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REPORT OF THE EXPLORATION/DEMOBILIZATION OF WELLS 4 AND 5
SAN ONOFRE NUCLEAR GENERATING STATIONS
UNITS 2 AND 3

0.0 EXECUTIVE SUMMARY

The investigation/demobilization of Wells 4 and 5 is described in
detail in the accompanying report. | The scope of that work
included the investigation of the areas around Wells 4 and 5 to
detect and delineate possible cavities caused by the dewatering
operation at these wells, and to stabilize the affected area by
pressure grouting if cavities are found. The investigation of
these wells made use of drilling exploration in conjunction with
a crosshole seismic technique to provide closure information
between drill holes. The calibration of the crosshole seismic
work involved the measurements made around a known small cavity
at Well 3. For this reason, the accompanying report also

includes a description of the work completed at Well 3.

The specific investigation work completed at Well 4 included
shallow exploration to a depth of about 40 feet below grade
utilizing a construction excavation for direct observation
followed by deeper exploration (to a depth of 200 feet below
grade) utilizing eight carefully sampled exploration drill holes.
Crosshole seismic measurements were then caried out between the
drill holes. The specific investigation work completed for Well
5 included the exploration and grdhting of a small, shallow
cavity using 19 drill holes and 29 grout injection holes followed
by deeper exploration (to a depth of 200 feet below plant grade)
utilizing four carefully sampled exploration drill holes.
Crosshole seismic measurements were also made between these drill

holes.

Conservative interpretations were made of all data resulting in
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the detection of a small, shallow cavity at Well 5 (subsequently
stabilized by pressure grouting) and no cavities in Well 4 or at
greater depths in Well 5. Based on these findings, Wells 4 and 5

were capped and are considered demobilized.
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@ 1.0 INTRODUCTION

1.1 Background Conditions

Cavities have been detected and defined at Dewatering Wells 3, 5,
6, 7 and 8 (located on Figure 1) by drilling exploration. These
® cavities were formed by internal piping during the use of the
dewatering wells. The mechanics of that process, as well as the
evidence at every cavity which has been investigated by drilling,
indicates that a cavity will be full of loose sand attrited from
® the roof and walls of the cavity and deposited by settling gently‘
through the contained water. The cavities, where they exist,
therefore have the <characteristics of being adjacent to

dewatering wells, and of being filled with loose sand.

The cavity at Well 5 was defined by shallow drilling during
construction in the vicinity of Well 5. This cavity was found to
be small in plan, and to extend from 25 to about 55 feet (Elev.
o +5 to -25 ft) below plant grade.* To stabilize this area so
‘construction could proceed, the area. down to a depth of 60 feet
(Elev. =30 ft) below plant grade was grouted as discussed in
Appendix B. Areas below 60 feet were not investigated at the

o time the shallow exploration was carried out.

The area around Well 4 was excavated to about 40 feet below the
present ground surface** to gain access to the well casing.
® During this operation, areas near the base of the excavation
experienced minor caving due to ground water inflow as discussed
in Appendix B. - Subsequently, the excavation was backfilled with

lean concrete and compacted soil fill.

Py * Plant grade is defined at Elev. +30 ft and is coincident with the
present ground surface elevation at Well 5.
** present ground surface is at Elev. +26.5 ft.
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Due to the proximity of structures to Wells 4 and 5 (Figures 2
and 3, respectively), deep-drilling access in the vicinity of
these wells to the depths of interest (below 60 feet at Well 5
and below 40 feet at Well 4) was limited.

1.2 Scope of Work

The scope of work for the exploration/demobilization of Wells 4
and 5 was to develop and implement a program to investigate the
existence of cavities in the depths of interest at Wells 4 and 5,
‘and to maximize the information obtained from these borings.
The procedure developed to accommodate this scope of work
involved three basic steps: (1) the careful drilling and
sampling of at least four borings near the well, located
according to the information available for the trajectory of the
well; (2) the preparation of the boreholes for crosshole seismic
measurements; and (3) the performance of crosshole measurements.
If a possible cavity were indicated by step 1 or 3, additional
drilling exploration would be required. The primary purpose of
the crosshole seismic measurements 1is to provide <closure
information between borings and to guide the 1location of

additional borings, if required to verify or delineate a cavity.

Although geophysical procedures have been wused for cavity
detection (Appendix A), it was felt necessary to calibrate the
specific crosshole seismic techniques (Appendix C) for the types
of cavities at this site. To accomplish this, the known cavity
at Well 3 was used to refine the techniques for the crosshole
measurements, and to define specific cavity detection criteria

for the crosshole data obtained from Wells 4 and 5.

l.3 Organization of the Report

This report has been organized to provide a succinct description
of the procedures, data and analyses used to investigate and
demobilize Wells 4 and 5 and to calibrate the crosshole seismic

procedure at Well 3.  Specifically, Section 1 introduces the
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"study and is followed by a description of the geophysical methods
in Section 2. The field measurements are discussed in Section 3
and Section 4 describes the analysis of data. The conclusions of
the study are presented 1in Section 5. A discussion of some
theoretical and practical principles of the method is presented
in Appendix A. Appendix B describes the exploration borings and
the preparation of the borings used for the crosshole work.
Appendix C presents the details of the techniques and procedures.
Appendices D, E, and F present the data and their interpretation
for Wells 3, 4 and 5, respectively. The logs of deep exploration
borings for wells 4 and 5 and corresponding results of gyroscopic

survey, are included in Appendix G.
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2.0 GEOPHYSICAL METHODS
For ease of reference in the presentation of the results in

Sections 3 and 4, this section will summarize the methods used to
acquire the seismic data, and will present a simplified view of
the mechanisms of cavity detection for this site. Some
theoretical and practical aspects of the cavity detection process
for this site are given in Appendix A. Procedural and equipment

details are contained in Appendix C.

The process consists of drilling several holes around the well
which are arranged and inclined to investigate areas of interest
and to investigate seismically across all sides of the well at
all elevations of interest. A plastic casing is grouted into
each hole and a hammer is inserted into one of the holes to
generate a seismic signal. Geophones are placed in the other
holes to detect the signal as shown in Figure 4. The data are
then analyzed to determine if. a cavity might be present between

the holes.

The boreholes were carefully logged for the results of standard
penetration tests, visual inspection of the cuttings and samples,
and the drilling characteristics. The grouting of the casing
was done from the annular space between the casing and the side
of the drill hole with a nonshrink grout. Grout volumes were
carefully measured, and compared to the calculated volume of the

annulus as discussed in Appendix G.

The seismic signal was created by a weight (hammer) allowed to
strike an anvil which tightly gripped the casing. The signal was
detected in adjacent boreholes by geophones which tightly gripped

their casings.

Each experiment was performed with the hammer and geophones at
the same elevation. The entire array would be lowered to the

bottom of the hole, and secured at that elevation. A number of
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blows would then be applied, and recorded on a signal-enhancing
| oscillograph that adds the signals from each blow. This has the
effect of minimizing the random seismic noise, and enhancing the
repeatable elements of the phenomenon. When the work at that
elevation was complete, the entire array was raised either 5 or
| ] 10 feet (depending on conditions), and the process was repeated.
When the top of the hole was reached, the hammer was interchanged
with one of the geophones, and the the entire sequence of
measurements was repeated. By this means, coverage was provided
L along each traverse between a pair of holes with each hole

serving as both transmitter and receiver.

The data were analyzed by comparing, qualitatively and
o quantitatively (Section 4, Appendices D through F), each recorded
trace with its vertical neighbors in any one receiver hole. Thus
the method relies on changes of and differences in the traces
within each individual hole. The following is a discussion of
® the reasons for such changes and differences, and a summary of

the trace characteristics expected if cavity is present.

Studies of the cavities found at this site, as well as certain
L theoretical considerations, indicate that the cavities should be
filled with loose sand. The poroelastic properties of this loose
sand are such that it should, for the specific source signal
being used, attenuate a dilatational (P) wave rather éfficiently;
o but it should attenuate a shear (S) wave rather poorly, unless
the cavity is large compared to the distance between the source
and receiver holes.* When the cavity is comparatively large,
both waves should be attenuated. The poroelastic properties of

® the undisturbed native sand, on the other hand, are such that it

* See Appendix A. This conclusion refers only to the combination
of the hammer source used, the specific properties of the native
San Mateo sand, and the specific properties of the loose sand
® infilling those cavities. The conclusion should not be applied
to other combinations of conditions without specific analysis
of those conditions.
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should not, for the specific source signal being used, greatly
attenuate either the P- or S-waves. The foregoing statements
apply for a wave which passes through these cavities, as shown in

Figure 5.

Because of the relative properties of the undisturbed native sand
and the loose cavity-infill sand, travel-time calculations
indicate a propensity for these waves to travel faster around,
rather than through, these cavities. Figure 6 shows this case,
and develops the concept of wave attenuation due to diffraction
around the cavity. This diffraction attenuation should be
enhanced for the native sand'near the cavity because this sand
has a stress gradient from the edge of a cavity out to the point
in the formation where the cavity's existence is not felt. The
diffraction attenuation is expected to be relatively more severe
for the P-wave than the S-wave, because the P-wavelengths are

shorter.

Both of these considerations, a wave traveling through and a wave
traveling around a cavity, indicate that the waves will be
changed when passing through or around a cavity, as compared to
passing through the native sand. More specifically, these
considerations indicate that the P-wave will probably be the most
affected, but that the S-wave should also be affected if the
cavity is larger than about 1/2 to 2/3 the distance between bore
holes. Further, because of the stress gradient near the cavity,
it is expected that the waves will be altered somewhat if they
pass close to a cavity, compared to their shapes when passing
only through the native sand. Thus, 1in principle, seismic
techniques should be effective for detecting cavities at the
site. For this reason, the techniques were tested in calibration
experiments at the cavity of Well 3, as discussed in Section 4.1
and Appendix D. Those experiments agreed with the theoretical
expectations; but, perhaps more importantly, they allowed

definition of qualitative and quantitative criteria for the
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possible existence of cavities between bore holes specifically at

this site.
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3.0 FIELD MEASUREMENTS
Field measurements made for the investigation/demobilization of

Wells 4 and 5 and for the calibration work on Well 3 include
cleaning and inspection of the inside of the well casing, the
drilling and logging of shallow exploration borings and crosshole
seismic measurements. The subsections that follow describe the

drilling exploration and crosshole measurements and coverage.

3.1 brilling Exploration
Eight deep exploration drill holes were drilled and logged at

Well 4 as located on Figure 2. Also indicated on Figure 2 are
the deviations of the boreholes from the vertical in plan view.
The general procedures followed in drilling, the measurements of
borehole deviation from vertical, and the logs of borings are
described in Appendices B and G. The drilling exploration showed
no evidence of cavity; however, small zones of disturbed material
and lean concrete were encountered in the boreholes within 40
feet of the plant grade. These materials resulted from the

excavation used to access Well 4 as discussed above.

In addition to the shallow exploration and grout holes used to
stabilize the area in the upper 60 feet around Well 5 as
discussed in Section 1l.1 and Appendix B, four deep exploration
borings were drilled and logged at Well 5 as located on Figure 3.
The details of this work are presented in Appendix B and G. The

drilling exploration showed no evidence of cavity.

The known cavity at Well 3 was identified and measured using
exploration drill holes and air lift cleaning with limited sonar
and mechanical caliper measurements as discussed in Appendix B.
A total of 31 borings were drilled at Well 3 as shown on
Figure 7. Based on a detailed review of these data, the location
and geometry of the cavity at Well 3, as revealed by the drilling
exploration and sonar and caliper measurements, are summarized on

Figure 8.
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3.2 Crosshole Geophysical Measurements and Coverage

The details of the instrumentation, field procedures and

processing of data for the geophysical measurements are described
in Appendix C. The field procedures evolved during the
calibration work at Well 3 and were carried out uniformly on
Wells 4 and 5. As indicated above, the crosshole measurements at
Well 3 were made to calibrate the technique and develop cavity-
detection criteria to be applied at Wells 4 and 5. This was to
provide closure between the exploration borings drilled at these
locations. To' accomplish this calibration, exploration
borings c, E, @, T, U and V were selected and prepared for
crosshole measurements as described in Appendix D. These borings
provide data both across and around the known cavity as shown on

Figure 9 by the red and green transects, respectively.

In order to minimize the number of drill holes at Wells 4 and 5,
all deep borings at these wells were prepared and used for
crosshole geophysical measurements. At Well 4, this required the
use of eight borings, six extending to the full well depth of 200
feet, and two shallow holes. Four borings extending to the full
well depth of 200 feet were drilled at Well 5. The crosshole
coverage for the depth intervals of interest (below 40 feet for
Well 4 and below 60 feet for Well 5), as discussed in
Appendices E and F for Wells 4 and 5, respectively, established
closure information between the exploration drill holes for these

wells.
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4.0 ANALYSIS OF GEOPHYSICAL DATA

The analysis of data from the crosshole measurements was
completed 1in two steps: (1) the data from Well 3 were analyzed
and correlated to the known cavity to develop a conservative set
of «criteria for wuse in the interpretation of the possible
existence of cavities between boreholes; and (2) the criteria
developed from Well 3 were applied to the analysis of data for
Wells 4 and 5. The SsSubsections that follow describe the analysis
of Well 3 data to develop cavity-detection criteria, and the

analysis of Wells 4 and 5 data using those criteria.

4.1 Calibration Analysis of Well 3 Data

The crosshole transects shown on Figure 9 represent the coverage
achieved in the depth range of the known cavity. Considering the
general principles of wave transmission through and around a
filled cavity, as discussed 1in Section 2 and Appendix A,
crosshole data associated with the red transects on Figure 9
should display more attenuation and waveform disturbance than
those data associated with the green transects. As discussed in
Appendix A, 1t 1is expected that the portion of the wave-train
associated with dilatational (P-wave) energy will Dbe more
attenuated than that associated with shear wave energy. Us ing
this as an initial basis for inspection of the data, the
waveforms for the green and red transect pairs (for example U-V
and V-U for green and U-Q and QO-U for red) shown on Figure 9 were
analyzed to develop cavity-detection criteria. Criteria
compatible with the observations made regarding wave attenuation
in Appendix A should yield higher attenuation in the region of
the cavity for red transect pairs compared to green transect

pairs.

The data to be analyzed were processed as indicated in Appendix C
and analyzed as indicated in Appendix D. In brief, a first-cut
qualitative inspection of the processed waveform records showed

general agreement, with the red transects exhibiting greater
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attenuation and waveform disturbance than the green transects.
Specifically, the inspection of data from the transects indicated
that amplitudes less than 10 to 20% of the largest amplitudes in
a given transect are associated with a cavity or spurious. Such
an amplitude reduction in reversed transects represents the best
indicator since spurious reductions are less likely to occur in
several reverse repeats on the same transect. Also, the
reduction of amplitude in both P-waves and S-waves 1is strong
evidence for a cavity. Also, by applying several different
candidate sets of criteria involving the use of normalized
amplitudes of the compression and shear waves, a set of semi=-
quantitative criteria that best fit the red and green transects

shown on Figure 9 were achieved as follows:

CAVITY-DETECTION CRITERIA

Observation from Values of Normalized Amplitude Interpretation
PxS*= 0 in both directions Possible Cavity
PxS = 0 in one direction < 0.2 in the Possible Cavity
other direction -

PxS < 0.1 in both directions Possible Graze*¥*
PxS z 0.1 in one direction and < 0.2 in the other Possible Graze**
PxS = 0.2 in both directions Native Soil
PxS > 0.2 in either direction Native Soil

By applying the above criteria to the waveform data presented in
Appendix D, the interpretations shown on Table 1 were found.
These interpretations correlate well with the red and dgreen
transects on Figure C using red as cavity and green as native

soil.

*The P- and S-wave amplitudes are normalized to the maximum
amplitude of each wave for any depth in a given transect.
This allows for the product PxS to be used as a single
sensitive indicator of the effects of both waves together.

**The interpretation of possible graze indicates a smaller
reduction in signal than expected for possible cavity and
may reflect the effects of a small cavity nearby that does
not intersect the transect or the effects of poor compiling
of the casing to the bore hole.
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4.2 Analysis of Well 4 and 5 Data
By applying the criteria developed from the Well 3 calibration

case to the waveform data for Wells 4 and 5, interpretations of
cavity, graze, and native were made on all transects for these
wells as presented in Appendices E and F, respectively.
Specifically, Well 4 data exhibited a native solil interpretation
for all depths except at a depth near 40 feet on transects 5-7
(7-5) and 8-7 (7-8) and at a depth of 175 to 180 feet on
transects 2-1 (1-2) and 2-5 (5-2). The transect 5-7 (7-5) and
8-7 (7-8) interpretation was 1likely influenced by loose soil and
concrete Jjust above the 40-ft depth (Figure B-4 and B-6,
Appendix B), the grout just above these depths in the shot and
receiver holes, and the fact that the wellbore intersects or is
very close to these transects. Because of these effects and the
fact that native soil is interpreted along transects just 5 feet
deeper, the anomalous interpretation along these transects are
due to construction disturbances at the time of initial
demobilization activities. The 3-2 (2-3) transect bounding the
well to the south shows native sand at all depths (40 to 200
feet) while the 2-1 (1-2) and 2-5 (5-2) transects bounding the
well further south indicates possible graze at a depth of 175 to
180 feet. For this reason and because the cavity must be
connected to the well the crosshole results of 2-1 (1-2) and 2-5

(5-2) transects at this depth are not considered applicable.

Interpretations made for the Well 5 waveform data presented in
Appendix E show native soil interpretation throughout the depths

of interest.

In addition to the above interpretation, the shear wave
velocities and wave forms were essentially unaffected in the
depths of interest around Wells 4 and 5 indicating no degredation
of properties or presence of significant cavities associated with

these wells.
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5.0 COHCLUSIONS

Based on the foregoing discussions and the boring 1logs
supplemented by crosshole seismic data presented in Appendices B,
D, E and F, it 1is concluded that no cavities extend beyond
boundary A shown on Figure 10 for depths of 40 to 200 feet at
Well 4. Further, based on the interpretation made on transects
crossing the area bounded by boundary A, it is concluded that no
cavities of structural significance exist within boundary A on
Figure 10. Similarly, for Well 5 it is concluded that no cavity

extends beyond boundary B shown on Figure 11 for depths of 60 to

boundary B. It is therefore concluded that no further drilling is

200 feet, and no cavities of structural significance exist within
required at Wells 4 and 5.



Transect PxS=0 0<PxS<0.1 0.1<PxS<0.2 Transect

TABLE 1

SUMMARY OF PxS TRACE AMPLITUDE INTERPRETATION FOR WELL 3

Depth Interval Fitting Criteria

Reverse

Depth Interval Fitting Criteria

PxS=0 0<PxS<0.1 0.1<Px5<0.2

Interpretation

V-T 30-55" - 60-65" T-V - 50 — Possible cavity at 30-50'.
vV=Q - - 95-130! o=V - — 90-95! 80-85" Possible graze near 95°'.
100-105"
V-U - - - U-v - - - Native soil at all depths.
U~v - - -
U-T - - 130-140" T-U - — - Native soil at all depths.
170!
U-0Q 30-45" 50-55" 80" Q-U - 45 40', 50' Possible cavity at 30-55'.
90! 95-100"
45-50" - - Q-u 32-59" - 85' Possible graze at 85-90'
30-50" — -—
o-C - - - None Native soil to depth of Hole C.*
o-T - 50-59' 40~-45" T-Q - - - lNative soil at all depths.
U-E - — — lone Native soil to depth of Hole E.*
u-C 30-55' - - lione Possible cavity at 30-55'.%*
O-E 32-59'  — - Hone Possible cavity at 30-60'.*
30-59' — -

* No reverse leg for strict application of criteria.
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APPENDIX A
SEISMIC PRINCIPLES FOR CAVITY DETECTIOHN

A-1 INTRODUCTION

The use of seismic methods to detect possible cavities around the
dewatering wells at SONGS has been studied by performing
extensive experiments at the known cavity at Well 3. The seismic
signatures have been empirically calibrated to define their
characteristic shape in the presence of <cavity and in the
undisturbed native San Mateo sand. Those empirical calibrations
are described in detail in Appendix D. Appendix A presents, in a
gqualitative way, certain seismic principles which could cause the
seismic signals to be altered by the presence of a cavity. This
is not intended to be a rigorous theoretical development. A

reference list is attached to this appendix.

Seismic and other geophysical methods have been used by others to

detect cavities 1in the past. For example, the Institut fur
Geophysik der Ruhr-Universtat have done extensive model,
® theoretical, and field studies, and have successfully detected
infilled cavities (see reference lisf, authors Dresen, Baule).
Theoretical studies have also been done by Greenfield (1978); and
combined theoretical and experimental work has been published by
) Cook (1965), and by Rechtien et al’(1976), who detected and
delineated open and infilled cavities. These published works
used mostly surface refraction and/or reflection techniques, but
the present work uses crosshole techniques. It is for this
() reason that this appendix has been prepared.

The details of the techniques and procedures used for this study
are given 1in Appendix C. For purposes of this appendix, the
] procedure is as follows: carefully logged holes are drilled in

an array around the well, and a casing is grouted into place in
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each hole; seismic waves are generated in one of the holes
P (source), and the seismic signatures are sensed by geophones in
the other holes (receivers); then the seismic signatures are
analyzed, (by comparison to the theoretically expected wave forms
and the calibration at Well 3), to determine if cavities possibly
® exist. The intent is only to identify the possible existence of
cavities in a conservative way so that borings can be planned to
thoroughly delineate the cavities if they in fact exist. Thus,
this crosshole seismic method does not need to delineate or
PY otherwise describe the cavities: it needs only to identify their
possible existence in a conservative way. In this context,
conservative means that the crosshole seismic method would
identify all cavities and also identify features which are not

® cavities.

A-2 THE CAVITY/UNDISTURBED SAND SYSTEM

The cavities were formed by internal piping during the use of the
® ' dewatering wells. The mechanics of that process, as well as the

evidence at cavities which has been investigated by drilling,

indicate that a cavity will be full of loose sand attrited from

the roof and walls, and deposited by falling gently through the
® contained water. . This means that the infilling sand is loose,
and is subjected to a confining pressure equal only to its own
weight (not the formation overburden or other stresses). Thus,
the infilling sand will be weak, will have low seismic
velocities, and will be highly hysteretic compared to the native
undisturbed sand. In other words, the infilling sand will be
substantially different in properties from the native undisturbed
sand. The crosshole seismic method in effect relies on those

differences in properties to detect the presence of the cavity.

In addition to these property differences between cavity infill
sand and native undisturbed sand, it is expected that there will
also be property differences between the native sand 1in the

vicinity of the cavity and the native undisturbed sand at some




distance away from the cavity, as Figure A-1 shows, and as will

now be discussed.

The San Mateo sand is known to be highly preconsolidated, and to
presently have very high residual stresses (Fugro, 1974, 1976).
Thus the mean stress is very high in the undisturbed state. HNear
the cavity, however, because one of the principal stresses must
be zero, the mean stress is expected to be smaller than in the
undisturbed state, as shown in Figure A-1l(a). As a conseguence,
the wave velocities, which are functions of the mean stress, are
expected to be lower for the native sand near the cavity than for
the native sand at some distance away; and for the same reason
the damping is expected to be somewhat higher for the native sand
near the cavity. These trends are shown in Figure A-1l(b) and
(c). This means that the property differences being detected
(velocities, attenuation, change of signature) may extend further
than the cavity boundary. Thus the crosshole seismic method may
not only indicate the presence of a cavity intervening between
source and receiver, but may also respond to the presence of a

cavity which 1is near to the plane between the source and

receiver.

A-3 SOURCE WAVES

Appendix C presents details of how the waves were generated; and
Appendix D (especially lines Q-C and U-E) presents the details of
the source signatures. For purposes of this appendix, the source
is an impulse impact which creates both dilatational (P) and

shear (S) waves, which have the following characterstics:

Woodward-Clyde Consultants
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Undisturbed

Sand Infill Sand
P-wave velocity, fps 2000-7000%* 1000~-6000**
S-wave velocity, fps 1000-2000%* 400-600**
P-wave predominant frequency, cps 800-1000 800-1000
S-wave predominant frequency, cps 100~-200 100-200
P-wave wavelength, feet . 2-8 1-7
S5-wave wavelength, feet 5-20 2-6

* measured (see Appendix D)
** estimated (material is too lossy to measure reliable

velocities).

A~4 WAVE PROPAGATION NEAR CAVITIES
A-4.1 Propagation Through a Cavity

Figure A-2 has been prepared to illustrate a rather idealized
propagation through a lower-velocity and lossy infilled cavity.
The source signal is idealized as a step pulse which would
propagate through the undisturbed sand, which has relatively high
velocities and is relatively nonlossy. The pulse propogates with
only slight attenuation from point Al (source) to AZ at the edge
of the cavity. As the wave enters the cavity, there will be
complex vreflections and refractions, and the waveshape will
change. If the infill material is relatively lossy, however, a
major change in the waveform will be due to energy losses in that
material, due to energy partitioning associated with

poroelasticity, as will now be discussed.

