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INTRODUCTION

Hydraulic fracturing is the condition where a fluid
pressure within an earth mass, soil or rock, exceeds
the strength of the material and causes it to rupture.
The fluid may be water, drilling mud, grout, air foam,
or compressed air, and the strength of the material
is related to the previous stress history, stress acting
upon it, structure, material type, in situ conditions,
etc. For many years, the beneficial aspects of hy-
draulic fracturing have been realized as a means for
increasing well production and for measuring in situ
stresses; however, only recently have the adverse
effects become a concern to the geotechnical engi-
neering community. When the phenomenon occurs,
excessive grout takes or heaving of adjacent struc-
tures may result, erroneous permeability values may
be obtained during in situ testing, or cracks may form
within the impervious core of an earth water-retaining
structure. This last effect, which is the one that most
worries geotechnical engineers, provided the impe-
tus for the research reported herein.

Within embankment dams and their foundations, hy-
draulic fracturing can occur during grouting opera-
tions; during drilling for grouting, sampling, or
instrumentation; or during reservoir filling. Although
numerous such occurrences had been reported, they
were generally thought to be unrelated to embank-
ment failure until the independent Panel’s report on
the Teton Dam failure listed hydraulic fracturing as a
possible contributor to cracking within the embank-
ment. Only then did the Bureau of Reclamation and
many other organizations become aware of the se-
verity of the possible consequences of this
phenomenon.

Immediately following the Teton Dam failure, the Bu-
reau of Reclamation initiated a number of actions to
gain a better understanding of the conditions con-
ducive to hydraulic fracturing [1].* As part of the in-
vestigations performed in the left abutment remnant
of Teton Dam, hydraulic fracturing tests were con-
ducted in boreholes. Following testing, the remnant
was excavated and the fracture patterns around the
boreholes were mapped. The tests marked the first
time that large-scale fracturing was induced in an em-
bankment dam under controlled conditions and the
orientation and extent of the fracturing were ob-
served. The results of this study were published in
the report prepared by the independent group inves-
tigating the failure of Teton Dam [1].

For obvious reasons, fracturing of an embankment
dam is disconcerting to both design engineers and
to the general public. Therefore, the scheduled re-
moval of a cofferdam constructed to facilitate spill-

* Numbers in brackets refer to entries in the bibliography.

way rehabilitation at Tiber Dam, Montana, presented
a unique opportunity to safely induce hydraulic frac-
turing in a compacted earth embankment (figs. 1 and
2). Water was injected into 18 drill holes, and the
pressures required to initiate rupturing and allow clo-
sure of the fracture were measured. Refracturing
tests were conducted shortly after the initial fractur-
ing and again approximately 8 months later. Pres-
suremeter, stress captor, and mechanical cone
penetrometer tests were also performed. During ex-
cavation of the cofferdam, the fracture patterns were
mapped, in-place densities determined, and samples
of the material obtained:

Fill dry density ...................coe... 107.3 Ibm/ft®
Fill moisture content................. 19.2 percent
Laboratory maximum

dry density.......ccccoeiiiiinnnnnn. 105.4 lbm/ft3
Laboratory optimum

moisture content ................... 19.1 percent

All of the above tests were conducted in accordance
with the appropriate procedures listed in the Earth
Manual [2].

SUMMARY AND CONCLUSIONS

1. A series of 18 hydraulic test wells were tested
during this investigation. Two types of test wells,
open-hole and well-point, were used in the tests.
Three different depths (approximately 15, 28, and
39 feet) were tested.

2. Results of the initial hydraulic fracture tests were
used to calculate corresponding K, values. K, values
ranged from 0.9 to 2.6, and generally decreased with
depth. Measured K, values are considered to be
higher than true at-rest K, values.

3. Initial fracture pressures were related to the
amount of pressure per foot of depth required to
initiate fracture. Results ranged from 0.9 to 2.3
Ibf/in? per foot of depth. The average was 1.4 Ibf/in?
per foot of depth.

4. Many hydraulic fracture test wells were refrac-
tured soon after initial fracture and again 8 months
later to determine whether any “‘healing’’ of the frac-
tures had occurred. Refracture pressures were used
to calculate the corresponding K, values, which
ranged from 0.6 to 2.1. These values are less than
the initial fracture K, values and indicate that virtually
no fracture healing had occurred.

5. Closure pressure tests were attempted in all hy-
draulic fracture test wells to measure the pressure
at which an open fracture closes. This pressure is
thought to be the lateral earth pressure at rest. Each



Figure 1. — Aerial view of Tiber Cofferdam. P-801-D-81174.

test was performed immediately after a fracture test.
The results of these tests were used to calculate
corresponding K, values, which ranged from 0.4
to 1.1

6. Pressuremeter tests were performed in three
test holes at various depths in each hole. The tests
were performed by Geogauge Company. The values
of lateral earth pressure at rest determined from the
test results were used to calculate corresponding K,
values. The general trend of the K, values was higher
at shallow depths decreasing to a constant value
with depth.

7. A comparison of closure pressure and pressure-
meter K, values indicates very similar results corre-
lating quite well and that the closure pressure test
accurately defines lateral earth pressure at rest as
measured by the pressuremeter.

8. Three stress captor tests were performed in
three different test holes at depths of 10, 20, and
30 feet. The measured pressures were used to cal-
culate K, values, which were compared with K, val-
ues from the pressuremeter tests. The stress captor
values, significantly higher than pressuremeter val-
ues, indicate that the stress captor did not measure
at-rest conditions. Stress captor values were even
higher than the average initial fracture values at cor-
responding depths.

9. A series of 11 mechanical friction CPT tests
were performed. The average depth of the soundings
was 31 feet. Test results indicated that the embank-
ment was homogeneous. The plots did exhibit a zig-
zag pattern, which could indicate wet/dry or

hard/soft layers typical of a compacted earthfill
placed in lifts.

10. Upon completion of the in situ pressure tests,
the embankment was removed. During excavation
operations, the dye-stained hydraulic fractures were
mapped. The results indicate that the strikes of the
fractures generally ran parallel with the centerline of
the cofferdam. The dips of these fractures generally
ran vertically.

11. During the excavation of the cofferdam, undis-
turbed block samples were obtained. Unconfined
compression tests were performed on trimmed
specimens obtained from block samples. The aver-
age failure stresses for the blocks tested ranged from
40 to 67 Ibf/in2.

HYDRAULIC FRACTURE TESTS

A series of 18 test holes, designated HF80-1 through
HF80-18, were drilled and hydraulically fractured.
These test holes were located 5 feet downstream
of the centerline of the cofferdam between stations
104+00 and 109+00 on approximately 25-foot cen-
ters (fig. 3). Each test hole was used as an injection
well. Each injection well was drilled to a preselected
depth followed by the addition of a riser pipe and
two types of porous elements. Each hole was either
fitted with a well-point tip or finished as an open hole
with a gravel pack. The hydraulic fracturing tests
were performed in July 1980 and March 1981.

The purpose of the hydraulic fracturing tests was to
determine the fluid pressure at which the cofferdam
would initially fracture. The embankment was later
refractured to determine whether any “‘healing’’ of
the fractures had occurred. The results of these tests
were then compared with the in situ pressures meas-
ured during other tests performed in the cofferdam.
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This comparison was made to determine whether
hydraulic fracture and refracture test values corre-
lated with measured in situ pressures.

Two Types of Test Wells

Two types of test wells, open-hole and well-point,
were used in the hydraulic fracture study. Nine of
each type were completed and installed at prese-
lected depths. The open-hole test well consisted of
a drill hole that was cased from the ground surface
to the top of the zone to be fractured. The test zone
was simply a length of open drill hole that had been
filled with a pervious gravel pack. The well-point test
well consisted of a well-point with a driving tip driven
below the bottom of the drill hole to make intimate
contact with the solil in the test zone.

Installation of Test Wells

All 18 test wells were first advanced using a 9-inch-
diameter continuous flight auger (fig. 4). The test
holes were augered to a depth approximately 2 feet
above the top of the proposed test zone. The nine
open-hole test wells were installed by first centering
at the bottom of the augered 9-inch-diameter hole a
4- to b-foot length of NX casing with an adequate
length of schedule 40 PVC (polyvinyl chloride) pipe
(3-inch inside diameter) attached to the top of the
NX casing (fig. 5) to reach the cofferdam crest. The
NX casing was then pushed approximately 2 feet into
the undisturbed soil, so that its bottom was at the
top of the desired test zone. The PVC pipe attached
to the NX casing acted as a riser pipe for the test
well. The NX casing and lower portion of the PVC
pipe were then grouted into place using a 4- to 5-

foot-long bentonite-sand-cement plug. The remain-
der of the hole was backfilled with soil. A 3-inch-o0.d.
(outside diameter) continuous flight auger then ad-
vanced the test hole past the bottom of the NX cas-
ing to the bottom of the test zone. The drilling was
performed through the PVC pipe (fig. 6). Next, a
permeable pea-gravel well pack was placed from the
bottom of the test zone to the bottom of the NX
casing to complete the open-hole test well. Figure 7
shows a completed open-hole test well.

Each of the nine well-point test wells were installed
by first centering a 3-inch-i.d. {inside-diameter)
schedule 40 PVC pipe in the 9-inch-diameter auger
hole. The test hole was then advanced an additional
3% feet using a 3-inch-o.d. continuous flight auger.
The PVC pipe was used as a casing for the auger to
aid in the removal of cuttings from the 9-inch-
diameter portion of the drill hole (fig. 8). Upon com-
pletion of this hole advancement, the augers and PVC
pipe were removed. Next, a well-point with a driving
tip was attached to a 4- to 5-foot length of NX casing
that, in turn, was attached to a length of schedule
40 PVC pipe sufficient to reach the cofferdam crest.
The NX casing had three 2- by 3-inch flanges welded
to it at approximately 120° intervals (fig. 9). These
flanges helped to center the well-point assembly in
the hole and were used to drive the well-point to the
desired depth. The well-point assembly was then
lowered into the hole (fig. 10). A 5-inch-diameter cas-
ing was lowered over the well-point assembly in the
test hole until it rested on the welded flanges. Then,
using the CME 75 drill rig, the well-point was pushed
so that the NX casing penetrated approximately 1
foot into undisturbed soil. Finally, the NX casing and
PVC pipe were grouted into place using a 4- to 5-

Figure 4. — Augering hydraulic fracture test wells using a 9-inch-0.d. continuous
flight auger. P~801-D-81175.



Figure 5. — Lowering PVC casing down 9-inch hole before grouting into place
for open-hole type well. P-801-D-81176.

foot bentonite-sand-cement plug. The remainder of
the hole was backfilled with soil. A completed well-
point test well is shown on figure 11.

Equipment

The equipment used to perform the fracture testing
consisted of a packer assembly and a pressure
system.

Packer Assembly. — The packer assembly con-
sisted of a 2%-inch-o.d. by 30-inch-long inflatable
high-pressure packer. An electric pressure trans-
ducer was mounted on the bottom of the packer to
measure the actual down-hole pressure in the frac-
ture zone during the tests. A 3%-inch-i.d. galvanized
injection pipe was attached to the top of the packer.
The complete assembly is shown on figure 12. Note
the attached 3-inch injection pipe that was also used
to lower the packer down hole.

Pressure System. — The system used to inject fluid
under pressure into the fracture zone consisted of
three high-pressure water tanks of 10-, 20-, and 30-
gallon capacity, and mechanical and electrical flow-
meters mounted between the high-pressure tanks
and the injection pipe. The tanks were mounted on
a trailer for mobility. The system used compressed
air or nitrogen to supply pressure to the water tanks.
The pressure was controlled with pressure regula-
tors. Also mounted on the trailer was a dual-pen strip
chart recorder that recorded the down-hole pressure
measured by the pressure transducer. Fluid volumes
injected were measured by both mechanical and elec-
trical flowmeters. The entire mobile pressure system
is shown in the photograph on figure 13.

Figure 6. — Augering the test zone for an open-hole
test well. The drilling was performed with a 3-
inch-o.d. continuous flight auger through the
PVC casing. P-801-D-81177.

Test Procedure

The hydraulic fracture test procedure used was iden-
tical for both types of test wells, open-hole and well-
point. The procedure consisted of first pouring
enough water (dyed with purple rhodamine dye) into
the PVC riser pipe to cover the packer when it was
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Figure 8. — Augering to the top of the test zone for well-point installation. PVC
casing was used as an aid for removal of cuttings. Casing was then removed.

P-801-D-81178.

Figure 9. — Cementing schedule 40 PVC pipe to PVC coupling on NX casing. The
well point was previously attached to the NX casing. Note the welded flanges
on the NX casing. P-801-D-81179.

lowered into the hole, thus preventing air pockets
from forming under the packer. The packer assembly
was then lowered into the hole until the bottom of
the packer reached the bottom of the NX casing. The
packer was then inflated to approximately 275 Ibf/in?
to seal off the top of the test zone. After all appro-
priate connections were made between the injector
pipe and the pressure system, the system was filled
with dyed water and de-aired.

The hydraulic fracture test was performed by grad-
ually increasing the pressure in the pressurized water

10

tanks and measuring and recording the resulting in-
crease in pressure in the soil test zone. At the same
time, the volume of dyed water injected into the test
zone was also measured and recorded. Because the
embankment materials were relatively impermeable,
very little fluid was injected before fracture occurred;
then the fluid flow greatly increased.

