after the PEX chemical nuclear
sources.

W207AR1 6/3/97 Schlumberger CMR <14:10-16:30>No stations were obtained

W208CH1 BIPS BIPS in dry borehole - log stopped due to
glare at 85 feet

W208CHI 4728/97 BIPS3-arm caliper FINAL LOGS - borehole filled with water

W208CHI 5/3/97 Schlumberger wireline <15:45-21:30> Data were acquired in the

logging following order: FMI, AIT/NGT, ECS, PEX,

DSI. DSI dipole data poor (s2e above and
comment for W205CHIINO CMR log was
obtained in W208CH!

BIPS - Borehole Imaging Process System

NGT - Natural Gamma Ray Spectroscopy Tool

EM - Formation Micro Imager

PEX - Platform Express T

d

AlT - Array I

wator Tool

sel

3
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Table 3-5. Rating of Conductive Features Encountered in the
Hydrophysical Logging

NCLLRWDF

Wake County, North Carolina

Category

Inflow Rate (zpm)

Very Low
Low
Moderate
Medium
High

<0.01
001-005
0.05-0.1
0.1-05
>0.5

Values based on a maximum drawdown of <10 fu.

gpm - zallon per minute

pro-only\foramibl\Sect-3 xls
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Table 3-6. Summary of Test Intervals and Hydrophysical Logging Results

NCLLRWDF
Wake County, North Carolina

Top of Bottom of

Test  Interval Interval Hydrophysical
Borehole No. (ft. BGS) {ft. BGS) Type of Test Category
W201ARIA 1 446 64.1 Slug Low
W202AR]1 i 310 2150 ConstantRate | @ Low, 2@
Very Low
W203AR1 1 117.0 126.3 Slug Low
2 580 67.3 Slug Low
3 61.0 70.3 Pulse Low
4+ 38.8 522 Slug Very Low
W204ARI 1 38.8 552 Slug low
W205AR! i* 1452 166.2 Constant Rate High
2 1482 169.2 Constant Rate High
3* 3130 3340 Constant Rate Moderate
4 301.1 7i5.0 Constant Rate Moderate
5% 2629 3839 Constant Rate Moderate
6 2589 2799 Constant Rate Moderate
7 195.6 2166 Pulse Very Low
8 118.1 139.1 Slug Low
9 72.0 93.0 Slug Low
W206AR1 1 41.7 571 Slug 2@ Low
W207AR! 1 35.0 443 Slug Moderate
2 67.5 76.8 Constant Rate Moderate
3 153.1 463.0 Constant Rate Medium
4 41.5 50.8 Slug Low

* Tests prematurely ended due to packer bypass

bas - below ground surface

pro-oniyformarbliSect-3 xix
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Table 4-1. Hydrogeologic Responses to Field Activities

NCLLRWDF
Wake County, North Carolina

Hydrogeologic  Location ot Magnitude of Response
Response No. Response  Start Date  End Date {feet of head change) Suspected Cause
i) W203AR] 1297 414497 416 Natural recharge after air rotary drilling at W203AR! and
response to rock coring at W203 at depths of 476 to 546
feet bgs
1 W203AR1T  #/14/97 #15/97 222 Reaming at W205CH1 (at depths of 31 to 556 feet bgs,
8,050 gallons of groundwater produced from formation)
and Alr rotary drilling at W206AR1
2 W203AR!E 4/15/97 4/17/97 1299 Natural recovery of formation groundwater after/during
reaming at W205CH, and a potential rise in head resulting
from the installation of casing at W205CH1
3 W203AR! /17197 4/18/97 2.7 Rock coning at W20SCH1 (at depths of 536 10 562.5, 10
gallons of water lost to formation)
4 W203ARI 472197 F22/97 7.8 Recovery after air rotary drilling at W205CH1
5 W203AR1 42297 423497 4.7 Alr rotary drilling at W205CH1 (at depths of 58510 715
bgs, 12,200 pallons of water preduced from formation)
b W203ARI R197T 52197 AtLesst-130 Packer testing at W203AR1
7 W20sCHI  4/16%7 471897 AtLeast-654 Reaming of W205CHI (at depths of 300 w 356 fect bgs,
3,270 gallons of water produced from formation)
3 W203CH1 At Least 91.3 Natural recovery of formation groundwater
9 W203CHI At Least 493 Air rotary drilling at W203CHI
10 W2035CHI At Least 56.5 Natural recovery of formation groundwater
lla W2035CH! At Least-7.8 Packer Testing at W205CH1
tib WI09VS3 -21.7 Packer testing at W205CH]1
lic W203ARI 4.7 Packer testing at W205CH!1
12 W206ARI ~7.3 Air rotary drilling at W20SCH1 (at depths of 556 to 583
bgs, 2,300 gallons of water produced from formation)
13 W206AR1 V2147 4722097 531 Natural recharge
14 W206AR1 472297  4722/97 At Least 9.4 Air rotary drilling at W203CH (atdepths of 5850 713
bgs, 12,200 gallons of water produced from formation)
3 W206AR1 472297 1697 At Least 344 Natural recharge
16 W208ARI SI407 5/1497 At Least-3.1 Packer Testing at W206AR]
17 WEMCI2 4/6/97 4/1397 1.3 Rock Coring at W203CH 1 at a depth of 140 10 136
bgs: 13,110 gallons water lost to formation
i3 WEMC12 414797  H1797 -32 Reaming at W203CH| at a depth of 546 10 362.5 bgs:
1.680 gallons water produced from formation
19 WEMCI2 41797 42197 07 harge after air rotary drilling a1 W203AR! and
of 476 1 346
{ WEMCi2 {2179 42597 -25 y drilling at W203CH| at a depthof 385 to
713;15,300 gallons water produced from formation
2ia W201ARIA  ¥15/497 SH5/97 224 Packer testing at W201ARIA
2ib W201ARIB  5/13/97 5/15/97 0.6 Packer testing at W201AR 1A