A poroelastic medium is a saturated particulate medium composed
of a granular skeleton and pore water. Shear waves propagate
through the skeleton of a poroelastic medium; but dilatational
waves propagate through both the skeleton and the water in an
interactive way, dispersing into waves of two kinds, as shown in

Figure A-3. The waves of the First Kind predominate at the lower



frequencies of propagation, and the waves of the Second Kind
become more important at the higher frequencies of propagation.
The waves of the Fifst Kind are dilatational waves whose velocity
and damping depend on the propagation frequency and on the
relative stiffness of the soil-skeleton/water system. These
velocity and damping dependencies are summarized in Figure A-4.
The frequency abscissa is normalized to the characteristic

frequency, which is a soil property given approximately by:

£ ng

where n = porosity, g = gravity, and k = permeability, and for
these conditions, R is approximately unity. The velocities and
damping are parametricized on 6, which is in effect a stiffness
ratio between the skeleton and the pore water (the pore water is
assumed to have no entrained air). The upper graph shows that
the waves of the First Kind can travel very fast for high
frequencies and low stiffness ratios; but the lower graph shows
that, for frequencies near the characteristic frequency, the

damping can be quite high, especially for low stiffness ratios.

The characteristic frequencies for the two soils involved here
“are: for undisturbed native sand, 2700 cps; and for loose
infill, 800 cps. Comparison with’ the source characteristics
given in Section A-3 indicates: in the undisturbed native sand,
the P-wave frequencies are well below the characteristic
frequency, so that damping, and therefore waveform attenuation,
should be rather small; but in the loose infill sand, the P-wave
frequencies are about the same as the characteristic frequency,
so that démping, and therefore waveform attenuation, should be

rather large.

The waves of the Second Kind at low frequencies involve actual
movements and drainage of pore water. As a consequence, waves of
the Second Kind evanesce rapidly, and do not, as a practical

matter, propagate at all.

Woodward-Clyde Consultants




As a consequence of the above two poroelastic considerations
(P-wave in cavity propagating at or -near the infill's
characteristic frequency; some of the energy partitioning to
Second-Kind waves, which rapidly evanesce), it is to be expected
for this case that P-wave signal damping, and therefore
attenuation, will be significantly large for propagation through
the cavity. An approximate dquantification of the First-Kind
damping effect is shown in Figure A-4: point W, for the native
sand, indicates a damping of 2%, or less*; and point C, for the
cavity-infill sand, indicates a damping of 5% or more*. Because
of this increased damping upon propagation of waves with these
frequency characteristics through sands of these material
properties, severe attenuation of P-wave amplitude would be

diagnostic of these waves propagating through these cavities.

The S-wave propogates as only one kind of wave, and is thus
altered only by attenuation and boundary effects. Point D on
Figure A-5 shows the damping effect, at a value lower than the
P-wave. Thus, the S-wave of the type generated here will
propagate through the loose infill sand at a lower damping; and,
becuase it is at a lower frequency and longer wavelength than the

P-wave, it will undergo fewer attenuative cycles than the P-wave.
Based on these considerations, one would expect the following
behavior for these waves propagating through a cavity with these

infill sands:

1. The P-wave should be significantly attenuated;

f For ease of calculation, values of 6 were taken from Ishihara

Woodward-Clyde Consultants

(1970) for tests on sands of nearly equal conditions to the native

and infill sands. The Ishihara dense sand, however, was not as
dense as the native sand; and the Ishihara loose sand was not as
loose as the infill sand. The effect is that point N should be
lower and point C should be higher.
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2. The S-wave should be less attenuated than the P-wave.

Statements 1 and 2 above are of course relative, and apply
heuristically to a cavity/source-receiver geometry as in Figure
A-2. If the cavity were very large with respect to source-
) receiver distance, (for example 1/2 to 2/3 the travel path
distance) the attenuation of the shear wave could become
appreciable, and Statement 2 might be modified to: 2a, The

S-wave could also be significantly attenuated.

The discussion above applies only to cavities which are filled
with sand. If a cavity contained water only, then the P-wave
could propagate very efficiently through that cavity; but the
® S-wave would not propagate through. Thus, Statements 1 and 2
must be modified for the case of a water-filled cavity as

follows:
® l1b. The P-wave should be only slightly attenuated.
Qb. The S-wave should disappear upon transmission through (but
not necessarily upon transmission around, see Section A-4.2

® below) the cavity.

A-4.2 Propagation Around a Cavity

For these sands, with the properties given in Section A-2, simple
® travel-time calculations indicate that the wave traveling through
the cavity will, if it is not destroyed by the high damping,
arrive somewhat later than the wave which travels around the
cavity as shown idealized in Figure A-6. Thus, the early part of
® the recorded seismic signature could be from a wave which
traveled around the cavity. Such a wave would also be attenuated

due to diffracting around the cavity.

® The diffraction-attenuation effect is expected to be pronounced.

Figure A-7 has Dbeen prepared to illustrate this point.
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Considering two possible propagation paths C and D, at distances
¢ and d from the straight-through path, it can be seen that the
wave velocities and the dampings are different. Thus, the waves
would arrive at the receiver at different times and with
different amounts of attenuation. The superposing effect of
theée waves at the receiver would be an attenuated and smoothened

replica of the original wave.

The diffraction-attenuation effect will hold for both P- and
S-waves; but the effect is expected to be less for the S-waves

because of their longer wavelengths in the native sands.

For these reasons, Statements 1 and 2 would, for the case of a
wave traveling around a cavity in heavily prestressed sand, be as

follows:
lc. The P-wave should be significantly attenuated;
2c. The S-wave should be less attenuated than the P-wave.

A-5 OTHER EFFECTS

There are certain practical aspects of the crosshole seismic
surveys which must be inspected for their effects on the seismic
signatures being used to define the possible existence of
cavities. Details of the procedures are given in Appendix C.
This discussion will identify the important practical aspects,

and will define their effects on the end result.

Because this seismic method is intended only to indicate where
drilling should be done to verify and delineate a possible
cavity, it is only necessary that these other possible effects be
conservative. To be conservative, it must be demonstrated that
the effect will not conceal the existence of a cavity if a cavity
is present. One - possible case, that of a water-filled cavity,

has already been considered in Section A-4.1 above, with the



conclusion that, even though the P-wave might not show distinct
effects from having passed through a water-filled cavity, the
possible existence of the cavity would be detected from the

disappearance of the S-wave. Other cases will now be considered.

A-5.1 Air Entrainment

During the operation of the wells, it is possible that air could
have been entrained in the sands above the drawdown cone. This
would have an effect on the P-wave: the velocity would be less
in this zone than in the undisturbed sand, and sometimes would be
less than the dilatation velocity in pure (deaired) water; and
the signal shape may be attenuated, even if cavity 1is not
present, because of an accentuation of the poroelastic-damping
effects discussed in Section A-4.1l. It is demonstrated in
Appendix D that such effects have been observed, so it must be
assumed that the native sands have air entrained in them in the
drawdown zone. Inspection of the velocity-depth data
(Appendix D) indicates that: (1) the depth to which the P-wave
velocities appear to have been affected by air entrainment (and
other processes of similar effect) is about 40 to 60 feet; and

(2) the S-wave velocity appears to be less affected.

These effects (a slowing and attenuation of the P-wave, and
probably no effect on the S—-wave) are consistent with
Statements 1 and 2 for a through-traveling wave, and with
Statements 1lb and 2b for an around-traveling wave.  Thus the
effect of air entrainment is conservative for purposes of
detecting cavities, because it could indicate cavity where cavity
does not exist, but has no features which would mask the

detection of an existing cavity.

The effects of air entrainment could be unconservative, however,
if they are not properly considered when the method is being
calibrated at a known cavity. The calibration was done for this

project at Well 3 (Appendix D), where the cavity was delineated

Woodward-Clyde Consultants
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(by borings) to extend to about 60 or 70 feet below the present
surface (experience with these wells shows that the floors of the
cavities are funnel-shaped, centered on the well, so that an
exact value for the depth to bottom 'is not possible). Thus a
large part of the calibration cavity lies in the uppef}?éne (to
depths of 40 to 60 feet) thought to have been affected by air
entrainment or other similar processes. For this reason, the
records were carefully inspected, comparing the seismic
signatures across known cavity to the seismic signatures across
known native sand. Those comparisons showed that, although the
signatures across known native sand showed a reproducible
velocity decrease and attenuation in the upper zone, those
signatures were easily recognizable as being different from the
signatures across known cavity (Appendix D). Thus for this case
and the conditions prevailing, the possible air entrainment did

not affect the calibration.

A-5.2 Casing Coupling

The grouting of the casing in the holes is an important process,
affecting the degree and the location of the coupling of the
source signal into the ground, and the location of the recieved
signal. If the grouting were poorly done, allowing some
ungrouted sections, the result would be a poorly coupled source
signal, delivered into the ground at some elevation other than
the source's, or received in the receiver casing at some
elevation other than the geophone's. The P-wave portion of the
source signal would be expected to couple into the ground
efficiently through the surrounding water, so the effects on the
initial part of the received P-wave signal should be small,
particularly in terms of arrival time. The S-wave portion of the
source signal, however, would not be expected to couple through
the water, but would have to follow a longer travel path along
the ungrouted part of the casing at the source and/or receiver.
Thus the anticipated effects of poor coupling are:
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ld. The P-wave signal should be about the same as for the well

coupled case.

2d. The S-wave should arrive later and might be attenuated

compared to the well coupled case.

3. Reciprocal experiments, reversing the source and receiver,
might not yield the same results due to small changes in

instrument location.

All of these statements would yield results which are
conservative for the cavity-detection case; but they could be
unconservative for the calibration case. For this reason, the
grouting of the holes for the calibration was done with great
care: the volumes of grout were monitored and compared to the
calculated annular volume to be as discussed in Appendix G after
the grout had been placed to fill the annulus, grout pumping was
continued in controlled overflow to allow opportunity for
possible voids in the grout to fill; and nonshrink grout was
used. The records of the calibration experiments were analyzed
to see 1f the effects of Statements 14, 24 and 3 could be
recognized. The effects of Statement 3 were detected in some
cases, in that a few reciprocal experiments did not reproduce;
but the effects of Statements ld and 2d were not apparent. The
cffect of possible nonreciprocity were considered in establishing
cavity-detection criteria in the calibration (Appendix D).

A-5.3 Timing Errors

Timing errors could result from signal-trace initiation from the
crystal triggers (Appendix C), and from the technigques used to
pick off arrival times from the signal traces. The effects of
these errors have been minimized by designing the triggers to
have timing lags in the microsecond range. Futhermore,
interpretative errors were minimized by having all timing picks

made by the same geophysicist.
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The cavity criteria which evolved from the calibration procedure
(Appendix D) do not use arrival times or seismic velocities, so

timing errors are not important to this work.

A-5.4 EBquipment Calibration

The key items of equipment are the hammer source, the geophone
receivers, and the signal-conditioning and recording gear. None

of these were specifically calibrated for this work.

The hammer source was manhually operated (Appendix C), and was
used to produce several blows for each recording (the recorder
stored and added the signals from a number of Dblows). The
recorded results were monitored to make sure that the manual
operation was not resulting in increased source input for the
cavity-detection case, or in decreased source input for the

calibration case.

The geophone receivers were all of the same model and same
manufacturer. Their sensitivities were periodically checked by
placing them in the same receiver hole. Those sensitivities did
not vary by more than a few percent, except for one geophone

which was consistently down 10 to 20% below the other geophones.

The signal-conditioning and recording gear were one unit. Gains
on all channels were the same in each set of measurements. The
analyses of amplitude data were done by normalizing the amplitude
of each recording for a given receiver hole to the maximum
amplitude recorded in that hole for each data set, Appendices C

and D.

A-5.5 Distance Effects

Because the distances between source and receivers are short in
this work, it is important that they be known accurately. For
this reason, the trajectory of each hole was measured with an
inclinometer, and the source-receiver distances were calculated

for each elevation where experiments were performed.
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Even though the source-receiver distances were accurately known,
their magnitude - varied; thus it was necessary to inspect the
calibration-experiment data (Well 3, Appendix D) to ascertain if
the attenuating effects of distance could have been mistaken for
the attenuating effects of «cavity, thus invalidating the
calibration criteria. It was found that the differences between
the signal quality for cavity and noncavity were much more
profound than the differences between signal of long and short
propagation distances (Appendix D, especially legs Q-V cf. Q-E,
U-T cf.'U—C and U-Q). Thus for these conditions, the effects of
varying distances did not affect the criteria for ~cavity
calibration. The effects of varying distances in the cavity-
detection process are all conservative for the crosshole

distances actually used.
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Path C is through
lower-velocity materials

Path D is through
higher-velocity materials
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APPENDIX B
BACKGROUND INFORMATION AND
DEEP DRILLING AND GROUTING EXPLORATION
FOR WELLS 3, 4 AND 5

B-1 WELL 3

Well 3 was drilled in July 1974 and operated from August'l974
until January 1977. An airlift operation was commenced on
28 March 1978 to remove the gravel pack from the annulus around
the well casing at Well 3 to allow removal of the well casing and
the filling of the wellbore with concrete. This operation
revealed evidence of a shallow cavity. Mechanical caliper and
sonar investigations indicated that the cavity was both shallow

and of limited lateral extent.

A total of 31 borings were drilled at Well 3 as located on Figure
B-1. These borings were investigation holes drilled to identify
the boundaries of the filled cavity and locate any areas of open
cavity. Of these, six were prepared for crosshole seisnmic
investigation; four of these six extended to the full depth of
the wellbore (approximately 200 feet). Graphic logs of each

borehole are presented on Figure B-2.

An SPT-sampler or a 2-inch diameter disc attached to the end of
the drill rod was driven by a 140-1b hammer falling 30 inches.
Such penetration tests were performed at 5-foot intervals. If
loose soil was encountered, the disk was driven continuously
until refusal (defined as 50 blows/3 inches). The relative ease
of penetration was used to distinguish between loose cavity fill

materials and the native San Mateo formation.

The cavity delineated by the drilling program extends 1n a

northwesterly-southeasterly direction. It is approximately 15



feet by 6 feet in plan dimension between depths of 30 to 60 feet
as indicated on Figure B-3. The cavity was full of loose sand
during airlift cleaning. The cavity was partially cleaned using
an airlift to a maximum depth of 54 feet, and was later
backfilled with loose sand to be used as a calibration case for

the crosshole technique.

To date, no grouting has been done at Well 3, except to backfill
around the PVC casing in those borings used in the crosshole

seismic survey.

B-2 WELL 4

Well 4 was drilled in June 1974 and operated in October 1974 and
then from April 1975 to June 1976. After pumping had been
terminated at Well 4, it was demobilized for construction
schedule purposes by cutting off the top of the l4-inch diameter .
casing, backfilling it with sand, and welding on a steel cap.
The well was subsequently reopened and the sand backfill removed
by airlifting. The excavation made to reopen the well extended
to Elev. -8 feet as located on Figure B-4. A small area under
the electrical and piping gallery and an area at the north end of
the excavation caved locally due to groundwater inflow. A
42-inch diameter piece of CHMP casing was placed around the well
casing and extended to the ground surface to allow access to the

well. The excavation was then backfilled to Elev. +5 feet by 70

" cubic yards of lean concrete and between Elev. +5 feet and ground

surface with compacted soil fill. Air 1lift and wire brush
cleaning and TV 1logging of the inside of the casing did not
reveal any observable deterioration of the well casing. As a
follow up to this information, exploration drilling was
undertaken specifically to locate and delineate -possible

cavities.

Eight exploration borings as located on Figure B-5 were drilled

and sampled, and PVC casing was grouted in' place to facilitate

WoodwardeCIyde Consultants
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crosshole seismic measurements; six of these holes were drilled
to the full depth of the well. SPT samples were taken at 1l0-foot
intervals. Graphic logs of each boring are presented on Figure
B-6 (detailed logs of these borings are presented in Appendix G).
As these 1logs indicate, there was no evidence of cavities;
however, small zones of disturbed material and lean concrete were
encountered in the boreholes within 40 feet of the ground
surface. These materials resulted from the reopening operation

as described above.

No grouting has been done at Well 4 except in backfill around the
PVC casing in the eight borings prepared for the crosshole

seismic survey.

B-3 WELL 5
Well 5 was drilled on 24 June 1974 and was operated from April

1975 to May 1976. After pumping had been terminated the well was
idle until about December 1976 when it was demobilized by cutting
off the top of the l4-inch diameter casing, backfilling with

sand, and welding on a steel cap.

A shallow drilling program (holes 20 to 57 feet deep) was begun
to check for the presence of near-surtface cavities. Shallow
_cavities were of particular concern because the area around the
well had been excavated to Elev. +6 feet for construction access.
buring the drillingv of the shallow investigation holes, the
ground surface immediately surrounding the well began to cave.
Subsequently, a total of 19 shallow holes were drilled as located
on Figure B-7. Of these borings all encountered native soil
throughout the depths investigated except Boring 5-F which was
interpreted to have drifted toward the well into the cavity.
Because no SPT samples were taken during this program, the
distinction between cavity fill and native material was made by
checking the static penetration of the drill stem while it

supported the full weight of the drilling rig. Subsequently a
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2-inch diameter disc connected to A-rod was driven into the
annular space between the well casing and the well bore using a
140-1b hammer falling 30 inches. The continuous driving record
from this operation showed 1 to 2 blows per foot to a depth of
about 24 feet at which point a driving resistance of 50 blows for
b-inches of penetration was encountered and the operation was
terminated. It was interpreted that the annular space contained
sand infill to a depth of 24 feet (about Elev. -18 feet) with
gravel pack below this depth.

7o facilitate the delineation of the local cavity suggested by
the cavity adjacent to the well bore during drilling and the
later exploration of the deeper portions of the well, a 30-inch
diameter steel casing was vibrated into place around the well to
Elev. -30 feet. During this operation a depression of the ground
surface up to about 1 foot deep developed around the well. This
depression was eliptical in plan shape with its long axis in an
east-west direction with a maximum plan dimension of 8 to 10
feet. Locally toward Boring 5-F it extended as far as B feet

from the center of the well bore.

A shallow pressure grouting program was set up to stabilize the
cavity area around Well 5 with the following specific objectives:
(1) define the extent of the cavity‘ from grout pipe driving
records; (2) seal the upper zone around the casing to minimize or
eliminate fall-in from this area during cleaning of the well
below Elev. =30 feet; (3) £ill all open cavity areas in the
vicinity of the well above Elev. -30 feet; and (4) grout loose
materials in the vicinity of the well above Elev. -30 feet.
Grout pipes were driven or Jjetted into place at 32 locations
around Well 5 as shown on Figure B-8. A summary of grout‘pipe
depths and driving conditions 1is presented in Table B-l. Based
on the observed depression caused by driving the 30-inch diameter

casing, the initial boring data and the grout pipe installation
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data, the configuration of the cavity at Well 5 was interpreted

® as shown on Figure B-9.

All grout pipes located on Figure B-8 were pressure grouted with
cement grout. Grout volumes injected 1into each hole are
o summarized in Table B-2. These small volumes of grout take
~confirm the small size of the cavity. Subsequent to these
operations, a 4-foot diameter section of CMP was placed around
"the well casing and extended to the level of the present ground
® surface. The excavation was then backfilled to the present

ground surface with compacted soil fill.

The well was subsequently reopened 27 May 1978 and airlifting was
@ attempted to remove the sand within the casing. The casing was
cleaned to about 150 feet (sand was removed to about 119 feet and
sand and gravel from 119 to 150 feet) when further progress was
made difficult by gravel flowing into the casing from the well
§5 annulus. Based on monitoring of the material in the annulus
between the 30-inch casing and the l4-inch well casing, it was
found that as gravel flowed into the casing below the 1l5-foot
depth, the surface of the material dropped from a depth of 25
® feet to a depth of about 29 feet. The volume of gravel removed
from the casing in the 119 to 150-foot interval (assuming a 50%
sand and gravel mixture in the l4-inch casing) is about equal to
the volume of material displaced in the annulus between the 1l4-
j. and 30-inch casings at the 25- to 29-foot interval. Also the
volume of material removed during airlift cleaning is within 5%
(less than 1/10 of a cubic yard difference) of that calculated
for the depth intervals of material removed from the casing and
j. the annulus. Subsequent TV monitoring of the casing indicated
» small holes at depths of 115, 125 and 126 feet, with graVel
inflow presumeably through holes below a depth of 115 feet.
These observations indicate that the gravel pack was likely
@ entering the casing at a depth below 115 feet with no apparent
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arching of the gravel in the annulus between the wellbore and the
well casing between depths of 25 and 115 feet. A summary of this

operation is presented graphically on Figure B-10.

In addition to the shallow exploration drilling, four closely
spaced holes were drilled to the full depth of the well to
investigate the area around the well below the depth of pressure
grouting, and to facilitate crosshole seismic measurements.
These borings were samgled at 1l0-foot intervals using the  SPT.
No evidence of cavity was found. PVC casing was grouted into

place in each hole.

A plot plan showing the locations of the four deep drill holes is
presented in Figure B-1l1. Figure B-12 contains the graphic logs

for each borehole (detailed logs of these boreholes are presented

in Appendix G).
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TABLE B-1
SUMMARY OF CONDITIONS AT GROUT PIPE LOCATIONS
WELL NO. 5
Grout Pipe Length of Grout
Location No. Pipe (ft) Conditions

A 32 The pipes were driven

B 32 adjacent to the well

C 32 bore with little

D 32 resistance between 0

E 25 and 15 to 20 feet and

F 25 increasing resistance

G 25 to driving beyond that

H 25 point.

1 25 *B

2 25 *B

3 22 Pipe set in exploration hole 5-G
4 16 *B

5 25 *A

6 15 *B _

7 15 Pipe set in exploration hole 5-F
8 25 - Pipe set in exploration hole 5-I
9 15 Pipe set in exploration hole 5-K
10 22 Pipe set in exploration hole 5-J
11 25 Pipe set in exploration hole 5-D
12 15 Pipe set in exploration hole 5-B
13 15 Pipe set in exploration hole 5-C
14 24 Pipe set in exploration hole 5-E
15 15 *B
16 15 Pipe set in exploration hole 5-H
17 15 Pipe set in exploration hole 5-A
18 15 Pipe set in exploration hole 5-L
19 35 *B
20 25 *B
21 23 *B
22 25 *B

23 25 *B

26 35 *B

* The procedure for installation of the grout pipe was completed by:
(A) pre-drilling and jetting or; (B) pre-drilling and driving with
a jack hammer. Pre-~drilling was completed with an air drill.
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TABLE B-2

SUMMARY OF GROUT INJECTED AT WELL 5

Grout Pipe Volume of Grout Injected
Location No. (cubic feet)
A 2.0
B 1.0
C 1.7
D 1.5
E 1.1
F 0.4
G 0.5
H 0.4
1 0.9
2 0.6
3 0.6
4 0.3
5 2.0
6 0.6 |
7 0.7
8 0.8
9 0.6 |
10 0.6
11 1.3
12 0.4
13 0.4
14 0.3
15 0.3
16 0.5
17 0.4
18 0.4
19 -
20 0.2
21 1.1
23 0.4
26 -
Total of 32 holes TOTAL 22.00

Grout pipe Nos. 19,'22 and 26 were placed but not grouted to
expedite later grouting during air lift cleaning operations.
This was not necessary and the grout pipes were abandoned.
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® APPENDIX C
CROSSHOLE GEOPHYSICAL MEASUREMENTS

® C-1 INTRODUCTION
The crosshole seismic method is a standard geophysical technique
which has, in this case, been modified for application to.
providing closure between exploration borings to detect sand-
o filled cavities. The modification consists of additional data

processing and interpretive techniques.

In normal use, the method consists of measuring the time taken by
¢ dilatational (P) and shear (S) waves to travel from a borehole.
source to one or more receivers in other boreholes (Figure C-1).
The source and receivers are normally located at the same
elevation at known distances from each other. Thus, the velocity
® of each wave (Cp and Cs) can be calculated, and material

properties deduced.

The instrumentation consists of an energy source, receivers,
® signal conditioners and recorder, and a spectral analyzer. The
sections that follow describe the instrumentation, the field

procedures and the method of processing the data.

