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PREFACE
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through the Swedish Nuclear Fuel Supply Company (SKBF), and the U.S. Department of Energy (DOE) through
tne {awrence Berkeley Laboratory.

The principal investigators are L.B. Nilsson and Q. 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 UBL-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 porehole 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.
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1. INTRODUCTION
1.1 Background

The overall fracture hydroloqy program at Stripa is descr sed "y
Gale and Witherspoon (1979) and consists of five hasic 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 ¢i 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 weie
terminated in early 1980. Preliminary results of the fractu > hydrology
program at Stripa are documented in the following reocorts 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 workshoo

proceedings.

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

from instrument and heater boreholes in conjunction with the thermal
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exper iments, (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 borehcles 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 0Objective 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 tne 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 anaiysis and interpretations is a
subject for future reports. A brief discussion of the geology of the
Stripa site is included to provide an urnderstanding of the structural
setting and lithologic variation in the Stripa area. Preliminary data on
the poie 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
genlogy 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 location of the hydrology boreholes. The test excava-
tions projected into plan view in Fig. 1.2 are located anproximately 338

meters helow the ground surface.

The surface boreholes corsist 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 anqles downward at
45 degrees and nasses over the top of the test excavations and terminates
at approximately the 290 meter level. SBH-2, also diamond coved, 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 Fiq., 1.2 al 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. Al1 three inclined surface horeholes
were oriented to optimize their intersection with the major fractures

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

in Table 1.1.

The overall layout of the subsurface hydr>logy boreholes with respect
to the location and orientation of horeholes 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 reqime at Stripa
has been that produced bv 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 driiling of the

three surface wells, SBH-1, SBRH-Z and SBH-3.

Measurement of the in-situ pore pressures was accomplished by stopping
the drilling every 20 to 30 meters, removing the drill rods, lowering
a singl2 packer to within 5 to 10 meters of the bottom of the horehole,
inflating the oacker and hence sealinq o°f a section at the bottom of the
horehole. The in-situ pore-pressure in this cavity was monitored, using a
strain gauqe transducer-packer assembly (Fig. 1.5), until the cavity

pressure approximated a steady-state condition.
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TABLE 1.1

HOLE

=
o

WMo TN Dm D
OO~ E N -

SURVEY DATA

TOP OF HOLE
Y

384.122
384.089
384.087
in4.097
384.125
364.116
364.099
364.089
364.106
364.119
386.220
385.988
385.867
385.788
386.003
482.6

363.5

674.4

330.885
332.799

974.863
978.538
978.981
976.577
974.363
974,583
978.192
978.732
976.421
974.257
976.593
977.456
978.2139
975.7176
974.888
1169. 4

662.3

1001.2

974,287
974.968

CNORDINATES - MINE SYSTEM
307TOM OF HOLE
Y

b4

333. 138
333.148
336.378
336.496
336. 368
333.089
333.135
336.405
336.688
336,402
334,376
332.683
335.211
335. 895
333.518
21,731
26.657
29.138
336.970
337.196

384.345
383.881
383.809
384.072
384.353
364.479
363.933
363.780
3J64.078
364.423
416,20t
512.836
412,893
412.799
412.957
340.2

326.9

464.2

J47.060
348.699

983.986
997.396
1007.215
976.654
946,110
948.895
997.282
1007.006
976.379
946.006
976.629
$83.738
989.751
969.536
S64.029
930.2
902.tu
954.2
945.578
946.217

302.838
310.654
386.€£20
366.605
346.666
302.447
310.267
346.553
366.722
346.614
334.383
321.017
341,480
3a7.788
326.041
285.4

290.4

259.6

359.839
359.977

DIRECTION
TRUE NORTH
BEARING PLUNGE
260.5 +%0.0
80.6 +50.0
80.6 -19.9
98.0 ~-89.8
260.5 -20.0
260. 8 +50.0
80.5 +50.1
80.6 ~19.7
226.3 -89.9
260.6 -19.9
350.1 0.0

3.2 +22.9
13.1 -12.0
337.0 -23.1
328.1 +14.4
229.2 -43.5
88.7 -47.4
182.6 -46.9
289.4 -38.8
288.9 -38.7
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Fig. 1.5. Single transducer probe for in-situ pressure measuraments.
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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, ond 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 (0lkiewicz, et al., 1978} in the ueep borenole 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-Z no measurements were made, during ihe
driliing, 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 driiling,
seven water table wells. described in the previous section, were drilled in
the area above the test excavations {Fig. 1.2). The water levels in each
well were measured every week using & 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 lack of
trained personnel, resivlted for the most part in very incomplete and

unreliable records. Well No. WT-3 based on weekly water level measurements
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TABLE 1.2 IN-SITU PRESSURE MEASURED IN SBH-1 DURING DRILL ING

Hole Length Hine "Z" Pressure, kPa
*m * Psi
47.4 53.0 55 379
47.0 52.5 54 373
57.3 60.0 68 a7n
82.9 80.2 9 627
104.6 96.8 114.0 785
124.3 111.9 126 868
15C.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 9.0 250 1,723
339.4 276.7 217 1,495

* Cavity Mid point

TABLE 1.3 IN-SITU PRESSURE MEASURED IN SRH-? NIRINA NRILLING

* »

Hole Length, m Mire “Z", m Pressure, psi Pressure kPo
47.43 53.03 55.0 378.9
46.98 52.47 54.2 373.4
57,32 £0.61 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 PRESSURC ¥ 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
76.8 74.29 512.20
99.65 53.66 369.97

147.95 106.94 737.31
157.5 115.69 797.64
166.5 125.9 868.11
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
235.35 186.08 1351.50
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 exhibited rapid variations in water levels on a daily basis. The
daily water level variations in WT-3 were significantly different during
spring runoff (Fig. 1.12) than during the late summer periods (Fig. 1.13).
The water Tlevels in all 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, yive 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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Fig. 1.12. Continuous water level record for WT-3 during spring
runoff for the period of May 23rd to Mav 30, 1979.
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Fig. 1.15. Record of water pumped from selected boreholes in the full-scale
heater experiment site as part of the dewatering activities
during the full-scale experiment. See Fig. 1.4 for location of
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2.  FRACTURE DATA
2.1 Introduction

Since the central component cf the fracture hydrology program is the
calculation of directional permeabilities from measured fracture orienta-
tions, soacings, and aperturcs, considerab®e attention has been devoted to
the characterization and mapping of the fracture system at the Stripa test
site. Basic data on fracture orieniations, 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). Additiona) data nn fracture orientations, spacings and surface
characteristics have been obtained by 1nqqing the drill core and conducting

TV camera surveys of selected boreholes.

In this chapter the procedures used to orient, reconstruct, and loy
the driti core are described.  In addition tne mapping and coding proce-
dures for the drill core data are described usinqg 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. 1If a borehole
intersects a fracture plane the resulting trace of the fracture on the
borehole wall and on the core surface will ke circular (if the frarture is
perpendicular to the horehole}. 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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fracture plane (P plane). Also shown in Fig. 2.1 are the major and minor
axes of the elliptical trace. Measurement of angles a {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 ¢ "s.
Knowing the bearing and plunge of tne borehole (thus the orientation of the
reference line) one can determine the strike and dip of the fracture plane
from @ and B8 data using techniques described by Gocdman {1976). Values of
a and ¥ 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 unavaiiable 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 wer:z marked with a simple core
indentor (Fig. 2.2). This indentor was ~ vered on a wireline to the bottom

of the hole at the end of each core run. When the hole bottom was reached,
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Fig. 2.2. 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 lower

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 refererce 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-
iive 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. B 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 includad:

1

(¥%)

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,

identification and description of fracture fillinys, and
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7. description of the rock containing the fracture.
Many of these characteristics can be observed in both periscone and T.V.
logging procedures. However, the most complete data are obtained from rock
cores in which fractures can he cpened 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 driliing. Induced breaks will appear fresh, generally at 90
degrees to the core axis and irreqular in surface character. In contrast,

natural fractures often will he weathered, slicken-sided on contain gouge.

Closed fractures are fractures which are visihble 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 p.orer the degree of mating, the qreater 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 irreqular (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 hy Piteau (1971). Thus, fracture surfaces are considered to range
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from rough to smooth or slicken-sided where slicken-sidea indicates clear

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

Fracture surfaces may appear fresh to very weathered depending on
their depth below ground surface and the degqree of groundwater movement.
Iron stains and a sTightly 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 ha-dness
are noted. The gouge or filling type can be recorded w.th symbols such as
K for calcite, Ch fur chlorite etc. Gouge thickness can be measured with
an ordinary ruler. Hardness is determined according to the fallowing

classification by Piteau {1971},

A set of imple mechanical tests based on the physical properties of
rock is set un to establish ciassification of their hardness, and the
symbols are v -orded. With considerable experience and test background,
and using the fingers, a pocket knife, and geological pick, the complete
range of clessification in the field can be established as follows:

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

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

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

S4  Stiff: Cannst 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 handpick;
requires pneumatic spade for excavation.
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Fig. 2.5. t .ghness 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 rotk: 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 S2,
medium hard (MH), which includes S3, S4, and S%, and hard {H)}, which
includes R1 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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Location

Location: SBH 1 Date: 77/11/08 Orill crew: Goran Jonsson Logger: G.M,

TIME CORE BIT WATER BIT INFORMATION WATER GENERAL INFORMATION
INTERVAL PRESSURE PRESSURE TYPE No. TIME CHANGE DEPTH

7:2% 379.84 26 20 D 100 | 98291 771108 33.20 Start

8:30 uptake

9:45 382.00 core on surface

11:20 start

11:35 uptake

12:45 382.05 core on surface

Fin. 2.7 Drill Record Sheet

-lE-
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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 cre out-
lined below. For the fracture data record, i.e., with flag of 11, tno

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

2-Induced I2 25-26

3-Uncertain

Fracture Condition
1-Open
2-Closed 12 27-28
3-0ther

Fracture Plane

Characteristics
1-Planar
2-Curved I2 29-30
3-Irregular

Fracture Roughness
(1-5 mm) [2 31-32

Weathering Ad 33-36
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Gough Type A4 37-40
Colour A4 41-44
Thickness Ad 45-48
Hardness A4 49-52

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 12 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 7h4 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 CoTumn
Flag 12 1-2
Core Interval 2F10.2 3-22
Measured Core F10.2 23-32

Interval
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Number of Core I4 33-36
Pieces

Sample Recovery F5.2 37-41
nercent

Core ¢ covery F5.2 42-46
Percer &

Mean (ore Length 5.1 47-51
Sum ot Core Length F5.1 52-56
Comme s 5h4 57-76

Core 1d drilling data records (Flag 55) have the following
forme

Parame .er Format Column
Flag [2 1-2
Date 312 3-8
Boreh: e No. A4 9-12
Core bkox No. A4 13-16
Drill rew 10A4 17-56

Logge: 4A4 F7-72
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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 Biue = 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 - Q1 Pyrite = PY
Sulphur = SU Clay = CY
Silt = SI Sand = S0
Feldspar = FD {most cases is microcline)

Mica, Chloride Calcite = MCLA

Sulphur, Feldspar, Chlorite = SFCL

Chlorite, Calcite, Quartz = CLAQ

Pyrite, Chlorite, Calcite = PCLA

and Epidute, 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 werc incorrect or if the space provided for a

particular category was inadequate.

The only way to verify the accuracy of the data from the Togging
of a drill-core is to have a different logger relog the core. Because of
the tigrt 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 vay hy 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 nct been involved in the original data

coding and processing.

Also, in addition to the basic fracture data, other core data col-
Tected during the logging process included the following:
(1) Core Interval:
Given as the epth at which a drill run was started to the depth at
which the dri | run finished. Depths are recorded tc the nearest
centimeter. " ne length drilled can be determined by taking the
difference be veen the two depths.

(2) Measured Core Interval:

This is the measured length of the samplie recovered from the uptake
of each dril! rin. 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

(3) Number of Core P eces:

The number of piezes of solid core
(4) Sample Recovery %

_ Measured C. "e Interval

5-R. = Tore Inter: 0 x 100
(5) Core Recovery %:
C.R. = Sum of Core engths x 100

~ Core Interva
(6) Mean Core Length:
Sum of core lengths/rumbers of core pieces

(7) Sum of Core Lengths:

The sum of the lengthe of the solid pieces of core.
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AMlso, 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 rm 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 '5-mm black and white photographs and the 35-mm color photographs.
Copies of :he 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 LBL.
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Fig. 2.8 Example o1 Jrill Core Record Made from Polaroid Photographs
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XBB 842-810

Fiy. 2.9. Example of 35-mm black and white photograph of drill core.
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Fig. 2.10.

Black and white print of 35 mm color 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 complete 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 the data file permit one to calculate the true orientations of the
fractures. Thus the fracture data files as presented enable one ta calcu-

Tate 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 igneocus and
meLamorphic rock masses have been discussed by Gale and Witherspoon (1979)
and Gale (1980). The overall approach varies depending on whether one is
a‘tempting to determine the total flux through the system or determine the
rate of movement of either water or a contaminant. In the disposal of
nucle - 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 geclogy 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 injectior 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 compiete 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 af the test results and records have been subjected to a

detailc ' 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
dand subsurtace 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 for 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 tnat shown in Fig. 3.Z. This assembly consists of two packers
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Table. 3.1 Schedule of hydrology testing at Stripa.
LENGTH OF  TEST TEST TESTING
__ RORFHOLE BOREHNLE TYPE* ME THOD** DATE

$-1 ATl 2m 0 25 May - 1 Jun '78
5-2 Al 2m 0 1 Jun - 7 Jun '78
2-3 A1l 2m R 24 Jan - 15 Jun '79
R-3 Al S.F. B 3 May - 15 May '79
R-4 ATl m B 27 Nov - 12 Dec '78
R-4 Al S.F. B 23 May - 28 Jun '79
R-5 AN 2m B 19 Feh - 28 Feh '79
R-§ A1l S.F. R 21 May - 31 May '79
R-6 A1l am 0 14 Jun - 26 Jun '79
R-7 Al am g} 5 dun - 13 Jun '79
R-8 AN 2m F 29 Jun - 31 Jul '78
R-8 A1 S.F. B 6 Mar - 19 Apr '79
R-9 AN 2m F 14 Jul - 31 Jul '78
R-9 Al S.F. B 26 Mar - 4 Apr '79
R-10 AN 2m F 17 dul - 3 Aug '78
R-10 ANl S.F. B 6 Mar - 20 Mar '79
HG-~1

HG-? A1 2m B 30 Nov - 17 Dec '78
HG- 2 ANl 2m R 200 Nov - 23 Nov '78
HG-3 Al 2m F 7 Aug - 24 Aug '78
HG-3 A1l S.F. B 5 Apr - 20 Apr '79
HG-4 AN 2m F 8 Auq - 2?2 Auq '78
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ok

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

He-4 AN S.F. B 24 Apr - 15 May '79
HG-5 All 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 Zm B 6 Sep - 16 Oct '78
SBH-1 ATl 6-7m B 13 Nov - 23 Nov '79
SBH-1 A1l S.F. B8 12 et - 7 Nov '79
SBH-2 21-355 2m F 10 Jun - 17 Oct '79
SBH-3 All 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.



Fig. 3.1.

PUMPS AND STORAGE TANK

ELECTRICAL
MONITORING

SYSTEM

BOREHOLE
PROBE UNIT

Schematic of surface and borehole hydrology testing
equipment.

-£G-



~54-

Steel pipe

Injection line Multi - conductor cable

Inflation line
PROBE DE1AIL

Transducers

oy B et

f— 1

Infiotion line

Probe

NRD __,.
{P3 Port}

Feed through
port

Union

FEED THROUGH PORT DETAI

Facker

e 7 Bered through

Union Nylontube | swoge fittings

Feed through

port
P2

\
Vs Yar g g
Bushing Coupling

Packer

Por1 connector

IR L

Fig. 3.2. Schematic of downhole testing « ,uipment.
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and a probe plus the necessary connectina pipes and tubhing. The packers
are inflatable horehole 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 bhasically
a watertight case that holds three electronic pressure transducers and a
Lhermistor. The feed-through ports nrovide a means of feeding nylon tubes
inte the packer mandrels while maintaining a good pressure seal in the test
cavity. A reference noint referred to as the NRD is an arhitrary position
ra the probe assembly used to determine the positinn of the probe and other
components in the borehale. The distance to this point is calied the
nominal reference depth or NRD. In nearly all of our testing the position

of the P3 transducer port was chosen as the NRN point,

Comnressed nitrogen was delivered to the packers by the nylon infla-
tion line while water pressure was delivered tu the test cavity by the
nylon injection line. A multiconductor cahle provided transmission of
input power to the probe and returned the output sianals to the surface.
The probe assembly was raised and Jowered in the hole by a 1.9 cm diameter
steel pipe connected to the teop of the probe. Surface or up-haie equipment
usea to conduct injection tests and pressure pulse tests is shown in Figq.
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 oa the
cantrol board and monitored by the adjacent qauge. (2) Pulse piston: A
piston is placed on a T-connection in the injection line during testing of
the suhsurface boreholes such that the packer inflation pressure couid be

used to fire the piston. The piston was simply a small bullet that traveled
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Fig. 3.3 Schematic of surface testine equipment,
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inside the tube when air pressure was applied. The piston then displaced a
known volume of water, thus generating pressure pulse in the test cavity.
(3) Flow tanks: A number of different si-e flow tanks were used. Water in
the tanks was pressurized using compresser nitrogen. The tank pressure was
controlled while the downhole test cavity water pressure was monitored with
a pressure transducer in the probe. A manom:ter or differential transducer
was used to monitor the change in water level in the tank over a specified
time period. Tnese data were used to ralculate the rate of water flow into
the test cavity. Varijations in tank pressure were controiled by a volume
of air contained under the same pressure in a ccnnected 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 tho top side of the piston, which appliied pressure

to the water below tne 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 Vine: The bubble line was installed downstream cof the flow tanks
and/or flow pistons and provided a means of measuring low flow rates. An
&ir bubble was injected into the injection line 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
cavity. 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 line approach
was used in testing sections of SBH-1, SBH-? and a number of sections of

the subsurface boreholes.



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 storage tank and
transferred into the flow pistons from the filled flow tanks. Large
particulate matter in the water was allowed to settle out in the storage
tank whilo smaller particles were filter2d 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, nowever, 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 preogrammed time intervals and
directed the teletype to print and punch the signal data. The thermistor
box provided power to the thermistors and incorporated a Wheat: .one
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



Table 3.2. Flowrate measuring ranges

1)

2)

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
m1/min.

- For 120 minute test minimum flowrate is 0.014 ml/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 mi/min. A five metre bubble tube would
provide a maximum flowrate of 150 m1/min.

{maximum practical limits)

Small Flow Tank - Used primarily on SBH-2-

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

- A change of 1.0 VDC in transducer reading is egual 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 ml/min.
- Minimum flowrate for a 120 minute test is 0.010 ml/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 m1 of water

- For a 30 mirute test the minimum flowrate is 323 ml/min

- For a 120 minute test the minimum flowrate is 80 m)/min
Acceptance of a %0% accuracy would permit one to measure flowrates on
the order of 1072 ml/min.