The tests were continued until fracture occurred.
Upon completion of each fracture test, a closure
pressure test was performed. (The closure pressure
test procedure and results are discussed later in this



Figure 10. — Lowering the well-point test assembly into the drill hole.
P-801-D-81180.
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Figure 12. — High-pressure packer used in the hydraulic fracture tests. Note the
distinct purple color of the rhodamine dye covering the packer assembly.

P-801-D-81181.

Figure 13. — High-pressure water tank assembly used in the hydraulic fracture
tests. P-801-D-81182.

report.) When the closure pressure test was com-
pleted, the test zone was allowed to “‘rest’” for a
minimum of 1 hour and was then refractured. The
refracture test was performed to determine whether
any "'healing’’ {rebonding that eliminates the zone of
weakness) of the fracture zone had occurred within
this short period.

In March 1981, approximately 8 months after initial
fracturing, about one-half of the test holes were re-
fractured to determine whether any healing had oc-
curred over this longer period. However, instead of
using purple rhodamine dye, yellow-orange uramine
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dye was used to differentiate the 1980 and 1981
testing programs.

Results

The results of the hydraulic fracture tests were used
to determine two fracture pressures: initial fracture
and refracture. Fracture closure pressures were also
determined.

Initial Fracture Pressure Tests. — The initial fracture
pressure was determined from hydraulic fracture test
results by measuring the fluid pressure (measured in



the test zone) at which the volume of fluid injected
significantly increased. This pressure was used to
calculate K, (coefficient of earth pressure at rest) us-
ing the following formula:

o
K,= —
O,
where:
o, = horizontal stress, or hydraulic fracture
pressure, and
o, = vertical stress, or overburden stress.

Vertical stress is based on field density tests per-
formed during the embankment excavation (wet den-
sity = 127.9 ibm/ft3) and on the depth of overburden.
Note that the K, values calculated using the initial
fracture test results are not true K, values. That is,
the initial fracture K, values include pressures needed
to overcome in situ stresses and apparent tensile
strength. The initial fracture K, values were simply
calculated for comparison with the values from other
in situ tests performed during this investigation.

Table 1 summarizes the initial fracture pressures and
initial K, values determined in the hydraulic fracture
test.

Table 1 indicates that initial fracture pressures in-
creased with depth; however, the pressures for each
depth and type of test well were quite erratic and
scattered. Because there are no well-established
trends, results of tests from both well types cannot
be compared. A plot showing average initial fracture
pressure versus depth is shown on figure 14. The
initial hydraulic fracture test results are summarized
in tabular form in appendix A, and individual tests are
presented in graphical form in appendix B.

K, values determined from the fracture data are
higher than computer values because the tensile
strength of the soil had to be overcome to initiate
fracture. The K, values from the well-point test wells
decrease with depth, which is to be expected for
overconsolidated clayey soils [3]. The same trend

was not established for K, values from the open-hole
test wells. Overall, the K, values vary somewhat. A
plot of K, for initial fracture versus depth is shown
on figure 15.

Initial hydraulic fracture pressures were converted to
a pressure-to-depth ratio. This ratio is commonly
used in grouting specifications to provide the maxi-
mum allowable down-hole pressure. Typically, the
maximum down-hole pressure of 1 Ibf/in? per foot of
depth is allowed in grouting practice. The values cal-
culated from the initial fracture pressure data from
open-hole test wells ranged from 0.9 to 2.3 Ibf/in?
per foot of depth. The average was 1.4 Ibf/in? per
foot of depth for both types of wells. The data used
in this portion of the analysis are rather limited; there-
fore, no firm conclusions can be based on the test
results. However, the trend of the data indicates that
fracture was induced under relatively low pressures.

Refracture Pressure Tests. — Upon completion of
each initial fracture pressure test, each test hole was
refractured to determine the lateral earth pressure
and whether healing of the fracture had occurred. The
refracture pressure values were determined in a sim-
ilar manner as those for the initial fracture test data.
The resulting refracture pressure was then used to
determine K, values, which were compared with the
initial fracture pressure K, values and those from
other tests performed in this investigation.

Table 2 summarizes the refracture pressures and re-
fracture K, values determined in the hydraulic fracture
tests.

Table 2 indicates some variance in refracture pres-
sures. Values of refracture from the well-point test
wells appear more consistent and generally in-
creased with depth. A plot of average refracture
pressure with depth is shown on figure 16. The in-
dividual refracture test data and plots from each test
well are shown in appendix B.

A comparison of fracture pressures from both initial
and refracture pressure tests indicates no apprecia-
ble healing with time. If healing had occurred, the

Table 1. — Summary of initial fracture pressures.

Test zone, Average
depth, Type of Number of fracture pressure,
feet well tests Ibf/in2 Average K,

15.0-16.0 Open-hole 2 22 1.7
Well-point 3 25 1.8

26.5-29.0 Open-hole 3 30 1.2
Well-point 3 39 1.6

38.5-40.0 Open-hole 3 69 2.0
Well-point 3 43 1.3

13



3020

3e1e

3002

ELEVATION - FEET

2990

2980

2370

TOP OF COFFERDAM (FT. 3019 FT.)

AVERAGE INITIAL FRACTURE PRESSURE — LBF/IN#%2

LEGEND

0 —————
INITIAL FRACTURE ~OH

X
INITIAL FRACTURE -WP

HORIZONTAL PRESS. -T_'

VERTICAL PRESSURE —PV

Ph = Ko‘yh
Dv =7h
where:

Ko = 0.5 (typical
value)
Y =128 1bf/ft3

=
[0

depth in feet

Figure 14. — Initial fracture pressure plot: average initial fracture pressure — comparision of well-point with open-hole
test results.

3920
3818

—

[}

N

L

: 3000

4

o

-

—

a

>

[N

-

B 2990
2988
2978

TOP OF COFFERDAM (EL. 3019 FT.}

—t

COEFFICIENT OF EARTH PRESSURE AT REST - K,

LEGEND

o —
INITIAL FRACTURE -OH

X
INITIAL FRACTURE -WP

Figure 15. — K, summary plot: initial fracture tests only — comparison of well-point with open-hole test results.

14



Table 2. — Summary of refracture pressures.

Refracture pressure

Test zone, K,
depth, Type of Number Min., Max., Avg.,
feet well of tests Ib/in? Ib/in? Ib/in? Min Max. Avg.
14.5-16.0 Open-hole 0 - - - - - -
Well-point 5 9 16 13 0.7 1.2 1.0
26.5-28.0 Open-hole 5 16 24 19.5 .6 1.0 0.8
Well-point 6 14.5 26.5 19 .6 1.1 8
38.5-40.0 Open-hole 13 30 46 39 .8 1.3 1.1
Well-point 5 21 32 27 .6 0.9 0.8
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Figure 16. — Refracture pressure plot: average refracture pressure — comparison of wall-point with open-hole test

results.

refracture pressures would be nearly equal to the ini-
tial fracture pressures. In addition, no significant heal-
ing occurred over the resting period from July 1980
to March 1981. This indicates that once a fracture is
created in a medium to highly plastic clay soil, the
fracture may be permanent and may never heal. A
plot comparing refracture K, values from July 1980
and March 1981 is shown on figure 17.

K, values calculated from the refracture data vary for
the open-hole test wells, whereas the well-point val-
ues appear more regular. A plot comparing refracture

K, values from well-point and open-hole test wells is
shown on figure 18. The refracture K, values are ap-
proximately 25 to 50 percent less than the initial frac-
ture pressure K, values; this difference can be
attributed to initial soil tensile strength. A plot com-
paring the K, values from the initial fracture tests with
those from the refracture tests is shown on figure 19.

A summary of the individual initial fracture and re-
fracture pressures and K, values from each test per-
formed in each test well is presented in tabular form
in appendix A.
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CLOSURE PRESSURE TESTS

Upon completion of each hydraulic fracture or re-
fracture test, a closure pressure test was immedi-
ately attempted to determine the pressure at which
the fracture closed. Theoretically, this pressure is the
lateral earth pressure at rest [4]. The results of this
test were used to calculate K, values that, in turn,
were compared with K, values from the other tests
in this investigation.

Test Procedure

The closure pressure test was a relatively simple test
that was performed immediately after the test zone
was fractured or refractured. In the hydraulic fracture
test, water under pressure was injected into the soil,
and that pressure was either maintained or increased.
However, in the closure pressure test, the pressure
source {compressed-air cylinders) was shut off from
the high-pressure water tanks. Thus, water was al-
lowed to continue flowing either into the fracture or
back into the tanks, but the pressure was allowed to
dissipate down hole. The hydraulic pressure and flow
were measured versus time. The entire test generally
took less than 7 minutes to complete.
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Test Results

The closure pressure was determined using a graph-
ical method proposed by Bozozuk [4]. Theoretically,
when a fracture closes fluid initially permeates into
the surfaces of the fracture, resulting in a rapid loss
of pressure; therefore, when enough pressure has
dissipated, the fracture closes immediately. There-
after, the pressure losses occur much more slowly
because there is less surface area for fluid permea-
tion. These two trends in the data are generally linear.
A best-fit line is usually fitted to the data in the linear
portions of the curve. The intersection of these two
lines is considered the closure pressure. An example
of this graphical construction is shown on figure 20.
From this closure pressure, K, values were calculated
and compared with K, values determined from the
other tests performed.

Table 3 summarizes the closure pressure and closure
K, values determined in the closure pressure tests.

Table 3 indicates that average closure pressures gen-
erally increased with depth. From the test results, it
is apparent that the well-point test well yielded more
consistent results than the open-hole test well; how-
ever, because the data from each type of test well
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Table 3. — Closure pressure test results.

Test zone, Closure pressure
depth, Type of Number Min., Max., Avg., K,

feet well of tests Ib/in? Ib/in2 Ib/in? Min Max Avg.
14.5-16.0 Open-hole 1 9 9 9 0.7 0.7 0.7
Well-point 7 6.5 12 10.1 .5 9 .8

26.5-29.0 Open-hole 10 11 19.5 15.0 4 .8 .6
Well-point 12 12.5 21 16.4 .5 9 7

38.5-40.0 Open-hole 13 26.5 38 31.6 7 1.1 9
Well-point 7 15.5 225 20.1 4 0.6 .6

are limited, this trend may change with further test-
ing. A plot of average closure pressure with depth is
shown on figure 21, and individual closure pressure
test plots from each test well are shown in
appendix C.

The K, values calculated from the closure pressure
data appear to compare quite well between the well-
point and open-hole test holes; however, the K, for
the 38.5- to 40.0-foot depth interval does not com-
pare as well as K, values from the other two depth
intervals. No conclusive statements can be made
based on the relatively small amount of data avail-
able. A plot of K, values from the closure pressure
tests versus depth is shown on figure 22.

A summary of all closure pressure test results is pre-
sented in tabular form with the hydraulic fracture test
results in appendix A.

18

A comparison of hydraulic fracture and closure pres-
sure test results with the in situ tests performed in
this study are discussed later in this report.

PRESSUREMETER TESTS

Twenty pressuremeter tests were conducted at var-
ious depth intervals in three test holes by Clyde R.
Anderson of Geogage Company, Idaho Springs, Col-
orado. The following is abstracted from his report,
which is presented in total in appendix D.

Borehole Preparation

The pressuremeter test holes were bored with a
truck-mounted rotary drill rig. A 6-inch-o.d. contin-
uous flight auger was used to advance the hole to
within 2 feet of the anticipated test interval. Then,
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an additional 3 to 4 feet of hole was drilled using a
2.5-inch-o0.d. continuous flight auger with a 3.0-inch-
o.d. fishtail bit. The later driling was performed
through a string of 3-inch-i.d. schedule 40 PVC pipes,
in-a manner similar to that used for the well-point test
well installation. A relatively slow rotation speed {25
to 30 r/min) and a moderate penetration rate
(1 ft/min) was used to minimize disturbance of the
borehole walls. Before the small diameter hole was
drilled, approximately 1 quart of water was poured
into the hole to provide lubrication for the auger and
to facilitate removal of cuttings. Immediately after
drilling, the pressuremeter probe, attached to a sec-
tion of A-rod, was lowered into the hole. A force of
approximately 100 to 400 pounds was required to
insert the probe into the test zone.

Testing

The pressuremeter probe used in this investigation
{fig. 23) was described as ""an NX short probe with
a metallic sheath.”” The pressuremeter had an outside
diameter of 2.75 inches and an overall length of 24
inches. |t consisted of an outer gas-actuated sheath
and an inner rubber membrane (measuring cell) into
which pressurized water was injected to measure the

>y

Figure 23. — Menard pressuremeter in use.
P-801-D-81183.
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volume of borehole expansion. Stainless steel strips
provided protection for the outer sheath. Coaxial tub-
ing connected the probe to an apparatus located on
the ground surface that supplied the pressures re-
quired to operate the probe. Volume tubes located
at the ground surface monitored the volume change
of the inner rubber membrane. Although not stated,
its construction and operation appeared to be like
that of the Menard GC probe. Volume tubes and pres-
sure gauges were used to measure the volume
change and pressure during the test; these are
shown on figure 24,

In conducting the tests, gas and water pressure were
applied to the probe in equal, predetermined incre-
ments. When a steady pressure was obtained, the
volume change was read and recorded at 15, 30,
and 60 seconds. After 60 seconds, pressure was
increased to the next level and the volume versus
time readings repeated. In addition, the ""creep’” (dif-
ference between the 30- and 60-s volume readings)
was noted. The data recorded and plotted during the
tests and the equations used to calculate the results
are presented in the Geogage Company report,
which is included in appendix D.