procoplyformablSzoi-4 s
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Table 4-1. Hydrogeologic Responses to Field Activities

NCLLRWDF

Wake County, North Carolina

“Hydrogeologic  Location of Magnitude of Response
Response No. Response  Start Date End Date (feet of head change) Suspected Cause
22 W202AR1 57153/97 5/16/97 -30 Packer testing at W202AR1
23 W202AR1 572097 5720097 22 Geochemical Sampling at W202AR 1
24 W204AR] 32097 5720/97 =29 Packer Testing at W204AR1
25 W207ARI 3/10/97 5/13/97 -4.6 Packer testing at W207AR1

bes - Below groend surface

pro-cly formab [ \Seci—4 xis

102397 8 26 PM

Page 2 of 2



e

Table 4-1. Boreholes With Hydrogeologic Connections

NCLLRWDF
Raleigh, North Carolina

Open Interval Of

Borehole With Borehole With
Location of Field  Hydraulic Hydrogeologic Hydraulic Response

Activitiy Response  Response Numbers {feet bgs) Relative Location of Borehole With Hydraulic Responses

W205CH1 W203AR1 1,2, 3, 35, and ilc 3210 363 530 feet west (updip) on the hanging wall block
330 feet east (downdip) across the W8 Fault on the foot

W205CH1 W208AR1 122nd 14 33t 415 wall block

W205CH1 WI109VS3 11b 110 feet west {(updip) on the hanging wall block
W2035CHI W8MC12 17 through 20 94910 125 500 feet north along strike of the W8 Fault
W201IARIA W201ARIB 2tb 36t 115 10 feet west (updip)

bes - Below ground surfacs
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Table 4-3. Summary of Hydrophysical Logging Results

NCLLRWDF
Wake County, North Carolina

Hydraulically Inflow Rate:
Drawdown Conductive Intervals Simulated' Inflow Rate
Borehole  Type of Test (feet) (feet bgs) (gpm) Rating’
W201ARIA Slug 3.80 4528 0.0048 Very Low
4888 0.0098 Very Low
W201ARIB Slug 2.80 46.92 - 47.90 0.004 Very Low
56.76 - 62.34 0.001 Very Low
W202ARI Slug 6.16 33.79 - 39.37 0.013 Low
53.15 0.006 Very Low
91.86 0.001 Very Low
W203ARI Slug 6.53 4493 0.002 Very Low
53.15 - 80.05 0.011 Low
108.27 - 141.08 0.00%9 Very Low
W204AR]1 Slug 5.60 4298 0.0106 Low
103.02 - 138.45 0.0077 Very Low
W205CH!  Pumpng Test 5.64 61.02 0.013 Low
80.05 0.053 Moderate
82.02 0.053 Moderate
128.94 0.265 Medium
158.14 1.059 High
206 .04 0.008 Very Low
270.01 0.003 Very Low
31693 0.050 Moderate
W208AR!1 Slug 8.53 36.09 -41.01 0.0025 Very Low
4298 -43.96 0.0120 Low
46.92 0.0080 Very Low
W207AR]  Pumping Test 10.83 3839 -39.37 0.1060 Medium
46.92 0.0397 Low
7054 -76.44 0.1393 Medium
159.12 - 161.09 0.6360 Hizgh
1) Inflow Rate simulated by numerical modeling using code BORE. Inflow Rates reported for late time data
2) Inflow Rate Rating: Very Low - <001 gpm
Low - 001 -0.05 gpm
Moderate - 095-01gpm
High -
bes - Below ground surface
gpm - Gallons per minute
\pro-oniy\fermatbl xls'\Sect-4 xls
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Table 4-4. Physical Input Parameters

NCLLRWDF

Wake County, North Carolina

Borehole radius

Test string radius
Interval length
Interval volume
Formation porosity
Water viscosity
Water density

Total compressibility
{formation)
Duration of borehole
history

6.75
2.0

0.03
1.00OE-03

1000
7.00E-06

[inch]

[inch
[it]
(]
[

]

[Pas]

[kg m”]

[psit

(]

]

nominal
measured
test specific
test specific
assumed
PVT correlation

assumed

assumed

assumed

ft - Feet

Pas - Paschal * second

kgm - Kilogram * meter

Psi - Pounds per square inch

& - Height
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Tuble 45, Sumnury of Results for Packer Tests