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

Several daifferent sizes of tanks were used in testing SBH-2 and one inter-
mediate s»ize 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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Fig. 3.4. 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.

3.2.7 In-Situ Pore Pressure Measurement

In-situ pore pressure measurements are required to determine in-situ
fluid pressure and hence existing pressure gradients in borechole 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 noreholes in-situ fluid pressures 1n the rock mass
around the test interval before injection testing were determined by the
following approach. If the column of water agenerated by the fluid pressure
in the test cavity rose to within 8 to 10 meters of the qground surface, the
in-situy fluid pressures were determined by closing a valve in the flow
line, thereby removing the fluid pressure imposed on the test cavity
by the flow tank. In intervals with moderate to high perimeahilities this
excess fluid nressure would decay to the original in-situ pressure in a
reasnonable 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 bhe resolved by installing a valve ahove the top
packer that could he cantrolled 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 allow injection or pulse

testing, Alternatively, as discussed in {hapter 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 S5BH-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 1ine, 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 <nd

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 (Py, in the
wellbore below the packer assembly and the fluid pressure in Lhe 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. Additional 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 pistnn or bubble
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DEFLATE
OPEN LINES FOR READING

INJECT _—~"T-14 14 00

BUBBLE
e

ADJUST FOR INCREM.

BUMP UP PRESSURE

l

BUMP UP PRE3SURE
60 min
FLOW TEST 0I0 m{/min
CLOSE PI ‘I\IZ :35:00
N
[N —INFLATE PACKERS
Pl Q1284 Ez 0.1938

L 1 1 | | !
] ol 02 0.3 04 05 voit (P2)
L | ) 1 L "l
o] 0.2 (o) 0.6 o8 1.0 voit (PI)

START TEST R9 NRD |
MARCH 26/79

X8l 8419536

Fig. 3.5. Example of strip chart record for an injection test.
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line) was monitored until steady pressure and flowrate conditions were

achieved.

Steady state conditions were assumed to exist when the fluid pressures
dig 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 gquasi-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 autflow test was performed both before and

after any injection tests wei = carried out (Appendix 5-3).

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 tesi, when the piston is fired, a known
volume of water is disp’aced 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 proygran at Stripa are presented in

an earlier report by Forster and Gale (198l).
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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 logger system. All of the electronic sensors
produced a dc voltage and thi: 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

tzletype on punched paper tape.

In addition to the printed and punched paper tape recorus 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 tes. data nave been analyzed copies of all of the data sheets and
records with explanatory notes will be placed on file 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
assemblied for each borehole. Separate files were created for the 2-m,
single fracture, and long interval tests, respectively. The punched paper
tape was transferred onto magnetic tapes and the computer printouts filed

by borehole number.



INJECTION TEST DATA SHEET SO / NL‘D "jbz

Hole Nu.(ﬁBH / Location m/;)ﬁ Date G(T /2 - /Q75 b3c
Bur:hcl; Lln.th3.<3'—ll4 8 = Borehole Diameter 75 /) Bearing/plunge
Field Enginser 7‘I)N Technical Staff 1, 6\.7 2.

Systen checked by LL? Time /W FC Refarence pt. 3554/
Type of packer(s)

Depth Data

Elev. of collar 631/ n Length of inj. tubirg 4"350 n
Distance to G.W.L. » Disamater of inj. tubing 379 -
Top of upper 20a13IB LY = Length of inj. cavity _ /B0 =
Top of test uvitywn Langth of bottom end cavicy

Bottom of tast uv!:ﬁézgi- Length of top and uvi:yafé ﬂ
Bottom of lower Sn}.wn Position of P1OIB. /5
Length of borshole probé'&// w Position of P2357- 90 »

Length of cable tu-d"élo x Position of P3 576

Prassure Flow Temperature
Transducer Data Pl P2 P3 Tank Thermistor
Data Logger chaunel @) { 2 3 5
Calibration 0-C0RG | L1503 (06510 ¢ ceoecd -
Surface Rsading ’0-0672 0-047\3 00267 -

Besding bafore inflation /ﬂb“f /3/50 / 337‘/ [/ 722 052,3[9
Readlng after inflatiom 8570 }636‘/ /31/6,’7 Jl/@/ 052_//0
{Reading before deflation /0376 /81/75 /5//7‘/ 4’4’/@ 05253
Reading after deflation ”848 /3245 /13‘/6[/ 4"”5 052(55

surface Reading _

Infeckion Date Flowrate Presaure Pressure Tank
Normal Injection | Surface Duug?glt Position
Prassursa, MPaor VDL [ec/sec| VDC P voC “ra start |atop

Z ovarburden prasm ‘min

oHPr0 sV 005 [00290 18467 1778 | 4.763
21 3% .

01 102 HPy 0.05 04152 1951 735 1473
.3 152

Pel.28202MF 0 Doe {02319 20514 /545 4.5
.3 152

2 102

.1 52
4] oz

Indicate if borehole teasting continued without removing packer fram
borahols. Pl = pressure balow injection cavity, P2 = pressure {n injaction
cavity, P = pressure above injection cavity.

fiqg. 3.6 Example of Data Sheet Used in Recordina Injection
Test Results {(a) Injection Test Data Sheet.



http://ll.it

FLOWItATE D\TA SHEET

Date: 067 {Z - /978 Borehole No.éM / b
b LD 8N vio_ 362

?
X-sectinnai area of {nj. tube: O/{Z7 cun

TIME Data DISTANCE FLOWRATE COMMENTS
Logger
TIME N
8L
057 /
_g;ﬂ {101 735 0.07
-8 05 7.5 0.Ub
17 09 00 0.Co
17-1e 13 7.9 .05
l6-20 17 B (.05
074 2] rep t.05 5
/I"30 Ak
-4 37 | 292 AL
- S8 | 235 0.7
&-17 g7 .32 £.0h
(716 Hy 710 0.0
Y[ 37! 50 1 2.00 0.0
2074 54 725 0.05
HZ2 5B 1 [e0 0.05
e ’Z??' 2.70 vz
- N . ¥
C 17 .49 0.07
A7 2] 2.15 L 0.0b
[7-10 75 7.30 U-05
v 20 g9 .00 0.05

Fig. 3.6 Example of Data Sheet Used in Recording
Injection Test Results (b} Flowrate
Data Sheet.
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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 fractur: 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 ° -atify the
different data cards. These flags appear in columns 1 and ? each data

card as follows:

rlags Type of Data Card

99 Comment card

88 Headings, calibration factors, initia ‘eadings etc.

11 OQutflow tests, time, pressure, flow ca; first increment

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

21 Injection tests, time, pressure, *low data; first increment
22 Injection tests, time, pressurr flow data; second increment
23 Injection tests, time, pressur , flow data; third increment

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

format. Comments are transferred unchanged t the output file.

The information contained on heading ¢ -ds {88) varies according to
the type of test being conducted. For th three main test types the

following data are supplied.
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Variable Format Columns
Flaq [2 1- 2
B1lank 2X 3- 4
NRD, Nominal Reference

NDepth 13 5- 7
B1ank 2X 8- a

NTEST, number of inflow
and outflow tests for

the given interval 12 10-11
B1ank 2X 17-13
INTT, Top of test

interval (m) F6.2 14-19
Blank X 20-21
INT8, Rottom of test

interval (m) FG.?2 22-27
Blank 3X 28-30
SURF, Transducer reading F6.4 31-35
at the surface (M, HZ 0)

Blank X 37-38

CALP2, P; Transducer
calibration factor
{volts/psi) F7.5 39-4,

B1ank 3X 46-48

CALFT, Flow tank caii-
hration factor, volts
per millilitre F8.6 h7-64

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

For test type number 3 note that CALFT is also not sunplied and
that there i< a small change in the format: i.e., format is '12,
F6.2, 12, 2X, F6.2, 2%, F6.7, 3X, F6.4, 2X, F7.5, 3%, 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

Blank 2% 3- 4
SHR, hour at which F2.0 5- 6
test started
Blank 1X 7
SMIN, minute #*
which test starced F2.0 8- 9
Blank 1X 10
SSEC, second at
which test started Fe.o 11-12
#lank 2X 13-14
FHK, hour at wh.ch
test ended Fe.0 11-12
B1ank 2X 13-14
FHR, hout at which
test onued Fe.u 15-16
¥lank 1x 17
EMIN, Minute at
wnich test ended Fz.u 16-19
B1ank 14 0
FSEL, second at
which test ended Fz.0 18-19
Blank 3% 23-75

5P2, PC transducer
reading at the start
of the *est (volts) F6.4 6-31

Is1ank 3X 32-34

FP2, P¢ transducer
reading at the end of
the test (voltls) F6.4 35-40
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Test Variable Format Colunns

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 al 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

Blank 8X 37-44

FLOWR, flowrate in

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

Blank 19X 3-21

5P2, 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 fluio pressures and flowrates are sufficient for the calculation of
steady state permeabilities. The variables and formats used for the

different test types are:



Test

—y
— =4
M

Variable

Flag
Blank

SHR, Hours, reading
at the start of the
test

Blank

SMIN, Minutes,
reading at the s*art
of the —est

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, Pz 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 7

F2.0 8- 9
1 10

F2.0 11-12
2% 13-14

Fz.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



Varijable

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, PZ transducer
reading at the start
of the test (volts)

81ank

FPZ2, P2 transducer
reading at the end
of the test (volts)

Blank

FLOWR, Flowrate,
ml/min

Flag

ylank

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

Blank

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

Blank
FLOWR
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Format Columns
F6.4 44-49
2X 50-51
F6.4 52-57
12 1- 2
19X 3-21
F6.4 22-27
3X 28-30
F6.4 31-36
8X 37-44
F9.4 45-53
12 1- 2
19X 3-21
F6.4 22-27
3X 28-30
F6.4 31-36
8x 37-44
F8.3 45-52



-74-

3.3.3 Proc2ssing of data from surface and subsurface boreholes

Raw data files for both the surface {except SBH-?) and subsurface
boreholes are given in Appendix B-3. In the subsurfdce boreholes the
groundwater gradient is directed towards ihe drift ...d 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 fi'cs for the sub-
surface boreholes the in-situ fluid pressures yiven are the absolute fluid
pressures measured in the sealed-off cavity. Thus the fluid pressures for
each injection or withdrawal test in the recoru are references to the
in-situ tluid 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 tne surface boreholes only injection tests were carried out.
Uuring the injection test the test cavity was connectea to the flow tanks
on tne surface by the injection line which was tilfed with water. In all
three surface boreholes the hydraulic heads dgecreased with depth reflecting
the draining eftect of the underground mine. Thus, without a downnhole
valve in the injection line, it was impussible to obtain a direct neasure

of the in-situ fluid pressure for each 1nection test mterva .

In some cases, as ' SEH-Z, the in-situ fluid pressur. wau estimated
for some vrest zones based nn the measurcd injection and flow rate data, the
measured P) pressure below tne test zone, and the results of multiple
pressure injection tests in adjacent test sunes. In the rest of the tests
in tne surface boreholes an attempt was made to complele 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 stale
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 wer
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 ha..
undertaken a preliminary analysis in order to make the data more mearingtul
to the reader. Tnis preliminary analysis consisted of calculal. . poro
media permeabilities, hydraulic conductivities. equivalent single fract.re
apertures and transmissibilities for the test intervals. The results

these calculations are presented in Appendix B-4.

In this preliminary test analysis we have assumed that tlow from Lhn
test cavity is governed by Darcy's law. No corrections have been made for

he orientation of the borehole. Thus for a vertical borehole we have:

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

2rrl is the cavity surface area through whicn flow is uccurring.
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KRearranging, this equation becomes

"o Hy

dr _ jr K
f ¥ = q Znldh ()
" Hw

where ry, is the radivs of the borehole, rp s the radial uistance o *he
flow or pressure boundary, H, is the hydraulir head at the boreholes an.

the Hy is the hydraulic head st the flow or ,:essure boundary {(F .

Integrating this equation leg’ to an expression for nyur au! " v
Qr, =)
K = b W
L Zn Hb - Hw)
Intrinsic Permeability <an - ca. ulaled from K =, usinc Lat 1,
LY
Y
where y is @ dynamic viscosiby dand y 45 the wpe cF i w ot w
Transmissibility (T) can be geterm ned b, multiplying tne  yo ¢

tivity by the length of the interval being evalu.’

In adartion to the basic porc.s media par melers of ot Do
instructive to assume that {low from the cavity 1s tuwir nlo
single fracture (Fig. 3.7} oriented normal to >« boreho’ v ' iy

the aperture of this fracture. The equalion ~or computin, by pguivdicn

unifor, fracture aperture can be obtlained hy sabstitulan: e oxprew I
(o)t
f 124
where Kt 1s the hydraulic conductivity ot tne tr (ore IR
fracture aperture, in eqguation (3) aml - lac i oy b e tare
aperture ' en, for Lhe measures flowcdles and et el chots

the assumed boundary conuitions, 'S ghven by
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Frg. 3.7, Flow from cavity to fracture.
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Preliminary data on tlowrates, porous media hydraulic
conductivities, and equivalen. single fracture apertures
from packer testing in borehole KI.
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R2 BOREHOLE
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Fig. 3.9. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single .‘racture 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 equiv.lent single fracture apertures
from packer testing in borehele R3.
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Fig. 3.11. Preliminary data on flowrates, porous media hydraulic
conductivities, and equivalent single fracture apertures
from packer testing in bcrehole A4,
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Preliminary data on tlowrates, poruvus media hydraulic
conductivities, end eguivalent single fracture apertures
from packer testing in borehole RS,
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Fiyg. 3.14. Preliminary data on flowrates, porous media hydrautic

conductivities, and equivalent single fracture apertures
from packer .esting 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 RB8.



LENGTH (m)

-8~

RS9 BOREHOLE (338-368 m)

24—' l
261
28

I

N N T |

1 1 It 1 1

30 . il
[o] 10 20

OUT FLOW

{mL /min)

Fig. 3.16.

30

6° 1§ ©6°
CONDUCTIVITY
{cm/sec)

0 20 40
2b- 2m TESTS
(um)

C 20 40
2b- SINGLE FRACTURE
TESTS (pm)

XBL Bal 4645

Preliminary data on flowrates, poruus media hydraulic

conductivities, and equivalent single fracture apertures

from packer testing in borehole

R9.
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Fig. 3.17. Preliminary data on tlowrates, 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, porcis media hydraulic
conductivities, and equivalent sing e 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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Fig. 3.20. Preliminary data on flowrates, porous media hydraulic
conduct ivities, and equivalent single fracture apertures
from packer testing 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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2b = |- %%% J (1n rp - 1Inr) Fr—g_ﬁ_ (6)

Using values for u = 1.24 x 10~3 Pa-s, v = 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 interva: 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 borehgle length for eacn of the subsurface
borenoles, except HG-1. For boreholes R" and R9 we have also plotted the
effective fracture apertures determined from tests on single fractures.
Tne calculated hydraulic conductivities range from 10710 cn/sec to 1077
cn/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.
Tne 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 19-4
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 ithan 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 mnre meaning-
ful than a single scalar representing the arithmetic nr geometric mean of

all of the tests conducted in a given horehole,



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 avaiiahle
to the author. As pointed nut in Chapter 3, the acceptability of each
injection or withdrawal test cannot be determined until the test has heen
thoroughly evaluated and any necessary corrections to the test data com-
pleted. However in compiling the hydrology data files we have excluded the
test date that were questionable. Thus the data “iles, 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 snme
ardditional test data will he 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 nn
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 qeneral activities: (1) rock mass characterization using the standard
rock engineering appvoach and (2) a statisticsl analysis of the fracture

system,

The rock mass characterization work will include a brief review of the
aeoloqy 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 descrihed by

Knill and Jones (1965), Deere et 21. (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 atiempt 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-
suiel 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 mapp.ng in 1 -
drifts and the data obtained from core logaing and TV-borehole camera
loqging. These statistics will also contribute to the data base needed for
the development of a three dimensional description of the fracture svstem
in the rock mass around the ventilation drift, 21though 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
permeahilities 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 tes: data. An attempt will e
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 eacli test zone will be
calculated using both porous media and fracture flow ccncepts. 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 permeatility values for each borehale than that presenfed in this

report.

The permeability data will be analyzed to determine the fracturc
aperture distribution parameters. These fracture aperture parameters will
be combined with fracture geomefry 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 dimensicnal
finite element model for the general tlow 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 hydroloqy data.
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APPENDIX A-1

CODED FRACTURE DATA FILE FOR BOREHOLE R3
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11 LUe73QGRANITE 11 1 2 5% CA wH <1 MH 29 45

L1 1Ce 8o CORANITE 1 1 2 2 Sw €L dL <1 MH 100 50

33 lusS2ushanirve UPTaxc

SL7oui1d rd 3-s 2TENN A

44 1Jeu SaHy 2497 BlJIVeJ10040 0437 2477

Ly 1042205 A4 [ 2 S>TAKT

1Y 114010C AN E 1 2 1 2 Sw CACLWHGR <1 MH 35 40¢++ 35 40

33 L1.us E/ZPIGMATITL B8=350 A=20

11 11 edlue 1TE 2

33 1i.4a7 ITZ/GRANITE B=350 A=20

1t 11 +8V0LRANITE 11 3 2 Mw CL BLGH <1 MH E To

1 11 9706RANITE 1 1 2 2 Sw CA wH <1 MH 275 L

[ Y 124+100GKANITE i1 32 5w CL BL <l MH 9C 50 80X

.

33 12409~12.73 & SL‘\LL.) FRACTURE w1TH CL THICKNESS 1Md4 B=105 A=10

133 126200-ANLT 1 1 1 1 Sw PYCLBLYE <1 MH 90

il lJ.J70(,—(ANI'I[' L1 11 5w CL R <1 MH Jo 50

33 13.8Y05RANITE JPTAKE
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55700510 i3 & STENN 4

44 13,04 14,00 JeR? 71004097494 Ueld Qevd

11 1l3ea3% QLRANTTL 11 L2 S—Mw CL OR Ci My 350 ab

11 13491 00HANLTE 11 1 2 Mw Ca  #H <1 MK 260 20

R T VIC P § O FRACTURE EP THICKNESS 2 oM t:t ?_ad Az45

11 14.0005RaANI 1 1 2 2 Sw CACLwHAL <I S

11 14435 0uRANTTL 11 1 L Mw CLCAGRwH <1 MN lb L3l

11 13e4605na HITE 11 2 2 Sw CACLWHUR <1 My 310 a4y

1 14 4090GRANITE 1 1 1 1 Me CLCABLAH <1 Mn 2an (39

11 14e0L0LNAN]I T 1 1 1 2 mw CLCASLWH <1 My g 55

X3 14 o75006RANITE 11 2 3 5w LA wH <h MH 359 7% PARTLY INDUCED
33 14.800CkANTTE JPTAKE
55700410 RZ =5 STENN A

44 laabl leeas2 1.06 121004088402 0212 leu?