Figure 24. — Volume tubes and pressure gauges
nsed for pressuremeter testing. P—801-D—
81184,



Table 4 is a summary of the results of the pressure-
meter testing. P, is the lateral earth pressure at rest.
P, is the preconsolidation pressure, P, is the creep
pressure, P,is the limit pressure, E is the deformation
modulus, and S, is the shearing strength. P, was used
to calculate the K, values.

P, values were plotted versus elevation as shown on
figure 25. The plot indicates that the readings in test
hole PM80-1 at elevations 2999.0 and 2989.0 feet
are unreliable. P, values are much higher than the
other measured test values that appear to be rea-
sonable. Lateral earth pressures (P,) were used to
calculate K, values. The plot of K, values versus
depth (fig. 26) shows that the upper 15 feet of the
embankment had relatively high K, values, consistent
with the hydraulic fracture tests previously per-
formed. K, values calculated from tests performed
below the 15-foot depth are generally 0.4 to 0.7.

A comparison of pressuremeter test results with the
other tests performed in the study are discussed later
in this report.

STRESS CAPTOR TESTS

A stress captor, an in situ test device that measures
lateral earth pressure, consists of an inflatable probe,
pressure-sensing instrument, and connecting tubing
that form a closed hydraulic system. The probe is
placed into a prebored hole, and fluid is injected into
the system from a pressurized reservoir, thereby
causing the probe to expand and exert pressure on
the walls of the borehole. The system is then closed,
and the change in pressure is monitored periodically
until equilibrium is reached. The indicated pressure,
corrected for the hydrostatic head and system com-
pliance, is designated as P,. The time required for
the soil-captor system to stabilize varies with the
type and in situ condition of the soil, ranging from
less than 1 day for a clean sand to more than 10 days
for a saturated fat clay.

Three stress captors, installed as part of this inves-
tigation, were fabricated in the Bureau of Reclamation
laboratory from drawings purchased from Geogage
Company, Idaho Springs, Colorado. Assembly, cali-
bration, and installation were performed by Geo-
technical Branch personnel.

Equipment

The stress captor is a relatively simple device that
comprises an inflatable probe, a pressure-sensing
device, and connecting tubing (see fig. 27). In addi-
tion, an apparatus for filling, calibrating, and installing
the system is required. This apparatus is usually a
pressurized fluid reservoir that has provisions for de-
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termining the volume of fluid being forced into the
stress captor system.

The probes used in this investigation consisted of
three rubber membranes, or sheaths, secured at their
ends to a stainless steel tube inside the membrane.
Water could be injected into the annular space be-
tween the membranes and the tube, thereby causing
the membranes to expand radially. The active portion
of the probes was approximately 2.6 inches in di-
ameter when relaxed and 37.0 inches in length,
thereby providing a length to diameter ratio of slightly
greater than 14. The pressure-time response of the
soil probe systems was monitored at the surface us-
ing O- to 150-Ibf/in? calibrated Bourdon tube pressure
gauges. Nylon tubing having an outside diameter of
Y%-inch and a Y%-inch-diameter bore connected the
probes to the gauges.

During testing, the system compliance and mem-
brane inertia effects were accounted for by applying
pressure-volume correction factors established dur-
ing calibration of the systems.

Field Installation

Boreholes for the stress captors were prepared using
a truck-mounted drill rig and continuous flight augers.
Initially, a 9-inch-diameter hole was augered to a
depth of 1.5 feet. This section of the hole provided
an area in which the pressure gauge and excess tub-
ing could be placed to minimize the possibility of
damage from traffic and temperature variations. The
hole was then advanced to 1.0 foot above the top
of the predetermined stress captor test zone using
5-inch-o0.d. continuous flight augers. A section of 3-
inch-i.d., schedule 40, PVC pipe was set to the bot-
tom of the 5-inch hole. Through this pipe a 3-inch-
diameter hole was augered to a depth about 4.5 feet
below the bottom of the 5-inch hole. The PVC pipe
facilitated the centering of the hole for the stress
captor and removal of the auger cuttings. The 3-inch-
diameter hole was augered deeper than required to
provided space for the cuttings that dropped from
the augers.

The stress captors, which had been de-aired and
filled with dyed water in the laboratory, were then
lowered to the desired test zone using 3%-inch-
diameter PVC pipe and rope. They were placed so
that the centers of the active portions of the probes
were at depths of 10.0, 20.0, and 30.0 feet. Place-
ment of the captors was accomplished within 30
minutes after the hole was completed.

When a stress captor was in place, a filling apparatus
was connected and a measured quantity of dyed
water injected into the captor system until the gauge



Table 4. — Menard pressuremeter test summary.

Depth, Ibf/in?
Test feet’ P, P, P, 2p, 3E 45, K,
Boring PN-80-1
1 9.0 18 - 70 141+ 1,805 30 2.2
2,036
2 19.8 37 - 61 1563+ 1,900 27 2.1
2,144
53 30.0 27 - 54 129+ 52,988 20 1.0
3,370
4 40.0 18 78 92 169+ 2,512 35 0.5
2,834
Boring PN-80-2
5 10.0 17 54 72 128+ 2,425 24 1.9
2,736
6 15.0 20 51 71 129+ 1,644 27 1.5
1,741
7 20.0 11 - 57 1265+ 1,694 27 0.6
1,911
8 25.0 14 31 78 126+ 1,646 27 .6
1,856
9 30.0 13 - 61 122+ 1,633 26 .5
1,842
10 35.0 18 31 57 116+ 1,396 24 .6
1,675
11 40.0 18 - 64 134+ 2,180 26 5
2,459
12 45.0 18 52 70 135+ 2,322 26 4
2,618
Boring PN-80-3
13 5.0 11 40 60 92 + 1,542 18 2.5
1,740
14 10.0 1 57 82 135+ 1,867 30 1.2
2,106
15 15.0 6 - 60 115+ 1,651 27 04
1,749
16 19.5 1 48 58 109+ 1,254 25 .6
: 1,414
17 25.0 17 - 64 138+ 2,653 26 .8
2,992
18 30.0 14 - 67 129+ 1,624 29 .5
1,718
19 34.9 18 - 72 159+ 1,799 36 .6
2,029
20 40.0 21 - 99 183+ 3,463 35 .6
3,908

' Ground surface to probe center.
2 Estimated from curve shape. See “‘Limit Pressure’’ in appendix D.

3 Top figure is E where y4 = 0.33; bottom figure is £ where u = 0.5.

4 Calculated where 1 = 0.33; a = 1.
5 Questionable data. See ‘‘Test Evaluation’* in appendix D.
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Figure 27. — Inflatable probe, tubing, and pressure gauge used in a stress captor
test. Note the dye water within the nylon tubing. P-801-D-81185.

pressure plus the hydrostatic head was approxi-
mately twice the estimated value of P,. {In terms of
pressuremeter test results, the pressure applied to
the probe would be approximately one-half the limit
pressure, P,..) When pressurization was completed,
the stress captor system was closed, the quantity
of water injected into the system noted, and periodic
gauge readings started. Locations relative to other
tests are shown on figure 3.

Test Results

Results of the stress captor tests are presented in
appendix E. During testing, stress captor 3 (hole
SC80-1) was believed to have developed a leak; how-
ever, the shape of the pressure versus elapsed time
curve is very similar to those of the other two cap-
tors. Because of the possibility of a leak, the final
pressures were estimated by extrapolation of the
pressure versus elapsed time curves. These pres-
sures were then corrected by adding the hydrostatic
pressure (gauge to center of active portion of probe)
and subtracting the membrane inertia {pressure re-
guired to inject quantity of water) to obtain the lateral
earth pressures, P,, as follows:

Stress Depth, P,,

Hole captor feet Ibf/in? K,
SC80-1 3 30.0 47 1.8
SC80-2 2 20.0 46 2.6
SC80-3 1 10.0 32 3.6

P, values were plotted versus elevation, as shown
on figure 28. These values are quite high when com-
pared with those of the other tests performed; how-
ever, these P, values were used to calculate K, values

24

that were also plotted versus elevation, as shown on
figure 29. Although these values are quite high, they
do follow the trend established in the other tests;
that is, decreasing K, values with depth. Stress cap-
tor test results are compared with the other tests
performed in this investigation and are discussed
later in this report.

K, COMPARISON

A comparison of K, values from the different in situ
tests performed was attempted; however, because
of the relatively limited data obtained, no firm con-
clusions can be made and only trends can be pointed
out.

Average initial fracture K, values were compared with
pressuremeter K, values. A plot of this comparison
is shown on figure 30. The analysis indicates that
initial fracture K, values were significantly higher than
the pressuremeter K, values. This indicates that in
clayey materials, fracture occurs at higher pressures
than at the lateral earth pressure at rest as measured
by the pressuremeter; therefore, additional soil pa-
rameters (such as tensile strength and/or cohesion)
must be overcome to initiate fracturing.

Another comparison was made between average re-
fracture pressure K, values with the pressuremeter
K, values. A plot showing this comparison is shown
on figure 31. The comparison indicates that the re-
fracture K, values are generally higher than pressure-
meter K, values; however, the refracture K, values
are significantly lower than the initial fracture K, val-
ues. Therefore, to reopen a fracture, the pressure



ELEVATION (FEET)

ELEVATION - FEET

3820

Jele

3eee

2990

2980

2970

30920

3910

3008

2990

2980

2970

LEGEND

TOP OF COFFERDAM (EL. 3019 FT.
° —_— e
ALL STRESS CRPTORS
. \ HORIZONTAL PRESS. -
. VERTICAL PRESSURE -P:
Ph = Ko h
Py= h
\
\ P where:
Ko = 0.5 (typical
\ value)
= 128 1bf/ft3
\\ h = depth
o
a 28 49 &e :]%] 100 1208 1480
LATERAL EARTH PRESSURE AT REST - P, (LBFZ7IN%%2)
Figure 28. — Stress captor test: summary of all test resulits.
LEGEND
TOP OF COFFERDAM {EL. 3019 FT.)
= 0o —— ——
PRESSUREMETER NO. 1
X ...........
— PRESSUREMETER NO. 2
/- a * — s -
>x PRESSUREMETER NO. 3
/ - ¢y —_—
.\ " V OPEN-HOLE TEST WELL
L ’ 1 ———————— — —
: WELL-POINT TEST WELL
xfi TP
X * /
x Yy ]
0 )
X
%] 1 2 3 4 5 6 7

COEFFICIENT OF EARTH PRESSURE AT REST - K,

Figure 29. — Stress captor test: composite of all tests — coefficient of earth pressure at rest.

25



ELEVATION - FEET

3@2@ <—T0P OF COFFERDAM (EL. 3019 FT.)

3ele
-
W
W
[ /
: 3600
z
o
—
[
'y
>
5
w 2938 J/

2980

2978

] 1 2 3 4 S 6 ?

COEFFICIENT OF ERRTH PRESSURE AT REST - K,

Figure 30. — K, summary plot: comparison of Menard pressuremeter with initial hydraulic fracture
test results.

LEGEND
TOP OF COFFERDAM (EL. 3019 FT.
3@2@ 0 Cl (E 9 FT.) .
PRESSUREMETER MO. 1
x ...........
—* PRESSUREMETER NO. 2
3n1e -1 * —_— -
- x PRESSUREMETER NO. 3
- .' b —
< OPEN-HOLE TEST WELL
\ / o b o
: WELL~POINT TEST WELL
3000 ia 3

2990 ‘j/z

; \
2980 A%

2970

COEFFICIENT OF ERRTH PRESSURE AT REST - K,

Figure 31. — K, summary plot: comparison of Menard pressuremeter with hydraulic refracture test resuits.

26



required must be greater than the lateral earth pres-
sure at rest as measured by the pressuremeter. Per-
haps this force is an inertial force. Cohesion or tensile
strength would not have any influence because the
fracture had not healed after the initial fracture. The
fracture need only be reopened.

A comparison was made between pressuremeter
and average closure pressure K, values. A plot shows
this comparison on figure 32. This analysis indicates
that the closure pressure K, values correspond quite
well with the pressuremeter K, values below about
15 feet and that the closure pressure test accurately
defines lateral earth pressure at rest as measured by
the pressuremeter.

A final comparison was made between the pressure-
meter and stress captor K, values. A plot showing
this comparison (fig. 33) shows poor correlation and
indicates that the stress captor is not a valid in situ
test for measuring earth pressures in clayey soils be-
cause the stress captor never achieves truly at-rest
conditions.

CONE PENETROMETER TESTS

A series of 11, quasi-static, mechanical friction CPT's
{cone penetrometer tests), designated DC80-1
through DC80-11, was conducted along the coffer-

dam between stations 103+23 and 109+90 (fig. 3).
The average depth of the soundings was 31 feet.
The tests were conducted to determine the degree
of uniformity of the material and placement condi-
tions within the cofferdam and to determine whether
CPT resuits correlated with the results of other tests
in the investigation.

Equipment

The equipment used to perform the CPT consisted
of cone penetrometers, sounding tubes, a load-
sensing readout apparatus, and a thrust and reaction
unit. All components were obtained commercially ex-
cept the equipment used to adapt the sounding ap-
paratus to the thrust and reaction unit.

Mechanical Friction-Cone Penetrometers. — The
penetrometers were of the Begemann design (fig.
34). They provided a measurement of the end-
bearing and local side friction components of the pe-
netrometer resistance.

