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PREFACE

This report is one of a series documenting the results of the Swedish-American cooperative research
program in which the cooperating scientists explore the geological, geophysical, hydrological, geo-
chemical, and structural effects anticipated from the use of a large crystalline rock mass as a geologic
repository for nuclear waste. This program has been sponsored by the Swedish Nuclear Power Utilities
through the Swedish Nuclear Fuel Supply Company (SKBF), and the U.S. Department of Energy (DOE) through
the Lawrence Berkeley Laboratory.

The principal investigators are L.B. Nilsson and O. Degerman for SKBF, and N.G.W. Cook,
P.A. Witherspoon, and J.E. Gale for LBL. Other participants will appear as authors of the individual
reports.
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ABSTRACT

The purpose of this report is to present the basic fracture and
hydrology data collected as part of the joint LBL-KBS fracture hydrology
program at Stripa, Sweden. A detailed description of the fracture-core
logging and hydrology borehole testing procedures is included as well as
a description of how the fracture and hydrology data were coded and
organized. Based on this coding a series of computer data files for the
fracture and hydrology borehole data have been constructed and these are
described in detail. The fracture data file for one borehole is pre-
sented as an example in an appendix along with all of the raw and some
partially processed and analyzed fracture hydrology data files. A
detailed description of how this data will be analyzed to develop a
thorough understanding of the fracture system and hydrogeologic charac-

teristics of the Stripa site is presented.






1.  INTRODUCTION

1.1 Background

The overall fracture hydrology program at Stripa is described by
Gale and Witherspoon (1979) and consists of five basic field components
(Fig. 1.1). These components are (1) calculations of directional perme-
abilities. (2) analysis of the groundwater geochemistry and isotopes, (3)
tracer tests, (4) an underground ventilation experiment to measure in-situ
seepage and (5) pump tests. Data obtained from each of the five components
will be synthetized and integrated through the use of numerical flow and

transport models.

Fracture hydrology field studies started in late 1977 and were
terminated in early 1980. Preliminary results of the fracture hydrology
program at Stripa are documented in the following reports and papers:

Gale and Witherspoon (1979), Forster and Gale (1979), Forster and Gale
(1981), Gale and Raven (1980), Gale et al. (1979), Witherspoon et al.
(1979a), Olkiewicz et al (1979), Fritz et al. (1979a), Fritz et al.
(1979b), Fritz et al. (1979¢c), Andrews et al. (1980), Fritz et al. (1980),
Witherspoon et al. (1979b), Witherspoon et al. (1980), and Witherspoon et
al. (1981). Other summary papers appear in various conference and workshop

proceedings.

As part of this field program we have conducted an extensive series
of borehole measurements and observations. These include (1) in-situ pore
measurements during drilling, (2) measurements of the variation in water
levels in horeholes open at the surface, (3) water outflow measurements

from instrument and heater boreholes in conjunction with the thermal
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experiments, (4) measurement of the water pressures and flow rates, during
both injection tests in surface boreholes and withdrawal and injection
tests in the subsurface boreholes, from discrete boreholes intervals that
were isolated using packer assemblies, (5) measurement of water level
changes versus time during pumping out tests in several surface water
wells, and (6) detailed description of the fracture planes intersected by
the drillcore and measurement of the relative orientations of the frac-
tures. These measurements provide the data base that will be used to

develop an understanding of the physical hydrogeology of the Stripa site.

1.2 Objective and Scope

In this report the techniques and tools used to obtain and the proced-
ures used to process the fracture and hydrology data into computer files
are described. The fracture and hydrology data from each borehole and
testing activity.are summarized in the main body of the report and a
complete record of all of the measurements is given in the appendices.

Only a very preliminary analysis and discussion of the data have been
attempted in this report. Detailed analysis and interpretations is a
subject for future reports. A brief discussion of the geology of the
Stripa site is included to provide an understanding of the structural
setting and lithologic variation in the Stripa area. Preliminary data on
the pore pressures in the rock mass, water table variations, and dewatering
associated with the thermal experiments are also presented to give the
reader some appreciation for the general hydrological characteristics of

the Stripa site.
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1.3 General Geology and Borehole Locations

The Stripa mine, located in south central Sweden, is an iron ore mine
in which mining operations stopped in 1977. Excavations for the thermal
and hydrology experiments have been mined in a medium grained granite under
the north 1imb of an easterly plunging syncline of metamorphic rocks. The
geology of the site has been described by Olkiewicz et al. (1979). Figure
1.2 shows the distribution of outcrops in the immediate area of the test
excavations and the Tocation of the hydrology boreholes. The test excava-
tions projected into plan view in Fig. 1.2 are located approximately 338

meters below the ground surface.

The surface boreholes consist of six water table wells, WT-1 through
WT-6, a pump test well WT-7 (also a water table well), and three long
inclined boreholes SBH-1, SBH-2 and SBH-3 (Fig. 1.2). SBH-1 is an open, 76/
mm diameter, diamond corehole, 385 meters in length that angles downward at
45 degrees and passes over the top of the test excavations and terminates
at approximately the 290 meter level. SBH-2, also diamond cored, was
drilled from the west toward the test excavations. This borehole is 365
meters in length, angles downward at 52 degrees and terminates in the
position shown in Fig. 1.2 at approximately the 290 meter level. SBH-3,
315 meters in length, also diamond cored, is drilled from the north at an
angle of approximately 50 degrees south towards the test excavations,
terminating in the position shown. A1l three inclined surface boreholes
were oriented to optimize their intersection with the major fractures

sets.
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The subsurface hydrology boreholes (Fig. 1.3) are located at the north
end of the test excacations. This group of boreholes are all diamond
coreholes, 76 mm in diameter, and 30 meters in length, except R-1 and R-6
which are 40 meters in length. The survey data for each borehole is given

in Table 1.1.

The overall Tayout of the subsurface hydrology boreholes with respect
to the location and orientation of boreholes for the thermal-mechanical

experiments are shown in Fig. 1.4.

1.4 General Comments on the Hydrological Setting of the Stripa Site

The most significant perturbation of the hydrologic regime at Stripa
has been that produced by excavations made during the iron-ore mining.
Mining started as an open pit operation some 400 years ago and continued as
an underground operation for about the last 40 years. In the initial
phases of the Stripa program it was proposed that the mine had acted as a
major drain, decreasing the pore pressures in the surrounding rock mass.
Thus the in-situ pore pressures were measured during the drilling of the

three surface wells, SBH-1, SBH-2 and SBH-3.

Measurement of the in-situ pore pressures was accomplished by stopping
the drilling every 20 to 30 meters, removing the dri]T rods, lowering
a single packer to within 5 to 10 meters of the bottom of the borehole,
inflating the packer and hence sealing off a section at the bottom of the
borehole. The in-situ pore-pressure in this cavity was monitored, using a
strain gauge transducer-packer assembly (Fig. 1.5), until the cavity

pressure approximated a steady-state condition.
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Fig. 1.3. Location and orientation of subsurface hydrology boreholes.
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Fig. 1.5. Single transducer probe for in-situ pressure measurements.
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The in-situ pore pressures for SBH-1, SBH-2 and SBH-3 are plotted in
Figs. 1.6, 1.7, and 1.8. The data used to construct these figures are
tabulated in Tables 1.2, 1.3, and 1.4. 1In Fig. 1.9 we have reproduced
a plot of the in-situ fluid pressures measured by the Swedish Geological

Survey (Olkiewicz, et al., 1978) in the deep borehole drilled from the 410 m

level, DbhV-1.

SBH-1 shows that the fluid pressure increase with the depth, in the
borehole test intervals, does not follow the hydrostatic pressure line
indicating that a strong downward gradient exists, starting at about 100 m
below the ground surface. In SBH-2 no measurements were made, during the
drilling, below the 100-m level. However the data from SBH-3 show pres-
sures less than hydrostatic starting at the surface. Overall the strong
downward gradients confirm the expected draining effect of the old mine
workings. However the flowing borehole at the 410-m mine level and the
overall gradients in DbHV-1 (Fig. 1.9) suggest that groundwaters from a

deep flow system are discharging upward into the mine.

In addition to measuring the in-situ fluid pressures during drilling,
seven water table wells, described in the previous section, were drilled in
the area above the test excavations (Fig. 1.2). The water Tlevels in each
well were measured every week using a water level tape. These data, for
all seven wells, have been plotted in Fig. 1.10. In addition, Stevens F
water level recorders were placed on four of the water table wells. All of
the recorders experienced float problems and this, combined with a Tack of
trained personnel, resulted for the most part in very incomplete and

unreliable records. Well No. WT-3 based on weekly water level measurements
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Results of fracture and pressure measurements in SBH-1.
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Results of fracture and pressure measurements in SBH-2.
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TABLE 1.2 "IN-SITU PRESSURE MEASURED IN SBH-1 DURING DRILLING

Hole Length Mine "Z" Pressure, kPa
*m * Psi

47.4 53.0 55 379
47.0 52.5 54 373
57.3 60.0 68 471
82.9 80.2 91 627
104.6 96.8 114.0 785
124.3 111.9 126 868
150.5 132.0 127 875
170.2 147.1 236 1,626
187.5 160.3 145 999
200.1 169.9 140 964
216.0 182.2 206 1,419
231.8 194.3 100 689
250.8 208.8 129 889
270.1 224.4 136 937
299.1 245.8 60 413
329.4 269.0 248 1,709
368.5 29.0 250 1,723
339.4 276.7 217 1,495

* Cavity Mid point

TABLE 1.3 IN-SITU PRESSURE MEASURED IN SBH-2 DURINA DRILLING

* ®
Hole Length, m Mine “Z", m Pressure, psi Pressure kPg,
47.43 53.03 " §5.0 378.9
46.98 52.47 54.2 373.4
57.32 60.61 68.4 471.2
82.9 80.21 91.0 626.9

104.6 96.83 114.0 785.3
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TABLE 1.4 IN-SITU PRESSURES MEASURED IN SBH-3 DURING DRILLING

*
INTERVAL MID POINT IN-SITU PRESSURE * IN-SITU PRESSURE*

(M) (Psi) (kPa)
26.65 7.08 48.81
39.9 19.78 136.38
50.2 31.94 220.22
71.4 53.22 366.93
79.8 74.29 512.20
99.65 53.66 369.97

147.95 106.94 737.31
157.5 115.69 797.64
166.5 125.91 868.11
177.9 137.63 948.91
180.8 146.13 1007.52
194.0 153.28 1056.81
199.2 158.95 1095.91
210.3 - -
224.2 182.49 1258.2
235.35 196.08 1351.90
257.4 221.94 1530.20
269.0 233.54 1610.18
274.6 240.69 1659.47
285.95 - -
296.8 ; 258.28 1780.75
306.6 221.34 1526.06

* At Cavity Mid Point
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provided the best overall record (Fig. 1.11) and as shown in Figs. 1.12 and
1.13 exhibiteq rapid variations in water levels on a daily basis. The
daily water Tlevel variations in WT-3 were significantly different during
~spring runoff (Fig. 1.12) than during the late summer periods (Fig. 1.13).
The water levels inva11 of the wells rose during periods of rainfall, but
the exact position of the water table could not be determined because as
the wells were deepened there was a corresponding drop in the water levels.
This also indicates that the pore pressures in the rock mass have been
reduced by drainage into the mine excavations. However, despite the

reduced pore pressures the rock mass appeared to be saturated.

Around the immediate test area the groundwater gradient,‘as will
be shown in Chapter 3, was directed into the excavations. The resulting
groundwater inflows required continuous dewatering of the heater and
instrument holes (Fig. 1.4) during the thermal-mechanical experiments. A
record was maintained of the volume of water pumped from each borehole and
the time at which it was pumped during this dewatering activity. These
inflow data, presented in Figs. 1.14 and 1.15 for selected boreholes, give a
reasonable measure of the volumes of water flowing through the fractured

granite at Stripa.

The in-situ pressures from both surface and subsurface boreholes, the
water table data, and the dewatering records will be subjected to a de-
tailed analysis in future reports that will deal with the hydrogeology of
the Stripa site. These data have been presented here to provide some
limited background for the presentation of the fracture and injection-

withdrawal hydrology data.
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Continuous water level record for WT-3 during the late summer-
fall period, i.e., September to October. Note the continuous
decrease in water levels during this period in comparison to

the more fluctuating record for the May period shown in Fig. 1.12.
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2. FRACTURE DATA

2.1 Introduction

Since the central compénent of the fracture hydrology program is the
calculation of directional permeabilities from measured fracture orienta-
tions, spacings, and apertures, considerable attention has been devoted to
the characterization and mapping of the fracture system at the Stripa test
site. Basic data on fracture orientations, fracture spacings, fracture
lengths and the surface characteristics of the fracture planes, including
any mineral infillings or coatings, have been obtained by mapping the
surface and sub-surface exposures (Olkiewicz et al., 1979; Rouleau et al.,
1981). Additional data on fracture orientations, spacings and surface.
characteristics have been obtained by logging the drill core and conducting

TV camera surveys of selected boreholes.

In this chapter the procedures used to orient, reconstruct, and log
the drill core are described. In addition the mapping and coding proce-
dures for the drill core data are described using examples of the coded

data. Examples from selected drill cores are given in Appendix A-1.

2.2 Core Logging Procedures

2.2.1 Determining Relative Fracture Orientations

Fractures may be considered as planar features whose orientation in
space can be fully described by two angular measurements. If a borehole
intersects a fracture plane the resulting trace of the fracture on the
borehole wall and on the core surface will be circular (if the fracture is
perpendicular to the borehole). Figure 2.1 shows a section of core with an

elliptical trace generated by the intersection of the borehole with the
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Fig. 2.1. Angles o and 8 and the reference line (after Goodman, 1976).
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fracture plane (P plane). Also shown in Fig. 2.1 are the major and minor
axes of the elliptical trace. Measurement of angles o (angle between the
core axis and major axis of ellipse) and B (angle measured clockwise around
the core in the B plane from the reference line to the dip side of the
major axis of the ellipse) can be used to describe the orientation of a
fracture with respect to a reference line drawn parallel to the core axis.
Knowing the bearing and plunge of the borehole (thus the orientation of the
reference line) one can determine the strike and dip of the fracture plane
from o and 8 data using techniques described by Goodman (1976). Values of
o and 8 may also be determined by direct observation of the fracture trace
on the borehole walls using borehole television or borehole periscope

equipment.

2.2.2 Core Reconstruction and Fracture Mapping

To obtain fracture orientation data from borehole cores where natural
reference planes (such as regular foliation or bedding) are unavailable one
must first obtain a reference line that will be parallel to the core

axis.

A reference line may be obtained in a variety of ways, including core
scribing, core indenting, taking an impression of the core stub, and paint
marks on the core (Goodman, 1976). In all of these cases an inclined hole
is required for the marking techniques to allow determination of the lower
side of the hole. This is where the reference line is drawn. Cores
obtained from inclined holes in this study were marked with a simple core
indentor (Fig. 2.2). This indentor was Towered on a wireline to the bottom

of the hole at the end of each core run. When the hole bottom was reached,



Indentor slides down
hole to mark lower
side of core stub

Fig. 2.2.
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Borehole wall

XBL 841-9531

Core indentor.
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the indentor was raised several feet then released. This allowed the

indentor to slide along the lower side of the borehole and indent the Tlower

side of the face of the core stub. As each core run was removed from the

hole the following steps were performed:

1.

The split triple-tube was opened and a preliminary reference line
was drawn on the core parllel to the edge of one half of the
triple tube using a felt pen. This permanently shows the rela-
tive position of each core section as it came from the barrel. A
split PVC pipe was then placed on top of the core and securely
taped to the lower split tube.

The core was then rotated so that it sat in the split PVC pipe
and the split-tube was removed.

The top piece of core was rotated in the pipe so that the inden-
tation on the core was adjacent to the side of the PVC pipe.
Each subsequent piece of core was then rotated so that the
surfaces of each core section mated properly.

Once the core was considered to be properly reconstructed, a
final reference line (representing the lower side of the hole)
was drawn on the core. The core was now ready for determining
the values of a and B for each fracture. Angles were measured
with a simple goniometer as shown in Fig. 2.3. B8 angles were
measured using a strip of mylar with 0-360° markings also shown
in Fig. 2.3.

2.2.3 Characterization of Fracture Surfaces

Both surface and internal characteristics of fractures were logged.

These characteristics included:

1.

[S A I~ N 98

Distinction between natural fractures and fractures induced
during drilling,

distinction between open and closed fractures and where possible
an estimation of aperture,

definition of the form of the fracture surfaces,
definition of the roughness of the fracture surfaces,
definition of any weathering present on fracture surfaces,

jdentification and description of fracture fillings, and
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7. description of the rock containing the fracture.
Many of these characteristics can be observed in both periscope and T.V.
logging procedures. However, the most complete data are obtained from rock
cores in which fractures can be opened to see details of their surface and
internal characteristics. The following is an outline of fracture plane
characteristics that were determined by core logging techniques. More
detailed information can be found in ISRM Commission on Standardization of

Field and Lab Tests (1978) and Piteau (1971).

Natural fractures can usually be readily distinguished from breaks
induced by drilling. Induced breaks will appear fresh, generally at 90
degrees to the core axis and irregular in surface character. In contrast,

natural fractures often will be weathered, slicken-sided or contain gouge.

Closed fractures are fractures which are visible in the core and
have sufficient cohesion not to have been opened during drilling. Open
fractures may have surfaces which mate very closely or they may have very
poorly mating surfaces. The poorer the degree of mating, the greater the
effective aperture of the fracture (thus the greater the opportunity for

fluid flow).

The form of the fracture surfaces can be described as planar, curved
(undulating) or irregular (stepped) (Fig. 2.4). These distinctions assist
in determining the origin and continuity of each fracture and are used in

conjunction with the following roughness classification.

The roughness classification used in this study was based on that

outlined by Piteau (1971). Thus, fracture surfaces are considered to range
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Fig. 2.4. Classification of the form of the fracture surface.
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from rough to smooth or slicken-sided where slicken-sided indicates clear

evidence of previous shear displacement along the fracture (Fig. 2.5).

Fracture surfaces may appear fresh to very weathered depending on
their depth below ground surface and the degree of groundwater movement.
Iron stains and a slightly worn appearance suggests moderate to high

weathering of the fracture surface.

Fracture fillings or gouge consist of materials derived from breakage
of the country rock, alteration products, precipitations from fluids or
intrusions of igneous materials. The type, color, thickness and hardness
are noted. The gouge. or filling type can be recorded with symbols such as
K for calcite, Ch for chlorite etc. Gouge thickness can be measured with
an ordinary ruler. Hardness is determined according to the following

classification by Piteau (1971).

A set of simple mechanical tests based on the physical properties of
rock is set up to establish classification of their hardness, and the
symbols are recorded. With considerable experience and test background,
and using the fingers, a pocket knife, and geological pick, the complete
range of classification in the field can be established as follows:

S1  Very soft: Easily molded in fingers; shows distinct heelmarks.

S2  Soft: Moulds in fingers with strong pressure; faint heelmarks.

S3  Firm: Very difficult to mould in fingers; difficult to cut with
hand spade.

S4 Stiff: Cannot be moulded in fingers; cannot be cut with hand
spade and requires hand-picking for excavation.

S5 Very stiff: Very tough and difficult to move with handnick;
requires pneumatic spade for excavation.
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Category Degree of Roughness Sketch
1 Slickensided Surfaces s — o S
2 Smooth - —— A
3 Defined Steps ‘
4 Small Steps R~~~
5 Very Rough TR R’ R~

XBL 841-9534

Fig. 2.5. Roughness classification after Piteau (1971).
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R1  Very soft rock: Material crumbles under firm blows with a sharp
end of a geological pick and can be peeled off with a knife; it
is too hard to cut a triaxial sample by hand.

R2  Soft rock: Can just be scraped and peeled with a knife; indenta-
tions 1/16 in. to 1/8 in. show in the specimen with firm blows of
the pick point.

R3 Hard rock: Cannot be scraped or peeled with a knife; hand held
specimen can be broken with a hammer end of a geological pick
with a single firm blow.

R4  Very hard rock: Hand-held specimen breaks with hammer end of
pick under more than one blow.

R5 Very, very hard rock: Specimen requires many blows with geo-
logical pick to break through intact material.
In this study three basic groupings were used to describe the hardness
of the gouge and infilling material. Soft (S), which includes S1, and 32,
medium hard (MH), which includes S3, S4, and S5, and hard (H), which
includes Rl and R2. The rock containing the fracture is described by
determining the lithology, hardness (see above) and internal structural

features.

2.3 Data Processing, Coding and Verification Procedures

Standard forms for core logging and recording basic drilling data
(Figs. 2.6 and 2.7)were used. About 10 to 15 individuals were involved in
logging the hydrology boreholes. Attempts were made to minimize the
individual's variation in the core logging process by overlapping the
loggers as much as possible at the beginning and end of each shift.
Despite these efforts one must expect differences in the fracture logging

between loggers, especially in determining roughness and hardness.

The raw fracture data were transferred directly from the logging sheets

used at the drill site to a computer file. Because of the need to provide
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a complete drilling record, each computer record started with a flag. If
the flag is 11 then the record contains fracture data, if the flag is 22
the record contains data on the drill-rig schedule, performance, etc., when
the flag is 33 the record contains comments about either the logging

or drilling operation, when the flag is 44 the record contains data on
core lengths, etc., and when the flag is 55 the record contains core and

drilling data, dates, location, core box no., name of logger, etc.

The specific coding and record format for each record type are out-
lined below. For the fracture data record, i.e., with flag of 11, the

following coding and format was used;

Parameter Format Column
Flag 12 1-2
Depth F10.3 3-12
Description of Strata 3A4 13-24
Fracture Type

1-Natural

Z2-Induced 12 25-26

3-Uncertain

Fracture Condition
1-Open
2-Closed I? 27-28
3-0ther

Fracture Plane

Characteristics
1-Planar
2-Curved I? 29-30
3-Irregular

Fracture Roughness
(1-5 mm) 12 31-32

Weathering A4 33-36



Gough Type A4 37-40
Colour A4 41-44
Thickness A4 45-48
Hardness Ad 49-57

-Relative Orientations

-Beta F 50 53-57
-Alpha F 50 58-62
Comments 4A4 63-78

The drill data record (Flag 22) used the following format;

Parameter Format Column
Flag I2 1-2
Time (hr. min) - 2F4.0 3-10
Core Interval 2F6.2 11-22
Bit Pressure F5.2 23-27
Water Pressure F5.2 28-32
Bit Information 3A4 33-44
Water Depth F5.0 45-49
Information 7A4 50-78

Comment cards (Flag 33) have the following format;

Parameter Format Column
Flag 12 1-2
Comments 18A4 3-74

Core Data cards (Flag 44) have the following format;

Parameter Format Column
Flag 12 1-2
Core Interval 2F10.2 3-22
Measured Core F10.2 23-32

Interval



Number of Core

Pieces

Sample Recovery

percent

Core Recovery

Percent

Mean Core Length

Sum of Core Length

Comments

-40-

14

F5.2

F5.2

F5.1
F5.1
5A4

33-36

37-41

42-46

47-51
52-56
57-76

Core and drilling data records (Flag 55) have the following

format;
Parameter
Flag

Date

Borehole No.

Core Box No.

Drill Crew

Logger

Format
I2

312

A4

A4
10A4
474

Column
1-2
3-8
9-12
13-16
17-56
57-72
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Symbols and abbreviations that commonly appear in each record are:

(1) for colors,

Green = @GR White = WH
Brown = BR Black = BL
Yellow =Y Blue = BE
Red = RE Grey = GY
Black, Green and White = BGW

and Black, Yellow and White = BYW

and (2) for mineral infillings and coatings;

Epidote = EP Calcite = CA
Flouite = FL Chlorite = CL

Iron (oxides) = FE Mica = MI
Quartz = QT Pyrite = PY
Sulphur = SU Clay = CY

Silt = SI Sand = SD
Feldspar = FD (most cases is microcline)

Mica, Chloride Calcite = MCLA

Sulphur, Feldspar, Chlorite = SFCL

Chlorite, Calcite, Quartz = CLAQ

Pyrite, Chlorite, Calcite = PCLA

and Epidote, Chlorite, Calcite = ECLA

In addition, when more than one fracture orientation value was given
this is indicated by "----- " and the extra readings were given under a
comment card flag. Comment cards were generally used if the logger felt
that the orientation values were incorrect or if the space provided for a

particular category was inadequate.

The only way to verify the accuracy of the data from the logging
of a drill-core is to have a different logger relog the core. Because of
the tight drilling schedules at Stripa and the limited professional man-
power, relogging of the core was not feasible. In nearly all cases the
fracture and core logging were checked each day by a drill shift super-
visor. In order to minimize the number of errors that normally exist in

transferring data from original field logging sheets to computer records,
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the computer record was compared line by line to the original field records

by a second individual who had not been involved in the original data

coding and processing.

Also, in addition to the basic fracture data, other core data col-

lected during the logging process included the following:

(1)

(7)

Core Interval:

Given as the depth at which a drill run was started to the depth at
which the drill run finished. Depths are recorded to the nearest
centimeter. The length drilled can be determined by taking the
difference between the two depths.

Measured Core Interval:

This is the measured length of the sample recovered from the uptake
of each drill run. This length may be greater or less than the
core interval due to core stubs being left in the hole at the end
of a coring run.

Number of Core Pieces:

The number of pieces of solid core

Sample Recovery %:

_ Measured Core Interval
S.R. = Core Interval x 100

Core Recovery %:

_ Sum of Core Lengths
C.R. = Tore Tnterval x 100

Mean Core Length:

Sum of core lengths/numbers of core pieces

Sum of Core Lengths:

The sum of the lengths of the solid pieces of core.



-43-

Also, to ensure a reference for later work, a complete photographic

record of the core was maintained. This is discussed in the next section.

2.4 Types-and Format of Available Data

For each borehole a copy of the complete set of field fracture logging
sheets are available either from the Stripa mine site, the Earth Sciences
Division of the Lawrence Berkeley Laboratory (LBL), or from J.E. Gale of
the Earth Sciences Department, Memorial University of Newfoundland (MUN).
The complete set of computer coded fracture data files is also available
from either LBL or MUN either in the form of computer printout (Appendix

A-1) or on 9-track magnetic tape.

In general the photographic record consists of black and white pola-
roid photographs of the core immediately after the core was removed from
the triple tube core barrel, a 35 mm black and white photograph of each
core box when it was filled with core, and a 35 mm color slide, taken after
the core had been moved to the core storage building, of four or five core
boxes grouped together. The polaroid photographs were immediately cut to
form a continuous record of the core and fractures for the hydrology
testing program. An example of part of this record is given in Fig. 2.8.
Figures 2.9 and 2.10 show examples of the sort of detail available from
both the 35-mm black and white photographs and the 35-mm color photographs.
Copies of the black and white 35-mm photographs are available from the
Stripa mine and copies of the 35-mm color photographs are available from

either MUN or LBL.
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XBB 842-810

Fig. 2.9. Example of 35-mm black and white photograph of drill core.
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2.5 Summary

The fracture data file for borehole R3 is given as an example in
Appendix A-1. The comb]ete fracture data file, which is available on
either computer cards or magnetic tape, contains 10,515 records or lines of
data. The flags used to start each record and the coding and structure of
the data files provide for ready sorting and analysis of the fracture. The
survey coordinates given in Chapter 1 and the relative orientations given
in fhe data file permit one to calculate the true orientations of the
fractures. Thus the fracture data files as presented enable one to calcu-

late the statistics of fracture orientation and spacings.
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3. BOREHOLE PACKER INJECTION AND WITHDRAWAL TESTS

3.1 Introduction

The hydraulic characteristics of fractured rock masses and the dif-
ferent methods of determining the permeability of fractured rocks as well
as the conceptual framework for analyzing flow in fractured igneous and
metamorphic rock masses have been discussed by Gale and Witherspoon (1979)
and Gale (1980). The overall approach varies depending on whether one is
attempting to determine the total flux through the system or determine the
rate of movement of either water or a contaminant. In the disposal of
nuclear waste one is directly concerned with radionuclide migration prob-
lems. It is reasonable to assume, when matrix hydraulic conductivities are -
10-12 cm/sec, that in fractured granitic and metamorphic rocks radio-
nuclide migration takes place through individual fractures. Thus one must
pay particular attention to the structural geology and develop the hy-
draulic parameters for the rock mass from the level of the individual
conduits, utilizing their statistics of orientation, spacing, continuity and

aperture.

As outlined by Gale and Witherspoon (1979) the fracture hydrology
program at Stripa was designed to provide data on the hydraulic charac-
teristics of the fracture system such that when these data are combined
with the fracture geometry data a more complete description of the fracture
permeability of the rock mass will be possible. Central to this study was
a systematic borehole packer injection-withdrawal test program. The main
borehole testing program consisted of injection tests in the surface
boreholes and injection-withdrawal tests in the subsurface boreholes using

a 2-m packer spacing. In several boreholes a selected number of long
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intervals (6 to 7-m packer spacings) and single fractures (0.5 to 0.8-m
packer spacings) were also tested. The calendar periods during which each
borehole was tested, the type of test performed, and the test method are
given in Table 3.1. Appendix B-1 gives a complete summary of the indivi-
dual boreholes tested, the number and type of tests attempted and the types
of raw data available for each tests. This record shows that a total of
433 two-meter interval injection and withdrawal tests were attempted. Also
a total of 94 single fractures and a total of 29 six to seven-meter zone
tests were attempted. The exact number of successful tests will not be
known until each of the test results and records have been subjected to a

detailed analysis.

3.2 Data Collection and Transfer Procedures

In this section a brief outline of the data collection and data
transfer procedures used are given. The procedures for testing the surface
and subsurface boreholes differed slightly because of the test conditions
encountered. A detailed step by step discussion of the procedures is given

in Appendix B-2.

3.2.1 Data Collection Procedures

The basic set of equipment used fdr borehole packer tests is shown
schematically in Fig. 3.1. The main components are the borehole probe-
packer unit, the electrical monitoring system, the flow rate measuring
system, and other water supply and operating equipment. While a number of
different borehole probe units were used to isolate the test cavities in
the boreholes at Stripa, the basic borehole probe-packer assembly was

similar to that shown in Fig. 3.2. This assembly consists of two packers
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LENGTH OF  TEST TEST TESTING
BOREHOLE BOREHOLE TYPE* METHOD** DATE

S-1 All 2m 0 25 May - 1 Jun '78
S-2 A1l 2m 0 1 Jun - 7 Jun '78
R-3 ANl 2m R 24 Jan - 15 Jun '79
R-3 A1l S.F. B 3 May - 15 May '79
R-4 A1l 2m B - 27 Nov - 12 Dec '78
R-4 A1l S.F. B 23 May - 28 Jun '79
R-5 ATl 2m B 19 Feb - 28 Feb '79
R-5 A1 S.F. B 21 May - 31 May '79
R-6 A1l 4m 0 14 Jun - 26 Jun '79
R-7 A1l 4m 0 5 Jdun - 13 Jun '79
R-8 A1l 2m F 29 Jun - 31 Jul '78
R-8 A1l S.F. B 6 Mar - 19 Apr '79
R-9 A1l 2m F 14 Jul - 31 Jul '78
R-9 ATl S.F. B 26 Mar - 4 Apr '79
R-10 All 2m F 17 Jul - 3 Aug '78
R-10 All S.F. B 6 Mar - 20 Mar '79
HG-1

HG-2 ATl 2m B 30 Nov - 12 Dec '78
HG-2 A1l 2m B 20 Nov - 23 Nov '78
HG-3 ATl 2m F 7 Aug - 24 Aug '78
HG-3 ATl S.F. B 5 Apr - 20 Apr '79
HG-4 A1l 2m F 8 Aug - 22 Aug '78
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Table 3.1 (continued).

LENGTH OF  TEST TEST TESTING
BOREHOLE BOREHOLE TYPE* METHOD** DATE

HG-4 A1l S.F. B 24 Apr - 15 May '79
HG-5 A1l 2m B 4 Jan - 25 Jan '79
SBH-1 48-106 2m B 10 Sep - 27 Sep '79

105-152 2m B 27 Oct - 9 Nov '78

202-382 2m B 6 Sep - 16 Oct '78
SBH-1 A1l 6-7m B 13 Nov - 23 Nov '79
SBH-1 ATl S.F. B 12 Oct - 7 Nov '79
SBH-2 21-355 2m F 10 Jun - 17 Oct '79
SBH-3 A1l 2m F March '80

* In the "Test Type" column 2m refers to a 2m test interval, 6-7 m
refers to tests intervals 6 or 7 meters in length and S.F. refers
to intervals that contain a single fracture, usually about a .5m
test interval.

**  Test Method refers to the method used to measure flowrates, i.e. F
refers to positive displacement flow tanks, B, refers to the bubble
injection line system and O refers to other methods usually used for
outflow, or injection tests.
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Schematic of downhole testing equipment.
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and a probe plus the necessary connectinag pipes and tubing. The packers
are inflatable borehole seals that are inflated with compressed nitrogen.
The two packers are joined by a perforated steel pipe that allows water to
flow from the packer mandrels into the test cavity. The probe is basically
a watertight case that holds three electronic pressure transducers and a
thermistor. The feed-through ports provide a means of feeding nylon tubes
into the packer mandrels while maintaining a good pressure seal in the test
cavity. A reference point referred to as the NRD is an arbitrary position
on the probe assembly used to determine the position of the probe and other
components in the borehole. The distance to this point is called the
nominal reference depth or NRD. In nearly all of our testing the position

of the P3 transducer port was chosen as the NRD point.

Compressed nitrogen was delivered to the packers by the nylon infla-
tion line while water pressure was delivered to the test cavity by the
nylon injection Tine. A multiconductor cable provided transmission of
input power to the probe and returned the output signals to the surface.
The probe assembly was raised and lowered in the hole by a 1.9 cm diameter
steel pipe connected to the top of the probe. Surface or up-hole equipment
used to conduct injection tests and pressure pulse tests is shown in ng.
3.3. This equipment consisted of the following components: (1) Packer
inflation system: A compressed nitrogen bottle provided gas pressure to
inflate the packers. Packer pressure was controlled by valves on the
control board and monitored by the adjacent gauge. (2) Pulse piston: A
piston is placed on a T-connection in the injection line during testing of
the subsurface boreholes such that the packer inflation pressure could be .

used to fire the piston. The piston was simply a small bullet that’trave1ed
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Fig. 3.3 Schematic of surface testing equipment.
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inside the tube when air pressure was applied. The piston then displaced a
known volume of water, thus generating a pressure pulse in the test cavity.
(3) Flow tanks: A number of different size flow tanks were used. Water in
the tanks was pressurized using compressed nitrogen. The tank pressure was
controlled while the downhole test cavity water pressure was monitored with
a pressure transducer in the probe. A manometer or differential transducer
was used to monitor the change in water level in the tank over a specified
time period. These data were used to calculate the rate of water flow into
the test cavity. Variations in tank pressure were controlled by a volume
of air contained under the same pressure in a connected buffer tank. (4)
Flow pistons: Flow pistons, which were used in testing several of the
subsurface boreholes, have the same purpose as flow tanks however they
operate in a somewhat different manner. Compressed nitrogen was used to
apply pressure to the top side of the piston, which applied pressure

to the water below the piston. The rate of movement of the piston rod was
used to calculate the rate of flow of water into the test cavity. (5)
Bubble Tine: The bubble Tine was installed downstream of the flow tanks
and/or flow pistons and provided a means of measuring low flow rates. An
air bubble was injected into the injection Tine using a valve system
connected to the packer inflation line. The rate of movement of the bubble
in the tube was used to calculate the rate of water flow into the test
cavitv. The bubble was removed from the tube at the end of the bubble line
so that air was not injected into the test cavity. The bubble Tine approach
was used in testing sections of SBH-1, SBH-3 and a number of sections of

the subsurface boreholes.
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In testing SBH-2 and some sections of SBH-3 a four-flow-tank assembly
was used. In this case the diameter of the smallest flow tank was similar
to the diameter of the bubble line and hence provided the necessary flow
rate range for testing the low permeability sections. The relative ac-
curacy of each flowrate measuring system is summarized in Table 3.2. (6)
Water supply: Water was pumped into the flow tanks from a stdrage tank and
transferred into the flow pistons from the fi]]ed flow tanks. Large
particulate matter in the water was allowed to settle out in the storage
tank while smaller particles were filtered out prior to entering the bubble

line.

The electronic signal generation and collection system, which with
minor variations was used in the testing of all of the boreholes, is
shown in Fig. 3.4. .This system used a number of power supplies to power
the transducers and the thermistors and provided a means for observing
and saving both digital and graphical data. Transducers (Pl, P2, P3 and
the differential transducer) thermistors (probe temperature) are powered
by regulated DC power supplies, however, the output voltage of the power
supplies were monitored during testing. The output voltage of the
thermocouple mounted on the tank was converted directly to temperature
in degrees Celcius by the data logger. The data logger collected voltage
signals from the various sources at programmed time intervals and
directed the teletype to print and punch the signal data. The thermistor
box provided power to the thermistors and incorporated a Wheatstone
bridge to measure changes of temperatures down to 0.01°C over a linear
range of several degrees. The chart recorder was used to monitor the

ongoing change in the cavity pressure and tank level during testing.

In the testing of SBH-2 the output from the flow tank differential
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Table 3.2. Flowrate measuring ranges

1)

*%

*kk

Injection Line - Air bubble method

Lower Timit: - Position of air bubble can be determined to within +
1.5 mm.

- Thus to obtain 1% accuracy the bubble must move 150 mm,
giving for a 30 minute test a minimum flowrate of 0.056
mi/min.

- For 120 minute test minimum flowrate is 0.014 m1/min.
Upper limit: - Timing error + 0.2 seconds

- Thus to obtain 1% accuracy a minimum of 20 seconds of
injection time is required.

- For a one metre long bubble tube this provides a maximum
flowrate of 34 ml/min. A five metre bubble tube would
provide a maximum flowrate of 150 ml/min.

(maximum practical limits)

Small Flow Tank - Used primarily on SBH-2-

Lower limit: - Transducer accuracy is 0.002 VDC
1% accuracy requires a change of .2 VDC

A change of 1.0 VDC in transducer reading is equal to
6.25 ml of water

Thus minimum volume for 1% accuracy is 1.25 ml.
Minimum flowrate for a 30 minute test is 0.042 m1/min.
Minimum flowrate for a 120 minute test is 0.010 m1/min.

Larger Flow Tank - Used primarily in testing SBH-1

Lower Timit: - Transducer accuracy is 0.002 VDC

1% accuracy requires a change of .2 VDC

A change of .00000206 VDC is equal to 1 ml of water

- Thus a minimum volume for 1% accuracy is 9708 ml of water

For a 30 minute test the minimum flowrate is 323 m1/min
For a 120 minute test the minimum flowrate is 80 m1/min

Acceptance of a 10% accuracy would permit one to measure flowrates on
the order of 10~3 m1/min.