NCLLRWDF
Wake County, North Carolina

Depth Main Test Tool Inner Formation Outer Logging Hewd
Borehole Test 111 bgs) Phase Arranpement Boundary Model Boundary J (m*ss] Rating [1t bas|
WIOTARIA 1 6 - 641 Slug Double Packers W.S. Homao, Infinite 8.51E-07 Low 228
W202ARI 1 310-2150  Production Open Borehole - w.s Composite Infinite Ti= 6.04E-07 1@ Low, 2@ N/A
(analyzed as a slug)  No Packers To= 6.04E-06  Very Low
W203ARI | 117.0+ 1263 Shug Jouble Packers W.S. Composite Infinite Ti=595E-06  Low 388
To = |.98E-07
I 410-703 Pulse Double Packers W.S, Homo, Infinite T = 9,42E-09 Low 35.0
W204AR] I i88-5352 Sl Double Packers w.S Homo. Infinite T = 3.32E-07 Low 3.3
W205AR] 2 148241692 Production Double Packers W.S. & Skin - Homo. Open Ended Rccltmgle” T = 4.97E-05 High 343
4 300 - 715.0 Production Single Packer W.S. & Skin - Dual Porosity  Infinite T =2.34E-06 Moderate 36.5
6 248.9-279.9 Production Double Packers W.S. & Skin - Homo. Open Ended Rectangle! T = 7,14E-05 Moderate G
7 1U56-216.6 Pulse Double Packers W.5. Composite Infinite Ti=2.13E-09  Very Low 33.3
To = 3.55E-09
£ 8 1-1391 Slug Double Packers W.s Composite Infinite Ti= 529607 Low 334
To = 5.29E-05
9  72.0~93.0 Shug Double Packers W.S. Composite Infinite Ti = 7.70E-07 Low 328
o= 1.60E-06
W206ARL L d17-57.1 Stug Double Packers WS, Composile [nfinite Ti=9.54E-07 2@ Low 276
To = 1.91e-07
W20TARI | V- 443 Slug Double Packers W.S. Composite Infinite Ti=2.33E-06  Moderate 9.8
To = 3.33E-08
2 675-768 Production Double Packers W.S. & Skin  Dual Porosity  Infinite T = 1.86E-06 Moderate 104
3 1881 -465.0 Production Single Packer W.S, & Skin Homa, Open Ended Rectangle” T = 3.09E-05 Medium 12.4
4 414-308 Slug Double Packers WS, & Skin - Homo, Channel Boundaries™ T = 4.94E-07 Low 110

1) Open-ended rectangle model containg three no low boundanes
2} Channel boundaries moilel contains two ua fow boondaries
WS - Wellbore Storape

T - Transmassivity

T Tnner zone transmigsivin

Ta - Outer zone transmissivity w a composite flow model

fi < Feat

bgs - Below ground sidace

prosonlyiformanbiSeci-3 vl

1072497 8 33 PA
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Table 4-6. Comparison Between Hydrophysical Logging and Packer Test Results

NCLLRWDF
Wake County, North Carolina

Relative Rating

Group Transmissivity [mzis] from Hydrophysical Logging
1 942E-09 Very Low
1 2.13E-09 Very Low
2 8 51E-07 Low
2 6.04E-07 Low
2 5.95E-06 Low
2 3.32E-07 Low
2 5.29E-07 Low
2 7.70E-07 Low
2 9. 54E-07 Low
2 4 94E-07 Low
3 2.34E-06 Moderate
3 7.14E-05 Moderate
3 2.33E-06 Moderate
3 1.86E-06 Moderate
4 3.09E-05 Medium
5 4.97E-05 High