[ Y 14 430 0GRANITE START
1l 14285 00RANITC 1 1 1 Sw CLCA BGw <1 MH 33y 5%

11 1501 OGRANITE 1 . 1 L Me CLCABLWH <1 MK d2o 40

il 15223CGRANITE L 1 2 2 Sw CLCASLGR <1 MK 0 &0

L] 17T£ 1 1 1 1 Mw CLCAGH&H <1 MH d40 30

11 ISIJJOQNANIYL 1 1 2 2 Ma CLCAGRWH <1 MH a4l o0

11 1545V U0uHAN]TE 3 1 2 2 5k CL.AGHRH <1 MH 270 49

11 1570 C0RANITE L1 1 1 Me CA <4 300 75

11 15472 06GRANITE 1 1 1 L Sn CACLWHGR <1 MH 240 75

11 104 J30GRANITE L 1 3 2 5 CLCAGHRH <1 MH 249 40 duUXx

S

11 15 31 O0hANITE 1 1 1 Mk CLCABLWH <1 MH 115 ©0

33 lbevl=15.9> A Z,6c WIT Ep

11 15+ 71 OGNANLTEC 1 1 1 We CLCABLWH <1 MH 192 20

i1 152 95 0GRANITE 1 L L Mw CLCADLWH <1 MH L29 )

1 16431 OGRAMNITE 2

1l 1L 1306RANITE 2

11 102 300GRANITE 2

L1 16e3b0GRANITE 111 2 Me CACLWHGKRLI=LMH 189 15

33 10.%205RANITL JPTAKL
55700310 RS o STEWN A

4a lbe.52 1velYy 200 101004010040 027 2.006

11 10«52 0GRANITE 2 ROTATc: alawT
[} L7.4b0GRANITE 1 41 1 Mw CLEPBLWH L Mh-n 300 29

Ll L7 «570GRANITE 11 1 1 Mw Co <1 329 05 PARTLY INDUCED
11 lT-OJOGkANlTE 2

il «670GRANITE 11 1 i 5w CL r_!L <1l MH 279 a0

11 lBolJOGR-\NITE 1 1 32 Sw CL <l MH 190 35

1 18 e502GHRANITE i 1L 1L L Sw CLCA BL <1 MH 249 S5u

11 13+680GRAMITE 2 ROTVATED
11 182070GRAN]IT T L L 1 LIS~MwCLCABI wH <1 MH 290 20 MOSTLY CLOS5Zv
11 19402 OGRANITE 2

i L 7«12 3GHANITE 1 & L 1 Mw CACLWHB. <1 MH 275 40

33 194 19UGKRANITL UPTAKL
SS?bOJlO H3 o STENN A

44 1v. b7 10100.058450 0e26 <dubD

11 IQ-I&OGNA‘H 1 2 Sw CaA wH <1 MK 3v 05 START
11 1944 0G1ANT L1 Me CLCASLWHSI~1MA 200 25 3HEARTY B 170
11 19471 0GRAL Z 2 Mw CLCA BL <1-14H 210 30

11 20 eV O Alel 3 2 5w CA wH <L MA 12 55

11 2041J00RANT 1 1 Mw CLCABLWH <1 4r 230 N

il 20.190GRANL L i Sw CILCAGRIL <1 ™Mn 203 43 ROTATEL
11 204370GHKANI 1 2 MW CLCABLGR <1 MW 25 4<

11 206430GRANTT

11 20.B40GRANITEL 1 1 SwWw CLCASLwWH <1 MH 205 RE)

11 21 221 0GHANITE L 2 Sw CLCABLWH <1 MH EY S5

11 21+380GRANITE 1 Sw CLCABLWH <1 40

33 2147-21a730GRKRAN FRACT « wiITH THICKNESS 2MM d=140 A=40

33 21 «H0OGHANITE UPTAKE
55740310 K3 o

44 21.8B0 224437 1.01 6IOO-DIOO.D l-DD 0.]7 La0}

11 21 «BLOGRANITCL | S S N Mw CL  BL <1 21 49 START
11 21 +BLUOGRANITE 1 1 1 1 5m CLCABLwH <1 MH 2v 45

11 21 +FTOGRANIIC 2

13 22.100Q6RANITE 11 1 1 Sw CL oL <l MH 225 35

11 22 433 0GRANITE 11 2 2 5w CA 'H <1 MH ] 75

1 22 D2VBO0GRANITL 11 2 2 Mw <1l MH 305 50

11 22 UG OORANIIE 1t 1 2 su CLCAIHdL <1 Mh 349 o

33 2248703ANITCE UPTAKE
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55740310 R3 o© STENN A

44 22.87 2327 ~e25 0000a.2000.0 0.00 0.00

11 22 8B705RANITT S S5TART

[ R 22.J00GRANITE 1 1 1 2 5w CA L] <L MH 28u 50

11 1 1 1 1 Mw CLCADLaH 1 MH 20

33 22.50-23ed7 GHAVEL NATUK AL FRACTURE FILLED wilTH CLCA

3 UNE FRACTURE HAS A LGT OF CA (<-3MM)

33 23,2706HANITC UPTAKS
§5780313 R3 7 STENN A

44 23,27 2440 1419 ©1004069.7> O.lh QeB83

11 23.270GRANITE l 1 1 2 Sw CACLWHBL <1 %A 70 05 START
11 23e2706GRAVITE L 3 2 Mw CACLWHILLI—LHMH 190

33 234c7-23.50 A STA.CO FﬂACTURE wlTr JJAHVZ VHICKNEhJ 44 G—IJO A=t
11 23453 3GRANITE i 1 Mw L AL 162

33 ZJ-'!J—‘J.E” A SEALLD FRACYURE wWITH QUAR'_ TNlCK‘lE:; 4= bNM B8=140 A=5-10
11 Se01 05HANITT [} 3 Sw CLCAALWH <1 MH 20

it cé3al3VaranN, -

11 23« 750GHANTT L 11 1 2 Mw CL HLGR <l MH 2%4 .o

11 23.810GRANLIIC 1 1 1 &4 Mé C. dLGR <1 “H 2%0 50

11 2394 GLRANILITL 1 1 1 1 Me CL ek <l—-1MH 335 50

ad 24 4120GRANITE 1 4 1 1 Ma CLCAGRuH 1 MH 260 3

33 24412-24.35 GLRAVIL THE FRACTURE FILLED #iTH CLCA

1 28 +3S0GRAN]ITL 1 1 1 2Sw CL wn <E oM 203 3

It 244 IBNGRANITE 21 1 2 Sw CLCA3LwH <1 MH 265 bl

33 2a.40UGRANITE UPTAKE
55780213 A2 7 STENN A

44 24446 £45e.30 082 ov8. 0. Uel0 0s09

11 294a400GRANITE 3 3 1 Mn 240 65 START
it 28 452 OGRANITL 111 2 Mw CL GR <1l #H 270 60

11 24463 0GRANITE 1 1 2 2 Me CLAJ BGW<I—IMH—H S 70

11 L4 2 TIIGRANITE 11 3 2 Sw CLCAdLwH <1 MH 300 144

11 24437GC.. anlTo 1 1 2 1t 5w CLCADLwH <1 MH 45 50

11 24 4 ITUIRANITE I 1 1 1 Sw CLCAGRWH <1 MH EIE 50

1 2504 0GRANITL 1111 Sw CL <i HH 359 7C ROTATED
33 2488254170 aHANITZ 11 3 2 Sw Ca L] <1l MH 250 =<3 PARTLY CLOSED
11 25, L TOLRANITE i1 11 58 CL L] <1 MH 292 50 HOTATED
1t 25427 0GRARNITE 11 11 Sw (L wh <1 MH 119 80

33 204 300GRANIT UPTAKLC
SS7u1 313 R3 7 STENN A

43 25.30 2. 70 1445 699 T2 VelB 1405

11 294320GRANITE 1 1L 1 1 Sw (L 8LGR <1 M4 283 aS START
11 2549306RANITE 1 1 1 1 Sw CLCASLaH <1 MH 3a0 50

1 £2a0700RKANIT 1 1 1 2 Mw CLCADLWH <i MH EE ] 65

11 254900GKANITE L1 22 5% - BL <1 MH 60 S5

13} 23«070GRANTTL L L1 ' 5w LCAWHIL <1 MH 330 75

1l 264 130GRANITL 1 1 1 1 5w CL BLeH <1 MH 59 60

1i 264 JLYIRANITE bl 22 5% CA wH <b M4 289 30

11 208 AL Qukat 1T 11 IH-SnCA IH <i MH 345 63 ROTATED
1} eusvavGranl i 4 1 1 1 3w Ca (k3 N3 (=] Tw NOTaATLO
33 20«0U~20e820uRANTTL 1 4 1 2 Hm CL.CA-HuL <1 M ? 139

33 coebd~i7 el NI JIRIENTATION LINE

13 20401 06rATITL 11 1 1 Se CACL wH3L <i #MH 75

11 26,08 0GRANTTE 2

33 204 TOUGRANITE UPTAKE
S5730314 RI O STENN A

44 2o0.70 28627 1452 8101. 101 Ce19 1452

il O T BuRANGTL 11 ¢t 2 Sy CL BL <1 MH 50 START
11 20 To QLKA JITE 1 1 &t 2 58 CA H <t NH 55

12 2649506RANITC 1 4 L 3 5w CA wH <l HH ud

1 27, 370GRANITE 11 1 2 5S¢ CA  wH <1 HMH 60

il 27«28 0GRANITE 1 1 1 2 Sw CA wH <1 MH 70

i 274 370GRANITE 1 4 1L Sw C~  wH <L MH 64 RDTATED
11 27 2 70GRANITE 1 1 3 2 5w CaA wh i N 3% ROTATED
ii 27+910GRANITE 1 1 3 2 Sw CLCAGRwH <1 HH 2Q 45 PARTLY INDUCED
il 23414 06LKANTTE 1 1L 1 2 Mw CLECAHLGR <i MH a3 50

33 23.270GKANITE UPTAKE
5570313 K3 3 STENN A

44 23.27 JueUl ta6d OPTe 43 Da28 ledd

il 2827 0GRANITE 2 START
L 28e400GRANITE 11 11 5w CACLGR-H <A MH 2> 65

11 28,44 0GRANITCE 11 11 Se GR <1lMH-n 25 65

(31 28.9500RANITE 11 32 5w CA wH <1l MR @0

11 28 47UQGRANITE 1 2 12 5¢ CL GR <1 MH 240 55

11 280 72 AGRANLITE 1112 5s CA wH <1 MH 2o &0

13 28 .77 0GHANITE 311 2 2 Sw CL BLGR <1 MH ] 0

33 2oe?1-2b.8% GRAVEL
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iy 8«81 OGHANITE 1 11 2 Aw CA wH <1 MH

33 29%.46-2v¥.78 SEALED FRACT., wITH CACL THICKNESS <1— INM B 190 A—lO

11 29«730GRANITE 1 1 1 1 5w CLCABLWH <1 MH 200

11 2ve To OGRANITE 1 1 1 2 S CA wH <1 MH 65 50

ti 29.840GRANITE 2

11 2%+ 9D0GRANITE 11 1 1 Sw CA H <1 _MH 205 75

33 20427-3UVNUGRANITE SEALED FRACTe WITH CACL THICKNESS<1-1MM 3=190 A=0

33 39.01 UPTAKE
::.':::.:;' Se o STENN A

44 00.0 leqd 1eay 7101.0001.0 0,21 149

33 GHMNI TE START

| ) G+ 020RANITE 2

1! 0e05IGRANITE L 1 4 1 54 CLCASLWH <1 MH 249 70 MJISTLY [NOUCED
11 04 170GRANITE 1 1 1 2 Sw CACLWHBL <1 MH 284 70

[ ¥ 02k OGRANITE 2

[ 81 Oe42 OGRANITE 2

11 0+604 OGHANITE 1 1 1 1 SW CLCAdLwWH <1 MH o &0 SHEARL.’J J=75
33 04330GHANITE SCALZD FRACTURE wiITH EP?(CL) THICKNESS<1iMA4 d=1

33 0«3I70GRANITE SEALED FRALT. wlTH EP2(CLY THICKNESSCi-IMM d=1

33 La«4dOGRANITE

55780307 ne 1 STENN

s lesd 2a%0 L .40 4994009900 0418 1440

1 1 «380GRANITE STARY

11 1e350GRANITE L1112 CA wH <1 MH 245 65 PARTLY INDUCEL
11 2+0%0GRANITE i1 3 4 CLCAdLEH <1 MH 1529 TU END FRACT. 211
1 2411 0GHANITE 112 CLCASLGR <1 MH 185 30 MOSTLY CLOSEO
11 2427 dGRANIT L 1112 CLCA BL <1 MH 170 70

11 2+450GRANITE 2

11 2031 JGRANITE 1 1 1 3 Mw CLCABLwWH <1 MH 155 70

11 2¢01 OGKANIEITE 11 1 1 mw CL BL <1 MH 229 80

11 2.0t OUHANITE P11 1 Sw CLCADLWA <i MH 63 65 SHZIAREJ Bsbub
33 2¢320GRANITE 2 ARD ROTATED CORZ

33 2.HL2-24E4 NJ CORE

11 2+89% 0LHANITE 2

3 2v90UGRANITE JPTAKS
5573010} n~a ] STLNN A

449 250 3e33 Veidd 59140 dSe0 Qal8 veBd

11 2432005RANITL 1 2 2 aw CLCAJL-H <1 At ? 80 oTarTm

33 2ev0-3e03 LRAVIL CJRE L:lSS

11 303 UuRALT, 1 1 Mw CLCAUL-H <L MH 6L SHEARCc U
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APPENDIX B-1

HYTGROLOGY TESTING DATA IHVENTORY
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APPENDIX B-1
A. Inventory of Hydrology Test Data
The following record sheets show, for each horehole, 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 hottom of the
transducer pod in order to avoid probliems when individual packer elements

having different lengths were placed in the packer assembiy.

* indicates information available

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

INTERVAL 4 OF TESTS = = w
™ T= =4I - wi & n
= = B -1 =5 S e =
x a = I a | = )
& o 5 | e Lou g = 48 £
2 z I e Z | 3 ZEE &3 | & e 3
SBH 1 | 48 | 50.0 52.03 3 0 > > " * 2m test cavities
50 | 52.0 54.03 1 0 > > A
52 | 54.0 56.03 2 0 * " b
54 | 56.0 58.03 2 0 * * |
56 | 58.0 60.03 2 0 * * o
58 | 60.0 62.03 3 0 * * LI
60 | 62.0 64.03 2 0 » * * o
62| 64.0 66.03 2 0 * * i
641 66.0 68.03 H 0 > * L Stripchart 48-64
v 66 | 68.0 70.03 2 0 * * L Stripchart 66-84
68 | 70.0 72.03 2 0 * * | :
70| 72.0 74.03 2 0 » * * o
72| 74.0 76.03 2 0 * * L
74, 76.0 78.03 2 0 * * oo
76| 78.0 80.03 2 0 * * o
78 | 80.0 82.03 2 0 * * * |
80 | 82.0 84.03 2 0 * * o
82| 84.0 86.03 z 0 * * o
84 2 0 * LI
86
88
90
92
94| a5.51 {9754 | 2 | 0 * . . Stripchart 34, 96
9% | 97.51 | 99.54 3 0 * * >
981 99.51 [101.54 3 0 * * L
100 [ 101.51  [103.54 2 0 - * o For stripchart
102 [ 102.51  [105.54 2 0 * * b Zﬁinﬂﬂ"’fél"gsﬁ-]
105.4 107.45 0 0 - - - - Test ant completed.
104} 105.53 |107.56 1 0 * * W
104 [ 105.51  }107.54 2 0 * * x| o
105| 105.51  [107.50 2 0 * * .|
106 | 107.53  [109.56 0 0 * - v Restarted-ais in
106 107.53  103.56 1 0 * * o Tines.
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HYDROLOGY TESTING DATA IHVENTORY

INTERVAL ¥ OF TESTS - | = w T
o s | owB|E| 42|,
s — x — T < T = a — —
= (=] =] [= Vel (&) > =
5 = S fry g x = oS 3
o o =3 fral = b =
& 2 g < = 5 208 Sz = ol 3 5
o - o - — o —— [V =) wy - a (53
SBR 1] 108] 108.C [ 100.0 3| 0 . * »
noef o0 |112.0 4] 0 * * o
n2| M2.0 | 140 3l o * . | an test cavities
4] 114.0 | 116.0 3| o * * .
16| 116.0 | 118.0 3] o . * o]
118] 118.0 | 120.0 21 0 * * R
120] 120.0 | 122.0 3| o * . o
122{ 1220.0 | 124.0 3| b * * |
124{ 124.0 | 126.0 3| o * - « ] .
126} 126.0 | 128.0 34 0 * * o
128} 128.0 | 130.0 370 * LI A
130] 130.0 | 132.0 21 0 . . oo N
< [ 132[132.0 13800 21 0 * * | o
138) 134.0 | 136.0 2| o * * .o
136) 136.0 | 138.0 3{ 0 . * |-
138| 138.0 | 140.0 3] 0 * * o
140] 140.0 | 142.0 2| o . , |
1421 142.0 | 144.0 3]0 * - v |
1431 145.67 147.4) 1 0 * * * No fiow measured
144 144.0 | 146.0 3] 0 . . | -
146] 186.0 | 148.0 3] 0 * * o
148) 148.0 | 150.0 3] 0 * * | o
150| 150.0 | 152.0 2| o * * « | .
152| 152.0 | 154.0 3] 0 * * x| - Stripcharts 152-172
152) 154.0 | 156.03 2] o * * L ggs 2dd. output
158} 156.0 1158.03] 2 | © * * |-
156) 158.0 [160.03| 2 | 0 * - o
158] 160.0 | 162.03| 2 | © - - |«
160! 162.0 | 164.03] 3 | © * - o
i 1624 164.03 166.83 4] 0 * - > * Test stopped,
162b 164.03 | 166.83] 2 | 0 . ; - air blockane
Zero - Flow
162 | 164.0 | 166.03| 3| 0 * " * *
164 166.0 |168.03] 2 | o . . . *
166[168.0 17003 2| o * * * *
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TaTERVAL 4 OF TESTS cl e w

[ e = Ed wl = «»
< z| EE | B8 E1gf e
2 | o B S| E| Skl s=(3|8/2]¢%
g | g E e | 13| Z2E% 25| R |El2|8
seh Y168 | 1700 (17203 | 3 | 0 * . e

1ol12.0 |rapa| 2 | o . oo

1211740 17603 | 2 | o . . o |

174{176.0 [178.03| 2 { 0 . * | Soe a0 oot

176 178.0 (18003 2 | © . . s w SBH-1

178 1800 |182.03] 2 | o * . R

8f w175 18355 3 | o « * .

180 182.0 |188.03] 2 | o . . « |-

182] 1880 lgs.o3| 2 | o . . > |-

14| 185.0 |188.03| 2 | o . * |

186| 188.0 [190.03| 4 | o . * » ]

18] 190.0 [192.03] 2 | o . . . |

190{ 192.0 19603 2 | o - - |-

192! 1960 {19603 2 | o . . ]

el 19%6.0 (18803 | 2 | 0 » . S

196] 198.0 |200.03| 2 | o . . S

198] 200.0 |202.03| 2 | o . . sl

200{ 202.0 |208.03 | 2 | o . * |

202 204.16 |205.96 | 2 | 0 . * |

200| 207.26 |209.06 | 3 | © . * « .