Upper limits on the flow tanks is determined by the volume of water in
each tank and the length of time required to obtain good test results.

Several different sizes of tanks were used in testing SBH-2 and one inter-
mediate size tank was used in testing the other boreholes. These tanks
provide flowrates that complimented the ranges provided by the tanks
described above.
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DATA LOGGER
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XBL 841.9535
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{print and
punch output)

Schematic of data acquisition system.
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transducer was monitored on the chart recorder and used to determine the

flow rates. The teletype system was not used at SBH-2.

3.2.2 In-Situ Pore Pressure Measurement

In-situ pore pressure measurements are required to determine in-situ
fluid pressure and hence existing pressure gradients in borehole testing.
The downhole probe assembly described in the previous section is not well

suited to the measurement of in-situ pressures during injection tests.

In the surface boreholes in-situ fluid pressures in the rock mass
around the test interval before injection testing were determined by the
following approach. If the column of water generated by the fluid pressure
in the test cavity rose to within 8 to 10 meters of the ground surface, the
jn-situ fluid pressures were determined by closing a valve in the flow
Tine, thereby removing the fluid pressure imposed on the test cavity
by the flow tank. In intervals with moderate to high permeabilities this
excess fluid pressure would decay to the original in-situ pressure in a
reasonable period of time. In intervals with low permeabilities the times
‘required for the fluid pressures to decay to their in-situ values were
excessive. Thus the approach discussed in the following section on data
processing was used to obtain the data need for the calculation of the
gradients present during the injection test. The problem of measuring
in-situ pressures could be resolved by installing a valve above the top
packer that could be controlled from the surface. A downhole valve would
eliminate the column of water imposed by the flow tanks during in-situ
pressure measurements and could be opened to a11owvinjection or pulse

testing. Alternatively, as discussed in Chapter 1, in-situ pressures can
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be measured during drilling by setting a single packer several meters above
the end of the hole at the end of each drill run. This was the approach
used to obtain in-situ pressures during the drilling of SBH-1, SBH-2 and

SBH-3.

In subsurface boreholes in which groundwater was seeping into the
test excavations, the pore pressures in the rock mass were much greater
than the pressure of the column of water in the injection line, and hence
it was very easy to obtain, by closing the injection line, an exact measure
of the in-situ pore pressure in the cavity being tested. The in-situ
pressure data are presented in Appendix B-3 and discussed briefly at the end

of this chapter.

3.2.3 Injection Testing

Injection tests were conducted by measuring the steady-state rate of
flow into a test cavity under a constant pressure. Several pressures in
excess of the in-situ groundwater pressures were applied to the test cavity
in a stepwise fashion as shown in the strip chart record in Fig. 3.5. The
strip chart record in Fig. 3.5 shows the fluid pressure (P1) in the
wellbore below the packer assembly and the fluid pressure in the test
cavity (Pp) for a test in the R9 borehole. Both an outflow test and an
injection test are shown. In testing the surface boreholes where in-situ
pressures were unknown an excess head was applied to the test cavity by the
column of water in the injection system and the corresponding flowrate was
monitored. Additioﬁa] pressure increments were applied using the flow
tanks or flow pistons (Fig. 3.3) described earlier. Once an excess pres-

sure was applied, the flow rate (using flow tank, flow piston or bubble
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\ j DEFLATE
‘ OPEN LINES FOR READING

BUBBLE

|

BUMP UP PRESSURE

INJECT _—~~"[~~14:14.00

=

ADJUST FOR INCREM.

BUMP UP PRESSURE

60 min.
FLOW TEST 0.0 mi/min
CLOSE PI ‘i‘lz :35:00
Pt
INFLATE PACKERS
Pl 0.1284 P2 0.1938
L L | 1 | !
? Oil 02 033 04 0.5 voit (P2)
! | ]
0 0.2 0.4 0.6 08 1.0 voit (PH{)
START TEST R9 NRD |
MARCH 26/79
XBL 8419536
Fig. 3.5. Example of strip chart record for an injection test.
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1ine) was monitored until steady pressure and flowrate conditions were

achieved.

Steady state conditions were assumed to exist when the fluid pressures
did not vary by more than 0.0003 MPa per minute and three consecutive
flowrate measurements did not vary by more than 5%. In a number of test
intervals these conditions were not reached and quasi-steady state tests
were performed. When steady-state conditions were reached, the steady-
state pressures and flowrates were recorded and the next pressure increment

started.

In the subsurface boreholes we were able to measure the rate of ground-
water flowing out of each test cavity. This was accomplished by simply
opening the injection line at the flow tanks and measuring directly, with a
calibrated cylinder, the volume of flow out of the injection line over some
given time period. Usually an outflow test was performed both before and

after any injection tests were carried out (Appendix B-3).

3.2.4 Pulse Testing

Pulse tests were conducted, in a limited number of test cavities, by
monitoring the decay of a small transient pressure pulse imposed on the
test-cavity pressure. In a pulse test, when the piston is fired, a known
volume of water is displaced in the test cavity (and in the line to the
surface) causing a pressure increase. The character of this pressure
increase and decay is primarily dependent upon rock mass characteristics
such as degree of fracturing and the permeability and porosity. The data
obtained from the pressure pulse testing program at Stripa are presented in

an earlier report by Forster and Gale (1981).
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3.3 Data Processing Procedures

3.3.1 Types of Raw Data Available

As indicated in the previous section, injection test data were col-
lected using a basic data Togger system. A1l of the electronic sensors
produced a dc voltage and this was converted by the A-D system in the
data logger to a digital form. The voltages and temperatures (°C) were
printed in digital form either on the data logger printer or on a teletype.
In a number of the tests (Appendix B-1) the data were also recorded by

teletype on punched paper tape.

In addition to the printed and punched paper tape records the analog
signals from the transducer monitoring the test cavity and the differential
transducer monitoring the flow tank were generally monitored using a
strip-chart recorder (Fig. 3.5). Also for each test all of the pertinent
data for that test and the test interval were recorded on a data sheet. An
example of one of the two data sheets used is given in Fig. 3.6. After the
borehole test data have been analyzed copies of all of the data sheets and
records with explanatory notes will be placed on fi]e‘at the Stripa test

site and at LBL.

3.3.2 Data Reorganization, Coding and Storage

After the data were received, the data sheets, strip-chart record,
teletype printer output, and punched paper tape output for each test were
assemb]ea for each borehole. Separate files were created for the 2-m,
single fracture, and Tong interval tests, respectively. The punched paper
tape was transferred onto magnetic tapes and the computer printouts filed

by borehole number.
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SB[ NELD Je’

Location (5721 P ﬁ

Borehcl.e Lengthgg‘{{ . 8

Time

m Borehole Diameter /0 M/ Bearing/plunge
Technical Staff 1. Ci?

vate OCT 12 -1278 €

_ 45

2.

1630

Type of packer(s)

Depth Data
Elev. of collnr'&BL/ m

Distance to G.W.L.

Top of upper nea1358-8[{ m

Top of test cavityw
Bottom of test uvity}_ﬁn

" Reference pt. 358 1//

Length of inj. tubing 4’3‘5D =

Diameter of inj. tubing 3.79
Length of inj. cavity

180 =

Length of bottom end cavity __ 1

Length of top end cavity<3 _8_([

358.13

Bottom of lower Sea]—.}éz 3m Position of Pl¢ m
Length of borehole probebﬁ_ m Position of P2v357 90 B
Length of cable used” 6lo -3 Ponition of P3¢ 2/.6
Pressure Flow Temperature
Transducer Data Pl P2 P3 Tank Thermistor
Data Logger channel ) / 2 3 5
Calibration a.coR6 | L509 1006610 1¢.000604 -
Surface Reading ’0-0672 004 7\3 00267 - -
Beading before inflation /1751{ /3150 I 337‘{ [/ 722 052436
Reading after inflation /3570 ,6354 /34'97 9 8ol 05240
Reading before deflation /037b /34’75 /31/7‘/ 4‘1//6 0.5253
Reading after deflation “8“{6 IBMB /3!/6[/ 4'1”5 052(5-5
Surface Reading - - - - -
Injection Date Flowrate Pressure Pressure Tank
Normal Injection Surface Downhole Position
Pressure, HMPaor vDC [cc/eec| VDC #ma, | 'DC | mpa |etart |stop
¢ overburden press /min
oi-f?ro 0z MPa .05 |0-0290 18467 A 718 | 4.743
.z‘#’fo.ll{ 102 HPa 0.05 01252 1951 /735 1473
23 152
0028202 MF 8 006 102319 2054 595 |4.54
«3 157
.2 102
.1 52
n 07

Indicate if borehole testing continued without removing packer from

boreshola.

cavity, P3 = pressure above injection cavity.

Pl = pressure below :l.njec:ion cavity, P2 = preesure in injection

Fig. 3.6 Example of Data Sheet Used in Recording Injection

Test Results

(a)

Injection Test Data Sheet.
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FLLOWRATE DATA SHEET

Date: OCT IZ - /975 Borehole No.‘ja/'/ / 63d
by: CD ’3” NRD 362

2
X-sectional area of inj. tube: 0‘1[27 i

TIME Data DISTANCE FLOWRATE COMMENTS
Logger
TIME .
: Iz
O, 119:57 7
J-4 {1 -0l .35 0.07
H-8 ‘09 7.15 0.00
£-12 .09 7.00 0.02
17-10 13 7.09 0.0b
le-20 17 .85 .05
2024 2] l.ep .05 -
0 -1 /[*%0 i [V ades
0.4 39 | 295 U-08
H-& 2B | 235 0.97
B -7 47 1.7.32 0.0p
[7-16 A5 Z.10 U.0b
le 10 50 | 2.00 0.0
72024 5q .20 0.05
w22 58 [.20 U.05
U 120
-7 :1:? 7.70 VRIE;
Y- 7 7.49 0.0/
-1 2] 2-15 .0
[7-15 75 7.30 -0
1o 20 29 2.00 /)

Fig. 3.6 [Example of Data Sheet Used in Recording
Injection Test Results (b) Flowrate
Data Sheet.



-68-

The key pieces of data for each test interval and each test increment
were transcribed into computer files. As indicated in the previous section
there are three basic types of input files. These are (1) 2-m tests in
which flowtanks equipped with differential transducers were used to measure
flowrates, (2) 2-m tests in which a bubble line system was used to measure
flowrates, given directly in ml. per minute, and (3) single fracture tests
using a bubble line to obtain flowrates. Flowrates are given directly in

ml. per minute.

Individual flags (i.e., a two digit number) are used to identify the
different data cards. These flags appear in columns 1 and 2 of each data

card as follows:

Flags Type of Data Card

99 ‘ Comment card

88 Headings, calibration factors, initial readings etc.

11 Outflow tests, time, pressure, flow data; first increment

12 Outflow tests, time, pressure, flow data; second increment
13 ’ Outflow tests, time, pressure, flow data; third increment

21 Injection tests, time, pressure, flow data; first increment
22 Injection tests, time, pressure, flow data; second increment
23 Injection tests, time, pressure, flow data; third increment

Comments Cards (99): Information starts in column 5 and is read in a 19A4

format. Comments are transferred unchanged to the output file.

The information contained on heading cards (88) varies according to
the type of test being conducted. For the three main test types the

following data are supplied.
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Variable Format Columns
Flag 12 1- 2
Blank 2X 3- 4
NRD, Nominal Reference

Depth 13 5- 7
Blank 2X 8-9
NTEST, number of inflow

and outflow tests for

the given interval 12 10-11
Blank 2X 12-13
INTT, Top of test

interval (m) F6.2 14-19
Blank 2X 20-21
INTB, Bottom of test

interval (m) F6.2 22-27
Blank 3X 28-30
SURF, Transducer reading F6.4 31-36
at the surface (M, HZ 0)

Blank 2X 37-38
CALP2, P2 Transducer

calibration factor

(volts/psi) F7.5 39-45
Blank 3X 46-48
CALFT, Flow tank cali-

bration factor, volts

per millilitre F8.6 57-64

For test number 2 the same data and format are used except that
the flow tank calibration factor is not included (CALFT). ’

For test type number 3 note that CALFT is also not supplied and
that there is a small change in the format: i.e., format is 'I2,
F6.2, 12, 2X, F6.2, 2X, F6.2, 3X, F6.4, 2X, F7.5, 3X, F6.4)
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The outflow test data card(s) (i.e., flag equal to 11, 12, 13, etc.)
provides the pressure and flowrate data required for the calculation of
permeabilities from steady state outflow tests. The variables and formats

used for the different test types are:

Test Variable Format Columns
Type
1 Flag 12 1- .2

B1ank 2X 3- 4
SHR, hour at which F2.0 5- 6
test started
Blank 1X 7
SMIN, minute at
which test started F2.0 8- 9
B1ank 1X 10
SSEC, second at
which test started F2.0 11-12
B1ank 2X 13-14
FHR, hour at which '
test ended F2.0 11-12
B1ank 2X 13-14
FHR, hour at which
test ended F2.0 15-16
B1ank 1X 17
FMIN, Minute at
which test ended F2.0 18-19
Blank 1X 20
FSEC, second at
which test ended F2.0 18-19
Blank 3X 23-25

SP2, P2 transducer
reading at the start
of the test (volts) F6.4 26-31

B1ank 3X 32-34

Fp2, P2 transducer
reading at the end of
the test (volts) F6.4 35-40
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Test Variable Format Columns

Blank 8X 41-48

OUTFLO, volume of
flow recorded during

outflow test (ml) F7.2 49-55
2 Flag 12 1--2
Blank 19X 3-21

SP2, P2 transducer
reading at the start
of the test (volts) F6.4 22-27

Blank 3X 28-30

FP2, P2 transducer
reading at the end

of the test (volts) F6.4 31-36

B1ank 8X 37-44

FLOWR, flowrate in

ml/min. F9.4 45-53
3. Flag 12 1- 2

Blank 19X 3-21

SP2, P2 transducer
reading at the start

of the test (volts) F6.4 22-27
Blank 3X 28-30
FLOWR, flowrate in

ml/min F8.3 45-52

The injection test data cards (i.e. Flag equal to 21, 22, 23,
etc.) provides data similar to that in the outflow tests data file. The
data on fluid pressures and flowrates are sufficient for the calculation of
steady state permeabilities. The variables and formats used for the

different test types are:



Variable

Flag
Blank

SHR, Hours, reading
at the start of the
test

Blank

SMIN, Minutes,
reading at the start
of the test

Blank

SSEC, seconds, read-
ing at the start of
the test

Blank

FHR, hours reading
at the end of the
test

Blank

FMIN, minutes, read-
ing at the end of
the test

Blank
FSEC, seconds, read-

ing at the end of the

test
Blank

SP2, P2 transducer
reading at the
start of the test

Blank

FP2, P2 transducer
reading at the end
of the test (volts)

FP2, P2 transducer
reading at the end
of the test (volts)

Blank
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Format Columns
12 1-28
2X 3- 4

F2.0 5- 6
1X

F2.0 8- 9
1 10

F2.0 11-12
2X 13-14

F2.0 15-16
1X 17

F2.0 18-19
1X 20

F2.0 21-22
3X 23-25

F6.4 26-31
3X 31-34

F6.4 35-40

F6.4 35-40
3X 41-43



Test

Type

Variable

SFT, flow tank trans-
ducer reading at the
start of the test
(volts)

Blank

FFT, flow tank trans-
ducer reading at the
end of the test (volts)
Flag

Blank

SP2, P2 transducer
reading at the start
of the test (volts)

Blank

FP2, P2 transducer
reading at the end
of the test (volts)

Blank

FLOWR, Flowrate,
ml/min

Flag

Blank

SP2, P2 transducer
reading at the start
of the test (volts)

Blank

FP 2, P2 transducer
reading at the end
of the test (volts)

Blank
FLOWR
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Format

F6.4
2X

F6.4

12
19X

F6.4
3X

F6.4
8X

F9.4

12
19X

F6.4
3X

F6.4
8X
F8.3

Columns

44-49
50-51

52-57

1- 2
3-21

22-27
28-30

31-36
37-44

45-53

1- 2
3-21

22-27
28-30

31-36
37-44
45-52
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3.3.3 Processing of data from surface and subsurface boreholes

Raw data files for both the surface (except SBH-2) and subsurface
boreholes are given in Appendix B-3. In the subsurface boreholes the
groundwater gradient is directed towards the drift and hence, as discussed
earlier in this report,'it was possible to measure the initial in-situ fluid
pressures in each test cavity. Thus in the raw data files for the sub-
surface boreholes the in-situ fluid pressures given are the absolute fluid
pressures measured in the sealed-off cavity. Thus the fluid pressures for
each injection or withdrawal test in the record are references to the
in-situ fluid pressure. To determine the effective injection or withdrawal
fluid pressure the fluid pressure given for each test must be subtracted

from the in-situ pressure.

In the surface boreholes only injection tests were carried out.
During the injection test the test cavity was connected to the flow tanks
on the surface by the injection line which was filled with water. In all
three surface boreholes the hydraulic heads decreased with depth reflecting
the draining effect of the underground mine. Thus, without a downhole
valve in the injection line, it was impossible to obtain a direct measure

of the in-situ fluid pressure for each injection test interval.

In some cases, as in SBH-2, the in-situ fluid pressure was estimated
for some test zones based on the measured injection and flow rate data, the
measured Pp pressure below the test zone, and the results of multiple
pressure injection tests in adjacent test zones. In the rest of the tests
in the surface boreholes an attempt was made to complete at least two

injection tests in each test interval. Thus instead of using the difference
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between the in-situ fluid pressure and the fluid pressure in a given test
interval, as a means of determining the pressure gradient, the fluid
pressure and flowrate measured during this first test increment was used
as the reference point. Thus the data needed to interpret a steady state
injection test was obtained by determining the difference in injection
pressures and the corresponding difference in flowrates from two injection
tests. As indicated earlier in this report steady state conditions were
not always achieved and hence in some cases steady-state analysis were

performed on quasi steady state data.

3.4 Preliminary Data Analysis

In this report, rather than just presenting the raw data, we have
undertaken a preliminary analysis in order to make the data more meaningful
to the reader. This preliminary analysis consisted of calculating porous
media permeabilities, hydraulic conductivities, equivalent single fracture
apertures and transmissibilities for the test intervals. The results of

these calculations are presented in Appendix B-4.

In this preliminary test analysis we have assumed that flow from the
test cavity is governed by Darcy's law. No corrections have been made for
the orientation of the borehole. Thus for a vertical borehole we have:

_ KdH
Q-ZTTY'L-H? (1)

where: Q is the volumetric flowrate
K is the hydraulic conductivity
dH/dr is the gradient
r is the radius
L is the length of the test cavity

2nrL is the cavity surface area through which flow is occurring.
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Rearranging, this equation becomes

b Hy

d K
f = = g 2rLaH (2)
rw HW

where ry is the radius of the borehole, rp is the radial distance to the
flow or pressure boundary, Hy is the hydraulic head at the boreholes and
the Hp is the hydraulic head at the flow or pressure boundary (Fig. 3.7).

Integrating this equation leads to an expression for hydraulic conductivity

Q(rb = rw)

“Toar (A, -A) (3)

K

Intrinsic Permeability can be calculated from K by using the relationship

K
kK = B~ 4
: (4)
where u is the dynamic viscosity and y is the specific weight of water.
Transmissibility (T) can be determined by multiplying the hydraulic conduc-

tivity by the length of the interval being evaluated.

In addition to the basic porous media parameters of K, k and T it is
instructive to assume that flow from the cavity is taking place through a
single fracture (Fig. 3.7) oriented normal to the borehole, and to compute
the aperture of this fracture. The equation for computing this equivalent

uniform fracture aperture can be obtained by substituting the expression

K. = {2b) (5)

where Kf is the hydraulic conductivity of the fracture and 2b is the
fracture aperture, in equation (3) and replacing L by 2b. The fracture
aperture then, for the measured flowrates and pressures at the borehole and

the assumed boundary conditions, is given by
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Fig. 3.7.
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Flow from cavity to fracture.
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XBL 841-9537

Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R1.
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R2 BOREHOLE
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Fig. 3.9. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R2.
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R3 BOREHOLE
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Fig. 3.10. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R3.
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R4 BOREHOLE (338 -368 m)
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Fig. 3.11. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R4.
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Fig. 3.12. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R5.
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Fig. 3.13. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R6.
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Preliminary data on flowrates, porous media hydraulic
conductivities, .and equivalent single fracture apertures
from packer testing in borehole R7.
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Fig. 3.15. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole R8.
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Fig. 3.16. Preliminary data on flowrates, porous media hydraulic

conductivities, and equivalent single fracture apertures
from packer testing in borehole R9.
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Fig. 3.17. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole RI10.
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Fig. 3.18. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in boreholes HG-2.
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Fig. 3.19. Preliminary data on flowrates, .porous media hydraulic
conductivities, and equivalent single fracture apertures

from packer testing in borehole HG-3.
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in borehole HG-4.
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Fig. 3.21. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in borehole HG-5.
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Fig. 3.22. Preliminary data on porous media hydraulic conductivities
and equivalent single fracture apertures from packer
tests in borehole SBH-1.
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Preliminary data on porous media hydraulic conductivities
and equivalent single fracture apertures from packer
tests in borehole SBH-2.
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Fig. 3.24. Preliminary data on porous media hydraulic conductivities
and equivalent single fracture apertures from packer
tests in borehole SBH-3.
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Using values for v = 1.24 x 10-3 Pa's, Y = 9801.8 N-M=3, representing
an average water temperature of 12°C, ry = 0.038 m and rp = 10 m (Gale,
1975, p. 128) selected injection and/or withdrawal test data for each 2-m
or 4-m interval in each borehole were analyzed. These data are tabulated
in Appendix B-4. In Figs. 3.8 to 3.21 we have plotted the flowrates,
porous media hydraulic conductivities and equivalent single fracture
apertures as a function of borehole length for each of the subsurface
boreholes, except HG-1. For boreholes R4 and R9 we have also plotted the
effective fracture apertures determined from tests on single fractures.
The calculated hydraulic conductivities range from 10-10 em/sec to 1077
cm/sec and the corresponding equivalent single fracture apertures rarely
exceed 20 micrometers except for sections of HG-4 and HG-5 where the
maximum calculated apertures are about 25 and 35 micrometers, respectively.
The calculated fracture apertures are generally about 5 to 10 micrometers

in size.

In Figs. 3.22 to 3.24 we have plotted hydraulic conductivity and
equivalent single fracture data for SBH-1, SBH-2 and SBH-3. While the
hydraulic conductivities vary over a considerable range, 10-11 to 10-4
cm/sec for SBH-2, the test results do indicate a trend of decreasing
fracture permeability with depth. Similar trends exist in the SBH-1 and
SBH-2 plots. The wide range of values in the hydraulic parameters demon-
strate the need for a procedure than can, based on sound theoretical

principles, systematically incorporate and integrate this variability to
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provide a description of the rock mass permeability that is more meaning-
ful than a single scalar representing the arithmetic or geometric mean of

all of the tests conducted in a given borehole.
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4.  CLOSURE

Every effort has been made to ensure the accuracy of the data pre-
sented in this report. The fracture data file has been cross-checked by
several different individuals and contains all the data that were available
to the author. As pointed out in Chapter 3, the acceptability of each
injection or withdrawal test cannot be determined until the test has been
thoroughly evaluated and any necessary corrections to the test data com-
pleted. However in compiling the hydrology data files we have excluded the
test data that were questionable. Thus the data files, while not fully
complete, do contain the essential data for each test interval. When the
current analysis of the test data has been completed we expect that some
additional test data will be added to the data files, but we expect that

corrections to the existing data files will be Timited.

Future analysis of the data documented in this report will focus on
attempts (1) to characterize the rock mass fracture parameters and (2) to
assess the physical hydrogeologic characteristics of the Stripa site. The
characterization of the rock mass fracture parameters can be separated into
two general activities: (1) rock mass characterization using the standard
rock engineering approach and (2) a statistical analysis of the fracture

system.

The rock mass characterization work will include a brief review of the
geology of the Stripa area, including the test excavations and a thorough
analysis of the structural lineaments using available air photographs.

The basic rock mass characterization schemes such as those described by

Knill and Jones (1965), Deere et al. (1967), Bieniawski (1974), Barton et
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al. (1975), and Ege (1968) will be reviewed with respect to procedures,
original purpose and deqree of applicability to nuclear waste disposal
problems in igneous rocks. Several of these methods will be applied to the
borehole fracture data at Stripa in an attempt to determine both the
sensitivity of the various methods and the influence of borehole drilling
methods, core size, and borehole orientation on the characterization of the
Stripa granite. The main emphasis will be in characterizing the rock mass
around the ventilation drift in an attempt to relate the general rock mass
fracturing characteristics to the distribution of permeahilities as mea-
sured by borehole packer tests. A final goal of the analysis of the
fracture data should be to develop a three dimensional picture of the

fracture system influencing the ventilation experiment.

The statistical analysis of the fracture system at Stripa will consist
of an attempt to develop the statistics of fracture spacing, orientation,
continuity, and interconnection using data from fracture mapping in the
drifts and the data obtained from core logging and TV-borehole camera
logging. These statistics will also contribute to the data base needed for
the development of a three dimensional description of the fracture system
in the rock mass around the ventilation drift, although the primary goal of
this analysis is to provide the geometrical parameters of spacing and
orientation needed to undertake an initial calculation of the directional
permeabilities of sections of the rock mass. This detailed fracture
analysis should also enable one to determine the degree of variation in the

basic geometrical fracture parameters throughout the rock mass.
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An assessment of the physical hydrogeologic characteristics of the
Stripa site requires that one first complete a detailed analysis of the
injection and withdrawal borehole packer test data. An attempt will be
made to correct the test data, if necessary, for the effects of turbulent
flow, entrance losses, relative orientation of boreholes and the fractures
intersecting the test interval, gravity effects, and quasi-steady-state
test conditions. The permeability values for each test zone will be
calculated using both porous media and fracture flow concepts. These
permeability values will be correlated with the degree of fracturing
observed in the drill core and the fractures identified by TV-camera
logging. This analysis will provide a more complete and meaningful distri-
bution of permeability values for each borehole than that presented in this

report.

The permeability data will be analyzed to determine the fracture
aperture distribution parameters. These fracture aperture parameters will
be combined with fracture geometry parameters to provide the data necessary
for the calculation of the directional permeabilities of the fractured rock
mass at Stripa. These calculations will use an approach that assumes that
each fracture is continuous. Obviously future work will include an attempt
to incorporate the degree of fracture interconnection or continuity in

these calculations.

The above data analysis will focus on developing parameters and other
numerical model parameters necessary for constructing a three dimensional
finite element model for the general flow system at Stripa. The modeling

work will be directed towards the calculation of flow tubes and groundwater
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velocities in an attempt to relate the geochemical and isotopic data to the

physical hydrology data.
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APPENDIX A-1

CODED FRACTURE DATA FILE FOR BOREHOLE R3



33 FND OF HOLE
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557030307 R3 1 STENN A

44 00400 210 2210 181006094400 010 14397

11 00«0006RANITE 2 START
11 0004 OGRANITE 2

11 0007 0GRANITE 3 3 2 MW CACL 90

11 004100GRANITE 1 1 1 1 Mk CLCA BGA 1 MH o 30 SHEARED B=35
33 0el TU Ve2l IS A 40 MV THICK ZONE WITH PEGMATITE B=U A=30 GRAN/PEG/GRAN.
11 0047 0GRANITE 1 1 11 5% CA wH <1 ™H 320 40

11 0059 0GRANITE 2

11 0062 0GRANITE 1112 SwWw CL GR <1 MH 290 50 PARTLY INDUCED
11 0078 0GRANITE 1 1 11 Sw CA WH <1l MH 335 55

11 Q0 300GRANITE 1 1 1 t HW CLEPGRBL 2 MH-H 140 60

33 063 TO UeB2 1S A ZONE WITH EP APROXe 15-20 MM THICK

33 0UB70GKANITE A SZALED FRACTURE WITH ZP THICKNESS 1 M4 B=100 A=70
11 0037 0GRANITE 2

i1 00697 OGRANITE 11 32 Mw EP GR <L H 165 70

11 01 «000GRANITE 1 1 3 2 Sw CLEPBLGR <1 MH-H 145 70 ROTATED
il 0111 0GRANITE 1 1 1 1 Mw CLCA BGwW <1 MH 255 30 *

33 % ORIENTATION NOT SJURE eee ROTATED

11 01s130GRANITE 11 32 Mw CL BL <1l MH 90 *

11 01 «190GRANITE 1 1 1 25w CL 8BL <1l MH 135 50

11 0122 06GRANITE 1121 5¢ CL BL <1 MH 120 05 ROTATED
11 01 s250GRANITE 1 1 2 2 54 CLCA 8L <1 MH 1290 45

11 0132 0GRANITE 1 1 2 2 SW CLCASLGR <1 MH 30 55

11 01 «400GRANITE 1111 SN CcL 8L <1l HMH 13> 65

11 01l e 47 CGRANITE 1111 CL oL <1 MH 145 85

33 01«310GKRANITLC A SEALED FRACTURE WITH EP THICKNESS 1 MM a8=150 A=60
11 01450 06GRANITE 1 1 1 1 Mw CL 8L <l MH 150

33 01+60UGRANITE SEALED P ART UPENED FRACWITH CLCA TrHICKNESS <IMM £5=120 A=20
11 01«63 0GRANITE 11 1 2 Sw CACL wH <1 MH 289 35

11 01 4850GRANITE 11 1 2 Se CACL wH <1 MH 290 70 PARTLY INDUCED
33 02419 UPTAKE
55700308 R3 1 STENN A

44 02410 02603 0e75 8100e G640 0410 V76

11 24100GRANITE START
33 2.110GRANITE A SEALED FRACTURE WITH CA THICKNESS<1 MM 3=285 A=b65

i1 2+200GRANITE 1 1 1 1 Mw CLCAGRWH <1 MH 275 70

11 2024 0GRANITE 1 1 1 1 5% CLCAGRWH <1 MH 272 65

11 2e300GRANITE 1 1 1 2 Me CLCAGRWH <1 MH 2390 60

33 2.310GRANITE A SEALED FRACTURE wWITH.CACL THICKNESS <1 M4 B3=90 A=20
i1 24370GRANITE 1 1 3 SW CLCAGRWH <1 MH 285 o5

11 242 0GRANITE 1 1 32 Sw CACL whH <1 MH 275 0

11 2e364 0GRANITE 1 1 1 2 Mw CLCA GR <) MH 270 50

11 2.0003RANITE 11 12 Mw CL GR <1 MH 265 65

i1 26 OGRANITE 1 1 11 Sw CL BL <1 MH 95 75

i1l 2«71 OGRANITZ 1 1 2 25=MwCLCASLwH <1 MH 275 55

33 2+7B0GRANITE THREE SEALED FRACTURES WITH EP THICKNZSS 2 MM B=135 A=35
33 2.8%90GRANITE UPTAKE
55780308 R3 1-2 STENN A

44 2489 4000 171 1010005300 0417 1468

11 2eBYO0GKRANITE START

1 2o 9Y00GRANITE 1 1 2 2 Sk CLCAGRWH <1 MH 250 55

33 J.000GRANITE A SEALED FRACTURE WITH EP THICKNESS 1 MM 8=115 A=45

11 3.120GRANITE 1 1 1 Sw MCLA GR <1 MH 279 45

i1 3434 0GRANITE <4 1 1 1 MW CLCABL#H <1 MH 270 S0

| 31 3+500GRANITE 11 1 1 Sw CL BL <1l MH 140 35

11 3¢ 530GRANILTE 11 11 Sw CL 8L <1 MH 140 40 ROTATED
11 3«76 0GKANITE 2

11 3«900GRANITE 11 2 2 Sw CL BL <1 MH 220 70

11 3«99 0GRANITE 11 21 5+ CL BL <1 MH 140 55

i1 4«090GRANITE 11 1 2 Mw CLCABLwWH <1 MH 140 49

11 4e4306GRANITE 1 1 L 1 Sw CLCA BL <1 MH 145 40 30X

2

11 451 QURANITE 2

33 4 «600GRANITZ UPTAKE
557480308 R3 2 STENN A

44 4400 6o b0 2406 510009000 0421 1487

11 4s6IIGRANITE START
33 4460 TO 4e02 15 GRAVE.

11 4962 QGRANITE ‘ 1 1 1 2 Sw CLCA BL <1 MH 160 35

| 4062 0GRANITE 1 1 3 2 sw CLCA BL <1 MH 50 59

11 4462 OGRANITE 1 1 1 2 Sw CLCAGRwH <1 MH 280 55

33 44710GRANITE SEALED FRACTURE wITH EP(CL?I.THICKNESS MM S8=300 A=55
11 4e 730GRANITE 1 3 32 MwWw CL 8L <1 35 60

11 4«99 0GRANITE 1 1 3 2 Sw CLCA BL <1 MH 160

33 5.130GRANITE SEALZEL FRACTURE WITH EP THICKNESS <1-1MM 8—195 A=60
33 5¢330GRANITE EP CA THICKNESS 10MM B8=305 A=35

11 S5+3L0GRANITE 2
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33 5482 T) 5.890GKANITE ZONE WITH EP THICKNESS 20MM B=150 A=50-60

11 5«90 0GRANITE 1 1 2 2 Sw CLCASLWH <1 MH 120 25END IN NEXT FRACT.
11 S5«FLUGRANITE 11 2 2 Mw EPCLGR3L <1 H 179 60

11 0 0BOGRANITE 1 1 3 2 SN CACL BGw <1 MH 349 70 PARTLY INDUCED
33 6.100GRANITE SEALELD FRACTURE WITH EP THICKNESS 2MM B=275 A=J33

33 641706RANITE SEALED FRACTURE WITH EP THICKNESS 2MM 3=155 A=60

11 691 0GRANITE 1 1 1 1 5S¢ CLCASLwH <1 MH 309 60

11 6.91 OGRANITE 1 1 2 SW CLCA BL <1 MH 220 50

11 ©e34 OGRANITZ= 1 1 1 3 5w CACLWHGR <1 MH 315 55

11 6e390GRANITE 1 1 11 sw CL BL <1 MH 135 65

11 6 +430GRANITE 1 1 3 2 Mw CLCABLWH <1 MH 340 15 GRAVEL
11 O+ 46 0GRANITE 1 1 1 2 SWw CL BL <1 MH o] 25 GRAVEL
11 LeS1 OGRANITE 1 1 11 sSw CL 8L <1 MH 122 55 GRAVEL
11 6+530GRANITE 11 1 3M=-5Sw CL BL <1 MH 125 65 GRAVEL
11 6434 0GRANITE 1 1 1 28s-Mw CL BL <1 MH 175 55 GRAVEL
11 &e50 OGRANITE 1 1 1 1 Sw CL BLGR <1 MH 20 50 GRAVEL
33 6.600GRANITE UPTAKE.
55780309 R3 2 STENN A

44 6.60 8s 24 1«58 4100091614 0436 le44

11 6.+660GRANITE 2 START
33 6«730GRANITE A SEALED FRACTURE WITH CL THICKNESS <1MM 8=150 A=00

1 7¢24 OGRANITE 1 1 1 Sw CLCA BL <1 MH 50 65

11 767 0GRANITE 1111 Me CL BL <1 MH 29 40

11 7295 0GRANITE 1 1 3 2 sw CLCA BL <1 MH 155 65

11 7+ 9c OGRANITE 1 1 1 1 Sw CACL wH <1 MH 50 40

11 8«04 0GRANITE 1 1 3 3 Sw CACL Wit <1 MH 0 45

il B84090GRANITLC 1 1 2 1 MW CLCA BL <1 MH 50 25

33 H+2406GRANITEZ JPTAKE
55780309 R3 3 STENN A

44 Bel2Y 1009 185 11100095068 0616 177

11 Be24 OGRANITE 2 START
11 8426 0GRANITE 1 1 11 Sw CA uH <1 #H S50 35 MOSTLY CLGSED
11 8434 0GRANITE 1 1 3 2 sw CLL BL <l MH 20 45

11 Be4S50GRANITE 1 1 3 3 Mw CLCAGRwH <1 MH 65 15

11 8466 0GRANITE 1 1 1 2 Sw CL BLGR <1 MH 335 60

1 B¢ 8L 0GRANITE 1 1 1 3 Sw CLCAWHGR <1 ™H 55 30

1t 8+.900GRANITE 1 1 1 2 Sw CiLCAdLWH <1 MH 310 60 ROTATED
11 Ye 26 OGRANITE 1 1 t 1 Sw CACLWHGR <1 MH 4] S0

i1 Ged2 OGRANITE 1 1 1 2 Sw CL BLGR <1 MH 29 35

11 Ye 6l OGRANITE 1 1 1 1 Sw CACL wrH <1 MH 355 50

33 Y81 AND Ye6UY GRANITZ/PEGMATITE/GRANITE WITH B=355 A=50

11 Yo 340GRANITE 1 11 3 sw CA wH <1 MH 8J 10

11 Fe84 OGRANITE 1 1 1 2 Sw CLCA BL <1 MH 355 55

11 Qe BHOGRANITE 1 1 1 2 Sw CACLWHBL <1 MH 295 30

11 G «I70GRANITE 2

11 10, 030GRANITE 1 1 1 % Mw CL BL <1 MH 20 45

33 10.,090GRANITE UPTAKE
55780309 R3 3 STENN A

44 10.09 10e92 0«83 5100409277 0415 0,77

11 1005 0GRANITE 1112 sw CL BL <1 MH 300 30 START GRAVEL
11 10100GRANITE 1 1 1 1S-Mw L BLGR <1 MH 295 30 GRAVZL
11 1021 OGRANITE 1 1 12 Sw CL Bl <1 MH 30 40