Actuation of the cone and sleeve advancement of
the penetrometer were accomplished from the sur-
face through a series of sounding tubes.

Sounding Tubes. — Sounding tubes consisted of hol-
low outer push tubes that were used to advance the
penetrometer and provide lateral support for the solid
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inner rods. These rods extended the cone and sleeve
and transmitted forces acting on the cone and sleeve
to the sensing apparatus.

Two circumferential welded beads on the lead outer
push tube were used to enlarge the hole, thereby
reducing the friction on the trailing tubes.

Load Sensing and Readout Apparatus. — At the
surface, the sounding tubes engaged the load sen-
sing and readout apparatus (fig. 35). A lever-
operated, slide assembly permitted the thrust to be
applied to either the inner rods or the outer push
tubes through an oil-filled load cell with an effective
sensing area of 3.1in2 (20 cm?). The induced oil pres-
sure was transmitted to high- and low-range Bourdon
tube gauges, which read from O to 8,623 Ib/in? (O
to 600 kgf/cm?) and from O to 1,420 Ib/inZ (O to 100
kgf/cm?), respectively. An adjustable shutoff valve
protected the low-range gauge. Before and after the
testing, the assembly was calibrated in a laboratory
compression machine.

Thrust and Reaction Unit

Thrust was supplied by a truck-mounted, hydraulic-
feed, rotary drill rig that had a stroke of approximately
6.6 feet. A micrometering valve incorporated in the
hydraulic system was used to control the rate of
push. With the mast in the upright position, the re-
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action mass of the unit was approximately 6,500
pounds.

Test Procedure

The procedure followed in conducting the CPT was
in accordance with ASTM D 3441-79 [5]. Cone and
cone-plus sleeve measurements were taken at depth
intervals of 7.9 inches (20 cm). A penetration rate
of 0.6 in/s (1.5 cm/s) was maintained while obtaining
resistance data.

Friction that developed on the outer push tubes be-
cause of the plasticity and high degree of compaction
of the cofferdam material, along with the pushing
capability of the drill rig, limited advancement of the
penetrometer to about 10 feet. When refusal oc-
curred, the hole was enlarged using 3-inch continu-
ous flight augers. Figure 36 shows the CPT test being
performed in an augered hole.

Test Results

From cone and cone-plus sleeve readings, the fol-
lowing parameters were calculated: cone (point) re-
sistance, q.; sleeve resistance, f,; and friction ratio,
R, (ratio of sleeve resistance to cone resistance ex-
pressed as a percentage). These results and the cor-
responding depths at which the readings were
obtained are presented in tabular and graphical form
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Figure 35. — High- and low-range pressure gauges used in the CPT test.
P-801-D-81186.

in appendix F. Note that the computer program used
for plotting the results automatically scaled the abs-
cissas, thereby making the observation of trends be-
tween soundings difficult and misleading in some
cases. Results from hole DC80-7, presented on figure

37, are typical of the results obtained across the
cofferdam.

Results from the 11 CPT soundings are very similar.
They indicate that the soil types and in situ conditions
are relatively uniform throughout the cofferdam.
Overall, the cone resistance increased over the first
3 feet of depth then tended to remain fairly constant,
averaging about 430 Ibf/in? throughout the remaining
depth of the sounding. Correspondingly, the sleeve
resistance and friction ratio averaged about 31 Ibf/in2
and 8 percent, respectively.

The zigzag pattern exhibited by the cone results is
as would be expected in a compacted embankment
because of density and material variations between
individual lifts. Furthermore, the general shape of the
cone result plots, i.e., rapid initial increase of cone
resistance followed by very little subsequent in-
crease with depth, is indicative of an overconsoli-
dated material near the surface.

Using the soil-type interpretation chart for mechan-
ical cone penetration test results developed by Searle
[6] (fig. 38), the soil would be classified as predom-
inantly stiff to very stiff silty clay to clayey silt. Using
the chart developed by Schmertmann [7] (fig. 39),
the soil would be classified as predominantly very
stiff, insensitive, nonfissured inorganic clay. Schmert-
mann’s chart appears to better represent the actual
soil conditions of the cofferdam based on the labo-
ratory tests performed on embankment materials
during the construction of the cofferdam.

30

MAPPING OF THE
HYDRAULIC FRACTURES

Upon completion of the March 1981 hydraulic frac-
ture testing program, the Tiber Cofferdam embank-
ment was excavated. As the cofferdam was
removed, the dye-stained fractures were mapped.
As stated earlier, purple rhodamine dye was used
during the 1980 hydraulic fracture tests, and yellow-
orange uramine dye was used for the nine test holes
refractured in March 1981. Generally, the rhodamine
dye-stained fractures were vividly colored near the
test area but gradually faded toward the fracture
ends. The rhodamine dye was very apparent on
freshly cut moist fractures; however, as the faces
dried out, the dye became lighter. The uramine dye-
stained fractures were not as readily visible in either
fresh or dried fracture faces; however, in some in-
stances, the possible presence of uramine dye was
observed as an apparent “lightening’* (slightly yel-
lowish purple) of previously rhodamine-stained frac-
tures. In other instances, the interaction of the two
dyes produced a faint neutral gray color, especially
near the center of the fracture hole. As a resulit, the
presence of uramine dye was not readily apparent
but only indicated by inference.

The width of the stained interval along each fracture
varied from approximately % to 1 inch and averaged
about % inch. Often, the fractures were linear in plan
view; however, minor curves and various direction
changes were not uncommon.

Most of the fractures appeared closed during exca-
vation. Of all the fractures observed, about 20 per-
cent displayed openings ranging from hairline cracks
to a maximum fracture opening of % inch. In nearly



Figure 36. — CPT test being performed. Note the
augered hole to permit deeper soundings.
P-801-D-81187.

every instance, the open dye-stained fractures were
located nearest the test well.

In each test well, two diametrically opposed fractures
were induced. Generally, the two fractures of each
well were of similar length at any given elevation;
however, in some instances, a fracture was twice as
long as its counterpart. The average length of the
fractures was 20 feet on either side of the test hole,
whereas the longest fracture reported was 42.9 feet
[test well HF80-16 (OH)]. Fractures were generally
shortest in the vertical direction. They were longest
along the dam axis in a cross section along the cof-
ferdam longitudinal axis, and they produced a roughly
elliptical shape, as shown on figure 40. In most in-
stances, the actual fractured areas lay more or less
symmetrically above and below the zone of induced
fracturing.

In addition to mapping the extent of the fractures,
the strike and dip of each fracture were measured.
Through several observations, it was determined
that the dip direction of the fractures varied, changing
from downstream to upstream and back again. The
dip, however, was very close to vertical. The strike
of the fractures very closely paralleled the centerline
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of the cofferdam at all test hole locations. Note that
Tiber Cofferdam had a curved centerline, as shown
on figures 1 and 2.

Two basic types of interaction between fractures
from neighboring drill holes were observed. In some
cases, two approaching fractures run nearly parallel
and about 1 or 2 feet apart for a distance of several
feet. In other cases, fractures merge together to form
one fracture. However, for the most part, individual
fractures retained their separate identities with little
interaction between tests.

The fractures revealed in the cofferdam show that
the embankment fractured along the curved longi-
tudinal axis of the dam embankment rather than per-
pendicular to the axis. This indicates that the
embankment was weakest along its length and that
hydraulically induced fractures (at least in the case
of Tiber Cofferdam) will propagate parallel to the lon-
gitudinal axis instead of perpendicular to the axis
when drilled near the centerline of an embankment.
It was also observed that the fracture planes oc-
curred vertically and not horizontally between com-
pacted soil lifts.

The previous discussion of fracture mapping at Tiber
Cofferdam is a summary of a more detailed discus-
sion of the report written by the field geologist from
the Upper Missouri Region of the Bureau of Recla-
mation. This report, attached as appendix G, con-
tains figures showing the extent and orientation of
the hydraulic fractures at various elevations. In ad-
dition, the general extent and description of each
fracture at each test well is summarized in tabular
form.

UNCONFINED COMPRESSION TESTS

During the excavation of the cofferdam, undisturbed
block samples were obtained. The locations of the
blocks within the embankment are shown on figure
3. The blocks were sent to the E&R Center geo-
technical laboratory for testing. Unconfined
compression tests were performed on specimens
trimmed from three of the block samples. These
tests were performed on trimmed, unsaturated spec-
imens and tested in open atmospheric conditions.
The strain rate was unknown. Table 5 summarizes
the test results.

In the unconfined compression tests, undrained
shear strength was assumed to be one-half the un-
confined compressive strength.

An attempt was made to correlate undrained shear
strength to initial hydraulic fracture pressures. The
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hydraulic fracture pressures used were obtained from
test wells adjacent to the block sampling locations
within the embankment. Although no correlation
could be made because of the limited amount of data
obtained, the failure stress data from the unconfined
compression tests indicated that the stresses at fail-
ure decreased with depth. This decrease could have
been caused by the consolidation of the embankment
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materials from the addition of soil during construc-
tion. This consolidation would resuit in an increased
degree of saturation that would result in increased
pore-water pressures, causing a lowering of the
shear strength. However, because only three block
samples were tested, no valid conclusions can be
made. Unconfined compression test results are
shown in appendix H.
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Table 5. — Unconfined compression test summary.

Unconfined
Axial compressive Undrained
strain at stress at shear
Depth, failure, failure, strength,
Sample No. feet Station Specimen % Ibf/in2 Ibf/in?
11F-896 24.3 105+11 11 5.4 55 28
12 3.0 43 22
11F-897 25.0 107+84 11 8.4 73 37
12 5.4 67 34
13 5.8 61 31
11F-898 34.3 105+12 11 6.4 51 26
12 4.0 30 15
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Table A-1. — Summary of hydraulic fracture and closure pressure test results.

Initial
Depth fracture Refracture Closure Overburden | Fracture Closure
Drill of test pressurg pressure pressure pressure Ko Ko COMMENTS
Hole Test zone (1bf/in2) (1bf/in2) (1bf/in) | (1bf/in2)
No. HF80| No. (ft) Po Po Po Py Pa/Pyv Po/Py
1 1 15 55% 13.3 4,1*
Open-Hole Test Well - A1l tests in
2 3.4*
this test hole considered unreliable.
3 49* 3.7*
2 1 27.5 31 16.0 24.4 1.3 0.7
Open-Hole Test Well - Fracture
2 23 16.0 0.9 0.7
occurred with 1.1 1bf/inZ per foot
3 16.0 0.7
of depth.
1(81) 24 19.5 1.0 0.8
Open-Hole Jest Weil - Fracture not
3 1 39.5 55% 35.1 1,6* achieved.
2 46* 1.3% Fracture not achieved.
3 53 1.5 Fracture actually occurred with
4 41.5 35 1.2 1.0 the third test. Fracture occurred
5 40 33 1.1 0.9 with 1.3 1bf/in2 pressure per foot
1(81) 35.5 30 1.0 0.9 of depth.
2(81) 35 32.5 1.0 0.9
4 1 15 33 13.3 2.5 Well-Point Test Well - Fracture
2 16 1.2 occurred with 2.2 1bf/inZ pressure
1(81) 16 11 1.2 0.8 with each foot of depth.
2(81) 14 11 1.1 0.8
5 1 27.5 37 21 24,4 1.5 0.9 Well-Point Test Well - Fracture
2 26 19.5 1.1 0.8 occurred with 1.4 1bf/in2 pressure
3 26.5 19 1.1 0.8 with each foot of depth.
4 19,5 0.8

* Considered unreliable
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Table A-1. — Summary of hydraulic fracture and closure pressure test results. — Continued

Initial
Depth fracture Refracture Closure Overburden | Fracture Closure
Drill of test pressure pressure pressure pressure Ko Ko COMMENTS
Hole Test zone (1bf/in2) (1bf/in2) (1bf/in2) | (1bf/in2)
No. HF80 | No. (ft) Po Po Po Py Po/Py Po/Py
6 1 38.5 120% . 34.2 3.5% Well-Point Test Well
3 50 -——-- 1.5 Actual initial fracture. Fracture
occurred with second test. Fracture
4 28 21 0.8 0.6 occurred with 1.3 1bf/in2 of
pressure per foot of depth.
5 27 ———— 0.8
7 1 15 o6+ L 13.3 2.0% Open-Hole Test Well
Actual initial fracture. Fracture
2 21* ——=- 1.6* occurred with third test, Fracture
occurred with 1.4 1bf/ing of
3 27 ---- 2.1 pressure with each foot of depth.
Open-Hole Test Well - Fracture
8 1 15 ) E 13.3 1.3 0.7 occurred with 1.3 1bf/in of
pressure with each foot of depth.
Open-Hole Test Well - Did not
9 1 40 65.5* 35.5 1.8* actually fracture,
2 64 1.8 fracture occurred with second test.
| 3 46 1.3
4 45 33 1.3 0.9
Fracture occurred with 1.6 1bf/in2
5 42 33 1.2 0.9
er foot of depth.
6 45 30.5 1.3 0.9 P P
7 30 26.5 0.8 0.7
8 -- 30 0.8
1 42 39* 1.2 1.1*
2(81) 36.5 33 1.0 0.9
10 1 15 19 2% 13.3 1.4 0,2% Well-Point Test Well - Fracture
. . 2
3 9 10 0.7 0.8 occurred with 1.3 1bf/in¢ of
pressure per foot of depth.
4 -- 10 0.8

* Considered unreliable
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Table A-1. — Summary of hydraulic fracture and closure pressure test results. ~ Continued