206( 210.87 {21246 | 2 | 0 . . .|

208] 210.84 (212,64 ) 2 | 0 . . v ]

210{ 212,64 [214.aa | 2 | o . . E

212| 216,00 (21628 | 2 | 0 . . o

28] 216.24 {218.04 | 2 | o . . |

216 218.00 [219.84 | 2 | 0 . . S

218] 219.84 |221.6a { 2 | 0 * . T

220 221.64 |223.44 | 2 | 0 . . R

222| 223,44 22528 | 2 | 0 . * |

228| 225.24 |227.08 | 2 | O * . £

226| 227.00 228088 | 2 | o - * £

228| 228.84 23068 | 2 | 0 - . e

230 230.66 |232.04 | 2 | 0 * * U

2:2{ 230,66 (23280 { 2 | 0 * - s
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INTERVAL # OF TESTS ~ | = w
Z =1 BT | BRI %] gE| ¢
g . gl 2] BEzl iZ|g|Elz ¢
€ |g| B | ¢ | E|5| 2BE 318|128
—F—aA [raysy 1y g o bt

SBHY 234| 234.24 | 236.04 3 0 * - *

£36] 236.04 | 237.84 4 0 . . . N

238| 237.84 | 239.64 3 0 B * * .

200 239.64 | 241.44 2 0 . . . N

202| 241.48 | 243.24 2 0 * * * N

244) 243.24 | 245.04 2 0 - * * N

246{ 245.04 | 246.84 2 0 M . . . b o Test Cavities

248| 246.84 | 248.64 2 0 * " N N

250| 248.64 | 250.44 2 0 * . . N

252| 250.44 | 252.24 2 0 * . . .

254| 252.24 | 254.04 2 0 « * * .
\ 256| 254.04 | 255.84 2 0 * . - .

258| 255.84 1 257.64 2 0 . » . .

259] 257.64 | 259.44 2 0 B . . .

2601 259.44 | 261.24 2 0 * " N N

262| 261.24 | 263.04 2 0 * . * .

264| 263.04 | 264.84 2 0 - . - .

266| 264.84 | 266.64 2 0 - N . .

268| 266.64 | 268.44 2 0 * - . .

270| 268.44 | 270.24 2 0 B . " .

272| 270.24 |272.04 2 0 . N N N

274| 272.04 | 273.84 2 0 B . « .

276) 273.84 |275.64 5 0 - - * .

277| 275.64 | 277.44 2 0 N . * -

278] 277.44 |279.24 2 0 N . . "

280] 279.24 | 281,04 2 0 * . . .

282| 281.04 |282.84 2 0 B . . .

284| 283.27 |{284.64 3 0 B . . N

286/ 284.64 |288.44 2 0 . . N .

288 286.44 |288.24 2 0 * * * * N

290| 288.24 |290.04 2 0 * - - .

292| 291.84 |293.64 2 0 . . - N

| 298 293.64 |295.44 2 0 . " N .

| 296 295.44 |297.24 2 0 * * * *
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HYDROLOGY TESTIMG DATA INVENTORY

INTERVAL ¥ OF TESTS — — w
= o1 BT | owEl g LlE| .,
g . 31 S| B3| 2R 18| El:]z
& = s e = = ERE =4 b =R ¥4 a
SBH | 298] 297.24 | 299.04 3 0 * * * * 2 m test cavities
300( 299.04 | 300.84 2 0 * » «
302| 300.84 | 302.64 2 0 * * * -
304 302.64 | 304.44 2 0 * * » -
306 | 304.44 | 306.24 2 0 * » * -
308 | 306.24 | 308.04 2 0 * * * *
310¢ 303.04 | 309.84 2 0 * * * *
311 309.84 }311.64 2 0 * * * "
312( 311.64 | 313.44 2 0 * »* * "
3141 313.44 | 315.24 3 0 * - » "
36f 315.24 {37.04f | o * - | 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 * - * *
3241 322.44 | 324.24 3 i} * - * »
326| 324.24 |326.04 [3 0 * - * -
327) 326.04 |327.84 2 0 * * * >
328 327.84 |329.64 2 0 * » » -
330( 329.64 331.44 2 4] * * - *
332| 331.44 |333.24 2 0 * * " *
334 333.24 |[335.04 2 0 * » * -
336, 335.04 |336.84 2 0 * * v o
338) 336.84 {33864 7 | 0 . - e Flow rates noted
340| 338.64 [340.44 2 0 * » » *
342| 340.44 1342.24 2 0 * » » *
344| 342.24 [344.04 2 0 * - * *
345] 344,04 [345.84 2 0 * * » "
347| 345.84 |347.64 2 0 * K * -
349| 347.64 1349.44 2 0 * +* " *
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 * + - »
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HYDROLOGY TESTING DATA (HVFNTORY

‘ IHTERVAL 4 OF TESTS - | = w
51— s | wE|E| .8
o x =3 < T T al = 2
=] = =) [ =3 = & S = =
x (=1 — o - o, - jn oy w
x (=g (=) e — VW (=N o -l = ¥
< = & = =z > Zwx T - @l 5 E]
= o = = = =S i S
1 T
s 3 360 | 358,40 | 360.22| 3 0 . - | 2 m test cavities
362 | 360,20 |362.08| 3 0 * . N
363 | 362.00 [363.840 3 0 . . P
1364 | 363.88 |365.60| 3 0 . . | o
365 | 365.64 (367.441 3 0 . . v |
368 | 367.44 |369.24| 2 0 * * -
370 | 369.24 |371.04{ 2 0 . . | o
G 2o s 2 0 * . o
374 | 372,88 | 37464 | 2 0 > - w ]
1376 | 374.44 | 376.44 | 2 0 . - T
378 | 376.44 {378.24 | 2 0 . . v |
380 | 378.24 |380.04| 3 0 . . x| -
381 | 380.04 [381.8¢| 3 0 . . N
382 | 381.84 |383.64| 3 0 . . s ]
!
SBH 1 1 1 50.0 56.0 3 a * * * > 6-7 m Test Cavities
2 | s 66. 2 0 . . T
3| s 92. 4 0 * * x| .
- | 103 110 8 0 . . . ]
- Liress lisss1| 3 0 * . P
- leansg |23 | 3 0 . * .
- | 272.89 |280.11] 3 0 * * . | =
- | z90.33 (20761 3 0 . * s
L |- | 030 |ane| 3 0 * * | o
~
- | na8e {3221 2 0 . . T -
- | ne.89 32611 2 0 - . |




HYDROLOGY TEST NG DATA INVENTORY
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INTERVAL # OF TESTS — - wi
e [YEQ Y o a.
w |8 = = w | = w
2 = g2 |F38 =5 el I =
5 = S w8z« | 258 ¥
(=] o o o = o Zw T - — Ly p= o
=] = o - — o |l=r&Hnh no [ & b=
seul | 65.19 | 6461 | 65.41| 2 [0 | . o ] ow #1 0.8m Test Cavi.
77.73 77.15 77.95 2 0 * * - * 42
80.92 80,34 81.16 2 0 * J N * 13
211.02 210.44 [211.24 3 8 * * * * 14
220. 69 220.11 }220.91 L) 0 * * * * [
231.08 230.50 }231.30 2 0 . > * - 6
251.0 250.42 | 251.22 2 0 * * » * 7
259.23 2 o] « » w | - 8
264.15 2 o | « * v | oW a
285.39 3 [1] * * - * 10A
285.05 3 o« * A 108
298.04 2 ol » P P n
303.03 2 o | « - I 12
333.43 3 0 * * * » 13
328.05 2 ¢ * * * * 14A Faulty valve
328.05 2 0 * * * * 138 fnjection tank
321.23 2 o « P I 15,
342,65 ¢ o}« T N 1
211.02 3 0 * * * » 1
220.69 3 a * > * * 2
231.08 2 o | « . P 3
251.0 a 0| » LI I 4
259.27 3 0 * * * * 5
25415 4 0 * * » * 6
285.05 4 0 * - * * 7
3 0 * * * > 8
3 0 * * » * 9
3 0 * * * * 10
2 0 * * * * 1
2 0 * * * * 12
3 0 * * . " 13
3 0 * * . * 14
3 0 * * * * 15
2 0 * * * > 16
3 0 * * * * 17
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HYDROLNGY TESTING DATA INVENTORY

2 m Test Cavities

3710H3408

SBR 2/ 21

! N
2o
R 7
SINIWAG 5 J o
- =
3dVL HIRAd
1
ua:uuh...t..t..r.rataa:-at:'wt.*-tntt-ta.r*
_
TUYHIATYLS T T T T T T T
133HS vivd
J1yy MO R A T T T T T
133HS
<.—<c.—mm.~ attt*tt.ttt.—t.—tat.—:-*ttt.tttt*.'at
NOTLI3CN]
21 K014L00
= © 0000000000000 00000000000 00O O0O0co oo
I
fo
w
& MOTANT TSN NN NSO N NN s MmN M N 0ot e e e NN - e o
>
-
c._- 2468024680246300246802346802468024
NN OHOMmOEOS ST I HOWbdneodO o oo rNRRRESS
o
<
=
&
]
e
= O N Y W ODONT O DO N Y W o o W VO - T W o N T DO N
= WO¥d S RNANASmSEIITITLIIFIIINTILREBGCYTTISIBIL_N T IR Y
Quk MW A e O Wwes o — WG MW, e MWt —~ ™MW o — ™
22223333344444455555666666777w1788
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INTERVAL # OF TETTS = = w

o 1 GE e | F w| = «n
g s8] E5.1 B2 B EITIE
o = s — — [=3 —=F A oo v | a a
SBH 2! 85 84 86 3 0 > - * 2 m Test Cavities

87 86 88 3 0 * * *

89 88 90 1 0 * *

Nn 90 92 3 0 b *

93 92 94 2 0 > *

95 94 36 1 0 * -

97 96 38 3 0 * * * *

99 98 100 2 0 * * * *

101 100 102 1 0 * * * *

103 102 104 3 0 * * * *

105 104 106 2 0 * * * *

107 106 108 1 0 * * - *

109 108 110 3 0 * * * *

m 110 n2 2 0 * * * * ist Test

m 1o ’” 1 0 * * * * 2nd Test

113 12 i14 1 0 * * * *

115 14 1eé 3 0 * > > *

nz 116 118 2 0 * * * *

119 118 120 1 0 * * * »

12 120 122 2 ¢ * * * *

123 122 124 2 0 * * * -

125 124 126 2 0 * * * *

127 126 128 2 0 * * * *

129 128 130 1 0 * * * *

131 130 132 2 0 * * * *

133 132 134 2 0 * * * *

135 134 136 2 0 * * * .

137 136 138 3 0 * * * *

139 138 14n 3 0 * * * »

141 140 142 1 0 * * * *

143 142 144 1 0 * * * *

145 | 144 146 1 0 * * * *

147 146 148 2 0 * - * *

149 148 150 1 l 0 * * » *




[
|
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HYDROLNGY TESTIMG DATA TNVENTORY

[%]

INTERVAL ¥ OF TESTS —— Wi | o= w
w = =3+ =5 £ al = 4
g z| 3] 53| B2 8| El:zlz
& o 5 o = Shi 3= = ulg £
g | g E s | £E1 3| EBE 25 |5 B|lE| s
H 2[181 150 HA 1 0 * * * 2 m Test cavities
153 | 152 154 2 |o . * . | >
iss | 154 156 1 |o x |-
157 | 156 158 1 Jo * . .
159 | 158 160 1 | o * * |-
161 | 160 162 1 o * . . |
163 | 162 164 1 |o * * x|
165 | 164 166 2 1o . - x| -
167 | 166 168 1 |o * * |
169 | 168 170 2 |o * * |-
71| 1 w2 oo o * * e
73| 12 e o1 1o * - o
175 | 17a 176 1 lo * * o
7 176 178 ! 0 " ) " * Test not used, times
179 178 180 2 ol * * b * too short.
19 | 178 180 2 |o . .
181 ] 180 182 2 |o - *
183 | 182 184 2 |o * *
185 | 184 186 2 o * *
87 | 186 188 2 |o * *
189 | 188 19D 2 |o * *
191 1 19D 192 2. (o * *
193] 192 194 2 |o . *
195 | 194 196 2 o . "
197 | 196 198 2 |o * .
199 | 198 200 2 (o * .
201 200 | 202 2 0 * "
203t 202 | 208 2 1 . *
05| 208 ' 206 3 |o . *
207 206 . 208 2 0 * .
209 | 208 ¢ 210 1 0 * *
am| 20 o 2 0 * *
23| 22 2 3 0 * *
215 | 214 216 2 0 * .
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HYOROLOGY TESTIMG OATA INVEMTORY

SININHOD

2 m Test Cavities

3

dvl HINfid

L ALIT3L

1

dYHIdIYLS

1

33HS vlva
31vH MOT4

=

1330S
Ylvo 1S3l
kO11230N]

# OF TESTS

INTERVAL

MO14LN0

NOTINY

0L

218
220
222
224
226
228
230
232
234
236
238
240
242
244
246
248
250
252
254
256
258
260
262
264
266
268
270
272
274
276
278

280

284

HOY4

216
218
220
222
224
226
228
230
232
23
236
238
240
282
244
246
243
250
252
254
256

260
262
254
266
268
270
272
274
276
278
280
282

ayn

217

219
221
223
225
227
229
23

233
235
237
239
241

243
245
247
249
251

255
°57

261
263
265
267
269
2n

273
275
2717
27%
28]

283

ERSLEE
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HYDROLNGY TESTIMG DATA INVEHTORY

SiIN3HWOD

2 m test cavities

\'4

3dv1l HONNd

3dal373L

LUYHId1Y1S

133HS ¥lvo
3ivy HO4

133K
VivG 153l
ROILD3rN]

h0T41n0

HDTAND

# NF TESTS

o

OL

286
288
290
292
294
296
298
300
302
304
306
308

328
326
328
330
332
334

340
342
344
336
348
350
352

INTERVAL

WOd4

T

284
286
288
290
292
294
296
298
300
302
304
306

322
324
326
328
330

33¢
336
338
340
342
334
346
348
350

ayN

285
287
289
291
283
295
297
299
301

303
305
307

309

321
323
325
327

329
3
333
335
337

339
34)
343
345
347
349
351

370H3b08

SBH 2

\ 4
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HYDROLOGY TESTIMG DATA INVENTORY

1 [NTERVAL # NF TESTS e Wi e w
= | = =15 el s wlglp
z = g | 2 Senl < | £l Elsl &
g | o & o T|E Zoe| SR | E| J|E]E
o = w = —_ o py = T s wr - = o
SBH 2353 352 354 2 0 * * 2m test cavities
355 354 356 2 0 d *
2 1.61 3.61 k] 0 * * - *
4 3.6 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 11.64 13.64 k] 0 * * * *
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 * * *




-128-

HYDROLOGY TESTING DATA IHVENTORY

- INTERVAL # OF TESTS == ‘;‘:"E‘ = w
g | g B e | (5] zRE) 3| E| IS8
- = = — o =F&n oo 12 = =1
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 10.11 2 2 * * H&3 & 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 | 17.38 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 * *
we3 | 1.7 1.8 195 | ) 1 * . *
2.5} 2.33 2.67 1 1 * * * .34m test cavities
5.4} 5.2 5.54 1 1 * * * {single rracture
6.4 6.21 6.55 0 1 * * tests)
7.2 7.00 7.35 0 1 * *
9.8] 9.59 9.93 0 1 * *
10.44 10.27 10.61 1 1 - * *
12.2} 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 * * * eletype cutput
20.8{ 20.66 21.00 1 1 * * *
23 22.96 23.30 1 1 * *
27 27.13 27.47 n 2 * * *
28 28.39 23.73 4 0 * * +
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HYDROLOGY TESTING DATA IMVENTORY

=
&

INTERVAL # NF TESTS == ".L"E é‘:‘ y ;"l:
w 1%l
3 z| 3| 55| % EIEC|¢
t b-2¢ —t T = =< — Lt (=3
o =} =} o = Sun S @ - | = H
2 £ & 2 = 3 e =3 5 ez 8
4 2 3.87 5.85 2 2 * * * 2m Test Cavities
4 5.78 7.76 2 2 * * *
6 7.79 9.77 0 1} > - * abort, air in cavity
[ 7.81 9.79 2 2 * * *
5 7 * * teletype NRD 2-8,
5:87 1.8 z 12-16,20-26 see
11.82 13.80 2 2 * * see HG384 teletiype
13.81 |15.79 2 | 2 * o output.
15.92 17.90 2 2 * * *
17.77 19.75 2 2 * * *
19.86 21.84 2 2 * *
21.84 23.82 2 2 * * *
23.81 |25.79 2 2 | * * *
25.81 27.79 2 2 * * *
27.91 30.0 3 2 * * *
.2| .05 1.39 i} 1 * “ .34m test cavities
51 3.47 3.61 0 g * - .49m cavities no
’ test
.0f 5.91 6.4 9 0 *
.0 8.03 8.52 1 1 A *
. 10.48 " - (teletype 20.-27.2
9.99 i 1 0 iee HGA teletype
15.46 15.95 1 1] * * utput single frac-
3.1 2000 1o * * . fture)
20.53 2).02 ] 1 * * *
26.39 26.66 1 ¢ * * *
26.39 26.138 1 1] * * * »will not hit frac=
= 0 * ~ _ . ture?
- - No test-too close
to end of borhale
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HYDROLOGY TESTING DATA INVENTORY

i

Sl sy et e T
INTERVAL —‘p nF_TESTS _ T w
o Y= =S -1 wl &
) — = = < T T o - el
g 51 2| EB°.1 EALE|EIL|Z
o = pur | w [ ] E < — Wl o =
153 2 & o =| 5 208 Se £ ol = =
- = o — — o —F A Lo w — b
HG §, 0 2.1 4.4 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
8 10.14 11214 1 0 * > * * teletype output
10 12.14 {1814 3 0 * * * *
12 14.14 16.14 3 0 * * * *
14 16.14 ;18.14 3 0 * * hd *
16 18.14 120.14 3 0 * * » *
18 20.14 {22.14 2 a * * * *
20 22.14 (2814 1 0 * * * -
22 24.14 |26.14 1 a * * *
24 26.14 128.14 1 0 * * * *
26 | Q Q * * - - Not tested,air leak

in system.