11 10.2€0GRANITE 1 1 1 3 Sw CLCA BL <1 MH 305 30

11 104330GRANITE 1 1 32 S8 CA wri <] MH 639 75

11 10.730GRANITE 1 1 1 2 Sw CA wH <1 MH 20 45

11 10+ 850GRANITE 11 2 2 Sw CL 3L <1 MH 100 50

33 10.920GKANITZ UPTAKE
55700310 ~3 3-4 STENN A

44 1052 13.8Y 297 81306010060 037 2437

i1 10632 0GRANITE 2 START
11 11.010GRANITE 1 1 1 2 SW CACLWHGR <1 MH 35 40+++ 35 40
33 11.03 GRANITE/PEGMATITE B=350 A=20

i1 11 e310PEGMATITE 2

33 11.47 PEGMATITE/GRANITE B=350 A=20

11 11 .800GRANITE 1 1 3 2 MWw CL BLGR <1 MH 85 70

11 114 970GRANITE 1 1L 22 Sw CA wH <1 MH 275 40

11 12 100GRANITE 1 1 3 2 sw CL 8L <1 MH 90 S50 B8OX

4

33 12439~12.70 A SEALED FRACTURE WITH CL THICKNESS IM4 B=105 A=10

11 12 620GRANITE 1 1 11 SWw PYCLBLYE <1 MH 90

11 134070GRANITE 11 11 SW CL GR <1 MH 315

33 13.8903KANITE JPTAKE



55780310 R3 4
44 13.89

11 1385 0GRANITE
11 1391 OGRANITE
139 00GRANITE A
14.050GRANITE
14¢390GRANITE
1446 0GRANITE
14+590GRANITE
144650GRANITE
14 «7TO0GRANITE
14¢860GKANITE
730310 RS 4~5
14480 1652
14 +3L0GRANITE
14485 06RANITE
1501 OGRANITE
1520 0GRANITE
15«200GRANITE
15650 0GRANITE
15«39 0GRANITE
15 700GRANITE
15475 0GRANITE
15 330GRANITE

(1)
W

15+ 31 OGRANITE
15e91-15 695
15491 OGRANITE
15 95 0GRANITE
16«01 OGRANITE
16130GRANITE
166 3LOGRANITE
16¢350GRANITE
¢« 520GRANITE
310 R3 5

«E2 1919
16¢520GRANITE
1746 OGRANITE
17«57T0GRANITE
17.630GRANITE
1767 0GRANITE
18¢ 150GRAN]TE
18¢500GRANITE
13680GRANITE
18463 0GRANITE
1902 0GRANITE
19120GRANITE
190GRANITE
10 R3 o
19

19190GRANITE
1542 OGRANITE
19671 OGRANITE
2006 0GRANITE
204100GRANITE
204190GRANITE
204370GRANITE
20+490GRANITE
2084 0GRANITE
21 «210GRANITE
21 380GRANITE
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33 214721 7S0GRANITE SEAL

33 21.860GRANITE
55780310 R3 6

44 21.86

21 «B6 OGRANITE
21«86 0GRANITE
21 « 97 OGRANITE
22¢1030GRANITE
22«33 0GRANITE
22¢580GRANITE
22 «66 OGRANITE

i1
11
11
11
11
11
33 22.870GRANITE
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STENN A
0e97 710009794 0sl4 0495
1 1 2 S-MW CL GR <1 MH 355 65
1 1 2 Mw CA wH <1 MH 260 20
FRACTURE EP THICKNESS 2-6MM B—280 A=45
1 2 2 SWw CACLWHBL <1 MH 55
1 1 1 MW CLCAGRwWH <1 MH 15 45
1 2 2 SW CACLWHGR <1 MH 310 45
1 1 1 Mw CLCABLWH <1 MH 345 45
1 1 2 Mv CLCADLWH <1 MH Q 55
1 23 Sw CA WH <1 MH 350 75 PARTLY INDUCED
JPTAKE
STENN A
1666 12100408802 012 1447
START
1 1 1 Sw CLCA BGwW <1 MH 335 55
1 1 1 M§ CLCABLWH <1 MH 325 40
1 2 2 SW CLCABLGK <1 MH [*) 60
1 1 1 MW CLCAGRwH <1 MH 335 25
1 2 2 Mw CLCAGRWH <1 MH 45 60
1 2 2 SWw CLCAGRwWH <1 MH 275 40
1 1 1 Mw CA <1 305 75
1 1 1 Sk CACLWHGR <1 MH 299 75
1 3 2 Ss CLCAGRwH <1 MH 280 40 J0X
IEA 1 Mw CLCABLWH <! MH 115 60
1 1 1 Ma CLCABLWH <1 MH 195 20
1 1 1 M¥ CLCABLWH <1 MH 120 60
1 1 2 M# CACLWHGR<1~1MH 180 15
JPTAKE
STENN A
2466 101006010040 0427 2.66
ROTATED START
1 1 1 My CLEPBLWH 1 MH-H 300 25
1 1 1 Me CL <1 320 65 PARTLY INDUCED
1 11 sw CL 8L <1 MH 270 40
1 32 sk CL. BL <1 MH 190 35
1 1 1 S¥ CLCA BL <1 MH 240 S0
ROTATED
1 1 1S—MWCLCABLWH <1 MH 200 20 MOSTLY CLOSED
1 1 1 Ma CACLEHBL <1 MH 275
UPTAKE
STENN A
2467 10100+098650 026 2063
1 1 2 SW CA WH <1 MH 80 65 START
L 1 1 Mw CLCABLWH<1I-}MH 200 25 SHEARED B 170
1 2 2 MW CLCA BL <l=IMH 210 30
L 3 2 Sw CA WwH <1 MH 10 S5
1 1 1 MW CLCASLWH <1 MH 230 35
1 1 1 Sw CLCAGR3L <1 MH 265 45 ROTATED
1 1 2 Mw CLCABLGR <1 MH 25 45
1 1 1 SW CLCABLWH <1 MH 205 35
1 1 2 SW CLCABLWH <l HH 55
1 1 1 SW CLCABLWH 2' 40
ED FRACT. WITH THICKNESS 2MM B=140 A=40
UPTAKE
1«01 6100010040 100 0417 101
1 1 1 Mw CL BL <1 MH 215 45 START
1 1 1 Se CLCABLWH <1 MH 20 45
1 11 Sw CL 8L <1l MH 225 45
1 2 2 SW CA wH <1 MH S 75
1 2 2 Mw CA WH <1 MH 305 50
1 1 2 SW CLCAWH3L <1 MH 340 70
UPTAKE
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55780310 R3 o STENN A

44 22.87 23627 =25 0000.0000.0 0.00 Q.00

11 22 «B703RANITE 2 START
11 22 3900GRANITE 1 1 1 2 Sw CA wH <1 MH 280 S0

11 1 1 L 1 Mw CLCABLwWH 1 MH 20

33 22e50-23e27 GRAVEL NATURAL FRACTURE FILLED wlTH CLCA

33 ONE FRACTURE HAS A LOT OF CA (2-3MM)

33 23.270GRANITZ UPTAKE
55780313 R3 7 STENN A

44 2327 24 e4D 119 6100006975 0014 083

11 23«270GRANITE 1 1 1 2 Sw CACLWHBL <1 MH 70 65 START
11 23:270GRANITE 1 1 3 2 MW CACLWHBLLI—-1IMH 195 20

33 2362723650 A SEALCD FRACTURE wiITH QUARTZ THICKNESS 44M B8=130 A=lU
11 23«53 0GKRANITE 1 1 11 Mw CL. BL 1 MH 165 45

33 2345323481 A SEALED FRACTURE WITH QUARTZ THICKNESS 4-5MM 8=140 A=5-10
11 23«61 OGRANITE 1 1 3 2 SWw CLCABLWH <1 MH 220 40

i1 2373 0GRANITE 11 1 3 sw CL BL <1 MH 5 70

11 23479 0GRANITE 11 1 2 MW CL BLGR <1 MH 290 40

11 23.810GRANITCE 1 1 1 4 MW CL. BLGR <1 MH 295 50

11 2394 OGRANITE 1 1 1 1 Mw CL GR <1—-1IMH 335 50

1 24 «120GRANITE 1 1 1 1 Mw CLCAGRwWH 1 MH 265 35

33 24412-24.35 GRAVECL THE FRACTURE FILLED wlTH CLCA

i1 24 «350GRANITE 1 1 1 2 SWw CL ¥WH <1 MH 205 15

11 24¢380GRANITE 1 1 1 2 Sw CLCAdLwH <1 MH 285 25

33 24 046 U0UGRANITE UPTAKE
557803213 R3 7 STENN A

44 24446 25030 0e82 698 70, 0s10 0.59

il 24¢400GRANITE 3 31 Mw 240 65 START
11 24«31 OGRANITE 11 1 2 MW CL. GR <1 MH 270 60

11 24463 0GRANITE 1 1 1 2 Mw CLAQ BGW<I—1MH—H 5 70

11 24« 7T30GRANITE { 1 3 2 SwWw CLCABLwH <1 MH 300 70

11 24¢370GRANITE 11 21 5w CLCABLWH <1 MH 45 50

11 24 . I70GRANITE 1 1 1 1 SWw CLCAGRwWH <1 MH 305 SO

11 25404 OGRANITE 1111 Sw CL BL <1 MH 350 70 ROTATED
33 24 .84—2541705RANITE 1 1 3 2 SWw CaA WH <1 MH 250 =3 PARTLY CLOSED
11 25«1 700RANITE 11 1 1 Sw CL wH <1 MH 290 60 ROTATED
11 25427 O0GRANITE 1 1 1 1 Sw CL WwH <i MH 119 80

33 2«300GRANITC UPTAKE
55780313 R3 7 STENN A

44 25430 26.76 145 699 T2 DelB8 105

11 29 «300GRANITE 11 1 1 Sw CL BLGR <1 MH 235 55 START
11 25453 0GRANITE 1 1 1 1 Sw CLCAILwH <1 MH 340 50

11 25e370GRANITE 1 1 1 2 M CLCASLWH <1 MH 345 65

11 25«900GRANITE 11 22 Sw CL BL <1 MH 60 55

il 260 070GRANITE 1 1 1 1 Sw CLCAWHSBL <1 MH 330 75

11 260 130GRANITE 1 1 1 1 Sw CL BLwH <1 MH 50 60

| 26 « 31 053RANITE 1 1 2 2 SW CA wWH <1 MH 280 30

11 20« 3C0GRANITE 1 1 1 IM-SWCA wH <1 MH 345 65 ROTATED
1l 2u e UGRAINLITL i 3 1 1} Sw C4 Wiy N1 43 T ROTATLDO
33 2045026 820GRANITE 1 1 1 2 MW CLCAWHBL <1 MH ? 10

33 20650-27 91 NO JRIENTATION LINE

11 2661 0GRANITE 1 1 1 1 Sw CACLWHBL <1 MH 75

11 26 44 0GRANITE 2

33 26,76 U0GRANITE UPTAKE
S8780313 R3 8 STENN A

44 26076 28027 le52 8101s 101 0019 1e52

11 26 ¢ 7TGOGRANITE 11 1 2 S¥ CL BL <i MH ? 50 START
11 26+ TOOGRANITE 11 1 2 54 CA wH <1 MH 55

11 26 +990GRANITE 1 3 1 3 SwW CA WH <l MH 60

11 27« 07TO0GRANITE 1 11 2 S CA wWH <1 MH 60

11 2724 0GRANITE 1 1 1 2 5S4 CA L1 <1 MH 70

i1 27370GRANITE 1 1 11 Sw CA wH <1 MH 60 ROTATED
11 27 «470GRANITE 1 1 3 2 SW CA wH <i MH 35 ROTATED
11 27«91 0GRANITE 1 1 1 2 Sw CLCAGRWH <1 MH 20 45 PARTLY INDUCED
11 2814 0GRANITE 1 1 3 2 M CLCABLGR <1 MH 335 50

33 28.270GRANITE UPTAKE
5570313 R3 8 STENN A

44 238327 3001 168 697« 836 D024 1645

11 28 «27 0GRANITE 2 START
11 28e4006GRANITE 1 1 1 1 Sw CACLGRWH <1 MH 25 65

11 28 «44 OGRANITE 1 1 1 1 S8Sw CLL GR <1mH-H 25 65

i1 2855 0GRANITE 1t 1 32 5S4 CA wH <1 MH 90

11 28 «700GRANITE 1 14 1 2 sSWw CL GR <1 MH 240 55

1! 28« 720GRANITE 11 3 2 5w CaA wH <1 MH 25 80

;5 2877 O0GRANITE 11 2 2 5SWw CL BLGR <1 MH o] 40

28+71-28081 GRAVEL



-112-

i1 28 81 OGRANITE 11 1 2 Mw CA WH <1 MH 130 35

33 29.46-29.78 SEALED FRACT. WITH CACL THICKNESS <1-14M B=190 A=1l0

11 29«73 0GRANITE 1 1 1 1 S¢ CLCABLWH <1 MH 200 15

1! 29 T4 0GRANITE 1 1 1 2 Sw CA WH <1 MH 65 50

11 29484 0GRANITE 2

11 29 950GRANITE L 11 SW CA WH <1 205 75

33 25427-3U.010GRANITE SEALED FRACT. WITH CACL THICKN:SS(I 1MM 8—190 A=0

33 30.01 TAKE
IIT22228 R+ STENN A

44 00.00 lea8 lo49 710101010 0021 1.49

33 GRANI TE START

11 0+0203RANITE 2

i 04050GRANITE 1 1 4 1 Sw CLCABLWH <1 MH 240 70 MOSTLY INDUCED
11 0o 170GRANITE 1 1 1 2 SW CACLWHBL <1 -MH 285 70

11 Ow2l OGRANITE 2

11 0«42 OGRANITE 2 X

11 0.64 OGRANITE 1 1 1 1 SW CLCASLwWH <1 MH S5 60 SHEARED ad=75

33 0.330GRANITE SEALEZD FRACTURE WITH EP?(CL) THICKNESS<1M4 B8=110 A=25
33 0+370GRANITE SEALED FRACT. WITH EP?(CL) THICKNESS<1I—1MM 8=110 A=25

33 1«480GRANITE

55780307 R4 1 STENN
44 le4d 2490 1+40 8990 0099600 0418 1440

11 1 «4BOGRANITE

11 149 0GRANITE 11 1 2 S8 CA WwWH <1 MH 245 65
11 209 0GRANITE 1 1 3 4 So CLCABLWH <1 MH 159 70
i1 2411 0GRANITE 1 1 1 2 Sy CLCASBLGR <1 MH 185 30
11 2027 0GRANITE L 1 1 2 SW CLCA BL <1 MH 170 79
11 2e450GRANITE 2

i1 2051 0GRANITE 1 1 1 3 Mw CLCABLWH <1 MH 155 70
11 2061 OGRANITE 11 1 1 Mw CL BL <1 MH 220 80
11 206 0GRANITE 1 1 1 1 59 CLCAZLWH <1 MH 65 €5
33 2e820GRANITE 2 HARD ROTATED CORE

33 2.82-2.84 NUO CORE

11 2+8%0GRANITE 2

33 2s900GRANITE

55740301 R4 1 STENN
44 2050 393 0094 59160 850 0el8 0.88

11 2« 900GRANITE 1 1 2 2 SwWw CLCAJLwH <1 ™MH ? 80

33 2.90-3.03 GRAVZIL CDRE LOSS ~3CM
11 3203 0GRAITE 1 1 1 Mw CLCABLwH <1 MH 65

UPTAKE
A

START
PARTLY INDUCED

END FRACT. 211
MOSTLY CLOSED

SHEAREOD B=6S5

UPTAKE
A

START
SHEARCD



-113-

APPENDIX B-1

HYDROLOGY TESTING DATA INVENTORY
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APPENDIX B-1
A. Inventory of Hydrology Test Data
The following record sheets show, for each borehole, the interval
tested, the number of injection tests (inflow) and the number of outflow
tests. Also the record shows, for each test, if the basic injection test
data sheet, flowrate data sheet, stripchart record, teletype printer output
and the teletype punch tape record are available. Additional information

is provided in the comment column.

The column labeled NRD indicates the nominal reference depth that was
used during testing. It was generally referenced to the bottom of the
transducer pod in order to avoid problems when individual packer elements

having different lengths were placed in the packer assembly.

* indicates informaticn available

- indicates information missing or available in a different format
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HYDROLOGY TESTING DATA INVENTORY

_ INTERVAL # OF TESTS —— e e w
g =| 8| £5_ | 83| 5| &= E
& a 5 o = sho B = I =
8 | £ 2 z | 2 ZEE| 25 | L | Bl2 ] 8
SBH 1 | 48 | 50.0 52.03 3 0 * * * * 2m test cavities
50 | 52.0 | 54.03 1 0 * * * | o*
52| 54.0 |56.03| 2 | 0O * x | *
54 | 56.0 58.03 2 | o * * T
56 | 58.0 60.03 2 0 * * * | x
58 | 60.0 | 62.03 3 0 * * * | *
60 | 62.0 64.03 2 1o * * v | %
62| 6.0 |66.03| 2 | 0 * * x| Vv
64 | 66.0 68.03 2 | o * * w | % Stripchart 48-64
Vv 166|680 [7003] 2 |0 * * x| Stripchart 66-84
68 | 70.0 72.03 2 {0 * * | *
70| 720 |74.03] 2 | o * * | x
72| 74.0 | 76.03 2 0 * * . | =
74| 76.0 | 78.03 2 | o * * * | o*
76 | 78.0 | 80.03 2 | o * * -
78| 80.0 | 82.03 2 | o * - | *
80| 82.0 | 84.03 2 | o * * w | ow
82| 84.0 | 86.03 2 | o * * | *
84 2 0 * * *
86
88
90
92
94 | 95.51 97.54 2 0 * * * * Stripchart 94, 96
96| 97.51 |99.54 | 3 | 0 * * M
98| 99.51 [101.54 3 {0 * * * | %
100! 101.51 {103.54 | 2 | 0 * * | % For stripchart
102 { 103.51 [105.54 2 | o * * v | % gﬁinzgd}§1°gg;_1
105.4. 1107.45 0 0 - - -1 - Test not completed.
104 | 105.53 {107.56 1 0 * * * | *
104 | 105.51 |107.54 2 0 * * Rl
105} 105.51 {107.50 | 2 | o * * * | *
106} 107.53 {109.56 | 0 | 0 » - | * Restarted-air in
106{ 107.53 [109.56 | 1 0 * * | * Tines.
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HYDROLOGY TESTING DATA INVENTORY

INTERVAL # OF_TESTS [ - w
= " s | BBl 2| w2 o
= =| 3| E5 | 53| %%|E
o b4 — L. (TR ] <L — w (] =
S = 2 o = 5 205 Sk = ol 5 5
[=] < Lo | — o el 2] L 0. w - (= (&}
SBH 1| 108| 108.0 | 100.0 3 0 * * *
110{ 110.0 |112.0 | 4 0 * * * *
12| 112.0 | 114.0 31 0 * * * * am test cavities
114{ 114.0 | 116.0 3] o0 * * * *
116( 116.0 | 118.0 3] o0 * * * *
18| 118.0 | 120.0 2] 0o * * * *
120| 120.0 | 122.0 3| 0 * * * *
122 1220.0 | 124.0 3| o * * * *
124 126.0 | 126.0 3| o * * * *
126| 126.0 | 128.0 3 0 * * * *
128| 128.0 | 130.0 3| 0 * * * *
130 130.0 | 132.0 21 0 * * * * ¥
< | 132]132.0 |134.0 2] 0 * * * *
134 134.0 | 136.0 2| 0 * * * *
136| 136.0 | 138.0 3| 0 * * * *
138| 138.0 | 140.0 3] 0 * * * *
140| 140.0 | 142.0 2] 0 * * * *
142| 142.0 | 144.0 3]0 * * * *
143 145.61 147.41 1 0 * - * * No flow measured
144] 144.0 | 146.0 3]0 * * * *
146{ 146.0 | 148.0 310 * * * *
148| 148.0 | 150.0 3] 0 * * *
150| 150.0 | 152.0 2| o * * * *
152| 152.0 | 154.0 310 * * * * Stripcharts 152-172
152| 154.0 | 156.03 21 0 * * * * gg; gldd- output
154| 156.0 | 158.03 2| o * * * *
156] 158.0 | 160,03 21 0 * * * *
158] 160.0 | 162.03 2] 0 * * * *
160f 162.0 . | 164.03 3| o * * .|
1624 164.03 | 166.83] 0 | O * - C Test suopped,
- 162b ]64.03 166.83 - 2 0 * T % * Zzirz t:hél;zqe
162 | 164.0 166.03 3 0 * * * *
164 | 166.0 168.03 2 0 * * * *
166 | 168.0 170.03 2 0 * * * *
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INTERVAL # NF TESTS - - m
= =] BE | E¥| | gl&E|e
z - S| 8| BeE| == | E|E|3| g
8l B | e| E|B| 282 3E|E|E3|E

w o vy =i a o

SBH 1 168 | 170.0 172.03 3 0 * * * *

170 { 172.0 174.03 2 0 * * * *

1721 174.0 176.03 2 0 * * * *

1741 176.0 |178.03 2 0 * * * * Stripcharts 174-200

See add. output

176 | 178.0 180.03 2 0 * * * * SBH-1

1781 180.0 182.03 2 0 * * * *

178 181.75 | 183.55 3 0 * * *

1801( 182.0 184.03 2 0 * * * *

182 | 184.0 186.03 2 0 * * * *

1841 186.0 188.03 2 0 * * * *

186 | 188.0 190.03 4 0 * * * *

188{ 190.0 [192.03| 2 | © * * * *

190 192.0 194.03 2 0 * * * *

192} 194.0 196.03 2 0 * * * *

194 | 196.0 198.03 2 0 * * * *

196 198.0 200.03 2 0 * * * *

198 200.0 202.03 2. 0 * * * *

200| 202.0 204.03 2 0 * * * *

202| 204.16 {205.96 2 0 * * * *

204 | 207.26 |209.06 3 0 * * * *

206| 210.87 |212.46 2 0 * * * *

208} 210.84 |212.64 2 0 * * * *

2101 212.64 |[214.44 2 0 * ] * *

212] 214.44 [216.24 2 0 * * * *

214 216.24 |218.04 2 0 * * * *

216] 218.04 |219.84 2 0 * * * *

218 219.84 |221.64 2 0 * * * *

220| 221.64 |223.44 2 |0 * * * *

222 223.44 1225.24 2 o * * * *

224 225.24 |227.04 2 0 * * * *

226| 227.04 |228.84 2 0 * * * *

228 228.84 |230.64 2 0 * * * *

230! 230.64 }232.44 2 0 * * * *

232| 230.64 |232.44 2 0 * * * *
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HYDROLOGY TESTING DATA INVENTORY

INTERVAL # OF TESTS - | = w

= - gE BE | 2| wlg] e
z = z| 3] B3| 2| 8| k=&
£ | g| & o | B2l E| 2ku| B3E| 2| d|2| 5
o = [ - — [=} — W o w) [ 2 8
SBH1® 234| 234.24 [236.04| 3 | 0 * * * | *

236| 236.04 |237.84) 4 | 0 * * | ow

238| 237.84 |239.64| 3 | 0 * * * | »

240{ 239.64 |241.44| 2 | © * * * | %

202| 241.46 {243.24| 2 | 0 * * * | *

244| 243.24 |245.04| 2 | © * * x| =

246| 245.04 |246.84| 2 | 0 * * x| » 2 m Test Cavities

248| 246.80 |208.64| 2 | © * * P

250( 248.64 |250.44 2 | © * * | »

252| 250.44 |252.24| 2 | 0 * * P

254| 252.24 |254.04| 2 | 0 * * |
\/ | 26| 254.04 |255.84| 2 | 0O * * -

258| 255.84 | 257.64 21 0 * * * *

259 257.64 |259.44| 2 | 0 * * | *

260| 259.44 |261.24| 2 | o * * P

262| 261.24 |263.04| 2 | o * * . | %

264| 263.04 |264.84| 2 | 0 * * o | w

266| 264.80 |266.64| 2 | 0 * * * | o

268| 266.64 |268.44| 2 | 0 * * | w

270| 268.44 |270.24| 2 | o * * P

272| 270.24 |272.08| 2 | 0 * * x| =

274 272.08 |273.88| 2 | o * * e | *

276| 273.84 |275.64| 5 | o * - P

277| 275.64 |277.88| 2 | o * * O

278| 277.48 [279.241 2 | o * * P

280] 279.24 | 281.04 2 0 * * * *

282| 281.04 |282.84| 2 | 0 * * P

284| 283.27 |284.64| 3 | o * * | %

286 284.64 |288.44| 2 | o * . v | »

288| 286.44 |288.24| 2 | o | * * x| x v

200 288.24 |290.04| 2 | o * * N -

292 291.84 [293.64] 2 | O * * N

294 293.64 {295.44| 2 | 0 * * x| o+

296{ 295.44 |297.24| 2 | © * * *
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HYDROLOGY TESTIMG DATA INVENTORY

INTERVAL # NF TESTS [ . w
2 =] EE| BE | glE|¢
S - g S ’Gcr— ~ S t - =
& . = d [ Ul L = =L ol [T =
& |2 E | 2| 5|28| E2BF 2=| 5| BE|S
w) — o [35)
SBH 11| 298| 297.24 | 299.04 3 0 * * * | o* 2 m test cavities
300{ 299.04 | 300.84 2 0 * * * | %
302 300.84 | 302.64 2 0 * * * | ow
304 302.64 | 304.44 2 0 * * * | *
306| 304.44 | 306.24 2 0 * * *x | *
308! 306.24 | 308.04 2 0 * * * | o*
310| 303.04 | 309.84 2 0 * * * | *
311 309.84 | 311.64 2 0 * * * | %
312 311.64 |313.44 2 0 * * * | ox
314| 313.44 |315.24 3 0 * - * | %
316} 315.24 |317.04 3 0 * - * * Flow rates noted
318| 317.04 |318.84 3 0 * - * | % but no data sheet
320 317.84 |320.64 3 0 * - * | %
322| 320.64 |322.44 2 0 *- - * | o«
324 322.44 |324.24 3 0 * - * | %
326 324.24 |326.04 4 0 * - * | o*
327 326.04 |327.84 2 0 * * * | %
328| 327.84 |329.64 2 0 * * * | x
330 329.64 |331.44 2 0 * * * | *
332| 331.44 |333.24 2 0 * * x| *
334 333.24 |335.04 2 |0 * * *x | *
336| 335.04 |336.84 2 0 * * * | o*
338| 336.84 |338.64 7 0 * - * | * Flow rates noted
340! 338.64 |340.44 2 0 * * * | o*
342| 340.44 |[342.24 2 0 * * * | *
344| 342.24 |[344.04 2 0 * * * | %
345 344.04 |[345.84 2 0 * * * | *
347| 345.84 {347.64 2 0 * * * | o*
349| 347.64 |349.44 2 0 * * x| %
350| 349.44 |[351.24 | 2 0 * * * | »
352{ 351.24 |353.04 2 0 * * * | *
354| 353.04 |354.84 2 0 * * * | *
3561 354.84 |356.64 3 0 * * * | %
358{ 356.64 |358.44 2 0 * * * | ow




HYDROLOGY TESTING DATA INVEWTORY
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INTERVAL # OF TESTS N N
g T o7 Bz | BE| 2| ..
= = 3| 55| 25| 5| El-|&
& = ) o e son 3= = ol =
o= = L. | and — Q — - o (72} — o (&}
SBH 3 360 | 358.44 |[360.24| °3 0 * * P 2 m test cavities
362 | 360.24 |362.04| 3 0 * * P
363 | 362.04 |363.84| 3 0 * * N
364 | 363.84 |365.64| 3 0 * * P
365 | 365.64 |367.44 | 3 0 * * x| o«
368 | 367.44 |369.24| 2 0 * * x| =
370 | 369.24 |371.04| 2 0 * * P -
Lo je o e 2 0 * * R -
374 | 372.84 |378.64| 2 0 * * P
376 | 374.44 |376.44| 2 0 * T I
378 | 376.44 |378.24| 2 0 * * | o+
380 | 378.24 |380.04] 3 0 * * o | %
381 | 380.04 |381.84| 3 0 * x o ow
382 | 381.84 |383.64| 3 0 * * | *
SBH 1 [ 1 50.0 56.0 3 0 * * * * 6-7 m Test Cavities
2 | 0. 66. 2 0 * * P
3 | 8. 92. 4 0 * * P
- | 103 110 8 0 * * | w
- | 179.39 |186.61| 3 0 * x | o«
- | 231.30 |238.61| 3 0 * * N
- | 272.89 |280.11| 3 0 * * o | ow
- | 290.39 |297.61| 3 0 * * | w
L E RO 0 x x . | o« 3
- | 314.80 [322.11| 2 0 * x v | ow
- | 318.89 [326.11| 2 0 * * P
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HYDROLOGY TESTING DATA INVENTORY

INTERVAL # OF TESTS — = w

w SE = = w | & o

= = | < T x o | = —

o = < — O [= 70 (&} > =

po =t (o] — (&) - [<W - - w

Let = ] Ly = L = < — Let (%] =

[aed [} [w] L - D v Ly D = o —J = =

(=] o (a4 o = = = b T -t =T — Lot s} o

[<a} = [T | ol — o — -t o [72} — o o

SBH1 | 65.19 64.61 65.41 2 0 * * * * #1 0.8m Test Cavi.
77.73 77.15 77.95 2 0 * * * * #2
80.92 80.34 81.16 2 0 * * * * #3
211.02 210.44 [211.24 3 8 * * * * &4
220.69 220.11 | 220.91 & 0 * * * * 5
231.08 230.50 |231.30 2 0 * * * * 6
251.0 250.42 | 251.22 2 0 * * * * 7
259.23 .2 0 * * * * 8
264.15 2 0 * * * * ]
285.39 3 0 * * * * T0A
285.05 3 0 * * * * 108
298.04 2 0 * * * * 11
303.03 2 0 * * * * 12
308.43 3 0 * * * * 13
328.05 2 e * * * * 14A Faulty valve
328.05 2 0 * * * * 14B injection tank
341.23 2 0 - * * * 15.
342,65 [ 0 * * * * 16
211.02 .3 0 * * * * 1
220.69 3 |0 * * * * 2
231.08 2 0 * * * * 3
251.0 4 0 * * * * 4
259.23 3 4] * * * * 5
254.15 4 0 * * * * 6
285.05 4 0 * * * * 7
298.04 3 0 * * * * 8
303.03 3 0 * * * * 9
308.43 3 0 * * * * 10
i328.05 2 0 * * * * 1
1341.23 2|0 | * R * 12
341,23 3 0 * * *. * - 13
1353.60 3 0 * * * * ‘14
5!35’..53 3 0 * * * * 15
-358.35 2 0 * * * * 16
374.20 3 0 * * * * 17
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HYDROLOGY TESTING DATA INVENTORY

SINIWWOI

2 m Test Cavities

Test #1
Test #2

3dvL HINNd

IdA1313L

LYYHIAIYIS

133HS vlva

3ivd MO4

1330S
tlva 1s3L
NOI1.LJ3CNI

hoT41no

# OF TESTS

MOTANT

0L

22
24
26
28
30
32
34
36

38
40
42

a4

46

48

50
50
52
54
56
58
60
62
63

64
66
68
70

72
74
76
78
80
82

INTERVAL

Woud

20
22
24
26

28
30
32

34
36

38
40

42

46

48
48
50
52
54
56
58
60
61
62

64
66
68

70
72
74
76
78
80

82

auN

23

25
27

29
N

33

35

37

39
4

43

45

47

49
49

51

53

55

57

59

61

62

63

65

67
- 69

7

73
75
77

79
81

83

370H3408

SBH 2{ 21
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HYDROLOGY TESTIMNG DATA INVENTORY

INTERVAL # OF TESTS N w

w B f=gt = W o= »
2 =| 3| £E5 | 3| 8|&|°|E
5 = S| E| E-5| =z<|=|&|5]| 2
& = = o = 5 Z0E S = o3 5
az = [T — — [am] — -y w o vy ot o (8]
SBH 2| 85 | 84 86 | 3 0 * * x| 2 m Test Cavities

87 | 86 88 3 0 * * *

89 | 88 90 1 0 * *

91 | 90 92 3 0 * *

93| 92 94 2 0 * *

95 | 94 96 1 0 * *

97 | 96 98 3 0 * * * | *

99 | 98 100 2 0 * * * | o«

101 | 100 102 1 0 * * * | =

103 | 102 104 3 0 * * * | *

105 | 104 106 2 0 * * * | ox

107 | 106 108 1 0 * * * | ow

109 | 108 110 3 0 * * * | ow

m | 1o 12 2 0 * * I Ist Test

m | 1o 12 1 0 * * * | o 2nd Test

n3 | 112 14 1 0 * * T

15| 14 116 3 0 * * * | ow

N7 | 16 18 2 0 * * L

Mne | 118 120 1 0 * * * | %

121 | 120 122 2 0 * * * | ox

123 | 122 124 2 0 * * * | *

125 | 124 126 2 0 * * * | o«

127 | 126 128 2 0 * * I

129 | 128 130 1 0 * * * | ox

131 130 132 2 0 * * * | o«

133 | 132 134 2 0 * * * | %

135 | 134 136 2 0 * * * | o*

137 136 | 138 3 0 * * * | *

139 | 138 140 3 0 * * * | ow

141 | 140 142 1 0 * * * | =

143 | 142 144 1 0 * * * |

145 | 144 146 1 0 * * * | =

147 | 146 148 2 0 * * * | ow

149 | 148 150 1 0 * * * *
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INTERVAL # NF TESTS — - m

E T=| B85 | E¥| 2| gl&| ¢
e 3 S G eo & g e &
& o S = = Bhe 3= = il = =
2 £ i e = a == = 5 = =
SBH 2]151 150 152 1 0 * * * * 2 m Test cavities

153 152 154 2 0 * * * *

155 154 156 1 0 * * * *

157 156 158 1 0 * * *

159 158 160 1 0 * * * *

161 160 162 1 0 * * * *

163 162 164 1 0 * * * *

165 164 166 2 0 * * * *

167 166 168 1 0 * * * *

169 168 170 2 0 * * * *

7 170 172 1 0 * * * *

173 172 174 1 0 * * * *

175 174 176 1 0 * * * *

177 176 178 ! . 0 * * * * Test not used, times

179 178 180 2 0 * * * * too short.