The transmissivity is denived from cither a homogenous model or from the inner 20ne in composite
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Table 427, Geochemieal Results Reviewed in Support of D1
NCLLRWDF
Wake County, North Caraling
Sample Desppnation Sample Date — Time Sampled Interval HEOS Gy Ca gy K (gl Mp Gogrl) Na (mpd) Clgnwl) S04 (mg’f) O18 %  Deut% — Radon Cogmment
PRODUCTION-0 1 A121197 12:05 NA 450 §3.2 1.33 184 Y 18 12 9.4 -39 230
PRODUCTION 42 A2V 1358 NA 260 sS4 1.31 181 36.2 21 12 5.8 <37 610
W2TARL-67.5-77.941 e 12:50 67.5-779 130 473 6.53 276 286 470 sU 5.7 30 NA
W20TARL-67 $.77 9.2 1197 16:20 67.5-7719 190 429 418 163 64 510 1.3 =57 32 NA
WIITARL-67.5.717.93 S97 16:30 67.5-77.9 200 36 378 i3.3 334 470 5 5.0 ~29 NA
W20TARL-67.5-77.9-4 §/1197 16:45 67.5-719 190 34.5 3n 126 331 Aol 5.1 5.6 <31 NA
W20TAR1-67.5-17.9-5 51197 17:00 67.5-77.9 200 a3 349 109 309 280 su 5.8 28 NA
WROTARY-156-166+1 1297 13:55 156160 150 205 L 784 254 30 6.2 5.6 <34 NA
W2TARL-156-TD 512917 1403 156-TD 120 MA NA NA NA 340 28 58 28 NA
W20TART-1533 $N2u97 17:20 153-TD 150 8.3 &1t 346 144 3o 18 5.5 «32 1460
WAOTARL-1 534 U1 1733 153-1D 160 198 221 324 270 310 22 «5.5 <31 1400
W207ARL-153.% $N297 17:45 153. T 170 20.7 228 3.21 289 30 M4 -5.5 30 1350
WRGART-42.57 S48 Tt 42-57 76 18.9 463 9.6 80 120 b -5.8 3 oo
WA LAR I B-44.58-65.08 5715547 12:25 44.58-65.04 81 0.2 a4 26 205 00 5U 6.3 <34 m
WIOSARI-145 18166-1 SHE6/97 15:45 145.18-166 39 354 1.52 1.24 60,1 82 sU -5.7 <34 MA
W2SARI-149, 1K-166-2 S/6/97 16101 145 18166 190 10.3 1.7% LA im 160 U 5.5 “3% NA
W2IOSAR-145.18-166-3 $116/97 16:31 145.18-166 250 997 159 112 173 130 13 =53 29 NA
WITART 145, 1816604 SH6M7 17:00 145.18-166 240 9.75 154 1.69 174 10 16 -3 31 NA
WEOSART-148 24169 2-1 S6/97 1%:30 1482 - 1692 220 19,2 176 I8 177 120 U 5.4 28 NA
WIOSAR - 148 2.169.2-2 $16/97 1909 148.2 - 169.2 240 0.5% 1.63 L1 i 120 5.4 +3.3 <30 NA
W20SAR1-148.2-109.2-3 5/16/97 1941 148.2 - 169.2 240 935 L9 1.64 171 120 8.2 5.4 <30 NA
W2SARL-148 216924 i1/ 23 148.2 - 169.2 250 %2 147 162 170 120 s <54 31 NA
WISART- 148, 2-169 -8 67 20:50 148.2 - 169.2 250 0.34 166G 164 112 140 sU -53 29 NA
W20IARI-14%.2-169 20 5167 243 1482 - 1692 240 9.43 1.96 168 165 120 8 5.3 32 NA
W205AR - Annulus $/1197 14:57 Open Hale 130 141 2.29 3197 170 il NA NA Ha NA
W20SAR LA LA 80 /17197 15:01 313334 170 848 1.53 147 145 120 su -5.4 33 MA
WIOSART-313.334.2 5/HeT 15:21 313-334 140 5.1 101 0.632 108 §7° sU -85 «34 NA
W2DSARL-301-71 5.1 bR 1842 ELED YR b 130 5.601 1.24 0.819 (8] 87 10 5.3 «27 NA
W2R0SARI-301.718-2 SN 14:49 J01-715 140 549 | 0.591 L4 89 16 -3.7 31 NA
W20SAR1-301-715-3 ST 19013 301.718 150 5.9 i 0.55%6 123 96 4 +5.0 26 HA
WIOSART-300-715-4 ST 1905 101-718 150 5.94 0.891 0.532 124 100 30 -5.5 «29 NA
W205AR1-301-715.5 SN 20:16 301-715 140 6.3 0877 0,544 130 106 kL] 5.6 28 NA
WRSAR301.715-6 N 20036 301713 140 G624 {1884 0.548 132 o A +5.5 <40 A
W20SAR1-262 88283 §i-| 30897 93 262.88-283 8% 140 614 0.884 0.532 132 9 32 5.6 31 740
W205AR1-262 88-283 ¥x-2 SI8MA7 937 262.58-283 8% 140 6.17 04921 0.558 131 110 35 5.5 32 1260
W20SAR 1266, RE-287 85-] SOR9T 1103 200, 88-287 88 200 9.3d 1.37 L1l 160 140 13 <54 =30 660
W205AR 1266 88287542 §/1897 13 266 88-287 88 200 G948 1.42 1.1 164 130 17 -5.5 31 700
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Table 4-7. Geochemieal Results Reviewed in Support of DP-1
NCLLRWDF
Wake County, North Carolina
Sample Designation ——— Sample Date Time Sampled Interval HEOS (mg/h)  Ca (mygD) K (mely Me o/l Na gy Cl gD 504 (mg'l) 018 Y Deut 0o Fadon Comment
W20SAR1-206 88-287 KY- 3 897 1147 200.88-287.8% 1510 8.51 115 (0.03% 155 130 2 -5.4 «32 630
W20 AR1-266.88-287 844 31897 1218 206,88-287.88 L 8{ 8.11 L2 HB58 153 130 .- -5.5 -28 680
WIOSARL-266 88-287 Kb 9 5/18/97 12:45 26.88-287.88 150 7.74 1.06 0.78% 149 130 21 -5.6 <29 (U]
W20SARL-266 88287 8%« SR97 1318 206, 88-287.88 170 768 105 0.7 149 130 kU] =55 <31 570
W205AR1-266. 88287 8% 7 $/18/97 1320 J66.88-287 88 170 7.8 1.06 0774 152 130 K3 -85 <32 710
W2SART-195 6-216 6+ $119/97 R 195.6-216.6 170 7835 132 08 1525 125 A28 5.4 <30 860
W205AR1-195 a-216 6-h I $19/97 940 195.6-216.6 100U 776 1,12 0.79 151 130 32 -5.6 =33 540 Duplicate
W205AR1-RH-ML §/19097 10:45 NA Lottt 57.6 0061 15 138 1.ou sU -7.6 -4 30U Trip Blank
W20S5ARI-ER 1997 10:50 NA Loy 881 0.061 0.012 132 L.aut sU <77 «43 S0U Equipment Blank
W20SARL-1I8 113914 $119/97 12:1% IR 11391 180 202 L7 119 156 150 27 -5.5 -34 G50
W20SARIL-T1.98-92 98- | 571997 IERE] 71.98-92.9% V1o 13.9 1.9 3 178 230 15 -5.5 <31 590
W205AR1-71.98.52.08.0 $119/97 17:20 71.98.92.9% 150 1.7 .52 .1 194 280 12 -5.5 <19 500
W202AR1-1 5720197 740 3878 - 5518 200 259292 391 Ha074 640183 240 su -5.6 «31 240
W202ZAR1-ML-RH 5720097 10:15 NA 10U 0.3 61 174 383 Lou U 16 A6 408 Trip Blank
W202AR1-ML S/20/97 10:20 NA 1o $8.4 62 148 36.6 Loy b8 <16 ~45 AU Equipment Blank
W202AR1-RI 520097 10:28 NA 1ot 101 LR 0 84.5 1.ou sU -1.6 -45 30U Pump Blank
W204AR1-1 S0/97 12:08 33.78-55.18 56 4.3 (] 208 179 5. U -5.5 <2 70
WI4ART-2 §720:97 14:30 33.78.35.18 59 4.7 1.52 2.01 174 4.9 U NA NA NA
W23AR1-117-126 4-§ $2197 Hhos L17-126.4 50 179 0818 0.543 44.9 46 suU -5.7 «35 120
W203AR 117126 4-M 5/21/97 1008 117-126.4 48 1.8 0.742 0.943 46 46 su <54 <34 130 Duplicate
W20IARILIT- 126 4TH §21a7 1125 NA (B8] 29 61 X 65,2 1oy suU -7.5 46 40U Trip Blank
W203AR-1E7-126. 4.1 2197 1140 NA |.au 41.5 6l 12.3 47.8 Lovs su <16 -43 40U Bquipment Blank
W20IARL-117-126 4-5511 52097 12:2% 1171264 1ot 294 bl 123 42.5 1oy su =15 44 40U Equipment Blank
WHZART- L7126 4-0P1 s 13:25 117126 4 10U 18.7 61 123 51.6 Loy s -1.6 46 S0U Pump Blank
W20IARL-117-126 422 3219 108 1E7-126.4 57 1.18 0614 0.216 43.5 32 U -5.% <33 320
WRA03AR-58-67 4-1 2187 16:00 58-67.4 A6 1.63 0.869 {403 a0 ki sU 4.5 <33 100
W203AR1-61-70.4-1 5121197 1744 G170 §1 2.32 1.07 0817 47.1 52 SU -3.6 <39 170