HYDROLDGY TESTING DATA INVENTORY
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INTERVAL OF TESTS - = w
e RITRE S o (=9
ot o= = w << W | e v
- = o < T = [ e =
(=3 = (=1 (=] o o > =z
x - a Jas O - & - = i
W £ ' o W= W =< — w| o =
(=4 o [=] [T = v Ll [0 o — =z =
[=3 =4 (=4 o = =2 T - < = w jon) (=]
oz = o = — o —w; wo v = a (&)
R-3 0| 2.04 4.47 3 1 * * * 2m test cavities
2| 3.98 6:41 1 0 * . | ow
4 5.98 8.4 2 1 * " *
* * " * values missing from
6 8.08 :0'32 3 ! . sheets see teletype
* *
8 | 10.02 2.26 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 | 15.9% 18.19 3 1 " « - R holes teletype
16 | 17.96 20.2 3 1 * * * * Teletype 0-4 see
18 {19.97 |22.21 I * * [ * HE5  18-24
20 | 22.00 24.25 3 1 * * * N
22 | 23.97 26.2% 3 1 * * * *
24 | 25.97 28.21 3 0 * * * *
R-3 1.47; 1.30 1.04 0 1 * * 0.34 m test cavities
2.2 2.03 2.37 0 1 * * (singte fracture)
3.9 3.73 4.07 0 1 * *
4.6 4.45 “ 79 0 1 * *
5.8 '5.66 t 20 0 1 * *
8.5 6.41 6.75 1 2 * * *
10.3| 10.16 3.50 1 1 * * *
12.6| 12.45 12.79 1 0 * * * Teletype, see cross
14. 1 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 * * *
24.7] 24.81 24.85 * - - -
8 0 0 End of testing in
R-3 hole blocked ®
26.67
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HYDROLOGY TESTING DATA INVENTORY

| INTERVAL # OF TESTS NN
I T E P 3 wi X o~
13| 55| @358 L]|%
gl & o | ElE| BBE 35| E| 4% g
- - L — o —= v W v (= Y b
4 3.90 6.1 3 ! * * o 2m test Cavities
[ 5.90 8.1 3 a * * *
8 7.90 10.1M 3 2 * * * .
10 9.90 2.1 3 5 * * * *
12 11.90 14,11 3 1 * * * *
14 13.90 16.11 3 1 * * - *
16 15.80 18.01 3 H * * * * Stripcharts 14-26
18 | 17.82 | 20.03| 3 3 * . o | o See ¥5-2 Stripcharts
20 ’ 19.80 22.01 3 2 - * * N
2z : 21.92 24.13 3 2 * * x *
2 23.92 26.13 3 0 * * * *
2 | 25.85 | 28.06 | 2 0 * . o
28 I 27.93 30. 1 1 * * * *
.sl 136 | 185 0 0 - . 0.49 m Test
7.3 1042 10091 | o 0 . . Cavities
13.1] 19.96 | 15.45 | 1 0 - . . (sinale fracture)
16.5 ‘ 8.24 8.73 1 0 * * -
18.1 L 19.87 20.36 1 0 " - *
18.9| 20.65 | 2134 | 1 0 « . P
19.8 21.58 22.07 1 0 * * *
24,91 26.65 | 27.14 | 0 - N .
27.9 27.61 28.10 1 0 0 * - - Test Oiscontinued
Teletype see R4,5
Teletype output
! (single fracture)
1




HYDROLOGY TESTING DATA INVENTORY
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INTERVAL # OF TESTS = = w
hr ek — ol o ur [~ o
L S = = L =3 w| « «»
.} = - = < T T o [ —
=} = o -5 & A o > =
& = g1 8.5 z<| | &|5| &
5 2 I © 51 5 20% Sk = of 5 S
& = v [ =} o =0 Lo wn Hla a
R-5 1 2 | 2.13 4.24 2 0 d * * 2m Test Cavities
4 4.26 6.37 3 1 * * * *
] 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 * * * B Teletype output
20 | 21.02 23.13 1 1 * * * *
22 231 |25.22 0 1 * * * 0.0 flow-no injec-
24 | 25,17 27.28 1 1 * * * - tion test done
26 | 26.08 28.19 0 2 * * - 0.0 flow,no injec
tion test done
R-5 117, 1.47 1.81 0 0 . * 0.34m Test
3.4 3.2 3.55 0 0 * * Cavities
9.8| 9.60 9.94 1 0 * * -
10.3] 10.09  [10.43 1 1 * * * Teletype see R4,5
M3l s n.aeg 0 1 . . Teletype output
{single fracture)
12.7012.54 12.88 1 1 A * *
15.5{ 15.31 15.65 0 1 * -
17.2(17.07 17.41 0 1 * *
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 * * *
27,11 26.95 27.29 1 0 * * *
28.5( 28.32 28.66 ] 1 * *
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HYDROLNGY TESTING DATA INVENTORY

INTERVAL # NF TESTS — — w
Fl. wr s o a
2 = 23 == | £ &[] ¢
- = o | — -
E 5|3 B3| =218 E|=z]&
= x —+ w W= = < — w| o b=
& & £ o =15 20z Sk &= ' o 3 5
o bad w [=3 — =3 ——n [yt v = 8
R-6 4 2.0 6.0 1 0 * * * * #n Test Cavities
8 3.77 .77 1 ¢ * * * > using slightly
12 7.77 11.77 1 0 * * * . different data she
1 177 ’ sheets
* * N
6 ) 15.770 1 0 * flowrates not calc.
20 15.77 19.77 1 0 * > v *
24 19.77 23,77 1 0 * * * *
28 23.77 27.77 1 0 * * - *
32 27.77 31.77 1 0 * * * »
36 31.97 35.77 1 0 > * * «
a0 35.77 39.77 1 0 * * * *
R-7 | 6 .77 5.77 | 0 * * * *
10 5.77 9.77 1 0 * * * -
14 9.77 13.77 1 0 * * * *
18 13.77 17.77 1 0 * * * -
22 17.77 21.7 1 0 * * * *
26 21.77 25.77 1 0 - * * *
30 25,77 29.77 1 0 * * * *
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HYDROLOGY TESTING DATA INVENTORY

INTERVAL # NF TESTS — ~ w
] S pa | £ w| &
- =3 — =L < T x a - :Q
=] = =] =] (=472l [=] > =
X =] purt o a ~| )
() = — [ [y X < — w =
£ (gl & o | E( 5 229 3Z = d/2|E
o = [ - el (=] — v w o w — a (&)
-8 2] 3.97 6.00 2 2 * * * 2n Test Cavities
2.049 4.07 6.06 0 2 * * *
4 6.03 8.06 2 2 * * -
6 8.04 10.07 3 2 " * *
8 | 10.07 12.02 2 2 * * *
10 | 12.00 14.03 2 2 * * »
12 {14.00 16.04 2 1 * * *
14 116.02 18.05 2 i * * *
16 | 18.05 20.08 2 1 * * -
18 {19.99 22.02 2 1 * * *
20 | 22.02 24.05 2 2 * - - W 2
20 | 21.99 24.02 2 2 * * * &2
22 | 24.01 26.04 2 3 * * *
24 | 26.01 {28.04 | 2 2 * . | o« Teletype 26 see A-
26 | 28.09 30.04 2 2 * « * oles Teletype
outout
! 1.3 2.15 0 1 * * * * single fracture
e [ e fas2 | o 0 . . L 0.85 m Test Cavitie
2.5} 2.26 3.10 0 0 * * * * N
3.0] 2.89 3.73 1 0 * * * - "
15 3.3 4.15 i 1] * * * * u
45, 408 |4.92 | 1 0 - . N May not be valid
5.5 5.27 572 | 0 * . o[ o 0.46m test test
10. 9.80 10.26 i 0 * * * - Cﬁvities
ho.s| 10.9a  [10.9 1 0 v * |- "
n.s| 1.e1 187 | o 1 * * .
13.29 13.12 13.58 0 1 * - “
19.25% 19.06 19.55 0 1 * * * Ozta not valid,test
19.5| 19.61 20.10 1] 1 - N redone
21.5) 21.56 22.05 1 0 * * " "
; Btripcharts 1-10.5
H Fee RB,R9,R10
! Febetype 1-11,5 sae
R-holes teletype
] output




HYDROLOGY TESTING DATA INVENTOPY

INTERVAL RN R T B
2T LW o Py
L o= —w =T L <L (%]
) Z | == < T x al - =
[=3 = (=2 Ll =] e v o > o
ES 3 ST - 4 == o
W x - Lo Ll = W X < — w (] x
= o S [y = | 2vw - ac o | =z =
o o o o = =2 = x| — = i =] o
< =z uw - — o | = Lo v [ % O
R-9 2 3.99 6.02 2 2 * * 2m Test Cavities
4 5.98 8.01 2 2 * *
6 8.0 10.04 2 N *
8 10.05 12.08| 2 2 -
10 12.03 14,06 2 1 *
12 14.02 16.05] 2 2 *
14 16.06 18.09 2 2 - feletype 4-12,14-24 sege
: R-Holes Teletype output
i6 18.07 20.10 2 2 *
18 20.02 22.05] 2 2 *
20 22.04 24.07 3 2 *
22 24.00 26.031 3 2 *
28 26.01 28.04 2 2 *
26 28.06 30.03 2 2 >
>ingle fracture
1 2.75 309} 1 ! * 0.34 m Tesi Cavities
2 8.99 9.33) 1} ! *
3 . 1 ] * tripcharts-see RB,RY,
. ; ]”']8 :1'52 0 ] . 10 Stripcharts
i 6.73 7.07
5 19m 20.05 | ! ! .
6 | 21.06 21.4 0 1 - eletype see R-Hgoles
7 ! 22.38 22.72 1 1 * Teletyoe aqutout
8 24.10 24.44 1 1 *
9 25.75 26.09 | 1 1 *
10 26.86 27.2 1 1 *
10 26.86 27.20 | 11 1 *
n 7.03 737 © ! *
i




-137-

HYDROLOGY TESTING DATA INVENTORY

INTERVAL # OF TESTS = wh |~ w
4 . E|EE|EE |2 |elF |
% S = o - & - = w
& o z T opskhu 3 |2 | Sl &
2 2 & 2 z S{IEH &8 b SRS S
R-1 2 3.83 5.81 2 2 * * * 2m Test Cavities
4 5.87 7.85 2 2 |+ * 4.
6 90 9.88 2 2 * * *
.88 11.86 2 3 * * *
.80 13.78 2 2 * * *
.87 15.85 2 2 * * *
.84 17.82 2 2 * * *
.85 19.83 2 2 o . *
.85 21.83 2 2 * * *
.81 23.79 0 0 * - * - Equip. Failure Rerun
.80 23.78 2 2 * *
.77 25.75 0 0 * - - - Aborted
.03 26.06 2 2 * * *
.0 28.04 2 2 * * * Teletype 10-18,20-26
.08 30.04 2 2 * * * see R-Holes teletype
output
1 3.9 4.76 1 1 * * * * Single fracture
2 2.69 3.54 0 1 * * * 0,85 m Test Cavities
3 5.03 5.88 1 ! hd * * *
4 ! 5.93 6.78 0 1 * * * Stripcharts see R8,R9,
5 | 8m 9.15 0 1 * * * R10 Stripcharts
6 i 8.80 9.65| 1 1 * * * .
} 7 .83 12.68 1 2 * * * * teletype 1-4 see R=Hole
' 8 3 17.16 1 4 * * * * teletype output
E 9 12 17.97 1 2 * * * *
1 10 .58 25.43 1 1 * * * *
omn .81 12.66 | 1 1 * * L
1
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HYDROLOGY TESTING DATA INVENTORY

w

1 TERVAL #OF TESTS | = = w
5 =125 | g2 [ gl8 ¢
g g S|53.%% |8 |21z, 8
& a 5 Iy Elnnu 38 = el 1 E
g | = g e | 2 3Z|EEEF 23 |5 | RI2|8
-1 5.7 8.01 0 1 * * * 2 m Test Cavities
7 9.96 0 1 * * *
%Y 12.00 0 1 * * *

10 1.9 14,02 0 1 * * *

12 13. 16.01 0 1

14 16.¢ 18.03 0 0

16 17.9 20.0 0 1

18 19.8¢ 21.99 0 1

20 1.7 24.07 0 1

22 24.¢ 26.10 0 ]

24 25.¢ 28.01 0 1

26 28.C 30.06 0 1

28 30.7 32.01 0 ]

30 31.9 32.99 0 1

32 33.9, 36.00 0 1

34 35.9¢ 37.98 0 1

2 4.0 6.11 0

4 5.% 7.96 0

6 8.0 10.07 0

:| 9.9¢ 12.00 0

10 1.9 14.01 0

12 14.0 16.02 0

14 15.9 18.00 o

16 18.0 20.06 0

18 19.9 21.99 0

20 21.9¢ 23.99 0

22 23.¢ 26.0 0

24 25.9 28.01 0

26 28. ¢ 30.04 0

28 29.¢ 32.01 0

0 3¢ 13.98 3}

12 33.98 l 36.01

34 35.96 37.99 0 | No time for flow test
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APPENDIX B-2

HYDROLNGY TESTING PROCEDURES
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APPENDIX B-2

B2.1 INTRODUCTION

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

underground and on the surface.

B2.2 ENUIPMENT PREPARATION !RIOR TO TESTING

B2.2.1 Assembly of Equipment

The equipment configura ions used for both surface and subsurface
testing were similar. Figure 3.1 shows the test system used in testing
surfa~e boreholes SBH-1. 1In he underqground test system water for the
storage tank was obtained fror the mine water supply and a 1/8-inch ny. =

line ran from the Pl transduce to the top of the borehole.

B2.2.2 Egquipment Checks

Prior to probe assembly al packers were tested to ensure the correct
sealing of all components. To cieck fer lcakage, packers were inflated in
a steel pipe to about 3.5 MPa, using compressed nitrogen. Both the packer
and pipe were then submerged in witer and the joints, 0 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 supplies 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 intlated
to approximately 3.4 MPa and the cavity water pressure was raised to around
1 MPa. If any leaks existed in the prohe they could be detected either
visually or by monitoring the cavity pressure transducer. If no ieaks
exist the pressure in the cavity will remain constant when the injection
line valve (between the flow tank and prcbe) 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 ahove, if leaks exist, the

pressure in the line will decrease with time.

B2.3 EQUIPMENT CALIBRATION

B2.3.1 ressure Transducers

A1l pres.are transducers were calibrated every three or four weeks,
the period varying to accommodate the testing schedule. Calibration
consisted of pr .surizing 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 O 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.

82.3.2 Thermocouples and Thermistors

A1l 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 0°C; thus the temperature

sensors were calibrated for a wide range of temperatures.

B2.3.3 Flow Tanks

A tflow 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 Irijection Line

The velocity of an dir bubble in the injection line 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 wm diameter) were low

(generally less than 15 m1/min). The sectir 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 invoives 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 betwean
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 lower to the desired testing interval.

{2} Prepare date 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 tne injection line to remove any air that may be in the
line. {Flushing normally is done while the probe is being
Jowered 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.) All channels should be scanned at regular
intervals (1 or 2 minutes) throughout the test.

(6) When the packers are fully inflated, the borehole pressures P1,
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. All 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 staile 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 1ine 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 completed 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 below;

(1)

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 weekcnds and periods of
equipment failure. At Tleast 1 hour is allowed tar 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 io approximately 3.3 MPa, ensuring that lines to
the Tower and inflation cavities are open. Record sensor outputs
continuously until the packers are sealed.

Monitor variations in the lower cavity pressure P1 on the chart
recorder during inflation and control the lower (P1) 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 cavitv 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
Tess than 0.0003 MPa per minute) record the stable shut-in
pressure and open the injection Tine.

(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-ml1 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 PIl) 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 S5tep 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 .i m) or remove probe from
hole. If prcbe is removed from hole recor” .1 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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5-3.1 Subsurface Boreholes, 2-m and 4-m Interval Te<is
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FILE: HG3PERM SDATA Al 06/09/81 16:03:32 UNIVERSITY OF WwATERLOO PAGE 002

22 22 3033 23 32 ¢ l.i628 1,058, 2.4319 20,4206 12a5 12.6
12 00 06 46 00 23 5.1 0787 Q0785 0 0 =548 125 1245

B8 28 4 25.88 27yl 0.0581 0,0050 0.9403 0.000600 5.00
1 4 19 40 03 a} 040908 00,0922 0.0 - =312.0 1245 1245

2 A 50 22 6 52 0 1.0284 1.0205 2,4146 2.2957 12.5 1246

22 7 5 2 8 14 27 1.1182 161188 2.2787 2.1766 125 12.6

12 1 12 10 31 12 0.0904 0.0894 0.0 —35440 12,7 12.7

90 END OF DATA
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FILE: R3PEHM SDATA Al 06/09/81 15229247 WUNIVERSITY OF WATERLOU PAGE (0l

99 HOLE RJ HYDROLOGY DATA BUBBLE LINE USED

a9 o 33 2 OOL 4. 00590 0,00 5 8 0.2027 0.04132
21 10 9 Lla O-ZlBB 0.2188 0,042 104 10,1 044776 0.47€0Q
22 I? 47 11 51 0.2491 0-2490 0es076 1041 1040 0440848 0D.4847
23 12 59 13 03 Q2743 .2745 . Onl‘l Fe7 9.8 044886 0.48E8
12 13 20 12 so 0.00682 0.0 -0 Y9 Fe9 04893 044913
99 R3 NRDZ'NEGATIVE FLOW RATE,TEST DlSCDNTINUED'fHERNOaERRORoND FLOW TEST DONE
88 2 1 Je 95 6441 0+0590 0.00508 0s2 040412
21 8 16 8 0.2164 0s2165 0 1054 1043 0.4537 0.‘:37
99 R3I NRD4,1ST INCR. NEGATIVE FLOW RATE TEST STOPPED

as 4 8 598 8.41 0» 0590 0.00508& 0. 2421 - 0.04]2
22 9 23 9 31 O.3142 O0.314a 0020 9e8 98 064501 0e4475
12 9 a7 11 07 040693 0.0090 =0+l Qe? De8 0,4448 0,4234
48 6 21 8.08 10.32 0s 0516 000508 0a3942 0«0412
2% 12 48 12 &7 0.4313 O.0313 2662 1048 1049 045232 0.5234
22 13 36 13 37 0.4655 0.3652 5.86 109 10e9Y 0+5278 045277
23 14 22 14 23 0.4978 044970 Ba70 1029 1049 045322 0.5424
12 0.0770 00,0770 ~30.0

12 0.0770 0.0770 =190

99 R3 NRD B.NDTE FLD® TEST RESULTS UNREASONABLE

88 17 10402 12420 0+0590 0.00508 0.4297 0.0412
23 8 29 8 30 0+4699 0.46v9 4435 105 105 0 5991 045961
22 8 58 8 59 05010 0.5007 6e95 105 1045 0.6003 06001
23 10 39 10 &0 0.52068 0«5208 8402 1060 1045 046018 060010
12 10 42 10 a5 05265 D.b20 =3T7e7 105 105 0+6019 046019
88 10 31 12409 14,33 Q.05%0 0.00508 023054 Ga0a12
21 8 & 8 7 0.3987 0.398Y 2616 . 10e5 106 Da35947 Ue59Y47
22 8 A7 a8 48 Nad229 0.4230 . 3254 1065 1064 L5950 D.5952
23 10 24 10 25 0.4209 0e4207 2071 10e8 10¢6 05949 05949
12 040892 0,085 =18.0

12 10 &8 10 58 00891 0«0891 '=17e0 10e4 10s5 05948 0.5948
a8 12 26 14,0 16424 0.051l6 0,00508 043604 00412
21 8 3a 8 35 03923 043924 2e09 1004 1003 0.5947 045947
22 9 6 9 7 De4190 0.,4199 Q.15 Qe8 946 049553 045954
23 10 A9 10 50 0.4501 0.4502 ! 6-27 105 1065 05967 0.5960
12 0.0945 0-0903 —-21a7