L C-2 INSTRUMENTATIOLN
C-2.1 Source
Seismic energy is generated by a mechanical borehole impulse
instrument composed of a stationary part and a hammer (Figure

® C-2). The stationary part consists of a hydraulic cylinder block |
with pistons on each side fixed to cur&ed plates. When hydraulic
pressure 1is applied to the pistons, the plates move outward and
grip the borehole walls. The movable part of the energy source,

@ the hammer, slides on guides mounted on the cylinder block. The
hammer can be lifted above or lowered below the cylinder block to

a maximum travel distance of 12 inches in either direction.
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To produce a downward impulse, the hammer is raised manually and
allowed to drop freely onto the top of the cylinder block. This
blow produces a downward motion which is transmitted through the
metal plates to the surrounding medium. Upward motion 1is
produced by smartly raising the hammer such that it strikes the
bottom of the cylinder block. The moment of hammer impact is
detected by means of piezoelectric crystals embedded in both ends

of the instrument.

C—2°2 Receivers

The seismic energy generated by the hammer is detected by
vertically oriented 4.5-cps geophones. The geophones are placed
in adjacent boreholes at the same elevation as the hammer, and
are held against the borehole walls by pressurized bladders
(Figure C-3). The geophones, being vertically oriented, are more
sensitive to the vertically polarized S-waves than to the
P-waves. The outputs of the geophones are velocity—-time

histories (Figure C-4).

C-2.3 Recorder

The velocity-time histories are recorded by a l2-channel signal
enhancement seismograph (Geometrics/Nimbds ES-1200). The
information is stored digitally, and later played back in analog
form onto photographic paper. The chosen sampling interval of
0.05 msec results in a 50-msec record length. Up-blows and down-—

blows received at all the geophones are displayed simultaneously.

"Signal enhancement is obtained by adding hammer blows together.
Random noise tends to cancel when added, while coherent events
tend to become larger. This results in an increased signal-to-

noise ratio.




C-2.4 ©Spectral Analyzer

An additional instrument used in this instance is a spectrum
analyzer (Rockland Systems FFT 512/8). The analyzer is capable
of real-time processing of captured transients using a 1024-point
Fast Fourier Transform. The velocity-time histories are
transmitted to the analyzer, and the resulting spectra are
recorded on a X-Y recorder (Figure C-5). The spectra are plotted
on a log-frequency scale showing the power referenced to one volt

(rms) .

C-3 FIELD PROCEDURES

Field procedures consist of obtaining measurements across the
boreholes such that the well is surrounded by transects for most
of its depth. Redundancy is provided by reversed and multiple
paths. This is accomplished by several set-ups of the hammer and
three geophones in alternate boreholes as shown schematically on

Figure C-6.

For testing, the hammer and the geophone array are placed at the
first depth of interest. The instruments are moved along the
boreholes at 5- to l0-foot intervals. The lU-foot intervals are

generally only used below 100 feet.

Three sets of wave form data were obtained as follows: (1) five
hammer blows in each direction (up and down) made at the same
gain and recorded for wave form analysis; (2) five hammer blows
in each direction added to the previous five hammer blows (10
blow total) and recorded at variable output gain for visual wave
velocity interpretation; and (3) five hammer blows 1in each
direction added to the previous 10 hammer blows (15 blow total)
and recorded at variable output gain for visual wave velocity
interpretation. During these measurements the input gain
(instrument sensitivity) was always kept constant. The output
géin was kept constant for the wave form analysis records (item ¢

above), while for the wave velocity analysis it was varied (items

Woodward-Clyde Consultants



2 and 3). The total 15 hammer blow records were then retained in
instrument memory (at constant input gain) and transmitted to a

frequency analyzer for processing and recording.

C-4 DATA PROCESSING

Because of the large quantity of data obtained from the crosshole
measurements, the data were numerically processed to facilitate
analysis. Specifically, the raw records were photographically
reduced and drafted for each traverse on a single page format as
shown on Figure C-7 for Well 4, traverse 1l to 4. Additional
processing to develop wave velocity, crosshole distance, closest
distance, spectral amplitude and trace amplitude data are

described below.

Velocity information is obtained by dividing the <crosshole

distance by the travel time. The latter values can typically be

picked from the waveform records with an accuracy of +0.1 msec.
As discussed in Appendix D, travel times and velocities were not

used in the diagnostic criteria.

Crosshole distance is calculated from gyro data except for the
Well 3 data. The latter data were mostly obtained from plots of
borehole inclinometer measurements with back-calculations as a
check. "The gyro and inclinometer instruments used were the
Eastman Whipstock Gyroscopic Multishot Survey Instrument and the
Terra-Prope TP-2, respectively, with accuracies on the order of
0.0005 inch/foot. Cumulative errors for a 200-foot borehole
would be less than one inch. The closest distances of the well
to the crosshole array travel paths were calculated and plotted
for each traverse as shown in Figure C-8 to aid 1in data

interpretation.

The spectral amplitude data are derived from the power spectra
plotted by the frequency analyzer (Figure C-5). Based on the

predominant frequencies noted on the waveform records, 1 KHz and

Woodward-Clyde Consuitants



125 Hz were selected as typical frequencies for P-waves and
S-waves, respectively. The averagye spectral amplitudes at these
frequencies are calculated using a 5-point average around the
center frequency. For the 125 Hz value, the 5 Hz resolution
means that the values at 115, 120, 125, 130 and 135 Hz are added
and divided by 5. For the 1 KHz value, the compression of the
frequency axis (log scale) means that the most diagnostic
measurable value is that obtained by taking the 5-point average
of the five highest peaks in the 0.9 to 1.1 KHz band. An
arbitrary amplitude scale 1is used wherein a unit wvalue
‘corresponds to about 5 dB. As discussed in Appendix D, spectral

values were not used in the diagnostic criteria.

The trace-amplitude data are derived from the waveform records
(Figure C-9). These values represent the peak-to-peak trace
amplitudes at each depth normalized to the ‘largest trace
amplitude in the set. As discussed in Appendix D, these
normalized amplitudes are quite useful as one of the diagnostic
criteria (the other two are the log of the boring, and the

quality of the traces).

Woodward-Clyde Consultants
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APPENDIX D
CALIBRATION OF DETECTION CRITERIA
AT A KNOWH CAVITY AT WELL 3

D-1 INTRODUCTION

A gquantitative calibration of the cavity detection technique was
achieved by making crosshole measurements of the known cavity at
Well 3. This cavity was defined by drilling exploration and well
-measurements at Well 3 as discussed in Appendix B and shown on
Figure D-1l. Exploration borings C, E, Q, T, U and V (Figure D-2)
‘were prepared and used for the crosshole seismic measurements as
described in Appendix C. The purpose of these measurements was
to develop empirical criteria for the detection of a cavity
between exploration borings using the principles described in

Appendix A.

The following sections describe the processed crosshole data used
in the calibration analysis and the empirical <criteria

subsequently developed.

D-2 DESCRIPTION OF PROCESSED DATA

A review of all the crosshole data including waveform trace data,
Fourier spectra data and wave velocities, indicated that the
waveform trace data were the most useful for cavity detection.
This was determined by the distinctness and the signal‘to noise
ratio of the anomaly which occurs when a crosshole transect
crosses the known cavity. The Fourier spectra data were usable,
but were not as definitive due to the low signal to noise rétio.
Those data were therefore not used for final analysis. The wave
. velocity data were not found useful for cavity detection under
these conditions. The average of all velocity data for Wells 3,
4 and 5 are presented on Figure D-3, which showsvagreement at

depth with crosshole and downhole geophysical measurements made



Woodward-Clyde Consultants

at the site in 1972 (Appendix 2E, Attachment 3, SONGS 2 and 3
® PSAR). Differences near the surface between earlier measurements
and the present measurements likely reflect effects of air
entrainment caused by dewatering. These air entrainment effects
are prevalent at Wells 3, 4, and 5. The crosshole-distance and
o closest-distance to the well data were useful in evaluating the
waveform data. For these reasons, the data presented are
restricted to distance, waveform and waveform derived data.
Specifically, Figures D-4 through D-26 represent waveform traces
® plotted at each depth where measurements were made for all
transects made between borings C, E, Q, T, U and V; and Figures
D-27 through D-34 present plots of normalized P- and S-wave trace
amplitudes, closest-distance and crosshole-distance with depth.
o Also shown on these figures are plots of normalized PxS5-wave
trace amplitudes versus depth, thereby combining the effects of
reductions in P- and S-wave amplitudes. Table D-1 presents a

summary of the Appendix D figures.

D-3 DEVELOPMENT OF THE EMPIRICAL CRITERIA
As discussed in Appendix A, the P-wave and b5-wave amplitudes
should be attenuated more along a transect intersected by a sand-
L filled cavity than by one that has a clear travel path through
the native sand. This greater attenuation is due to a
combination of diffraction of wave energy around the cavity,
_ greater damping of wave energy across the cavity, and reflection
L losses at the boundaries of the filled cavity. The above effects
will also cause distortion of the waveforms and phase changes.
Direct examination of the waveform traces indicates that
waveforms for transects intersected by cavity (shown in red in
® Figure D-2) show greater attenuation in the depth interval 30 to
60 feet than do the waveforms for transects not intersecting

cavity (shown in green on Figure D~-2).

® Samples of non-cavity transects for Well 3 include U-T and U-E.
Figure D-4 shows the waveform set in the U-T transect. The

traces exhibit minor P-wave and S-wave variation. Particular




attention is paid to the P-waves which at shallow depths (30-60
feet) show amplitude values similar to those at depth. Figure
D~24 shows the waveform set in the U-E transect. Here again, the
amplitudes are fairly consistent with moderate reduction at 35 to
40 feet, yet still quite evident P-wave. It should be noted that
at these depths, the cavity is nearby and may be causing thé
amplitude reduction in what might be termed a graze situation.
The V-Q transect waveforms in Figure D-9 also show such a P-wave
amplitude reduction in an otherwise unaffected group of waveforms
at depths near 95 feet. This feature is noted on some of the
other transects and may in fact be due to a small disturbed zone
or cavity adjacent to the well at these depths. Again, the
shallow waveforms show minor amplitude reduction. These and the
_remaining transects show that amplitude variations may normally
drop to as much as 20 to 30% of the largest values in each set,

yet still be considered native sand indications.

Samples of transects which cross the cavity include Q-E and Q-U.
The Q-U transect shown in Figure D-11 agaih shows a P-wave
amplitude reduction at the 95-foot region, but also shows a
strong reduction of both P-wave and S-wave amplitudes at depths
of 40 to 50 feet, where the cavity must be crossed. In Figure
D-22 the Q-E transect shows virtual absence of any seismic energy
above 55 feet. A similar situation occurs in the V-T transect
shown in Figure D-8, where the P-wave is virtually absent above
60 feet, although noise having a similar appearance does occur.
These and the remaining transects show that amplitudes less than
10 to 20% of the largest values in each set are associated with
cavity or are spurious. A very small amplitude value approaching
or equal to zero is strongly indicative of such a situation. A
severe amplitude reduction on reversed transects 1s the best
indicator since spuriocus reductions are less likely to occur on
several repeats of the same transect. Also, the reduction of
amplitude in both P-waves and S-waves is strong evidence for a

cavity.
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Consideration of the above factors suggests that a cavity
indication should be based on the reduction of amplitudes to
below 20% of the largest normal amplitudes and should be seen in
both directions of travel for a given transect. This may apply
to both the S-wave and P-wave, aithough the latter condition 1is
more evident. This effect can be accentuated by multiplication
of the normalized amplitude values so that a PxS value 1is
derived. A fraction such as 0.1 or 0.2 can be used to indicate
the amount of amplitude reduction. Using this method,
empirically comparing the Well 3 crosshole data with the data
developed on cavity configuration at Well 3 (Appendix C), the

following criteria are developed:

1. LOG OF BORING

Observation Interpretation

Loose sand encountered, or void encountered Cavity
(based on SPT, samples, changes in drilling
rate and/or feed pressure)

2. PRODUCT OF NORMALIZED P AND S AMPLITUDES

Observation Interpretation
PxS = 0 in both directions . Possible Cavity
PxS = 0 in one direction and < 0.2 in the Possible Cavity
other direction
PxS < 0.1 in both directions Possible Graze
PxS < 0.1 in one direction and < 0.2 in the Possible Graze
~ other direction -
PxS = 0.2 in both directions Native Soil
PxS > 0.2 in either direction Native Soil

A graze is a disturbance which results in a strong amplitude
reduction, but not necessarily strong enough to imply that a
sizable cavity may exist between the borings. This 1is also
considered to minimize the chance that an odd-shaped cavity or
less amplitude picking accuracy might otherwise lead to missing a
cavity indication. An accuracy of 0.1 in the amplitude picks is
typical. A significant cavity would, however, be associated with
the total or almost total absence of P-wave energy in both

directions of travel.
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Using the above criteria, the data at Well 3 are summarized in
® Table D 2 and show excellent correlation with the known cavity as
shown in Figure D-2. These criteria apply only to the specific

conditions at the San Onofre site.
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Figure No.
o D-1
D-2
® | D-3
D-4 to D-26
®
D-4 to D-6
D-7 to D-9
D-10 to D-12
D-13 to D-15
b-16 to D-17
® D-18 to D-20
D-21 to D-23
D-24 to D-26
D-27 to D-34
[
D-27
D-28
. D=-29
b-30
g D-31
D-32
D-33
D-34
o
[
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TABLE D-1

SUMMARY OF APPENDIX D FIGURES

Title

Plan and Cross-section of Cavity and Wellbore at
Well 3

Dewatering Well 3 - Location of Drillhole and
Crosshole Transects

P- and S-wave Velocity versus Depth (Averaged for
borings 3, 4 and 5)

Well 3 Waveform Trace Figures

Source Receiver

U T,Q,V
\Y g,T,Q
Q T,Uu,v
T u,Q,Vv
U Q,V

Q C,E,T
Q C,E,U
U E,C,0Q

Well 3 Waveform Data Summary Figures

Source Receiver

U T,0,V
\ u,T,Q
Q T,Uu,VvV
T u,o,v
U Q,V

Q C,E,T
Q C,E,U
U E,C,Q



TABLE D-2

SUMMARY OF PxS TRACE AMPLITUDE INTERPRETATION FOR WELL 3

Depth Interval Fitting Criteria Depth Interval Fitting Criteria
Reverse ‘
Transect  PxS=0 0<PxS<0.1 0.1<Px5<0.2 Transect PxS5=0 0<PxS<0.1 0.1<Px5<0.2 Interpretation
V-T 30-55" — 60-65" -V - 50 - Possible cavity at 30-50'.
V-0 - - 95-130" -V - 90-95! 80-85' Possible graze near 95°'.
. 100-105"
vV-U — - - U-v - - - Native soil at all depths.
U~V - - -
U-T - - 130-140" T-U - - - Native soil at all depths.
170"
U-Q 30-45'  50-55! 80" Q-U - 45 40', 50°' Possible cavity at 30-55'.
90" 95~100"
45-50" — - Q-U 32-59! - 85" Possible graze at 85-90'
30-50" - -
Q-C - — - None Native soil to depth of Hole C.*
o-T - 50-59"' 40-45" T-Q - - - Native soil at all depths.
U-E - - - lone Native soil to depth of Hole E.*
U-C 30-55' - - None Possible cavity at 30-55'.*
Q-E 32-59' - - None Possible cavity at 30-60'.*
30-59' -—- -= :

* no reverse leg for strict application of criteria
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APPENDIX Lk
CROSSHOLE GEOPHYSICAL DATA AND IWTERPRETATION FOR WELL 4

E-1 INTRODUCTION

The crosshole method was used to provide closure on a total of
eight boreholes at Well 4 (Figure E-1). All boreholes are
referenced to a surface elevation of 26.5 feet. The last set of
measurements was made after the drilling of borings 4B-7 and 4B-8
at a lower ground surface elevation, and had to be corrected back
to 26.5 feet. The sections which follow describe the coverage
obtained, present selected waveform data as defined in
Appendix D, and present the results of applying the detection

criteria described in Appendix D.

E-2 COVERAGE
Table E-1 presents a summary of figures of the processed
crosshole data used for the final analysis of Well 4. A total

of 15 configurations provide good coverage around the well.

Figures E-2 through E-6 illustrate the crosshole coverage at

various depths. The following conclusions can be drawn:

1. The coverage at a depth of 40 feet (Figure E-2) is excellent
on the east side of the well with numerous redundant paths.
The coverage to the south, west and most of the north side
of the well is good, although limited in redundancy. A
small gap of a few feet occurs on the north side between two
subparallel reversed paths. The small size of the gap and
convergence of these paths towards the well means that any
cavity of significant size would be detected as such on at
least one path, with a graze indication on the others; and

such were not noted.



2. The coverage at 70 feet (Figure E-3) 1is good everywhere
except for a sector to the north of the well which has
adequate coverage. At this depth, the gap is at its maximum
size of about 5 feet. Again, any significant cavity should

still be detectable as such.

3. The coverage at 100, 150 and 200 feet (Figure E-4 through
E-6) is good to excellent. Numerous and redundant paths

surround the well at these depths.

E-3 IIEAR-SURFACE DISTURBANCES

The structure on the west side of the well goes to a depth of 32
feet and may, therefore, be of concern for nearby paths above 40
feet. The paths which may show evidence of these effects are
those between any borehole and boring 4B-7 or 4B~-8, and to a
lesser extent, between either boring 4B-5 or 4B-1 and either 4B-6
or 4B-3. Loose sand, backfill concrete and grout, which may
influence the data, are present in all of the boreholes to depths
of about 35 feet. Because excavations approaching this depth were
inspected by direct observation during the well reopening
operations, crosshole data interpretation is only necessary below

a depth of 40 feet.

E-4 PROCESSED WAVEFORM RECORDS AND PERTINENT DATA

The waveform records processed as indicated in Appendix C are
presented in Figures E-7 through E-33 and are listed in Table
E~1. The records are presented as a function of depth and
arranged by source configuration. The waveform data quality is
good to excellent except for some of the records in Figures E-1l6
through E-21. The latter records are adequate, although somewhat

obscured by noise at the beginning of each record.

Figures E-34 through E-43 present waveform data summaries
pertinent to the interpretation of the waveform records as

discussed in Appendix D. As listed in Table E-1, the figure

Woodward-Clyde Consultants
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showing the normalized P-wave and S-wave amplitudes as well as
their product are grouped by source configuration. The crosshole

distance and closest distance to the well are also presented.

It was noted during the data processing that the shear wave
velocities and wave forms 1in all Well 4 transects were
essentially unaffected indicating no degredation of properties or

presence of significant cavities associated with this well.

E-5 DATA INTERPRETATION

The data presented in Figures E-3 through E-43 were interpreted
in accordance with the criteria developed in Appendix D. A
summary of the results of this interpretation is presented on
Table E-2 and Figures [-44 through E-48. All transects except
three indicate native soil. Figure E-44 for'a depth of 40 to 45
feet indicates possible cavity on the 5-7, (7-5) and 8-7 (7-8)
transects. This interpretation is 1likely influenced by loose
soil along the transect due to caving caused during the well
reopening operation (Figure B-4, Appendix B), the grout present
just above these depths in Borings 5 , 7, and 8, and the fact
that the transect 1is intersected by or is very close to the
wellbore. For these reasons, and because measurements made just
below this depth (i.e., 50 feet) indicate native soil, the
interpretation is that cavity does not exist at the 40 to 45 foot
depth. The other transects giving an indication other than
native are 2-5 (5-2) at 180 feet and 2-1 (1-2) at 175 feet.
These indicate a possible graze. The 3-2 (2-3) transect bounding
the well to the south shows native sand at all depths (40 to 200
feet) while the 2-1 (1-2) ahd 2-5 (5-2) transects bounding the
well further south indicate possible graze at a depth of 175 to
180 feet. For this reason and because the cavity must be
connected to the well, the crosshole results of 2-1 (1-2) and 2-5
(5-2) transects at 175 to 180 feet are likely due to poor casing
coupling at this depth in Boring 4-2 yielding conservative

results and are not considered applicable.
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® TABLE E-1
SUMMARY OF APPENDIX E FIGURES
Figure No. Description
[
: E-1 Well 4 Location of Drill Holes
E-2 Well 4 Location of Drill Holes and Crosshole
Transects at 40-foot Depth
E-3 Well 4 Location of Drill Holes and Crosshole
_ Transects at 70-foot Depth
[ ) E-4 Well 4 Location of Drill Holes and Crosshole
Transects at 100-foot Depth
E-5 Well 4 Location of Drill Holes and Crosshole
Transects at 150-foot Depth
- E-6 Well 4 Location of Drill Holes and Crosshole
Transects at 200-foot Depth
L : E-7 to E-33 Well 4 wWwaveform Trace Figures
Source Receiver
E-7 to E-9 1 2,3,4
E~10 to E-12 3 1,2,4
® E-13 to E-15 2 1,3,4
E-16 to E-17 8 5,7
E-18 to E-19 7 5,8
E-20 to E-21 5 7,8
E-22 to E-24 6 5,3,4
‘ E-25 to E-27 5 1,2,6
@ E-28 to E-30 2 1,5,6
E-31 to E-33 2 1,5,4

E-34 to E-43 Well 4 Waveform Data Summary Figures
Source Receiver

E-34
E-35
E-36
E-37
E-38
® . E-39
E-40
E-41
E-42
E-43

- wm v ow 000N v~
= O O > [
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Table E-1
Page 2

Figure No.

E-44 to E-48

E-44
E-45
E-46
E-47
E-48

Woodward-Clyde Consultants

Description

Well 4 Interpreted Transect Summary Figures

40 feet
70 feet
100 feet
150 feet
180 feet



TABLE E-2

SUMMARY OF PxS TRACE AMPLITUDE INTERPRETATION FOR WELL 4

Depth Interval Fitting Criteria Depth Interval Fitting Criteria
Reverse
Transect PxS=0  0<PxS<0.1 0.1<PxS<0.2 Transect PxS5=0 0<PxS<0.l1 0.1<Px5<0.2 Interpretation
5-2 - 105-115" 95-100" 2-5 - 180" 45', 130 Possible graze at 175 to 180'.
175" 125', 185" 150’
2-5 - - -—
5-1 - - — None Native at all depths.*
6—4 — ~— - None Native at all depths.*
6-3 - - - None Native at all depths.*
6-5 - - 55', 90-100' 5-6 - - 45! Native at all depths.
115', 175' 105-115"
5-8 - — - 8-5 - - - Native to depth of Hole 8.
5-7 40' - — 7-5 40' - -~ Possible cavity at 40'; see
Section E-5.
8-7 — _ 40-45" 7-8 40-45" _ _ Possible cavity at 40-45'; see
Section E-5
2-4 - — 135-190" None Native at all depths.*
2-3 - - — 3-2 - - - Native at all depths.
2~-1 - 175-190! 80-100" 1-2 - - 95-115', 125' Possible graze at 175'.
’ 155" 135-160', 170'
175"

- - 180-195'
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Table E-2
Page 2
Depth Interval Fitting Criteria Depth Interval Fitting Criteria
Reverse
Transect PxS=0  0<PxS<0.1 0.1<Px5<0.2 Transect  PxS=0 0<PxS<0.1 0.1<PxS<0.2 Interpretation
3-4 - -- - None Native at all depths.*
3-1 -— 95', 105' 80', 90' 1-3 - - - Native at all depths.
100
1-4 - - - None Native at all depths.*
2-6 - - 40! None

Native at all depths.*

* No reverse

leg for strict application of criteria
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9 . APPENDIX F
CROSSHOLE GEOPHYSICAL DATA FOR WELL 5

e F-1 INTRODUCTION ,
The crosshole method was used to provide closure on a total of
four boreholes at Well 5 (Figure F-1). All boreholes are
referenced to a surface elevation of +30 feet. The sections
] which follow describe the coverage obtained, present waveform

data as defined in Appendix D, and present the results of

applying the detection criteria described in Appendix D.

® F-2 COVERAGE
Table F-1 presents a summary of the processed crosshole data used
in the final analysis of Well 5. Six configurations provide good
coverage on all sides of the well. In Figure F-2 the coverage at

9o 60 feet is shown to be good, although limited on the south side.
Below 60 feet, at 100, 150 and 175 feet, the coverage is good
everywhere as shown in Figures F-3 through F-5. This coverage is
somewhat limited on the northeast side below 175 feet because the

® -~ PVC casing in Boring 5B-3 does not penetrate below this depth.

F-3 PROCESSED WAVEFORM RECORDS AND PERTINENT DATA

The waveform records are presented in Figures F-6 through F-17
 J and summarized in Table F-1. The records are presented as a

function of depth and arranged by source configuration. The

waveform data quality is good to excellent throughout.

@ Figures F-18 through F-21 present waveform data summaries
pertinent to the interpretation of the waveform records as
discussed in Appendix D. As listed in Table F-1, the figure
showing normalized P-wave and S-wave amplitudes, as well as their

o product, are grouped by source configuration. The crosshole

distance and closest distance to the well are also presented.
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It was noted during the data processing that the shear wave
velocities and wave forms in all Well 5 transects were
essentially unaffected indicating no degredation of properties or

presence of significnt cavities associated with this well.