LF« Not detected at oc abosy the Method reporting Limit
MA - Sample Mot Analyzed tor the parameter indicated or data not appheable to the sample type
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Table 4-8. Chemical Compositions of Groundwater from Sampled Intervals

NCLLRWDF
Wake County, North Carolina

Well ID Interval Sampled No. of Samples Composition
W201ARIB 44.8 - 65.08 1 Na-Ca-Mg-Cl
W202AR1 Grab Sample 1 Na-Ca-Mg-CI-HCO,
W203ARI1 58-674 i Na-CI-HCO,
W203AR! 61-704 1 Na-Cl-HCO,
W203AR1 117-1264 2 Na-CI-HCO,
W204AR1 38.78 - 55.18 2 Na-Ca-Mg-HCO,-Cl
W205AR1 71.98-92.98 2 Na-Cl-HCO,
W205ARI 118.1-139.1 i Na-CLHCO,
W205ARI 145.18 - 166 B Na-CI-HCO,
W205ARI 148 - 1692 6 Na-HCO,-Ci
W205ARI 195-216.6 ! Na-CI-HCO,
W203ARI 262.88 - 283.1 2 Na-Cl-HCO;-80,
W205ARI 266.88 - 287.88 7 Na-Cl-HCO,
W203ARI 13-334 2 Na-Cl-HCO;,
W203ARI 301-715 6 Na-CI-HCO,
W206ARI 42-57 i Na-Ca-Mg-CI-HCO,
W207ARI 67.5-779 b Na-Ca-Cl-HCO,
W207AR1 156- 166 I Na-Ca-Cl-HCO,
W207AR1 156 -TD 3 Na-CI-HCO,
Production Well N/A* 2 Ca-Na-Mg-HCO,-Ci