{2 11 26 11 &1 Ca0943 0.0 ~2060 10e7 108 065952 05946
88 14 28 15295 18.19 0« 0590 0.00508 0. 1399 0.0412
21 10 82 10 54 0.14%3 Qe.1493 4.3 10e7 107 045920 0.5918
22 11 37 11 39 0.1577 00,1580 0627 1lel 1063 005919 045920
23 12 28 12 30 0.1719 0.1720 ! De34 1067 1046 045%20 0.5919
12 12 41 13 01 00926 Qo025 | =0e2 108 1027 005920 0.5921
88 16 26 1790 20,20 00590 0,00508 01358 0e0412
21 9 32 9 36 Oela67 O.la67? , 0062 1067 1047 0.5900 0.5901
22 11 23 11 27 Oe 1340 0, 15J9 | 0071 106 10e7 065899 00,5869
23 12 18 12 22 CelB65 O.1004 ' 0el04 1067 1047 045903 0.5903
12 12 a6 13 b D077 .0977 | =0e22 10e7 108 05503 0.5902
88 18 26 1997 22,21 0. 0590 0,00508 0.2168 Qelal2
21 5 a3 8 &7 02344 042344 04054 108 107 045912 0.5912
23 11 45 11 49 0.2672 O.2072 OelB4 10¢7 1007 045909 0a5914
12 12 04 1z 3o 0.1034 C,103a ~2¢88 107 1068 045914 0.5919
88 20 22 22.01 24.25 00590 0.,00508 0.3276 00412
21 8 56 9 00 0e3504 035063 064003 10e5 105 05893 0.58%4
22 10 52 10 S6 0.4046 0.4046 0+362 10«4 10+4 0.5898 0.5897
23 11 32 11 34 0.4329 0.4327 04610 10e3 1065 005900 0.5699



FILE: R3IPERM

o
R3 NRD 20, TIME PERIDD U
FIRST INCHe
2

R3 NRD 22,
22 19

1
END OF DAY

SDATA

3.97

L]
Wi
@

WN= Q=0
NN n~—
[ L XTENTVR 3

2
1
1
1
2
[}
[}
[}
A

Al 06709781

e 240

.28 0. 0590 0.00508

0.3785 0.3785
044291 O.4291
0.4602 0.46062
Cella9e Q.,1149
28.21 Oe 0890 0-00508

D.4111 Ces1l1l

044337 0-0337
O.4619 0.,4619
Vel208 Oel1207

«104 -2
FLIITES1 UAS NOT RECDQDED
NEGATIVE FLOW

OnSQAS
.
0el92
0367

15329347 UNIVERSITY OF

10.4
104
105
10.6

10.4
10.3
10.9

WATERLOO PAGE 002

0.50889
05887
0.5890
Oe5889

0.5887
0.5881
D0.5880

0.5880
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a8 2 7 2013 4.24 0e1935 040051 Oe 24049 -ol2
21 13 ?8 13 50 042542 0s2544 0.0 1048 1045-16365 =1+J04
22 14 ls ls 10 Q0.2587 Ve2587 0.0 1043 11014351 —~1.34¢
12 14 19 la 24 Ce 1754 0.1996 . 0.0 110 10+8-143436 —1.344
8y 4 27 4.20 637 0.1935 U0.00511 O.4500 ~ed2
21 13 A3 13 a5 0.4783 Oea77% 4.6 150 1169-1+339 ~1.337
22 14 23 14 25 0.4948 04,4945 0,58 11.0 1lel=14335 -1.335
23 14 50 18 52 Q0.5079 0. SOBO 076 110 11e0-14333 ~14333
12 15 02 1 02 0.2081 0.20 =3.0 107 1067-1.201 —1s201
88 6 24 Le32 Beal 0, 1935 U-ODS\I Q. 4380

11 09 07 10 17 0.2056 0.207 ~1e26 1047 107

21 13 30 13 32 0ea528 0-6629 Oeld (3.0 129

2z 31 §7 13 59 0.4761 D.4759 0.198 12.9 12.9

23 14 1l6 15 18 0.4900 Oea902 0a268 1249 1249

12 14 a2 14 42 02075 0.207S ~1a37 1056 10.0

99 RS NRD 6+sTHERMOSTAT RESUL'< NOT VALID

88 8 11 He37 10.48 Q0a1935 Ge32S511 O«84066 0.327
%) 14 59 0.2103 0.2103 -0.73

21 11 19 11 21 Oe.4338 0.4739 04011 1249 1249 3o381 3,202
22 i1 a3 11 4S5 0.4796 0.4995 0e020 1341 1300 3.382 3.387
12 11 57 12 34 0.2128 0.212 =0e55

as 10 6 10.52 1263 01935 0.00511 063517 0,327
1t iz 1o 13 23 0.2178 0.219 -0e5

21 8 33 & 3% D.3718 0-37[7 0.0 117 1147 34436 30435
8d 12 7 12456 i4.67 0.1935 0.,00511 0.3705 0.327
11 09 16 11 02 0.2224 O-ZZJB ~0.30 - .
21 12 31 1z 33 Ge3708 0439 0.0 117 1la5 32448 3.450
88 4 3 14.07 1678 041935 0-005.1 003937 0327
1] 12 59 13 20 - De2270 De2285 =0.39

21 09 09 9 148 Q4137 Oudl 39 3.0 116 117 34560 3.5¢1
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a8 16 7 1079 18.90 041935 0,00511 0.570% 0e327
11 12 So 13 15 042315 Ve2319 . =0.37

21 9 00 9 2 0o %080 U.6080 0s081 1249 1360 3586 JI.586
12 9 10 10 36 Oe2251 022914 ~0e38

88 18 18.82 20693 0¢1935 0000511 0. 6444 06327
21 1s 22 14 24 0+.6B90 0689y 04033 1042 103 >.°90 3,590
88 20 16 21402 23413 Ge 1935 0.00511 Qd.8008 0.327
21 8 18 8 19 0.8726 0487206 188 10.8 10+8 3.604 3,605
12 a8 3 8 33 042420 0.2419 =1245 108 107 J.0605 3,606
99 RS NRD 22, TEST UNSECCESSFUL

a8 24 . 2tel7 2728 0e 1935 0.00511 0.3783 0.327
11 11 43 11 59 0-2507 0.2519 -0.04

21 12 S5 12 57 4564 068565 0.0 108 1067 3,614 3,614
99 KS NRO 26 TESI NSUCCESSFUL
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FILE: RBPERH SDATA Al 06/09/81 14351215 UNIVERSITY OF wATERLOO PAGE 002

ap ;6 260G 30,04 040579 _0.00509 0431205 0,000608 491 0145
11 1 20 03 18 o 00 Vel1222 O«l224 0.0 —0.3 132 13e2 13757 143816
1 18 22 46 18 39 20 0.6003 0+6910 1.92¢ le 7HO 13¢2 1343 le3B13 1.3848
22 19 4 1 1y 32 1 05233 05032 14610 12433 13.4 L13.8 1l.3862 1.38¢5
12 20 00 34 20 23 20 Zel2lb Qsl222 0,0 ~le4 13e2 1342 13853 1308457
99 NRDO 20 SECOND T IME
88 20 - 21,99 24,02 0.0585 0.00504 0.464) 0.000611 4491 0.145
il 11 49 15 t1 51 15 0.10%9 0.1103 0.0 =795 1341 13el 15738 1.5723
21 12 084 50 13 01 Ls 0.5041 0036 3.008 35948 13e1 13+0 165730 1450657
22 13 08 38 16 05 27 QeS58b S Ueb40b 3I«H89 34568 13el 1301 1e5653 1.57H9
12 14 18 43 14 49 18 0.1105 O.1104 0.0 «133e0 13¢1 13«0 125784 1.5735
90 END OF DATaA
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FILE: ROPEHM

SDATA Al 06709781 14:50:56 UNIVERSITY OF wATE
E !ﬂ HYDRDLOGY DATA
IOF 399 6.02 0.051S 0.00508 0.3350 0.0006006
ow 10 ab 0y 24 ol 0.0732 0.0734 0.0 ~8e5 13«1 1360
B 40 7 12 26 a5 03630 0e3064a5 3.432 Je421 13,0 1249
12 a2 3 14 32 3 0.3923 Qe2 9356 Je419 34407 1249 1249
1S5 17 47 15 30 29 040741 0.0740 0«0 ~8+40 13,0 13.0
NRD o 4mmﬂ FAILED, INTEWRYAL PRESSURE LESS THAN UPEN HULE PRESS
6 B.01 10.0¢ 040515 0.00508 0.18%2 0.000606
i1 28 wu 11 53 0} 0.1001 0.09957 U0 ~0.60 13,1 139
12 15 10 12 47 a7 0.2009 Oe1992 Je082 3082 13,1 134l
13 1S 27 13 54 &2 02241 042239 3e.082 3081 13,0 13.1
a 4 10,05 12408 00515 wv.00508 O. 4351 0,0006006
8 S 16 8 39 12 O.1162 Oellas 0.0 ~3.8 13,0 13.0
8 52 5 9 23 o Oea733 0.4733 24736 24736 1340 13.0
il 15 44 11 43 3 045597 045596 2.731 2.730 13.1 1341
11 S2 47 12 22 &7 Q.1135 O.1143 0a0 ~0all 1361 13.1
10 4 12.03 14+ 00 0.0515 0.00508 0.2720 0.000606
16 46 27 17 16 27 0443259 0.1257 0.0 -3.3 13.2 13.2
17 27 16 17 54 56 042935 0.2920 2132 24132 13.2 13.2
17 89 36 18 29 36 Ds 3608 043586 2128 20128 13.2 13.2
18 50 30 19 14 30 01266 Del2063 0.0 0.0 13¢2 1302
12 4 14.02 16.05 0.051S5 U.00508 0. 4247 0.0006006
13 20 10 &3 30 10 O.1414 O.1415 0.0 =118 13.3 13,3
13 39 A7 11a 0 56 De8639 0.4625 14791 14792 13.4 13,3
14 5 83 14 28 43 0.5741 0.,5749 1.788 14787 13.3 13.2
13 39 i1 164 a4y 11 O.1813 0«1409 0«0 =0e% 13«4 13,3
14 4 16.00 18,09 0.0577 0.00508 0+3177 0.000608
18 53 17 19 17 17 0.1613 G.1614 0.0 ~0e78 1302 13.2
19 46 49 20 2 7 003476 0s3479 4.258 4.258 13,2 13.2
20 7 56 20 29 18 G.,4227 V.a227 4252 4,251 13.2 1342
6 57 59 7 22 2 O.1608 Cal603 0.0 =090 133 3.2
16 4 18.07 20.10 00577 0.00508 0,5450 0.000600
14 48 18 146 52 27 0.1761 0.1767 0.0 =10.60 13.4 13.5
-~ 28 53 18 17 @8 0.5953 05973 3.973 3954 13,5 13.8
18 . 3 29 © G O-GONU 0.b400 3.9306 3914 13.5 13448
20 18 . 20 22 18 0.1753 0.1761 0«0 =1100 13,5 13.5
18 4 < " NN.OM 04057 0.00508 0.5456 0.000606
16 07 10 16 .. 0.1882 0. 1847 0.0 ~94 13e4 1344
16 32 40 17 4 & 045979 0.5968 Je579 34577 1344 13,4
17 11 17 18 53 &4 Cet" 17 0.6413 3572 3.564 13.4 13.6
19 7 45 19 17 a5 Q04188C rasa g.0 ~9+3 1346 1346
20 S 22.04 24,07 Oeu. N+00528 Je5547 040006084
7 8 17 7 28 17 0.2148 Oec. 3 0.0 ~405¢0 13,5 13.%
7 49 17 6 17 a8 00,6040 0.5028 “A2 | 34406 13.5 13.0
8 22 o0 8 &4Z as 026345 De6342 dao. 3.276 13.5 13,7
Y a8 21 Y 8 21 0.6547 0.65014 30243 P8 13.7 137
10 53 81 1L 13 31 0.2183 0.2100 0.2 -500.. 1t s 13.0
22 . 24400 26.03 00,0577 0.,00508 Qe5747 Oou 6
18 05 03 18 35 03 Ue2187 002147 V.0 ~13S5.0 13,6 1346
18 a4 18 19 57 8 D.h2706 D590 24453 2.406 13.6 13,0
20 0 5% Zzo 28 0 0.5802 o.omcc 2.403 2,364 13.06 13.06
& 38 48 7 6 48 062195 Ve2190 0.0 ~111.0 13¢4 1345
ZIO 24, AT S5TAHT OF FIRST FLOUW TEST TEMPS AND PRES.NQT REC. AS
4 25,01 28+0e 00,0577 @G.u00b508 0.5008 0.000600
—N Nu 31 13 o9 31 0.0017 0.0017 0.0 -65.0 13.4 13.4

RLOO PAGE o001

4.93 0,145
1.5926 1.06041
15952 146011
1.5934 1.5874
1.5738 1.0243
UREs NU FLOW.
495  0.l4%
1.4762 1.46655
1.4813 1.40873

167309 11,7334
1e6517 le7852
SUMED CONSTANT
4495 OelaYy
147009 1.7009

=991~


http://rL.tr

FILE: HOPERM

14
o
»
-
>

Al 06r09/81 14250256 UNIVERSITY OF WATERLOO PAGE 002

21 13 16 35 1& 10 39 Q58706 0e5452 2.096 24080 135 1345 17131 145759
22 18 13 S0 14 58 | 0« 5908 VeHHT0 2.077 2.059 13¢5 1344 145842 1.0009
12 1Y 10 00 1S 20 0O 0.2299 0.2308 0.0 ~25.0 13e4 134 10169 15922
a8 26 L) 28400 30.03 0+C579 0.00508 02300 0.000606 4,95 Oel45
11 11 14 13 ii ¢4 13 0.2485 0.2499 O0e0 0.0 133 133 15992 1+,60E6
21 11 56 26 12 27 2 0.6034 0:60a6 1978 Le974 1343 13¢4 1.0208 146314
22 12 30 1 12 58 i Q7002 0.7031 1,969 LeP08 1344 1344 106441 16047
12 13 34 10 14 VL 3B 0.2682 0.248b 0.0 —0.95 13+4 13+3 16161 1.6582
90 END OF DATA .
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ib a6 040779 040726 0«0 =6485 132 13,2
a8 as 5 25.01 2B.08 0.05879 0.00509 041038 0.000600 895
11 7 5 1A T 35 J«0768 0.0769 0.0 —0etd  13.0 13.0
21 14 25 8 10 1 5 Q.2141 0.2129 202! - 26612 13434132
22 8 27 15 8 53 s 0.4018 0.4005 24500 24467 13.1 13.1
12 10 40 17 {10 40 7 VU.0768 0.0768 e —~0ed 1Jdel 1361
88 206 . 2d+08 30404 0. 0574 0,0050% 05006 0.000006 4495
ik 18 20 0 18 37 00 0.0770 040769 0.0 =10s6 13¢3 $i3e2
21 18 $3 S5 L9 23 Q¢ 0+95806 045585 24402 2+401 13,3 13,2
22 19 J0 00 20 40 00 0.7071 Gu70%9 24393 24378 13,3 13,3
[ X4 o & 22 6 50 Q0770 040706 0.0 -9 4 1342 1343
90 END QOF DATA
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£-3.2 Subsurface Boreholes, 2-m and 4-m Interval Tests



FILE! HG3SF PEAMDATA B) Dirs28/81 10237200 UNIVERSLTY OF WATERLOO FPAGE 001

99 SINGLE FRACTURE DATA_FOR HG3

99 NOTE SOME TESTS HAD TEN ( 30) AND ELEVIN (31} INCREMENTS

a8 1.7 3 ta61 149 0¢1850 0.7381 0.2093

1" CIIYE ~0+36

2 a oa a8 20 0.2199 0.2200 0402 Lle# 1lo#
2 4 20 8 24 002200 042201 -~ 0e0 lls4 11.8
88 2.5 6 2433 2467  C.1858 0.7381 0e2402

11 o 1830 ~0.31

21 12 30 12 a6 042148  0.2147 000042113 1146
21 12 a6 12 58 0a2187 002147 0.006611.% 11.5
21 12 S8 13 18 002187  QOo2147 040034115 115
21 13 18 13 30 002148  Q0.2148 040057115 115
21 13 30 13 34 02188  0.2148 0.003811+% 115
99 NRO S.4 FLOWRATE BEFORE SHUT=-IN 0,15 ML/MIN, ZERO FLOw

99 NRD 6e4 FLOWRATE 0e0 ML/MIN

99 NAD T2 FLOSRATE Q0.0 ML/MIN

99 NRD 98 FLOWRATE 0.0 ML/MIN

88 10e4 6 10.27 10e61 0418350 0.7381 ce2312

i g,li ~0.28

21 & 00 s 02 ge2628 .2 002 116 1148
2L 8 2 8 & 002629 0.2629 0402 11e% llca
21 8 o 8 6 0425622 042629 0.017 £1.3 11.5
21 8 o s 8 02629 0.2629 04017 115 115
21 8 8 8 10 042629 02629 0.017 L1.5 Llea
99 NRD 12.2 FLOWRATE BEFORE SHUT=IN 040 _ML/MIN

88 15.2 4 1S.01 15,35 0.1850 0.7381 0.2349

1l 268 -0.13

21 11 o7 11 9 0.2613 §.5515 001 1l1e% 1148
2t 11 9 t1 11 Ca2812 D.2612 0.006 11.5 115
21 11 11 11 13 062512 042613 00 11a% 115
99 NRD 1842 FLOWAATE BEFORZ SHUT-IN 0.23 ML/MINe NO FLOW

BB 18.9 5 18475 19.09 041880 0,7381 0s 2428

11 0.2067 ~0.30

21 8 S8 8 57 002637  0.2635 0s,01 11e8 1loa
21 8 S7 a 59 042635 02635 04006 1lo% 11.4
21 a 59 9 o1 , 02638  0.2636 0+0f 11e4 1143
21 9 1 9 3 002636 0.2635 0401 1143 l1e3
B8 208 & 20456 21.00 0.1850 0.7381 0e2760

11 a.2|o ~0.20

21 12 a8 12 30 02918  0.291 0e0 12640 1149
21 12 S0 12 82 0e2912 062915 00 1149 12.0
21 12 52 12 54 0e2915 02915 0.0 12 1.9
88 2340 8 22.96 23.30 0.1850_ 0.7381 10367

11 0.2141 ~D.40

21 a 31 a 33 141103 1.110 0402 111 1342
21 8 33 8 3% lelld6 141104 Ce018 11e2 11.3
21 8 35 8 37 741104 141097 04019 113 1143
23 s 37 s 3y 10097 141098 N.02% 14.3 112
21 B 39 8 41 1.1098 1.1096 019 11.2 11.3
21 8 &l 8 43 1.1096 11090 veul9 113 11e3
21 B a3 8 45 1.1090 11091 04016 11.3 1i.3
88 27.0 80 27.23 27,87 041850 0.7361 09568

i 0.2203 3

21 8 1} 813 140875  1.0478 De718 1142 1142
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FILE: HG4SFKF PERMDATA 81 01/28.81 10237300 UNIVERSITY OF WATERLOC PAGE 001