Initial
Depth fracture Refracture Closure Overburden | Fracture Closure
Drill of test pressure pressure pressure pressure Ko Ko COMMENTS
Hole Test zone (1bf/in2) {(1bf/in2) (1bf/in) | (1bf/in?)
No. HF80 | No. (ft) Po Po Po Py Po/Py Po/Py
11 1 15 24 6.5 13.3 1.6 0.5 Well-Point Test Well - Fracture
2 12 0.9 occurred with 1.9 1bf/inZ of
pressure per foot of depth.
1(81) 10 10 0.8 0.8
12 1 28 47 14 24,8 1.9 0.6 Well-Point Test Well - Fracture
2 15 14.5 0.6 0.6 occurred with 1.7 1bf/in2 of
3 14.5 15 0.6 0.6 pressure per foot of depth.
1(81) 15 16.5 0.6 0.7
13 1 39.5 40 --- 35,1 1.1 Well-Point Test Well - Fracture
2 2% 2.5 0.7 0.6 occurred with 1.0 1bf/in2 of
pressure per foot of depth.
3 32 22.5 0.9 0.6
14 1 27 24 15 24,0 0.9 0.6 Open-Hole Test Well - Fracture
. 2
2 16 14 0.6 0.6 occurred with 0.9 1bf/inc of
pressure per foot of depth.
3 18.5 14,5 0.7 0.6
15 1 39 89 38 34.6 2.6 1.1 Open Hole Test Well - Fracture
. 2
2 37.5 29.5 1.1 0.9 occurred with 2,3 1bf/in¢ of
pressure per foot of depth.
3 30 26.5 0.9 0.8
16 1 29 35 11 25.7 1.4 0.4 Open Hole Test Well - Fracture
: 2
2 16 14 0.6 0.5 occurred with 1.2 1bf/inc of
pressure per foot of depth.
3 -- 13.5 0.5

* Considered unreliable
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Table A-1. — Summary of hydraulic fracture and closure pressure test results. — Continued

Initial
Depth fracture Refracture Closure Overburden | Fracture Closure
Drill of test pressure pressure pressure pressure Ko Ko COMMENTS
Hole Test zone (1bf/in2) (1bf/in2) (1bf/in2) 1 (1bf/in2)
No. HF80| No. (ft) Po Po Po Py Po/Py Po/Py
17 1 39 40 15.5 34.6 1.2 0.4 Well-Point Test Well - Fracture
2 - 19.5 0.6 occurred with 1.0 1bf/in2 of
3 -- 19.5 0.6 pressure per foot of depth.
1(81) 21 20.5 0.6 0.6
18 1 26.5 33 13 23.5 1.4 0.6 Well-Point Test Well - Fracture
2 -- 15 0.6 occurred with 1.2 1bf/in2 of
3 -~ 14.5 0.6 pressure per foot of depth.
1(81) 15 16 0.6 0.7

* Considered unreliable
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Table B-1. — Hydraulic fracture test data, HF80-1.
Type of Well: Open Hole

Test Depth: 15 ft

Hydraulic
Test Date of ~fluid pressure Flow
number test (1bf/in2) (gal/min)
1 07-07-80 9.00 0.00
15,00 0.00
20,00 0.00
26,00 0.00
30.00 0.00
35.00 0.00
40,00 0.00
45.00 0.00
50.00 0.00
55.00 0.00 « Fracture
60.00 .30 (considered
47.00 .30 unreliable)
40,00 .17
2 07-07-80 9.00 0.00
13.00 0.00
18.00 0.00
24.00 0.00
35.00 0.00
40.00 .01
46 .00 .09 + Refracture
36.00 .04 (considered
32.00 .03 unreliable)
3 07-07-80 9.00 0,00
10,00 0.00
18.00 0.00
23,00 0.00
25.00 0.00
30,00 0.00
32.00 0.00
41,00 01
42,00 .01
43.00 .01
45,00 .03
49,00 .03 +« Refracture
48,00 .18 (considered

unreliable)

Table B-1 Sheet 1 of 1
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Table B-2. — Hydraulic fracture test data, HF80-2.
Type of Well: Open Hole

Test Depth: 27.5 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)
1 07-21-80 14,00 0.00
14,00 0.00
19,00 01
21,00 .01
22.00 .01
24,00 01
25.00 0.00
26.00 0.00
27.00 0.00
27.50 0.00
28.00 .01
28,50 01
29,00 .01
29.50 01
30,00 .01
30.00 .01
30,50 .01 <« Fracture
29.00 .22
30.00 .30
32.00 .60
32,50 1.00
30.00 3.75
2 07-21-80 14,00 .05
14,00 .05
16,00 .09
17.50 .12
18.00 .14
19.00 .16
19.50 .19
22.50 .30
23.00 40 « Refracture
23.00 .50
1 03-02-81 17.00 .01
20,00 .02
20,50 .02
23.50 .06
23.00 .08
23,00 .12
24,00 .19 +« Refracture
25,00 .40
24,00 .70
28.50 1.50
30,00 3.00

Table B-2 Sheet 1 of 1
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Table B-3. — Hydraulic fracture test data, HF80-3.
Type of Well: Open Hole

Test Depth: 39.5 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)
1 07-08-80 21,00 0.00
21.00 0.00
23.00 .01
27.00 .01
33.00 .01
37.00 .01
41.00 .02
48.00 .05
43,00 .02
53.00 .08
53.00 .30 Fracture did
not occur
2 07-09-80 20.00 0.00
26.00 0.00
29.00 0.00
31.00 0.00
37.00 .06
41.00 .01
42.00 .01
46.00 .05 Fracture did
‘ not occur
3 07-09-80 20.00 0.00
23.00 0.00
26.00 .01
28.00 .01
32.00 .01
37.00 .01
39.00 .01
42.00 .01
44,00 .01
46,00 - .02
48,00 .03
50.00 .05
51.00 .08
53.00 .12 + Fracture
57.00 .28

Table B-3 Sheet 1 of 3
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Table B-3. — Hydraulic fracture test data, HF80-3. — Continued
Type of Well: Open Hole

Test Depth: 39.5 ft

Hydraulic

Test Date of fluid pregsure Flow

number test (1bf/in¢) (gal/min)

4 07-20-80 19.00 0.00
22.00 01
25.00 01
28.00 .01
29,00 .01
30.00 .01
31.50 .02
33.00 .02
33.50 .02
34.00 .03
35.00 .05
36.00 04
38.00 .05
39,00 .06
40,00 .09
40,50 .12
41,00 .14
41.00 .16
41.00 .19 +« Refracture
44,00 .30
45,50 .40
47.00 2.00

5 07-20-80 16.00 .01
17.50 01
21.00 .02
24.00 .02
25,00 .02
27.00 .03
34,00 .04
36.00 .05
36.50 .05
37.50 .07
39.00 .09
39.00 .12
39.50 .14
40,00 .19 « Refracture
43,00 .30
43,00 .90
44,00 2.00

Table B-3 Sheet 2 of 3
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Table B-3. — Hydraulic fracture test data, HF80-3. — Continued
Type of Well: Open Hole

Test Depth: 39.5 ft

Hydraulic

Test Date of fluid pressure Flow

number test (1bf/in?) (gal/min)

1 03-03-81 19,00 0.00
21.50 0.00
22.00 0.00
23.00 0.00
25.00 0.00
25.00 0.00
27.00 .01
27.00 0.00
29,00 .02
29,00 .02
29.00 .02
29.00 .02
28.50 .03
29.00 .03
30,00 .04
30.50 .04
32.00 .06
32.50 .07
33.00 .09
34,00 .13
35.50 .14 <« Refracture
36.50 .18
39.00 .70
37.00 1.00

2 03-03-81 17.00 .01
20.00 .02
21,00 .03
24,00 .04
26,50 .05
28,50 .06
30,50 .08
31.50 .12
35.00 .30
35.00 .50 « Refracture
34,50 .60
34,50 1.00
35.50 1.50
36,00 3.00

Table B-3 Sheet 3 of 3
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Table B-4. — Hydraulic fracture test data, HF80-4.
Type of Well: Well Point

Test Depth: 15 ft

Hydraulic

Test Date of fluid pressure Flow

number test (1bf/in2) (gal/min)

1 07-11-80 8.50 0.00
11,00 0.00
12.00 0.00
18,50 0.00
20,00 0.00
21.00 0.00
24.00 0.00
25,00 0.00
30.00 0.00 « Fracture
35.00 .16

2 07-11-80 8.50 .01
12,50 .04
13.00 .05
15.00 12
16.00 .16 « Refracture
18.00 .40 '
21.00 2.00

1 03-03-81 8.00 .01
11.00 .04
12.00 .05
14,00 .07
14,50 .09
16,00 .14 +« Refracture
16,00 .16
16,00 .17
18.00 .50
17,00 1.80

2 03-03-81 8.00 .02
11.00 .06
13.00 .08
13.00 .07
14,00 12 « Refracture
15,00 .40
16.00 .50
16.00 1.20

Table B-4 Sheet 1 of 1
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Table B-5. — Hydraulic fracture test data, HF80-5.
Type of Well: Well Point

Test Depth: 27.5 ft

Hydraulic
Test Date of fluid pressure Flow
number test 1bf/in2 (gal/min)

1 07-19-80 14,00 0.00
14,00 0.00
20.00 01
24,00 .01
27.00 0.00
29.00 0.00
30,00 0.00
31.00 0.00
32.00 0.00
33.00 0.00
34,00 0.00
35,00 0.00
36.00 0.00
37.00 0.00 « Fracture
37.00 2.50

2 " 07-19-80 14,00 .01
15.00 .02
16,00 .02
17.50 .02
19.00 .03
20,00 .03
22.00 .05
25.00 .09
26.00 .12
26.00 .14 +« Refracture
26.00 .16
28.50 .50
28.50 1.50
28.50 2.00

Table B-5 Sheet 1 of 2
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Table B-5. — Hydraulic fracture test-data, HF80-5. — Continued
Type of Well: Well Point

Test Depth: 27.5 ft

Hydraulic

Test Date of fluid pressure Flow

number test (1bf/in) (gal/min)

3 07-20-80 14,00 0.00
17.00 .01
18.00 .01
19.00 .01
21.00 .01
22.50 .02
22.50 .02
23.00 .02
23,50 .02
24,00 .04
24,50 .05
25,00 .05
25.00 .06
25,00 .07
26,00 .12 « Refracture
26.00 14
26,00 .19

Table B-5 Sheet 2 of 2
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Table B-6. — Hydraulic fracture test data, HF80-6.
Type of Well: Well Point

Test Depth: 38.5 ft

Hydraulic
Test Date of fluid pre%sure Flow
number test (1bf/in¢) (gal/min)

1 07-12-80 19.00 0.00
26,00 0.00
37.00 0.00
42,00 0.00
48,0 0.00
54.00 0.00
61.00 0.00
64.00 0.00
67.00 0.00
74.00 0.00
75.00 0.00
81.00 0.00
82.00 0.00
84.00 0.00
86.00 0.00
89.00 0.00
93.00 0.00
96.00 0.00
99.00 0.00
101,00 0.00
103.00 0.00
105.00 0.00
109,00 0.00
112.00 0.00
116.00 0.00

118.00 .01 « Fracture did

not occur
3 07-12-80 18.00 0.00
25.00 0.00
27.00 0.00
31.00 0.00
34.00 0.00
36.00 0.00
43,00 0.00
46,00 0.00
48.00 0.00
50.00 .01 « Fracture

Table B-6 Sheet 1 of 2

55



Table B-6. — Hydraulic fracture test data, HF80-6. — Continued
Type of Well: Well Point

Test Depth: 38.5 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/ind) (gal/min)
4 07-12-80 19.00 0.00
23.00 0.00
26.00 0.00
28.00 0.00 « Refracture
26.00 0.00
33.00 1.20
32.00 1.70
32.00 2.00
34,00 3.00
35.00 5.00
5 07-12-80 19.00 .12
20.00 .25
27.00 .50 « Refracture
28.00 .70
29.00 .90
28.50 1.10
28,50 1.50
29,00 2.00
31.00 3.50
33.00 4,00
34.00 5.00

Table B-6 Sheet 2 of 2
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Test
number

Date of
test

Table B-7. — Hydraulic fracture test data, HF80-7.

Test Depth:

Type of Well: Open Hole

15 ft

Hydraulic
fluid pressure

(1bf/in?)