179 178 180 2 0 * *

181 | 180 182 2 |o * *

183 182 184 2 0 * *

185 184 186 2 0 * *

187 186 188 2 0 * *

189 188 190 2 0 * *

191 190 192 2 0 * *

193 192 194 2 10 * *

195 194 196 2 0 * *

197 196 198 2 0 * *

199 198 200 2 0 * *

201 200 202 2 0 * *

203 202 204 2 0 *e *

205 204 206 3 0 * *

207 206 208 2 0 * *

209 208 210 1 0 * *

211 210 212 2 0 * *

213 212 214 3 0 * *

215 214 216 2 0 * *
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HYDROLOGY TESTING DATA INVENTORY

SINIWWOD

2 m Test Cavities

3d¥1l HONAd

3dAL3T3AL

JUYHIATYLS

133HS v1va
mh<m MO4 ¥ ok Xk X K kX Kk X X X X X X X X X X ¥ kx x k x % * X Xk k x Kk X X x x X
133HS
biva Ls3L
onHUmnzH € ok k x ok ok Kk kK ok ok K X K X X K K Kk K K K X K %X x Xk Kk % % £ X X X %
mzoth:o O 0O 0O 0000000 0000000000 OO0 OO0 OO0 O0OO0O0OOOoO O
L .
T
1%
QYN IT L VO T O OO NG OO N T O O O N & W WO N W OO o o
0l 1.222223333344444555555665577777888
M NNNNNNNN N NN e NN NN NN N NN N NN A
-t
el
=
=i
L
= VXN L VO NT VOO NT O OO NS O DO N = 00O N T WO OO N
= WOY4 .l1.2222233333444445555565565777778oo
2222222222222222222222222222222222
ayN 791.35./9.[3579135791:35791.3579.!3579.!3
].l.222223.33334444455555666667777788
2222222222222222222222222222222222
3710H3Y08
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HYDROLNGY TESTING DATA INVENTORY

SINIWWOI

2 m test cavities

\\4

3dvi HINNd

3dAL3Nal

LYVHIJIYULS

133HS vivd
Jlvd MO

x * X

¥ ¥ ¥k x ® x ¥ & K X

¥ * % * X % x x kx k % %k Kk k & ¥k & % ¥ *

1338
¥lva 1s3l
NOILI3CNI

X x % % ¥ Kk ¥ %k %k x ¥ ¥ ¥k k x &k ¥k ¥k ¥ *x ¥k ¥

x ® ¥ % ¥ X &

* € K

*

m0141n0

# OF TESTS

MOTINT

0l

286
288
290
292
294
296

298 .
300
302

304
306
308
310
312

314

316

318

320
322
328
326
328
330
332
334
336
338
340
342
344
336
348

350
352

INTERVAL

WOYd

284
- 286
288
290
292
294
296
298
300
302

304
306
308
310

312

314
316

318
320
322
324
326

328
330
332
334
336
338
340
342
334
346
348
350

QuN

285
287
289
291
283
295
297
299
301
303
305
307
308
n

313

315
317

319
321
323
325
327

329
331
333
335
337
339
341

343
345
347
349
351

370H3408

SBH 2
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- INTERVAL # OF TESTS — wh = w
3 _l=s| BE | EE |22
& = S| E S| =< | £ | B|B| E
& g| & = = | 5 20 Sk | E|l @85 | &
oz = L - — o —F O oo wn = = o
SBH 2{353 352 354 2 0 * 2m test cavities
355 354 356 2 0 *
HG 2 2 1.61 3.61 3 0 * * * *
4 3.61 5.61 2 0 * * * *
6 5.61 7.61 4 0 * * *
8 7.61 9.61 2 0 * * * *
10 9.64 11.64 3 0 * * * *
12 {164 (1364 | 3 |0 * * x | ox
14 | 13.64 15.64 2 0 * * * *
16 | 15.64 17.64 1 0 * * * *
18 | 17.67 19.67 3 0 * * * *
20 | 19.67 21.67 3 0 * * *
22 | 21.67 23.67 2 0 * * *
24 | 23.67 25.67 2 0 * * *
26 | 25.66 27.66 2 0 * * *
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HYDROLOGY TESTING DATA INVENTORY

_ INTERVAL # OF TESTS — wE e "
g = |5 E5 | %5 %] £|C |5
£ | g| & o | 2| E| 3gE| 32| 2| d|s| 5
23] =z L = — o — w1 [Ny o) (%] - o (]
HG 3| 2 4,09 6.12 1 2 * * * Redone
2 4.05 6.08 2 2 * * 2 m Test Cavities
4 5.98 8.01 2 2 * * * {teletype see
6 8.08 10.1 2 2 * * HG3 & 4 teletype
8 | 10.04 12.07 2 2 * * * output)
10 | 12.02 14.05 2 2 * * *
12 | 14.01 16.04 2 2 * * *
14 | 16.00 18.03 2 2 * *
16 | 17.88 19.91 0 0 * test cancelled; leak
16 | 17.72 19.75 2 2 * *
18 | 18.80 21.83 2 2 * * ? distances wrong
20 | 21.84 23.82 2 2 * *
22 | 23.72 25.80 2 2 * *
24 | 25.88 27.9 2 2 * *
He 3 | 1-7( 1.61 1.95 1 1 * * *
2.5 2.33 2.67 1 1 * * * .34m test cavities
5.4] 5.2 5.54 1 1 * * * (single fracture
6.4| 6.21 6.55 0 1 * * tests)
7.2| 7.01 7.35 | 0 |1 * *
9.8] 9.59 9.93 0 1 * *
10.41 10.27 10.61 1 1 * * *
12.21 11.99 12.33 0 1 * *
15.2| 15.01 15.35 1 1 * * *
18.2| 18,03  [18.37 1 1 * * * Teletype see HG3&4
18.9 18.75 19.09 1 1 * * * Teletype output
20.8{ 20.66 21.00 1 1 * * *
23 22.96 23.30 ] 1 * * *
27 27.13 27.47 1 2 * * *
28 28.39 28.73 4 0 * * *
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HYDROLOGY TESTING DATA INVEHTORY

INTERVAL # r)f-: TESTS —— wh = w
(R3] O = =T L < v
- = bt L <C I = o o - —
o = Q |l =] < wn (= > =
g | o| B 2| E| Bl B3| E| 4|2 E
2 = & [= = a il = o el 2 ]
4 5.78 7.76 2 2 * * *
6 7.79 9.77 0 0 * - * abort,air in cavity
6 7.81 9.79 2 2 * * *
teletype NRD 2-8,
8 9.87 1.8 2 ! * * 12-16,20-26 see
lo | 11.82 13.80 | 2 | 2 * * see HG3&4 teletype
12 | 13.81 15.79 2 2 * * * output.
14 | 15.92 17.90 2 2 * * *
16 | 17.77 19.75 2 2 * * *
18 | 19.86 21.84 2 2 * *
20 | 21.84 23.82 2 2 * * *
22 | 23.81 25.79 2 2 * * *
24 | 25.81 27.79 2 2 * * *
26 | 27.91 30.0 3 2 * * *
HG 4 1.2] 1.05 1.39 0 1 * * .34m test cavities
.49m cavities no
3.6 3.47 3.81 0 1 * * s
6.0 5.91 6.4 0 0 *
8.0{ 8.03 8.52 1 ] * * ( .
teletype 20.-27.
10 9.99 10.48 ! 0 ¥ * see HG4 teletype
15.5) 15.46 |15.95 1 0 * * output single frac-
20. | 19.71 |20.2 1 0 * * . ture)
20.5] 20.53 21.02 1 ] * * *
26.5] 26.39 26.88 1 0 * * *
27.2| 26.39  |26.88 1 0 * * * Will not hit frac=
ture?
28.5 - - i 0 * - - - No test-too close
to end of borhale
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HYDROLDGY TESTING DATA INVENTORY

_ INTERVAL # OF TESTS — wh e b
£ | g| 8 o | E|E| 222 32| E| 5|5
[=2] = L — — o = o %] - o [&]
HG 0 2.14 4.14 2 0 * * * * 2m Test Cavities
2 4.14 6.14 1 0 * * * *
4 6.10 8.10 2 0 * *
6 8.14 {10.14 3 0 * * teletype see HG 5
10.14 |12.14 1 0 * * * * teletype output
12.14 |14.14 3 0 * * * *
14.14 |16.14 3 0 * * * *
16.14 |18.14 3 0 * * * *
18.14 120.14 3 0 * * * *
20.14 {22.14 21 0 * * * *
22.14 (24.14 1 0 * * * *
24.14 126.14 1 0 * * * *
26.14 128.14 1 0 * * * *
0 0 * * - - Not tested,air leak

in system.
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INTERVAL # OF TESTS - b L
= QiSRLL o oo
2 =| 8| £3 =5 | 5| §|F | E
ju oy [an) — (4] — [=W - x Lt
L = — Lo Lt p— Lot = =L — L (&) =
[a [an] (e} . | g —D vy w O = o — = =
o o (o o == = = 4t T —J =T - td ] [e]
oz = . — — o = Lo (72} [ [= W [&]
R-3 0 2.04 4.47 3 1 * * * 2m test cavities
2| 3.98 6:41 1 0 * * *
4 5.98 841 2 1 * * * *
values missing from
6| 8.08 10.32 3 ! * * t sheets see teletype
* * %
8 | 10.02 12.26 3 2 stripcharts 6-24
10 | 12.09 14.33 3 2 * * * see R3,R5 stripchart
12 { 14.00 16.24 3 2 * * * teletype 8,16-24 see
14 { 15.95 | 18.19 3 1 * * * R holes teletype
16 | 17.96 | 20.2 3 1 * * * | ox Teletype 0-4 see
18 | 19.97 | 22.21 3007 * * * | ox HGS  18-24
20 | 22.01 24.25 3 1 * * * *
22 | 23.97 26.21 3 1 * * * *
24 | 25.97 28.21 3 0 * * * *
R-3 1.47) 1.30 1.64 0 1 * * 0.34 m test cavities
2.2 2.03 2.37 0 1 * * (single fracture)
3.9 3.73 4,07 0 1 * *
4.6 4.45 4.79 0 1 * *
5.8 5.66 6.00 0 1 * *
6.5 6.41 6.75 1 2 * * *
10.3] 10.16 10.50 1 1 * * *
12.6] 12.45 12.79 1 0 * * * Teletype, see cross
14. | 13.79 14.13 1 2 * * * Referenced files
15.9} 15.76 16.10 1 0 * * *
21.6| 21.44 21.78 1 1 * * *
23.1] 22.93 23.27 2 2 * * *
y * - - -
24.7] 24.81 24.85 0 0 End of testing in
R-3 hole blocked @
26.67
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INTERVAL # NOF TESTS - = ")
wd : T BE f=dn] g wl & v
<] = 3 Py =5 S = =
& = § r freg i =< g ol B =
S & 2 o = 5 Z0E Sk s el 5
©= = L = — =] — - ey n =1l = S
R4 | 4| 3.90 | 611 3 |1 * * x| o Zm test Cavities
6 5.90 8.11 3 4 * * * *
8 7.90 10.11 3 2 * * * *
10 9.90 12.11 3 5 * * * *
12 11.90 14. 1 3 1 * * * *
14 13.90 16.11 3 1 * * * *
16 | 15.80 | 18.01| 3 1 * * w | Stripcharts 14-26
18 | 17.82 | 20.03 ) 3 3 * * * | o* See HG-2 Stripcharts
20 19.80 22.01 3 2 * * * *
22 21.92 24.13 3 2 * * * *
24 23.92 26.13 3 0 * * * *
26 25.85 28.06 3 0 * * * *
28 27.93 30. 1 1 * * * *
R-4 |15 1.36 | 1.85| 0 | 0 * * 0.49 m Test
7.3 1042 |10.91| 0 | 0 * x Cavities
13.1] 14.96 15.45 1 0 * * * (single fracture)
16.5 8.24 8.73 1 0 * * *
18.1 19.87 20.36 1 0 * * *
18.9| 20.65 21.14 1 0 * * * *
19.8| 21.58 | 22.07 | 1 0 * * *
24,.9| 26.65 27.14 1 0 * * *
27.91 27.61 28.10 0 0 * - * - Test Discontinued
Teletype see R4,5
Tgletype output
{single fracture)
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INTERVAL # OF TESTS _ [ w
P ! - 5= fedin] = wl| & wn
3 = | 3 - =5 | 5 S| = L
x | (4] |t (=W — x Ll
] = — Le Ll — L) = < — (78] [ =
o a (w] [Ty - =R %2 Rt O - o -1 = -
(] o o o = >D = us I- — <L — [EN) pams | (=]
[2a] = (¥ — —t [} il ol 72 Lo (7] (=% (4]
R-5 | 2 | 2.13 | 4.24 2 0 > * * 2m Test Cavities
4 | 4.26 6.37 3 1 * * * *
6 | 6.32 8.43 3 2 * * *
8 | 8.37 [10.48 2 2 * * * *
10 | 10.52 |13.63 1 1 * * * *
12 | 12.56 14.67 1 1 * * * * Stripcharts 2-24
14 14.67 16.78 1 2 * * * % see stripcharts R3,5
16 | 16.79 |18.90 1 2 * * * * Teletype see R-Holes
18 |18.82 |20.93 1 1 * * * | o* Teletype output
20 | 21.02 {23.13 1 1 * * * *
22 | 23.1 25.22 0 1 * * * 0:0 flow - no injec-
24 | 25.17 |27.28 1 1 * * * | o* tion test done
26 | 26.08 28.19 0 2 * * * 0.0 flow,no injec-
tion test done
R-5 [ 1. 1.47 1.81 0 0 * * 0.34m Test
3.4| 3.21 3.55 o | o * * Cavities
9.8| 9.60 9.94 1 0 * * *
10.3] 10.09  |10.43 1 1 * * * Teletype see R4,5
11.3] .15 [11.49 0 1 * * Teletype output
: ' (single fracture)
12.71 12.54 |12.88 1 1 * * *
15.5] 15.31  |{15.65 0 1 * *
17.2| 17.07 17.41 0 ] * *
18.9| 18.74  {19.08 0 1 * *
21.0] 20.89 [21.23 0 1 * *
22.2| 22.03  |22.37 0 1 * *
26. | 25.92 |26.26 1 1 * * *
27.1] 26.95 {27.29 1 0 * * *
28.5| 28.32  |28.66 0 1 * *
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HYDROLOGY TESTIMG DATA INVENTORY

INTERVAL # NF TESTS — — "
w " BE EE |l 2| wl&E | o
53| 2. 2|2 ED|E
Z | 5| B S E| EnE| == 2| 8|2 &
2 £ i = = 3 =4 =3 5 = S
R-6 4 . 2.0 6.0 1 0 * * * * #in Test Cavities
8 3.77 7.77 1 0 * * * * using slightly
12 7.77 1 L7711 0 * * * * g;;:ttz;‘ent data she
;g :;;; :3;; : g : * : : flowrates not calc.
24 19.77 23.77 1 0 * * * *
28 23.77 27.77 1 0 * * * *
32 27.77 31.77 1 0 * * * *
36 31.¥7 35.77 1 0 * * * *
40 35.77 39.77 ] 0 * * * *
R-7 6 1.77 5.77 1 0 * * * *
0] 577 | 9.77| 1 0 * * x| x
14 9.77 13.77 1 0 * * * *
18 13.77 17.77 1 0 * * * *
22 17.77 21.77 1 0 * * * *
26 21.77 25.77 1 0 * * * *
30 25.77 29.77 1 0 * * * *
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INTERVAL # 0OF TESTS wh = w
w o EE = w = w] »
= = bt L < T e o | o= —
g g3 55| 2| 8| E|lz]| &
E = — [ = L = < — wil o =
o fou) (] (U | g v [N o o amd = -
[on] o (=4 o = = =z Wl - - <L -~ [F¥] = [en]
o = L — — o — = [Tt [75] 1 a O
R-8 2 3.97 6.00 2 2 * * * 2m Test Cavities
2.0 4.07 6.06 0 2 * * *
6.03 8.06 2 2 * *
8.04 10.07 3 2 * * *
10.01 12.02 2 2 * * *
10 | 12.00 14.03 2 2 * * *
12 | 14.01 16.04 2 1 * * *
14 {16.02 |18.05 | 2 1 * o | »
16 18.05 20.08 2 1 * * *
18 | 19.99 22.02 2 1 * * *
20 j 22.02 24.05 2 2 * * * 2
20 | 21.99 |24.02 | 2 2 * x| x 42
22 | 24.01 26.04 2 3 * * *
24 | 26.01 28.04 2 2 * * * Teletype 26 see R-
Holes Teletype
26 | 28.09 30.04 2 2 * * * outout
R-8 1 1.31 2.15 0 1 * * * * single fracture
2 1.68 2.52 0 0 * * * * 0.85 m Test Cavitie
2.5] 2.26 3.10 0 0 * * * * n
3.0 2.89 3.73 1 0 * * * * "
3.5 3.31 4.15 1 0 * * * * "
4.5| 4.08 4.92 1 0 * * * * May not be valid
5.5 5.27 |5.73 | 1 0 * * x| 0.46m test teSt
10. 9.80 10.26 1 0 * * * * c3vit1es
10.5{ 10.44 [10.9 1 0 - * . | * "
11.51 11.41 11.87 0 1 * * "
13.25 13.12 13.58 0 1 * ok "
19.29 19.06  |19.55 0 1 * * * Data not valid,test
19.5] 19.61 20.10 0 1 * * redone
21.5} 21.56 22.05 1 0 * * * )
Ktripcharts 1-10.5
Eee R8,R9,R10
Tetetype 1-11.5 see
R-holes teletype
output
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" INTERVAL # OF TESTS | _ _ e = s
s [l o — <L d <C [72]
- = — e <t T x o.f - —
(] = c |l ] xw (%) > =
xI O P ) (&} | . a. - T e
(Y] = -t [ Lt p— L =< — w [ =
[~ o o L | oy - v Ll D = [« 4 -} = =
(=) [a o © = = = L 33 -t L | nd l e ) Q
o = o - —t (=} — - o w | ol oo (&3
R-9 2 3.99 6.02f 2 2 * * o o* 2m Test Cavities
4 5.98 8.01 2 2 * * *
6 8.01 10.04| 2 1 * N
8 10.05 12.08] 2 2 * *
10 12.03 14.06| 2 1 * * | o*
12 14.02 16.05 2 2 * * *
4 16.06 2 2 * x | * Teletype 4-12,14-24 see
! 18.09 R-Holes Teletype output
16 18.07 20.10 2 2 * * *
18 20.02 205 2 2 * * | o
20 | 22.04 | 24.07| 3 2 * *
22 24.00 26.031 3 2 * N
24 26.01 28.04| 2 2 * * *
26 | 28.06 30.03| 2 2 * * | o
' Single fracture
R-9 1T 275 3.09f 1 1 * * N 0.34 m Test Cavities
2 . 8.9 9.33| 1 1} ¥ * B
3 1 1 * * * * btripcharts-see R8,R9,
n.1s n.s2 R10 Stripcharts
4 16.73 17.074 O 1 * * | *
5 19.71 20.05 | 1 1 * * * ) *
6 21.06 | 21.4 0 1 * * * [eletype see R-Holes
7 22.38 22,721 1 1 * * o Teletype output
8 24.10 24441 1 1 * * * 1
9 25.75 26.09 | 1 1 * * * o
10 26.86 27.2 1 1 * * *oLx
10 26.86 27.20 | 11 1 * * * P
i 7.03 7.37 | 0 1 * *
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HYDROLOGY TESTING DATA INVENTORY

INTERVAL # OF TESTS — > ]
o &= v = w | = o
= = | g < T T a | -
<) = [~ = (=475 o > =z
o () = (&) - o, = x (1)
Lt = Pt} L L e Ll - L [*8] (] =
£ | g S o | E S5|282 3E |E | 4|3 |8
R-10 2 3.83 5.81] 2 | 2 | * x| * 2m Test Cavities
4 5.87 7.85| 2 2 | * L
6 7.90 9.88| 2 2 | * *
8 9.88 11.86| 2 3
10 11.80 13.78 2 2 *
12 13.87 15.85 2 2 *
14 15.84 17.82 2 2 *
16 17.85 19.83 2 2 *
18 19.85 21.83 2 2 *
20 21.81 23.79 0 0 * Equip. Failure Rerun
20 21.80 23.78 2 2 *
? 23.77 25.75 0 0 * Aborted
22 24.03 26.06 2 2 *
24 26.01 28.04 2 2 * Teletype 10-18.20-26
26 28.08 30.04 2 2 * see R-Holes teletype
output
1 3.91 4.76 1 1 * Single fracture
2 2.69 3.54 0 1 * 0.85 m Test Cavities
3 5.03 5.88 1 1 *
4 5.93 6.78 0 1 * * * Stripcharts see R8,R9,
5 8.30 9.15 0 1 * * * R10 Stripcharts
6 8.80 9.65 1 1 * * * *
7 11.83 12.68 1 2 * * * * teletype 1-4 see R=Hole
8 16.31 17.16 1 4 * * * * teletype output
9 17.12 17.97 | 1 2
10 24.58 25.43 1 1
1 11.81 12.66 | 11 1



HYDROLOGY TESTING DATA INVENTORY

INTERVAL # OF TESTS | _ _ wh = L
- |85 |52 | = | g|f |2
2 z S|BEB. %% 12 | Flz |8
& a = D BEIBCH 3 | E | BB | &
g | E & e | 2 B|E¥3 &8 |5 | EB|2 |8
-1 5.98 8.01 0 1 * * * 2 m Test Cavities
7.93 9.96 0 1 * * *
9,98 12.01 0 ] * * | ox
10 11.98 14.02 0 1 * * *
12 13.98 16.01 0 1 * * *
14 16.00 18.03 0 0 * * *
16 17.97 20.0 0 1 * * *
18 19.88 21.99 0 1 * * *
20 21.99 24.07 0 1 * * *
22 24.07 26.10 0 1 * * *
24 25.98 28.01 0 1 * * *
26 28.03 30.06 0 1 * * *
28 30.04 32.01 0 1 * * *
30 31.96 33.99 0 1 * * *
32 33.97 36.00 0 1 * *
34 35.95 37.98 0 1 * *
2 4.08 6.1 0 1 * * *
4 5.93 .96 0 1 * * *
6 8.04 10.07 0 1 * * *
8 9.98 12.01 0 1 * * *
10 11.98 14.01 ] 1 * * *
12 14.00 16.02 0 1 * * *
14 15.97 18.00 0 1 * * *
16 18.03 20.06 0 1 * * *
18 19.96 21.99 0 1 * * *
20 .21.96 23.99 0 1 * * *
22 23.97 26.0 0 -1 * * *
24 25.98 28.01 0 1 * * *
26 28.01 30.04 0 1 * * *
28 29.90 32.01 0 1 * * *
30 31.95 33.98 0 1 * * *
32 33.98 36.01 * * *
34 35.96 37.99 0 1 * * * No time for flow test
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APPENDIX B-2

HYDROLOGY TESTING PROCEDURES
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APPENDIX B-2

B2.1 INTRODUCTION

Hydrologic tésting was performed at Stripa, during the period May
15, 1979 to March 30, 1980, in boreholes drilled from the ground surface
(surface) and from the mine wdrkings (subsurface). Differences between
test environments encountered during testing of the surface and subsurface
boreholes required the development of different test procedures. However,
the techniques forkpreparation of equipment prior to testing were similar
for both systems. The following section contains a description of the
equipment preparation techniques used in both test environments. Subse-
quent sections contain individual descriptions of the test procedures used

underground and on the surface.

B2.2 EQUIPMENT PREPARATION PRIOR TO TESTING

B2.2.1 Assembly of Equipment

The equipment configurations used for both surface and subsurface
testing were similar. Figure 3.1 shows the test system used in testing
surface boreholes SBH-1. In the underground test system water for the
storage tank was obtained from the mine water supply and a 1/8-inch nylon

Tine ran from the Pl transducer to the top of the borehole.

B2.2.2 Equipment Checks

Prior to probe assembly all packers were tested to ensure the correct
sealing of all components. To check for leakage, packers were inflated in
a steel pipe to about 3.5 MPa, using compressed nitrogen. Both the packer
and pipe were then submerged in water and the joints, O rings and seals

checked for escaping gas bubbles.
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B2.2.1 Electrical Equipment

The general electrical system configuration used for hydrologic
testing at Stripa is illustrated in Fig. 3.4. Prior to any testing, all
pressure transducers, thermocouples, power suppiies and monitoring compo-

nents were carefully checked for proper performance.

B2.2.2 Final System Check

Prior to the start of any new testing, the fully assembled probe was
inserted into a 5-m steel pipe for a trial test. The packers were inflated
to approximately 3.4 MPa and the cavity water pressure was raised to around
1 MPa. If any leaks existed in the probe they could be detected either
visually or by monitoring the cavity pressure transducer. If no leaks
exist the pressure in the cavity will remain constant when the injebtion
line valve (between the flow tank and probe) is closed. As a last step in
the final system check, the Pl port (see Fig. 3.1) must be pressurized to
check for any possible leaks. A water line is attached to the Pl port and
pressurized to around 1 MPa. As described above, if leaks exist, the

pressure in the line will decrease with time.

B2.3 EQUIPMENT CALIBRATION

B2.3.1 PreSsure Transducers

Al11 pressure transducers were calibrated every three or four weeks,
the period varying to accommodate the testing schedule. Calibration
consisted of pressurizing the transducers with compressed nitrogen using
increments of 0.7 MPa (100 psi) from O MPa to about 4 MPa (600 psi) and
back down to 0 MPa. The output voltage for the transducers at each pres-

sure increment was recorded along with the pressure reading from a calibrated
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Heise gauge connected to the same pressure line. Calibration factors could

then be calculated for each transducer from these measurements.

B2.3.2 Thermocouples and Thermistors

A11 thermocouples and thermistors were calibrated every two or three
months depending on the testing schedule. Calibration involved the record-
ing of the temperatures of the thermocouples, thermistors, and a sensitive
mercury thermometer all immersed in a water bath. The temperature of the
water was changed from 0°C to 80°C and back to O;C; thus the temperature

. sensors were calibrated for a wide range of temperatures.

B2.3.3 Flow Tanks

A flow tank and a differential pressure transducer was used to measure
flow rates during injection tests. Figure 3.3 shows a typical set-up for a
flow tank system. A flow tank combined with a differential pressure
transducer was calibrated by releasing fixed volumes of water (measured
using a graduated cylinder) and recording a drop in output voltage for the
differential pressure transducer for each volume released. Normally a
field calibration consisted of a total volume release of approximately 70
percent of the tank capacity in increments of 10 percent of the total
volume released. In addition, the flow tank system was normally calibrated

under different applied pressures (atmospheric, 1 MPa and 2 MPa).

B2.3.4 Bubble Injection Line

The velocity of an air bubble in the injection Tine is a direct
measure of the flowrate during an injection test. This method was used
when the flowrates in a 2-m interval of borehole (76 mm diameter) were low

(generally less than 15 m1/min). The section of the injection line in
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which the air bubble velocity is measured must be calibrated in order to
calculate flowrates. An injection line calibration involves the recording
of the volume of water displaced for a given displacement of the air
bubble. The calibrations at Stripa consisted of ten to fifteen of such
recordings. The volume of water displaced was measured using a 10 ml
graduated cylinder and the displacement of the'bubble was normally between
90 and 95 cm. The average of all the recordings made was used as the

calibration factor.

B2.3 SURFACE HYDROLOGIC TESTING PROCEDURES
(1) Insert probe in borehole and Tower to the desired testing interval.

(2) Prepare data logger, chart recorder, and teletype for the begin-
ning of testing: write introductory comments (Test No., Inter-
val, etc.); monitor P1 and P2 on the chart recorder; monitor all
channels on data logger and teletype.

(3) Flush the injection line to remove any air that may be in the
line. (Flushing normally is done while the probe is being
Towered to the desired interval).

(4) Record two or three scans of the channels at one or two minute
intervals to check the operation of the equipment prior to the
beginning of testing.

(5) Inflate the packers to approximately 3.5 MPa. During inflation,
observe the pressure build-up in the cavity (P2 transducer). If
the pressure exceeds surface hydrostatic pressure, open the
injection line valve allowing flow into the flow tank, thus
relieving the cavity pressure. (The flow tank must be open to
atmospheric pressure.) A1l channels should be scanned at regular
intervals (1 or 2 minutes) throughout the test.

(6) When the packers are fully inflated, the borehole pressures Pl,
P2, and P3 will stabilize. At this point, the injection line
valve should be closed (if it was opened in last step). The
interval is now shut-in and cavity pressures will adjust grad-
ually to the in-situ groundwater pressures if there are no
vertical gradients and the water level is within a few meters of
the surface. This may take from a few minutes to several hours
depending on the permeability of the interval. Al1 channels
should be scanned at regular intervals as the cavity pressure
stabilizes. :
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Constant pressure injection testing of the interval may begin as
soon as a stable cavity pressure has been reached, above the
in-situ pressure recorded in the previous step. Normally three
or four increments of cavity pressure can be easily achieved.
Figure 3.3 illustrates how an air reservoir coupled with a flow
tank can be used to produce constant injection pressures during
the test. The flow rates can be measured either by a flow tank
and differential pressure transducer or by using the air bubble
injection line method described in Chapter 3. Table 3.2 shows
the range of flow rates accuracy that can be maintained with each
of the methods mentioned above.

After the injection tests are compieted the pressure in the
cavity is lowered to surface hydrostatic pressure by opening the
flow tank to the atmosphere. The packers can then be deflated
and the probe may be moved to the next interval for continued
testing.

B2.4 UNDERGROUND HYDROLGOIC TESTING PROCEDURES

Test procedures used in the subsurface boreholes followed the format

outlined

(1)

(4)
(5)

(6)

(7)

below;

Turn on all monitoring equipment and allow sufficient time for
all components to reach operating temperature. During the test
program the equipment is shut-down during weekends and periods of
equipment failure. At least 1 hour is allowed for equipment
warm-up after periods of shut-down.

Record sensor outputs if equipment has been removed from hole
since the last test.

Place the probe at the desired test depth plus 0.1 m (packers
move out of the hole approximately 0.1 m during inflation).

Record all sensor outputs and calibrate chart recorder.

Inflate packers to approximately 3.3 MPa, ensuring that lines to
the lower .and inflation cavities are open. Record sensor outputs
continuously until the packers are sealed.

Monitor variations in the lower cavity pressure Pl on the chart
recorder during inflation and control the lower (Pl) cavity
pressure using the valve at the surface. Attempt to keep lower
cavity pressure at the shut-in pressure estimated from the
previous test in order to minimize the potential for over pres-
surizing the cavity and to reduce the shut-in time.

When the lower cavity pressure Pl becomes semi-stable, shut the
injection line valve and allow the pressure to increase in the
injection cavity.
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(8) When the pressure in the injection cavity has stabilized (changed
less than 0.0003 MPa per minute) record the stable shut-in
pressure and open the injection line.

(9) When cavity pressures are stable and at least 30 minutes of
outflow have occurred, measure the flow of water from the injec-
tion cavity using 10-m1 graduated cylinder.

(10) Using shut-in pressures calculated from data obtained in step 8
calculate the first injection pressure PI1 (110% of shut-in
pressure). Adjust the cavity pressure to PI1 and monitor tank
level (flow) and cavity pressure on the chart recorder for at
least 30 minutes. If no flow is observed in 30-45 minutes
calculate and apply the second injection pressure PI2 (140% of
shut-1in pressure). If flow is observed in 30 minutes during the
first injection try to obtain a flow of at least 3 ml in 2 hours.
The second injection pressure PI2 is calculated (140% of shut-in
pressure) and applied (if flow is obtained at PI1) again a flow
of at least 3 ml in 2 hours is desired.

(11) After completion of the last injection test open the injection
cavity and repeat the outflow test of Step 9.

(12) Deflate the packers and record all sensor readings to check
against those of Step 4.

(13) Move to the next test location (plus .1 m) or remove probe from
hole. If probe is removed from hole record all sensor readings

when probe is out of hole to check against readings of Step 2.

These procedures were also used to test two holes concurrently thus
reducing the total required test time. In order to test two holes concur-

rently one system was usually in the shut-in phase (Step 6) while the other

system was in any of the other phases of the test sequence.
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APPENDIX B-3

HYDROLOGY DATA FILES
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B-3.1 Subsurface Boreholes, 2-m and 4-m Interval Tests



BGE°1- BSE®1~09°0F L°01 %60°0 1226°0 vL226°0 01 01 %0 o1 ¢e
BSE®1- 6S5F°I-C°11 L°00 $20°0 4218°0 sL18°0 GS¥ 80 I¥ B0 1
929L°0 80500°0 LS502°0 099242 99°6¢ g1 92 ee

G31V¥OIANTI SI JAAVHAOY ON $2AHN 294 66
GNNDd S3YNSSAND 171V LON LNIWIHINT GNNDIS 22QHMN Z9H 66

: ALVYHADIS IATLYVOIN INIWIAWONT LSHIZS SE0HN 29H 66
BSF°1- B8EE°1-9°01%

-149-

4°07 0G6°0 +8€L4°0 9584 °0 88 90 oS 90 ¢é2
e¥89°0 B80S00°0 LG02°0 49°E2 49°12 e ee a9
CSE°T- 2G6F°T-8°07 L°01 S§SG°1 0286°0 0286°0 40 27 S0 21 €2
ZE5E°T~ 2GE€°T1-£2°01 2°0Y Q2%°0 S846°0 S848°0 9 11 ®E V1 2e
9GE°1- 95€°*1=~L°01 L°0F 605°0 8298°0 8263°0 02 01 et ot 12
) SRO0B°0 80500°0 4£S02°0 L9°1g 4961 0y 0¢ a8
eGE® T~ GGE®I~-8°01 6°01 04%°0 9928°0 4928°0 Al £1 ey €1 E¢
9GE°1- 9G5€° 1011 0°1! O09£°0 £66L12°0 c66L°0 66 21 45 21 2@
9SH¥° 1= QGESI-0°TT 0°T1 042°0 1944°0 1644°0 2 27V 0 21 12
4224 °0 80500°0 L502°0  £9°61 49°41 0 8% o8
WILSAS 40 IATLVINISIYDIM LON 3HY S1SIL OmL L1SHIJ OSIQMN Z29H &6
1Sg°1- OSE°1-8°01 8°0% 270°0 GG04°0 $G04°0 as 2t e 2
£165°0 80500°0 <4S02°0 voeLl ye°61 ° 91
?SE°l~ E£GE°I-8°01 8°0Y 200°0 9vEL°O 49€L°0 80 8o 00 80
$SE°T— 9SE°T=801 0°1T ZT10°0 G069°0 £4069°0 00 L0 2% 90
28%9°0 80G00°0 4S02°0 89°97¥ vo°frt 01 @%
3RIL J0 OV 0L 3ING 3INOQ 4S3140T1d ON 22IQUN 29H
6vF° 1= 69E°TI=¥°T11 0°1F 2¢7°0 0048°0 £0407°0 00 G1 8S ¢V
16E°1- IGE°T=7°71 0°1Y 201°0 6£08°0 1608°0 62 %1 £2 %1
SYE° 1~ 69C°7=0°TY 0°T7 €£E€0°0 iI9t14°0 1914°0 £Y £7F 1€ _£1
8959°0 20500°0 4S02°0 Y9°gl v9°11 #1 <1
EGE®T= #GE°T=0°F7 0°I¥ L49€°0 4EL8°0 6£28°0 ®d 60 0% 60
SGE° 1= 9SE°i=2°71 1°17 60E£°0 6CE8°0 o®feco v 80 i1¢ R0
9GE° 1~ LSE€°T-F°11 6°0% @€UI°O 42G64°0 0EGL°O 19 40 28 240
2004 °0 80500°0 £G02°0 vo°iy 96 £ET ot
EGE® 1= €GC°1=-1211 §°71 €20°0 SE2L°0 LE2L°0 PE ®F% cE %%
CGE®I—~ 2GE°T=-F°11 §°1% V10°0 6104°0 €104°0 0 £1 92 £1
6059°0 80500°0 4S0e°0 19°8 19°%2 LA i
eGE°T = Z26Ff°i=E°11 2°11 Q¥%E“D £099°0 *093°0 ¥ 60 g 60
1G6€°1-= 2GE°1=1°1% 0°1% 099°0 6669°0 2004°0 00 &0 86 @0 €2
£EGE®Y}= ESE°T=2°17 1°11 OES°O S¥BR9°O e¥R9°0 9¢f 80 ¥ 80 <22
ESE°l— ESE°T=E*IY €°11 042°0 €5 G69°0 9559°0 €1 80 it 80 12
0129°0 80500°0 2502°0 19°4 19°G 9z 9 88
Q31VIFIANT SI 3AVHAOTIA ON AHN 29H 66
0Ef°l~ #EE€°1-7°11 T°1% 000°0 hriG°0 £v25°0 4% 80 iy Q0 2
e i- EEE°T=6°07 1°1Y ©020°0 6486°0 GLGG®0 G 20 Iy 20 22
LEE°T~ 01C°1-0°3F 0°11 200°0 LRGS0 #8¢=°0 80 G1 20 ot 12
EviSs®0 80500°0 4502°0 jo°f 19°§ a9

21 2
YivQ ASDTI0¥HAAH 29H 370H 66

vi290:291 18/60/790 1V

100 39vd O0OO0THILVM 40 ALISHIAINN VivVas WH3IHZOH 314



-150-

100 39Vvd

00°S

00°Ss

00°*S

00°*S

00°s

00°S

00°S

00°s

00°s

00°S

Ge21 9°21 £eo¥*2 V¥5vv*2 (0898°0 a698°0 af
g°2l1 s°21 °0-—- 0°0 0240°0 £e20°0 81
009000°0 ®»9¢8°0 /R0S500°0 1850°0 08°se
421 2°21 9° 8- 0°0 08L0°0 v2.0°0 66
R*21 2°21 1vivee GGlIv*2 6920°1 9820°1 af
S*21 4°21 lz2aveZ S&E£8BY°Z &106°0 92060 %1
o2l 227 98~ 0°0 9520°0 §640°0 €e
009000°0 1v990°0 20500°0 18S0°0 za*ce
6°21 O0°f1 A L 0°0 G%L0°0 £920°0 v
6°21 6°21 £96v°*2 696%°2 L120°1 80£0°1 e8c
6°21 6°21 290S°2 L20S°2 6%08°0 1808°0 16
0°El 0°fl 1°0- 0°0 GGL0°0 1€20°0 £€
009000°0 £Lv20°0 805000 1850°0 €8°1¢2

1S31 ONTUNG ¥3IR0d INANI NI 3ONVHD V SYM 3IHH
o°cl g°21t 6°0-—- 00 6120°0 £€040°0 oz
6°21 O°ET 26862 €SVG6°2 (LBRS*0 08R5°0 0oc
0°E1 O°ET 1695°2 G6YG®Z 6Y0S°0 4905°0 s2
6°21 &6°21 L4° 0~ 0°0 £690°0 4660°0 se
009000°0 ©9%°0 80500°0 18S0°0 SL°61
a*Z1 o*¢el 6% 1~ 0o°o 8%20°0 6%10°0 ' 2¢
O°E1l 6°21 £¥68°2 2568°2Z 6088°0 6088°0 61
O°EY1 O0°El SY06°2 €v06°2 LFOL®O *%0L°0 ov
O0°€l 6°21 Gi°l- 0°0 245200 avi0*0 v
009000°0 1Gv9°D 80500°0 S090°*0 €0*el
0°fcTl 6°27 GL2°0-— o*o0 91200 9u120°0 - 10
O0°El 1°FET S0%6°2 LO®6°2 »B69°0 8869°0 o
1°ET 6°2T1 2Lv6°2 #Lv6°2 1195°0 $196°0 0
O0°El 0O°F1. A°0- 0°o0 2ii0°0 £120°0 or
009000°0 0915°0 80500°0 S090°0 %0°91
o0°cl 1°€1 0*2-— o°0 92 90°0 4490°0 0g
O0°El T°E1 ¢.200°F ¢€200°E ¢®IR6°O 61RA6°0 0
O0°El 1°€1 8vio°*E 92l10°E 6B8£8°0 »6£68°0 o
0°E1 0°E1 &0°2~ 0°0 £490°0 v290°0 9¢€
009000°0 089.°0 280500°0 S0G0°0 So°v1
o°FrY T°£7 a*0- 6°0 S690°0 4590°0 Mﬂ

I°E1 O°EY €99 €EovE°E 6619°0 2029°0
I°E1 O0°F€l 9ISE°E GISE*E ©26%°0 426%°0 ]
0°ET T°€T 8°0~- 0°o 8590°0 9990°0 ot
009000°0 92S%°0 80500°0 S090°0 20°21
N23S 38 4N0> ADTA
6°27 6°21 Tlev°F ¥L2%°C L1l91°0 £4491°0 0
1°€1 O0°E! CIEDL*E GEZEV®E av¥v1°0 Ly®i°0 4

0°ETl 0°Fl 0°o 0°0 0590°0 0590°0 0o
009000°0 99€1°0 f0500°0 G090°0 11°0°¢
4°21 921 G6°G-— 0*0 ©88%S0°0 $860°0 LA

QezZt S°21 $808°T 6808°T 2€2¢°0 o2y °0o o
921 G°21 ftliney 22IR*1 RKELE®D 0vL€°0 A4

€21 21 G*G— 0°0 6850°0 £850°0 ée
009000°0 €81IE°0 80G600°0 66S0°0 10°8 :
G*21 G*21 &v*°8- 0°0 E%90°0 6£60°0 9f

G*21 G°21 L£00°%°2 LEOO®2 9£86°0 9986°0 S
ve21 2°21 0610°2 0610°2 656L°0 6%6L°0 8¢
ve2l ¢*21 0°0£C~ 0°0 £€950°0 €£8¢€0°0 e

00°S 009000°0 T¥cl°0 80500°0 66S0°0 80 °9
viva A9070
00TH34ivAR 40 ALISH3AINN 2E£:€0:91 18/60/90 1V v

£2 22 €& 6% 12 12
£v 12 €1 &1 1tz 11
eLefe L4 2e 88
L% £1 00 91 €1 2%
RE 21 22 & 21 @ée
e¥ oz 11 12
€2 ¢£ Ol |}

0os 11

* 11

vge1e v oe an
oec 1 * 0S 00 2!
GG £¢ 82 G2 f£2 ¢c¢
91 £Z O S5¢v 22 12
s 22 £ & 22 11
9L°61 1 4 el a8
2 $340N *91 QHN 66
01 61 02 %v 81 21
26 &Y 02 91 2t ¢
S 41 SF 8 91 2
12 91 G2 18 St 11
2L L L4 91 a8
€1 1 2% £¢ €1 21
6 €7 61 6£ 21 22
62 21 ov 1S 11 12
et Y1 @ev o0 1t 11
00°91 ® LA a8
96 81 1) 92 €1 ¢t
4% L1 O 21 21 22
6 21 O ¥ 91 12
0f 91 OE 00 91 11
10°vi L4 et 688
€% LY OE £1 41 ¢
vE O 0 & 91 22
*S ST 0 ¢¢ St e
80 ST Of ef 1 i1
20°21 ® o1 88
S0 61 OF SF 81 21
€6 L1 0 €2 41 22
S1 47 £ &% 91 12
£ oy of ® o- Tt
»0°01 1 4 ee
m>~b(wwz ‘g QCZ 66
v o0& ®F 61 <2

ce 61 ON S5 81 12

4¢ 81 00 g2 8t 1t
90°8 £ 9 ee
2 €1 a¢ e 21 2l
2¢ 1T O & 11 @22
25 0t 45 81 0% ie
s2 8 ee &S ¢ 11
a6°¢S L4 L4 8e
v¥2 1 3 12 ¢ 2%
06 2 &% OV 21 2¢2
€1 2Y K2 25 11 12
2é 11 08 1£_ol 17
Go0°% L4 e 6e
YOAH €9H 3I0H 65