* Notavailable

*» Carions listed in order of abundance followed by anions listed i order of abundance
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Table 4-9. Velocity Function

NCLLRWDF
Wake County, North Carolina

Calculated Depths (feet) Below
Two-way travel time  Average Stacking Velocities Ground Surface from Stacking

{msec) (ft/sec) Velocities
0 7,932 s
25 10,182 127
50 12,039 301
75 13,665 512
100 14,630 732
125 15,408 963
150 15,907 1,193
173 16,272 1,424
200 16,631 1,663
225 16,993 1,912
230 17,260 2,158
275 17,539 2412
300 17,828 2,674
325 18,117 2,944
350 18,407 3,221
375 18,718 3,510
400 19,030 3,806
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Table 4-18. Comparison of Core with Actual Performance of Geoplissical and Imaging Tools used in the GM-i Pilot Srudy

Sciected Logging / Imaging Technigues
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Table 3-1. Lithofacies Classification

NCLLRWDF
Wake County, North Carolina

Conglomerate

Cmm Matrix supported, massive

Cmg Matrix supported, normal or inverse graded

Cem Clast supported, massive

Ceg Clast supported, normal or inverse graded

Ccb Clast supported, crude horizontal bedding

Cex Clast supported, cross-bedded

Sandstone

Sm Massive, very fine to very coarse grained

Smm Massive, muddy (> 33% mud matrix), very fine to very coarse grained, may

be burrowed, bioturbated, or rooted

Se Massive, conglomeratic (trace to 30% gravel), very fine to very coarse grained
Scm Massive, conglomeratic (race to 30% gravel), muddy (> 33% mud matrix),

very fine to very coarse grained

Sx Cross-bedded, fine to very coarse grained, may be pebbly

Sr Ripple cross-laminated, very fine to coarse grained, may be pebbly
Sl Herizontal laminated, very fine to coarse grained, may be pebbly
Mudstone

Mp Massive, pebbly (trace to 30% gravel), may be sandy

Mm Massive, may be sandy

Mi Laminated, may be sandy and micaceous

Mr Rooted, may be sandy and bioturbated

Mb Burrowed, bioturbated or texturally mottled; may be sandy

Mn Massive, with calcareous nodules; may be sandy

Clavstone

Me Massive, may display minor root structure, lamination, burrows, or biowurbation
Mbp Waxy, blocky or platy structures, may contain root traces, and small-scale

slickensided surfaces

nly\formatblSect-3 xis
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Table 5-2. Base of "Weathered Zone"' based on Geophysics

NCLLRWDF
Wake County, North Carolina

Well/Boring Base of "weathered zone" based on Casing Depth -
ELAN or acoustic velocity change (near base of severe weathering in feet)

W201 62 356

w202 53 31

w203 53 32

W204 49 32

W205 82 31

W206 o8 33

w207 79 24

W208 84 325

W104MP18 50 (AVL) 175

W74PM+

W73PM3

W32MP18 54 or 66 (AVL) 53

Wo7SW43 £

WI112MP22 5

WIOWI100 66 (AVL) 41
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Table 5-3. Data Used to Construct the GM Cross Section

NCLLRWDF
Wake County, North Carolina

BOREHOLE DATA
Boring/Well [D  Geologic Hyvdrologic Geochemical
W201ARIA Spectral Gamma Log Hydrophysical Data Groundwater Sample from packer
ELAN log * Packer Test Data test mterval(s)
FMI log* Water level (4/97) Stuff diagrams
Integrated graphic log *
Fracture Data
Stoneley anomalies
W202ARIA Spectral Gamma Log Hydrophysical Data Groundwater Sample from packer
ELAN log * Packer Test Data test interval(s)
FMI log* Water level (4/97) Stiff diagrams
Integrated graphic log *
Fracture Data
Stoneley anomalies
W203ARIA Spectral Gamma Log Hydrophysical Data Groundwater Sample from packer
ELANog* Packer Test Data test interval(s)
FMI log* Water level (4/97) Stff diagrams
CMR log*
Imcgmzcd graphic log *
Fracture Data
Stoneley anomalies )
W204ARI Spectral (zu:*m"d Log Hydrophysical Data Groundwater Sample from packer
ELANlog* Packer Test Data test interval(s)
FMI log* Water level (4/97) Suff diagrams
CMR log*
Integrated graphic log *
Fracture Data
Stoneley ancmalies
W205CH1 Spectral Gamma Log " Hydrophysical Data Groundwater Sample from packer
ELAN log * Packer Test Data test interval(s)
Ml log? Water level (4/97) Stiff diagraros

CMR log*

Integrated praphic log
Graphic core log *
Fracture Data
Diagenetic Features
Biogenic Features

Lithofacies
Fault fabrics
Stoneley es
w2 \a-mmf 1oz cker

ELAN|
FMI log*
CMR log*

Integrated graphic log *
Fracture Data

Stoneley anomalies

oy

xls

]
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Table 3-3. Data Used to Construct the GM Cross Section