99 HOLE MGA SINGLI FRARTURE +YDROLOGY DATA
a8 8 11 B403 8453 040053 €e7367 . 00666
21 8 ¢ 8 1 02708 Qe07Q3 0e023 11e& 1144 0.%98 0.594
21 £ 14 8 18 0s0708 00709 0008 118 113 0594 0.594
21 8 18 8 g2z 00709 QsQ708 0020 18c% 1icS 04%9° 0593
21 8 22 8 26 042709 0.0708 0008 115 11e® 04593 0,595
21 8 26 8 30 0eQ708 00708 Qe003 1165 ke 04594 0.593
21 8 30 8 3a Q.07083 0.0709 0e062 11e8 i14% 04593 0595
21 8 Js 8 38 03707 0.0710 OeOli LleS 1LeS5 0525 0.594
21 3 38 & 42 0.0710 00709 0e003 115 1Le5 0594 0.393
a1 9 42 a a6 0.2709% 2.0711 02000 11e5 1104 04593 0.593
21 8 46 8 S0 0.0711 0. 0709 04003 114 1146 04593 04594
12 =0.0918
as 10 3 P29 10.08 0.3653 047367 0.1288
21 a8 58 9 00 O«1423 Os 1422 04000 1123 1Lo3 De593 04393
21 9 00 9 04 O.1422 Oe 1423 0e¢00C 113 Mle2 Dea593 0.593
21 9 04 9 08 0s1823 0.1425 0e000 ile2 113 0593 0.594
88 159 L] 15.46 15.905 00653 0.7367 Os1029
21 i8 99 18 13 0.1088 De1072 0.025 L1l-4 11,5 0.8a2 0,589
21 18 13 18 15 0¢b072 0.1072 04000 115 1ie5 0589 04589
21 18 1S5 18 17 0.1Q72 01072 0000 £ieS 11a5 0589 0.589
21 12 17 18 19 1072 0.107 Cal00 115 11eS 0569 0.588
28 20 3 19.71 2020 040653 0.7367 0e1111
21 18 29 14 31 Qell?72 O-1i74 0230 172 122 0.589 0,589
21 14 33 14 35 0+1176 Q01174 0eGGD 122 12.2 0389 0.Sa9
21 14 35 14 37 0.1178 Oe11 04000 1262 1242 02589 0.589
B8 205 & 20453 21«02 0«0653 07367 0«5872
21 a 16 8 18 06356 0.635 «000 111 110l Q0513 0.512
21 4 18 8 20 0.3355 0.6353 0000 1161 1lel 0e512 0.511
21 a4 20 a 22 05353 Qe 6351 0e003701el Ila2 Qo511 0510
21 a8 22 a8 2a 046351 0+ 63590 04008T11e2 1122 04510 Q0511
i; 8 24 8 &5 N 0e6350 06349 04000 112 1122 0511 0.509
=-0e4Q0
a8 26.% 2 26439 26.688 040653 0.7387 0.308%
21 7 51 7 58 0.3315 0.3293 Ge000 13s4 115 0326 0,526
21 7 55 T 59 03293 0« 3294 0eD00 1105 11eB5 04526 0.526
a8 27.2 & 26439 26.88 040653 0.7367 0.8825%
2% T 26 7 31 Qa?2452 09461 00016 115 1144 D548 0,548
21 T 31 T 35 QeP461 0+ 9455 0v0i8 L1ed 1108 04548 0.550
21 7 38 7 33 0«9456 Qe9449Q 0e014 11a3 1i.5 0e550 0.549
21 7 39 T &3 0«?2449 0.9444 00148 2115 11e¢& 04549 0.550

-9/1-



FILE: R3sF PERMDATA B1 01728781 10237200 UNIVERSITY OF WwATERLDO PAGE 001

99 HDLE R3 mnznrﬂ FRACTURE Hy0DA0LOGY DATA

a8 69 6.4l 6793 01795 0.7381 Ge 1999

113 =_e22

il ~0el¥

21 10 50 10 32 06502 0.63599 T Qa088 1143 11.4
21 10 S2 10 Se& 063909 0.6598 0082 118 1o
21 10 3o 10 S6 Ve 6398 046597 06085 114 11.3
21 10 56 10 S3 06597 0.6598 0005 113 11a3
21 {0 58 1L o0 06598 06598 0+042 11.+3 11.3
21 11 00 11 < 06598 Ce6597 0e045 1149 1142
21 11 2 11 & 066597 0006598 0042 112 11a3
88 10.3 21 10,16 106350 0e1798 0.7381 Qe 6832

il -26+50

21 7 4S8 7 43 13.8 0e7871. 0.7470 Te2l 114 11.9
21 7 4S5 30 7 4S5 4846 0.7870 07469 Te29 11e8 11a5
Z1 7 46 7 45 136 0.74867 0.7468 Te29 11.9 116
2i T oY 7 47 18.8 Q.7468 0.7468 T2l 116 1146
21 7 47 30 7 87 49,0 0.7468 O.7468 Tels 11e6 135
21 7 a8 7 2% 19.1 0.7468 0.7467 Tel0 1145 1Las
21 7 48 30 T 68 493 2:7467 Qe T2OT 7203 1led 1le8
21 7 49 7 49 19«1 07467 Q74066 TelD lle4 1i.8
21 7 &9 30 7 Ay 493 07856 Qe78606 Te03 11e84 11.4
21 7 So 7 S0 1945 047466 07465 655 1le8 114
21 7 50 30 7 50 498 047665 0.74064 6eBS Lled iiez
21 7 S1 T S1 19«7 Qe7862 Q«7401 688 Llas 11.5
z1i 7 S2 7 52 195 0.7461 Q0.7461 6e95 1le4 11,5
21 7 S3 7 53 19«7 Q78581 0.7458 GeBB 11e% 11e5
21 7 Sa 7 54 19:8 Q.74538 Qe7457 6685 11e5 11.5
21 7 Sa& A0 T 54 5909 047457 0.7457 681 1105 ile6
21 7 SS 20 7 S5 40.0 0.7857 07450 678 311e6 11.6
21 7 56 7 56 20¢1 007456 07453 6a75 Lleb 1ie5
21 7 Se 7 58 20«1 (o7434 0.74S1 6675 11a5 1145
21 7 S9 490 8 00 Qe 7451 07451 65478 1ieS 11,5
98 12.6 7 12045 12479 0e 1795 047381 08929

21 10 So 10 52 © 0e8209 0.5210 0«011 119 12.0
21 10 S2 10 Sa 0+5210 05208 0+008 12.0 12,0
21 10 56 10 5o 9.5208 Oe3209 0008 120 1240
21 10 36 10 58 Qe5209 05209 04014 1240 1241
<) 10 S8 11 00 03209 0+35210 02011 1261 12.1
21 11 00 11 02 0.5210 0eS210 0«01l 1241 12.0
21 11 o2 11 0s 05210 QeS52i2 Qe0l1 §2-0 12¢1
ww 1640 S 13.79 16.13 0:1733 0.7381 Jau-ﬂmu

1 ~Qs

21 8 7 8 9 03373 0.3374 0.0 113 1ial
Z1 & 9 a1l 03376 063374 0.0 1lel 11.2
21 8 t1l 8 13 Je33Te Ce3375 0.0 Ile2 1142
A2 =0.20

vy 1%.9 & 15.76 16+10 021795 0.738) 0.6712

2l 16 2 is is Q«7180 0.7179 0«034 11.8 6
21 is La 14 16 Qe7179 Ge7180 0.028 116 7
21 14 1& 14 198 07180 0.7177 0038 Lie? 7
21 14 18 is 20 Qe7177 Qe7178 00268 1lle7 [
2i 18 2¢ 14 22 Qe7178 Qe7174 Ge02H 1146 6
21 14 22 14 24 Oe717¢ Q7174 0028 116 6
38 21 .6 & 21e44 21.78 001795 0,.,7281 0e 2581

=Ll
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FILE? RI0OSF PERMDATA B1 J}1-/28/81 10:37:00 VUNIVERSITY OF WwWATERLOD PAGE 001

99 R10 SINGLE FRACTURE DATA
99 NUTE SOME TESTS HAVE TEN (30) AND ELEVIN (31) INCREMENTS
88 1 3 el 7 0.1903 0.7381 0s2124

11 : . =025
21 8 34 8 J& 0e2334 0.2333 0.0 12.1 12,0
21 a 38 8 38 0«2333 Qe2334 00 1240 12.1
99 NRD 2+ FLOWRATE BEFORE SHUT=IN 0.0 ML/MIN, NO FLOW
99 NRD J» PLOYRATE BEFORE SHUT=IN 1.58 ML/MIN, NEG. F_OW
99 NRD &, FLOWRATE BEFORE SHUT-=IN 0.0 ML/MIN, NO FLOW
99 NRD S¢ FLOWRATE BEFORE SHUT=IN QeuU ML/MIN, NO FLOW

a8 L3 9 8.80 Fe6S 01903 0.7381 O.S-Q‘B:Q

11 =Q.
21 8 1 8 12 05753 05754 0+02 12.2 12,0
21 8 12 8 1 045754 0.5754 0eD2 1240 1201
21 8 14 8 16 05754 0s5753 0+02 121 1261
2L 8 1s 8 18 Q5253 0+5754 0«02 1201 1242
21 a 18 8 20 05754 De5754 De02 1242 12.2
21 8 20 8 22 DeST54 0.5755 0.02 12402 1242
21 a8 22 8 2 Q8755 0«5754 Q0e02 1202 12.2
21 8 24 8 26 CeS754 05757 0e02 12,2 12.2
as 7 12 1183 12.68 041903 0.7381 05709

11 -4.03

11 =371
21 7 %4 7 88 0+6089 06089 Oe831 12.1 12,1
21 7 56 7 58 06089 06089 Oed42 12.1 121
21 7 S8 8 00 046089 0.6089 039 . 12.1 1241
21 8 00 8 02 046089 06090 Qe®0 1241 1262
21 8 Q2 8 0A 0560990 0.6088 038 1242 1242
21 8 04 8 06 0.6088 Qe5088 0e39 1242 12.2
21 8 06 8 08 046083 06089 038 1242 1242
21 8 08 8 10 0«£0B9 D«5090 039 12.2 12.2
21 8 10 8 12 0+6090 0.6088 039 1202 1241
21 8 12 8 1s 060688 Qe 6090 039 1241 12.2
99 NRD 8 BEFDRE SHUT~IN (INFLUENCE OF Al1R 2 )
88 8 8 16,31 17.16 0,1903 0.7381 0e 2849

[ RY -0.25

11 =-0.88

[9¢ =-0s04

i1 =028

21 12 B4 12 36 Oe 2847 02048 0«05 1242 12403
21 12 %6 12 S8 0e2848 0.2847 0.0 1263 1243
21 L2 S8 13 00 042347 0+28456 0.0 123 12.4
21 13 o0 13 o2 0e2840 0«2848 00 1244 12.3
a8 9 ) 17.12 17.97 041903 0.7381 0, 2387

1t =090

1" ~0e50
21 7 %6 7 88 De2371 02575 0.0 Zeu 1260
21 T S8 & o0 0.23573 Qe2372 0.0 i2e0 1240
21 8 00 8 Q2 Ge.2572 02574 Q.0 120 1240
?8 i0 E] 24.58 25.43 01903 N 0.702?5

i =Qa

21 11 a8 11 a7 Q.7503 0.7300 0008 11.9 11.8
21 11 A7 11 &9 07500 0.7503 04003 118 11.7
21 11 49 11 s 07503 0.7499 04005 117 L1a8
21 iy st ik S3 07499 07501 0.0 118 11.8
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FILE: R10SPF PERMDATA B1 o0l728/81 10337200 UNIVERSITY OF WATERLOO PAGE 002

ﬂﬂ 11 91 1l.81 12.66 041903 0.7381 o-uw—wn
-Jde

21 8 02 a 0e 0.6088 00,6008 11«7 11.8
&1 8 04 2 6 0.5089 0.6068 118 11,8
21 8 6 8 8 0.6088 06088 118 lle8
21 8 8 8 10 0+6088 0.6086 11«8 11.8
21 8 10 812 06286 0.6087 118 117
21 8 12 8 Ls G.6087 0.6086 117 117
21 8 1e 8 1o Q6306 0.6087 117 Lt1e7
a1 8 16 8 18 06087 05086 117 1lle8
21 8 18 8 20 06086 0.6087 118 117
21 8 20 8 22 «6027 06087 117 11a9
21 8 22 8 24 0« 6087 Ce 6088 119 11.8
21 8 24 8 26 0.5088 06088 118 119
az 8 34 8 36 06471 0.6869 119 1148
22 a 38 8 37 De 6469 06467 118 11.8
22 8 37 8 38 06867 0.56469 118 117
22 a 38 8 39 06469 0+ 6468 117 1le8
22 8 39 8 40 05468 0.6456 1.8 11.8
22 8 a0 a a1 0«6356 0.6466 118 117
22 8 41 8 42 0.6866 045465 117 118
22 8 42 8 42 0+6465 0:6465 118 1147
22 8 43 8 44 06459 06465 117 11e8
22 8 As 8 a5 046465 0o 6465 118 11.8
23 9 1 9 2 06359 06856 120 1ie7?
23 9 2 9 3 0+ 6856 06856 L1e7 L1a8
23 9 3 9 & 0e 6856 O0.5854 ‘"11e8 1147
23 9 & 9 S8 Q6354 0.6854 117 117
23 S 9 6 Oe 6354 0.6854 L1e7 11a8
23 9 & 9 7 0«6854 0+6852 - 11e8 11.8
23 9 7 9 8 Q.f852 Qe 86849 11«8 117
23 9 8 9 9 0.6849 0.6851 117 11e8
23 ? 9 910 06351 0.5852 118 117
24 9 33 9 38 0s.7221 Ce7221 118 11e6
2a 9 s 9 35 Q.7221 0e.72238 116 11e7
26 9 3% 9 35 Qe7221 0e.7221 117 1le7
24 9 36 9 37 0e.7221 0e.7219 117 11e7
za 9 37 9 38 Q7219 0c7218 117 11le7
24 9 3a 9 39 Qe7218 Q0s7218 11e7 lia?
2a 9 39 9 A0 0.7248 0.7218 1le7 11.8
246 9 a0 9 4l 072158 0.7217 A 3 118
25 9 57 9 S8 DVe7616 0e7616 117 11e0
2% 9 S8 9 39 Qe?518 076142 116 11a9
25 9 89 10 00 Q0e7512 0s7614% 119 11a7
25 10 00 10 01 Q7514 0e7612 Lle7 LleB
25 10 1 10 02 Q027212 Qe7612 118 11.6
25 10 2 10 03 Qe7612 Qe7611 116 117
26 10 19 10 20 0«7581 Q.7680 L11e8 1.8
26 10 20 10 21 0e¢7530 047680 11.8 11.8
26 10 2} 10 22 07680 De7677 118 llea8
26 10 22 10 23 027577 0.7678 11«8 11.9
26 10 23 10 2s 07578 De7678 119 1149
26 10 2a 10 25 0.7670 Q¢7673 119 11.8
27 10 49 10 So Qe7897 De7696 119 11.8
27 10 S0 10 Si 0e 7696 07696 118 1240
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B-3.3 Subsurface Borehnles, 2-m and 4-m Interval Tests



FILC: SHHIFENM SLKDDATA 8 Vers1t. 81 162139317 UNIVERS1TY LF WATEKLUO PAGE oOCl

¥9  S8H1 FYDRULLOGY DATA

w9 NUIE EAACT CUHWKELAT]I.IN UF FLUWRATES WITH DATALOGGER NCT PUSSIHLE
99 NRU 48,157 INChse FLON ®AS NEG.

a8 4d 3 50.00 D203 0e.14851 Le.0OSLa 042595

el 21 e 21 za 0e3u32 Ue3019 93¢ 28 S8 5.7
e} el 23 21 Qe2902 V2% uy d8eat Had

w9y NHD bO:lNSuFFILl:NT TANK PHES;URE.FLDI EXCEEDS SYSTEMS capAexLxrxtc
v8 wa 21 L4 V0 56403 0.1a51 Ue00SU4 0.475%

Z1 18§ 18 11 04757 Dea 758 10303 1247 1247
22 12 a2 59 12 4225048 0,532 Ve5442 16799 13+8 1244
88 56 12 Sbel ©  SHW0J Vela51 U.00504 0.4298 :

Z1 14 41 55 14 515§ Uendld UeadiLd 0178 L3a0 1340
22 1o 32 16 42 004284 0.42EL Us095 12,8 1244
24 17 2¢e 17 3o, 04850 0ea850 0s150 1268 1149
ey 56 14 58.U0 60.03 | 0alabl LeVUS04 0.9870

2l 7 al, 7 91 Q4761 Vet 747 0sU38 1141 1044
22 e 24 14 32 05483 Oeba 74 ) 04138 1406 14,4
96 NND 5By POGR P2 EUUAL 1ZATIUN !