F-4 DATA INTERPRETATION )

Because the area down to a depth of 60 feet was extensively
drilled and pressure grouted as described in Appendix B,
crosshole data interpretation is only necessary below this depth.
The data presénted in Figures F-6 through F-21 were interpreted
in accordance with the criteria developed in Appendix D. A
summary of the results of this interpretation is presented on
Table F-2 and Figures F-22 through F-25. These interpretations

show native soil for all transects.
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TABLE F-1

SUMMARY OF APPENDIX F FIGURES

Figure No. Description .

F-1 Well 5 Location of Drill Holes

F-2 Well 5 Location of Drill Holes and Crosshole
Transects at 60-foot Depth '

F-3 Well 5 Location of Drill Holes and Crosshole
Transects at 100-foot Depth

F-4 Well 5 Location of Drill Holes and Crosshole
Transects at 150-foot Depth

F-5 Well 5 Location of Drill Holes and Crosshole

Transects at 175-foot Depth
F-6 to F-17 Well 5 Waveform Trace Figures

Source Receiver
F-6 to F-8 2 1,3,4
F-9 to F-11 3 1,2,4
F-12 to F-14 2 2,3,4
F-15 to F-17 4 1,2,3

F-18 to E-21 Well 5 Waveform Data Summary Figures

Source Receiver
F-18 2 1,3,4
F—lg 3 1,2,4
F-20 2 2,3,4
F-21 4 1,2,3

F-22 to F-25 Well 5 Interpreted Transect Summary Figures

Depth
F-22 60 feet
F-23 100 feet
F-24 150 feet

F-25 200 feet
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TABLE F-2
SUMMARY OF PxS TRACE AMPLITUDE INTERPRETATION FOR WELL 5
Depth Interval Fitting Criteria Depth Interval Fitting Criteria
Reverse

Transect PxS=0 0<PxS<0.1 0.1<PxS<0.2 Transect PxS=0 0<PxS<0.1  0.1<Px5<0.2 Interpretation

2-1 _ _ 60', 85" 1-2 —_ - - Native at all depths.

175"
2-3 _ — 60', 70-80" 3-2 _ - - Native to depth of Hole 3.
135', 140'

2-4 - - 120" 4-2 - - 160', 170" Native at all depths.

3-1 — - 130-140' 1-3 - - — Native to depth of Hole 3.

3-4 —_— —_ 60', 130-140' 4-3 - - 150" Native to depth of Hole 3.

1-4 — - - 4-1 - - —-- Native at all depths.
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APPENDIX G
DETAILS OF THE DEEP EXPLORATION DRILLING PROGRAM
FOR WELLS 4 AND 5

G.1l INTRODUCTION

This appendix contains data on the deep exploration drilling
performed at Wells 4 and 5. Deep drilling exploration at
dewatering Well 4 has included deep drilling (8 borings) to
depths ranging from 90 to 200 feet, consisting of the careful
driiling, sampling, and logging of all bore holes. At Well 5
deep exploration drilling (0-200 feet) included sampling,
logging, and physical surveying four deep borings. The deep
exploration of Wells 4 and 5 is discussed in the sections that

follow.

G-2 DEWATERING WELL 4 .

The exploration drilling program consisted of the drilling and
sampling of eight deep (90 to 200 feet) borings located around
Well 4 as shown on Figure G-1l. The holes varied in inclination
from vertical.to 79° and were oriented to provide a closure fence
so as to detect cavities around the well and beneath adjacent
structures. The holes also served as source/receiver points for
crosshole seismic measurements to provide closure information

between the borings.

A Joy-Sprague and Henwood hydraulié truck-mounted rotary drill
-rig was used to drill Borings 4B-1 through 4B-6. A CME-750
modified hydraulic rotary drill rig was used to drill Borings
4B-7 and 4B-8.

Holes were drilled wusing rotary drilling techniques with
biodegradable Revert and water as the drilling fluid. Holes were

advanced by tri-cone bit, drag bit, diamond core bit, or by
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carbide~tipped bit attached to BX or NX casing. Each hole was
reamed to a minimum diameter of 7-7/8 inches. Four-inch I.D.,
blank PVC casing was grouted into each hole. Following casing
placement, each hole was gyroscopically surveyed to determine
drift.

G-3 DEWATERING WELL 5

The deep exploration phase at Well 5 consisted of the drilling
and sampling of four 200-foot deep borings located around Well 5
as shown on Figure G-2. The borings varied in inclination from
vertical to 86 and were oriented to provide closure around Well
5 and to provide relatively equally spaced source/receiver points

for the crosshole seismic measurements.

A Joy-Sprague and Henwood hydraulic truck-mounted rotary drill
rig was used for all borings. Holes were ‘drilled using rotary
drill techniques with biodegradable Revert and water as the
drilling fluid. Holes were advanced with tri-cone bit, drag bit
or carbide tipped bit attached to BX or WX casing. Each hole was
reamed to a minimum 7-7/8-inch diameter. Four-inch I.D., blank
PVC casing was grouted 1into each hole. Following casing
placement, each boring was surveyed gyroscopically to determine
drift.

G-4 SAMPLING

Sampling was conducted to differentiate the disturbed materials
from native San Mateo Formation sand. Sampling was conductéd at
Séfoot intervals with Standard Penetration Tests (SPT) using a
2-inch 0.D. split-spoon drive sampler in accordance with ASTM D
1586. A detailed log of each hole was kept by the geologist on
site. The logs of Borings 4B-1 through 4B-8, and Borings 5B-1
through 5B-4 are presented in Attachment G-1l. Data recorded
included depth and ©blowcounts of SPT's, descriptions of
subsurface materials, drilling rates, drilling difficulties, etc.
Samples were examined as soon as recovered and immediately placed

in labelled plastic bags.
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G-5 CASING GROUTING

After each boring was reamed, 4-inch I.D., blank PVC casing was
placed in the hole and grouted. Casing was dgravity grouted
through 3/4-inch flush joint pipe in the annulus using a l.l mix
of cement and water by volume with 1l.41 pounds of Intraplast-l
additive per sack of cement. The amounts of grout used in each

hole are recorded on each log and tabulated in Table G-1.

G-6 DOWHHOLE SURVEY OF BORINGS

After casing installation each boring was gyroscopically surveyed
at 15- and/or 20-foot intervals to determine drift and to confirm
the orientation of the boring. The gyroscopic survey data are
assembled in Attachment G-2. The data have been reduced to plant
coordinates and plotted on the location plans of the wells

(Figures G-1 and G-2 for Wells 4 and 5 respectively).

During the drillng most borings were surveyed at 20-foot
intervals with a magnetic single-shot sonde to check drift and
permit drill orientation corrections as required. The
single-shot data are recorded on the drill logs. All borings were
within practical field tolerances and no corrections were

required.

G-7 DISCUSSION OF THE DRILLING PROGRAM .

The materials encountered during exploration drilling at Wells 4
and 5 include backfill sand, disturbed éand, San Mateo Formation
sand and concrete. These materials are tabulated as encountered

during drilling in Table G-2, Drill Log Summary.

The location and orientation of the exploration borings at Well 4
are shown on the location plan, Figure G-1. All eight borings
encountered backfill sand for the Gallery Building 21 to 22 feet
thick, which extended from the surface (Elev. +25.6) to the top
of a concrete mat at Elev. 4.4 to 5.5 (refer to Section 2.1).

The concrete, identified where cored as site batch plant mix A-3,
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varied from 3 to 14 feet in thickness and was underlain in six
® borings by sound San Mateo Formation sand. One foot of disturbed
sand was encountered at the base of the concrete mat at a depth
of 34 feet (Elev. -6.5) in 4B-6. San Mateo Formation sand was

recovered from the remaining drilled length of Borings 4B-1 and

@ 4B3-6. Significant losses of drilling fluid occured during
drilling of 4B-1 and 4B-8. No losses were reported in the
remaining borings. Significant quantities of grout were used for

installation of PVC casing in Boring 4B-1 and 4B-8. Section 1.1
® in the main body of the report and Appendix B discuss minor
sloughing which occurred in the 35-foot deep excavation (to Elev.
-8 feet) around Well 4. This caving extended locally beneath the
electrical tunnel (base at depth of 32 feet, Elev. -5 feet) as
@ shown on Figure B-4. The fluid losses and excess grout used in
Borings 4B-1 and 4B-8, both of which pass under the electrical
tunnel, probably are related to the area of disturbed foundation

materials beneath the tunnel.

@

; At Well 5, two borings, 5B-1 and 5B-4 encountered native San
Mateo Formation sand throughout. The remaining two borings, 5B-2
and 5B-3 encountered backfill sand for the electrical tunnel to a

) . depth of 12 and 13 feet (Elev. 18 and 17) respectively. In

' addition, Boring 5B-3 encountered 3 inches of concrete at
.elevation +22.5 feet which is related to a protective covering
over an electrical duct. The remainder of the materials

K encountered were sound San Mateo Formation sand. MNo significant
drilling £luid losses occurred. lio excessive grout takes

occurred during casing installation.




. TABLE G-1

CASING INSTALLATION DATA, EXPLORATION BORINGS
AT DEWATERING WELL - SITES 4 AND 5

BORING BORING casing(l) CALCULATED(2) GROUT(2) EXCESS

BORING DEPTH DIAMETER LENGTH (ANNULUS) VOLUME EXCESS (2) GROUT
NO. (FT) (IN.) (FT) VOLUME ACCEPTED GROUT (%)
4B-1 205 8-7/8 200 45 53 8 18
4B~2 205 7-7/8 200 31 34 3 10
4B-3 205 7-7/8 200 31 33 2 6
4B-4 205 7-7/8 200 31 32 1 3
4B-5 205 7-7/8 200 31 33 2 6
4B=6 200 7-7/8 200 31 33 2 6
4B-7 125 9 122 28 30 2 7
4B-8 90 - 7-7/8 90 13 25 12 92
58-1 206 9 200 46 45 -1 -2
5B-2 205 8-7/8 197 44 . 43 -1 -2
5B-3 200 9 180 44 44 0 0
5B-4 200 9 193 45 48 3 6

(La11 casing is blank PVC, nominal 4-inch I,D,, 4.5~inch 0.D.

(2)Grout volume in sacks of cement adjusted for mix factor.



TABLE G-2

DRILL LOG SUMMARY
DEWATERING WELLS NO. 4 AND 5

NATIVE
BACKFILL SAND A~3 CONCRETE DISTURBED SAND (SAN MATEQO FM)
HOLE COLLAR FROM T0 FROM 0 FROM T0 FROM TO
NO. ELEV. ELEV. ELEV, ELEV, ELEV, ELEV. ELEV. ELEV, ELEV.
4B-1 26,5 26.5 5.5 5.5 -7.5 -7.5 -8.5 -9.5 -173.5
: ' BOH
4B-2 26.5 26.5 5.5 5.5 =5.5 none -5.5 -173.5
: BOH
4B-3 26.5 26.5 5.5 5.5 -8.0 none -8.0 -173.5
BOH
4B-4 26.5 26.5 4.5 4.5 1.5 none 1.5 -173.5
BOH
4B-5 26.5 26.5 4.5 4.5, -6.5 none -6.5 -173.5
BOH
4B-6 26,5 26.5 5.5 5.5 -6.5
-6.5 -8.5 none -8.5 -173.5
. BOH
4B-7 26.5 26.5 4.5 4.5 -7.5 none -7.5 -95.5
: BOH
4B-8 23.4 23.4 4.h4 4.4 -7.6 none -7.6 -66.6
BOH
5B-1 30.0 none none none 30.0 -170
_ : BOH
5B-2 30.0 30.0 18.0 none none 18.0 -170
' BOH
5B-3 30.0 30.0 17.0 3" concrete @ 22.5 none 17.0 -170
BOH
S5B-4 30.00 none none none 30.0 -170

" : BOH
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® Woodward-Clyde Consultants

Py ' ATTACHMENT G-1
LOGS OF BORINGS 4B-1 THROUGH 4B-8
AND 5B~1 THROUGH 5B-4




D > DENNISOM; ¢ « PITCHNER; O = OTHER

rROSECY JOB NO, SHERT NO. “MOLE NO.
GEOLOGIC DRILL LOG SONGS Unis 2 6 3 w05 | 1er s | s
siTH COORDINATES s 18 + 22.6 / W4+ 96.8 at El. 26.5' ANGLE FROM NMORIZ, |BEARING
Unit 2 Well 4 For PVC, S 18 4+ 22.62 / W 4 + 97.34 at El. 20' 86° N73°35'W
BEGUN COMPLETED [ORILLER DRILL MAKE AND MOPEL woLk 812K [ovEnsunDeEn({ry)nocx (rr.) rovaLDEPYN
5-1/4" to 20'
10/12/78 | 10/18/78 P C Exploration Joy-S&H 3" ro 200° | 35 165 200"
cong mgcovany (ry/w) CORE BOXES|SAMAMLES [KL TOP OF CASING |GROUND EL. DEPTH/EL, GROUND WATER DEPYR/EL. TOP OF ROCK
— —_ 14 —_— 26.5" 21.5'/5" 35'/-8.5"
SAMPLE MAMMER WEISNT/FALL CASING LEFY 1M MOLE: DIA, /LENGTNM LOGGED BY:
140#/30" 4" PVC/200' Solid B. Hebbron / R. Nelson / Mendell M. Bell
¥El WATER
HIHBHRBEET PRESSURE o
>riSlui2iTlo jOF TESTS [ noTEs ON:
e ; £ [%1gfd ve z 4 |9 wATER LEVELS,
lz < 8 wlv .:z ;, ™ . |sravarion : v |3 DESCRIPTION AND CLASSIFICATION wATER WETURN,
:' « ': :: w? . - [ = z |3 CHAmRACTER OF
A0 | wlXie e oV|[a,_ 5] 2<}w_+ o s 1< ORILLING, KT
solal%|alwls |e¥[o2s] o 222 <« |® LuNG, c.
cz|di3lilele la®|a " slwe [¢7 2 H
LRSI INAR . ol g 3 ]
R . FT FT
Single Shot 26.5 Y -:°.°n 0.0-21.0" BACKFILL SAND: Tan, fine-to Began drilling on dav
Record 1. coarse-grained quartzose sand, very dense shife.
:’,‘c° well compacted sand.
B Started hole with
oo d 5-1/4" .tricone rock
20 Jdote’s bit and Revert drill-
4.%0% ing mud.
o4 0 e
10 ..
- ° =
® ©
- o =
T
e & o
- 0 O
o o o
- ®* ©
- 10 -40'...
o o o
-4 L
¥
ss_f5.5" | 5" [50/5.5" |prife [4°sw 20.°. "
_iijz? 21.0-34.0' A-3 Concrete: Small aggregate. Set 4.3" casing at
</ 20'.
"/ Changed to 4" tricone
0 Y rock bit at 20'.
]' - Good circulation.
304/ At 33' removed rock bit]
T land put on core barrel
a9 Cored 1 foot.
¥ End day shift 10/12/78
wx {10 | 1'| 1007 4 34.0-35.0' DISTURBED SAND: Fine to coarse ?ggi“ day shift 107137
§S 501 5" 50757 -10 . quartzose sand. 4 )
] ith
4 35.0-200.0" SAN MATEO PORMATION: Light ':egz"c::tﬁ:“gi:ped
ss on 2" 0/2" Drift B°45'NE hs tan, fine-to coarse~grained well graded dza bit
Ny rife i 40 ~ sand; very slightly weathered; very slightly J .
1 \_micaceous, very dense.
1 At 40', sand, principally medium~to coarse- 1007 loss of circula-
grained. tion at 34°'.
-20 Reamed hole to advance
4.3" diameter casing
to 40°'.
SS 2.5 2.5'1 50/2.5" -
As above but with some (10-202) silt Mixed 1 sack Revert.
fraction. Driller reports firm
ground past 35'.
100% circulation re-
-30 gained when reaming
and after casing set
to 40'.
ss_]2" 12" |so/2" |prife Boas'sw o
Typical San Mateo Formation, very well
compacted.
-40
98 = GPLIT SPOON; ST = SHELBY TUBK; srve “OLE NO.

Unit 2 Well 4

H&CF 19y



GEOLOGIC DRILL LOG | sowcs woseszas ™

WATER
PRESSURE
TESTS

ROYES Ow:

WATER LEVELS,
WATER RETURN,
CHARACTER OF
PRILLING, ®YC,

ELEVATION ORSCRIPTION AND CLASSIFICATION

SAMPLE SLOWS
rrpgtt
PRRCENT cORE
RECOVERY
GRAPMIC LOS

SAMPLER Aﬂvlﬂq
MiNUTR

SAMPLER TYPRQ
AND DiIAMEYER
LENMOTH CORE RUWN
SAMPLE RECOVERY
CORE RECOVERY

7]
0
N
-
w
(<3
S~
N

35.0-200.0' San Mateo Formation (continued)

Well graded quartzose sand.

Drife

Chiefly medium~-to coarse-grained, subrounded, 1002 circulation.
quartzose, well compacted sand with a
scattering of fines.

N TEREN N EUE SURN)

Normal drilling rate:
1 ft/1 minute.

4

End day shift 10/13/78.

Bs_§ 2" | o 150/2" Iprife 6°0'douth S
Begin day shift 10/16/78.
9 |
-80 ‘
|
s | 3" 1" 50/3" -
Medium-to coarse-grained quartzose, clean, Normal drilling rate and
well compacted, uncemented san@. good circulation.

®
'

ks | 2" 2" 50/2" ralMalfunct{on 120 -

-100
ss 13" for  |sozav 130 =5
® ]
.
~110 b
ks |2n o s0/2"  brife boo'sy - End day shift 10/16/78.
140 ‘: = Beginswing shift 10/16/78.
-120 ]
150
sre HOLE NO.
88 & BPLIT GPOON; ST » SHELEY TURSX;
D * DENISON; P o PITCHER; O = OTHER . Unit 2 Well 4 4B-1

. 10070-2 (4-78)



PROJIECT 408 NO, MOLE NO.
GEOLOG'C DR'I.L lOG SONGS Units 2 & 3 10079 3 0f 3 4B-1
FRHE WATER
velzld [slef3 8 PRESSURE ]
2! S : S |s o> TESTS ° nores own:
- g: v S Is: :: » o] stavarion! pEPTH | o |u DESCRIPTION AND CLASSIFICATION ::::: ::::::‘"
35:"‘:5:‘:". ,-S-.: Pl - cHamACTER OF
iofwZ |u ilodleztlecls 5 < {3 oRILLING, BYE.
3ol 2E 12" |s |efjo=u}n £z 1 '
‘..g‘.'.l.c.-tr- :
seldg i8S s s 3 3
S8V FT FT
ss| 6 | 6" | 50/6" | stdgle Shot 150 35.0-200.0' San Mateo Formation (continued) | Firm drilling.
Record
Sand and dark micaceous clay-like silt; sand
- is iron oxide stained in part; minor gray
sand; sand-silt ratio 50:50; a sand/silt
~130 phase of San Mateo Formatiom.
ss§ 2" 2" 50/2" |Drifc |[4°SW 160 =
Sand (SP) angular to subrounded, minor No water loss.
mica; tannish gray, very dense.
-
~140 R
ss| 2» | 2" { so/2" 170 =
- No water loss.
~150 .
.
ss| 3* | 3" | so/3" forife juosw 180
Firm drilling.
~160
| sg] 2¢ o 50/2" 190 =
-170 Reamed to 205' total
depth with 8-7/8" bit on
78.
ssf 2" 2" 50/2" |prife fh°sw 200 swing shift 10/16/78
: Bottom of Hole: 200'
N Installed 200' of 4" solid PVC with 53
a sacks of cement on 10/18/78. Water: cement
- ratio 1:1 with 1.41 1lbs. of Intraplast
o additive per sack of cement.
b Conducted Eastman Gyroscopic survey inside
1 PVC casing on 10/25/78.
-
-
—-—
sere HOLE mO.
S8 = GPLIY SPOON; ST © SHELBY YUSK;
© « DENISON; P = PITCHER; O = OTHER Unit 2 Well & 48-1

10070-2 {4-78)




7’
. eROJECT OB NO, SHEEY NO. HMOLE NO.
GEOLOGIC DR'LL LOG SONGS Units 2 & 3 10079 1 0or 3 4B-2
P27 COORMDINATES ANGLE FROM HORIZ. (BEARING

Unit 2 Well 4

S18+18.5 /W4 +95.2 at EL. 26.5'
518+ 18.51 / W 4 + 95.09 ar El. 20°

For PVC,

90°

g un COMPLETED |omiLLEn IDRILL MAKE AND MODEL wOoLE sZk [OvERBuRDEN(FT.)[ROCK {rT.) ForaLDEPYH
: 5-1/4" to 21"
10/18/78 10/19/78 P C Exploration Joy-5&H 3-1/2" to 200’ 32 168 200"
CORE RECOVERY "7.[" COME SOXES|[SAMPLES [EL TOP OF CASING jGROUND EL. DEPTH/EL, SROUND WATYER DEPTHM/EL, TOP OF AOCK
8.2'/ 75% —_— 14 — 26.5"' 21.5'/5' 32'/~5.5"
BAMPLE RAMMER WRIGHT/FALL CASING LEFT IN MOLE: DIA./LENGTM LOGOSD BY:
' 140#/30" 4" PVC/200' Solid _ Mendell M. Bell / B. Hebbron
2512 > WATER
HAHEBHIIEHE PRESSURE .
>l elel 2% 0 o> TESTS ° woTEs ON:
fullgto 34 vi tad z - WATER LEVELS,
.! H 8 MEIRER IR » | SLEVATION ¢ v | OESCRIPTION AND CLASSIFICATION WATER RETURN,
3 M :.’ :0 - . » ] x |3 CHMARACTER OF
io |y iZlui®|a- (U Yo, = Y5 e s |3 ORILLING, EYC.
so|lJ4i5(2lv|3 [ed]oZd I -3 <
cz|sigis|e|« lw®a" ¢ . -
cq (3| i3 3 - . °
Ak FT FT
Single Shot 26.5 | 0 e, 0.0-21.0' BACKFILL SAND: Tan, fine-to Began drilling on day
Record _‘,',,°, coarse-grained quartzose sand; well com- shift.
-"°°. pacted. .
- s e Hole advanced with
20 £.%.° 5-1/4" bit using
<,.° Revert drilling mud.
:nntol
1*‘...’
Foo
-{+ © o
i S
4+ o
N _‘p.o‘o
- oo
10 0
“o ®
P & o
-~ 0 o
20=p 2,°
4
3./, 21.0-32.0" A-3 CONCRETE: Angular to NC core barrel used tq
RY partially rounded, multi-colored core cement.
' Jd . aggregate in.a sand-cement matrix. Ag-
NC |4.012.7 67.52 -, gregate sizes range from 5-45mm in largest
0 =% dimension.
-7
y
wc | 5.0 4.07 807 w0177 End day shift 10/18/78
; : Begin day shift 10/19/]
NC | 2.071.57 752 78.
] 32.0-200.0' SAN MATEO FORMATION: Tan, Changed to open car-
: fine-to coarse-grained subrounded to sub~- bide bit (NC).
R angular quartzose sand; very dense.
-10 i Good circulation.
.
4 . |Drilling rate 1 ft/
ss 3" |o" | s0/3"|prifef0°30'gw 40 - 50 seconds.
—1»
-
-
-20 ]
ss 13w Pan i so/3m N :
L3 50_ ™ Well compacted, fine-to coarse-grained,
i quartzose uncemented, silty in part, sub-
n rounded sand.
-t
-30
§s 3" | 3" 50/3" jprift p10°N 60 =
-
-40 ]
70 7
Ty HOLE wNO.