4v0S WY¥3IdEIH (3ITId



-151-

€00 F2Vd O00THMILVM 40 ALISHIAINN

0°0 »680°0
48L2°2 gvitel
9%i¥°2 S920°1

¢°0 ece60°0

80500°0

0°0 SRI0°0D
6IEw°2 4BSi°l

eEIEO: 9l

1876 0790

Yiva 40 aGN3 06

I€ 0% 21 v o1 2%

*1 8 2 s ¢ ee

és 9 c2 06 % «N

Iy 0 0O 61 ¢ 8

aecse 14 ve 0a

£2 00 9% 90 00 2%

ZE £ €F OF 22 =22

Viv¥aS WHIALEOH 3714



~152-

6°Z1 1°FC1 GBEEL*2 068L°2 LS566°0 4966°0 61 2¢ 2 02 OE 0 22

T°€1 O°El +#862°2 IEv8*2 €916°0 QLI6°0 iy »1 0 €¥ 6€ 12 12

0*El 6°21 06°.182—_ 0°0 B8S20°0 €£L40°0 6% %7 12 00 SO o0& (1

oo*s 009000°0 TvEB°D 60600*0 0610°0 6L2°62 IR*EZ 14 eée 120
0°El o0°f1 9°0— 0°0 2.90°0 42900 9% 2F 91 9% 2 91 21

O°FT 1°F1 QOHR®Z L2v8°2 LIOE*T Z%0E°* ST 92 &1 2% 25 &1 22

C°f1 0°€EY (2198°2 sg9e*2 2900°1 c600°1% 25 1v #1 o1 £ &1 12

I*f1 6°21 o°o 0*0 2Rr90°0 1690°0 00 OFE £1 00 27 €1 11

00°S 009000°0 9120°0 60500°0 0610°0 2a°*ge v8*12 v oe !e
627 6027 8°0~- 00 +£90°0 e£90°0 81 8 0%t 81 90 0t 21

6°21 6°21 @E06°2 Lv06°2 oOREZ°Y 06¢2*1 2 0S 2 22 ¢ e2

6°21 g*21 9916°2 9162 Q266°0 eL66°0 6% £ 11 2€ L 12
 6°Z21 6°21 02— 0*°0 &F90°0 cE90*0 0e £2 OE €S 9 11
00°S 009000°0 2.06°0D 80S00°0 9220°0 L4 A4 X Qg* L4 at 80
0°€1 T°E1l 02 °*G— 0°0 €950°0 1950*0 &2 LY 95 E¢ £1 21

O°ETY 6°21 9T116°2 Sv26°2 90920°2 99.0*2 *S o1 9% £1 ot @22

O0°FT O°ET (0SG6°C 9096°2 €£99090°1 5969°% 2€ i% 9 © 12

0°E1 O0°€EV SO0 °E-—~ 0*0 fRIT°0 cetteo sl SS 85 2¢ 4 |3

00°s 0090000 2205°1 |0500°0 9L.0°0 GL*61 VA L4 o1 e
Z2°€1 O°€Y  08°G~- 0°0 OF1T1°0 62i1°0 0% 61 9 BE Ee1 21

1°€1 621 90T10°Ff 1810°E Grlo°1l 21291 ®E 66 4 %S 6 34

1°F1 O°ET $2%0°€E ¥2%0°C 0Lf€E°1 roEeey 0% 60 %S 02 @8 1e

€°tl 0°€El 00°v— 0°*0 SGgit*o €211 °0 9v 11 vE B L0 IV

00°S 009000°0 . SBIZ°1 |0600°0 9LL40°0 0641 6° & vi a6
1°FY 0°¢E1 09° 1= 0°0 6901°0 6L01°0 60 2S5 03 22 w1 21t

1°ET T°EY 2I2€°F ! 162F*E 9686°1 6065° 1 0 v 9y £ 11 ¢@2g¢

O°FT T1°F£1 S4€€°C ° IBYLE 265v°1 409%°*1 28 IS %y OF ® 12

o€l O°FE1Y 138 A 0°0 %201°0 8901 °0 St 62 95 ¢S £ 11

00°s 009000°0 9L2F°1 K0S00°0 9220°0 64°S1 age L4 el ae
O0°F1 n°EY §9°0~ 0*0 »101°0 6101°0 00 1% 00 Y0 91 2t

6°21 6£°21 0GLR°E £G5LA°E 6000°Y 6000°1 0S 61 06 2» o1 ¢c2

6°21 6°21 @EEB°F OQL8A°FE GFEB°O SEER°0 41 8F 62 § »1 9@

. 621 A5°21 |°0~— 0°0 9101°0 0201°0 el 9% 92 v ¢! 1t
00°S 009000°0 2Ev9L°0 80500°0 9L20°0 08°c1l ae ¢ o1 8
©lVIIN] JU0IIA AvIH NVYHL SS3T ANV 0OH3IZ °SNVYYHL NVHL SS3TT NI LNHS (3LON*® GUN 66

cvteafod “Nejeged odeqmif\] sfpretiomtrit B olon ot et N em ey

COENDuMOMeutat BN NINODO==ONANN~OOONNNSN
MONDONSTNORNIDDONTEN «MENOIMNIOMINDDMNNONSODD

4°21 G*°21 9°*0-— 00 €£960°0 6960 °0 6% 26 v 22 &1 ¢c1
8°21 0°21 IEv6°E 6CY6°E LE6H°0 9¢6%°0 0ov €S ot 9T ¢t @@
4°21 9°21 B6¥6°C 0I1S6°E 6L6£°0 L8€EE£°0 s 11 SE €€ €1 12
00°S 609000°0 4190°0 80500°0 £940°0 1 Ad O ¢ ee £ 8 ae
g€e°zZ1 2%21 26 0°0 0060°0 2060°0 00 s2 00 &V 02 21t
ge21 v°27 09€B°Y (6E8°1 B29C°0O TECE®D 1¢ &S 12 2€ 81 g
¥e2Z1 2°21 LIvA°1 @LG6°1 OLEE°O CBFE°O € e € 12 91 2
ve2t vl 60°6- 60°0 L680°0 9660°0 00 1Y 00 10 97V 11
00°S 009000°0 SvIE°0 80500°0 2940°0 62 °6 ae L4 9 ee
%21 L°21 S°01-—- 0°0 6&v80°0 v£60°0 00 £F 0F €2 41 21
£°21 O°EY 0L26°2 00£6°2 F60S5°7 0606°1 16 81 €6 42 S1 22
g8°2l 0°tE1 0096°2 0096°2 £00Z2°V 0002°1 cs €1 €8 O0Ef %1 12
6¢21 6°21 6GZ°4- 0°0 6f£80°0 ovecc0 16 i@ 12 11 %1 |4
00°S 009000°0 8001°% 80500°0 L1940°0 9L L 4° L4 L4 ae
2*C1 9*21 0°02- 0°0 01€60°0 0180°0 €€ 2V £€ 2 61 2t
g*21 921 0819°C '0819°F +$6f£2°V 26fa° i 0 4 SE ¢85 41 @2
2°21 8°21 Q0ZVY9°E O0Cv9°E 1986°0 SY86°0 Al 6 et & 21 &
8°21 6°21 O°€fEl- 0°0 1680°0 c€¢eoco 00 +v 00 62 91 11t
00°S 002000°0 8668°0 80S00°0 L940°0 68 °S 49° ae

14 F4
ViVG ADOTONAAH *O9H 204 66

100 39vd ODTWILVM 40 ALISUIAINN E£VIE0:9¥ 18/60/9C 1V Vivas WH3IdeOH 31



-1563-

0
OO0 00O00D~ -
=]

@ o0 9

NOoOmMmamMMmOMmMmMN

0
o

O PO OO0
00O =t ot ot ot O ot ad g ot
00D @ 03 00 00 0w
NOoOmMMMOMMMN
-0 g § ey w) ot o

00 395vd

0°6LE~ 0°0 1261°0 2261°0

a2
02i1G6°2 0%»2.l°2 €OOO°Y 4200° 1 4
€992°2 10LE°F €g90°1Y 1890°1 0
0°016- 0°0 %51°0 | 15G61°0 e
»8%8°0 60500°0 0610°0 0°0€
0°09€E~- 0°0 #880°0 6260°0 16
£G616°2 S929°2 1r10°1l SE10° Y 92
9969°2 1igL°2 20£6°0 1626°0 6¢
0°292—~ 0°0 1680°0 $060°0 00
29%8°0 60500°0 0610°0 6L%L2
0°E6T~ 0°0 6920°%0 c940° 9¢

0OTMILVA 40 ALISHIAINN EVYSE03OL 18/60/90 1V

Yivas wWH3IdYOH

viva 40 anN3
02 2€ 80
1§ 66 SO

Z1 22 ¢

ir £ €

L4 Qe
el L% 2%
6 2t
0 S5 01
00 42 o1
ve
¥0 OF €

[
CSNO=NMNMNHD
O o0 ot g =t O}
0
(Y]

N=tMROP=ONON
NOSLOIMIPIPmONG

$371d



-154-

09€*1- 09€°1-8%01
BSE®*1~— LSE*TI-6°6

LSE® T~ BSE*T—-0°T1

E9Ff°T~ £OE€°I—-0°01
v9£°T~ $9€°TI~-£"01
vGE*T~ ¥OE°I~9°01

19€®*1= 19€°*1-0"11
09E°*l~ 09€E°iI-1°11
09E* 1~ 09F*I~-6°0V
¥°I1
s°11
€°1!
BSE° T~ 6GE°1-L4°01
SGE* 1~ 66E£°1=-9°01
09€°1~ 8SE£°T1-0°01

09€° 1~ 6GE°T1~-6°0T
LGEC1~ 2GF°TI=%°01
9SE*T= LSE®1-9°01
5¢£° 1~ 8VE°TI-Q° 0T

LYECT= Lhfol=L°1]
OPEC I~ L¥E°I=L°T1

100 39vd OOTHILVA

031531 LON 92Q¥N SO9H

£°01 0%0°0 8rs2°0 61.2°0 £0 60 10 60
6092 *0 40500°0 SE£61°0 vie*ge ¥1+92 ] ve

0°0T ¥50°0 610€°0 0200 SE 11 1€ 1t
€cez 0 40500°0 SGf61°0 vr°92 view2 2 ee

Q3LVIIAN] ST JLVMMNTIY4 ON O020UN SOH

INIWIYONI AONODI3IS HOd S3WIL AINIMIJAIH ON GIAHMN SOH

0°11 002°S 1916°0 1916°0 00 6€ %1 00 8F +1
1628°0 40500°0 SE£61°0 vieee v1°02 60 817

8*01 0OL€£°8 A66%°0 000S°0 0 €1 60 00 E£1 60

4°01 OE®°CY 12160 22150 02 1S A0 00 1S 60

4°01 . 06S°E 2s8v*o cS8v°0 G1 A2 @0 &¢v 42 80
119%°*0 40500°0 2861°0 vyie02 vi*8tY £€ 91

0°11 ats6°2t 66652°0 96S2°0 00 06 11 O¢% 6% 1V

0°11 099°¢ arveco 0Gb2°0 00 %2 1T 00 €2 11

0°¥1 092°y 02e2eo 0Zcee®o 0% 95 0T 00 9S 01
es12°0 40500°0 /861°0 vic81 v1°91 Iy ¢3%

¢*il1 GG*°6 8200°1 8200°1 Z°%% 9€ €1 OF 9 £V

S*1V 6+°9 S296°0 S296°®* o0°*12 L €1 4 €1

S*11l %I e626°0 £€626°0 €t 21 ev 2t
4L98°0 240500°0 L86T°0 vie9g 1384 4! ee 2%

9°07 060°% L6L6°0 66L6°0 06 «1t 6% +1

9°01 006°2 90v6°0 80v6°0 0fF o1t 62 v1

S°01 060°¢ S116°0 S116°0 €0 &1 20 +1
e9v8°0 240500°0 (L861°0 A0s 4 vieegt £2 01

Q34v) IAONT 3AVUMOQTd ON BOUN S9OH

0*1l 8510 £€€05°*0 YE£05°0 €% »1Y iy #1

»°01 0GS1°0 8C£8v*0 GEGY°0 €S €1V 16 €1

¥°0T 0£0°0 9G66%*0 9GSv°0 ie £1 67 €1
6G2EV*0 40500°0 1861°0 LA R R v1°9 62 o9

GALVOIANT SI 3JAVYHAOTIY ON $OUN S9O9H

9071 010°0 oOviE®D 6E£1E°0 £ €1 iv €1
1062°0 40500°0 €£¥%02°0 vico vi°v L4 4

6°1TF 061°0 8ELE°0 6LLE°D 90 1 0 v

o°il 621°0 eivE°0 61%£°0 Iv €1 6 £1
10 § 3 1) 80500°0 €£v02°0 fo°w v1°2 2T 0.

vYiva AODTIOMGAH SO9H 3ITOH
40 ALISUIAINN ©2:9¢vi 186760790 1V vivas WMH3CASOH

HraRE]



-155-

€S1T1°0

T00 39vd O00THIALVYAM 40 ALISHIAINN

098°0 298°0 00 0S ¢ 02 EF £ 12
S00°0 1GE£0°0 Se°LE - §°FE 8 o 88
4G2°0 |85.°0 00 0S 2 02 €€ 2 12
S00°0 T1SEO0°0 S°EE s° 672 8 o 68
. 0vs°0 1¥6°0 00 06 2 02 €F & 12
S00°0 1SE0°0 s°62 c* G2 8 cE S8
v19°0 S19°0 00 06 & 02 €€ ¢ 12
S00°0 1GE0°0 S°G2 G5*1¢ 8 R 68
259°0 £S6°0 0% 9» 91 0ov v 9y 12
G00°0 1Sf£0°0 setle G421 9 vc e

NIALD SILVHANIL ON 02 QN 1M 66
ViVQ A90T0NOAH 1Y 2T0H 64

E0:ET:ST 18/760/90 1V¥ Yivas WY3IdIM 23714



-156-

v486°0

100 39vd OO0 WALVA 20 ALISHIAINN

118°0 118°0 o% 91 2 oy 1V 2 12
S00°0 1S€0°0 €262 f2*°82 9 (o] a8
SL9°0 449°0 02 81 ¢ 0% 10 2 Ve
S00°0 1S€0°0 g2°se 1 XA ¥ e 9¢ 88
+09°0 G09°0 00 0S ¢ oYy €€ ¢ 12
S$00°0 1S£0°0 £Z°te €£2°L1 8 ee e
48G5°0 88s°0 02 Y L o% If & 12
S00°0 1ISE£0°0 £Z°LY 1A 2 § L av ee
885°0 6e5°0 00 0§ ¢ 02 €€ L LK
S00°0 1S£0°0 €S°ET €2*6 e LA ] ge
862°0 662°0 00 05 2 02 €F ¢ te
S00°0 1S£0°0 F2°*6 €£e*s 8 01 a8e
LYE®O 9%€°0 0¢ 80.2 00 S0 2 12
S00°0 11SE£0°0 = f£2°S fe°t

s S 9 80
viva ASCI0HOAH 2¥ 370H 66

Ivi91:51 18/60/790 1V vivas NH3dey 237114



-157-

6685°0 0065°0 S°01 £°01 019°0 22€v°0 6Ccfv*0 vE 11 2 11 f£@2
469G°0 8585°0 %°01 ¥°01 Z29€°0 9%0bv°0 9%0v°0 9¢ 071 25 0V @2
¥586°0 £685°0 S°01 S°01 €£00°0 £9S€°0 ¥9SE°0 00 & 9% 8 12
e1%0°0 9LZ2E*0 80500°0 0550°0 CTAd £ 10°22 ge o¢ ee
616G°0 »166°0 €°01 2°01 88°Z~ »E0T°Q $¥£01°0 ot 21 %0 21 2V
»16G°0 6065°0 £2°01 2°01 #81°0 eL92?0 cL92°0 6¢v 11 sy 11 g2
ZI66°0 2165°0 2°01 ©8°01 #50°0 yvE2°0 voEZ°0 4% 8 €& | 1e
2i%»0°0 89120 80600°0 0K50°0 12°2¢ 16°61 92 81 a8
€DEG°0 £056°0 R°01 £L°0%1 22°0-— 2260°0 4260°0 9 €£1 9% 21 2%
£06G°0 £065°0 £2°01 L°01 $07°0 $99%°0 €991 °0 22 a2t 8t 21 €T
658G°0 66085°0 £°01 9201 1.L0°0 6067°0 o¥ci®0 12 1% g2 11 2@2¢e
1065°0 0065°0 L4°07 4°01 290°0 49%1°0 49%1°0 9E° 6 2E 6 12
2i®0°0 (11190 ] 80500°0 0650°0 0Z2°9e 96°4 1 82 @91 89
126G°0 026S°0 4°01 8°0°¢ Z2°0- 6260°0 9260°0 10 €% 1$ 2¥Y 2%
516S5°0 0256°0 9°01 2°01 <¢E°O 0241°0 6121°0 of €1 8¢ 21 2
0Z6S°0 6165°0 ®°01 1°11 42°0 0851°0 LL81°0 6 11 2€ 11 22
816G°0 026S°0 L°01 L°0¢% 1 4 £691°0 £6%1°0 S 0% 25 0T 12
21%0°0 6AE1°0 8#0500°0 06S0°0 61°81 G6°S 1 g8 &1 A6
9v6S5°0 256%°0 €°01 L°01 0°02~- ovY60°0 €E%60°0 v 17 o2 11 21
2°12~ £960°0 G%60°0 (A
Q99565°0 L965°0 S5°01 G°07 42°9 co0sv°0 10S%°0 0s 01t 6¢ 01 €2
"566°0 €566°0 9°6 B8°5 Gi°% 661%°0 G61%9°0 L 6 9 6 2¢
4¥6G5°0 Lv65°0 €201 201 é60°2 YZ6£°0 €26E°0 GE 8 »E 8 12
cIv0°0 . $09€°0 805000 9150°0 »2°97% 0%l 9¢ 21 88
8v6S°0 B¥65°0 S°01 #°071 O0°L1- 1580°0 1680°0 8S OfF 8y o1 @t
: 0°A1= S680°0 2680°0 Al
6%6G°0 6%96G°0 9°01 v°01 14°2 202%°*0 60EY°0 €2 01t ¥2 01 f£2
256G°0 0566°0 $°01 G20V ##G°F 0Eev*0o 622¥°0 8y @ 1% © 2e
Z¥AG°0 296G°0 9°0F 9°01 9i°2 6R6E°0 486€E°0 4 @ 9 8 i
21¢0°0 ! ) Y5ace0 80600°0 0650°0 £E®YT 60°27% 1€ 0l a8
6109°0 6109°0 G°01 S°01 L°l€f~- 5925°0 G6626°0 G 0OV ey 01 2%
Qi09°0 #i109°0 S§°01 9°01 ¢0°8 8a25°0 892€°0 ob 01 6€ 01 €2
1009°0 £009°0 S°0% S°01 G6°9 200S°0 0710S°0 66 @ 85 € ce
1565°0 166S°0 S°01 G°0Y7 6GE°® 669%°0 669%°0 of 8 6e 8 ie
2i%0°0 462%°0 80600°0 06S0°0 9g°clt 20°01 241 8 23]
37AVNOSYIHNN SLINS3IH 1S3L ADTNd JL0NLE QN €Y 66
0°61 = 0£20°0 0440°0 el
0°0E~ 0440°0 0220°0 21
Y2£6°0 S2E£S°0 6°01 6°01 02°8 ALEYeo 8L6%°0 €2 ¢7¥ g 1 ¢e
2L2S°0 8L25°0 6°01 6°01 98°§ acay e SGI9¥°0 i€ €3 9 €1 @2
»E2S°0 2EZS°0 6°01 8°01 @29°¢ FIE®° O €E1E¥°0 L% 2% oy 21 12
2iv0°0 Sv6E °0 820S00°0 9150°0 cE°01 80°@ 12 9 1:3:]
YECP0 BYH¥T0 8°6 L°6 1°0= 0690°0 £690°0 40 1% i 6 A
SLH%°0 T0S59%°0 8°6 €8°6 020°0 »oVE°O cvTE®O i€ 6 £2 & ec
2iv0°0 1ge2°0 20500°0 06S0°0 i¥°g 86°§ 3] 4 8e
. Q3dd04S 4S34L 31VYH A0 FATLVOIAN SHONT LSTQQUN €w 66
LEGH°0 LEGY0 £°01 #°01 o°o g912°0 ¥912°0 o2 8 9t 8 L X
eiv0°0 6002°0 20600°0 0650°0 i®°90 e6°¢g 3 (4 e8e
INDG 1S3L ROTH ONCHOMMNI®OWHIHALSAINNIANOISTA LS3L°3LVH ARO7Id ATLVOINCZGHMN €4 66
€I1/5v°0 F68P°0 6°6 6°6 6°0 90.20°0 2890°0 0G E£1 02 €1 2%
g838v°0 988%°0 8°6 L°6 (¥i°0 G LE®0 £v42°0 €0 €1 68 21 2
lo8¢°0 898%°0 0°01 1°01 940°0 0692°0 1692°90 i16 11 id% {8 a2
082%°0 924%°0 1°01 #°01 2%0°0 881e°0 8912°0 ®7 6 0% 12
2i1v¥0°0 4202°0 0600°0 0650°0 29°% 002 EE _O ee
a3asn 3INTT ITe8Ens viva >OOJD! AH E¥ 37T0H 66

100 39vd OO 31VA 40 ALISHIAINN L#2622S1 18760790 1V vivas

WH3deyw 314



-158-

088S5°0 088S°0 6°01
2ZBAG°0 188S°0 ©°0 ¥
g98G6°0 286G°0 $°01
2140°0

S8EG°0 688S°0 »°01
1685°0 0685°0 S°01
21B88S°0 1RAG°0 S°01
0685°0 688BS°0 #°01
2iv0°0

200 39vd 00THILVA

: YivQ 40 aN3 06
Q6°2~ 2021°0

8021°0 T2 £1% £0 €Y @2t
6°01 29€°0 619%°0 619%°0 L€ et SE ¢t €¢
£°01 €€£1°0 LEED®O LEEV®O %S 1% 0s 11 ge
¥°0t TI0°0 I1ivc0 11iv°0 G€ 6 IE 6 1e
- 904E€ 0 B0S00°0 0650°0 12°g¢e £6°62 ¥E ¢ ae
9¢01 91~ 6%11°0 6v11°0 €8 11t de 1t 21
G°0t L9E®D 299%°0 299%°0 vt 11 et 11 €£¢
¥°01 2671°0 162%°0 162%°0 8¢€ 01 ot 01 22
01 0°0 G8LE°0 SeLE°0 €S @ 6% © 12

Gvecc0 80G00°0 06S0°0 fee9z 26°¢€e 61 ¢ez¢ ee

MOTd AT LIVOZN °“HMONI LS¥UIJd ¢22 QHN €8 66
a30u0238 LON SVYAR L1S3LM0d =0 QOIuldd 3IWIL %02 OGN EM &6
cve~ ov0t1°0 ovo0tl°o el

30 ALISHIAINN LH62:S1 18/60/90 11V v ivas WY3IdEW 3714



-159-

0%92°C $6G62°C 6°01 6°01
6162°C 0L62°F 6°01 65°01
o0E2°0

DISI°E 9221°C 2°01 6°07

£9L1°C. £28T1°E 6°01 6°01
REBI°E %6L1°C 6°01 £°11
0Z91°E €291°C &6°01 @°0°¥
0E2°0

SEST®E 96S1°E 6°01 1°11

VIOTI®E 0BVI*F
09ST*E 69Gi°F
1291°C +091°E
oc2%0

2561 GHaY°E
Y58 1°C 1GRI°F
GLBI°E G18(1e¢
1.81°€ 2991°F
oF2Z°0

glozZer plRZef
v582°¢C €O0AZE
YIZE°F €9Z2f°F
Y9CE°T 16¥E°F
0EZ2°0

GL2L°Z 9viL°2
»30L.°2 €£%0L°2

2v0l 2 GSEIL 2
12£L°2 2€el®@
OEZ°*0
v999°2 GEQG9°Z2
G599°2 0299°2
fL99°C B€Z9°2
22189°2 LE69°2
0E2*°0

°MINT LtSWId
12%9°2 29%9°2 0°
15€9°2 2L£9°2 6°0
98€£9*2 26£9°2 0°11
9059°2 v819°2 6°01 O
oceZ°0

OODm NODOP ONMeN wmuD ODm~
DD Ootaton viototot et ot oot otot g ofowm

OO0 OOON =mOC@d ANNY= wmw=md 000
tojaleg @ sdvtajed eqesutod oeRodege? o0t ooy wnfuf em

6¥6¢9v°2 »106°2 1°Y11 6°0%
£106°¢ 226%°2 1°11 B8°07
G6926°2 96716°2 &°01 2°11
0£e° o

Z96E°2 BGARE°E
290%°2 890%°C
¥829°2 LEERC°T
ore°o

40°0 ZvSv*0 0%5v°0 2f £1 - fe £l
¥0°0 L12%°0 L12v°0 RS 21 95 21
2A8E€°0 60500°0 0%50°0 creve 26*1e 91 ¢g@¢
o1°2- 6GR1°0 4S091°0 ¢t 6 ov R
L2°2= Mme1*o 4S81°0
0.8°0 Zv0S°0 1%05°0 ve 8 cec ®
229°0 8YRY*0 tv8v*0 ey 2 0oy £
08%°0 2G9%*0 ¥50%°0 *0 £ e 4
652%°0 60500°0 O9S0°G  10°2¢2 0R*61% 12 0¢
LAt 0aLt1*0 [2iico 80 S1¢ 96 *1
v~ oeLI®*0 a2z1°0
92~ 0RLT1°0 8221°0
019°0 +8oY°0 13 404 6% o1 g% %1
456°0 g0EY*0 20€%°0 CT R €2 1
6€°0 I1IR6€£*0 £86£°0 69 €1 4% £V
199€°0 80S00°0 0%80°0 €0°0e 2a*4y i1z otV
a2°0- *6G51°0 9851 °0 20 11 v 01
620°0 Sa90v°0 *90%°0 2% 6 9€ 6
e10°0 2L49F°0 FLOF*0 20 6 €S B8
6100 8EZE®0 8E2CE°0 iv 2 pE ¢
9962° 0 60500°0 0%S0°0 10°8¢ 08°ST &1 97
cHE° 0~ 82v1°0 62%1°0 oy £1 8y ¢t
6%1°0 08EE®N 18€£€°0 20 €1V gs ¢t
0o0i°0 Saif*o 991f°0 Tt 29 £0 27
6§50°0 9%¥62°0 L962°0 4% 01 SE 01
" PEL2°0 60500°0 0%50°0 17°01 06°f 1Y LA R A
&8 *H-— 90#1°0 £6€T1°0 40 01V oY 6
s2°1 £09v°0 209v°0 9§ @ »S @
126°0 LOEY®O0 10%v°0 60 8 40 @
QvL*0 6G2¥°0 192v°0 £ o1 2% &1
606€°0 650500°0 0%S0°0 T1eoX o061l 92 @21
G* 9~ 1518°0 T121*0 az 11 61 0°F
Gs1e2 AP R AL £EGL®°0 10 OV 00 OF
6€°T 605¥°0 60Gv°*0 62 6 82 6
18°0 azzev°en S522%°0 ot © 80 8
288f£° 0 60500°0 0%S0°0 17271 06°6 ¥ 01
3LVHAODTY IHL *L°H°A HOUMNI ONIQVYIY 3B ISSOHe0T QAN oY
0°0 6260°0 4460°0 eo 11 8S 01
2950°0 982%°0 88240 of 6 2t 6
c%0°0 6v1¢°0 051+°0 G0 6 10 6
c¥0°0 986€£°0 omono 60 80 ma 8
1IE9E°0 60G00°0 0%50°0 T7°07 06°L e
HONON3 3LVHNAIDY AON HIANFIAD SSYTID¢INTT NIHdO HLIIA Q3NNSYIW mh<EBDJL.m Ozz 04
G E=- £€260°0 8060°0
£9°0 »06E£°0 £0&f°0 6f 6 L€ 6
4%°0 92L€°0 L22E°0 G0 6 £0 6
TE°O 665€°0 66SE°0 21 8 g e
002E£°0 60600°0 0%50°0 19°Q 06°S 6t 9
Q3INOLINOW ONI3E 40N SVA°dWIL 3OVIANS aHN &Y
98°0 I50%°0 1S0%°0 17 2¢ 6 2T
16°0 €68E£°0 86AE°0 62 11 gz 1t
81°0 9vYa3E®0 169€°0 2l & €0 6

100 39vd O0TM3ivAe JO ALISHIAINN SE21¥:ST

98%£°0 °0 0%50°0 11°9 06°¢ 57 %

©0G00
aZ—t\JiuohoJu FIVRILSE uo:&ubmu m~1¢> ATHOIH MOTISNT 1S34 ACIISvOuN_ o¥

a3asn 3 Ieaeng VAVQ ADOTIOUCAH ¥ 3T0H

18/60/790 V¥ vY4ivas

WH3dey 23TLd



-160-

£98G6°0 2985°0 £°01
998G°0 0.8S°0 8°0¢
$¥2L5°0 1145°0 £°01
e50°0

GOIE°E eviEc°E 8¢
I*0V°E 890%°€ B
006E£°E ®EBE°E O°
oez°o

€21V »QIv¥°E 6°01
830€°E #592°F€ 8°0T¥
1012°¢ L21%T1°E 6°01
GEGT°E 6181°E 6°01
0EZ°0

2012°E B8Z61°E B8°01

v0S2°F SOvZ°E RA°0T

200 3I9vd O0O0TH34VR

YivQ J0 GN3 06

4°01 €20°0~ 0Z2v1°0 9ivic0 6v 1 2€ © el
e°07 600°0 9629°0 6529°0 6S £ €Y ¢ ee
8°01 EE£0°O 9L29°0 2429°0 c€ SV 2 &% 12
S0€S°Q 60GS00°0 S950°0 0°0F £6°4€ ] ee 80

°HONF ASHUIZ 40 1uVd ONZ2 ATIVNALOVY °HONT ONZ ¢RZ OMN ¥ 66
6201 €86°2 €899°0 $899°0 v €1 0% €1 ¢€¢
6°01 f€1°2 0£ece°0 6£29°0 171 €1V oY ¢£1 g2
6°01 220°0 00€£5°0 00£S°0 ¢E ¢t eg 2t 12

4125°0
ec0t £€°9-
6°01 09°1%
6°01 €67°1
e°01 16°0

s26°0
8°0% 04°0-

€L°0-
6°01 61°0

40 ALISHIAINN

60500°0 0¢S0°0 g0*az s8°G¢ g2 9 ae
ONIGYIH MCYId ON °%2 OUN %4 66

0s12°0 19120 2¢c 6 g1 6 el
€£09°0 Y€09°0 46 R S5 @ £e
608S°*0 1085°0 £E 8 i€ 8 2e
0195°0 11950 %0 B € 8 ie
60S00°0 0%S0°0 £1°92 26°£2 2e +¢¢ a8
2002°0 1002°0 ov &1 9 i el
0002°0 8661°0 T &8 80 % 91
%88v°0 £9R9°0 8S €1 °g €1 €2
vESIVIST 18/60/790 1V vivas Wi3dod $3INIA



-161-

viva =0 aN3 06
INASSIIINSNA 11531 92 QUN SH 66

v19°E HIQeE 20l 8°01 0°0 69640 v9ceyeQ 26 21 g6 21 12
v0°0~- 6152°0 2052°0 65 11 £y 1T 17

L2€°0 £02€°0 T1600°0 GE€61°0 9222 21°62 ¥ ve a8
IN4SSIIDIASNN 1S3L 422 QYN SH 66

909°F G0Q°f L°071 8°01 G*Z(~- 6T1v2°0 02v2°0 £S 8 6F O 21
S09°Ff +$09°F A°01 8°01 @8°1 92.18°0 92.8°0 51 8 Y B 12
L2€°0 8008°0 11500°0 GE61°0 £l1°g2 z20°12 o1 o2 g8
06G°E 06G°E £°01.2°071 1%70°0 f889°0 0689°0 v2 ¥1 22 #1 12
L2E°0 Yu¥9°0 11600°0 S£61°0 £6°02 2e° 91 s 81 ae
9€°0~- 1622°0 1622°0 9g 01 ot & 21

98S°E 98E*EL O0°El 6°21 T10°0 0809°0 0809°0 z2 & 00 6 12
LE° 00— 61€Z°0 si£e*o Gl E£1 06 21 11

LZE°0 G045°0 11S00°D SF61°0 06°01 62°9f] Y] 91 88
£9G°E Z9G°F 1°Y1 9°11 [LG®0- 6522°%0 £922°0 65 01 2 6 2t
19G°F O09G°E Z2°11 9°11 0°0 610 2F1%°0 1 6 60 60 12
6€°0— Ggazz°o0 ¥e22°0 97 €1 65 21 11

L2e°0 LEGE®0 11500°0 G&£61°0 fL°91 29°%1 £ vl ae
OSv°E BUYeE 9°11 L°11 0°0 FO6E°0 YOEE®D £E€ 21 1€ 21 12
ot 0~ acge°o v22ze o 20 17 9T 60 Y1

L2ZE®0 S0ZE®0 11500°0 SE61°0 29°%%1 96°21 4 ra |8
SEY°E OFEPeE L°11 2°11 0°0 LILE®O gt 4£°0 St @8 £€ 8 12
G°0- G612°0 8412°0 £2 £13 oY £8 11

L2E°0 LISE°0 11600°0 GSE6T1°0 £o°gy 26°0% 9 0t f8
65°0~ gztz°0 g212°0 e 27 L5 11 21

LEE®E 28E°F O0°FE1 1°CY 020°0 R66v°0 06EY°0 sv 1V £ 1§ 22
202°c 18f€°€ 6°21 6°21 110°0 6EL©°0 QEE®°0 12 1t 61 11 112
€L4°0- £0¥2°0 £o012°0 66 1 11

L2E°0 99%v% °0 11500°0 SE6T1°0 : 8%°01 iE°R 1T © 88
: AQI1IVA 10N S1INS3IH IVISOWHIHL®O ozz &Yy 66

901 Q°0Y [LE°i- G202°0 GL02°0 29 1 vt 21

6°21 6°21 @92°0 206%°0 006%°0 81 o1 o_ L 2 I -

6°21 6°21 @561°0 65L%*0 19.%°0 66 €F 45 €1 22

6°21 O°F1 #71°0 629v°0 e2s¥y°0 2F €1 OoF £1 12

4°01 2°01 92°1-— 8202°0 9502°0 21 01 40 60 11

. 08EY°0 11500°0 GE€61°0 ] 2€°9 ¥ 9 a8

102°1— 102°§—2°01 2°01 0°f- R0z 0 1802°0 Z0 61 20 st 21
EEE°Tl~ £EF°I-0°11 0°11 9L°0 $80G°0 6206°0 26 &% 0S &1 €2
SEf° 1= GEFE°i=-1°07 O°T1 86°0 Gv6v°D PY6¥°0 G2 ¥ £2 vt 22
LEEC* 1~ 6E€°1-0°TT 0°11 9° ALLY®O €84%°0 SY €1 €% £1 2
21— : 0asv°0 11S00°0 GE61°0 LE°9 qQz2ey 2 v ae

vycel— ObFEe{-8°071 0°11 0°0 9661°0 v661°0 v2 b1 61 »1 21
9%E°1- ISE°I—-0°11 £°01 0°0 1852°0 2962°0 91 ®1 v] 1 g2
99f° 1~ GQF°{-G°01 8°01 0°0 *HS2°0 2%S2°0 0S £°7 8 £1 12
zZlo- 6892 °0 115000 SE£61°0 vy £1°2 2 rd L]

Q3sn IaNt aqagng VYiva AS07I0HOQAH S¥ 3I0H 66

100 39vd QOIHIALVA J0 AL ISHIAINN T1SILv2S1 18760790 1V vivas WY3IdsSH £371d4



-162-

€£aevco L¥8°0 8t8°0 o¥% 971 21 o% 17T 21 112
6RL*0 S00°0D 1S€£0°0 L2°6E LL4°SE 8 ov 88
LEE0° 0 699°0 699°0 o¢ 9S8 ¢} 0Z €6 ¢ 12
€£65°0 €00°0 1S£0°0 LL°SE 44° 1€ e 9t 88
£€561°0 G66°0 966°0 oY 91 2 ot 11 ¢ 12
225°0 S00*0 1S€0°0 LL2°1€E TYANY 4 9 et €8
o922 1%9°0 2t%9°0 0¢c €S 9 00 0S5 9 12
S2S°0 S00°0 1S€£0°0 YA Y i4°¢€2 v /e 69
0929°0 L4650 4C5°0 o 1% 11 02 8 1 12
11s*0 600°0 1SE£0°O L4L°EC 42°61 e ve ea
SIE®® 9¥9°0 419°0 o 92 ¢ oy 12 ¢ 1e
9€5*0 S00°0 1SE€0°0° 2L°6Y 24°S1 4 0¢ e
1650°0 £8v°0 G8v°0 02 €€ ¢ oy 91 ! 12
20%%0 §00°0 T1S£0°0 44°S7 2411 ) 21 1:]:]
0EZ0°Y L8E€°0 68E£°0 o¢c €0 L oy 10 ¢ 12
Q0£°0 S00°0 1SE£0°0 2411 VAN L4 el 88
S4SS8°E v9€°0 G9E*0 00 o2 2 0z 8% ¢ 12
S0£°0 S00°0 1S£0°0 242 dL°F S e e
8seo o 21e°o0 €12°0 00 00 ® 0z £€v ¢ 12
9LT *0 S00°0 1SE£C°0 00°9 00°*2 L4

4 an
viva AS0T0¥AGAH 98 ATWOH 66

100 39vd O0OO0W3ILVM H40 ALISUIAINN +HH30G261 18/60/90 1V v1ivas WY3doY 13714



-163-

218€°0

622°*0
v8.0°0
stc*o

100 39vd O0THILVA J0 ALISYAAINN

1yv°0 Evv°0 00 S0 6 0z 8v @ 12
S00°0 1S£0°0 Li%62 LL*°S? S ot a8
2680 ¢G50 O 16 11 O% 9% 11 12
S00°0 1SE0°0 LLi°Se 44° 12 9 92 -]
£95°0 LA LA ] 00 St @ o2 68s ¢ 12
S00°*0 1S€£0°0 42°12 4L°21 B ce ae
169°0 29%9°0 o2 2% 11 O% 00 TT 12
S00°0 I1S€£0°0 22°%°21 2L°€17 | 81 89
11v*0 tiv*0 00 22 A 0Z S0 ® 12
S00°0 1GE0°C LL°ET L4°6 8 L A g
61£°0 12€°0 0¢c g2 # 00 0S5 ¢ 2e
S00°0 1S€0°0 4L°6 2L°S s o1 88
£62°0 +€c°0 00 02 69 0c £0 © 12
S00°0 1S£0°0 L44°S 2L4°1 @ ] ea
Viv0 ASQT0UCAH 4¥ 3TWOH 66