NCLLRWDF
Wake County, North Carolina

BOREHOLE DATA
Boring/Well 1D Geologic Hydrologic Geochemical
W207AR]1 Spectral Gamma Log Hydrophysical Data Groundwater Sample from packer
ELANlog* Packer Test Data test mterval(s)
FMI log* Water level (4/97) Stiff diagrams
CMR log*
Integrated graphic log *
Fracture Data
Stoneley anomalies
W208AR1 Spectral Gamma Log Hydrophysical Data
ELAN log * Packer Test Data
FMI log * Water level - still
CMR log* recovering (4/97)

Integrated graphic log *
Graphic core log *
Fracture Data *
Diagenetic Features
Biogenic Features
Lithofacies

Fault fabrics

Stonely anomalies

WiO4MPIS

Gamma Log

Requalified Graphic Core Log *
Acoustic velocity log®
Temperature Log *

Zones of water loss/production
Lithofacies

Fault fabrics

W3i2MP 14

Well construction Information
(W32MC39, W32MC40, W32MC41)
Gamma Log

Requalified Graphic Core Log *
Acoustic velocity log*

Temperature Log *

Zores of water loss/production

Water-level data (4/4/97)

ones of water loss/producuon

-
I
"
LS
Requalified graphic core loz

pro-onlyiformatbliSect-5.xls
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Table 5-3. Data Used to Construct the GM Cross Section

NCLLRWDF
Wake County, North Carolina

Boning/Well ID

BOREHOLE DATA

Geologic Hvdrologie

Geochemical

WBOWIGO

Well completion mformation Water level data (3/97)
Gamma log

Acoustic velocity log*

Temperature log *

Zones of water loss/preduction

W97SW43

Requalified graphic core log *

OTHER DATA
Trench maps

Base of Weathering and casing depth (see Table 5-4}

Start Depth of Coning (Le , base of severely weathered zone)
Diagenstic features in trench

Lithofacies in trench

Seepage Zones i tren
Locations of potential

Map Units

* Starred data was used for construction and analysis of cross-section but is not directly displayed on section.
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10723797 9:30 AM

ch
faults based on interpretations of pre-pilot study study seismic by Malin

o

(44

W

1)



Table 5-4. Geophysieal Logs used to Construct GM Cross Section and for Associated Interpretations

NCLLRWDF
Wake County, North Carolina

‘Geophysical Log

How Used in Construction of Cross Section

Natural Gammia Spectroscopy
Resistivity

Newtron/densiry

DS]

"M

BIPS

CMR

Acoustic Velocity®
Temperature*

stratigraphic correlations, wentification of hithologies

stratigraphic correlations, identification of lithologies, physical propertics

porosity and other physical properties, lithologies ("log-sands" and "log-shales™), identification of buse of weathering
identification of base of wenthering, stoneley anomalies

identification of lithologies, contacts, some primary and secondary sedimentary features, stratigraphic and fracture orientations
identification of lithologies, contacts, some primary and secondary sedimentary features, stratigraphic and fracture orientations
porosity, permeability

identification of base of weathering, lows muay be indicative of producing fractures

anomalies may be indicative of producing fractures

*Logs available tor pre-GM Pilot Study wells/borings only

pro-onbygme Sect-5 xls
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Table 5-5, Relationship Between Fractures and Water Producing Zones
NCLLRWDF
Wike County, North Carolina
=

Hydiophysical Anomalies  Flow Rate Packer Intorvals T T To Fracture Fractwe  Fracture Fracture Fracture Top Boom  Contact  Beddiny

Well No Depth (feer) (gpm) Teut No (feet) (feet)y (m'/s)  (m's)  (m¥s)  Depth (feer) Type Surface _ Dip __Dip Direction Lithology _ Lithology Type
w201 4508 0.0048 | 446 64 SHEL? 434 Non-Bedding  lereg 7 295 Med S8 Med §5 None  Massive

48 8 00098 468 Bedding Planar 10 9 VCrsSS  Silstone Grad Grad

494 Hedding Planat 19 86 Med 85 Med 88 None  Lamin
w202 33.79-17 A7 [T | ETIFIE) 0 07 6.04E-00 332 Bedding Irreg 18 94 Med 85 Mudstone  Sharp Massive
L Bedding Planar 16 279 Siltstone  Siltatone None  Massive
301 Non-Bedding  Planar L1 175 Siltstone  Siltstone None  Massive
397 Non-Bedding  lrreg 27 9 Siltstone  Siltstone None  Massive
401 Non-Bedding  lrreg 26 91 Siltstone  Siltstone None  Massive
43 4~ 0006 02 Bedding lirey 0 102 Fine 85  Mudstone  Sharp  Massive
VTR 0.00] HE § Dedding livey 18 BS Siltarn Fine 88§ Sharp  Masuive
W03 a1y 0004 2 61 0y G AIEDN 418 Bedding Planur 30 67 VF S8 VI S8 None  Massive
§3 15RO D4 001t bt ] Non-Bedding  Planar 18 (B2} SiltStone  Siltfitune None  Massive
654 Hedding Planar 143 125 Med 88 Med 55 Sharp  Massive
M8 Bedding Plansr 16 64 Mudstone  Mudstone  None  Mastive