1

07-13-80

07-14-80

07-14-80

9.00
13,00
19.00
21.00
24,00
26,00
22.00

8.50
15,00
18,00
20,00
21.00
20.00
19.00

8,00
12,50
15,00
18.00
20,00
20,00
24,00
25.00
27.00
30,00
31.00
32.00
33.00
32.00

57

Flow
(gal/min)

0.00

0.00

0.00

0.00

0.00
01 « Fracture
.19

0.00

.05 « Refracture

.19 « Refracture

Table B-7 Sheet 1 of 1



Table B-8. — Hydraulic fracture test data, HF80-8.
Type of Well: Open Hole

Test Depth: 15 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in2) (gal/min)
1 07-14-80 6.00 .05
7.00 .07
9.00 .10
11,00 .20
13.00 .20
13.00 .30
15,00 .40
17.00 .40 « Refracture
17.00 1.00
18.00 1.25
19.00 1.50

Table B-8 Sheet 1 of 1
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Table B-9. — Hydraulic fracture test data, HF80-9.
Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in2) (gal/min)

1 07-15-80 19.00 0.00
33.00 0.00
40.00 0.00
44,00 0.00
54.00 0.00
56.00 0.00
65.00 0.00
63.00 .08 +« Fracture
60.00 .06

2 07-15-80 19.00 0.00
20.00 0.00
21,00 0.00
25.00 0.00
33.00 0.00
490.00 0.00
45,00 0.00
47.00 0.00
50,00 0.00
51.00 .01
52.00 .01
52.00 .02
53.00 .05
54,00 .05
54.00 .10
53.50 .08
56.00 .09
60.00 .05
64.00 .05 « Refracture
68.00 25 -
67.00 1.50

Table B-9 Sheet 1 of 5
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Table B-9. — Hydraulic fracture test data, HF80-9. ~ Continued
Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic

Test Date of fluid pressure Flow

number test (1bf/in?) (gal/min)

3 07-15-80 18.50 0.00
20,00 0.00
32.00 0.00
36.00 0.00
37.00 0.00
38,00 .01
41.00 .01
43,00 .02
45,00 .09
46,00 .16 « Refracture
46,00 .22
46,00 .27
50.00 .80
48,00 .90

4 07-15-80 18.50 0.00
20,00 0.00
25,00 .01
27.00 .01
31.00 .01
33.00 01
36.00 .02
39.00 .02
41.00 .02
43,00 .03
45,00 .06 « Refracture
46.00 .15
46.00 .19
45,00 .27
49,00 .60
47.00 1.00
46,00 1,30
44,00 1.40
44,00 2.50

Table B-9 Sheet 2 of 5
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Table B-9. — Hydraulic fracture test data, HF80-9. — Continued
Type of Well: Open Hole

Test Depth: 40

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)
5 07-15-80 18.50 .01
20,00 .01
22.00 .01
25.00 .01
28.00 .02
31.00 .10
33.00 .02
35,00 .02
36.00 03
38.00 04
39.00 05
40,00 .07
41.00 .09
41,00 .11
42,00 .13
42.00 .17 « Refracture
42.00 .21
43,00 1.50
6 07-22-80 19,00 0.00
20.00 0.00
20.00 0.00
27.00 .01
29.00 .01
30.00 .01
32.00 01
34.00 0.00
35.00 0.00
37.00 .01
37.00 0.00
37.00 0.00
37.00 0.00
37.00 .01
42.00 .02
44,00 .03
45,00 0.00 « Refracture
49,00 .30
51.00 .40
51.00 .50
51.00 .60
52.00 .70
53.00 1.00
53.00 1.50
55,00 4,50

Table B-9 Sheet 3 of 5
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Table B-9. — Hydraulic fracture test data, HF80-9. — Continued
Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in2) (gal/min)
7 07-22-80 18.00 .04
19,00 0.00
19.50 .05
19.50 0.00
26.00 .19
30.00 22 +« Refracture
41,00 .80
42,00 1.50
42.00 2.00
42.00 2.50
43,00 3.00
42.00 3.50
1 03-04-81 21.00 01
23.00 .01
26,00 .01
27.00 .02
28.00 .02
29.00 .03
30,00 .04
31.00 .04
32.00 .05
33.00 .06
34.00 .08
35.00 .09
35.00 .10
35.00 .11
38.00 .18
38.00 .10
40,00 .20
42.00 .30 « Refracture
42.00 .40
42.00 .50
43,00 .60
43,00 .60
42,00 .70
42.00 .80
43,00 1.00
45,00 1.50
46,00 1.75
47.00 2.25

Table B-9 Sheet 4 of 5
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Table B-9. — Hydraulic fracture test data, HF80-9. — Continued
Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic

Test Date of fluid pressure Flow

number test (1bf/in?) (gal/min)

2 03-04-81 19.00 .02
20.00 .04
22,00 04
24.00 .06
26,00 .07
27.00 .09
30,00 .12
32.00 .10
34.00 .20
36.00 .30 +« Refracture
37.00 .50
38.00 .80
40,00 1.40

Table B-9 Sheet 5 of 5
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Table B-10. — Hydraulic fracture test data, HF80-10.
Type of Well: Well Point

Test Depth: 15 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)
1 07-16-80 9.00 0,00
16.00 0.00
19.00 0.00
19,00 .28 <+ Fracture
16,00 2.00
13.00 4,50
11.00 5.00
10,00 5.00
3 07-16-80 8.50 0.00
10.00 .32 « Refracture
16,00 2.50

Table B-10 Sheet 1 of 1
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Table B-11. — Hydraulic fracture test data, HF80-11.
Type of Well: Well Point

Test Depth: 15 ft

Hydraulic
Test Date of fluid pre;sure Flow
number test (1bf/inc) (gal/min)
1 07-16-80 9.00 0.00
11.00 0.00
17.00 0.00
19,00 0.00
21,00 0.00
23.00 0.00
24,00 0.00 « Fracture
26.00 3.00
1 03-04-81 8.00 .09
9,00 .13
10.00 .19
10.00 .60 « Refracture
12.00 .60
12,00 .80
12.00 1.20
12.00 1.80

Table B-11 Sheet 1 of 1
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Table B-12. — Hydraulic fracture test data, HF80-12
Type of Well: Well Point

Test Depth: 28 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)

1 07-17-80 14.00 0.00
23.00 0.00
24.00 0.00
25.00 0.00
26.00 0.00
26.00 0.00
27.00 0.00
29.00 0.00
30.00 0.00
32.00 0.00
33.00 0.00
34.00 0.00
35.00 0.00
36.00 0.00
38,00 0.00
39.00 0.00
40,00 0.00
41,00 0.00
42.00 0.00
42.00 .0.00
45,00 .01
47.00 .01 < Fracture

2 07-17-80 14.00 0.00
15,00 .01 +« Refracture
16.00 .09
17.00 .19
19.00 1.20

3 07-17-80 14,00 .09
16.00 .32 <« Refracture
21.00 2.5

1 03-05-81 14,00 .06
15,00 .12 « Refracture
15,00 .16
15.00 .60
18.00 .60
17.50 .80
18.00 1.40
18.50 1.75
18.50 2.25

Table B-12 Sheet 1 of 1
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Table B-13. — Hydraulic fracture test data, HF80-13.
Type of Well: MWell Point

Test Depth: 39.5 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)

1 07-18-80 19.00 0.00
24,00 0.00
28.00 0.00
30.00 0.00
32.00 0.00
35.00 0.00
38.00 0.00
40.00 0.00 « Fracture
42,00 2.30

2 07-18-80 19,00 .04
18.00 .04
26,00 .04 « Refracture
26,00 .22
29.00 .60
28.00 .60
29.00 .60
30.00 .60
31.00 .60
32.00 1.50
32.00 3,00
32.00 4,00

3 07-18-80 18.00 0.00
18.00 .18
20.00 .22
21.00 .22
22.00 .22
24,00 .70
26,00 .70
28.00 .70
30.00 70
32.00 .80 + Refracture
34.00 6.00
32.0 10.00

Table B-13 Sheet 1 of 1
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Table B-14. — Hydraulic fracture test data, HF80-14.

Type of Well: Open Hole

Test Depth: 27 ft

Hydraulic

Test Date of fluid pressure F1ow

number test (16f/in2) {gal/min)

1 07-18-80 14,00 0.00
17.00 .01
19.00 .01
22,00 .01
24,00 .22 « Fracture

2 07-18-80 13.00 .04
14,00 .05
15.00 .09
15.30 .12
15.50 .14
16,00 .16
16,00 .19 « Refracture
19,30 .50
19.00 1.00

3 07-18-80 13.00 .03
15.00 .05
17.00 .09
18.00 .14
18,50 .19 « Refracture
22.00 .50
22.00 1.00
24,00 4,00
26.00 6.00
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Table B-15. - Hydraulic fracture test data, HF80-15.
Type of Well: Open Hole

Test Depth: 39 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)
1 07-22-80 19.00 0.00
23.00 .01
24,00 0.00
26.00 0.00
26.00 0.00
31.00 .01
33.00 0.00
35.00 0.00
36.00 0.00
38.00 0.00
41,00 0.00
43,00 0.00
44,00 0.00
46,00 .01
55.00 0.00
55.00 0.00
56.30 0.00
58.80 .01
60.00 .01
65.00 .02
65.00 .02
66.30 .02
66.30 .02
71.30 .03
72.50 .05
73.80 .02
75.00 .03
76,30 .04
80.00 .03
81.30 .02
82.50 .03
82.50 .02
87.50 .06
88.80 .13
88.80 .24 + Fracture
90.00 40
88,80 1.00
85.00 1.50

Table B-15 Sheet 1 of 2
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Table B-15. — Hydraulic fracture test data, HF80-15. — Continued
Type of Well: Open Hole

Test Depth: 39 ft

Hydraulic
Test Date of fluid pressure Flow
number test (1bf/in?) (gal/min)
2 07-22-80 18.00 .07
19.00 .09
20,50 .12
22.00 .14
23.50 .16
25.00 .21
26.00 .25
26.50 .19
27.00 .21
28.00 .22
31.50 .20
32.00 .30
33.00 .30
36.00 .40
37.00 .40 « Refracture
38,00 .80
38.00 .90
38.50 1.50
39.50 1.75
3 07-22-80 18,00 0.00
16,00 .10
18.00 .22
20,00 .25
22,00 .28
30,00 .30 « Refracture
38.00 1.00
40,50 2.00
45,00 7.00
40.00 11,00

Table B-15 Sheet 2 of 2
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Table B-16. — Hydraulic fracture test data, HF80-16.
Type of Well: Open Hole

Test Depth: 29 ft

Hydraulic
Test Date of fluid presgsure Flow
number test (1bf/in?) (gal/min)

1 07-24-80 15,00 0.00
19.00 .02
21,00 .01
24,00 .01
26,00 0.00
27.00 0.00
28,00 0.00
29.00 0.00
30,00 0.00
31.00 .01
33.00 0.00
35,00 0.00 « Fracture

2 07-24-80 14,00 .07
15,00 .14
16,00 .24 « Refracture
21,00 1.20
19,00 4.00

Table B-16 Sheet 1 of 1
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Tabie B-17. — Hydraulic fracture test data, HF80-17.
Type of Well: Well Point

Test Depth: 39 ft

Hydraulic
Test Date of fluid pressure F1ow
number test (1bf/in?) (gal/min)
1 07-23-80 19,00 0.00
21.00 0.00
25.00 .01
31.00 .01
36.00 .01
40,00 .08 +« Fracture
1 03-05-81 19.00 .02
20,00 .05
20,00 .06
20,50 .07
20,50 .10
20.50 .12 « Refracture
22.50 .90
21.00 1.20
21.00 3.50
21.00 4,00

Table B-17 Sheet 1 of 1
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Table B-18. — Hydraulic fracture test data, HF80-18.
Type of Well: Well Point

Test Depth: 26.5 ft

Hydraulic
Test Date of fluid pressure F1ow
number test (1bf/inl) (gal/min)

1 07-22-80 14,00 0.00
15,00 0.00
16.00 0.00
17.00 0.00
18.00 0.00
19.00 0.00
19.00 0.00
19,00 0.00
19.50 0.00
19,50 0.00
20.00 .01
20,00 0.00
22.00 .01
23.00 0.00
23.00 0.00
27.00 .02
27.00 .02
33.00 .08 <« Fracture

1 03-05-81 14,00 .03
15,00 .07 « Refracture
15.00 .13

Table B-18 Sheet 1 of 1
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Table C-1. — Closure pressure test data, HF80-2.
Type of Test Well: Open Hole

Test Depth: 27.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
1 07-21-80 32.00 0.00
30,00 .14

28,00 .22

27.00 .31

26.00 Al

25,00 .50

24,00 .60

23.00 .74

22.00 91

21.00 1.08

20,00 1.30

19.00 1.63

18.00 1.90

17,00 2.37

16,00 2.88

15,00 3.40

14,00 4,25

13,00 5.37

12.00 7.26

2 07-21-80 25.00 0.00
23.00 .02

22,00 .15

21,00 .22

20,00 .47

19,00 .88

18,00 1.22

17,00 1.72

16,00 2.43

15,00 3.54

14,00 5.87

13.00 8.57

Table C-1 Sheet 1 of 2
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Table C-1. — Closure pressure test data, HF80-2. — Continued
Type of Test Well: Open Hole

Test Depth: 27.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
3 07-21-80 25,00 0.00
24,00 .05

23.00 A2

22.00 .22

21.00 .37

20.00 .56

19.00 g7

18,00 1.11

17.00 1.50

16.00 2.01

15.00 2.72

14,00 3.63

13.00 4.90

1 03-02-81 30.00 0.00
23.50 1.00

20,00 2.00

18.00 3.00

17.00 4,00

16.00 5.00

Table C-1 Sheet 2 of 2
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Test
number

Table C-2. — Closure pressure test data, HF80-3.