G2IESIST 18/60/90 1V vivas NY3dLY 14



-164-

g029°1
arGzey
8022°1
99
Sv1°0
aczZve 1
v22Zbel
2E2%°1
gzzve
Sv1°0
Sh2vet
ovzZHe
Enzvey
LE2H° T
S1°0
venet
2ol
9EEne |
SHT1°0
222v°1
gozvel
Zraeey
6r12ev°T
Seie0
212e° 1
612%°1
L220°1
SHT1°0
6YvGe 1
55 9G° |
SZ4Ge1
Sv1°0
gavse |
A50G5° [
BIOGe |
sLvGel
SeT1°0
2560° 1
126%°7
116v° 1
S06v°t

Sv¥°0

Svi°0

Sv»1°0

100 39vVd OOTHIALVA A0 ALISHUIAINN ST SISIvI

16°%

iI6°%

6°21 0°€Y 092~ 0°0 6511°0 6911°0 LA
1°€1 0°€EY OEL°E YELCE L20G°0 cE0S°0 74
V°ET T°€T Z€2°F 6E£L°E G99V°0 6960 St
Ty 1°€£1 2°6-—- 0°0 6511°0 8911°0 45
119000°0 £62%°0 80500°0 S850°0 v0°82
Z2°E€T £°€C1 0°82 1~ 0°0 0911°¢%0 asi11*o 10
C°El 2°Ff1 99.°¢ C2R*°E LGSAG*0 89685 °0 9
e°€1 2°cl ove°t EG6°E ISvS°0 19¢5°0 e
e°ET 1°g1 0°8ve— 0°0 9T1°0 *L11°0 vi
119000°0 986%v°0 80500°0 S880°0 *0°9¢e
a2y 8°21 S1%6~- 0°0 2€11°0 82110 et
8°2Y @°21 +#E£0°¢% aevo°*y L98S°0 2985°0 of
821 @°21 GS0°Y 290°% ©QI%G5°0 €ZY6°0 €€
eeZY L°27 9°01~- 0°0 2c£711°0 0EIT1°0 et
1190000 8L6%°0 R0S00°0 SASO 0 so*ve
4°21 2°27% €0 °g=— 0°0 6%01°0 05010 6¢
8*2y 2°21 OFfi°¢Y eei*t 0909°0 v609°0 1 4
4°21 L°21 SElI°% 9€1°*% 6095°0 €£165°0 5¢
179000°0 8B£16°0 80500°0 &8G0°O0 zoege
£°21 L1021 6°G- 0°0 Q0010 0660°0 o¢
4°21 4°2% SS1°¢ 9si1°*% YE9H*0 1194°0 61
4°2T7 L°21 €£91°¢ £91°¢ onge*o 80QE ®°0 L A
4°21 4721 GOi°Yy 1% Z9GE®D vESE° O 1
179000°0 242€°0 80S00°0 68S0°0 80°0¢
aezZ1 8°21 LA 0°0 0560°0 6%60°0 G1
8°Z1 B°2ZY SSI*°% $Si°v c0LG°0 €045°0 9S
aeZy1 821 ggiI°v 8G1°0 f£92s°0 992%°Jd 41
1719000°¢ ¢&v8v°0 80500°0 Si¥0°0 S0°8¢
01 o°fEl Al o a°o0 9060°0 0600 4
0°EY 0°CY 8626°F orser 0S8%°0 998¢°0 8t
0°El O°El EE£6°E E6°E 116%°0 01ev°0 9%
119000°0 2%71¢°0 #0500°0 ©9080°0 ®0°9¥
6*21 s°2% B8~ 0°0 Z980°0 6GR0°0 e
622171 8°21 026°F 126°F 802s®*0 0ieg=0 8e
6°21 0°EY S26°F (L26°F viG6ve0 €esveo ey
f°2l &6°2% Cof = 0°0 1980°0 9980°0 118 4
119000°0 GSve¥°0 ¥0500°0 9090°0 20°2%
QITvYA 10N S4TNS3IHE @ ad
G°2Y ©°271  €R°Z- 0°o 9520°0 9620°0 90
Q°21 9°2V 8IZ°% gi1zZ2°v ISTIE°0 eLieco 'y
G°21 G°2V 612°% 612°% 250L£°0 6502°0 95
G°2g1 9°21 ¢g2e°#% ¥ic°e ovY62°0 $8662°0 8o
GeZl Gge2t E£eh— 0°0 £520°0 $540°0 LR
119000°0 €££82°0 v0500°0 S650°0 40°01
G°21 G°21 2 1= 0°0 €020°0 ©0£L0°0 oY
9°21 @°21 622°% gzec°v 282%1°0 682V°0 e
9°21 9°21 2€2°% 6ec° v 1021°0 E021°0 QG
£°21 9°2% L8 0°0 enLoco £0£0°0 42
119000°0 2040°0 9 0600°0 GS6S0°0 90°8
4°21 9e2t £°f=  0°0 9590°0 4590°0 11
4°21 G211 222°% gSeew 91Sst®0 1161 °0 1€
G°21 £4°21 #¥ge°9v \ XA civr1°0 2idvic0 1l 4
¢eZl 2°21 8= 0°0 €996°0 2999°0 €0
T12000°0 2I%1°0 v0500°0 G6S0°0 00°9

18/60/90 1V

9 @

-y
-]
o

QDO Mt DD=2NUN=O PO g

L X ] o8 o 0 og

2 e
oG 0 @ oy ©N) ox9 o e oG B

PDFR=sO0ONMO=g=Mf 00 Mwm
° []

MHHNMOxNh DR Z=ORHD

o
(-]
9
]

L46°€

L4 4
Viva ADQTIO¥NOAH 8Y 3IT0M 66

vivas

6 22 2 et
LE 10 02 22
E® OF 67 12
£v 21 61 11

L4 01 e|
OMMa L1€3L 66
90 87 €7 2%
2 97 2¥ €2
4% IS8 11 @2
LS ¥¢ @ e
£E3 o9 4 LA

S o 88
€0 42 4% 2t
6Z &0 L1 22
6% 05 9t 12

]
e

[=]

i
@

[}

ey
)
0 =

9 ®% L1 2%
IE 12 41 22
80 4E 9% 12
b @2 61 11

RY3ded $3TVid4



-165-

viva 40 aN3 06

SELG®T +8.LG°1 O°F1 T1°El OQ°FCET- 00 +011°0 S0T11°0 8T 6% v1 E¥ B81 ¢1 21
6RLG*1 £69G°1 T°E€l I°F1 B89S°E 68G*°E 99HG°0 £946°0 42 SO0 %1 8F 80 £1 22
259G°1 O0F€2S°Y O°EY 1°Fl 446G °F B09°*E 9F0G°0 1+05°0 +1 10 £7T 06 0 21 12
EZLG°T BLLS°Y 1°ET 1°¢€1 G6°*L~ 0°0 f011°0 6601°0 ST 1S 11 &1 6¢v 11 11
S5%1°0 16°¢ 119000°0 11%9v°0 ®0S00°0 S8S0°0 co°ye 66°12 L4 oz ae
ANWI 1L AONOJ3S 02 QNN 66

LG8E°*T £6G8E*1 2°Cl 2°C1 vel- 0°0 ¢221°0 9121*0 02 £2 02 ©&E 00 02 2t
GIBE®1 CO9RECY ¢°CT ®°€C1 fF£fEe°l 019°Y 2£0S°0 £E£C(S°0 T 28 AT T & 61 22
BYHE*Yl £IGE®T £°FET Z°ET  O0RZ°*} $26°1 0109°0 £009°0 02 6€ 81 9% 22 81 112
9IBE*l 2G2€°1 2PELl 2°F1 £°0— 0°0 v221°0 ceeti®o 00 9 81 0D o022 m— 11
svl1°0 16°% 809000°0 So021°0 60G600°0 6.S0°0 vococ 60°8¢e v 9 88

200 39Vd OO0TTH3LYM J0 ALISHIAINN SI:IG:el 18760790 1V vivas WH¥3dey I 14



-166-

6002°1 #°FT1 w°EX

=t WO OO0 SVMwm kDN ROOD 00NN MDe=a MDO

€ 60 €1 If €2 @V

j0°92 1 4 we

8¢ 9 24 8¢ 8F ©
82 02 €5 0 02
e et

= 2" 20

2Mn

°
o
-}
D
-

-‘NNQQQ"'NNNN-NO\G’MQQQﬂOOQNDOOQOOONQONNOBO-:‘
o7 |

- wESPy =PgeNm O
N O6RY PrRaQomm M
@@ lme NOSQ

£5 62 et

N

¢ NUOMAM @il¢m o= =
et RAMBNNOICRINOSDIORNANARNNONNCIACGDIRNO™M

o) o8 o] 05§ o cug o @08 g o) ey o o) @y O} 0N om0 s O CV) O\ et ot ome w2 O
&
L4
&
L 4
[+
g

0

DNNHE =N @O

NeNOMNEUNOaNIN<OM NEeO= NNOUae NO= WNaON=E =
o

@ o
o) e o0 &9
©
L)
€ og e

6°@ £
€037Ivd ES34
6 0F S1 2%
£ 2ZE %1 ¢
6v 92 21 4
I ¢2 A0 ¢
66° € * e
A90QHMAQAH 5¥ 2TI0H

P

n
QoG DON BN
) & VY e
' ae
@
O el odomwt

600L4°1 0°59~ 0°o 4100°0 4%800°0
Sv1°0 S6°% 909000°0 €00S°0 a0500°0 LLG0°0 vgc@e
INVISNOD G3IWNSSVY °33H LON®SINd ONV SdIW2AL 1S3) A0 ISHIL JO LHYLS LV %2 QHN
2G8L°T LIS9°] S°FCY ®#°E7 O0°11l= 0°0 061E°0 s612°0
YEEL®T 6K0FL°T 9°CT 9°C1 #8¢°2 go¥°2 0089°0 coR9 0
ISZL4°1 2604°1 9°CT 9°El 9O®°2 gseee 0659°0 9Lc9°0
€SZL°T L2Z22°1 9°FCl 9°CTl O°SEl~- 0°0 8120 €gl1Z2°0
S¥i1°0 S6H°¢ 209000°0 L%45°0 80600°0 2.S0°0 £0°92
EPILCT BLFL°Y 9°FT S°C1 0°00S~ 0°0 oaiz2°0 gv¥2°0
T8ZL°1 LQ1/2°% L°Cl 2°€V 92l°fC £gveesr 1369°0 4%GG9°0
4922 °1 2ETL°Y L°E1 9°FE1 922°F¢ teE° € 2%E9°0 S®E9°0
6EZL°Y $B0L°T Q°Cf G°FC1 90%°C evs°f 8209°0 ov09°0
95141 dv2L°1 S°FEY G°EY1  O0°GOv~ 0°0 €Y §2°0 aviceo
S¥1°0 S6°% 209000°0 £%S6°0 80500°0 £2150°0 20°%2
E€E2L°T vL2Ll°Y 9°F1 9e¢ey €°6— 0°®0 888t°0 0881°0
IETL°T7 IP0L°T] 9°E} #°El $98°F cLGef £E1%9°0 LEDDO
L202°1 FEQL°T $°C1 V€V £4S°F 646°FC 8965°0 6L65°0
S20L°T1 9859°1 ¥°E€V ®°€7 ®°6~ 6°0 i881°0 2881°0
S»1°0 S6°% 909060°0 9S%5°0 80S00°0 LL4G0°0 so0°ee
95€9°] £L£9°T G°ET1 S°F€T1 00°Vi- 6°0 ¥9£41°0 8541°0
orE9®1 $299°Y ¥°FEI G°El PI6°FC 9v6° € 09¥9°0 £2%9°0
PEDPO°T ¥GSQ°Y $°ET GOFY #G6°F E46°F £46G°0 €G65°0
S519°1 £929°1 G°C1 ¥°€Y 09°071- 6°0 L94%°0 19471°0
Svieo C6°% 909000°0 0S%G5°0 80G00°0 £450°0 0t°0e
G545°1 62RG®°T Z2°F€1 E°C€T 06°0~ G6°0 £€091°0 8091°0
29691 6%06°FT S°El Z°FY 1Ge°® éseey d22%°0 4E€2%°0
SS0G°Y 110S°Y Z°Fl 2°€l §G2°%% TR 62 %€°0 9L%E°O
EEB8H°Y S2L9°Y 2°C€T 2°FY1 GL°0- 0°0 $191°0 £191°0
S%#1°0 S6°% 909000°0 4LL1IE°0 80500°0 £450°0  60°891%1
LO0¥B°Y 6299°Y F£°FC1 »°€l E§°Q0~ 0°0 60%1°0 £iv1°0
62G9°7 &671G9°Y Z°E1 E€°€l 2@4°1 |88L° 1 6%4G°0 19iG°0
4669°7 9199°] £l S°E£l 264°1 162°1% €2o¥v°0 6E9%°0
6009°1 $E£92°F E°F] F£°FT GY°¥-— 0°0 ST19%E°0 LA A
SY1°0 - S6°% B09000°0 L#2v°0 80800°0 <S1S0°0 S0°9%
6ET19°1 £L¢719°T E€°F§ Z2°€l 6°0 0°0 £021°0 a821°0
0793 €609°Y @°CY Z°CT @ZT°2 aziee 98GE°0 095 °0
c329° Y $H£0ey] Z2°Fl1 2°C1 ggi°e gegieg 0262°0 SEBEZC0
EZE2°T £BOQ®Y Z2°FV Z2°CH L 0°0 L4521°0 6621%0
E%1°0 cacd 209000°0 024i2°0 80500°0 S180°0 a0 °% 1
BB Y¥G°Y BIGE®Y 1°El 1°€% 11°0- 0°0 £otTi1°0 Sei1°0
€896y GGLE°Y (°CY 1°¢€1 @€EL°C eLee 965G°0 L46SS°0
62LG°Y L625°T O°ET O°€l 9gL°e eELe2 ECLH°0 EELw S0
gpL6°1 6€99G°% Q°fi 0°€l o€~ 0°0 ®59171°0 29%:1°0
csvi1°0 G6°% 202000°0 1GEY °0 80s00°0 GIS0°0 g0°gl
6BRYeY 2i16%°Y T1°C1 O0°£l I80°C c80°€E GECZ°0 i£22°o
£28%°1 CIQAYSY 1°EY 1°CT €R06°C 280°fF c661°0 6002°0
G59Hh°1 29L4V°T1 O°EY 1°€7 09°0- a°0 £550°0 1001°0
S®1°0 E6°% 209000°0 26871°0 a0500°0 &150°0 %0°01
°RA0Td ON ¢JHUNSS3Ud ITINH N3IdD NYHL SS37T IHNSSIHd IVANILNE
£»Z29°1 H946°1 0°FEl O°EYl Ov°8- 0°0 0%£40°0 1220°0
$L86°1 ¥E£6G°T 6°21 6°21 LOV¥°E 6ivef YF6E°0 E26£°0
1509°1 26G6G°Y 6°27 O0°EY 12¢°E SEY°EC SYQE°0 0E9E*0
I¥0g°1 926S°% O0°El 1°C€7 S°8- 6°0 vEL0°0 2€£0°0
Svi1°0 G6°% Q09000°0 OSEE°OD 805000 S1S0°0 WWOM
100 39Vd OO0TMILVA 40 ALISH3IAINN 096208201 i8/60/90 IV

vivas

WHId6Y 13714



-167-

2as9°tl 1919°1 £*£1 ¥°fF1 S6°0—
2%092°1 T¥#9°7] #°€1 ©°F1 896°1
PIE9°T RS29°1 H°E€1 £°FEF ¥46°1
9809°1 26566°1 £°€1 €£°C1 0°0
S%1°0 S6°% 2909000°0 O00€EZ2°0
226G°1 69719°1 $°€1 v°CY 0°G2~
60090°1 2HAG®T v°FCT S°El 6G0°2
auhmn——Mahc—mwnnmcnuomooﬂ

200 39vd 00THALYA JO0 ALISUIAINN

69
|82

y ¥,
96

0°0 98 v2°0
61 1IF02°0
6°1 9% 09°0
6°0 66vZ2°0

80S00°0

0°0 g0€2°0
g°e 0LAG®°0
ooN Nmemoa

G063t

64G0°0

18760/90

2ev2°0
200.2°0
*509°0
S8 %2°0

£0°0F

6622°0
f065°0
94%S°0

v

vYiva 40 aN3 06
A€ 90 1

01 oF £1 21
¥ of g1 @2
92 95 11 12

€Y o7 11 1%
A4 9¢ ae
00 07 £1 21
0S £1 ot e
6 97 €3 1e

WH3AdeY 3314



-168-

100 39Vd

S6°%

s6%%

S6°v

S6°%

Sé6°%

G6°9%

c6°?

S56°%

56°%

S6°%

S6°%

€£°Fl 2°FC1 229°2 Y29°2 2y 120 £v12°0 81 Gl &%
E€°CY 2°FE1 429°2 8292 9181°0 1181°0 ®1 L6 £1
€°FC1 2°€1 6°9- o*o 61R80*0 1860°0 6% 11 €1
909000°0 6891°0 60S00°0 6.450°0 90°9¢ £0°%2
1°EY O°*F€Y1 9°RA- 0°0 s1Z21°0 vi2i*o 00 O¢v 21
e*cl 2°Ff1 L12°1 a1zt FAS R AN ] vIEL® 1 gy 2 L1
C°Fl 1Y Gg22°% 9zz2*1 vZn2éy vFEo2°ty S 1T 9Y¢
1°gl 2°€l  0°6- 0°0 ¥2E1°0 £eEi1°o i £0 &¢
902000°0 6%02°1 40S00°0 0O£L40°0 gL °€C 0g° e
Y°ET S°El ¥ 66— 0°0 GLIT1°0 ®L11°0 00 1S 2¢
S*El °CY £Q1°2 2112 I66F°0 G6EE°O 02 s 21
G*El G°fY §21°¢ ei*e 0G2£°0 €S.E£°0 s 8 11
G°f1 S°FEY1 O°ER- 0°0 oglitl®o 6L411°0 00 82 01
909000°0 09v£°0 240500°0 +6.20°0 120" 4 Sa°*é1
9°El 9°El 8°0%- oeh 621120 é2iteo 8 0¢ 91
9°Fl 4°€% 9G%°¢E 69%°2 26L%°0 6R2%°0 oz £2 87
L°FET B°E1 26¥%°2 éevee 166€°0 £86E°0 #€ 0V F1
9°€Y 9°cl 2°9- 0°0 R2I1°0 221%1°0 6 GT 27
909000°0 §99¢€ °0 40600°0 640°0 €8°6°Y G6°4LY
v°El HeCT 4% 6= 0°0 Go0t1°0 1oiT*0 €1 €2 ¢1
$°€l GO°E€T dAGeC v09°¢ 284G°0 0285°0 o% 1€ €1
¥°fl S°EV7 0i9°FC L3 A av$5°0 9055°0 6 »2 2%
v°€1 S°ER 8° 6= 6°0 ciiieo 1017°0 &% 4 6
909000°0 @S26v°0 20G600°0 #%6L0°0 c8°4t v8°S1
G°gl S°El £l 0°0 £111°0 8011°0 ov &% €V
2°€1 H°FE1 Gi6°F e16°¢C G488°0 12686°0 g€ 12 2t
®°€l G°CT G6E6H°F 6E6°F 20%2°0 #114°0 0S8 06 OV
gLl €°£Y1 G0°01- 0°0 2Efl°0 1IET8°0 0% 9 B
9090060°8 9G59°0 £0500°0 #640°0 cg°sl 48°€ 1
é°cl £°€1 L4°011- 0°0 2001°0 s001°0 S 0% 0%
f£eel £°CY7 9081 eeet 2525°0 2445°0 cb 6% 8
veECl £ecl ggvel geeet G9FS°0 99¢es°0 S¢ AS 4
1€Y1 2°€7 9°9= 0°0 £001°0 000171°0 6% v 9
909000°0 6£6%°0 £0500°0 88L40°0 GL°E1 8eltg
2°FY e°€7 0°F0fi-— 0°0 v 60°0 €GE0°0 e% & ¥
Cc°FEl 2°€Y1 &FfT°¢E s9i°g 0v89°0 9289°0 ig € €%
£°Cl voEY @61°2 geeece L0E9° O 60£9°0 4% 81 6
Z°El 2°F€1 £°01 = 6°0 a560°0 S¥60°0 ce 8 @&
909000°0 ° 261S6°0 40500°0 NA8L0°0 9€¢°il  BR6
2°€1 2°¢€C1 $°01~ 0°0 S880°0 0880°0 I 97 67
e°CY £°€1 9#G°2 96G5° 2 65L42°0 992L4°0 2t 1v 81
e°Cl £°€1 69G°2 [ PA-Rard 9RZ9°0 c829o°0o 12 i€ S1%
Te€l 1°F€1 SE°O0T- 0°0 6880°0 €6€0°0 Y 2€ o1
909000°0 62.5°0  10S00°0 €820°0 B8R °6 06°4
0°El 6°2% Se6= 6°0 i580°0 GGB80°0 &1 696 @
0°EY 1°€1 0€EL°2 qvi°e 6126°0 a026°0 2 of 0¢
1€l £°€1 §16L°¢ 0LlL°2 f9SR°0 c%Ga°0 21 01 6%
1°€t 1°€1 0°49~ 6°0 $580°0 2680°0 68 &7 4°X
909000°0 1£92°0 405000 €8L40°0 S8t 28°9
1°€1 2°€1 OF€°6- 0°0 cleo°on 1080°0 1 92 €
T°cf 1°€7 §88°2 -688°7 1674°0 s0R/9°0 0G6 21 ¢
2°El €°€1 t168°2 468°2 1429°0 c8le°o 1g £¢ 02
1°E1 1°fFi§ GEZ°6~ 0°0 2280°0 1080°0 T 81 61
909006°0 4£909°0 40500°0 €840°0 L 8: 54 €68° €

YAVA ADO0TIOMOAH

68 & @1 11

v B e8e
£ 4 %1 2%
48 B82S 21 Z2
£ €8 111 2
S 4¢ O iy

® L 3] /8
ov 2 £1 <21
81 &1 1T @2
6% 6% © 12
6 €% 8 17
¥ et R
it £ 6 ral
47 01 @© €z
S ¥V & Te
Sy 0% 9 18
¥ 01 88
e LE EY 21
9% OE 11 g&
€t £2 8 e
GE ¢ @ it
7 a e

v [
oty 3M0H 66

00H3ILYM JO ALISUIAINN Qv I0SIWT iI8/60/90 V¥ Vivas WwWy3dotd 3VId



-169-

£°E€1 2ot Ye6- c°0n 92L0°0 0£20°0 ce
E°El E£°€l @LE*2 €62 6G02°0 1204°0 00
2°El F£°€£1 fov=2 eovez S86S5°0 9866°0 oo
S°ET1 £°F1 9°01—~  Q0°0 6920°0 0440°0 00
S6°% 209000°0 9905°0 60500°0 %.G50°0 70°0€
I°€T 1°F1 fF°0-~ 0°0 8920°0 89.0°0 1
1°E7 1°€7 L29%°2 AaAs 2 Go0v°e0 gr1o%°0 2s
Ce°LTI°E°EY 219°2 1292 6Z12°0 1vi12e o S
0°Cl1 0°€T 9°0-~- 0°0 6920°0 8920°0 LA
S6°¢ 909000°0 8F£0I°0 60S500°0 61S0°0 vo0°g2
C°El 2°El S9%9-~ 0°0 9240°0 64.0°0 o

€00 39vd O00MMILVA JO ALISHUIAINN 0+:0S:vl 18/40/790 1V

(h(O 40 anN3
0s ©o 9t o
0% 02 Qo 0E 61
f2 61 55§ £6 @01t

i€ 81 ©0 02 81
Bo°Re & 9c
0% 07 &1 o1 0%
6 8 St 22 1
1 91 6 G2 ¢}
Gf ¢ 1 6§ 2
10°42 1 4 *e
9% 9t 0 9! 0%

Y1ivaS wWN3dOoIY :3714






-171-

B-3.2 Subsurface Boreholes, 2-m and 4-m Interval Tests



-172-

§00 39Vvd

N

°
)
-

NMANMMM
o g8 geooo0
-t =G Y ot oy ot
=t "3 00 op 0t =t

- X-1:
eee
g O\ =a
ot s -y

¢Ldmm
e 0o
o0 ey ot ot
ot ot ot ot

nun
9 609
oG g oof
o o ot

LRI R R
[ RN I
o oxff = et WO
g gy =0 v g

SN
290608
od o =4 o ot
o g vt g et

@
e
]
ot ot

00TY3LVA

2°11 812°0 890° ¥ GLe0°1 €1 8 [ ] “w
LT
regs ¢og2*'0 1
9996°0 I9€4°0 0581°0 L9°L2 £2eLe 0@ 0°l2 8%
£°11 910°0 1601°% 0601°¢ T ] €v € 12
£°11 610°0 0601°¢ 9601°T £ 8 v © 12
2°TY &810°0 9601°1 2601°1 iv 8 6€ © 12
E£°11 €20°0 8601°% 2601°1 6€ 8 1€ @ 12
€°711 610°0 260 1° ¢ v018°¥ i€ ® SE 8 12
2°1t Q10°0 0TY°Y v611°Y T3] €€ © 12
1°1§ 20°0 oNYey g0t €C 8 1€ 8 12
0v°0~ [y AL 1]
29€0°1 18€L°0 0SBE°0 T4 ] 96°22 8 O0°f2 @@
o°2t 0°0 6162°0 S162°0 vs 2% 2 21 12
6°1% 0°0 s162°0 2tez°o 26 21 0 2t 12
o2t 0°0 162°0 8162°0 08 21\ gy 2% 12
02°0=~ olz-o 1t
06942°0 I2€£4°0 0S8t °0 00°t12 99°02 v ®8°02 8%
£€°1t 10°0 GE92°0 9FgZ*0 £ 6 T 6 1e
it  10°0 9€92°0 SE£9Z°0 10 & 6S 8 1z
¥°1f 900°0 G£92°0 SE Q20 6S © i6 @ 12
+*°17 10°0 S€92°0 -CHid L6 © Gs 8 12
0E°O= Laez o 1t
g2 62 °0 18€L°0 0g8I°0 60°61 si°gt € 6°8f €8
RO3 ON ‘NIN/IN §2°0 NI-LiNHS THOL36 ALVEADTTd 2S°81 OUN 66
G°1§ 0°0 £192°0 Z2162°0 £7 18 Iy 11 12
S°1Y¥ 900°0 27192°0 2192°J T8 18 6 18 12
gegg 10°Q m.om.% £392°0 6 1t 40 1% 12
£§°0= g0 vy
6%ES°0 ¥I8EL°0 OSBT°0 SE°S 10°S1 ¥ g°gy @@
NIWZIW 0°0 NI=ANHS 3N0J3E BLVHAROTY 2°Z7 GHN 66
S°Tf 210°0 © 6292°0 62920 01 © 8 12
g°1Y L10°0 6292°0 6292°0 8 @ e 8 12
*°IF LT0°0 6292°0 6292°0 9 © v © e
€°It 20°0 6292°0 6292°0 * 8 g2 e ig
@e g 20°0 mw N.o 8z292°0 20 8 60 ®© 1 £
g2°0- Tt
ZIE2°0 18€L°06 oanno 19901 2E°01 9 %°01 €8
NIWRZIR B°0 m»«a;oJu 8°6 QBN 66
NIR/TW 0°0 BILVHEOND 2°& QUM 66
NIWsIH 020 SLVHMROTIZ $°9 QNN 66
BO7d O¥3IZ NIW/IW S1°0 NI=INHS 3H0438 3ILVHAGTA ¢°S OHN 66
S°118€00°0 8v12°0 8912°0 ¥S €1 o €1 2
&°7124500°0 avizeo 8v 12°0 o £1 81 £t 12
Se[EwE00°0 2v12°06 2912°0 8% £1 es 21 112
&°719900°0 L9T2°0 LVIZ°0 88 21 g% 2t 12
§° 1 Z%00°0 Ly i2°0 v912°0 9y 21 6 21 12
[€°0= 08 31 'O , 18
2012°0 §9€2°0 9581 °0 292 £Lee S GegZ T
veyl 00 1022°0 0022°0 9z 8 02 W &
#°fY 20°0 0022°0 6612°0 02 .8 80 @ Qe
QF° 0= ShL) D 1
£602°0 IBEL°G 0581°0 €6°% 19°1 £ é&°1 88
SLNIWIUONEI (IE) NIATTI3 OGNV €(OFf ) N34 QVH $iS34L 3INO0S FLON 66
£9H ¥OJ viva 3WNLOvYzL: IIONIS 66
40 ALISYUIAINA 00:L€:07 18/82/10 18 ViVAWH3d 4SE9H $31 14



-173-

S0 9 000 00 0 00 gd 0 Q0 Q00 0 CO0P B0 P00 OGO ROP ORISR OPOOEORN PO e ON YOO

1
NN NNANNNMMNNN SOt St Nt et NNt NNt et NNt t NINNANNVNNN et NUNNNNNM AT NN
e L L L L L L o T e R e P P

200 39vd 0OOTHIALVM

oot ol gut o=} gul ouf Gof ouf o] P9 e N g wnll Ou o S v o O oo ] T} o g S ol O W ) T ) wnf e onf =t O ol =} ol wuf Pl ) T gof ) ) ong ol Ol el T oud o

2°11 dvIce2 L6LE°1 2642%% £°62 8T T
2° 11 29f€°2 oogz2*1T 0082°T 2°82 41 11
£*IT 99c°*2 f082°1 £062°1 6°82 91 II
Fol1l 926°2 IRbEeY 18%c°] 8°22 6S Ol
£°11 L86°2 180E* ] 18vE°T 222 85 0¥
2°1t L20°¢ 18v€° 1 LBoE®Y w°22 1S OV
2°11 1R6°2 L80E°Y I8oE°1 2°22 96 01
Z°11 6e8°2 280E°T 984£°Y 8°C2 66 O
2°11 622°F oBvEe Y 98eE*T 0°12 9S 01
2°11 622°F 98 vE* | v64E®1 0°12 £6 OV
Z°11 1962 PEPES Y ¥60E° 1 6°2G 26 Ol
Z°11 L286°2 Y69E° Y V6 9E°T Lo°22 26 O1
1°11 090°% 1ZEv°y EECEV*T 2°91 £€ OF
1°11 886°F EEFH°T  £CYe®l O0°41 2€ OV
2°11 090°v EEEY®Y OFEfy*T 2°01 IFf OF
Z2°11 090°y 9EEY°T  OFfy°T 4°9T1 OF O1F
2°11 616°F IrEvel TvE®°1 E£°21 67 O1
Z*11 060° ¢ T2 X3 T¥Ev°T L°9T1 82 01
2°11 210 ey TSEV®Y 6°0b 22 OF
£°11 9v2°S LI LR SYEVST 8°11 22 OF
Z°11 £l12°¢ 109€° T 109€°F,1°02 40 OF
Z°11 OvE°E 909f°1 90SE* T, £°02 90 O1
Z2°11 OoE°f 809F£°Y QO0OE°l. £°02 SO O1
1°11 29v°f 019€°y O1GE°1, 2°61 %0 O1
1°11 £12°F 209€°Y  LO0J%E°T 1°02 £0 O1
2°11 fr2°f £19F°T E19€°T . 1°12 20 O°F
TI°17 OO€°E £ro€°1 gisceri{ve1y 10 OF
1°11 £EV°F 9195y LI9E*1.S°6€ 00 OF
1°11 214°2 L2221y 064Z°t . €9 6

Z°1T 104°2 0822°Y 18221 L b 6

2°11 102°2 1azze1  2@l2°T £y 6

1°11 829°2 P VELE] 1822°t N N 2v 6

2°11 959°2 18.2°1 5812°1 o w 1 6

2°11 §69°2 s8l2*1 88.2Z°F % oy 6

I°11 2%8°2 88221 26i2°1 D 6£ 6

T° 11 208°2 2612°1 26.2°1 N5 BE 6

2°11 Z290°2 1002s1  oooze1{d 126

I°1Y 0v0°2 000Z°1  20CZ°¥ ¢ 02 6

1°11 290°2 2002°1 1002°Y 3. Y 61 &

I1°11 890°2 1002°T 2002°FT R } 81 6

2°1T 290°2 zooz*1 so00z°y1 Q¥ i1 6

1°11 vc£0°2 G002°7 200Z°t \_" o1 6

T°1t £61°2 002°1 1102°Y ST 6

2°11 e2f°t 8621°1 8621°F : 10 6

2°11 91€°*1 6621°1 6621°% 6S 8

E°11 22£°1 6621°1 8621°T v .6 8

2°11 82€°1 862%1°1 co21°¢ Y &5 ©

Z° 1t ¥8E€°1 0021°I f£021°1 A €S 8

Z2°11 L9F°1 £021°1 L1021°Y “ 16 8

2°11 E2€°7 021°1  Ol2ti°y 6y 8

2°11 689°0 L1901 9s4%0° 1 £2 9

T°11 6689°0 9Lv0° T LLIv0°1 12 ©

£° 11 819°0 LL90°T  Gle0°*1 61 @

2°11 689°0 SZv0°1 2490°F L1 m

2°11 ¥89°0 LIv0°T  8Lv0°Y st

40 ALISHIAINN 00:£€£:0T 18/82/10 18 VivaWwu3d

ey 1 82
41 11 82
91 11 €2
65 01 L@
88 01 L&
1S 0y A2
96 01 /L2
&S 01 .2
*S 01 L2
€6 01 22
0 25 01 2.2
25 Ov 42
£ 01 92
e 01 972
1€ 01 92
0 067 o2
62 01 9¢
|82 0t 9@
o L2 01 92
L2 01 92
40 0t S2
90 01 S§Z
S0 0 &2
»0 01 &2
£0 01 6@
20 0t g2
10 0 s2
00 01 s2
o 6 ve
£v & ve
2y 6 ve
Iy & e
oy & ve
6€ 6 v2
g 6 e
L€ 6 »e
02 6 €e
61 6 £e
91 & £2
41 6 X
91 6 £e
s1 & £2
*t 6 £2
6S © e2
4S5 8B 14
S8 © 22
£S 8 2e
1S € ee
évy 9 e¢
io 8 ee
12 @ 12
61 8 12
41 9 12
sT 8 12
€1 8 12

4S€9H 3114



10337200 UNIVERSITY OF WATERLOU PAGE 003

ois28/81

PERMDATA Bl

HG3SF

FILE:

-174-

NNMMBMPIRMABNMaMPMMNEMEEm MNoa=MMUNNNIN20NNMMoNUMMAYNMMNUNN
60 e 0 009 EOOROQCE OO ODCQCEOSO e g9 9000 Q 0000600000 C0OCRRERC 00 0C 000 O
et uf € e o v ol o) ot ot o e o) ©F o OB W) off &0 oaf wd ot o o omt o) onf o) o end om) ond g o7 wmd eng TR ox) WY caf wnf ) e OF OF o) T w? ) Ed om) omQ oy
e ) o8 ot w8 O gep O £h o S oo} oxd g g 059 ) ong 0GR o <) o) O O orp 029 ot «n] o ) oo} 2 o) ) o) o O vod ONF o) ) ) end 653 O o) OF o &) 8 @y o)

NNAMERMMmMNMAMMEMmANEMNed NMNeaMRUNNNaNMAUNNRMaNNRMRMNTDMANN
@6 0 % 8029000 Q0Q¢C0000060CQCPO O G0 C¢ o000 0B 000OD GO06CO00O60ODOBRROE OO0O0E
ndenq e wo o 2] oot ) 9 R < o o) O o O 4 o O o) ) o U 5 o 98 D o om0 g o ) oug O ] O ) exg O] o) O ¢ wn) o) BF o O o) 0 O wd ey $29
Qo ot o o) D o8 ey B o) €I VI g 21D o o0 o 6 O o) OB ) AR, ) o) O D o) $T n 65 O on €20 owd 620 38 G OB 0% T XY D ) ) 4= P O} O € ) e o

YNDNNNat¢=DeONNODI=NORO emmnmumwNNOuQNOhQDquQHNO~¢¢—ooQ
WO FOVLFXMNOINAUNOOODNRME NNARMOOLNMMNO~NONEeYOMOETNN=ROMMOOOO

MMM NSO OS00MMIMMNIB30008 00RO ANtxtaOCOCRmOMNNMNNODN
90 0% 06000800 g0 00000 eQOocohk ©060¢e¢e00060C0O6000000000600O6%0690e00ce e
NNNNNﬂddﬂ-‘qddnuweacaognmnOOOOQOONNNNNNNNNNNNNNNNNNNNNN
[}
L)
o
©
2
OO O MO YEIRCYHHIBGEDP MO O ONORONOYNCO=GONNMNx~mORD
OODOONNTIFLILTNDNNDCDDDANNN et mm et oottt SRR PPOOOORDDO D
ORGP mmumyNANN ODODDDDODDDNDODDODRDOMMAMMAMMMMAMMM
NANNN S I R LRt 2=t OOO00 O0COO00CO0mmmmaimmmamaYNMNMNNNNNNNNN
Qe Q00 0 0C0QCO0OQ®OO0 000 Q¢ QO0 00 QO 00CEOOOO0EEOHOOOODO0O0O0EOO 0O 0000 OO0
ey o ot ong el g v W ot o o} ey OF oy o) wed o=g €90 o oug 0P ) 9 o oy o 0 ong O wE €0F 09 gup ol o} eng b gy ) oY oo} O] ) AP wo) gy oS PR wm) OY o) w) e Gy
@ .
)
[
OO OO DR BNV DN BOO O EGCORENOINSOBONNENN=SORARD
COONAONINT LTI INNNCODODD NAUNNaNNammcaNiomdtaotaaOROOA0OOD0O0
Ot RARRRMROO MmN NUAUN DONOOMODNOMHDNHODNODDIAMME MMM MM MMMM
MANNNN O mmmd R ammaas 00000 GCOD0OBO0OO0Ommmmm cmmammaa NNNNMMNNNMNN
e @0 00€0O Q000000 QR@GCOOOR®OHOeOQOCO0B0PR000 00RO 0TE0 0000 000O00QQCOO6CS
o e oy ot o on 0 099 o} O @ Y o g G o ot ot o) ) o) e o o) Y ) om) o o e 6 Y e o) e O omd O &0 o) #T§ O g o) 0N ) Wl o) o o] ) O ©F) g
®
At OR OO ® (4] RO SN @D 0 o MY =
00 066009090000 Q [\U] €00 0600009 0QE
PO DM ™™ PN =y e TCONNN
NNNNNT ST CTR T E NONNNMNNNNND
ONENVBRDRCaNNEHREMINGCGaMA RN PN O DO NmaNMEN O -BROC
TSR ITSTTOD