B8 = SPLIYT SFPOON; 87 & SNELSY TUBKE;
D = DENNISON;, P o PITCHER;

QO = OTHER

Unit 2 well 4

4B-2

H&CF 19



S8 = SPLIT SPOON;

Y = SHELBY TUBK;
D = DEMISON; P o PITCHER; O @ OTHER

Unit 2 Well 4

PROJECTY JOB nO, MOLE NO,
GEULOG'C DR“_L lOG SONGS Units 2 & 3 10079 2 of 3 4B-2
T WATER
yelzid |wle |} 8 PRESSURE ?
:: :. (’: > |9 8: TESTS ] NOTES ON:
3 28 1Y8 |a: . - o] sLevavion| DEPTH v |u DESCRIPTION ANC CLASSIFICATION —rem ::"':::"
Y ':5:':3- i3l ¥ I cHaracren or
il wl|w ¢ luyl®zc|®efs > < |2 oRmILLING, ETC.
Tol djo |20 |2 [xelS-%i0c]i e |8 .
<zl glz {3151 1w . H °
"« . 2 A H s
HER FT FT
ss| 3| 3" | sos3" | single shot 70 + 32.0-200.0" San Mateo Formation (continued)
Record q ’
B Chiefly medium-to coarse-grained, very .,
- well compacted sand.
-50 ]
" " “ £t lo° _
ER 4 3 30/4 Drife j0°15IN 80 A Fine-to medium-grained, slightly silty, Normal drilling rate of
] well compacted quartzose sand. 1 ft/1 minute.
-60 ]
Ss] 4" 2" 50/4" 90 =
e Good clean hole.
o
-70 B
.
-
ss| 2 f 1m | soz2n |oragefocishw 100
. Same as above with a scattering of coarse-
. grained sand.
. —
-80 ]
-l
ssf 3 | 2 | sozp¢ b
110-_1 1002 circulation.
4 Well graded, fine-to coarse-grained,
4 quartzose sand. Normal drilling.
-
.
-90 B
ss}_ 4" ] 2" 50/4" )Drift | 0°1Q°'NE 120 =t
h Chiefly medium-to coarse-grained quartzose
h sand.
-100 ]
S8 3" | o". 50/3"
! 130 T
.
-
-110 ]
ssl 2" 32" 50/2" rift P°20 W 140 =
-1 Well graded fine-to coarse-grained sand.
—
-120 ]
-
150
sre “OLE WO,

4B-2

10070-2 (4-78)




88 © SPLIT SPOON;

SY = SNELBY TUBK;

© ® DENISON; P o PITCHER; O & OTHERN

Unit 2 Well 4

PROJECY JO8 NO, HMOLE NO,
GEULOGIC DR”.L lDG SONGS  Units 2 & 3 10079 3 0f 3 4B-2
LHIHE WATER
velzfg Jure (D ¥ PRESSURE '
A HE Y TESTS L] wovTEs ow:
:: gs ¢ e a 4 - o| ®LEVATION | DEPTH v | DESCRIPTION AND CLASSIFICATION WATER LRVELS,
55.0 .:3: 58-:‘5-‘-3 {s CHARACTER OF
iolwile tluglez8legls 5 <« |2 DRILLING, ave.
Sol dls |2|¥ |3 [ee|0 slac]i ¢ s {3 :
- S| |3lo e !¢ [ 4 2
qesjee - e
ss| 3" | 3" 50/3" Single Shot 32.0-200.0" San Mateo Formation (continued)
Record
Iron stained, fine-to medium-grained silty
sand.
-130
SS 2" o 50/2" IDrift |0°10]NW
=140
ss| 3" 2" 50/3"
Yellow, fine-to coarse-grained, slightly Continued good circula-
silty. tion and clean hole.
Normal drilling.
=150
SS 2" 2" 50/2" |prift |0°20)NW
Beige, few very coarse particles over
1/4" in diameter.
-160
" " " End day shift 10/19/78.
2 3 3 20/3 Begin swing shift.
=170
SS 3" 3" 50/3" i€t j0°204N
“ Bottom of Hole: On 10/20/78 hole was
B On 10/24/78 - grouted in 200" of reamed with 7-7/8" tri-
. 4" golid PVC with 34 sacks of -cone bit to 205 o Hole
- cement. Water: cement ratio 1:1 left open with 4 PVC7
. with 1.41 1bs. Intraplast addi- installed from 10/20/78
-1 tive per sack of cement. P.M. to 10/24/78 P.M. due
- . to walkout by operating
- Conducted Eastman Gyroscopic engineers.
-1 survey inside PVC casing on 10/25/78
-l
sire HOLE mO.

4B-2

10070-2 (4-78)




© e DEMNMISON;

P = PITCHER;

O = OTHMER

Unit 2 Well 4

',
PROIECY 0B NO. SHNERT NO, HOLE NO.,
GEOLOGIC DRILL LOG SONGS Unite 2 6 3 1009 | 1o 3 | s
siTR COORDINAYES ANGLE FROM MORIZ, |DEARING
S 18 4+ 13.2 /W 4 4+ 96.4 at El. 26.5°'
Unit 2 Well &4 For PVC, S 18 + 13.27 / W &4 + 96.92 at E1. 20°' 86° §80°24'N
PEGUN COMPLETED [ORILLER DRILL MAKE AND MODEL MOoLE sizE ([OversuRDEN({"T.)|ROCK (7)) IYoTAaLOEPTN
7-7/8" to 34.5' ,
10/27/78 10/31/78 P C Exploration Joy-S&H 3-1/2" to.200" 34.5 165.5 200
conmE mEcCOVERY (FT/w) CORE BOXES|BAMPMLES [EL TOP OF CASING [GRAOUND EL. DOEPFTH/EL, SROUND WATER R DORPYM/EL, TOP OF ROCK
— —_ 15 _— 26.5' 21.5'/5° 34.5'/-8'
BAMPLE HAMMER WEIGHT/FALL CABING LEFT 1M MOLE: DIA, /LENGTH LOGOED BY:
140#/30" 4" PVC/200' Solid B. Hebbron / Mendell M. Bell
50z, WATER
HHAHBHIIHET PRESSURE o
»r | Slu|2/¥%l 0o o> TESTS ] NOTES ON:
X1 HEFETH S 3 L WATER LEVELS,
-= < 3 M .:z 1 . - |ELEVATION : v i DESCRIPTION AND CLASSIFICATION WATER mETURN,
s 2le IHEE I -5 . H H : CHARACTER OF
;::f:.; Cu ;g:. 2 HE ] e < | BRILLING, ETC.
ez |8ildiele lu®|a”" 3w |¢#7E H
LEREITER 3 o a o ¢ 3
s Vs * FT FT ‘
Single Shot 26.5 07,57, 0.0-21.0' BACKFILL SAND: Tan, fine-to Began drilling hole on
Record IR coarse-grained quartzose sand; well com- day shift with 7-7/8"
o« pacted. tri~cone rock bit and
0. Revert drilling mud.
20 1.
T
o o o
109 o o
o © o
- o &
o 0O
o & 9
- o e
-P‘ o
o e
- ¢ o
10 s
To o o
- o 9
o o
=l o ¢ -
o
20-. ’°
i’ 21.0-34.5' A-3 CONCRETE: Sand cement matrix
VY with small aggregate.
B
T
¢] :
30 =
¢ End day shift.
N Begin swing shift.
: 34.5-200.0' SAN MATEO FORMATION: Sand, From 34.5' advancing
-10 (SP) poorly sorted, angular to subangular, hole with 3-1/2" rock
fine~to coarse-grained, light tan, very dense.|bit and Revert mud.
SS 3" 3" 50/3" | prife [3°S30°E 40 ~ Firm drilling.
~20 ]
SS 3" " 50/3" -
] No water loss.
-30
SS 3" 3" 50/3" | Drift B3°30'410°W
=40
88 = BPLIT SPOON; BY = SHELBY TUBKE; [ Tad $ HMOLE NO.

4B-3

H&CF 19




S8 = SPLIT SPOON;
D = DENISON;

ST » gMELSY TUBK;
P = PITCHERN; O = OTHER

Unit 2 Well &

rPROJECT o8B wo, MOLE NO.
GEOLOGIC DRILL LOG SONGS Untes 2 6 3 w9 | 2es | uses
HIHE WATER
A HE R PRESSURE '
> = ; " : 4 g o: TESTS ] NOTES ON:
:; 2: ¢ S 1s: :; » o| =Lxvavion]| DEPTH v |v OESCRIPTION AND CLASSIPICATION ::::: ::‘;:::'
i |V lefu juE io H ! f . cHARACTER OF
dolwx lul® ji7 |00 s 5 I3 oRriLLING, are.
To/dle |2IN |2 |us . 4 e |8
< z FIR b g < [J 4 ° -
. g M . I 3
HEN FT FT
ss| 3 { 3 50/3" Sfngle Shot 70 : 34,5-200.0' San Mateo Formation (comtinued) Firm drilling with 3.5"
Record B bic.
-50 ]
ss| 3| 3% | so/3" Jorife [3°30]s20°h 80 -
- No water loss.
-60 B
ss| 3" | 3" | so/a" 90 -
- Firm drilling.
-70 ] ne
ss|_ 3" | 3 | so/3" forige 3o30]s20°p 100
-
B
—
-80 -
SS 2" 2" 50/2" 110
-90 B Firm drilling.
| N No water loss.
ss| 3" } 3~ |s5073" Iorife pe10Ys20°M 120
=100 :
SS 2" 2" S0/2" 1 300 -
. =110
[ss | 2" 2" 50/2" rift B°30'B15°W 4
1607 B Hard drilling from 140-
- 150°'.
~¥: No water loss.
<£
~120
150 7]
P “OLE MO,

4B-3

10070-2 (4-78)




B8 = SPLIT SPOON; ST & SHELBY YUSSE;

P & PIVCHER;

O = OTHER

Unit 2 Well 4

PROJECT 408 O, HOLE NO.,
GEOLOGIC DRILL lOG SONGS Unite 2 & 3 10079 30f 3 4B-3
Bilen |, WATER -
)
‘e H i H IR > PR;ES:;JSR! 4 noras own:
I I PR 4 waTER LaveLs,
¥ go : v Is: h: » w] SLEvAYION]| DEPTH v |s DESCRIPTION AND CLASSIFICATION wATER mETURM,
"< Vieglw juX 2ol (S, [ Pl cHARAcCTER OF
IR NI BRI R L 3 omiLLINe, eTC.
4 " 4 «®j 2 < .
ol dlo QiR |2 jnejd |0l B FH
S FREIRN LR JH 3 o
b Rl FT
ss} 2" | 2 50/2" Single Shot 34.5-200.0' San Mateo Formation (continued) | Hard to firm drilling.
Record
Sample contains minor amount of silt.
~130
Drift |3°10}s20°% End swing shift 10/27/75.
Begin day shift 10/30/78.
No sample taken at 160';
communication breakdown
at shift change.
=140
ssf 3" | o 50/3"
-150
ssjf 5" ] 3" 50/5" E&.ﬂ?ﬁ:ctiol
Fine-to coarse-grained quartzose, sub- Good circulatiom, clean
rounded sand; very dense. hole.
-160
ss] 5" | 2v 50/5" 19 | |
Fine-to medium-grained sand. Normal drilling rate: 1
ft/1 minute.
From 10/30 to 10/31/78
on the swing shift -
-170 reamed hole with 7-7/8"
Y.
Same as above with minor coarse fractions. bi; ti 20‘; ? griilegos,
ss! 5.5 4 E0/5.5" rift bverdxposgd 200 additional hole to .
" Bottom of Hole: 200'
. On 10/31/78 - grouted in 200' of
. 4" solid PVC with 33 sacks of
- cement. Water: cement ratio 1:1
~ with 1.41 1bs. Intraplast additive
-1 per sack of cement.
‘ Conducted Eastman Gyroscopic
- survey inside PVC casing on 10/31/78.
=
-
E
e
]
-
ssTa MOLE WO,

10070-2 (4-78)




smOIECT 108 NO, sSHERT MO, HOLE O,
GEOLOGIC DR'LL lOG SONGS Units 2 & 3 10079 1 or 3 4B-4
ANGLE FROM MORIZ [DEARING
wre cooNoinaTas S 18+ 07.9 /W4 +97.1 at El. 26.5°
Unit 2 Well 4 For PVC, S 18 + 08.09 / W 4 + 96.97 at El. 20' 90° _—
BROUN coMPLETRD [DRILLER [ORILL MAKE AND MODEL “OLE si1ZE [OvERBURDEN({"T.)|ROCK (T} YOTALDEPTK
5-1/4" to 25'
10/25/78 10/26/78 P C Exploration Joy-S&H 3-1/2" to 200" 25 175 200"
‘lcone macoveny frysw) CONE BORES|SAMMES (KL TOP OF CASING |GROUND &L. DEPTH/EL. GROUND WATER DEPTM/EL. TOP OF mOCK
——— -— 16 — 26.5" 21.5°/5°" 25'/ 1.5
SAMPLE HAMMER WEIGHT /FALL CASING LEFT iN HOLEK: DIA./LENGTN LOGGED BY:
1408/ 30" 4" PVC 200' Solid B. Hebbron / Mendell M. Bell
IR B
¥ > WATER
G E £l 3 E, PRESSURE s noTEs oOn:
:: > : o ; S v VESTS z < |w WATER LEVELS,
e3|%0 HHEE .y . o |srmvarion > v |3 DESCRIPTION AND CLASSIFICATION wAYER mNETURN,
55 .u'. :-z=° ™ 3 - [ : ] 3 CHARACTER OF
a0 giTiw|® D UV, X2 W, * [ PR ORILLING, BTC.
sofdjsld|w|3 [«e¥|lo02s]as (222 :
<z |slz|slr @ lu®la”sjuwe (£ 2 H
LA I ols & LA 3
L] . FT
Single Shot 26.5 0.0-22.0' BACKFILL SAND: Tan, fine-to Began drilling hole orf
Record coarse-grained well compacted quartzose day shift with 5-1/4"
sand. . tri-cone rock bit and
) Revert mud as drilling
fluid.
20
10
22.0-25.0' A-3 CONCRETE - | Changed to diamond
. core bit.
§s | 5" 2" 50/5" | Drift >0°10)SW
0 25.0-200.0"' SAN MATEO FORMATION: Well Changed diamond bit tof
graded, fine-to coarse-grained, well com- open end carbide bit.
pacted, uncemented subrounded quartzose
sand.
ss j4.5% 2" | 50/4.5" - !
- /
10 /
!
Ss 4" _|0O" 50/4" | Drife P°15°'N -
-20
Good circulation.
e Normal drilling rate
-1 approximately 1 ft/1
SS_ 5" 1" 50/5" - - minute.
-30 i 55 Chiefly medium-to coarse-grained sand.
ol
0 ¥
ss |3" |o* | so/3 |prife pe2o'NE S )
=40 4
-
70 7
S8 = SPLIT SPOON. ST = SHRLEY TUBK: T HMOLE MO.
D = DENNISON; P = PITCHAR, O = OTHER Unit 2 Well 4 4B-4

H&CF 191



FROJBRCTY OB nO, HOLE NO,
GEOLOGIC DRILL LOG S0NGS Unics 2.4 3 w009 | zers | ass
St e > WATER
YalzlZ (wis |} 8 PRESSURE ]
:! sivial>la]ex TESTS L] noTRS ON:
« ¥l 0l HEALE :: - | ®txvaTion| DEPTH | v fu DESCRIPTION AND CLASSIPICATION ::::: ::::::'
"L,y ‘:3:‘:8. ,-§;.: s cnamacrar or
il el Llugl®zl |3 el 5 < 13 omiLLING, &TC.
Yol dle |28 IxelS %]aa]|s s |3 ;
BB EIR R LR *le H .
L] M 1= ' : 3
$4is FT FT
Single Shot T 25.0-200.0' San Mateo Formation (continued)
Record =
ss] 3] 1 | sos3" .
- Medium~to coarse-grained, well compacted
-50
- sand.,
80 =
-
SS 6" 2" _50/6" ] Drift{ 0°30'NE -
-4 Fine-to medium-grained quartzose, slightly
-60
~ silty sand.
90 =
ss] 2} 2 | so0/2v o
-70 h
100 =
ss| 1] 1" | so/1" |prifcfoesofnE . End day shift 10/25/78.
- Begin swing shift.
-80 .
110 =
SS 2" 2" 50/2" d
-90 .
120 - No vater loss; firm drillH
- ing.
.
SS 2" | 2" 50/2" IDrife |0°30[N —
.
-100 .
130 -
.
.
Iss | g 50/2" 2
-110 j
140
p
Bs ] 2v | 2¢ |s0s2" Jorise po3olx -
-120 ]
150 ]
e HOLE NO.
S8 = SPLIT SPOON; ST » GNELBY TUBN;
O = DENISON; P = PITCHER; O = OTHER Unit 2 Well & 4B-4

10070-2 (4-78)



88 = SPLIT SPOON, ST » EHRLSY TUBE;
D = DENISON; # » PITCHER; O = OYQI.

Unit 2 Well 4

PROJECT Jonm no, HNOLE MO,
GEOLOGIC DRILL LOG SONGS Untts 2 & 3 ‘ w009 | sers | ane
Uile > WATER
- :E vl i,| rreEssure 3 noTES On:
:: :: S H 3 8: TESTS < ASSIFICAT wATER Lavacs,
€ X ¢ 8 MR ::! :, : ™ SLEVATION DEPTH g ..‘ DESCRIFTION AND CLASSIFICATION . WATER RETURN,
4 < & o ':.4: .Sa ;':-:u! {; CHARACTER OF
s O WX |w S vwl22zi*ela 3 < ORILLING, EYC,
1a0] d J'].O-ll--' .:
<f a} O Lig | H L3 ] PR H
S EHEHIERE AR -
. 4 -
50 - '
Single Shot 1 25.0-200.0' San Mateo Formation (continued) Drill rate 2.5 ft/1 min-
Record -1 ute.
.
Ss§ 2" 2" 50/2" : No water loss.
-130 4
160=
ss| 2" | 2" |50/2" brift p°30'N .
~140 B
-
1704
.
Ss 2" 2" 50/2" -
~150 3
1809
-
. s
SS 2" 2" 50/2" Prift §°30°'N «d
-160 h
190 =
-
-
-
-170 ] On 10/25-26/78, hole
] reamed to 205' using
. 7-7/8" bit.
38 2" 2" 50/2" 200
7] Bottom of Hole: 200°'
4 On 10/26/78 - grouted in 205' of
. 4" solid PVC with 32 sacks of
= cement. Water: cement ratio 1:1
— with 1.41 1bs. Intraplast additive
- per sack of cement.
- Conducted Eastman Gyroscopic
= survey inside PVC casing on 10/31/78.
-
-y
-
sre HOLE NO,

4B-4

10070-2 (&-78)




PROJECT

JO®

SHNEET MO,

HOLE NO.

SONGS Units 2 & 3 10079 l or 3 4B-5
YT COORDINATES , A‘NOL. FROM MORIZ. [BmARING

S 18 + 22.7 [/ W 4 + 95.9 at El. 26.5'
Unit 2 Well 4 For PVC, S 18 + 23.22 / W 4 + 96.37 at E1l. 20' 85° $53°S'W

sRG UM COMPLEYRD |[DRILLER ORILL MAKE AND MODSL “OLE sizk ([ovarsumDEnN{rT]|mOocKk (rT) ITOTALDEPTYM
7-7/8" to 35' 13 7 '
11/14/78 | 11/16/78 P C Exploration Joy S&H 3-1/2" to 200" 16 200
comm mECOVERY (FT/%) CORE BOXES| BAMPLES |EL. TOP OF cASING |GROUND EL. DEPTH/REL, SROUND WATEN PEPTHM/EL, YOP OF mOCK
_— -— 8 — 26.5"' 21.5'/5" 33'/-6.5"
SAMPLE HAMMER WEIGHT/FALL CASING LEFT IN MOLE: DIA./LENGTH LOGGED BY:
1404/30" 4" PVC 200' Solid B. Hebbron
I WATER
HIHEHHINEN PRESSURE °
HHHEHMR L AP T e
:3 e ° M ::: ;: w o |srEvarion 3 v e OEICRIPTION AND CLASSIFICATION wATER mETURN,
J 5 lz'=_;,.8. -1 8. « U » z ! CHARACTER OF
;n-'d" MR Uy l;'. el |3g25 o < |= ORILLING, EYC.
S HHHHER U EEN R A :
. I|= 20| & ol g s °
HE . FI FT
26.5 0 4.%.1
4., 0.0-22.0' BACKFILL SAND: Tan, fine-to Began drilling on day
4+ < o coarse-grained, quartzose compacted sand. shift with 7-7/8"
4.°%.°d tri-cone rock bit and
-P °d Revert drilling fluid
20 :Qoﬂoc
e o
% o d
Jde o
lc o o
10=j o o
40 © o
-1-.’9 o
_1 © o
F.c.]
..
..c°° o Good circulation
10 Jo o
® o o
de e
20 -
Y 22.0-33.0"' A-3 CONCRETE: Cement-sand About 2' per hour
:‘ mixture with small aggregate. drilling rate.
0 ]
T
30 ~
. . 33.0-200.0' SAN MATEO FORMATION: Well End oy Shif
SS 3 0 50/3 me graded, fine-to coarse-grained, subrounded, 785 Y
-10 1 well compacted, uncemented quartzose sand; )
: 8ilty in part, very demse. Changed to open end
2 " « -1 carbide bit at 35'.
SS 0 50/2 40 =T =
Normal drilling rate:
-20 1 ft/1 minute.
1002 circulation.
50
No sample at 50°,
driller miscounted
rods.
=30
sS_ 13" 2 50/3" 60
Pine-grained silty sand, brown, iron Heavy cuttings.
stained; very dense.
~40
70

S8 = SPLIT SFOON; 8T = SNELSY TUBE;
D *» DENNISON;, P = PITCHER;

-"re

O = OTMHER

Unit 2 Well 4

HOLE NO,

4B-5

H&CF 19



RN

38

~,.

88 = SPLIT SPOON; BT & SNELBY YUBE;
D e DENISON;

P = PITCHER. O = OTHER

Unit 2 Well &

PROJECT 08 No. HOLE NO.
GEOLOGIC DR”_L l_oG SONGS Units 2 & 3 10079 2 of 3 4B-5
B2 x> WATER
vel sl fwje iy ¥ PRESSURE
IR H R TESTS § wovEs ow:
:: g: 4 H :: :g ™ ] sLEvarion| DEPTE | u |w DESCRIPTION AND CLASSIFICATION ::::: ::::::'
¥ < UV lglw |uZizo .|€ [ I : - cuanacTEn oF
- e |3|udle §13 [ s s
iolulf|w YRR - 3 3 < ORILLING, EYC,
Jr | ey lgSa | ] s
Toldle |28 1P eefr t H
SEsjz|sfos bl o H *
‘el gle 1 glo [® 0 H FT FT
- v -
- 70 4 '
ssl an [ ov 50/2" ¥ 33.0-200.0' San Mateo Formation (continued)
=50 ]
ss| 1.5"] 1.5" |s0/1.5" 80 — ]
Chiefly medium-grained with lens of very
. fine-grained, silty, brown sand.
i
-60 ¥
Normal drilling rate:
ss] 2 | 2 50/2" 90 =+ u 1 ft/1 minute.
: Chiefly fine-grained with minor amount of Good circulation,
medium-and coarse-grained sand. clean hole.
~-70
ss} 2" | 2" 50/2" 100 =t - )
1 Well graded fine~to coarse-grained quartzose Variable sample inter-
¢ sand, dense. val from 100-200'.
-t
-80 T
-90
5$11.5"]1.5" 150/1.5" 120 -
p
-100
130 =9
-110 ]
160 =
ss| 2v {2 |so/2" <
-1 Chiefly fine-to medium-grained quartzose
-120 . sand with scattering of coarse sizes.
-
150 %
e nOLE wo,

4B-5

10070-2 (4-78)




PROJECT 208 NO. HOLE NO.
GEOLOG'C DR”_'_ lOG SONGS Units 2 & 3 10079 3 0f 3 4B-5
Uzle > e WATER
[
val HE |38 |E £, "RESsuRE 3 woras on:
> [ >
‘u ;g H ° HA v . | siavamion] pEPTH | u |u DESCRIPTION AND CLASSIFICATION ::::: ::::::'.
:= N :u u';; . | & [ i s CHARACTRR OF
:5:‘ -'f: ;';3::'3::; ‘; . oRILLING, ETC.
3ol 2|5 2|23 {ex[S tjad])F E :
<z z |slo s Y e 3
cef U [ [ ¢ . T FT
MR
150 4 33.0-200.0' San Mateo Formation (continued) | Priller reports occasion-
al firm silty clay zones.
160
ssf 3" { 2" 50/3"
Brown, silty, very fine-grained sand.
-130 Very firm and dense.
170
I
~140 B Normal drilling rate:
B 1 ft/1 minute.
-y
180 =1
=
. 100% circulation; good
-150 - clean hole.
190 ™
pu
-160 ]
ssl 17 | 1v 50/1" 200 ] Fine-to medium-grained quartzose sand. End day shift 11/15/78.
] Bottom of Hole: 200' Hole reamed to 7-7/8"
B '
R On 11/16/78 - grouted in 200' of diameter from 0-205'.on
. 4" golid PVC with 33 sacks of ‘11/16/78 (day shift).
- cement. Water: cement ratio 1:1
- with 1.41 1lbs. Intraplast additive -
-4 per sack of cement.
- Conducted Eastman Gyroscopic survey
- inside PVC casing on 11/17/78.
-
—-—
-
.
.
e “OLE MO,

88 = SPLIT SFPOON;
D = DENISON; P = PITCHER; O = OTHER

BT » SNELAY TUBK;