Date of
test

Type of Test Well: Open Hole

Test Depth:

39.5 ft

Hydraulic
fluid pressure
(1bf/in2)

4

5

07-20-80

07-20-80

97

47.00
46.00
45,00
44,00
43.00
42.00
41.00
40,00
39.00
38.00
37.00
36,00
35.00
34,00
33.00
32.00
31.00
30.00
29.00
28.00

44,00
43,00
42.00
41.00
40.00
39.00
38.00
37.00
36.00
35.00
34,00
33.00
32.00
31.00
30.00
29.00
28.00
27.00

3.83
4,62
5,38
6.33
7.50
9.23
10,75

Table C-2 Sheet 1 of 2



Table C-2. — Closure pressure test data, HF80-3. — Continued
Type of Test Well: Open Hole

Test Depth: 39.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) {min)
1 03-03-81 33.00 0.00
37.00 0.54

36,00 0.96

35,00 1.38

34,00 1.96

33.00 2.96

32,00 3.04

31.00 4,00

30.00 4,79

29,00 5.75

28,00 6.88

27,00 8.75

2 03-03-81 38.00 0.00
37.00 .21

36,00 .67

35,00 1.13

34,00 1.63

33.00 2.21

32.00 2.88

31.00 3.58

30.00 4,50

29,00 5.54

28,00 6.58

27.00 7.83

26,00 9.08

Table C-2 Sheet 2 of 2
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Table C-3. — Closure pressure test data, HF80-4.
Type of Test Well: Well Point

Test Depth: 15 ft

Hydraulic

Test Date of fluid preisure Time
number test (1bf/in¢) (min)
1 03-03-81 17.00 0.00
16.00 .24

15.00 .56

14,00 .92

13.00 1.32

12.00 1.92

11,00 2.72

10.00 4,00

9.00 6.00

2 03-03-81 16.00 0.00
15.00 .24

14,00 .52

13.00 .88

12,00 1.40

11.00 2.40

10.00 4,40

9.00 7.76

Table C-3 Sheet 1 of 1
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Table C-4. — Closure pressure test data, HF80-5.
Type of Test Well: Well Point

Test Depth: 27.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
1 07-19-80 34,00 0.00
33.00 .09

32.00 .20

30.00 .34

28.00 .51

26,00 .83

24.00 1.18

22.00 1.77

20,00 3.12

18.00 7.48

2 07-19-80 28.50 0.00
28.00 .16

27.00 .33

26.00 .57

25,00 .90

24,00 1.15

23.00 1.43

22,00 1.84

21.00 2,37

20,00 3.00

19,00 3.97

18.00 5.28

17.00 7.86

3 07-20-80 27.50 0.00
27.00 .03

26.00 .15

25.00 .33

24.00 .55

23,00 .33

22.00 1.20

21.00 1.67

20.00 2.35

19,00 3.52

18.00 5.48

17.00 8.87

16,50 11.82

Table C-4 Sheet 1 of 2
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Table C-4. — Closure pressure test data, HF80-5. — Continued
Type of Test Well: Well Point

Test Depth: 27.5 ft

Hydraulic

Test Date of fluid pregsure Time
number test (1bf/in¢) (min)
4 07-20-80 25,50 0.00
25,00 .10

24,00 .33

23.00 .58

22,00 .95

21.00 1,53

20,00 2.48

19.00 3.83

18.00 5.45

17.00 8.75

16,70 9.38

Table C-4 Sheet 2 of 2
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Table C-5. — Closure pressure test data, HF80-6.
Type of Test Well: Well Point

Test Depth: 38.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
4 07-12-80 35,00 0.00
31.00 .35

30.00 .57

28.00 .75

26,00 1.18

24,00 1.68

22,00 2.08

21.00 2.72

20,00 3.10

19.00 3.47

18.30 4,38

18.00 4,72

17.00 5.30

16.00 6.13

Table C-5 Sheet 1 of 1

102



Table C-6. — Closure pressure test data, HF80-8.
Type of Test Well: Open Hole

Test Depth: 15 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
1 03-04-81 21.00 0.00
20,00 .12

19.00 .24

18.00 .36

17.00 .52

16.00 .68

15.00 .86

14,00 1.08

13.00 1.32

12.00 1.60

11.00 2.00

10,00 2.36

9.00 2,84

8.00 3.48

7.00 4,40

6.00 6.00
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Table C-7. — Closure pressure test data, HF80-9.
Type of Test Well: Open Hole

Test Depth: 40 ft

Hydraulic

Test Date of fluid pregsure Time
number test (1bf/in¢) {min)
4 07-15-80 42.00 0.00
40,00 .50

39.00 1.00

38.00 2.00

35.00 2.50

34.00 3.50

33.00 4,50

32.00 6.00

31.00 9.00

30.00 15.00

29,00 21.00

5 07-15-80 42,00 0.00
40,00 .50

38.00 1,00

36.00 2.00

35.00 3.00

34,00 4,00

33.00 5.50

31.00 7.50

30.00 18.00

6 07-22-80 55.00 0.00
47.00 .20

44,00 .43

41.00 .75

39.00 1.12

37.00 1.37

36.00 1.62

35.00 1,87

34.00 2.08

33.00 2.37

32.00 2.75

31.00 3.20

30.00 3.62

29.00 4,03

28.00 4,58

27.00 5.28

26.00 6.20

25,00 7.37

24.00 8.62
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Table C-7. — Closure pressure test data, HF80-9. — Continued

Type of Test Well: Open Hole
Test Depth: 40 ft

Hydraulic

Test Date of fluid pre;sure Time
number test (1bf/iné) (min)
7 07-22-80 42.00 0.00
41.00 .08

40,00 .18

38,00 .30

36.00 .53

34,00 .80

32.00 1.13

30.00 1.63

29,00 1.97

28,00 2.30

27.00 2.68

26,00 3.13

25.00 3.55

24,00 4,30

23.00 5.18

22,00 6.22

21.00 7.47

8 07-22-80 43,00 0.00
40.00 .25

38,00 .58

36.00 1.08

35.00 1.33

34,00 1.67

33.00 2.00

32.00 2.33

31.00 2.75

30.00 3.17

29,00 3.72

28,00 4.33

27.00 5.50

26,00 6.17
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Table C-7. — Closure pressure test data, HF80-9. — Continued
Type of Test Well: Open Hole

Test Depth: 40 ft

Hydraulic

Test Date of fiuid pressure Time
number test (1bf/in?) (min)
1 03-04-81 47.00 0.00
46,00 .25

45,00 .56

44,00 1.00

43,00 1.56

42.00 2.40

41.00 3.00

40,00 3.80

39.00 4,40

38.00 5.40

37.00 6.20

36.00 7.20

35,00 8.60

34,00 10.00

33.00 11,80

2 03-04-81 42.00 0.00
41,00 .44

40,00 .75

39,00 1.12

38.00 1.60

37.00 2.20

36.00 2.80

35.00 3.52

34.00 4,48

33.00 5.40

32.00 6.60

31.00 7.80

30.00 9.48

29.00 12.00
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Table C-8. — Closure pressure test data, HF80-10.
Type of Test Well: Well Point

Test Depth: 14 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in¢) (min)
1 07-16-80 9.00 0.00
9.00 .50

8.00 1.00

7.00 1.50

6.00 2.50

5.00 3.00

4,00 4,50

3.00 5.50

2.00 6.25

1.00 7.50

0.00 11.00

-3 07-16-80 16.00 0.00
16,00 0.00

15.00 .25

14,00 .50

13.00 .75

12,00 1.00

11.00 2.00

10.00 3.50

9.00 5.50

8.00 13.50

4 07-16-80 17.00 0.00
15.00 .20

14,00 .25

13.00 .50

12.00 1.00

11,00 1.50

10,00 2.50

9.00 3.50

8.00 6.00

7.00 8.75
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Table C-9. — Closure pressure test data, HF80-11.
Type of Test Well: Well Point

Test Depth: 15 ft

, Hydraulic
Test Date of fluid preasure Time
number test (1bf/in¢) {(min)
1 07-16-80 16.00 0.00
13.00 .17
12.00 .25
11,00 .50
10.00 .75
9.00 1,00
8.00 1.50
7.00 2.00
6.00 3.00
5.00 4,00
4,00 6.50
2 07-16-80 18,00 0.00
17.00 .25
16.00 .50
15,00 1.00
14,00 1.75
13,00 2.25
12.00 3.00
11,00 4,50
10,00 7.00
9.50 9.00
1 03-04-81 13,00 0.00
12,00 .50
11.00 : 1.16
10,00 2.20
9.00 4,00
8.00 6.00
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Table C-10. — Closure pressure test data, HF80-12.
Type of Test Well: Well Point

Test Depth: 28 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
1 07-17-80 31.00 0.00
23.00 .25

18.00 1.00

16.00 1.50

15,00 2.25

14,00 2.50

13,00 3.00

12,00 4,00

11.00 6.00

10,00 7.75

2 07-17-80 19,00 0.00
18,00 .50

17.00 1.25

16.00 2.25

14,00 4,25

13.00 8.00

3 07-17-80 20,00 0.00
19,00 .25

18,00 .50

17.00 .75

16.00 1.25

15,00 2.10

14,00 2.80

13,00 4,70

1 03-05-81 19.00 0.00
18,00 .40

17.00 1.00

16.00 2.20

15,00 4,68
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Table C-11. — Closure pressure test data, HF80-13.
Type of Test Well: Well Point

Test Depth: 39.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) {min)
1 07-18-80 36.00 0.00
35.00 .10

34.00 .13

33.00 .22

32.00 .27

31.00 .40

30.00 A7

29.00 .55

28.00 .68

27.00 .83

26.00 .90

25.00 1.18

2 07-18-80 31.00 0.00
31.00 .10

30.00 .33

29.00 .52

28.00 .80

27.00 1.12

26.00 1.50

25,00 2,02

24,00 2.75

23.00 3.42

22,00 4,25

21,00 5.30

20,00 8.00

19,00 9.75

18.00 11.33

3 07-18-80 30.00 0.00
28,00 .15

26.00 .50

25,00 .70

24,00 1.03

23.00 1.45

22.00 2.12

21,00 2,87

20.00 4,37

19.00 5.78

18.00 6.70

18.00 8.95
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Table C-12. — Closure pressure test data, HF80-14.
Type of Test Well: Open Hole

Test Depth: 27 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in) (min)
1 07-18-80 23.00 0.00
23,00 .12

22,00 .20

21,00 .37

20,00 .63

19,00 .95

18.00 1,37

17.00 1.87

16.00 2.45

15.00 3.28

14,00 4,62

13,00 6.37

12,00 10.20

2 07-18-80 18.50 0.00
18,00 .17

17.00 .58

16.00 1.25

15,00 2.08

14,00 3.17

13,00 4,58

12,00 6.83

11,00 9.75

3 07-18-80 25.00 0.00
25,00 .10

24,00 .22

23.00 .33

22,00 .53

21,00 .63

20.00 .83

19,00 1.03

18,00 1.33

17.00 1.75

16,00 2.17

15,00 2.83

14,00 3.67

13.00 5.00

12.00 7.25

12.00 9.42
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Table C-13. - Closure pressure test data, HF80-15.
Type of Test Well: Open Hole

Test Depth: 39 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in¢) (min)
1 07-22-80 75.00 0.00
65,00 .33
65.00 .50
61.00 .67
56,00 .83
50.00 1.08
47,50 1.25
45,00 1.50
43,80 1.55
42,50 1.67
41,30 1.80
40,00 1.93
38,80 2.08
37.50 2.28
36,30 2.57
35.00 2.83
33.80 3.08
32.50 3.50
31.30 3.83
30.00 4,42
28.80 4,83

2 07-22-80 40,00 0.00
39.00 .12
38,00 .30
37.00 .53
36.00 J7
35,00 1.10
34,00 1.42
33.00 1.80
32,00 2.20
31.00 2.62
30.00 3.12
29.00 3.62
28,00 4,17
27.00 4,78
26,00 5.45
25,00 6.33
24,50 6.93
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Table C-13. — Closure pressure test data, HF80-15. — Continued
Type of Test Well: Open Hole

Test Depth: 39 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
3 07-22-80 37.00 0.00
35,00 .12

34,00 .28

33.00 .45

32,00 .53

31.00 .78

30.00 .92

29,00 1.12

28,00 1.37

27.00 1.67

26,00 2.03

25,00 2.37

24,00 2,83

23.00 3.28

23,00 3.70

22,00 4,03

21.00 4,70

21.00 5.00

20,00 5.95
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Table C-14. — Closure pressure test data, HF80-16.
Type of Test Well: Open Hole

Test Depth: 29 ft

Hydraulic
Test Date of fluid pressure Time
number test (1bf/in) (min,)
1 07-24-80 28.00 0.00
25,00 .15
20,00 .32
19,00 .58
17.00 .83
16,00 1.02
15,00 1.25
14,00 1.55
13.00 1.87
12,00 2.38
11,00 2.97
10,00 3.83
9.00 6.17
8.50 8.03
2 07-24-80 21.00 0.00
19.00 .13
18,00 .38
17.00 .60
16.00 .88
15,00 1.22
14,00 1.80
13,00 2.47
12,00 3.80
3 07-24-80 17.00 0.00
16.00 .52
15,50 .93
15,00 1.32
14,50 1.93
14,00 2,35
13.50 2.68
13.00 3.43
12.50 4,53
12.00 5.68
11,50 6.77
11,00 8.02
11,00 9.02
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Table C-15. — Closure pressure test data, HF80-17.
Type of Test Well: Well Point

Test Depth: 39 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in?) (min)
1 07-23-80 26,00 0.00
25,00 17

24,00 .30

23.00 A7

22.00 .58

21,00 .73

20,00 .95

19,00 117

18.00 1.47

17.00 1.83

16,00 2.17

15,00 2.75

14,00 3.42

13,00 4,42

12,00 5.42

2 07-23-80 24,00 0.00
23,00 .30

22.00 .65

21,00 1.28

20,00 2.15

19,00 3.07

18.00 4.48

17.50 5.62

3 07-23-80 25.00 0.00
22,00 .44

21,00 .76

20,00 1.48

19,00 3.00

18,00 4,48

17.00 6.08

16,00 8.28

1 03-05-81 22.00 0.00
21.00 .28

20,00 1.12

19,00 2.48

18,00 4,68
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Table C-16. — Closure pressure test data, HF80-18.
Type of Test Well: Well Point