NNUANC ST DB DN oMM EIMIMAMNMMEP SNt mmma NS T
°

7
3

&
ONCNOOPBOO=AMENINEMBE Pkt EP=NMNOD0OwmaMENBMBO
NNNNNSTICV AN Na==MAMMBMN NNAMMSEEICdtadmmmaaNNCGCCCTTTeT
ot e

e o) oud e 0 o o) o o) o8 ontl 0 A DY I Y VI ANV DO OO OO OO O DO = w2t af o8 o0 ¢F ot onf wf ol 50 8 o ! =8 g 04 w3
ol R s N 0 ey W) oD o) S WG ST gm) o o0 oH) o TF oud ws) Guf o) ENJ o onF uF e ont H Y OF I ox OF ox) euf w2 = OF o o w4 0 gl O o G O i O ed ¥d O gy ST

8

1 50
1 50 30

)
N

23
23
23

D 00&00000 o st wd &9 b
NAUNNNANNNNNAASMMmAMmN

28



OF WATERLOO PAGE 004

10:37:00 UNIVERSITY

ois28/81

PERMDATA Bi

HG3SF

FILES

MMM
20 0 0 @
gt e oy vl
et w8 wt w0

NNM RN
oo w0

et of a3 o
ot vl exf e

Y-y 1S
BENMM
O
[ 2 BN BN
©ooo00

D=« OO

weet (\] we O\
DO OO0
0000
20 000
e oy &P ot

ND M =0
e g O =
@i
00000
e ¢ 0 @
TR s o g &

-175-



-176-

065°0 695°0 911 S°It $10°0 Yo¥6°0 6v4€°0 £Y 4 6¢ L ie
6¥S°0 0S5°0 G°IV S°f¢ #70°0 5vv6°0 969 6°0 €€ L $€ ¢ 12
0SS°0 89S°0 €°1T1 $°171 ¢10°0 95v6°0 19¢6°0 SE L e 4 e
8v6°0 B8v5°0 ¥°IT &°11 ©10°0 19¢6°0 29PECD i€ 4 ee L ie
%288°0 L9EL°0  €$90°0 88 °9e 6£°9¢ v 2°i2 €68

925°0 925°0 S°IY S°1% 000°0 v62€ °0 £62€°0 68 & €S ¢ e
92S°0 926°0 S°If ¢¥°il 000°0 g€62€°0 GIEE"D €S 4 IS ¢ 12
oomm%noo L49€2°0 €£§90°0 o892 6£°92 ¢ 6&°9¢ Wm

6050 T1S°0 2°1% 2°11 000°0 6vE9°0 0S€9°0 €2 8 %2 8 ic
116°0 0¥S°0 2°%11 2°114600°0 0GES °0 ISEQ®0D ve 8 ¢ @ ie
0IS°®0 1YS°0 Z°17 E°78L600°0 1GE9°0 E€CESO ze 8 6z © 12
116°0 2¥s°0 1°%Y 7°1¥ 000°0 £S£9°0 GSEC°0 0c © 8t 8 ie
21G°0 €15°0 §(*1% 1°1% 00OO0°O sS£9 °0 96£9°0 el @ 21 © 1e
128c°0 49€EL°0 €S90°0 [ Rl 1 £E202 ¢ €°02 €@

685°0 686°0 2°27 ¢°21 000°%0 1£471°0 9211°0 LE ¥1% SE 1 12
68S°0 6€5°0 2°2Y e°2t 000°0 v4L11°0 4 11°0 €€ o1 €€ o1 12
685°0 $9°0 2°2% 2*2t Dge2°0 viET°0 2411°0 1€ ®1 62 1 1V1e
11170 49€4°0 €£590°0 0ze0e 14°61% g 0z 8@

886°0 685°0 $°It €°1% 000°0 2407°0 2401°0 67 @% 4% 81 12
685°0 685°0 $°8Y &°IY 000°0 c4017°0 2201°0 4% @1 &1 81 112
686°0 68S°0 S°&t 5°711 000°0 c401°0 2401°0 €V a8t €1 81 e
68G°0 BBE°0 G°TV #°V¥ H$E€0°0 2401 °0 68801°0 €Y 81 60 8y 2
6201°0 L49€L°0 £590°0 s6°61 9v°S ¥ ® &°GI @88

+65°0 £66°0 £°I1¥ 2°71 000°0 s2¢1°0 €S9 1°0 80 6 %0 & e
£65°0 €65°0 2°11 £€°11 000°0 £€291°0 eevico 0 6 00 6 i<
£65°0 £65°0 €°11 £°1¥ 0060°0 (X2 A B €29 1°0 00 & 9 @ e
-owmwnoc L49EL°0 €690°0 ev°01 66°8 € ot WW

$66°0 £65°0 9°8F %11 €000 6040°0 1140°0 0 © o¢ 8 1 X4
£6S°0 £6%°0 #°11 S°17 000°0 1120°0 6064C°0 °% € Ev @ i2
£66°0 ¥65°0 S°11 S°1Y1 £00°0 6020°0 0140°0 c® B 8¢ @ ie
$65°0 665°0 S°'%f €°*1¢¥ 110°0 0120°0 €042C°0 8€E€ © vE 8 12
€65°0 €£6°0 S°1IY ¥°T¥ 290°0 60L0°0 €0£40°0 vE 6 0 & 12
£65°0 $6S5°0 ¢°17 s°1t1 £00°0 80.0°0 8020°0 oF 6 9z @ 12
$6G°0 £65°0 €°T71 S°¥¥ 800°0 80400 602€°0 92 @ e2 8 i
£6S°0 ¥65°0 €°1T 6°11 020°0 8020°0 6040°0 éZ 8 8t @ i
v65°0 ¥65°0 S°IV #°1 ¥ B800°0 60.0°0 8040°0 ey e v? 8 12
¥6S°0 S65°0 ¥°¥l ¥°¥T1 €20°0 €020°0 804C°0 %1 @ 0% © ic
2920°0 hoﬂhmﬁ €590°0 1 AR €0°89 | 3 ] g [2e

¥iva A9070HOALR uWNLBVYUL ETIONES ©OH 3I0H 66

700 39¥d OO0 HILVA 40 ALISYBAINN 00:L£:01 168/782/10 U8 vivawdad dE¥OH $3T11d



177-

16652 °0 I8E4L°0 S641°0 8iL°1e voeie ¥ o9*i2 €8

9°tt 9211 820°0 vL14°0 L 1L°0 ®2 %1 ce 1 12
9°71% 9°11 820°0D ¥l 14°0 8L14°0 2e %1 0z vy 12
9°11 4° 11 820°0 8L414°0 441L°0 02 %1 at o1l 12
4°118 4211 $fF0°0 4412°0 0812°0 8T %1 9t $1 112
4°1% 9211 820°0 0814°0 6414°0 91 %7 1 T 12
@°11 8°11 %£0°0 6L14°0 0814°0 %8 b1 2l i 12
QWm%Ooo I8€L4°0 G641°0 0i1°9% 94°61 ® 6°81 Wﬂ

2211 2°11 0°0 GLEF®D ®LEFT D €T @ 11 8 i2
2°17 1°11 0°0 YLEECD YLEE°D 1T @ & 9 12
i°tt €°11¢ mm-m PLEE®O 8LEE°D 6 € & 8 “w

*0w

¥41€ °0 I8€4L°0 G&6L1°0 ET°91T 84°F 1 € 0°9%1 @@

§°2% 6°2¢ 116°0 21250 01es°0 %0 ¥ 20 1% i2
0°27 T°21 1V0°0 6i2s°g 0125°0 20 11 00 11 12
i1°2% 1°2% 110°0 01es°0 6025°0 00 113 8¢ 01t i
ezt @¢°27 ¥10°0 602€°Q 6028°0 88 01 98 0t 1312
0227 0°2% 800°0 6026°0 28025°0 98 0% ¥8 01 12
0°2% 0°21 800°0 e02c°0 6125°9 »E 01 g 01 12
6°2% 6°Y71 TE0°0 f0tzs°e0 §028°0 285 01 68 0Y 12
6269 °0 I8EL°0 &6471°0 &6L°€ T goeel 4 9%9°gy @88

S®§1 &°711 @Q4°9 IsS94°0 1694°0 00 @ 09 68 4 12
E°17 G°F1 S4°9 1594°0 2694°0 1°92 856 4 98 & i
€°31 92§31 &4°9 Pe¥L°0 9E9L°0 1°02 98 4 96 4 i
9°17 918 @BL°9 OSvL°0 4594°0 0°0% SB 4 62 26 4 i2
9°%7 €°1% ©@°9 L5%4°0 L894°0 6°88 %6 & 8% %8 & ie
€°7% §°711 ¢&8°9 48%4°0Q BE9L°0 B8°68 %8 4 *s 4 e
€°8Y €°¥1 @88°9 85%2°0 1994°0 4°6% €S 4 €8 4 ic
6°17 $°11 G6°9 9940 19%94°0 §°61 286 4 Z8 4 12
G°1¥ ¥°77 @8°9 io®s°0 $994°0 L°61 1S5 & 16 2 i€
©®11 ®°¥1 &8°9 ¥294°0 5994°0 ©8°6% 0% £ 08 08 ¢4 12
1Y #°I¥ G699 EO®L°0 $992°0 €°61 08 4 és ¢4 12
¥°T7 ®°1¥ £0°4L 99%4°0 889L°Q C°6% &9 4 0F 6% & e
?°18 ¥°¥8 OF1°4L 99%4°0 L9%L°C T°61 6% L &% 4 e
®°17 9218 €0°¢s L9494 °0 49%4°0 6.°6% 8% & g 8v 4 ie
il 288 Q¥4 49%2°0 B8994°0 T1°6F 6% 4 8% 4 12
§°11 9°17 ®1°4g Q9% 4L°0 8994°0 0°6% 2% £ 0 249 4 12
9°T1 9211 12°4 89¢L°0 89%24°0 8°81 L9 4 iv 4 e
91t &6°¥¥1 62°4 BO$£°0 €9%4°0 9°27 99 4 9% 4 12
G*1Y §°1%7 628°4 69%4°0 049.°0 9°8% G 4 6 Sv & i
G°10 $°¥8 12°4 0494°0 1494°0 ©°8T €% & 8¥% ¢ e
g6 °9e = 17

2€89°0 I8€4°0 &641°0 06°0¢ 89§°0 7 g€ €01 &8

€1l 2°11 2%06°0 86690 L4659°0 ® 11 2 11 2
2°1% €°1Y §%0°0 4659°0 8659°0 2 11 00 11 2
€°7Y €°11 2906°0 8659°0 8659°0 60 13 8¢ 01 ig
££°11 €°17 690°0 8659°0 46%9°0 86 0% 86 0% 12
£°1Y #2717 §90°0 4669°0 8669°0 96 01 s 01 e
vty ®°11 240°0 86%9°0 6669°0 %S 01 26 01 e
1% €°11 B8v0°0 6659°0 2089°0 2% 01t s 07 12
€1°0= 11

é2®°0= 1t

6667 °0 IBEL®0 S6£21°0 64°9 1929 6°9Q 89
Viva ASOTIORAAH 23N4IVHA UJQZum €Y 370H 66

100 29¥d OO0THILVYA €0 ALISHIAINN 00:2€20F 1T18/82/10 18 vivOWdN2d dS€Y 314



-178-

NONNDOCGROORODN
opdédoo0aeo0e00 0o
] o8 P e o BY ) o o) o= B o) ox) o
o @ v of o) ©F ) o o) e WY o) o] Wl

200 3I9v¥d OO0THILVA

9°11 S61°0 £069°0 £069°0 9f @ % 8 2e
9°Itl G610 £069°0 G0€9°0 %€ © eg 8 ée
4°%%1 981°0 s069°0 $069°0 ZE 8 0 6 2¢
9°¥l S41°0 +069°0 90¢€9°0 Of ® ge @ ee
917 261°0 2069°0 4069°0 g2 © 92 © ae
L°11 1062°0 2069°0 280&9°0 9a @ ¥ B e2
4°11 B6%°0 8069°0 01€9°0 %Z 8 &2 8 ee
4°11 261°0 0169°0 6069°0 cE © 0z © ée
g9°il1 861°0 6069°0 1169°06 o2 f et @ Ze
9°gY g12°0 1169°0 $169°0 et @ ¢t 8 ez
G°YY 410°0 99%9°0 49969¢°0 s € € 8 e
S°11 L410°0 494%9°0 €999°0 £ @ T @ 12
S*Iy 2410°0 g9vQ°0 0L%9°0 I © 68 4 e
€°%11 £20°0 0299°0 044920 6% 4 48 4 e

1l B 1%

9°1= Ti

SSv9°0 IBEL°0 C641°0 LZ°EZ gé6°2e 91 i°fF2 68
g°fl 0°0 8142°0 8t .L2°0 41 +1 &t ¢t I®
a8 3 0°0 g142°0 4142°0 ST %°¢ £71 1 12
ve it Qmﬂm 4142°0 4142°0 €1 %1 it #¢ “N

40 ALISHIAINN 00:2£201 168/82/710 18 ViVAWR3d 48Ed 2314



-179-

9

11
000°0
a1t

a8y

100 39vd O0TH3LVA J0 ALISHIAINN

*251°0 £9G1°0 02 6% 21 02 Liv» 217 112
£vS51°0 9vS1°0 iy 21 s 21 12
9vS1°0 94G1*0 €y 2Y £y 27 12
9vS1°0 99S1°0 £y 21 I 21 12
QS 1°0 L981°0 v 21 sC 21 1e
2951°0 Ye51¢0 GE 21 £ 21 12
»HS1°0 8v¥51°0 € 21 ee 21 12
Q99€L°0 98¢1°0 LA 5 X1 59°9¢ L 6°%2 68
€82E*0 +82£°0 €y 6 1v @ te
vez2e°0 582£°0 i1v 6 6 © 12
sgze*0 482E°0 6 © i€ 8 12
482F°0 L82€£°0 i€ 8 Sf @ 1z
482€°0 s82fF°0 Sf 8 £ 18 12
e82Ze*0 682r°*0 € 8 1€ 8 12
|aaee*o 682f°0 1€ 8 62 @ 12
682€°0 662£°0 62 8 e 8 e
99€£L*0 98vI°*0 4022 gs°1e e fA°61 68
9151°0 8161°0 91 Z1 »1 21 12
8151°0 6161°0 1 21 ey 21 12
61G61°0 L1510 el 21 o1 21 2
L1510 LIST*0 o1 2% g 2t 12
4161°*0 L151°*0 Q 21 e 21 12
41S51°0 8161 °0 o 27 ¥y 21 12
8IGSt*0 8151°0 *» 2t ¢ 21 112
8161°0 L1S7°0 e 21 0 2t 12
2151°0 S161°0 00 21 8s 11 12
99¢EL°0 98%I®0 L 04 £ s9*0e 6 6°RA7 A6
€L91°0 9.91°0 i1v 21 sy 21 12
9L91°0 S491°0 S 21 £ 21 12
SL91°0 9.LS1°0 £y 21 I® 27 12
9L91°0 6491°0 Iy 21 6 21 12
99¢€L°0 9S8%1°0 9r 02 l9°8 17 ®* 1*°6871 988
eIL2°0 §922°0 48 L GSS 4 2
s9L2°0 v942°0 sC L €S & 12
v942°0 s942°0 £S 4 1S & 12
€9L2°0 £922°0 1€ ¢ 6y & 1e
*942°0 ¥9422°0 6% £ Ly L 12
¥9L2°0 £942°0 i4v L0 Sv L0 12
99£L°0 9RH1°0 €L°8 v2*8 9 6°901 g8
ov02°0 ovc2°0 o1 60 80 60 2
ov02°0 aroz*o 80 80 90 80 12
ec02*o0 egce*o 90 €80 ¥6 80 12
8£02°0 6EQZ2°0 v0 80 20 |0 12
6£02°0 6£02°0 20 60 00 80 1?7
99€L°0 98b1°0 8%°S1 96°v 1 si*rl 86

Yiva A9070%¥0AH 3u¥Nidwdd UJQZnn v 370H 66

00:L€£:01

18782710

T8 YivOWy3d

4Shy 137143



-180-

ESE°l=
ESE® -
CSE®l =
ESE®T -
YGECY~

09fE°l~-
09c* 1~

6GE°T~
LSE°Y =
LSE® Y=
12271 Yl

09fg°tl -
[T £
(X3 B
09 -
6SE° 1=

2SE*1=-0°21
eSE°I=-6°11
ESE*I=6"11
YGECI =611
ESE°1=-0°%21

09fF°*1~0°21
19F*1=-0%21
I9E =21
1I9E°T=1°21

19£°1=-8"11
19€°l~0°11
19€°1=8"11
09E°1=8°11

6EE°T=L°11
LSE°1=L°TT
8sceI=2°11
LSE°I=4L"°11

09fref=2°11
6SE°T=L°11
09f°T=9°11
6SE°T=-2°11
09E°1~9°17

100 39vd 0DOTHIALVYA

6°11 900°0
6°1t1 900°0
6°11 900°0
o2t 0°+0
o®2t1 110°0
S22v°0
0*2t 900°0
1°21 900°0
1°21 9000
§eel 0°o
€€°0~-
§192°0
e*it 0°0
a1t 0°0
9°1Y Q°0
411 0°o0
12°0~-
€0¢F2C °0
900°0
900°0
900°0
0°0
S2°0~=
9601 °0
200°0
900°0
900°0
T10°0
0°*0
8Z292°0

e
LN IR N ]
-f ey o) &
g sl w=g e}

OO0
o000
B 9 et T v
2 oo exf v} vt

40 ALISHIAINN

5954°0 €9¢cv°0
S9S6%°0 Y54 °0
9GS »°0 S9¢v*0
S98+°0 *9€9°0
P90 99&e°0
IBEL*0 1S5S0 °0
6962°0 69¢€2°0
6962°0 0LE2°0
0,262°0 0L62°0
0462°0 iL9€2°0
I8EL°0 LS§0°0
L6%2°0 L692°0
L6v2°*0 96¢2°0
96v2°*0 L6%2°0
469%2°0 96%2°0
18E€L°0 LS50°0
ss12°0 ¥612°0
»572*0 £G12°0
f£512°0 €5 12°0
€512°0 v6lc°0
18E€L°0 LSS0°0
10 8 § ) €11E°0
€11F°0 £IIE*0
€1IE°0 £1RE°0
E€EVIE®O orif=C
0T TE®O 0¥ IL°0
IBEL®0 4S50 °0

00:LE20T

ie/82/710

6e*eLe

9Z° 92

seegt

fee0l

ag 11 e 11
9 11 e 11
LR | € 11
2€ 11V ot 11
0t 11 |8 11
56*°9¢ & T1°22
1 © 66 &
6% &4 25 L
45 L &S &
$6 4 €s ¢
26°82 ] Qe
9% & S &
%S 4 S L
es & 0S ¢
0s & 8¢ &
»G°2t & 421
01 #¢ 8 »1
e &1 9 ®I
9 1 v ¢l
v ot e vl
60°0 % & €£°0t
atr 11 9t It
9t 1% LA A
%1 V¥ g1 1t
et 11 o1 1%
a1 1%y 80 11
09°6 S B°6
VivanWddd JSSY

ic

-t o0 ) =g i ot ot o8 () W

A0 =9 g o
GTNNAUNNND e NNNND =

¥8 vivawWe3id 458" 3713



-181-

G909°0
9%909°0
8090°0
4090°0
8909°0

190
€E¥19°0
€9 19°0
*» 190
£v19°0
S»1r9°0
y»19°0
£v19°0
Sv19°0
9 19°0
gy 19°0
Y9190

12€9°0

4459°0
4L59°0
44590

£8399°*0
¥399°0
$899°0
9899°0
4899°0

9909°0
8909°0
4090°0
8090°0
8909°0

£619°0
£919°0
YH19°0
£¥19°0
S¥19°0
Y919°0

€919°0

S%19°0
e»19°0
Sv79°0
+H19¢0
Sv19°0

£2€9°0

4289°0
4459°0
4459°0

v899°0
$899°0
9899°0
4899°0
6899°0

D OppthOMOOMMS DODNEO
B L Ll Ll L L T ey
R L L L L L T )

e
121
021

021
41
6*71
teect
6°11

100 39vd O003ALVm

O OONNAMDANCONN OBV e
T 000000 RO
-y ot wf el o w6 o o) o ) ] et g wh o

1°21
0° 21
0° 21

Z° 11
6°11¢
1e21
6°11
o*zt

o oy onf g ong et o) oof 0 o wnp T enf et g ) =)

[ XN
o000

0
602°0

OVOND=ON=DN= OOST<
XXX X
OO000LOO0000O

w NOCOOODTVODINND NN = =t
ONMN gty o et DOOODOO

%20°0

™~
o
[ ]
o

6€£01 °0
R

6¢.L0°0

a31¥20" . ADN 3dALIN3L S*12 ONN B8Y 66
1S3ALM01d NO SSLYHADIE OH3Z S2°61 OQUN 9H 66
1SALA0Td NO S3LVHMOTd OH3Z SZ2°Fl GUN 9Y 66

4S31m01d4 NO SALYHAONS NHIZ S°11 QNN BN 66

2v22°0 2922°0 ¢ 80 o 80 112

2v2e*o z2vaero 0f 60 92 80 12

2v22°0 £922°0 92 80 22 &0 12

£v22ze°0 se22°0 22 80 81 80 112

»d22°0 9%22°0 21 80 *1 80 112

49€L1°0 8050°0 06°01 ve°01 S G°07 €8

iL21°0 8221°0 £1 60 i1 60 12

aL221°0 4221°0 11 60 60 60 12

2221°0 9221°0 60 60 20 60 112

9L21°%0 9.31°0 40 60 S0 60 112

9221°0 9221°0 50 60 £0 60 12

9221°0 62271°0Q £0 60 10 60 112

|L21°0 g221°0 10 60 65 60 12

Ql21°0 8221°0 6% 80 L6 80 12

8L21°0 0821°0 4S8 80 66 80 12

0821°0 8.21°0 sS 90 £ €0 12

a8L21°0 €221°0 £S 80 1S 80 12

f8L21°0 8l21°0 1S 80 6% 80 12

49€L°0 B80§0°0 :92°01 oa*s 21 o1 68

ovit1°0 I»11°0 41 60 €1 60 12

L9EL°0 8050°0 £L°S 12°S T SG°g 88

QITIVA 389 10N AVYW SALYERO1d S°¥ QUN AY 66

1999°0 15990 €y 21 2% 21 2

1599°0 9599°0 2% 21 Tv 21 12

as99°0 1899°0 1v 21 oy 21 12

L9EL®0 1250°0 26°%% 80°% € S°% €8
£601°0 %601°0 6 60 1€ 60 t2

v601°0 E6CTI°0 1 60 02 60 112

£601°0 +601°0 02 60 60 60 12

v601°0 S601°0 60 60 00 60 112

S601°0 G6C1°0 00 60 €S @0 12

i9€L°0 1.50°0 S1*y 1€°¢ § G°¢ 88

SILVHAOTY 0337 0L 3INA 3NOQ S1S31 NOITLD3IFNI ON £ GuN 8H &6

, SILVUAOTY JATLYOIN ©°2 QuUN BYH 66

S3.VHADTd 3819 [M93N 04 3NA 3NOQ S1S3L NOIILD3IFN] ON 2 QuN AY 66
SALVUADTIS JATLYOIN 1 QuN 8Y &6

YiVAG ADO0T0ECGAN I BNLIOVMY IIINIS 88 FWOH 66

18/82710 168 VYivaw¥3d 4584Y 3114

40 ALISHIAINN O002L€£:07



-182-

D
[
o el
oy o

DBCRCR DO
90 0900 80 8
o o3 o)t v} oed ouf oed =G
o] o od 67 T P o=} O] gud

(N1
e o0
o) ) =) xS
o oa) v} ou§
TN )

CRROPORRO
P o%¢eeqoe
QN =8 ot ot 0mp oxp wmt O\
o e od oy =t o e ot

DOND0
[ K K]
o g w0 axt
ot onf o) et

100 39vd OO IHILVA

ny
()
-t ot
= e

DD DOMN P
TQO0DOCPO OO @
9 o) €9 o o8 o) et ext o)
- v o3 = ot oo o0F pot ecd

e o e

ot gug wHd 0
oo it o) oy

CORGOORR
eococooe0

=3 (\] =t g =4 o8 ¥R ey
o et g S o) ey o2 wa

DO
® o080
g o) o=t oxd
@) o o ory

se2t
s°2t
veet

sZ°0
gz °*0
SE°l=
IS6G°0
2€°0
[ 34°)
£E€°0
2E*0
£ee0
2£°0
eE° o0
®E °0
2e°0
U 5l B2

8S6S°Q .

020
900°0
900°0

00

Tt°0=
20L£°0
6e°0
&z°0
62°0
62°0
62°0
0gecd
0£°0
€E°0
6=
£82S5°0
0°0
800°0
6°0
0°0
$1°0-
L%8%°0

0°0
0°0
¢°0
90°Q-
1465°0
900°0
0°0
900°0
0°0
g2°0=
9915°0
00
0°0
0°=0
0t*0- .
vEBE 0

40 ALISU3IAINN

$099°0  S0$9°0 €% 01
S0v9°0 $0%9°0 9¢ 01
18€2°0 Sv81°0 02°22 98°92
%199°0 §199°0 oy £1
S199°0  $169°0 80 €1
$199°0  $1€9°0 90 £1
v199°0 £199°0 v0 £1
£199°0 = %169°0 20 €1
$199°0 S7199°0 00 €1
S199°0 9169°0 8¢ 21
9199°0 9169°0 o 21
|gEls (P199°0  2199°0 vg 21
¥8¥2°C Sv81°0 02°lz  98°92
20£6°0 20€9°0 L1 80
20E4°0  VTOEV°O S1 80
I0E®°0 ZO0EV°0 £1 90
20€4°0  10£%°0 IT €0
I8£L°0 S®81°0 60°92  215°G2
SL19°0 %119°0 26 11
$219°0 $419°0 06 11
©L19°0 2119°0 gy 11
LL19°0 9119°0 9% 11
9.19°0 ©§119°0 ¥ 11
8L19°0 L119°0 2e 11
LL19°0  L4Y9°0 oy T1
LL19°0 8219°0 8E 17
IBEL°0 SvBE°0 yv?¥2  01°v2
0Z9%°0 22%%°0 £1 89
2269°0  129%°0 11 80
1299°0 B14v°0 60 80
8Iv9°0 6Ie%°0 L0 80

1I8€L°0 Sv81°0

S1S3IM07T4 NO SILVMNMOTIS OHN3IZ ¢ duN &

s0°02 14°61

2e8s°0 €885°0 2V €%
£€88S°0 £8685°0 o7 €1
£€885°0 £869°0 80 £1
1e£L°0 S4%81°0 R A g8i°lt
09vS°0 094%2°0 It 80
09%S°0 6549°0 60 80
6595°0 09%5°0 40 80
09¢s°0 09es°0C a6 80
I8EL°0 Se8I°0 2 ££°6 66°8
*66€°0 CEEE"D ve I
S66E°0 $6€£°0 22 vt
Y66€£°0 £66£°0 a2z ¢t

Ie€L°0 Sv8TI°0

Vivd AD0TI0bCAH JuNLIVEL ITIONIS

60 °¢ ci°d

Q0:L€20T 168/92/10. 1@ ViVOWYN3d

9y 01 12
¥y 08 12
17

g9 o1 68
80 €1 12
90 £1 12
¥0 £1 12
20 £1 12
00 €1 12
8s 21 ie
9 21 12
9s 21 12
2s 21 12
13

6 ot 88
st 80 12
€1 80 12
11 80 12
60 80 12
3

v 6 88
6s 1§ 12
8¢ 1T 12
9¢ 11 12
vy 11 12
2v 11 12
oy 1t 12
8 11 12
9 11 12
17

e g 88
11 80 12
60 80 12
20 80 12
G0 80 (2
1y

£ S 88
¥ 370H 66
01 €1 12
80 £1 2
90 €1 12
¥

£ € a8
60 80 1t
20 80 12
g0 80 12
€0 80 12
11

s 2 s8
22 %1 12
02 v 12
er vt 12
11

£ 1 89
6% 370H 66
456y $3714d



-183-

$2°0
se°0
€20
%2°0
S2°0
4£°0

4€°0
2E°0

26°0
49°0

28°0
§L°0
SL°0
sL°0
SL°0
2L4°0
85°0
6$°0
19°0
86°0
6S5°0
29°0
£9°0
ve°0
¥9°0
*v°0
*%°0
*%°0
SZ°0
G5e2*0
9e*0

NONNNCIVVVNDEVIODNVSDNRSVDVRIVNSCN IR NNT VG SBLIR LTSN TNNTE S
Q9% P 00 BB T OO VOB P OO e OR D000 Q% OROOCEEOODDD PG OOE O
ol ok oot e P vt ot ot o) 0 O o ¢ f paf Sof ot S S el v vt ot Ot ) o ot ) D gt ) T gl oS oY o o o) 5 O o A WD onT SR o] S8 W et O el g O el
S o % 7t o S ond oub ) out W wnl ol P ouf W u wnf WY S pu) F ol ond ot pat P ot wod B g wed ] e S S i) o ) o) O e TP G o b vl Of o g P D wd oo b
DNOVOVNNENNNBNVe VNNV CNNNONNVGIINETNTVNVSNGEDGTTINSOING
00 09 0 0.0 000 0000 0% e 000 00 000000000 0HQ SO 0000000 OPD0 OO0 00 Q00 O
0ot g 90t 94 20 0 o wod St ot S S} wf ol om) Sl e ent el o) S} O g v o st SR o O O ) ) O vt S Ol G P e 0D e e OO o« O ) g $I0 ond O o oxf o) e
o o ok g v w T o) S0 o) "8 o) b oof puh ek P T b OO gub Uyt o) E vt GG v} ) G Ol e O wa) ) S g ) O ) T o S B ) el S ey PO pef ) T g

[}

S

[

[=]

200 39vd OO0 TUILVA 40 ALISHIAINN 00:LE€:3017

dRL9°0
SQL9°0
2849°0
98190
48L.9°0
i814°0
0814°0
£81L°0
2814°0

S819°0 61 *1 41 1 O
1819°0 41 1 St ¢t OF
98429°0 gy 91 £1 %1 0OF
4829°0 £l 1 I1 »1 Of
€8.9°0 17 v 60 vi oOF
0812°0 s £1 96 €1 &7
£81L°0 9s €1 %6 €I 62
2812°0 #S £1 28 £1 67
181220 eSS €3 05 £1 62
26 1L°0 08 f1 8 €1 62
2064°%0 8¢ €1 9¢€ €1 @82
90¢c.°0 of £1 e £1 82
§0¢2°0 e £1 2¢€ £1 82
405L°0 2 £1 o €1 62
90cL°0 o€ €1 g2 £1 @2
11¢a8°0 11 £1 60 ¢£1 .2
1108°0 60 £V 40 €1 22
£10R°0 40 €1 S0 €1 L2
$108°0 G0 €1 €0 F1 42
2108°0 €0 €1 10 £1 42
¥109°0 10 £V 65 21 47
Sif8°0 0s 21 ay 2t o9z
24£8°0 gy 21 9% 21 92
94FB8°0 ¥ 21 ey 21 9¢
2i£3°0 cy 21 O0v 2% @2
6.£8°0 0% 21 aE 21 92
6L£8°0 ag 21t 9t 21 92
18€8°0 9t 2¢ vE 21 92
L2€L°0 s2 2V £gZ 21 &2
9L64°0 re 21 12 21 &2
LL€EL°0 12 21 61 21 &2
LLEL°D 61 2¢ 41 21 Ss@2
626L°0 21 21 &1 21 S2
6LEL°O stT 21 €1 21 62
64€L°0 €1 27 11 21 s2
2€94°0 8s 17¢ 96 1t 2
1£92°0 oS IV »S 11 %2
2ESL*O *S 11 eS 11 v2
YESL®O 25 11 0s 11 w2
2ESL°0 0Ss 17 8y 11 M2
LS1L°0 6 11 € 11 €2
€S 14°0 i€ 11 '‘SE 17 €2
091L*0 SE 11 €€ 11 g2
6S 1L°0 €€ 11 1€ 11 g2
85 14°0 1F£ 11 82 11 €2
091L°%0 62 11 42 11 £2
661L°0 2 1t s 1t 2
6v.i9°0 T 11 ey 11 22
6919°0 21 1t ot i1t g2
1629°0 oy 11 80 11 22
6v29°0 80 1 90 11 22
0629°*0 90 11 %0 11 22
v049°0 +S 01 28 0y 12
v0%9°0 26 01 0s o1 12
Y049°0 0s 01 gy 01 12

18782710 18 vivawyid 4S6¥ 13114



-184-

nnN e s
oo @ 9@
CLE T
g o e gu} 020

£00 39v¥d OOHILVA

¥°Il 01°0 £2€9°0
vt 01°0 v2F9°0
s*11 01°0 92€9°0
sl 60°0 f2€6°0
¥°11 60°0 OEEQ °0

40 ALISYHIAINN O00:3L£:01 18/82/10

YEE9°0
QZ£9°0
92£9°0
0FE9°0
a9c€e2°0

L2 £ & &
ol g ved gt g

18 vivawd3ad

456y

L2 & &4
ot ot om cu) o

g wa} w0 ot v
mammm

ENRE |



-185-

100 395Vvd

D00
@9 0690
o ot af g
g =t = =t

o o axd O O (f O 0 04
% 06009 98 9 O
NN
of e o 7Y o) o o=} ond enl oD

OIS Y
009000 60
NAUNNNNNN
o vl ond w9 O i) O el
0 © e =0 0 0 (4 0

399920060

003 LVA

POMD

e o ouff o4
o0 ot o oxf

@00
9 9 9
NN
=9 v2f exd

vl
£°28
geat
€°el

NN NN
0 o) o ¢ o o o

0°21
i°2t

0°0
€00°0
€00°0
800°0
61°0=
8204°0
0°0
0°0
0°0
06°0=
06°0=-
48€2 °0
6°0
0°0
0°0
€0°0
g2°0=
29°0=
88° 0~
gE€°0=
&6992°0

6E*0
6E°0
6€£°0
8E®D
6E®D
eec0
09°0
6E°0
29°0
go°0
14° €=
€0° %=
604G °0
e0°0
€0°0
€0°0
20°0
20°0
20°0
€0°0
20°0
9%°0=
I8FS°0
AQTd ON
A0T14 ON

AO™4d °93N

1064°0 66%4°0
669L°0 £054L°0
€06L°0 00s54°%0
0084°0 €084°0

I8€L°0 €£061°0 Evege
$£52°0 2462°0
2486270 5L€2°0
SL8c°0 14€2°0

i8€L°0 €061°0 46°41
8v¥8ec°0 99%6€°0
ovge2°0 LDES®O
4¥82°0 8v82°0
evB8e°0 4902°0

I8EL°0 £061°0 91°41
{ € ¥IV¥Y 40 3ONBNIANID NI=4in
0609°0 ©68409°0
eede°0 0609°0
0609°0 6803°0
6809°0 £809°0
e809°0 8809°0
€809°0 0609°0
0609°0 6809°0
6809°0 6609°0
680940 6809°0
6809°0 ©809°0

ie€L°0 €£067°0 89°21
2545°0 95 46°0
¥S546°0 €54G6°0
€545°0 $54S°0
546°0 %646°0
%64G6°0 £645°0
£545°0 9645°0
¥6L5°0 964%°0
$S545°0 £645°0

1I8€L4°0 €£061°0 89°6
SNIW/"IW 0°0 NI-INHS 2 u0438
ENIW/TIW 0°0 Ni=-LNHS Fu0438
SNIW/WW 8S°1 NI=ANKS 304389

RO ON °NIW/IW 0°0 NI-INHS 3404328

0°0

6°0
gc*0-

9212°0

$EEC2°0 EE€2°0
EEEZ°0 YEES®0

I8EL°0 €£067°0 oL°%

SANIWIAUIN]I (I€) NIA3T3 OGNV (OF) ZWhDUW“u

viv

20 ALISH3IAINN 003LE£20% 18/82/71¢C I8 ViV

£S 17V 1§ 1Y
1§ 11 6% 11
6% 11 4% 1T
4% 11 S% 1t
a5°ve ] 01
20 8 00 @
00 ®© 88 4
€6 4 es 4
21°41t 4] 6
20 €1 80 €1
00 £1 as 2t
88 21 26 21
98 &1 98 €t
1€°9% e 8
HS 304328 @ OuM
%7 @ et @
21 @ 6t &
81 8 a0 @
a6 @ 20 ©
90 @ %0 8
%0 @ ed @
20 8 00 @
00 € 88 4
86 & a8 4
8% 4 98 4
£8°1e 21 4
92 © »E 8
%2 © 22 8
22 8 ¢e @
6z @ 8t 8
87T ® 91 €
91 @ %t 8
47 @ 21 ©
i @8 6t 8
0g°8 & 9

JAVHADTId €S QN
ALvuA0TId 4o QN
31VUADTIA ¢ QuUN
FLVHARDIZ °2 QuN

et @ g9t @
9f @ e 8
16°¢ £ L
S1834_3IWDS 3LON

4
LOVHd 2TONIS Oy

12

6 D o9 0 029 o2 o o gt 08 O ) ox o) ong onP el o o8 on) o o ol o) O G oot o ) ot W =) et ot () w00

LX)
PN NNNUNNNND =9I UNNUNANNNO Dot na NN Da=

e

aWd3ad AS01y 3712



-186-

200 39vd

o
°
N

) g g ot wx) o) o8 ) O5) of cu3 O ) o} N i ) 65§ v ) b od ) ezt ]