Unit 2 Well 4

10070-2 (4-78)




y,
FROJECY JOB NO, BHNEETY MO, HNOLE NO,
GEOLOGIC DR‘LL lOG SONGS Units 2 & 3 10079 1"3 4B-6
sITR COORDINATERS ANGLE FROM MORIZ, |BEARING
S 18 +11.2 / W 4 + 97.1 at El. 26.5' : :
Unit 2 Well 4 For PVC, § 18 + 11.29 / W 4 + 97.51 at E1l. 20’ 86° SB3°34'N
ssauwn comrLETED (OmiLLER JomILL MAXKE AND MODEL woLE size [ovansunosn(rr)[nocx (*v) [roTaLDEPTH
7-1/4" to 35°
11/8/78 11/13/78 P C Exploration Joy-S&H 3-1/2" to 200’ 35 165 200"
CORKE RECOVERY "Y.I" CORQ BOXE S [SAMMLES [EL. TOP OF CASING AROUND EL. ORFTYH[/EL, GROUND WATER - OEPTH/EL, TOP OF ROCK
— —_— 8 — 26.5" 21.5'/5' 35/-8.5
SAMPLE HAMMER WEIGHT/FALL CASING LEFY 1N MOLE: DIA. /LENGTH™ LOGOED BY:
140#/30" 4" PVC 200' Solid B. Hebbron
] >
Y50z WATER
vElzle E: ;T PRESSURE .
PlEsE] g, i 2|0 vaver tevews,
I: < 8 M .:z 52 - o |ELEVATION I3 v |3 DESCRIPTION AND CLASSIFICATION WATER RETURN,
35 s SHEE I IR 1 » z : cHAmRACTER OF
;nlj,:.; g. :': :; =§; b < |9 ORILLING, KTC.
cz|ti3|sier e la®| 3" | we |# 2 H
s<i3ulZ|g|s s L 3
AL . FT FT
26.5 04-.c] | o0.0-21.0" BACKFILL SAND: Tan, fine-to Began drilling on day
:.'°'. coarse-grained, quartzose, well compacted shift with 7-1/4" triH
1= sand. cone rock bit and
g0 Revert drilling mud.
20 R
10-—”- o
r eou
4o © o
- ©
- o e
-bco..
-{ o o
_'0 o °
10 —49“0.0
o ©
“fo o o
dooe
20 ""aooon
o8
7
-/ 21.0-33.0' A-3 CONCRETE: Cement-sand mix-
-1 ture with small aggregate.
:% End day shift 11/8/78.
0 _/ Begin day shift 11/9/78
4/"
30 -’%/
19-8-8 e
ss_|is8" 1 0" 16 4.°.° 33.0-35.0"' BACKFILL SAND: As above except
£ medium dense.
-10 3
B 35.0-200.0' SAN MATEO FORMATION: Fine-to Changed to open car-
ss n o 50/4" - coarse-grained, subrounded, quartzose well bide bit.
40 compacted, uncemented, silty in part,sand;
T well graded. Good circulation but
j gome coarse particles
~ remaining in hole.
- Thickened mud.
-20 ]
SS 3" 2" 50/ 3" 50
Normal drill rate:
1 ft/1 wminute.
=30
§s 2" 12" 50/2" 60
Same as above but with a thin lens of rusty
very fine-grained silty sand.
=40
70
83 = BPLIT SPOOK. OF = SMELBY TUBK; sive "oLE wO.
O = DANNIBON; P o PITCHER, ©O = ODTNER
Unit 2 Well & 4B-6

HRacF 19



PROJIKCY JIOB MO, HOLE MO,

OLOGlc DR“.L lOG SONGS Units 2 & 3 10079 2 of 3 4B-6

oo
i Yy

Elei> o o WATER
® selz @i I PRESSURE ]
EHEHIEHERLREY TESTS ° woTEs oOn:
:: ) H v S s :: - o| sLsvarion] DEPTH v v DESCRIPTION AND CLASSIFICATION ::::: ::::::"
¥ Vlgiw |wX zo 3 . T ls cHARACTER OF
4= ® g |4t wol® $(12 =¥ » { 3
a0l mX wofs foelazs]ssls 2 < - DRILLING, RTC.
Yot ile [dfa |3 [eelS™2lus|F & e |3
i 3z |1]o H i H .
el duw el |[* & S
HER R FT FT
ssf 2.5") 2" 50/2.5 70:& 35.0-200.0' San Mateo Formation (continued)
) 4
. 3
-50 ]
ss 2" o" 50/2" 1 End day shift 11/9/78.
/ 80-: Begin day shift 11/10/7/65.
-
-60 ]
-
SS 2" 2" 50/2" 90~
i Fine-to medium-grained, silty, quartzose 1002 drilling fluid cir-
B sand. culation.
-
-70 ]
ss| 2" | 2" 50/2" 100~
B Drills easy; about 1 ft/
. N 40 seconds.
_: 100-200' - variable sam-
i ple interval.
-80 A
-
110
ot
.
-90 h
ss|1.5"11.5"150/1.5" 120
: Well graded, fine-to coarse-grained, well
. . compacted, very quartzose sand.
-100 - Normal drillimg: 1 ft/1
- minute.
130~
—
-110 i
14
-120 Good circulation, clean
' hole.
150 5
urs HOLE WO,
S8 = SPLIT SPFOON; ST = SHELBY YUBE;
. D« DEMIBSON; P = PITCHER; © » OTHER } Unit 2 Well & 4B-6

10070-2 (4-78)




B8 = SPLIT BPOON; ST » SHALEY TUBK;
O« DENISON; # = PITCHER; O = OTHER

Unit 2 Well 4

PROJECT J08 wo, HOLE NO.
G OLOGlc DRILL lOG SONGS Units 2 & 3 10079 3 of 3 4B-6
Bitleizle o WATER
R A HER R PRESSURE H
>e w2310 {0k TESTS S noTES ON:
Ful plx |olo 2. |V - WATER LEVELS,
e 3 9 MEE LI TS ] w] ELEVATION DEPTH v 5 DESCRIPTION AND CLASSIFICATION waren mErumw,
el (0 f{e)y |uFzol, 18], ¥ z |a cHanacTER OF
HEHERFIAE R L IR 4 s i3 N ont L]
. > b ”'o!u-‘." < LLING, ETYC.
Io i‘ ] al g ! [ 32 ] clygalr B 3 :
:l 32 ¥ 0 |a : L ! s ]
“G<® el
HER R FT FT
" " " 150~ 35.0-300.0' San Mateo Formation (continued) | Good circulation; normal
ss] 2 |2 50/2 . drilling.
-
160~
. Driller reports occasion-
4 al clay zones.
-4
-
ss| 2" " 50/1" 170 = -
: Well graded, fine-to coarse-grained, well
4 compacted, silty sand.
-4
—
180
~ No mud loss.
-
1901
] Normal drilling.
ss| 1" jom 50/1" 200 7]
. 11/13/78
i Bottom of Hole: 200' . Reamed hole to 7-7/8"
g On 11/13/78 - grouted in 200' of diameter prior to place-
< 4" solid PVC with 33 sacks of ment of PVC pipe.
-t cement. Water: cement ratio 1l:1
- with 1.41 lbs. Intraplast additive
n per sack of cement.
] Conducted Eastman Gyroscopic survey
-_' inside PVC casing on 11/15/73.
-
-
-
p-
-
sire HOLE NO.

10070-2 {4-78)




PROJECTY 108 MO, SHMEET NO, WOLE WO,
GEOLOGIC DRILL LOG SOMGS uates 2.8 3 1009 [ 1er 2 | asr
ST COORDINATES ANGLE FROM HORIZ, [BEARING
S 184+ 05.0 / W5+ 00.0 at El. 26.5'
Unit 2 Well 4 For PVC, S 18 + 06.00 / W 5 + 00.37 at El. 20' 80° $25°44'W

mRGUN COMPLETRD [DRILLER DRILL MAKE AND MOONL woLe sizx [ovansunoen(rr}[rocx (FT.) [TOvALDEPYR
6" to 35" '
11/27/78 12/1/78 All Terrain Drilling CME 750 3-1/2" to 122" 34 91 125
cong mecoveRry {(Fy/a) CORE BOXES |SAMPLES (Ki. TOP OF CASING |[GROUND &L DEFTH/EL, SROUND WATER OEPTH/EL. YOP OF ROCK
- - 1 — 26.5 21.5'/5" 34.0'/-7.5"
SAMPLE MAMMER WEIGHY/FALL CASING LEPFT IN NOLE: DIA. /LENGTN LOGOGERD BY:
140#/ 30" 4" PVC 122" Solid R. Nelson / S. Sanders
o>
®s > WATER
veiziciuiels (b PRESSURE 0
»r | e |2 : ° o> TESTS o NOTES OMNM:
21 Sle 3 v z 4 v - o wATE®R LEvELs,
.3 HERHE s M) - | XtEVATION 3 v i DESCRIPTION AND CLASSIFICATE WATER RETURN,
lie ¢: . .8 - . g . » - F3 g CHARACTER OF
a0l yl|tle s lugie Bl Q1Y 0 e s omiLLING, ETC.
2o{J|lefll¥|3 |eg|loZu]aw |22
cz|t|Z]tlelc | 2" lewd |k 2 H
(3|23 9lw s ol g 3
=3 . FT FI
26.5 0 1% " 0.0-22.0" BACKFILL SAND: Fine-to coarse~ Began drilling hole on
Jo%o o grained quartzose sand; structural fill. day shift.
o o
I Advancing hole with
Fo.o.° 6" rock bit and Revert
20 _Joba’u drilling mud.
4%
4.%°d Mixed 1 sack Revert.
10 o o
dooo.e
-0 0 O
° o
4 © o
- *
0 0 ©
- o ®
b oo o
10 ~B..°l
o © o
o o -
d e
P
20 _n'n“
7 22.0-34.0' A-3 CONCRETE: Sand-cement Concrete drills at
7 matrix with small aggregate. 2-1/2 £ft/1 hour.
4
0 ] End day shift 11/27/78
1 Begin day shift 11/28/
. 78.
30-....-..
g7 7 Concrete drilling at
— rate of about 1 ft/1
-1 hour. Started drill-
ing at 28" and drilled
SS 6" |s5" 50/6" - 34.0-125.0' SAN MATEO FORMATION: Tan, through cement at 34°'
10 - medium~-to very coarse-grained, subangular 5 hours later.
- - to subrounded, slightly weathered quartzose
1 sand. : Changed to 3-1/2" 0D
: casing (WL) to drill
407 at 35'.
: Hole logged from cut-
n tings only.
-20 N
50
-
E
J
-3 ]
-
-
60 =
-
-
-40 i
707
88 = SPLIT SPOON; 87 = SHNELBY TUBK; sive noLE wO.
D = DENNISON; P a PITCHER: O = OTHER Unit 2 Well & 4B-7

HacrF r9-y



PROJECY 080 nO, HOLE NO.
GEOLOGIC DRILL LOG
R WATER
ve :E IR PRESSURE :
I FREIERE s: TESTS e woTEs omn:
« 3l Q 9 . H . .5 H »| SLEvATION] DEPTH v | OESCRIPTION AND CLASSIPICATION ::::: ::::::-
:"s'x l= 5: =8= ‘-:_:.E { ; CNAIACYIIOF'
Y syt loe|desfaalz 2 < DRILLING, BTC
1ol ijo |4 LRI R e |3 - . .
<z K Ig M o+ we({r S
S EHA R e L .
adle FT FT
70 4
_ 34.0-122.0' San Mateoc Formation (continued)
-
-50 i
80 =
R Drilling slow but even.
4
-
-60 1
90 =~
: No water loss.
-70 i
100 =
.
-80 ]
.
.
110 ==
.
-90 ]
h Reamed hole on 11/29-30/
120 . . 78 with 9" rock bit. Had
- problems with sanding in
_ and slight delays while
. waiting for imstructions
. .about reaming, gyroing.
b Bottom of Hole: 125’
. On 12/1/78 - grouted in 122' of
4 E 4" solid PVC with 30 sacks of
- cement. Water: cement ratio 1:1
-4 with 1.41 1bs. Intraplast additive
~ per sack of cement.
- Conducted Eastman Gyroscopic survey
- of hole on 11/28/78, prior to
- placement of PVC, and again on
- 12/12/78 after placement of PVC.
-t
-
-
sire HOLE NO.

88 = SPLIT SFPOON; ST » SMELBY TUBE;

D = DENISON;

P & PITCHER; O = OTHER

Unit 2 Well &

4B-7

10070-2 (4-78)



PROJECT JO® NO. BSHEET NO. MOLE NO.
GEOLOGIC DRILL LOG 1005 | e 2 | ans
sIYE COORDINATES ANGLE FROM MORIZ, IDRANRING
S 18 + 23.7 /W4 +97.0 at El. 26.5'
Unit 2 Well 3 For PvC, S 18 + 23.45 / W 4 + 97.00 a¢ E1. 20' 81° N79°20'W

SRGUN

12/7/78

COMPLETED

12/8/78

ORILLEN

All Terrain Drilling

ORILL MAXE AND MODEL

CME 750

MOLE siZE [OVERBSURDEN (T}

3-3/4" 31

nocn (*v.)

[TOTYALODEPTM

59 90’

comg ascoveny {(FT./w)

conE pOxas

SAMPMLES

1 _—

Sl TOP OF CASING

GROUND EL.

23.4°

DEPTH/EL. SROUND WATER

18.4'/5"

DEPTH/EL. YOP OF ROCK

31.0'/-7.6

BAMPLE MAMMER WERIGHMT/FALL

CASING LEFT IN MOLE: DIA./LENGTH

LOGGED DY

S8 = SPLIT SPOON; ST = SNELSY TUBSK;

P = PITCHER, O « OTHER

Unit 2 Well 4

1404/30" 4™ PVC 90' Solid S. Sanders
A . WATER
H1HE E £y E» PRESSURE e wores on:
:; ; : 3 ; S U: TESTS z e WATER LEVELS,
ed g0 MK L A . « |SLEVATION : v {a DRSCRIPTION AND CLASSIFICATION WATER RETURN,
:5,”:::‘:0- g w M T : CHARACTER OF
;::{:.; ::;"_ =; =§; ] IS ORILLING, ETC.
crididliiel e INE|S T wa |FTE H
se|3iilaloje & °| g 3 °
s . FT FT
23.4 0.7 0.0-19.0' BACKFILL SAND: Fine-to coarse- Began drilling on day
T.%.° grained sand; structural fill. shift.
20 17"
T Advanced hole with
_’.nou. 3-3/4" rock bit and
100" Revert drilling fluid.
‘Q.o.c
1.°.° Mixed 1 sack Revert.
10 ¢ o
o o o
1 o o
o o o
Jo e
10 -poo'u
oo 0
°o
Jo o o
. .
s o o
Jd o o
e o o
19.0-31.0' A-3 CONCRETE: Sand-cement Log 1s based on infor-
mixture with small aggregate. mation from cuttings.
0
§s {5 ‘|3 50/5" 31.0-90.0"' SAN MATEO FORMATION: Tan,
-10 fine~to very coarse-grained, subangular
to subrounded slightly weathered, quartzose
sand.
-20
Water loss of about
100 gallons at 55°.
-30
End day shift 12/7/78.
Begin swing shift 12/7
78.
=40
sITE “OLE NO.,

4B-8

HECF 19



68 = SPLIT SFOON;

ST » GNELSY YUK
P e PITCHER, O @ OTHER

Unit 2

PROJECT 408 NO, NOLE NO.
GEOLOG'C DRILL LOG SONGS Units 2 & 3 10079 2 of 2 4B-8
¥ le > WATER
vel 2f2 |8]e |8 " PRESSURE
Y e {21340 |02 TESTS L worEs om:
] L4 .
:; 2 g ‘.‘ 8 :: :: ) o| TLEVATION DEPTH (L] DESCRIPTION. AND CLASSIFICATION ::::: :.::::.
wel VU tein 3.‘:0. -g~-l P s CHARACTER OF
Jol Mz il a7 |88legtlaGls 5 FR L - oRILLING, ®YC,
3ol 5Vl s jegjs =" {2 3 HE T
< a0 al & < H o+ ° afr £ .
MR 1K 310 |e H [ 3
“Gesjgy . FT FT
707 31.0-90.0" San Mateo Formation (continued)
-50 : Very dense.
-
-
-4
801
-60 :
-
.
.
-1 Reamed hole to 7-7/8"
-66.5 907 diameter on swing shift.
~ Bottom of Hole: 90' NOTE: The water loss in
- On 12/8/78 - grouted in 90' of this hole and recorded at
- " X 55' 1s interpreted to
. 4" solid PVC with 25 sacks of h rred at 31'
- cement. Water: cement ratio 1:1 ;ve ocecu r;l :1 bed
i with 1.41 1bs. Intraplast additive :o::ga: :: Couc:::: ed.
. £ . -
per sack of cement San Mateo Formation con-
- ¢ 1
- Conducted Eastman Gyroscopic survey 't:Ct' Bori;g was at 55d
- inside PVC casing on 12/8/78. vhen water loss occurred,
B and loss was noted at
- that depth.
. ~R.L.B. 4/12/79.
.
-
.
—
s
-
-
-
-
-
-
-
sivE HOLE WO,

Well 4

4B-8

10070-2 (4-78)



rROJECT Jo® MO, SHERTY NO. HOLE mO.

GEOLOGIC DRILL LOG soss vates 2.4 3 0075 | 1en 3 | sm
SITE COORDINATES ANGLE FROM MORIZ. |[BRARING
Unit 2 Well 5 S 19+ 09.1 +W2+ 92.9 86° S80°W

BEBUN COMPLETED

10/4/78 10/5/78

OWMILLER

P C Exploration

IOWMILL MAXE AND MODEL

Joy-S&H

5-1/4" to 20°'
3-1/2" to 200"

I
|

“OoLE siZR ]ovc-nuuo:n(n.) mocw {rT.)

0 200

[TOTALDEPTH

200"

conm macovERrY {FY./%)

CONE BOXKS [SAMMLES

20 -—

. YOP QF CASING

jGROUND &L,

30

25'/5°"

DEPTH/EL, SROUND WATER

0'/30"

ODEPTH/EL. TOP OF ROCK

SAMPLE MAMMENR WRIGHT/FALL

CASING LEFT IN HOLE: DIA [LENSTH

LOGGED BY:

140#/30" 4" PVC/200' Solid Mendell M. Bell / B. Hebbron
(A WATER
HHE E €l '.;’ PRESSURE H worms on:
» > H
rul2 HIE H S v TESTS T 4 (v WATER LEVELS,
3| Q0 ‘.l vi®: w3 . . | ELEVATION t v i DESCRIPTION AND CLASSIFICATION WATER RETURN,
35 'u l: :f:o - . g . - b3 : CMARACTER OF
a0 iywiTiw . vlla,2l 2 1¥,"* o PRt OMILLING, ETC.
solgis|gluls |e¥|gufas2E3 .
silsjzfajels 'Y el Rt |t 3 °
$418 . FT
30 0.0-200.0' SAN MATED FORMATION: Tan to Began drilling on
Single Shot
Record brown, fine-to coarse-grained subrounded swing shift.
to subangular quartzose sand; very dense.
_ Advanced hole with
5-1/4" bit using
Revert mud and water
. to 20'.
ss PRI AT 50/4" 20 10 - Drilled moderately
"‘j Sand (SP), poorly sorted,medium-to fine- firo.
"; grained, angular to subrounded, scant mica, Placed 4" casing to
7 dense, tannish-gray San Mateo Formation. 20" 8
“+
SS | 4" 4" 50/4" Pprift 3°S5°W 10 20—
. Advanced hole from
20" with 3-1/2" bit
- using Revert mud and
- water. ’
-4
l.l " ” n
ss | 2" |2 50/2 0 30—
: Coarse-grained dense sand.
-
-
-
ss | 2" |2 50/2" ift 3°520°¢ -10 40 -
-
ss [3" |3* | so/z3" -20 S0} e
-4
-
-
= s
ss 2 |2 " o o _ End swing shift.
50/2°_prife Y5157 30 60+ u Begin day shift 1075/
£ 78.
..
—
-40 70 st

88 = SPLIY BPOON; ST = SHELBY TUSNK;
D= OENNISON; P « PITCHER;

O = OTHER

sIre

Unit 2 Well 5

HOLE N0,

5B-1

HACF 19}




8% = SPLIT SFOON; BT » AHELBY TUBK;
D = DENISON; P o PITCHER, O = DTHER

Unit 2 Well 5

PROJECY JO® NO, HOLE NO,
GEOLDGIC DRILL I_OG SONGS Units 2 & 3 10079 2 of 3 5B-1
NE TR WATER
4 i lw I PRESSURE °
> ;I ; > |9 3: TESTS S NOTRS ON:
.s e § M § ::! ;g »| St@vavion| DEPTH | u |u PESCRIFTION AND CLASSIFICATION ::::: ::::::‘_
..‘ b3 x [ ] b4 a3 .8 v : { 4 - CHARACTER OF
syl s oy I > < |3 BRILLING, ETC.
o]l dla}dle | [ r £ (o
EHEHEIERCRL H] .
o 4 {e FT FT
-40 70 4
sS 2" jav 50/2" Single Shot A 0.0-200.0" San Mateo Formation (continued) Normal drilling rate:
Record n 1 ft/1 minute.
4 Fine—to medium-grained, well compacted
- sand. 100% circulation.
-
4
Ss] 4" 2" 50/4" IDrife {3°0'3 -50 80 =
. Medium~to coarse-grained quartzose, sub-
§ rounded, well compacted sand.
=
-
-
ss| 1" 1" 50/1" 7]
-60 90 =
~ Well graded fine-to coarse-grained sand.
-
.
SS 2" 11" 50/2" Jorift Beo'yw -70 100 = -
: Pulled out of hole to
_ change drill bit.
-
-
B
L1 " L 1
SS 2" 12 50/2 -80 110 =4 -
b Brown, very well compacted,very fine-grained
h sand.
-
ss Pl " " °01'9 b
1 50/2" Iprife B°0 -90 120 -‘k -
o Well graded fine-to coarse-grained sand.
-‘1
.
-
-
2= pr 15072 -100 | 130 e
: Chiefly medfum-to coarse-grained sand,
d clean. -
-
2" 1" {50/2" Jorife oo 3
r -110 140 = -
Well graded fine-to coarse-grained, sub- Good circulation.
n rounded, well compacted sand.
<7
.
~120 150 7
srra “OLE MO,

5B-1

10070-2 (4-78)




S8 = SPLIT SPOON; ST » SHELEBY TUBSK;
D e ORNISON; P o PITCHER, O = OTHER

Unit 2 Well 5

PROJECT JION NO, HOLE NO,
GEOI_UG'C DR“_I_ I_OG SONGS Units 2 & 3 10079 3 0f3 5B-1
$i2le > WATER
vejEE|e|e |3 (¥, | eressure : .
>l 3w o> |0 [ TESTS S nNoTES On:
“ul gl Juio |2 |V wATER LxvaLs,
r 8| ¢l© MEE AN [ o| WLevarion| DEPTH v ..l DESCRIPTION AND CLASBIFICATION WATER RETURN
.J,s.u ': ::zzs- ’,g;.g il - CHARACTER OF
iolellu s lugleezlleels 5 < |3 DRILLING, &YC,
Toldlo [df0 |3 [xe]S %] cis 2 M H
IR R EIE R R ®ic 3 .
L H LR - . £ 3
.4 |3 FT FT
55 1" 5071 | Simgle Shot -120 150 0.0-200.0' San Mateo Formation (continued)
Record ’
ss| gy so/1" | prife|3°nebow 130 160-] | End day shift 10/5/78.
Begin swing shift 10/5/
78.
38 3" |3" 50/3" ~140 170 e
Firm drilling.
No water loss.
SS 2" 12" 50/2" |Drift]3°s1p°w -150 180 = -
Firm drilling.
SS 2" {2 50/2" <160 190_' -
-4
R o o -4 No water loss..
5s 2" | 50/2" t 13°s1°w -170 200
b Bottom of Hole: 200' 10/5-6/78 reamed hole
b Installed 200’ of 4" golid PVC - grouted 0-206' with 9" bit.
b with 45 bags 1:1 grout with 1.41 1bs. ’
D Intraplast additive per sack of cement.
: Conducted Eastman Gyroscopic survey of
] hole on 10/9/78.
4
-
—
-t
sive HOLE MO,

5B-1

10070-2 (4-78)




- PROJECT - 108 NO, BHEET MO, HOLE NO.
GEOLOGIB DR'LL lOG SONGS Units 2 & 3 10079 lor 3 5B-2
"TE COORDINATES ANGLE FROM HMORIZ. [BRARING
Unit 2 Well 5 $ 19 +10.3 /W 2 + 80.3 86° S$30°W
sEouUN COMPLETRD [DRiLLER DRILL MAKE AND MODEL noLE 31zt [oveErsuroan({rT)[rocu (rr) troraLoEPTH
10/2/78 | 10/3/78 P C Exploration Joy-S&H T Lo I 8 . 192 200°

" jcoma mecoveRry {(rFy/a)

CORK BOXES SAMMLES

— 19 —

gL YOP OF CARING

jGROUND EL.