8 98 16  ©0.00 ©2403 1041451 0.00504 003783

22 ¥ 4¢€ 4 S0 0.535w 0.53a7 0.154 11 11
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B-3.4 Subsurface Boreholes, Single Fracture Tests
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FILE: SHH3SF PERMDATA 81 o0lr28s81 10237200 UNIVERSITY OF WATERLOD PAGE 003
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22 12 2 12 26 O« 7081 oat X 0.058
22 12 26 12 28 Oe741 0.7041 0.058
22 12 28 12 30 067341 0e7040 0+.088
88 137.0436 137479 _139.17 0.0780 07337 0-7943
21 15 41 00 IS5 a1l 37 0.6833 0e8454 Fel2
21 1S 4L 37 1% a2 12 Q. 84853 0.8447 9438
21 13 42 12 15 42 &7 Qe A7 0.8441 e 43
el 15 43 22 15 A3 37 QeBéal 0e.B4&2s P49
21 15 43 87 15 44 32 OeB44s 0«84437 Fe49
21 15 44 32 15 45 09 QeB8 A7 0.8450 9. 06
21 15 45 09 1S 45 =5 0.8350 0eB461 9e23
21 13 45 A5 15 a6 20 0e8461 Q.8472 9443
21 1S 46 20 153 46 35 Ga8a72 0.B8483 949
21 15 486 5% |5 &7 31 O«8883 Oe«B449 Fed9
22 16 03 00 18 03 34 Q.8526 0.8626 9.88
22 18 03 34 16 04 00 08525 0.8626 982
22 16 064 08 16 Q6 42 048626 0.8626 9.88
22 16 04 42 |6 05 08 085206 0.8626 10.21
22 16 05 08 16 05 42 0.85206 08625 991
22 16 05 42 16 06 16 0.8625 0e.86<5 .91
22 16 06 16 16 06 50 0.8523 V.85624 9.88
22 16 06 S0 16 07 24 0.8624 0.8624 9482
22 16 07 24 16 08 GO Q0.862¢% 080623 9.82
22 16 08 Q0 16 0B 3a OeB8623 OeB622 985
2Z 16 08 34 16 09 08 0s.8622 0e8621 9.85
22 16 09 08 16 09 &1l 08521 Q.8622 9.88
22 16 09 41 316 10 1S Ds 8622 08623 983
22 16 10 1S 16 10 &9 0+8523 048623 9.82
23 16 28 00 16 28 31 0.B8371 0.8871 10.78
23 16 28 31 16 29 02 0.8871 0.8870 10.81
23 16 29 02 16 29 33 0.8370 08869 10.81
23 16 29 33 16 30 03 048369 0.B848 10.88
23 16 30 03 16 30 34 0.68363 0.8867 10.88
23 16 20 34 16 31 0a 08367 0.8866 10.92
23 16 31 04 16 31 34 0.8866 0.8865 10953
23 16 31 34 6 32 08 0.8865 0.8864 10.8%
23 16 32 05 16 42 36 O.H3068 0.8865 10.81
23 16 32 36 16 33 07 0+8865 0.8866 10.85
23 16 33 07 16 33 38 08466 0.8866 lLo.81
88 138.8610 Ia3.48 134,2¢C 040780 0.7337 07509

21 18 05 18 07 0.8286 0.8286 O.028
el 18 o7 18 09 08285 G.8287 0.028
21 18 09 18 11 0.8287 08285 Q.028
21 18 11 18 13 0e 8285 0.8285 0e 025
21 18 13 X118 15 0.4235 0.8284 0.025
22 18 24 18 26 0.8527 0.H8528 0082
22 139 26 18 28 0.8528 0.8526 0042
22 18 28 18 30 0.8526 0.8524 0.082
22 14 30 1a 32 0+B5248 0.8527 Dae0M2
22 18 32 18 33 08527 085286 0.042
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B-3.5 Subsurface Boreholes, 6 to 7-m Interval Tests
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FILZ: SBH26M PERMDATA 81 01/28/81 10:37:00 UNIVERSITY OF WATERLOO PAGE 002
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21 20 SO 20 51 1082 1.042 00321
21 20 51 20 S2 1082 1042 00322
2 20 57 20 58 Le002 1042 Ce289
21 20 S8 20 59 1.042 1e042 04289
21 20 S9 21 Qo 1a042 1.042 0278
21 21 00 21 Gt 1042 1042 0«283
21 21 0} 21 92 1042 14042 0«272
21 21 02 21 03 1042 1e042 0.283
21 21 03 21 0 1e042 1042 0235
21 21 04 21 05 1e0482 1o 042 0.261
21 21 05 21 06 1.042 1e042 Qe272
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21 11 A6 11 48 14205 1.205 Oe 436
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21 11 58 12 00 1.206 1.208 0«386
21 12 o0 12 o2 1205 1a205 Oe372
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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



FILE: HGIPERM SCHART Al o5r21rs81 15:43218 UNIVERSITY OF WATERLOO PAGT 001t

INTERV AL DIFF. FLOW= PERMEA~ CONDUC- EQUIV. TRANSM] S5-
HEAD ﬂATS ATLITY TIVITY SING.FR, SIVITY
o M) () {CC/7MINY (S0.Cv) (CM/SEC) APERT, {SQ.CM/SEC)

(MICRN M)

—— > D 1 2 e . ! T 2 B e A e . 4 A o e . e o e =

99 HOLE HG2 HYDROLDGY DATA

1.61 TN 3.61 5,013 0.020 0.31E~-13 0+25€E-019 4.21 De49E~06
Te61 $.452 0340 0.58x-12 0.46E-D7 11.18 0,92E~0S
9.61 10,072 0023 De21E~-13 Oet 7E-0R .71 O0.34E~06

11.64 21,308 0«373 O0.16E-12 Oel3E~-07 7.32 0.26F~05
13.64 28,172 0.147 0.49F-13 0«39E~08 44739 Qe?7E~06
16469 11,977 0.007 0.36€-14 0.29€-09 2430 0.86E-07
17.64 15,815 0.017 0.10F~-13 0e?9F-09 2.19 Q+.16F-06
19.67 14,801 0.470 0.31F-12 00,2407 9«01 D,48E~05
21467 24,037 1 555 0+60E-12 0+4R8E-07 1132 0.96E-05
23.567 14,242 0.050 0433E~-13 0.26E-08 4.28 0.52E-06G
27.66 22.811 0+09a 0+39E-123 0.30F-0n 4452 0«.H61F-06

-82¢-



FILZ: HG3IPERM SCHART Al 0S5r21/81
INTERVAL DIFF ., FLOw-
HEAD RATE
] (L. }] (M) (Co/7miN)
99 HOLE HGI HYDROLODGY DATA

4.05 1O 6,08 ~92¢3R0 =Je253
599 1O 8401 -30.007 -04183
8.06 TO 10.11 =9+920 0.000
10,04 TO 12.07 ~-53.533 ~0e027
12,02 TO 14,05 -97.070 ~0.068
14.01 71O 16,04 ~61,617 -0,4027
16.00 Tn 18.03 ~78.548 -04036
17722 1O 1975 ~54.766 =0.023
1976 TO 21.83 =-0.0%5 -G.003
21484 TO 23.82-109+247 ~0.287
23472 TN 25.80-1064504 -0.323
2588 TN 27491 ‘174595 =-144557

16:35:56

PCRMEA-
RILITY
{SG.CM)

0e65E~

04 39E~
0e55E~
0.25€~1
0.27E~1
Oell1E~1

- s () =
= UNEPEEPOUN

UNIVERSITY OF WATERLOO PAGE 0O

CONDUC~
TIVITY
(CM/SEC)

026507
0.372-08
0.00E 00
0.3065-09
0.515~0%

0e49E-07
0,29%E~08
T 0e225-08
0.%Y0E-07

TRANSHMI S~
SIVITY
(SQsCH/SEC)

0e52E-05
0+75E-06
0.00E 00
0.741--07
0.10E-06

-6¢¢-



FILE! HGAPERY SCHART Al

INTZIRVAL DIFF,
HZ AD
] tm) (™)
99 HOLE HGA HYDROLOGY DATA
3.87 10 5.85=112+773
Se78 TO ?e¢76-140.877
7«A1 TO 979 =~31151
11,82 YO 13,80 -91,770
15681 TO 15.,79-169.091
15292 TO 17.,90~153.241
17.77 TO 19475-191.735
1936 TO 21.,84-116.%09
23,81 TD 25,79~104,746
2581 TD 27.79-104,587
27491 TGO 30,0¢ =95.911

oS5s721/731

FLOW~
RATE
(CC/MINY

-B8.867
-0e.690
~0.900
-0,019
-0.143
~0s120
~ 0«04
-0.,040
-8,111
-~13.100
~79.070

16136139

PERNE A-
AILITY
(S0.CM)

UNIVERSTTY OF WATERLOO PAGFE Q01

CONDUC-
TIVITY
(CM/SEC)

Q.74E-L2
0.86F—13

O0.74F =11

0¢59E-07
0.37=~08
22

0+58E-06

EQUIV.
SINGsFRe
APERT.
__I41cro Me)

26.43

TRANSH!S-
S51VY
(SO-CM/SEC)

Q.12E~-013

-0Ee-
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FILF: RIPERM SCHART Al DS/s21/A1Y 16237348 UNIVERSITY OF WATERLDO PAGE DO}

INTERV AL DIFF. FLOW- PZRMFa-~ CONDUC- EQUIV. TRANSM] S~
N AT RATE RILITY TIVITY SING.FRe SiVITY
] (w) (CT/MINT (SQ.CM) (C9/5C) APER T (SQ.CM/SEC)

(MICRO Ma)

99 HOLC R1 HYDROLOGY DATA

17,50 T 21.50 A.797 1.523 0.81E 4 0+64E-07 15.71 D426E-038
2150 TO 25.50 10.064 0,146 O. - 0.53c-08 6.37 0.21E-0S
25,50 TD 29450 8.%38 0.052 Qe27cC 0.22F-08 5.08 0.87E-06
29.50 TO 33.50 8,797 O.140 0. 0.59€-03 7Tel0 O.24E-05
33.50 TO 137.50 8,1¢6a 0.115 0.66E—13 Qe«S52E-08 6.81 0421£-05

~2te-
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FILS: RAPEAM SCHARY Al 0S5/21/A% 16§:39:45 YUNIVERSITY DF wWATERLDO PAGE 001

INTERVAL DIFF. FLOW— PERMEA- CéNDUC— EQUIV. TRANSMI S~
HE AD RATE BILITY TIVITY SINGeTRe S5IVITY
0 (M) () {(CC/MIND) (5QeCH) (curscC) APERT, {SQ.CM/SFC)

99 HOLE R& HYDROLOGY DATA

5490 TO 8.1i-31588 =2.,500 0s67E~12 0.53E-07 12.10 D«.12E-08
790 TO 10.11-33.904 0.000 0. 00 0O 0.00€ 00 0.00 0.00E 0O
790 TO 12011-37.319 ~6.500 Gal15E-11 0+12E-06 15474 0.26E=-04
11.90 10 18.11-34,574 -4.890 0s12E~11 0e95F=07 1359 Q0s21E~0 0@
13.90 TG 16.11=17.996 -0.382 0. 18E~12 0«14EC-~07 7«31 0+31E-05
15,80 T 18+01-18.943 -0.,260 0.126-12 0.92E-08 6.75 0.20E-05
17.82 TO 20.03-26,354 -2.600 0.83E~12 0e66E-07 13.03 O«15E-04
1782 TO 20403-26¢354 =2,400 0.,77C~12 0.61FE~-07 12.68 Je13E-08
17.A2 TO 20,03-26.354 —2.340 Q0e75E~12 0+5G6E=-07 12.58 D+13E-04
1980 TO 22.01-33.067 -2.270 Oe58E~12 0.A6GE~-G7 1154 0.10E-C4
19480 TO 22.01-33.074 —-2.100 0s+54E-~12 0.42C~-07 11.25 0+94E-0S
21492 TO 24,13-20.009 -0.730 0s24E-12 0.l19C-07 8.57 0+41E~0S5
2192 TO 284413-25.974 =-0.700 0+23E~12 0,1BE-D?7 B.%.5 0+80E-0S5
23,92 70 26.,13-42,926 -6.300 0s12E~11 0+98E-07 14.87 0.22E-04
2749 7O 30.00-53.676 -—C.025 Ooa2C~14 0.33£-09 2.19 0+63E-07

~Gee-
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FILE! RIOPERM SCHART Al 0572t /81 15:34:27 UNIVERSITY OF WATERLOO PAaGc 001

INTERV AL DIFF, FLOwW- PERMEA~ CONDUC~ CQuliv, TRANSMI G~
HEAD RATE BILITY TivViTY SING.FRe S1VITY
0 (M) (M) (CC/MIN) (5Q.CM} (CM/SEC) APERT, (SQ.CM/SEC)

(MICRO ™Ma)

99 HOLE R10 AYDROLOGY DATA
3.83 70 3.

81 ~72.954 ~1.086 1%E-12 0.'1F=07 < 93 0.2725=05
S.87 10 7«85 ~94,089 ~2e232 ? 12 Gead =07 el 0 :
7.90 TO 9.88 ~67,851 - 28 Qs 20E-12 0.16E-07 778
9.88 TGO 114806 -~7.707 ~1e717 0,24F~12 Qe.19E=-07 B.30
11,80 TP 13,70 =b4.659 -3.300 0.57E—12 0,45E-07 11.06
12.8. 70 1585 —75.300 ~0+543 0.68E-13 Q.53E-08 5445
1584 TO 17482 -535.659 -~ 04490 0,86E-13 0.68E~-08 S¢89
17.85 TD 19483 -35.169 ~0e620 0.17E-12 0.13E-07 734 N
1985 TO 21.83 -31.6%7 ‘-~ 0sa790 0.24E-12 0.19E~07 Be24 G«37€E-05
21,80 TO 23.78-148.886 =lelll 0.70E~-13 N.S6E-08 551 0.11E~-05
24,03 TO 264,06 ~11.601 ~0,230 0.18E-12 Q0.14F-07 763 0+29E-05
26.01 TO 23.04 =3.726 i=0s020 OeA0E-13 0,J9E-08 4,94 D4 79€E-06
206,08 TO 30.04 -59.408 =06 24 0.10E-12 0.79-08 617 0« 16E=0S

-ive-



FI1LE: SBHLFERM SCHART * 06712781 09230305 UNIVERSITY OF WATERLOO PAGE 001}

INTERVAL DIFF . CLOwW~ PERMEA- CONDUC~ EQUIV. TRANSMIS~
HEAOD RATE BiLITY IVITY SING.FRs SIVITY
(=) {m) {CC/MIN) (SUCM) (CM/SEC) APERT « {SQeCM/SEC)
(MICRU M)

99 SoHl HYDROLUGY DATA
99 NRO 484157 INCR. FLOW WAS NEG.

850400 TO 52.03 8313 ©8.460 0415€~09 71.58 0.25E-02
54,00 10 56403 1.799  0420E=-11 17 .04 0¢33E-04
56400 TO %58.03 04150 Q. lBE-12 ‘T.58 Ce29E-05
58,00 10 60.03 0el38  0.B3E-)IL 27.20 0e13E~-03
€G,00 TO 62.03 0:09)  0e52E-13 5403 0.84E-06
62¢00 TO 64.03 00293  0,2%E-12 8e91 0.4 7E-0S
©4.00 TO €06+03 04105 0.336-13 433 C.54E-06
66,00 TO 68.03 94801 0.,85:-11 27.48 0e3 $E~03
68400 TU 70.03 84079 0413E-10 31465 0.22E-03
0600 TO 72,03 0.680 0, 72E~12 12.07 O0el2E-04a
72400 TO 74.03 18,030 0. 1%E~10 33401 0s24E~03
24000 0.20E-1} 16465 0.32E~04
16,00 0.18E~-11 16440 0¢29E~04
78.00 Oel7E~-10 34465 0s27E~03
8000 0.37E-10 44,83 0+6SE-03
82400 0. 716-12 55470 Ded 1E-02
8 0.e34E~12 $e37 0+ 54E-05
$551 0. 47E=13 roet 0.75E-06
9751 0¢18E~09 69.64 0e22E-02
9451 0« S50E-11 23.00 0.8 1E-04
101014 0. 89E-13 6200 Ue34E-05
103451 . . 0.88E-11 27.81 C:)4E-03
105,53 0.90E~12 13401 Qe ASE-04
1U5451 0. 17E=11 15481 0426E-04a
107,53 Oed9E-11 16,76 0e3IE-D4
110600 0.69E~12 11483 0.1 1E-04
112400 i 0.45E-13 . ae74 0.70E~-06
114e 0.37E-13 PO 0458E~06
116 0,34E~-13 4435 0+54E-06
1s Do 24E-13 3467 O0e3SE=06
120 D+ AGE-13 3.50 0e28E-06
122 0. 00E 00 0.00 0.00E 00
124 0.26E~13 4,08 0a4SE-06
126,00 TO 128400 44060 0.856-12 12.69 Gel3E-O4
123,00 TO 130.00 20210 0,39E=-12 0.3 1E~07 Ve 74 0.61E~0S
130400 10 132,00 04062 OelJE~L3  0410E~08 dala Ce20E~06
134400 TO 136400 u.o».. OeS4E~16  0.43E=-09 2,38 0.86E-07
136,00 TO 138,00 . 0e338  0+45E-13 0.33E-08 4,77 0.72€-06
138000 TO 140,00 €2.247 364350 0.55E-11 0443E=06 23.56 0.86E-04
142400 TO 144400 93.656 12.340 0.12E~11 O0J92E~07 14410 Ol HE-O4
144:00 TO 146600 49986 1482 0.28E-12 0422E~07 Be72 0s44E-05
146400 TO 148400 J1e338. 0,072 0Ve21E-13 Q¢17E-08 3.72 0,34E-06
150200 VO 152400 31629 0034 0.10E-13  0,79E~09 2.89 Ge16E~06
152400 TO 154200 424297 17610 0.39E=11 O0¢31E-06 2105 0.62E~04
150600 TO 158,03 11,962 0.006 0.532~13 (.42E-08 5006 0.85E-0C6
15000 TO 100003 13499 0,126 _ 0.8GE-13 O.68E-08 bose 0,14E~GS
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82 TO B¢ 9.580 ~0.300 *
84 TO 86 12,030 0.000 0.00E 00 C«20E 00 0.00 Q+.00E 00
88 TQ 90 16.010 0.1C0O O+14E=I5 QellE=10 S5.19 0492E=-0%
90 TO. 92 4.670 1690 Os34E-11 0.27E-06 20009 0«S3E=04
2 TO 94 4,540 0+100 Oe21E=12 0.16E-07 7.%0 0+33E-05
94 TO 96 10.910 0.160 Q«14E~-12 Qs 11E=Q7 690 Q:22E-05
$6 TO 98 4,480 0,050 0.10E-12 0,82E-08 Ge30 Oe16E=-05
$8 TD. 100 0,200 72.890 0+34E-03 0e27E=23 201,27 0+S8E=D1
98 TO 100 0.260 90060 Oe335E~Q3 U»28E~-03 203.32 0e«55E=01
100 TO 102 0.430 60.:760 0.13E-08 1.10E~-03 146.82 04.21E-01
102 TC 104 4.530 26.8420 0.S5E-10 Cea43E=05 $50.85 0.87E=03
112 70 118 27.120 QeUL S 0.43E-14 0+.38£-09 2.26 0.76E=07
114 TO 116 18,500 0.023 0.11E-13 Q¢ 90E=CQY 3.01 0.18E-J0
116 TO 118 24.080 0.022 O0.86E-14 Qe 6BE=09 2e 74 Osl14E=-06
120 TO 122 10.240 Q.004 Cs+37E~-1a 0 e29E-09 2.+06 0 +SBE-07
122 TO 126 1.260 264900 0+ 20E~0% 0¢16E=04 T8.62 Qe32E-02
124 TO 126 7.800 2249 0+26E=11 D.21E~06 18.51 0+92E=04
126 TO 128 23,230 24540 0.10E~11 0,81E=07 13.48 O«l16E-04
128 10 130 13.860 15.420 QelUE-10 Qe B2E=0Vb 2521 UelbE~03
130 10 132 21.930 12,000 Ce54E~-11 0.42E-00 2343 0+B85E-04
132 TG 134 24,950 2.140 0.80E-12 QebSIE=Q7 12481 Q0,13E-00
1384 TO 136 24.060 3.240 Dol JE~-LI 0.99E=07 16,43 0e20E=-0Q4
136 TO 138 4.690 0.250 0.50E~-12 0+.39E-07 108} 0479E-05
138 TO 140 44130 1550 0,35€E-11 Ve 2BE-OB 20.33 V. 55E=04
138 TO 140 7.910 2..500 Q0.30E-11} Ve.24E=-06 1620 0.47E-00
140 TO 1482 $.930 0.039 0.23E-13 C«22E-08 4,08 0+45L~Co
150 TO 152 13.170 0,130 Oe92E=~14 0+73E =08 €405 O« 1SE-J5
152 TO 154 8.770 0.4590 0.48E~-12 3. 38E-07 10447 0 «70E-05
156 TO 158 B.420 0.030 0.3JE-14 Do.20E~08 4031 0.53€=0¢
158 TO 16V 12.930 10,400 DRYET RS B 0+51E=06 24490 0.1CE=-03
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