00200000 ECOPOEECOORCQEOEORO0 OO0 QOQPOER®Y

DUIﬂnhhdhﬂhaﬂbowGHEQDFMH~Olﬂhmhrﬂbﬂbﬂﬂ~chhﬂ~hhﬂbﬂoﬂﬂbﬂﬂhﬂnﬂmOWDOO

ﬂ“-lﬂ-l-"‘-‘dd—dﬂﬂﬁﬂdﬂﬂﬂﬂd‘ﬁ-ﬂﬂﬂﬂﬂdﬂﬂﬂ—‘ﬂ

oty o ot ot e evd O WiE ont o gf o o} e oxd 000 ) ol eciht o] o o) 06 ol o of S

DOTTH3LVYA

v o) et w0 ) 5 9} et o w0 @) $d ot 06 vh

hﬂﬂﬂbmhfﬂsmhﬂhbﬂml"hmﬂhﬂﬂmebl"ﬂbﬂﬂhﬂbﬂﬂthdﬂhQFGNFBDOHHDQQOH)OD

°s°1
IS°%
002
26°%
£0°2
90°2
g€0°2
20°¢
2i°1
€4°%
€4°1
- YA |
2%
9iL°y
1] Dl |
ovey
ovey
ovet
o0b°1
Te°1
1vel
8€° 1
21y
%11
(A58
21°1
91°*%¥
€11
12y
gt*t
91°%
84°0
84°0
08°0
84°0
28°o
o8 °0
€8°0
1e°o
68°0
se°1
8E°0
e8ceo0
%€°0
0v°0
8g°0
6€£°0
6®°0
0%°0
iIv°0
1¢°0
¥9°0
v9°0
2i°E=
8146°0

oy ) ) W) oop e et eug v oud wrd o) et

'EXEXEEXERNEEEIEN NN N R NN N N A ECE B N A I

d--I—-l—l‘ﬂﬂ'ﬂ-ﬂ-!ﬂ—ﬂd—lllﬂ-ﬂﬂ‘—ﬂﬂﬂﬂﬂﬂq‘--ﬂ-ﬂnﬂdﬂ-‘-ﬂ-‘d—-—ﬂd

_ﬂﬁﬂ—-l-iﬂﬂﬂdﬂﬂdﬂﬁﬂﬂﬂﬁﬂ-ﬂNdﬂ-uﬂﬂdﬂd-ﬂ-ﬂdﬂﬂﬂ

40 ALISHIAINN 00:3L€201

969L°0
969L°0
£L92°0
eLs94°0
8492°0
42921°0
0892°0
089L4°0
1Y9L4°0
219.4°0
219.°0
192°0
219L°0
»192°0
212L°0
e1zZLc°o
8122°0
8i124°0
6122°0
fezLco
1ezLco
1224°0
2589°0
15890
6v89°0

99¢9°0
89%G°0
69v9°0
29%9°0
69%9°0
86809°0
86809°0
2809°0
2809°0
9809°0
2809°0
9809°0
2809°0
9809°0
g8809°0
8809°0
8802°0

i8EL°0 €£061°0

at ot 8 ot ot O D D A D @ O O N

18/792/10

969L°0
L69L°0

SL°0

O
~
[
[ -]

O O O O =t ot =t g et =l oy 58 ot o (D
[ N P N 3
[
o

69%2°0
69%9°0
L49%9°0
69%9°0
1499°0
8809°0
4809°0
460920
9809 °0
49090
99€%°0
4809°0
ag€e°0
8809°0
8809°0
8809°0
8809°0

g99°gl

o

o
000000000000
o0 @0 g 4 0 ) 9 guq o2g WO oy

oc

oy e o) b ol

<
(-] <
OQGMD@QGMDQQHNDQ@IHDODIHDQﬂONDODONIOOOHPOOOHIOOHDDO

fODONT LD

18° 8%

I8 ¥ivakd3dd

Si

NTCODONG
o g =t

o0
o GDOﬂﬂnwIHDQ!HDOIHDQCHDmINDDIHDOOH’ONIOOH’OUN’OOH?OONFDOHDOCHDOCDQCDOCNDO
-t o * e oot $0 G o) BN cx

16

48S07d

ie

€D o=t ot s o0 ot vt e o) ) ] wd &
@ N NNANNNNUNNN

HERB T



-187-

€00 39Vd

ot vl out enf ot P oof o ot ol Ouf uuf W vod o P ook S vt o P ond o o g et S

[ JoJo ¥-RXeR-T. X-7-1-1. Y. ¥-7. PR-X-L . X..1..J..0..X.. X.. 7. ¥ R~ 7.9
g o N NNt NNt Nt YN Nt st otost mt vt et o NN N

004 31VA

370H 40 GN3 66
o*21t 0°0 2865°0 18€6S°0 e 21 g1 2t 1If
121 0°0 1866°0 186S °0 g1 2t o1 21 1€
6°%11 0°0 1865°0 £0€66°0 91 21 Yy 27 IF
6*°11Y 0o*0 £86S°0 08€5°0 *r 21 2t 21 1€
8*11 +¢€£°0 LEY9°0 8Ee9°*C 6s 11 8s 1t 0Of
8*11 +o€°0 8EvY9°0 6E$9°0 as 17v 48 11 0OF€
811 9€£°0 8f£$9°0 6€E%9°0 45 11 96 It Of
e°11  +d£°0 6EY9°*0 LE%9°0 9% 1§ §S 1t o¢
8°711 9+$£°0 LE99°0 8£%9°0 86 117 *s 11 OF
a*Iy 2€°0 8Ev9°*0 4€£49°0 ¥ 1t £S 11 0OFf
0°2Y +£°0 LE99°0 SE£Y9°0 €8 11 2s 11 0Of
0*21 ¢9°0 1589°0 459890 €€ 11V ¢E 11 62
21 S9°0 4589°0 4589°0 2F 1t 1€ 11 62
6*11 €90 L4589°0 6599°0 1€ 11 0 171 62
0*21 99°0 656890 8589°0 ot 11 6z 11 62
6°1% 09°0 8689°0 85€9°0 62 11 82 11 62
8*11 99°0 8589°0 LER9*0 gz 11 42 11 62
021 66°0 sEeL*0 6EZL°0 S1 1¢ *t 11 82
0*21 86°0 8rZLco 1924°0 AT X €1 11 82
0*21 66°0 192L2°0 2%2L°0 €1 1t 27 11 R
6°11 96°0 c2e2eLto £924°0 et 11 Iy 11 ee
0°21 86°0 €v2L°0 S92L°0 1T 11 ot 11 82
0*21 20°1 svzL*o Lh2L°0 oy 11 60 1t @2
o0°21 10°*1 Lv2L°0 99 24°0 60 «n e0 i1t 82
611 66°0 9®2L°*0 492L°0 80 1 0 11 |2z
6°11 O0G°¢V 9692°0 S66L°0 %S 01t €S o1 (L2
8°11 0S°1 S69L°0 L664°0 €S w- 26 01 27
0°21 0s°*1? L4694°0 969L°0 28 0% 1§ 01 z2

d40 ALISUIALINN O002LE:0T 16/82/1C 169 VivanWyad 4S01Y =014






-189-

B-3.3 Subsurface Boreholes, 2-m and 4-m Interval Tests
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B-3.4 Subsurface Boreholes, Single Fracture Tests
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APPENDIX B-4

SELECTED TEST RESULTS, PORNUS MEDIA
HYDRAULIC CONDUCTIVITIES, EQUIVALENT SINGLE FRACTURE
APERTURES, ETC., FOR ALL OF THE BOREHOLES TESTED
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Ce22E-13
0.9%5E-L13
0o A7E—~13
0.23E~13
Qe lLE~-LI
CeJ2E-2 3
OCel9E-13
Qe 3Z2E~213
0s8LlE~-14
0.40E~-33
Qe 20E~13
O+ I9E—-13
Qe90E~L4
Qo LOE-L 2
Ue 83E~13
Qe 28E- 12
Qe 736~-123
0e 70E-13
Q0e38E-12
C.8LE-L3
GoJdJUE~-12
Q0«39E~-13
Coe4lE-L13
Oo I3E-L 4
Qo3VUE-12
Do BHE~L3
0o 4JE- A2
0eB2E-13
06 $SYE~L 3
0sTUE=L I
OoHTE~L3
Qe d4LE-12
Qe M7E—12
Ue $8BE~42
0o 4UE-12
Oel0c~1i2
Ces71E-12
Oe 12E~ 11
Oe lOE-12

OOPOM‘MO

UNIVERSITY GF WATEKLQO

0+ 15E-09
004LE-09
Qe 21E—-09
0«32E-09
0.2 0E-0QG
Do« lE~0B
0 eHSE-07
U27E-08
0027E~05
0<2LE-0Q7
0618E-06
Q.29E~05
0 «67E-Q8
O« i 0E~06
0-49E-08
Voe84E~08
Qe018E~-08
0«78E-08
Q¢ LOE~08
O.19E-08
0+84E£-09
0.25E-08
O L15E-08
0.25E-08
0.62E~0Y
032E-08
O l6E-0B
0+15E=-08
0 ¢ 72E=09
0 80E~-08
0o LOE~=08
0 022E-07
0 eS5TE-08
0¢56E~-08
0,30E-07
QL 4E~08
0e23E—-07
0e34E~-08
0:33E~08
Do 26E-06
0e24E-07
0 ¢HIE-08
Qe3HE~07
Oe4 lE~-08
0¢ 7HE—-QB
D+H6E~-08
0.53E-08
OO0 1 LE~07
01 3E-07
0<78BE~-07
0e326-07
0.79E~08
Qs 50E—-07
0094E~07
0:13E~-07

1060
2061

186
2:14
14,53
H5e 72
1092
4,38
$36.€E95
Be63
17064
#8046
Se91
16,74
533
638
3678
622
334
3070
272

YRS

347
4041
2059
4003
e 9
3047
2009
60,04
3018
Boa9
539
Deds
Q240
5.58
8062
4038
Bo406
8929
Be67
Se26
Qe 78
484
5297
Bed3
5425
6072
7009
12084
Ge 52
e 01l
1153
1370
7.03

0.30E~07
C0e92E-07

Q0.42E-07
0+ 65E-07
0.,20E-028
0+ 12E-05
Oel IE~04
0.55E~-06
CeSSE~03
0+22E-0S
0e36E-0S
0.59E-03
C.14E~05
0.21E-0¢
0.{0E-0S
Q. L7E~0S
0. 36E~=086
0.16E~-0S
025SE~06
033E~-06
Q.1 3E-06
0«86E-00
0.28E~086
04 6E~06
02 12E~06
0.57E~-06
0.28E-06
Q¢28E-06
0e13E~-06
0ol 4E-O0S
0,18E-06
0:90E-05
0+ § VE—-05
0 40E~0S
0.55E=-09%
004 lE-~-0S5S
024 2E~-05
0.55E-06
QoH59E-06
0s47E=-0Q4
Qo483E~05S
0:96E-06
0. 062E-05
Qs 7TEE~06
O« 4E-05
Oel OE-05
096E-06
8e20E-09
0. 24E-0S
Oel 4E~04&
0.57€E-09
0e14E-05
0+10QE~04
e 17E-04
0023E-0S

PAGE 002

-Eve-



FI1LES SBHIFERM SCHART % 06712781 09:30:05 UNIVERSITY OF WATERLOO PAGE 001
INTERVAL DIFF o vhLOW= PERNMEA- CONDUC~ EQUIVe  TRANSMIS-
HEAD RATE BILITY TIVITY SINGeFRe SIVITY
() (M) {CC/7MIN) (SU-CH} {CM/SEC) APERT o {5Q.CM/SEC)
EMICRU Me)
°9 SHHE HYDROLOGY DATA
92 NRD. 489 1ST INCRo FLOW wAS NEG.
80,00 TO 52003 S303 8B8.:4060 0+ 15E=-Q9 0e12E~04 7168 0.25E-02
$4000 TO 56003 80141 1799 0o20E=11 D¢l 6E-06 1704 0e33E~04
5600 TO 58.03 7708 Q00450 Qe 48BE—12 Oo 8 4E~-07 7058 0:29E-05
58,00 TO 60,03 0154 0,138 0-,83E-11 Q.65E-=06 27020 00 1-3E=-03
€000 TO 62003 165003 0-0912 Q¢ S2E&-13 Q.4 LE-~-0B 5¢03 Q.84E-006
6200 TD 69:03 9269 0293 QoecSE~-12 0023E-07 8691 04 7E-0S5
8909 TQ G603 28.878 0805 033E~13 026E-08 4033 QeS549E-06
65000 TOD 68003 10585 9801 0o 85E—=41 0.07E~06 27048 Qo) 4E~=03
68400 TO 70603 5963 8679 Go i3E-10 Qi lE~DS 3155 0:22E~03
7000 TO0 7203 8.6568 Qo680 Qo 72E-L2 057E-07 12007 0el2E-04
72000 TO 749003 L1227 18,030 De iHE=-30 Ool 2E-05 3301 0s24E-03
74200 TC 76003 160478 3520 0.20E~31 0o LOE~-00 16,85 0:,326E-04
1600 TQ 78003 15542 30061 Oe ABE~L1 OelRE-~D6 16490 De29E-04
7800 VO 8003 1i1.395 chhcm Qe l7E~=30 0o l4E~05 34,65 De27E~-03
8Us00 TO 82003 8008 60421 Q37E~10 0 «29E-05 24083 0.5$E-~03
82000 TO 840,03 L8829 340010 Qo 78~-30 0.56E-05 5570 004 8E~-02
84,00 TO 86,03 84 o718 Q0541 0 e3JwE—-32 0e27E-07 e 37 DeH9E~0S
$5e58 TO ©7:54 50890 G030 Qod7E-33 0.37E-08 4085 0.75E=06
97e%) TOD 9%e5¢ Qo298 Ouoﬂoo Qe 4E—-09 0ol IE—-D4 650064 Q0e22E-02
5951 TO 10154 Q430 o164 O0s50E~—11 0 o8 0E~06 230006 Q08 3E—04
103852 TO 10354 11985 o315 0e B9E=413 0.70E-D8 600 Q1l4E-05
L0381 TU 105054 i0.832 (0020 0o 8BE-L114 CﬂQONIQO 2781 O+hbmlcu
105653 TO 10756 27.484 2700 0-90E~-12 0 ¢72E-07 13014 Q< 1SE-0D4
lUS5) TO 107050 BOL79 Mo@—c Oe 87E-=11 OwhhMlOQ 150814 0¢26E~0 4
07653 TO 109.50 20,3506 0280 0o 19E~-11 0915E-00 16076 0e33E-0¢&
11000 TO 21200 41.576 3074 QebYE~-12 0 55E~07 1183 Q.1 JE~D4
Li2000 TO 184,00 47.21% Ga225 Qe 05-13 0.35E-08 %076 0« 70E~006
114000 70 11000 28865 Qo213 0e37E~13 Oe29E-08 B4 0.58E-06
31600 TOD 18800 29,087 0107 0o 3J%E-13 0«27E~08 4635 054E-06
L1800 TO 12000 &7,532 Qel?78 Qo 24E-L13 0019E-08 30867 0 38E-006
120000 TO 122000 66,175 0127 Qe l6E~13 Qo14E-08B 350 0o28E-006
12200 TO 12900 43,461 8.000 Oe UOE QO 0.00E 00 0-,00 Q.00E€ 00
124000 TO 126,00 65,422 0197 Os268E-13 0022E-08 . 8008 Qa45E-~06
126,00 TO 12800 29,4065 84060 0.85E-12 0 6TE-OQ7 »NQ@O 01 3E-04
128000 TO 130600 $3.540 2210 Qo39E-12 Ve 3LE~07 9074 O«b1lE-0S
13000 TO 13200 65,0548 0.062 Qo liE-13 0-L0E-08 KPS ¥ 0,20E-06
13900 TO 136,00 39.928 “.ON& 0o S¢E-~148 0e43E-09 235 0.86E=-07
L3600 TO 138000 69,839 e 338 Qe 45E-13 0036E-08 Q6727 0. 72E-00
13800 TO 140000 €2.,247 36350 0o S55E-11 0 ¢4 3E-00 2356 0.86E~04
142600 TO 144.00 983656 124340 0o 42E~11 Qs Y2E~07 14010 0s18E~04
144000 TO 14600 49,9806 le82 Qe268E—-312 0 +22E-07 B.72 Qe %4E~05
146,00 T0 14800 J1,338 0,072 Ve 2L1E~-L13 Qe17E-08 3272 Qo3 QAE~0 O
15000 TO 152000 310,629 0034 Qe lUE~-13 0¢79E-09 2089 Qe 1 6E~U6
152000 TO 154600 42,297 17610 0eJIVE~-IL 0e<31E~0D0 21605 0:.62E-04
150000 TO 158,03 11,9€2 Q.009% 0o S32=-13 Ve 2E-08 5006 0+85E-06
150000 TO 260003 13,499 0.126 0eBLE~13 O.,LBE~-08 064 Q0 14E-05
160400 T0C 162003 18.777 0060 06 29E-13 0 e23E-08 4e15 Q0047E~-06
16200 TO 164003 33.854 0.043 00 35E-14 0428E—-09 2005 Q0eS7TE-07

=eve-



FILE! RI1IOPERM SCHART Al 0S/21/81 16:34:27 UNIVERSITY OF WATERLOO PAGE 001

INTERVAL DIFF . FLOW~ PERMEA~ CONDUC - EQUlIVe. TRANSMI S~
HEAD RATE BILITY TIVITY SINGeFRe SIVITY
0 (M) (M) {CC/MIN) (5Q.CM) (CM/SEC) APERT. {SQ.CM/SEC)

{MICRO M.)

99 HOLE R10 HYDROLOGY DATA

3.83 70 G581 =72¢954 -1.086 0o l14E-12 0.,11E-07 693 0422E-05
587 TO 7 e85 =94.,089 ~20232 0.22C-12 0.185-07 8610 0.35=-05
790 YO 9088 =67,853 -1es424 0.20E-12 0.16E-07 778 O0e31E-0S
9.88 TO 1186 =67.207 ~1«717 0+.24FE-12 0.13E-07 Be30 0.38E-05
11.80 T0 13.78 -54,659 -3+,300 0.57E—12 0.45E-07 1106 0B9E-05
13.87 TO 1585 =75.300 =0e543 0.6BE~13 0.54E~08 5445 O0.lLlE~-05
1584 TO 1782 ~53.,659 =0s490 0.86E~13 0.6BE-08 5489 0.13E-0S
17.85 TO 19.83 ~35.169 =0e620 0.17E~-12 0.13E-07 7«34 00 26E~05
1985 TO 2183 =-31,657 '= 0790 0s24FE-12 0.19E-07 B8.24 0.37E-0S
21,80 TO 23.78-148.886 =1el11 0.70E-13 0.56E-08 5451 0.11E-05
24,03 TO 26006 -11.601 -0.230 0.18F-12 0.,14E-07 763 0«29E-05

26,01 TO 29,04 ~3.726 i=04020 0«49E~-13 0.39E-08B 4,94 0., 79E-06
28.08 TO 30.04 ~59.408 =0e624 0e¢10E-12 0,79€-08 6417 0+16E~05

-Lve-



Fit.g: RIPERM SCHART Al 05/721/81 16°29237 UNIVTRSITY OF WATERLOO PAGT 001
INTERV AL DIFF e FLO W= PERMEA- CONDUC=- EQUIVe. TRANSMI S—-
HEAD RATE BILITY TIVITY SINGsFRoe SIVITY
D) (™3 (M} {CC/MIN) (SQo.CM) (CM/7SECH APERT, {SQ.CM/SEC)
{MICRQO Mo}

99 HOLE R9 HYDROLOGY DATA
3,99 TO 602 =36.256 =0609 0. 15E=~12 0e12F=07 Te22 0.25E-05
3,01 TQO 100,04 =12.372 =0s025 0o 19E~13 0os156-08 3.56 0¢30E-06
10,05 TO 12.08 =44,306 =0 100 0-21E-13 0« 16C-08 370 0o33E~06
12.03 TO 14,06 -20.255 -0110 0-H0E-13 0<40=-08 4695 0e80F =06
14,02 TO 16.05 =32.242 -0.115 0o 27E-13 0.21E-08 4.03 0-43E~06
1606 TO 18,09 =21.661 =0031 0,12E=13 0. lLE-OB 3.19 0s21E-06
18,07 TO 20.10 =-51,067 -2554 0:436E-12 0.36E=07 1039 0o 74C=05
2002 TO 22.05 =49.480 -0:940 0s 1BE~L2 0.847~07 7652 0.28E~0S
22.08 TO 24.07 -47.125 =20.250 Co40E-11 0.31C-06 21.27 0-64--04
240,00 TO 26003 ~49,307 -4¢500 0-84E~-12 0.66E~07 12.69 0., 13E~-04
2600f TO 28B.04 -69.1406 -1.413 Os 19E~12 0,15C~07 TeTl 030E-05

-0ve-



"FILE: RAPERM SCHART Al 0S/21/081 16226210 UNIVFRSITY OF WATERLOO PAGE 001
INTERVAL DIFF., FLOW~ PERMEA- CONDUC~ EQUIV,. TRANSMI S=-
HEAD RATE BILITY TIVITY SING«FRe SIVITY
o (M) (M) (CC/MIN) (SQeCM) (CM/SEC) APERT. (SQ.CM/SEC)
(MICRO M,)
99 HOLE RS HYDRDLOGY DATA
3.97 7O 65600 =10.473 -00089 0« 79E-13 0.62E~08 S5.76 0.,13E-05
804 TO 10.07 ~29.,031 -0e129 0.41€E~-13 0032E-~08 4,63 0+66E~-06
10,01 TO 12,02 ~-50,013 =-0es102 0.19E-13 0.15-08 3.58 0 30E-06
1601 TO 16404 -45.,216 -0s.134 0.27E~-13 0.22E-08 4,05 0.44E-06
16,02 TO 18,05 -53,969 =0.292 0«50E-13 0¢39E~08 4495 0.80E-06
1805 TN 20.08 -~31.504 =0e¢190 0.,56E-13 0.,44=~08 5413 0+89E-06
19.99 TO 22,02 ~56,643 =0.807 Oel3E~-12 0+.10E-07 €.83 0+21E~05
22402 TO 24.05 -53.297 -4.077 0, 70E~-12 0e5H3=-07 11.97 O,11E-04
24,01 TO 26.04 -52,798 =7848 0+14E-11 0+11E-06 14,93 0.22E-04
2663 TO 28.048 —43,357 -04899 0.2BE-12 0.22E-07 TeT4 0.31E-0S5
21499 TO 284.02 =49.,433 =3.975 O« 74E~12 0.59E-07 12.17 0.12E~D4

-6€¢-



FILE: R7PERM

SCHART Aj

INTERVAL DIFF,
HEAD
¢ {w) (M)

99 HOLE R7
1.77 TD
S5.77 TO
Q.77 TO

13.77 TO
17,77 TO
21,77 TO
25,77 TD

13,77

HYDROLOGY DATA
577 11050
Q77 12809

9,290

$7«77 260533

2177 B8:234
29577 3.097
29:77 BS.067

EC)

05721781 16:21:56 UNIVERSITY OF WATERLOO PAGT 001
FLOW=- PERMEA~- CONDUC- EQU1IVe TRANSMI S
RATE BILITY TIVITY SINGsFRe SIVITY
(CC/MIN) (SQ.CH) {CM/SEC) APZR T, {SQ.CM/S

({MICRO M)
0,078 033E-13 0.26E-08 S5.42 0.10E-05
O.114 0,425-13 0.33E-08 5.B4 0-,13E-05
0,018 0.57C~1 4 0.45E~09 3601 0.1 8BE~-06
0.087 0., 15E~-13 0,12F~08 4,19 0.48BE-06

0186 Oel1lE~-12 0.84L-08 797 0.33E-05
00009 0.15F=12 OC.12E~-07 8,95 0.47E-05
0. 382 0.35E~12 0.28BE-07 11,91 O.1iE~-04

-8€¢-



FILE: RG6PERM SCHART Al 0S,21/81 16:40:34 UNIVERSITY DF WATERLOD PAGE 001

INTERVAL DIFFe FLOW-~ PERMEA~ CONDUC- EQUIV,. TRANSMI G-
HEAD RATE BILITY TIVITY SING eFRe SIVITY
o M) (M) (CC/MIN] (SQeCM) (CM/SEC) APERT» (SQ.CM/S5EC)

(MICRO M.}

99 HOLE ﬂm I<W30FDG< DATA

2400 «00 5,138 0.026 0.23E~-13 0.19E-03 4.83 0+74E-06
377 TOD Te77 B8.375 3.557 0.20E-11 O+16E-05 21.19 0.63E-04
7«77 TO 1177 11.542 4.023 0.16E-11 0.13E~-06 i9.R4 0.52E~-04
11677 TO 1577 11.542 0.059 0.24E-13 0.19E-08 4.86 Qe 76E~-06
15677 TO 19,77 11,331 1.432 0«59E~-12 04 7€E~-07 i4a.14 0s19E-04
1977 TD 2377 12.105 0626 0.24E-12 0.19E-07 10,50 0.76E-05
23477 TO 2777 94360 24726 O0«14E-11 0e11E~-06 18.68 0.4 3E-04
2777 TO 31477 9.642 0.195 0.95€-13 0.75€E~-08 7.68 030E~-05
31,77 TO 35.77 10.698 0,034 0+15E-13 0.12F~03 4,13 0s47E-06
3577 TO 3977 B,234 0.428 0e24E~-12 0¢19E-07 10.52 O0s77E-05

AT



FILE: RSPERM SCHART Al o0Ss/21/81 16240:07 UNIVERSITY 0OF WATERLOO PAGE 001
INTERVAL DIFF e FLOW- PTRMEA= CONDUC~ EQUIV.e TRANSMIS
HEAD RATE BILITY TiviTy SING.FRs SIVITY
] (M) (M) {CC/7MIN) (5Q.CM4) {CM/SEC) APERT. {SQe.CHM/S
(MICRO Meo) :
99 HOLE RS HYDROLODOGY DATA
2,13 7O 40248 —6,804 0.000 0.00E 00 0.00E 0O 0.00 0.00E 0O
4626 TO 6237~34,1043 -=3,000 0, 78E-12 0.62E~-07 12,53 0-,13E-04
6032 TO 8o43-31B57 =]10260 0o 3SE-12 0e28F~07 9. 60 0.58E-05
63?2 TO B043-31.747 =1,370 0. 38E=12 0.30E=-07 Q.89 0.64E-05
8,37 TO 10.48-32.545 =-0.730 0s20E-12 0016E-07 7:95 0.33E-05
8637 TO 10048-32.201 <=0,550 0.15€E-12 0.1 2E-07 7e26 0.25€E-05
10,52 TO 12.63-18.325 =0,.500 0.24E~-§2 0.19E-Q7 8049 00.40E-05
12056 TO 14067-20.30f =0,300 0.13E-12 0.10E-07 6,92 0.22E-05
18,67 TO 16,78-22.829 -—0.390 0. 315E-12 0.12E-07 7e26 0.235€E-05
14067 TO 16.78-23.083 =0.570 00.22F-12 QL 7E~Q7 B8e21 0-37E=-05
16679 TO £8B:90=-46.663 <=0.370 0.70E-13 0.56E-08 G062 0.l 2E-0S
16679 TO 18.90-47.021 =0C.360 O0.72E-13 0.57E~08 566 0.1 2E-05
1882 TO 20,93-56,352 =0.450 0., 71E-13 0.56E~08 5,63 0el2E-05
2102 TO 23.13=77.796 ~12.500 0.14E-~-11 G11E-06 1532 0.,24E-04
2517 TD 27.28-17.,492 -~0,040 0«20E-13 0+16E-08 3,71 0.34E~06

EC)

-9€¢-



FILE: RAPERM SCHART Al 0S5/21/81 16:39:45 UNIVERSITY OF WATERLOO PAGE 001
INTERVAL DIFFoe FLOW= PERME A~ CONDUC- EQUIV. TRANSMI S~
HEAD RATE BILITY TIVITY SINGeFRe SIVITY

Y (M) (M) {CC/MINY (SQeCM) {(CM/SEC) APERT. (S@.CM/SEC)

99 HOLE R4 HYDROLOGY DATA
590 TO 8o11-31.588 <2,500 0. 67E-12 0.53E-07 12.10 0.12E-04
790 7O 1011-33.904 0,000 0,00~ 00 0.00E QO 0.00 0.00E 00
T30 TO 12611=-3T70319 =56.500 O« 1S5E~-11 0.12E~-06 15.74 0.26E-04&
1190 TO 14,1:1=34,.574 -~4.890 0o i2C-11 0.955~-07 14.69 0.21E~-04
1390 TG 1611-17,996 =0.382 0. 1BE-12 0el14E-07 7«31 0.31E-05
1580 TO 18.01-18,943 =0,260 0.,12E~12 0.92E-08 675 0.,20E-05
1782 TO 20.03-26,354 -2.600 0.83E~-12 0.66E~07 13.03 O0.15E-04
1782 TO 20.03-26,354 =2.400 0.77E=-12 0.6L1F-07 12,68 0.13E-04
1782 TO 20.03-26,354 =—2.340 O0e75E-12 0.5GE~07 12.58 0.13E~-04
1980 TO 22.01-33.067 -2.270 0.58E-12 0.46E-07 11«54 0.10E-04
19.80 TO 22¢01-33.074 -2.100 0.S4E-12 0.42E~07 11.25 0.94E-05
2192 TO 24:13-26,009 <=0.730 0:24E-12 0el9E~07 B8eS7 0G.41E-0S
2192 TO 24013-25.974 -0.700 0.23E-12 0.18E-07 8.45 0.40E-05
23.92 TO 26,13-42,926 =-6.300 0.12E-11 0.98E~-07 14.87 0+22E-04
2793 TO 30.00-53,676 —=C,025 0.42C-14 0.33€~-09 2.19 0.69E-07

-GE¢-



FTLE: R3PERM SCHART Al 0S5/21/81 16:38:41 UNIVERSITY OF WATERLOD PAGE 001
INTERVAL DIFF. FLOW- PERMEA- CONDUC~- EQUI Ve TRANSMI S~
HEAD RATE BILITY TIVITY SINGeFRe SIVITY
0 (M) (M) (CC/MIN) (5Qe.CM) (Cv/szC) APZRT, (SQ.CM/SEC)
(MICRD M.)

99 HOLE R3 HYDROLOGY DATA
2,04 TO 4,47-18,468 0.000 0,008 00 0.00E 00 0.00 0.00E OO
598 TO 8041-23,961 -0.100 0.32E-13 0.25€E~-08 4.54 0e62E~06
8,08 TO 10.32-43,9846 =30,000 0.57E~-11 0.,45E-06 24,32 0,10E-03
8003 TO 10432-43.946 —=19.000 0s36E~-11 0.29E-06 21632 0.,64E-04
12,09 TO 14.33-38.245 -18.000 0.39E-11 0.31E~06 21493 0o70E-04
12009 TO 14033-38:279 =17.000 0. 37C6~11 0.29E-06 21.51 0.,66E-04
14,00 TO 16024~36,852 =21.700 0.49E~11 0+39E-06 23,63 0B7E-04
1400 TO 16.24-36.887 =20,000 0.45E~-11 0+36E~06 22.99 0.80E-04
15,95 TO 184,19 -6.560 =0.200 0+25E~12 0.20E-07 8.A1 0+45E~05
1796 TO 20020 =5.278 =0,220 0.35C-12 0.28BFE-07 977 0.62E-05
19,97 TO 22.21-15.711 =2.880 0o 15F—11 0.12E-06 16.01 0.27E~-04
22.01 TO 28025-30.978 =2.200 0.59E~-12 0.,47E-07 11.67 0.10E~D4
23,97 TD 26,21-31,809 =1,600 0.42E-12 0.33C~07 10«41 074E~05
25¢97 TO 28021=34.615 «=2,960 OJ71E~12 0:56E~07 12.42 0+13E-04

-vEe-



FILE: N2pERM SCHART
INTFRVAL DIFF .,
HZAD
9 (M) (M)
99 HOLE R2 HYDROLOGY DATA
123 TO 523 9.642
S523 TO 9¢23 4.293
923 TO 13,23 59,611
1323 TO 17.23 12.598
1723 TO 21,23 2,604
21423 TO 25.23 8,305
25¢23 TO 29.23 7.460

"
05721781 16238214 UNIVERSITY NOF WATERLOD PAGF 001
FLOW=- PFRVEA- coNDUC- EQUI V. TRANSMI S-
RATE RILITY TIVITY SINGeFRe SIVITY
(CC/MIN) (SQ.CM) (CM/SEC) APER T, (S@.CM/SEC)
(MICRO M.}

24256 0el11E-11 0.B6E~-07 1737 035E~04
0.287 O0es31E-12 0.25E-07 11.44 0.99E-05
0009 Os71E-15 0«56E~10 1.50 0e22E~07
0.007 0.26E~-14 0.21E-09 233 0.83E~07
0.00S 0.93E-14 0«.74F-09 3.55 0.30E~06
0,068 0.,38=-13 0+30E-03 5.68 0.12E-05
0.987 0«62E~-12 0.49E-07 14,37 0.20E-04

-€€¢-



FILF: RIPERM SCHART Al 05/21/81 16:37:48 UNIVERSITY OF WATERLOG PAGF 001

INTERVAL DIFFe FLOW=- P=AME A~ CONDUC- EQUIVe TRANSMI S-
HEAD RATE BILITY TIVITY SINGeFRe SIVITY
o {m) (M) {CC/MIN] (SQeCM) (CU/SEC) APERTe {SQ.CM/SEC)

{MICRO Mo}

99 HOLE RI HYDROLOGY DATA

17,50 T 21.50 8,797 1523 0<81E-12 0.6RE~07 15,71 0.26E-04
2150 TO 25.50 10064 0.146 0.68E-13 D.53E-08 637 0.21E-05
2550 TO 2950 8,938 0,052 0.27c-13 0.22F-05 S5.08 0.87E-06
2950 TO 33.50 B8B.797 0140 0.75E-13 0.59E~03 7210 0.24E-05
33.50 TO 37.5C 8,164 0,115 0. 66E—-13 0-.52E~-08 6281 0:21E-05

—¢€e-



UNIVERSITY OF WATERLUO PAGE 001

FILE: HGSPERM SCHART Al 05/721/81 16:37:07
INTERV AL DIFF, FLOW= PERMEA- CONDUC~-
HEAD RATE BILITY TIVITY
o (M) (%) (CC/7MIN) (5Q.CM) (CM/SEC)
9 HOLE HGS HYDROLOGY DATA
2.14 70 4,61 7,945 0190 Os 1AE-12 0.14E=-07
4.14 TO 6.14 34311 0.010 0.2BE~13 0.22E-08
8.14 TO 10,14 9,780 0.158 0. 155~12 0.12E-07
i2s14 TO 14.14 18.462 4,090 De2I1E-11 0.1 EE-06
14,14 TO 1614 19.4408 9550 OQe46C-11 0.36E~06
16014 TO 18.18 6.156 12.910 0.20E-10 O«15E-0S
1814 TO 20.14 5,386 8370 0.15E~-10 0¢11E-0S5
2014 TO0 22,14 S5.136 5,200 O0«9SE~-11 0. 75E-06
28,14 TO 26.14 2,589 0.054 0.20E-12 0.15€E-07
26014 TO 29.14 1.520 0.040 0es25€E-12 0e+19E-07

EQUIV.
SING«FRoe
APZRTe

{(MICRD M,)

B.12
4,07
7«13
17.06
2224
36,08
32665
2831
Te76
8.38

TRANSMI S~

SIVITY

(SQ «CM/SEC)

0.35E~-05
0.45E-06
024505
0.33E-04
O«73E~04
0e31E-03
0«23E~-03
0.15€E-03
0+31E-05
0+.39E-05

-lE€¢-



FILE: HGAPERM SCHART Al 0S5/21/81 16336239 UNIVERSITY OF WATERLODO PAGE 001
INTZRVAL DIFF. FLOW- PERME A- CONDUC- EQUlV, TRANSM] S-
HZAD RATE RILITY TIVITY SING«FRs SIVITY
0 (M) (M) ({CC/MIN) (SQ.CM) (CM/SEC) APERT. (SQs CM/SEC)
(MICRO M)
99 HOLE WG4 HYDROLOGY DATA
3.87 70 $5.85-1120773 -B8«B67 0o 74E~-12 0.59E-07 12,08 0.12E~-04
Se78 TO 7:76=140,877 =0s690 0,86F—-13 0.372-08 4079 0.72E-06
Te.R1 TO 979 =310151 =0.90C0 0.27E~-12 0«22E=-07 8065 0« 43E-05
11.82 TO 13.80 =91,770 -0.019 0.20E-14 00 16==-09 167 0«3LE-07
13.81 TO 15.79-169,091 -0.143 0.80E~1 4 0.635-09 2:66 0. 12E-06
1592 TO 17.90-=153.241 =0:120 Q.74E~-14 0.59E~09 2260 0. 12E~06
17.77 TO 19.75-191, 735 =00094 0.47E~-14 0.37€-09 2023 0.73E-07
1986 TO 21¢84-116.909 =0,040 00 32E~-14 0.26E~09 197 O0.51E-07
23,81 TO 25.,79-104,746 ~4s111 0.37E~-12 0.29E-07 9.58 0.58E~0S
2581 TO 27.79-104.587 -~13.100 0,12E-11 0094£~-07 14.10 0.19E-04
27491 TO 30,00 =-95,911 =79.070 O0e74F~11 0.58&-06 26+43 0. 12E-073

-0€¢-



FILE: HG3PERM

INTERVAL DIFF,
HEAD

0 (M) (M)

99 HOLE HG3 HYDROLOGY DATA
4,05 TO 6,08 =-92¢3R0
598 TO Be0l ~-364007
8.06 TO 10,11 =9.920
10084 TO 12,07 -53.533
12,02 TO 14,05 ~-97,070
1401 TO 16404 ~-61.617
1600 TO 1803 =78.948
1772 TO 19475 =540766
1976 TO 21.83 =0,055
2184 TO 23.82-109.247
2372 TN 25.8B0-106.504
2588 TO 2791-117595

SCHART Al

0Sr721/81

FLOW=
RATE

(CC/MIN)

=3¢253
-00183
0.000
-0.027
—-0+068
-0,027
-0.,036
-0.023
-0,003
-0.287
IOOUNU
=14¢.557

16:35:56 UNIVERSITY OF WATERLOO PAGE 0901
PERME A= CONDUC~ EQUIV. TRANSMIS~-
BILITY TIVITY SING«FRe SIVITY
(5Q.CM} (CM/SEC) APERT. (SQeCHM/S5EC)
(MICRO M.)
Ge32E~12 0+.265-07 9,24 0¢52E-05
0.47E-13 0,372-08 4,85 0.75E-06
0.00E 00 0.00E 00 0.00 0.00E 00
0. 46E~14 0¢36=-09 223 0.74E-07
0«65E~-14 0.51E-06G 2051 0.10E-06
0. 40E~-14 0e32E-09 20,13 0«64E-07
0.%2E-14 0e33E-09 2«17 0.67E~07
0.39E~-14 0¢31E-09 2412 0.63E-07
0.55E~-12 0«44E-07 11.11 0.90E-0S
0.25E-13 0.20E-08 3.89 0+39E~-06
0.27E-13 0.22E-08 4.08 0+45=-06
O.11E-11 0e90E-07 14,05 O« 19E-D4

-6é¢-
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