DEPIH/EL, SROUND WATER

30" 25'/5"

OEPTYR/EL. TOP OF ROCK

12'/18°

[sAmMPLE MAMMER WRIGHT/FALL

CASING LEPT IN HOLE: OIA, /LENGTH

LOGOED BY:

140#/30" 4" PVC/197' Solid Mendell M. Bell / B. Hebbron
85|l a WATER
HH HE s £y E, PRESSURE H NOTRS ON:
:: : : S ; 3 u: TESTS z 4 5 WATER LEVELS,
e3(g)0 ‘.-' ol ®: xS - - | ELEVATION [ [T DESCRIFTION AND CLASBIFICATION WATER mETURN,
ws Viejw|uZ|2o .| & » H 3T (3 cHamaCTER OF
2ol %z x| d: ¥yl e g{2<|m > Y <
'Y wly|w [y Valeo, %) oz iz L] < . ORILLING, ETC.
HANIIHNHER ORI A «
-EE IR L) : = L4 :‘ " ; o
«'8laly .
e “]a FT FT | .
30 o I7.°.° \
Single Shot 154 0.0-12.0" BACRFILL SAND: Tan, fine-to Began drilling on
Record _°°°°a coarse-grained quartzose sand. swing shift.
- L4
4%°. Advancing hole with
j°°o°‘ 5-1/4" bit using
ooo.a Revert mud and water.
o o o
- o e
20 10 =
SS | 4™ [4&" 50/4"
-1 12.0-200.0' SAN MATEO FORMATION: Sand (SP) 4" casing placed to
“1 poorly sorted, angular to sobrounded, 20°.
-
minor mica, tannish-gray, dense.
SS } 4" |4" 50/4" | Drife|3°S5°E -t
10 20 . Hole advanced from
_ 20-200' with 3~1/2"
4 bit using Revert mud
-4 and water.
-
ss | 4" 4" 50/4" 0 30 =
-
-
-
e
-
SS | 4" 14" 50/4" | cameral malfynction -10 40 =4
- No fluid loss.
-
88 | 4" |a” 50/4" -20 50
SS 14" 4" 50/4" | Camera] malfunction| -30 60 =
-
4
=40 10 End swing shift.

B8 = SPLIT SPOON; ST » SHELSY TuSE;
O e DENMISON; P = FITCHER; O = OTHER

TR

Unit 2 Well 5

HOLE NO.

5B-2




88 = SPLIT SPOON; ST @
O = DENIBON; P o PITCHER; O = OTHER

SHELOY TUSK;

Unit 2 Well 5

PROJECY JOB NO, HOLE NO,
GEULOGIC DR'LL LDG SONGS Units 2 & 3 10079 2 of 3 5B-2
HER WATER
N EHHIAEE PRESSURE
L w ¢ > v > S NOYES ON:
ol Slwlal>jo [o2 TESTS °
SR M bEsce ND CLASSIFICATION WATER LEVELS,
: 3} <o wlv [® ] o] SLEVATION DEPTH v _-‘ ESCRIPTION A CLAS waTER mErumw,
S8 gV (v |wEzol, o .|E . 1 i cHARACTER OF
I RN TR N LR el S 3 oRILLING, ETC
H >t ale Velo2yla®jl 2 < s . .
fol dle |ife |2 [2=]S weilsr 2 « -
z| gfx HEEH [ [} H ®
R LT -1 T £
MR . FT FT
0 " : =40 70 <
SS| 4" {.4" 50/4 Single Shot i 12.0-200.0"' San Mateo Pormation (continued) Start day shift 10/3/78.
Record 3
SS 10"{ 3" 22-50/4"1Undergxposqd fiflm -50 80 =i
-1 Very fine-grained, silty and clayey sand. Normal drilling rate:
a Tan to greenish brown, well compacted, 1 ft/1 minute.
:' uncemented.
- Losing approximately
B 102 circulation.
Ss| 2" | 2" 50/2" -60 -
ss] 3" f 2" 50/3" [prift P°0'§E -70 = :
Medium-to coarse-grained silty, well com~
pacted sand.
ssp 3" |1 50/3" -80
Clean, medium~to coarse-grained quartzose
sand. "
ss} 3" | 3" 50/3" {prift P°45(SE -90
Good circulation, clean
hole.
" " "
SS} 2 1 50/2 -100
Chiefly coarse-grained quartzose sand,
clean.
" " " °
Ss| 2 0 50/2" rift R°451SE -110
-120
TR HMOLE NO,

5B-2

10070-2 (4-78)




PROJBCY 108 NO, MOLE NO,
GEOLOGIC DR”_L '_OG SONGS Units 2 & 3 10079 3 of 3 5B-2
EREES WATER
:':23 vt H '.'» PRESSURE g
IR E IR 3. TESTS S noTES On:
,; 2 H M % |a: g - w| SLEvATION! DEPTH | v |u DRESCRIPTION AND CLASSIFICATION ::::: ::::::'
vE oY ':5:’;3. ,-;_-.: z cHamacren oF
t‘:f. “le |t lvu|2zylen]s 2 <« |¥ ~ . BRILLING, ®TC,
Tol {loe ‘i x 1 1P uele T x =
sz lgiols e ®le H .
AT I-L T -1 B R .
N R FT FT
ss " P 50/2" Single Shot -120 150 12.0-200.0' San Mateo Formation (continued)
Record
Well graded, fine-to coarse-grained, well
- compacted sand.
ss] 3" [ 2" 50/3" IDrifc [2°30[SE -130 160 =
Nearly 100% circulation.
ssp 2"} 2% 50/2" -140 170 = .
Fine-~to medium-grained sand with occasional Drilling rate: 1 ft/1
coarse particles. minute.
ssp 2" ] 2" 50/2" |Drife |2°30|SE ~150 180 —
Same as above with coarse, tabular particles
up to 1/4" length.
h No water loss.
ssi 3" | 2v 50/3" 160 190 = l!:.ndidaz ihifth]i(;/t_‘ilm.
- Same as above but fewer coarse particles; .eg n swing & -
- very dense.
- Hole reamed with 8-7/8"
< bit to 205' on swing
- shift.
ss{ 2" | 1" | sor2" -170 200 ]
1 Bottom of Hole: 200'
B On 10/4/78, installed 197' of 4" solid PVC
n pipe in hole and grouted with 43 sacks of
7 cement. Water: cement ratio 1:1 with
—_ 1.41 1bs. of Intraplast additive per sack
N of cement.
: Conducted Eastman Gyroscopic survey of
- hole on 10/6/78.
. o \
.
-
-
1
sire HOLE NO.

$3 = SPLIT SPOON;: ST = SHELBY yUBE;
B e DENISON; P = PITCHER; © = OTHER

Unit 2 Well 5

5B~2

i10070-2 (4-78)




Unit 2 Well 5

S 19 + 01.0 / W 2 + 80.1

PROJECT JOB MO, SHEKT NO. HMOLE NO .
GEOLOGIC DRILL LOG sovGs unics 2 6 3 007 | 1ees | o3
TR COORDINATES ANGLE FROM MORIZ.ISEARING

90° —

sEaUN COMPLETED |[DRILLER IDRILL MAKE AND MODEL HOLE 3122 [OVERBURDREN(FT.) [ nOoCK {rT) [roraLoarrn
9/28/78 9/29/78 P C Exploration Joy-S&H 3-1/2" 13 187 200°
cong mucovERY {FT./%) CORE BOXES[SAMMES [EL TOP OF CASING [GROUND &L, DEPTH/EL, SROUND WATER PEPYR/EL. TOP OF ROCK

—— -— 16 — 30" 25'/5" 13'/17°

SAMPLE HAMMER WEIGHT/FALL

CASING LEFT IN HOLE: DIA./LENGTHR

LOGOED BV

D = DEMNISON, P o PITCHER, O = OTHER

Unit 2 Well 5

473" 4 PVC/180" Solid B. Hebbron / R. Nelson / V. Richards
140#/30
¥502 . WATER
R 3K : £, PRESSURE H wores ow:
:: > : ° : g vE TESTS z ] : WATER LEVELS,
« 2 2 HFIMER ._g » ELEVATION > v la DESCRIPTION AND CLASSIFICATION WATER WETURN,
w ety HE wEito | e, H H z |3 CHARACTER OF
soluiz|ul®fd’|0Y(a,3] 259, H I H DRILLING, &TC.
o |Jdisld|vis MRS KRR L T s
cz|tl3falele |uw®l o clew | & X H
LR IME NI Y L 3
a8 . FT FT
o o o
Single Shot 30 0 J%°q | 0.0-13.0' BACKFILL SAND: Fine to coarse, Began drilling on day
Record 1°.°d subangular to subrunded quartzose sand. shift.
o o
.. Started hole with
ja°-°¢ tri-cone rock bit and
dilute Revert drill-
o o o 1 "
<a°e°n At 7.5' 3" thick concrete slab. ing mud.
4 °
20 | 1090 -]
2 © o
e o
-“o o o
o
29 1 13.0-20.0" SAN MATEO FORMATION: Fine-to 1002 circulation.
" " 25-50/5, “ . coarse-grained sand; well graded, light tan,
ss 1 17" 9 - . very slightly weathered; occasional micaceous | Placed 21' of 4.3"
h siltstone pod; very dense. diameter casing.
-
10 207
.
ss | 4" [2.5"| 50/4" | Camerg malffinctiog p. -
.
-
4
0 30
SS 12.75% 1.5) S0/2.73" - ot
-1 Drilling rate steady:
b 1 £f£/50-60 seconds.
-10
No circulation loss.
S§S_ | 4.57 3" 150/4,5" | Drift{vertital -
=20
Ss | 3" |2.5"] 50/3" ot
Siltstone, gray-green, arenaceous (very
fine) slightly weathered with very small
amount of orange oxide staining; micaceous;
slightly plastic.
-30
Ss 13" | 2" 50/3" | Drift [0°10'N70°W -
Predominantly fine-to medium-grained, poorly
graded sand.
-40
88 = SFLIT SPOON; SY = SHMELBY TUBE: srre uoLe no.

5B-3

Ha&CF 191




PROJECT OB RO, HMOLE MO,
GEOLOGIC DRILL LOG ors | s
R WATER
relzld |wie g 8 PRESSURE :
L TREIERE 8: TESTS 9 noTRS ON:
:= g : ': 8 e ,: » o] sLavarion| DEPTH v | DESCRIPTION AND CLASSIFICATION ::::: ::::::‘
jfc: l=5:1=8_ ’; ! H ; cuamacren or
. O HER PR u.;g‘= T ] < |¢ - DRiILLING, 8TC,
3’ s |s1e : O [ - 2 e |s
‘! sz 1lo |s [] ®ig 3 L]
el ol | gt o s 3
s J e FT
Single Shot -40 13.0-200.0" San Mateo Formation (continued)
Record
ssf 2.5"] 1  J50/2.5"
i Siltstone, gray-green, laminated with thin
- sand layers; well cemented.
=50 80 =1
.
ss| 2 | 1.5"| s0/2" |prife p°5'480°W _
: Siltstone, gray-green, same as above but -
i very weakly cemented; moderately plastic.
~60 90 =
-
ss] 2.5"4 1" Is0/2.5" -
- Sand, tan, fine-to coarse-grained, well
-1 graded; 1/4" dark siltstone layer, very
h dense.
-70 100
-
e
.
ss| 2.5"} 1" bos2.5" Jorige perofurocp ] 9/28/78.
g Begin swing shift.
. Sand, tan, fine-to coarse-grained,
. very dense.
-80 110
.
ss] 1" | o” 50/1" ]
] Good circulation, clean
: hole.
-90 1207
SS 2" 1" 50/2"_Jprift po'w - -
No drilling problems.
~100 130~
SS 1" 11" 50/1"
— sy
-110 140
SS 2" 2" 50/2" |prife [5'S8§°wW - -
-120 1507
sITE HMOLE NO.

88 = SPLIT SFOON;, ST » SNELBY TUSE;
B = OENISON; P = PITCHER. O = OTHER

Unit 2 Well 5

5B8-3

10070-2 (4-78)



PROJEBCT 08 WO, HOLE NO.
GEOLOGIC DR'LL LOG SONGS Units 2 & 3 10079 3 0f 3 5B-3
Silei>le o WATER
OB ERHER IR PRESSURE ]
refsle fol5 8 1ok TESTS ° woras on:
. ; ° H 4 b l:' N 4 v o] BL8vavion| DEPTH | ¢ . DESCRIPTION AND CLASSIFICATION ::::: ::::::"
et |V e jurizol, |8 v z [& . CHARACTERN OF
HEIE R I R L R R S s |3 ®
s * 3 Y] u.ot‘.-l: < |g ORILLING, BYC,
Toldle|i|a |3 || %j8c]i 2 s |3
$Z 3502 |alo |5 1 *le H U
e do Jelo |® ¢ .
HER R FT FT
Single Shot -120 130 13.0-200.0" San Mateo Formation (continued)
Record I
— -
ss| 1] o | sos1v T ]
-~130 1664
i
3
ss| 4" | 1" § so0/4" orifefi'w B
<1 Light tan sandstone (SW), fine-to medium-
] grained, very dense.
-140 170~
" " “ s
SS 1 0 50/1 - -
=150 180 No problems.
ss| 4" | 2» | sos4m |origcfoe .
B ™ Light tan sandstone. 1/2 sack Revert added.
-
-160 190
B
-
-
ss| 2|1 [sos2v =170 200}
- Bottom of Hole: 200'
. On 9/29/78 From 9/28-29/78
4 grouted 1in 1B0' of 4" solid PVC with 44 ‘reamed hole from 0-200'
- sacks of cement. Water: cement ratio 1:1 with 9" rock bit.
- with 1.41 1lbs. of Intraplast additive per
— sack of cement.
-
- Conducted Eastman Gyroscopic survey of
- bole on 10/5/78.
-
-y
.
-4
sire MOLE WO,

$S = SPLIT SPOON; ST = SHELBY TUSK;

O = DENISON; ¢ = PITCHER; O = OTHER

Unit 2 Well 5

5B-3

.10070-2 (4-78)




sROJECT JOB MO, SHEET NO. HOLE NO.,
GEOLUGIC DR“.L I.UG SONGS Units 2 & 3 10079 1or3 5B-4
“"re COORDINATRS ANGLE FROM NORIZ. (EARING
Unit 2 Well 5 $19+01.1 / W2+ 96.2 90° _—
sEGUN COMPLETED [ORILLER OMILL MANKE AND MODKL “oLE sizR {ovERBURDEN(FT.)[RmOoCcK {FT) IToTALDEPTM
9/22/18 9/25/78 P C Exploration Joy-S&H §j§’; o ig;}. l 0 200 200°

coma mECOVERY [FY fw)

CORZ BOXES

BDAMPALE §

13

®L. TOP OF CASBING

IGROUND &L

30"

25°/5"'

DEFPTH/EL. SROUND WATER

DEFTH/EL. YOP OF ROCK

0°'/30*

SAMPLE NAMMER WEIGHT/FALL

CASING LEFT iN MOLE: DIA./[LENGTN

LOGGED BY:

P = PITCHER, O » OTHER

Unit 2 Well S

140#/30" 4" PVC/193' Solid V. Richards / B. Hebbron
4
_.E:E:. - WATER
e HETR PRESSURE ° )
relstwi2is]e % TESTS ° NOTES OW:
rul2lg (013 J vae I 4 e wATER LEvELS,
'R ] 2 o : o] ®: e » - | ELEVATION [ v |a DESCRIPTION AND CLASSIFICATION WATER mETURN,
55 .° ol :x:O | e w . T |3 CHARACTER OF
PO u|Zluf®|a UV, 3] 2= |w, "+ o P DORILLING, ETC
$o|Jj6({d{vix cel|oZdjuc EE2 N ' :
cz |43 ]ile) g vt Hwe |[F I H
ecl3|Zlzjo|la & i« H °
gl ‘ FT
30 0.0-200.0" SAN MATEO FORMATION: Light Began drilling on
Single Shot : n
Record tan, fine-to medjium-grained, subangular swing shift.
to angular quartzose sand, very dense.
Advanced hole with
5-1/4" rock bit from
0-20'. Replaced hole
with 4.3" casing.
BO-32-35 20
SS 18"} 18" 67
ss | 12"] 12"[32-50/6"|Drife p5'W 10 Used open end carbide
bit on NC casing to
advance hole from
20-200"'.
75% water return.
ss |6" |3" | 50/6" 0
1/2 sack Revert added.
§s 14" 12" 150/4" IDrift pO'S20°W -10
$S 4" |o™ |50/4" -20
SS 13" 13" 150/3" |Drift PS5'NI5PW -30
-40
88 = SPLIT SPOON: ST « SMELBY TUBE; LA noLE No.

5B-4

MBI em s




LOGIC DRILL LOG

PROIE

cT 408 NO.

HOLE NO.

88 = SPLIT SPOON; BT = SHELBY TUBK;
O = DENISON;

P o PITCHER; O « OTHER

Unit 2 Well 5

SONGS Units 2 & 3 10079 2 of 3 SB-4
F : > WATER
::53 HHH i,| PREssure :
Pl oaf® | of2 3 8. TESTS S NOTES ON:

%) o8 tyjo . [ WAYER LEvELS,
== '8 : (.; :z ;: . : ) : sigvaTion| DEPTH v :l DESCRIPTION AND CLASSIFICATION waTER RETURN,
Jolalz el 2 ufa 212y ¢ {' N CHARACTRER OF
H Se 8w |F Velgzolae)s 2 < |¢ DRiLLING, &TC.
‘guguz‘=la.-.s»! e |a
S EHHHI R £ :

sa}s FT FT
ssl 3" | 3" 50/3" Si =40 70 FEm _ '
ngle Shot 0.0-200.0"' San Mateo Formation (continued)
Record - Drilling very slow in
eco’ 4 L clay and silt zone,
ight gray, very fine to medium micaceous
~1 . : : X . material very dense.
. siltstone with some oxidation of wicas;
_ portions are very fine claystone, very
= dense.
w " n . 1 ° -3
SS 2 2 50/2" fprift H0'S35°W -50 80 =
~
ss| 2" o |so0/2" R
-60 90 -~
-1 Good circulation.
n No problems drilling.
-
~
T il 1 - -9
SS 2' 2' 50/2" jprift p0°'sqo°w -70 100 =
—
.
-
-
ssf 1" | 1" | so/1" ]
-80 110~
-
-t
-
ssl 17 | o s0/1" Ibrife bo'sfo°w 90 120: End swing shift 9/22/78.
4 Begin day shift 9/25/78.
B
-
-
SS 5" 2" 50/5" -100 130~
: Medium-to coarse-grained subrounded, well
N compacted sand.
" 1
SS [ 2" 50/4" Jorife P°50(s -110 140
. Losing about 20X circula-
tion.
Normal drilling rate:
1 ft/1 minute.
=120 150
TR HMOLE NO,

5B-4

10070-2 (4-78)



P ROJEBCT 408 NO, HOLE NO.
GEOLOGIC DRILL LOG So8GS Taite 2 & 3 10079 st 3 sa-¢
ﬁ : > WATER
HE nilwely ¥ PRESSURE g
a: Sulals o 8: TESTS 8 moTEs Om:
.: o H 4 3 . g » o| sLsvavion]| DEPTH v | DESCRIPTION AND CLASSIFICATION ::::: ::::::'
e c: BB EHERID i;;.: [ 3R - cHamacTER oF
IR EREIrE R vulazsleels 2 < |2 ORiLLING, ®YC,
Tealdle ol & 3 tglg " waolr T z :
s sz lafogs t¥ T H .
a8 FT FT
ss{ 3" | 1" |s0/3" | single Shot -120 1504 0.0-200.0' San Mateo Formation (continued)
Record ]
N Chiefly fine-to medium-grained sand.
-
-
-
ss] 3" | 0" 150/3" Iprifc p°sofsw -130 160~ '
- Good clean hole.
ss{ 2" | 2" [Isor2" : ]
=140 1704
a Fipne-to coarse-grained subrounded, tan,
. quartzose sand.
ss| 2" | 0" }s0/2" Jcamerd maifunctfon .350 1803 End day shift 9/25/78.
- Begin swing shift.
-—
-
" {14 "
ss| 2" Jo 50/2 160 190
-
ssy 1" | o" 50/1" jprift P°50]520°§ -170 2007 -
’ e Bottom of Hole: 200' From 9/25-26/78
- On 9/27/78 grouted in 193' of 4™ eolid . reamed hole 0-200' with
" PVC with 48 sacks of cement. Water: 9" rock bit.
7 cement ratio 1:1 with 1.41 1bs. of Intra-
—_ plast additive per sack of cement.
j Conduycted Eastman Gyroscopic survey of
B hole on 10/3/78.
ﬁ
——
-
- ¢ .
-
-
-y
-
. —
-
oNTE MOLE NO.
8 « gPLIT SPOONM; SY o SHELBY TUBEK; —
D = DENISON; P = PITCHER; © = OTHER Unit 2 Well S 5B-4

10070-2 {A-TR)




Woodward-Clyde Consultants

ATTACHMENT G-2
SUMMARY OF DOWNHOLE GYROSCOPIC SURVEY DATA

Gyroscopic Survey results are attached for Wells 4 and 5 and for
Borings 4B-1 thru 4B-8 and Borings 5B-1 thru 5B-4. Two surveys

were run on Borings 4B-7: one prior to setting the PVC and the

other afterwards.




BECHTEL FOWER CORF.- DEEF WELL #4 -EASTMAN GYRO MULTI-SHOT SURVEY
SAN ONOFRE FOWER FLANT

 NORTH FOR THIS SURMEY IS *FLANT NORTH®y, N 57 00 W
UATESD S NCTORER 1278
4OB NO: F-1078-G008s
GYRQ SURVEY RY! EASTMAN WHIFSTOCK, INC.
FILE: F135-11

FITT

VERTICAL SECTION IS IN
FLANE OF EROTTOM HOLE CLOSURE,

RECORD OF SURVEY

L ANGLE AVERAGING MCTHOD



FECHTEL FOWER CORF.- DEEF WELL #4 -EASTMAN GYRO MULTI~SHOT SURVEY

TRUE

ORIFT VERTICAL
DIRECTION DEFTH
b FEET

0 0,00

THIS SURVEY I3 *FLANT NORTH®"y N 57 00 W

MEASUREL IRIFT
DEFTH ANGLE
FEET o ™
C. o 0
NORTH FOR
40, 2 45
50, 1 55
20, 2 0
.100. 2 15
120, 2 30
140, 2 50
160, 3 0
180, 2 9
182, 3 5

FINAL CLOSURE

DIRECTION?
DISTANCE?

N 44
N 1
N 14
N S

Z2Z2ZZZ
.

O O 0o m
EEEE L

39.9%9
99.97
F7.96
F?.%95

EE £

119,93
139.%1
159,38
179.83
181.85

VERTICAL
SECTION
FEET

0.00

-

Gl = O

-

>
Qo
12 bW

]
i

S
4,80

S.61

5.86

L5.97

DEGS 49 MINS 1 SECS W

FEET

0.69
1.33
2.04
2,77

3.59
4,51

2.52

b5.56
b 67

Z2Z22Z

222ZLZZZ

0.67
1.09
1.29
1.43

1.54
1,468
1.83
2.00

2,02

FAGE NO.

0 M

EEEE

EEsCEE

1
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z Bt 4-E-1  ---EASTHAN SYRO MULTI-SHOT SURVET

BELATEL FOWER TIRP.---  HOL
uﬂN ONDFRE FPOWER FLANT

NORTH FOR THIZ SURVEY I8 *PLANT NORTH®Yy N 57 00 W

70
2

STHAN WHIPE

SECTION IZ IN
BOTTOM HOLE CLOZURE,

RECORD OF SURVEY

-~
SHoLE AVERSGING RETAHOD




RECHTEL FOWER CORF,---  HOLE? 4-B-1 ---EASTMAN OYRD MULTI-SHOT SLURVEY 17337310 25-0CT-78 FPAGE NC.