10K 27-141 0% 00909
1 17 1263 $ 9SE-06 1 98E-07

W04 R Galin 388 §SY 1 32E07 96 Bedding Planar 3 115 Med S8 Siltstone  Sharp  Interb

40 8 Non-Bedding  Planar 64 281 Siltstone  Siltstone None  Massive
103 02118 46 10077 -

Wa0s ol Qo 79 Hedding livey 26 99 VCisSS VCusSS  Shap  lumb

96 Hedding lrreg 15 152 VCis 88  Silistone  Sharp  lnteth
80 0% 0053 9 7 9 7 70E-07  1.60E-06 809 Bedding lireg 18 1o Med 8§ Mudstone  Sharp  Massive

820! 0053

1281 068 ¥ 1.4 1391 $ 2907 S29E.08 126 1 Bedding lireg PAN | a8 Med 8§ Med S8 Sharp Interh

1269 Non-Bedding  lnieg 61 14 252 Med S Med 5SS None Interh
1286 Bedding Irveg 21 84 Med S Mudstone  Sharp  Massive
158 114 1089 2 1482 1692 4 97E-05 161§ Hedding Planar M n Med 55 Mudstone Sharp  Laminat
200604 0 00K 7 1956 2166 2 13E09 3 S5E-09 2039 Non-Bedding  lrreg n 267 Silstone  Siltstone None  Mussive

21001 0005 f 2589 2799 7 WE-05 269.0 Bedding Trreg 27 63 Med S3 Crs S8 Irreg Tnterb

713 Non-Bedding  liveg 52 269 Crs 58 Crs 58 Mone latedhs
T 0050 Ll 3010 TS 2 ME-G6 348 Non-Bedding  Planar 67 296 Fine SS  Fine S8 None  Massive
329.6 Fault Planar 56 274 Silistone  VCrs 8S  Unconfor  Massive

proconlyVormatb!\Sect- $ vl
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s
Table 55, Relationship Between Fractures and Witer Producing Zones
NCLLRWDF
Wake County, North Caralina
Hydeaphysival Anomubies ﬂ«:w Rate Packer Intarvals T £ fo Fructure Fracture Fractuce Fracture Fracture Top Haottom Contact  Hedding
Well Mo, lﬁha%!x {iet) (ppron ) Test No (feet) (foet) {m'/s) (m'/x) (m’fs) hopl&“'ac() Type Surfave  Dip Dip Direction  Lithology  Lithalo o Type
W2t RrAGE B 00625 37 Hedding o 3 i Siistone v Fue Sharp  Musuive
188 Non-fedding — Treeg 10 76 VFine 85 VFmeSS  Nowe  Massive
42 BRG V06 00120 1 417 G 84607 1 9IE-07
462 [GEN] 464 Hedding Planur $ 275 VCrs88 VCis8s MNone latert
47l Hedding Phaga 12 2 VC88 VO 88 None Trtels
W207 AR 39. 19 37 (.1060 1 EEI T 233606 333E-08 34 Hedding Planar 6 13 Vs 85 Med 88 Ireeg Girdded
184 Non-Bedding  lrreg 68 168 Med 85 Silistone  None  Massive
46 41 0.0397 4 418 508 4 4E07 (B8 Bedding Planne 16 50 Silswone  Crs 88 Treg  Mowave
054 . Ad 01,1393 2 675 6% 1 86E-06 68 6 Badding Panar 27 127 Med 88 Mudstone  Sharp  Massive
1.9 Non-Dedding  Plaow 81 260 Crs 88 Crs 88 MNouz  Maswive
738 Bedding Planar 13 26 Silistone  Silwtone  Sharp Lamin
1% Hedding Planar 20 1?7 Siltstone  Siltstone  Sharp Massive
159 12 < 161 09 0 4860 3 1531 463 3 09E-08 158.6 Bedding frrog 14 69 Med S5 Mud: Vlreg  Massive
Vi85 Yy Conrse Sand Ssonc
VF 58 - Viry Fine Sand Sione

Med 55

M Sanl St

preonlyYusmath et § xla
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Effects of Fractures on Logs
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Comparison
3-Arm Caliper vs. CMR Permeability
W205AR1
3-arm caliper
; 7 8 9
O L L] 3
E“ <-casing-> -
100 F 1
_—— 4 == =
200 e )
300 1
£ 400 | ; -
Q_ —
D A :
0 :
500 b ,, .
600 | J
700 .
-6 -4 -2 0 2
log CMR permeability
Harding Lawson Aesociates Comparison of 3-Arm Calfiper ve. CMR WGURE
Engineering and :Jvorth %gmﬁm L}gw_—_!.avgr Radioactive 4@ 3
Environmentol Services wgﬁe Coﬁg?y‘!smh}ogim crots?’fgct
SRARN PROJECT NUEBER APPROVED DATE REVWSED DAY
36595,301

10/97




Comparison
3-Arm Caliper vs. Stoneley Rellectivity
W205AR1
Reflectivity
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Comparison - ELAN volumes excluding clay minerals
(“sand mineral® fraction)
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