TRUE : | {

MEASURED DRIFT LRIFT VERTICAL YERTICAL RECTaAaNGUL AR
DEFTH HBNGLE ODIRECTION DEFTH SECTION COQRIDINATE®S
FEET ooom I FEET FEET FEET
N R T ’ A UM A2 -
o, 335G R S 0,00 GO0 ¢L00 0,00
MORTH FOR THIS SURVEY IS5 "PLANT HNORTH®*s N 97 00 W
20, '3 59 H 74 W LG 73T 1.37 .38 N 1,31 W
A4, 4 0 N OF2OW 319,91 2475 0,72 N 2443 U
&0, 3 S50 N7 W G9.84 4,11 1.20 N I.92 W
20, KA NOFE W 79,21 R I 1,85 N .24 W
100, 3 50 N 78 W @977 6481 1.83 N b+.56 W
120, 3 85 N 77 W 119,72 8.14 2,13 N 7.88 U
140, 3 45 N 72 W 139,48 .50 2.47 N Te17 W
160, 2 50 N 70 W 159.63 10.82 2,89 N 10,43 W
180, 3 50 N &9 W 179,59 12,15 3.34 N 11.68 W
130, 3 55 HoAS W 187,57 12,82 3,62 N 12,30 o
4
FINAL ZLOSURE - DIRECTION: N 73 DEGS I% MINS 4 SECS U
DISTANCE? 12.82 FEET :
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NURTH FDR THIZ SURVEY T35 FLANT NORTH's N 57 00 U

ATED 2% 00
SOE M3 Fo1a7
GYRD SURVET

FILE! FL3e-3
e

MEaN  WHIFSTICOK, INC.

VERTICAL EECTION IS IN

FlLAaNME OF BDTTOM HOLE CLOSURE.

RECORD OF SURVEY

" ANOLE AVERABING METHOD

LORM e HOLESD 4-E-2  ---EASTHAN GYRD MULTI-SHOT SURVEY

+

SNOFRE SOWER FLANT

P



BECHTEL FOWER CORF.-—- HOLE! 34~E-2 ---EASTHAN GYRO MULTI-SHOT SURVEY 17135122 25-0CT-78 FAGE NG,
THRUE
REASURED DRIFT DRIFT WERTICAL VERTICAL RECTANDGULAR
HEFTH ANGLE DIRECTION DEFTH SECTION COO0ORITIMNATTES
£

1t
as!

FEZ PO T FebT Feed T
0. o 0 & 2,00 O, O

NOFTH FOR THIZ SURVEY IS *PLANT NORTH": N 57 00 W

0. 0 25 9041 W 20,00 =G, 07
4G, 0 40 M O20 E 40,00 -0.07
5G o 30 MO22 E £0,00 0,12
24 ¢ 20 Mo32E 20.00 .23

100,00 0.34
120,00 0.37

140,00 034

a2
g0
2

100
120,
140,

SO O OC

Lnon n
Mz inZ
Mmoo

150, 15 44 140,00 0,53
178. 15 82 178,00 0.53

L3I MINS & SELS E

FINAL CLOSURE - DIRECZTICHN? RS

DISTANCE: 0,53

oy
i
)
2
3]

71
sy Ry
— ;
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BECHTEL FOWER CORF,--- HILE! 4-FE-3 ---Ea8THan G7RO HULTI-SHOT SURVEY
SaM OMOFRE FOWER FLANT

NORTH FOR THIS SURVEY IS *FLANT NORTH®, N 57 60 U
DATE! 31 OCTOEER 1978
JOE NOY P-1078-G0154
GYRD SURVEY EY! EASTHAN WHIFSTOOK, INC,

FILE?D F134-10
FITT

WOIE IN
M HOLE CLOSURE,

RECORD OF SURVEY

AMOLLE AVERAGING METHOD




BECHTEL FOWER

FINAL CLOSURE

CORF, -—=  HOLE!

LRIFT
ANGLE
oM

[
]

ad ol

FOR THIS SURVEY

5V b

200 3 5%
87, 3 30
ST 3320
80. 3 25
130, 3 26
120, 3 23
140, 3 106
15G, 3 25
182, 3 10
129G, 3 20

- DIRECTION?
DISTANCE:

A-R-3

LRTET
DIRECTION

[
o Gt
[T ]
o

o -
o S
o0

s 21
s
F VA 4]

431
~J
.

& 806

11,40

TRUE

'v‘t F T J.’..;( n_.
LEFTH
FEET

b 0,00

B .
[N NS RS
~

=

EE e F
f
&
A

¥ 25,81
W 119,77
W 13%.74
W 155,70
W 179,47

18764

=

DEGS 24 MINS &

FEET

\I(EF\TI.HI

selTlan
'
'
)
)

FEeT

<
<
<3

Oo;"l

. / . Q’/

[} [
€ e O
P ED
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o -~ e o o
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BECHTE.. FOWER CORF,--- HOLE! 4-FE-4 —---EASTHMAN GYRD MULTI-SHOT
SAM ONGFRE FOWER FLANT

NDRTH FOR THIS SURVEY IS "FLANT NORTH® s N S7 00 W
DATE: 31 OCTORER 1978
JOG NO: F-1078-G01353
GYRO SURVEY BY3  EASTMAN WHIFSTODKs INC.

FILE! F13é-11
FITT

FLadz OF FROFOSED DIRECTION I3 4 20 DEG. O MIN. E

RECORD GF SURVEY

ANGLE AVERAGING METHOD

SURVEY

- .._’:.'_‘.....'_,.‘_..‘:.



v .

HECHTEL FOWER CORP.——- HOLE: 4-E-

MESSURED ODRIFT
DEFTH ANGLE
FEET oM
0. o 0

NORTH FOR THIS SURVEY I8

20, 0 35
40 o 29
&0, O 55
R IN G 10

s
—a
-

N
Lt
120,
130,
1450,

1 & ’::' +

SO OO
72}
C

o
1
o7

190,

FINAL CLOSURE - DIRECTION:
DISTANCE:

4

TRUE

ORIFT VERTICTAL

DIRECTION DEFTH

I

¢

FEET

D400

VER
SEC
F

"FLANT NORTH"s N 57 00 W

t

d

M

rd

[T B
L) I

— -
o <D

—_—
K-

N

&0

et 3

11

e

£oud

0.71

A A A
by G

A4Q, 00

= m

F &G4 00
E 85,00
W 100,00
E 120,00
E 140,00
E 159,99
E 179,97

DEGS 26 MINS 33
FEET

SECS E

C-=—EASTHMAN GYRO MULTI-SHOT SURVEY

TICAL F
TIOHN o

EET

0,00

0. 07
o053
"'O«) OJ
G.17

0,13
0.1%
e
Loy s
VT
0.&8
Q. &

0.00

0,00
.21
0,02
0.+04

0.00
0,11
0,05
0.02
0.10

.18

OGO O
= OO
g O D
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Q.18
0.17
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EOET
LR I |

Oot{.‘g
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BECHTEL FOWER CORF.-~ HOLE! 4-E-5 --EASTHAN GYRO MULTI-SHOT SURVEY
SAN OHOFRE FPOWER FLANT
HORTH FORR THIS SURVEY IS "FLANT NORTH®s N G7 Q0 W
DATE: 17 NOVEMEBER 1978
JOE NOD P-1178-G0223
GYRO SURVEY EY: EASTHMAN WHIFSTOCK, INC.
FILE: F136-20
FITT

VERTICAL SECTION IS IN
FLANE OF EOTTOM HOLE CLOSURE.

RECORD OF SURVEY

ANGLE AVERAGING METHOD



ECHTEL FQWER CORF.-~- HOLE: 4-E-5 --EASTMAN GYRO MULTI-SHGT SURVEY

MEASURED LRIFT
DEFTH ANGLE
FEET noM
04 5 0

NORTH FOR THIS SURVEY IS *

20. 3 0
40, 4 20
60, 50
8O, 4 95
i00. 4 30
120, 4 25
140, S 0
150. 4 3
180, 4 30
190, 4 2%

FINAL CLOSURE. - DIRECTIONZ
DISTANCE S

TRUE
ORIFT VERTICAL
DIRECTION DEFTH
n M FEET
§ 52 CW 0.00

FLANT NORTH®"s N 57 00

S 32 0 U 19.92
€ 56 0 W 39.86
S 53 0 W H59.79
§ %6 0O W 79,72
£ 46 30 W ?9.65
& S0 30 W 119.59
§ 55 30 W 139,92
g 53 30 W 159.46
§ 53 O W 179.40
S 54 O W 189.37

$ 53 DEGS 4 MINS o7
1%.41 FEET

VERTICAL

SECTION -

FEET

0.00

1.74
3437
.00

77

P A

€.37
F.92
11,356
13.14
14.64

15.41

SECS W

03305116

00--72

KECTaNGUL A

C00R I

DI
* > > -»
A IRNIDNIN

0O C

.01
6+ 04
7.02
7.9
8.80

P26

I NA&TE
FEET

-z
* W

2469
4,01

O.42

6470
7.87
9.18
10,48
11.70

nxn

EEELE

EEX

W

FAGE NO.
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EECHTEL FOWER CORF,---
SAN ONOFRE FOWER FLANT

HOLE :

NORTH FOR THIS SURVEY IS

IDATE: 15 NOVEMBER 1978
JOE NO! F-1178-G0205

GYRO SURVEY EY$: EASTMAN WHIFSTOCK:
FILE! F134-17

FITT

VERTICAL SECTION IS IN
FLANE OF EBOTTOM HOLE CLOSURE.

4-E-6.

-——EASTHAN GYRD MULTI-SHOT

"FLANT NORTH®"y N 57 00 W
INC.
RECORD OF SURVEY

ANGLE AVERAGING METHON

SURVEY




'ECHTEL FOWER CORF.--—-  HOLE?
MEASURED LDRIFT

DEFTH ANGLE

FEET oL M

0. 4 35
NORTH FOR THI% SURVEY IS
20, 4 35

40. z 30

60, 4 1%

co. 4 0

100. 4 20

120, 3 50

140, 4 0

160, 4 0

180. 2 95

190. 39

FINAL CLOSURE - DIRECTIONS

DISTANCE:

4-E-6

----- EAasTrAN GYRO MULTI-SHCOT SURVEY 0017337 00--72
TRUE
DRIFT VERTICAL VERTICAL FECTaAaNGULEA
DIRECTION DEFTH SECTION COORIDTITNATLE
oM FEET FEET FEET
S 80 30 W 0.00 C.00 0,00 0.00
"FLANT NORTH®", N 37 00 W
S 80 230 W 19.94 1.60 Gu26 86 1.98
5 &8 0O W 37.89 2.99 0.65 & 2.93
84 O W nP.84 4,34 .83 § 4.27
76 0 W 79.79 .78 .93 & G.7
N 88 ¢ W ?9.74 723 1.0 8 7415
587 O W 119,69 8465 1.10 8 £.58
80 00U 129.64 10.01 1.286 5 .93
€ 8% 30 W 159,59 11.41 1.38 S 11,32
§ 85 30 W 179.54 12.78 1.44 ¢ 12.70
€ 83 20 W 189,82 13.46 1.51 S 13.37
$ 83 DEGS 34 MINS 24 SECS W

13.45 FEET

" m

W

W

FHGE
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RECHTEL FOWER CORF--- HOLE:! 4-FE-7 -—---EASTHMAN GYRO MULTI1-S8HOT SURVEY
SAN ONOFRE FOWER FLANT
NORTH FOR THIS SURVEY IS °FLANT NOKRTH®, N 57 00 W
DATE: 28 NOVEMEER 1978
JOEBE NOD F-1178-6G0260 .
SURVEY EBY: EASTHAN WHIFPSTOCK, INC,
FILE? Fla1-1
FITT

VERTICAL SECTION IS IN
FLANE OF ROTTOM HOLE CLOSURE.

RECORD OF SURVEY

ANGLE AVERAGING METHOD




EECHTEL FOWER CORF---

DRIFT

MEASLURED
DEFTH ANGLE
FEET I M
Q. 10 0O

NORTH FOR THIS

20, 1
40,
&0,
80,

) N
Moo

100,
105,

0 0 R Ut

FINAL CLOSURE - DIRECTIONS

DISTANCE:

SURVEY IS

<O O

TRUE
DRIFT VERTICAL
DIRECTION LEFTH
D FEET
S 26 W 0.00
"FLANT HNORTH®y N 37 00
5 26 W 19.70
5 27 W 39,40
5 27 W 99.12
5 26 W 78.87
S 23 U P8.6%
8§ 2% W 103,56
S 26 DEGS U8 MINS 31
17,34 FEET

HOLES 4-E-7 —-—--FEASTMAN GYRO MULTI-SHOT SURVEY

VERTICAL
SECTION
FEET

0,00

:504-/-‘
6.50
10.22
13.42

16,56
17434

EECS W

003111350 C0O--72

RECTANGUL A
COORTIDTINGAGTE
FEET
0,00 0.00
3,12 5 R,
60]9 E) 300:;
$,15% & 4.5
12,01 8 - 5,99
14,87 S 7.29
15.59 § 74,60

EE &L L

FAGE NO, 1
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SECHTEL FGWER CORP.--— HOLE! 4-F=7 (FVCY  —--FaRipsi GVRO FELTI-SHOT

san ONOFRE FOWER FLAHT. Ch.

NORTH FOR THIS SURVEY IS *FLANT MORTH®,» M 57‘00 W

DATE: 12 DECEMEER 1
JOE NO?! F-1278-G0322
GYRO SURVEY EY: E@
FILES: F141-18

FITT

~?

VERTICAL SECTION IZ

7

57

)
(=]

Han WHIFSTOCE, ING.

TN

FLANE OF EOTTOM HOLE CLOBURE.

RECORD OF SZURVEY

ANGLE AVERAGING METHOD




CBECHTEL POWER CTORF.

HeASURED

LEFTH
FEET

(VIR

NORTH FOR THIS

- n
]

L e

=
H
.

LTS

[

FItal CLOSURE -

TERTICAL

DIRECTIUN uru110h

-

.
]
0

.
N3 MY N2

Y s
QOO O
mm

-

-
“l e

107,

020
o

mw

LIRECTIONS 29 MING

DIETANCE S

(€3]

i

m

17.@0 FEET
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Uy o
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cnCHTEL FOUHER CORF s —-—-
SAl IROFEE POUER FLAKTy Ca

1

NORTH FOR THIS SURVEY IS “FLANT NORTH", it §

LATE: & NECEMEBER 1578
JOB HO P-1278-G0308

GYRO SURVEY EYS  EASTHMA&N WHIFSTGCOR, IHC.
FILEY F141-10

FITT

1GLE S 4-FE-8 ——-Ef8STHa OVRD LTI




e |

BECHTEL FOWER CORF,---  HOLE?D 4-BE-8 —--EASTHAH GYRO MULTI-SHOT SURVEY OO300I41 CO--70  FAGE MO,

THLUE

MEASURET GRIF ORIFT VERTICAL VERTICAL FECT A& NGUL AR
ODEFTH P GLE DIRECTION LEFTH SLOTTION CoOORDIMATIESESG

FEET oo I FEET FeeT FEET
Q. 10 20 H 792 W 0,00 0,00 0,00 0. 0G0

MORTH FOR THIS SURVEY I3 "FOANT HDRTH‘»IN L7 00 W

15, 10 20 N 79 14,745 2447 CL.O1 N 2a84 W
30, Y 0 N 77 1.04 M G410 W

1,52 N 7540 W
&7 W

E T E E
2

NG

[ESTIR S

L) 5 I b S

- o oy
G7.13 Y, 58 1.93 0

o
¥

45, 7 0 M7?
&0, 8 30 N 81

Fns 7 05 a2 W 74,02 12,048 220 N 11,85 W
3, 09 Hoe2 W 7h 9T 128,93 231 H 12,24 W

FINAL CLOSURE — DIRECTIOMS N 79 DEGS 20 MINE O 3ECS U
DISTANCES 12448 FEET
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BECHTEL FOWER CORF.--- [DEEF WELL ¢ 5 ---EASTMAN GYRO MULTI-SHOT SURVEY
SAN ONOFRE FOWER FLANT

NORTH FOR THIS SURVEY IS "FLANT NORTH®"sy N 57 00 W

DATE: 19 SEFTEMEER 1978
JOE NO:! F-0978-G004¢6 ‘
GYRO SURVEY EY: EASTMAN WHIFSTOCK, INC.

FILE: F134-20
FITT

FLANE OF FROFOSED DIRECTION IS N 90 DEG., © MIN. E

RECORD' OF SURVEY

ANGLE AVERAGING METHOD




o e ... et v cnarttam. veniae ..,.._., A . i nee et e _.. bt s cree s ..(- U “.g.‘...».._‘-M-a—“ma.‘*s—.-m——_J.s.w.-—h.__‘. — — e !
BECHTEL FOWER CORF,--- DEEF WELL % S5 ~--EASTMAN GYRO MULTI-SHOT SURVEY 18123100 19-SEF-
. TRUE
MEASURED IRIFT DRIFT ‘VERTICAL VERTICAL RECTANGUL A
IEFTH ANGLE DIRECTION LEFTH SECTION COORDINATE
FEET oL M I FEET 7 FEET FEET
O c o - 0 0.00 0.00 - 0.00 0.00

NORTH FOR THIS SURVEY IS "FLANT NORTH'. N 57 00 W

40, 2 40 N 34 W 392.99 -0.32 0.77 N .52
60, 2 59 N 32 W . 59.97 -1,08 1.59 N 1.05
100, 2 50 N 27 W .91 -2.,01 3.37 N 2.01
120. 2 350 N 20 W 119.89 -2+40 4,27 N 2,40
130, 3 0 N 18 W 129.88 -2.97 4,76 N 2:57
FINAL CLOSURE - DOIRECTION: N 28 DEGS 21 MINS 44 SECS W
5+.40 FEET

DISTANCE:

© b b et me s

'@
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BECHTEL FOWER CORF,--
SAN ONOFRE FOWER FLANT

naTE:

NORTH FOR

-  HOLED -

THIS SURVET

OCTOEER ¢ 1973

JORBR NO:

GYRO SURVEY BRY:!

FILE:
FITT

F-1075-35010C

F135-16

MERTICAL SECTION I§VIH

FLAME

OF

BEQTTOM HOLE

CLOSIRE,

IS

EASTMAN WHIFSTOOK,

-—-BEASTHAN GYRO MULTI-SHOT SURVEY

"PLANT NORTH®y N S7 00 W

INNC,

RECORD OF SURVEY

ANGLE AVERAGING METHOD

 Emmamas s o e e s R ke o e m e e




RECHTEL FOWER CORF.,-—-

MEASURED
LEF TH
FEET

~

O

NORTH FOR THIS SURVEY

20,
A0,
650

80,

120,
1 2':" *
140,
150,
180,

190,

FINAL CLOSURE - DIRECTION:
DISTANCE?S

1521
Lo

4

[£}]

n 19}
(RO

<

(S8 08 ) VS 43

[#8} Ol 12 O8O L
[ e -t
MG

ol
<

i~1  --=-EASTHAN GYRE MULTI-%HOT

TRUE

DRIFT VERTICAL
DIRECTION DEFTH
D FEET

S 73 W 0.00

TELANT NORTH®"» N 37 00 W

S 73 W 19,94
3 77 W 39,53
S g2 W 59,50
S 74 W 79,88
3 77O 9,85
5 76 W 119,82
S Té& W 135,79
S 83 W 159,76
S 80 W 179,73

189.71

w
s}
et
=

77 DEGS 15 MINS 28
+45 FEET

S w

VERTICAL
SECTION

o A3

)

-
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Co 0 O
o b (0O
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EECHTEL FOWER CORF.--- HOLE?! S-B-2

SAN ONOFRE FOWER FLANT
NORTH FOR THIS SURVEY IS
é OCTOEER 1278

F-1078-G0070
EASTMAN WHIFSTOCK

DATE
JOE NO!
GYRO SURVEY EY!
FILE: F125-14
FITT

IN
CLOSURE .

VERTICAL SECTION IS
FLANE OF EQTTOM HOLE

=-=EASTMAN GYRO MULTI-SHOT SURVEY

"FLANT NORTH"y N Y 00 W

IHNC.

FECORD OF SLIRVEY

ANGLE AWVERAGING METHID



BECHTEL FOWER CORF+-—- E-2

MEASURED

NORTH FOR THIS

28]

SRV

LS ROV SR

r3

CLOSURE DIRECTIONS

DISTANCE!

TRUE
LRIFT VERTICAL
LHIRECTION DEFTH
D FEET

3]

26 W 0.,C0

URVEY IS "FLANT NORTH"™, N &7 00

g 26 W 19.97
S 34 U 27.74
&5 24 W 9% .98
8 20 W 79,869
27 §5.87
20 117.85%

139.83
159,861
179.79

3é
20

19

¢ wWwwmn

CEEEEE

5]

E 26 DEGS 41 MINS 44
8.92 FEET

—~=<EASTMAN GYRO MULTI-SHOT

VERTICAL
SECTION

am

12 U 185.78

00103108
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kI i 2

n U
EELE E €

o
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SECHTEL FOWER CORF.--- HOLE: 5-FE-3 —-=PASTHAN GYRO MULTI-SHOT SURVEY
SAN ONOFRE FOWER FLANT

NORTH FOR THIS SURVEY IS "FLANT MORTH®, M 57 00 W

DATE! O UCTORER 1978

JOE N0V P-1078-G0084

GYRO SURVEY EY: EASTHMAN WHIFSTOOK, INC.
FILE: F135-13

FITT

VERTICAL SECTION IS IN
FLANE OF ROTTOH HOLE CLOSURE.,

RECORD OF SURVEY

ENGLE AVERSGING METHOD



BECHTEL FOWER CORF.-=~- HOLE! 5-E-3 ---FEASTHMAN GYKO MULTI-SHOT SURVEY OGI0&ta7  C0--72 FAGE HO.
TRUE

HEASURED DRIFT IRIFT VERTICAL VERTICAL FECTaAaMNMGUL AR a6 LEG
DEFTH ANGLE DIRECTION DEFTH SECTION COORILINATLES SEVERITY
FEET o M b FEET FEET FEET DEG/100FT

Qe o 0 0 0.00 0,00 0,00 ¢.Q0 6.0

NORTH FOR THIS SURVEY IS "FLANT HORTH®": N L7 00 U

20, 1 10 5 31 E 20.00 ¢.01 .17 5 ¢.10 E S.8

40, 0 85 M 36 W AGL. 00 D36 0.2 8 Goid W 10.2

&0 0 40 N 17 E G97.9% 030 0,146 5 C.20 U 4.8

g0, O 15 & &2 F 79,95 ¢, 130 0,12 & ¢, 10 W 4.0

180, o 20 S 77 E 77.97 ¢, 0% .16 5 ¢.01 W G, 8

120, 0 30 N B85 W 119.99 0,19 0.30 & G G3 U 4.2

140, 0 20 N &9 W 139.92 .29 0.27 & Q17 W 1.0

150, O 20 N 13 U 159.99 - 0,30 0.18 8 .24 U 1.4

1585, 0 10 N 2 W 164.97 Q.29 C.s16 5 .25 U 3.5

FINAL CLOSURE - DIRECTION: £ 97 LEGS 1 MINS 7 SECE U
DISTANCES 0,29 FEET
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EECHTEL FOWER CORF--- HOLE: S-E-4
SAN CONOFRE FOWER FLANT

NORTH FOR THIS SURVEY IS

DATE: 3 OCTORER 1978

JOE NO? F-1078-G0076

GYRO SURVEY BY!: EASTMAN WHIFSTOCKS,
FILE: F138-9

FITT

VERTICAL SECTION 1S IN
FLANE OF EBEOTTOM HOLE CLOSURE.

---EASTMAN GYRO MULTI-SHOT SURVEY

*FLANT NORTH®'» N 57 00 W

INC.

RECORD OF SURVEY

ANGLE AVERAGING METHOD




@ ® @ ® ® @
1 -
BECHTEL FOWER CORF--- HOLE: S-E-4 ---EASTMAN
TRUE

MEASURET DRIFT DRIFT VERTICAL

DEFTH ANGLE DIRECTION LDEFTH

FEET oL M It FEET
NORTH FOR THIS SURVEY IS *FLANT NORTH®» N 7 00
20, 0 50 S 70 W 20.00
40, 0 S5 S 66 W 40.00
&0, 1 & g 78 W S57.99
80, 0 40 S 43 W 77.99
100, 0 40 S 88 W PY.F?
120. 1 0 N 77 W 119.599
140, i 0 S 83 W 139.99
1460, 0 5 S 73 W 159.98
180, 0 55 S 77 W 179.98
FINAL CLOSURE - DIRECTION? S 78 LDEGS 1 MINS 42

HISTANCE? 2.460 FEET

GYRO MULTI-SHOT SURVEY

VERTICAL
SECTION
FEET

¢.00

0.14
0.44
0.79

1.09

1,33
1,40
1.94

"o

PO PV

2.60

SECS W

00318131

0,03
0.16
0.27
.37

0,43
0,40
0,39
0.46
0,34

mwvwuyy

nuwmuwwy

00--72

EE EE

EE EEE

FAGE NO.

1
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