Test Depth: 26.5 ft

Hydraulic
Test Date of fluid pregsure Time
number test (1bf/in¢) (min)
1 07-22-80 25.00 0.00
23.00 .13
22,00 .20
21.00 .28
20.00 .37
19.00 .48
18.00 .62
17.00 .82
16,00 1.07
15,00 1.32
14,00 1.70
13,00 2.12
12,00 2.75
11,00 3.75
10,00 5.70
9.00 7.42
2 07-22-80 19.00 0.00
18.00 .52
17.00 1.07
16,00 1.68
15,50 2.27
15,00 2.68
14,50 3.10
14,00 3.93
13,50 5.00
3 07-22-80 25,00 0.00
22,00 .17
21.00 .27
20,00 .37
19.00 .53
18,00 .70
17.00 .95
16,00 1.25
15,00 1.70
14,00 2.37
13,00 3.28
12.00 5.45
11.00 7.20

Table C-16 Sheet 1 of 2

116



Table C-16. — Closure pressure test data, HF80-18. — Continued
Type of Test Well: Well Point

Test Depth: 26.5 ft

Hydraulic

Test Date of fluid pressure Time
number test (1bf/in¢) (min)
1 03-05-81 19,00 0.00
18,00 .20

17.00 .44

16,00 .84

15,00 1.68

14,00 3.00

Table C-16 Sheet 2 of 2
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Figure C-15. — Closure pressure test, test hole HF80-6, test no. 4.
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Figure C-17. — Closure pressure test, test hole HF80-9, test no. 4.
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Figure C-41. — Closure pressure test, test hole HF80-15, test no. 3.
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APPENDIX D
MENARD PRESSUREMETER TESTING REPORT
BY GEOGAGE COMPANY






GEOGAGE COMPANY Post Office Box 787
Idaho Springs, Colorado 80452
(303) 567-4018

July 28, 1980

Water and Power Resources Service
Post Office Box 25007
Denver, Colorado 80225

ATTENTION: Mr. Wayne Dale, Code 1543

Re: Menard Pressuremeter testing performed at Tiber Dam Cofferdam,
Chester, Montana, July 9 through 12, 1980, Your Purchase
Order No. 0 01 81 01893 dated May 19, 1980.

Gentlemen:

The above work was performed according to authorization and instruc-

tions given by your Mr. Dale in a telephone conversation on June 23,
1980.

This letter describes drilling and testing procedures used on this
project and explains the plotting of field data and calculation of
strength parameters. An evaluation of the tests is included.

Enclosed with this letter are copies of:

Field data sheets.

Data plot and strength parameter calculation sheets.

Equipment inertia and compressibility correction factor sheets.
Data Summary Sheet.

"Extrapolation of P,."

"Bearing Capacity."

"Settlement."

"Alpha Factor Values."

"Determination of Shearing Strength Parameters from Pressure-
meter Test Results.”

DRILLING

Your crew used a truck-mounted CME 75 drill rig to bore the Pressuremeter
test holes. Six-inch continuous flight auger was advanced to within two
feet of the anticipated test location, and an additional three or four
feet of hole was drilled with a two and one-half inch diameter continuous
flight auger with a three-inch diameter fishtail bit. Approximately one
quart of water was poured into the hole prior to this latter drilling
operation to lubricate the auger and to facilitate recovery of cuttings.

A relatively slow rotation speed (25~30 rpm) and a moderate penetration
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rate (1'/minute) was used in this latter drilling operation so that
minimal borehole disturbance occurred in the test zone. To further
insure hole quality, the latter drilling operation was performed
through a string of Schedule 40 three~inch inside diameter PVC pipe
which was set from ground surface to the bottom of the six-inch dia-
meter hole, and then seated with approximately eight blows of a three-
pound hammer. Immediately after removal of the two and one-half inch
diameter auger, the Pressuremeter probe at the tip of an A drill rod
string was placed as close as possible to the hole bottom. Usually
the test section of the boring was lightly coated with a film of re-
molded clay’and light force (100~-400 1lbs) from the rig's hydraulic
crown mechanism was needed to insert the probe into the test section.
After completion of the test and removal of the probe, the six~inch
continuous flight auger was advanced to within two feet of the next
anticipated test location, and the above process was repeated.

TESTING

All tests were performed with an NX short probe with a metallic sheath.
This sheath consists of a 1/l16~inch wall thickness, 2-5/8 inches 0D,
20-inch long rubber tube with an outer covering of 1/32-inch thick,
1/2-inch wide, 18~inch long stainless steel strips axially arranged

in an overlapping "venetian blind" pattern. The probe is 2-~3/4 inches
OD, 24 inches in overall length, with 16 inches of expandable sheath.
Centered longitudinally and concentrically inside the sheath is an
8-5/16 inch (210 mm.) long water-filled tubular rubber membrane. Both
sheath and membrane are firmly clamped at their ends to a 2-3/8 inch
OD steel mandrel.

During the test, gas under pressure enters the space between mandrel
and sheath, expanding the sheath, As the sheath expands, it deforms
and stresses the borehole wall. Simultaneously, pressurized water
enters the space between mandrel and membrane, causing the membrane
to radially expand and contact the inner surface of the sheath., As
the sheath expands, the membrane accurately measures the volume of
borehole deformation which occurs in the portion of hole opposite the
rubber membrane (measuring cell).

The volume of borehole expansion in the measuring cell portion of the
hole is visually measured through a sight tube on the pressurized water
reservoir in the "volummeter" portion of the Pressuremeter located at
the borehole collar. A coaxial tube transmits the pressurized gas and
water from the volummeter to the probe. The test is a process of simul-
taneously applying gas and water pressure at the volummeter through the
coaxial tubing to the probe, When a desired pressure is reached, it is
held constant for one minute, and volume readings observed in the sight
tube are recorded fifteen, thirty and sixty seconds after the pressure
level is attained, Another increment of pressure is added at a steady
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2 . . .
rate (1.0 kg/cm per minute), is held constant at the next desired
level, and fifteen, thirty and sixty-second volume readings are re-~
corded at this new pressure.

ASs a typical test progresses, volume changes between unit pressure
levels are observed to decline up to a certain point, and then are
constant across a span of several unit pressure increments. In most
tests, two distinct linear phases were observed. Beyond this final
phase of linear pressure volume relationship, the volume change per
unit of pressure increase begins to rise. The initial observations
inform the test operator when the borehole wall is being restressed
to the original condition of lateral stress that existed prior to
drilling and its accompanying disturbance and earth relaxation. The
linear phases reflect the psuedo~elastic response of the earth to
increasing stress, and the final observation is the result of plastic
deformation at the borehole wall resulting from the shear failure
caused by the combination of radial and tangential stress induced by
the probe. When volume increase per unit of applied pressure begins
to increase over a range of several pressure levels, the test is
stopped by venting gas and water pressure at the volummeter,

PLOTTING OF FIELD DATA

Field data was plotted with observed volume (V_) on the ordinate,
observed pressure (P_) on the abcissa, The change in volume which
occurs between the ﬁgirty and sixty-second readings at each pressure
level is defined for our purpose as "creep," and is plotted on a
scale of 10 cm3/inch along the abcissa. Typically, creep is large
and decreasing in the early restressing phase of the test; is low and
constant in the linear psuedo-~elastic phases; and increases rapidly
as pressure increases in the plastic phase, The creep plot assists in
determining the limits of the psuedo~elastic phases. The lower limit
is the "lateral earth pressure at rest" (P ), and the upper limit is
"creep pressurd' (P_), which is similar to Zhe proportional limit of
an elastic material.

STRENGTH PARAMETER CALCULATIONS: DEFORMATION MODULUS E

The inverse of the slope of the linear portion of the plot of raw data
is used in the following formula:

APm-AQi(v)

E=wN a2 X
m m
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Where:

E = Deformation modulus,
APm = Variation in observed pressure,
AQiCV) = Variation in probe inertia within APm.
AVm = Variation in observed volume,

APma = Pressure variation times system compressibility constant
which equals total volume change due to equipment
compressibility.

K(V) = 2(1l+p) (Vo+ vm)

where:

u = Poisson's ratio.(Data was calculated using both 0.33

and 0,5,)

Vo = Initial measuring cell volume of "at rest" probe.
(808 cm3) for an NX short probe.)

Vm = Mean volume of probe in linear phase.

The formula can be writteny E = Z%" 2(1+u) AP (ignoring correction

factors) which corresponds to the Lam& solution for the expansion of
a hole in an infinite elastic medium,

+ R
= —— (14
E AR (1+u) AP
Where:
+
E = Young's modulus.
R = Original hole radius,
AR = Change in hole radius,
AP = Variation in internal pressure,
- . . . \ R
Ip the above Lame equation, if we substitute Z§—~=,EZ§7 then the E and

E equations are the same,
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The Lame equation assumes elastic conditions, and the Pressuremeter
equation is a calculation of observed data from a less-than-elastic
medium, the earth. Thus, E seldom equals E , but the relationship
E = E/o has been established by Techniques Louis Menard, where

_ _E'/S
2(1+u)

Alpha (a) is a "structural coefficient" of the earth which varies from
1.0 to 0.25, as the relative elasticity decreases, Techniques Louis
Menard of Longjumeau, France, the developer of the Pressuremeter, has
established values for alpha as noted in the enclosed "Alpha Factor
Values." This enclosure suggested that for normally consolidated
clays, alpha equals 0.67. However, E/P, ratios on this project are
often in the upper portion of the range suggested for these clays,

and thus an alpha equal to one is possible, The latter value is sug-
gested as a conservative figure for design use,

LATERAL EARTH PRESSURE AT REST: Po

This parameter is defined as the lowest point on the linear portion
of the raw data plot.

=P -0, +
Po n Ql(v) Pz

Where:
Pm = Observed pressure at Po.
Qi(V) = Probe inertia at Vm corresponding to Po.
Pz = Hydrostatic head between probe and surface instrument.

P values reported here are probably conservative, being larger than

e actual values due to borehole wall disturbance and relaxation during
the drilling process. The relatively great testing speed also contri-
butes to the Po inaccuracy.

PRECONSOLIDATION PRESSURE: Pp

In tests where the final linear phase exhibits a lower modulus than
the linear phase immediately preceding it, the intersection of these
two linear plots is interpreted as the Preconsolidation Pressure (Pp)c

= - +
Pp Pm Qi(v) Pz
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CREEP PRESSURE: P

£

This is the proportional limit of the material, defined as the final
point on the linear portion of the raw data plot,

Pf = Pm - Qi(v) + Pz

LIMIT PRESSURE: P

2

P, is the point where complete shear failure occurs. In theory, instan-
taneous infinite expansion of the borehole occurs at a static pressure
level when P, is reached. Techniques Louis Menard has suggested that for
practical purposes, P, is reached when the borehole has been expanded to
twice its initial volume at the beginning of the test, Since it is not
physically possible to reach the theoretical P, point with Pressuremeter
equipment, P, is determined by testing well into the plastic phase, and
the plot of the plastic curve can be graphically projected to twice the
initial hole volume as described in the enclosed "Extrapolation of P,."
Experience has shown the P, determined in this manner is usually two or
three times P_, P, values repaxrtedon the Data Summary Sheet have been
determined by visually projecting the plot to approximately twice the
initial hole volume, These estimated P values are believed conserva-
tive and suitable for design use, but i% more accurate P values are
desired, they may be determined by using the "Extrapolation of PZ" method.

SHEARING STRENGTH: S

o

S, was calculated from the following equation developed from elasto-
plastic theory:

P -P
S =¢C = L o
o l+log ___EZE_
e 2(1l+u)C
Where:
C = Cohesion.
o = A structural coefficient. (See DEFORMATION MODULUS,

final paragraph.)
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The enclosed "Determination of Shearing Strength . . ." explains the
derivation of the above equation.

S data reported on the data summary sheet was calculated with a = 1;
W= 0.33.

FOUNDATION DESIGN

The enclosed "Settlement" and "Bearing Capacity" papers outline the
use of Pressuremeter strength parameters for typical foundation design.

TEST EVALUATION

With the exception of Test Number 3, all tests reported here are the
result of the use of mechanically sound Pressuremeter equipment in
properly prepared boreholes, and are believed accurate and valid,

Test Number 3 was performed in a properly prepared borehole, but an
error during probe placement cause the probe at the tip of a 15'

A rod string to fall a distance of approximately 15', forcing the
probe tip to a depth 9" below the drilled hole bottom. The probe

was raised to a position within the drilled hole for testing, but the
unusually high E modulus may be the result of soil disturbance caused
by the above-described incident, Because there was no truly linear
phase in the plot, and because of the erratic relationship between the
data plot and the creep plot, the Po' Pf and E values calculated for
this test are of questionable value.

Tests Number 4, 7, 15, 18 and 20 exhibited an initial linear phase that
is interpreted as evidence of a moderate amount of surface remolding
of the clay soil in the test zone.

The plots of Tests Number 4, 5, 6, 8, 10, 12, 13, 14, and 16 show
apparent evidence of a preconsolidated condition. In my opinion, only
TestsNumber 8, 10 and 12 exhibit truly preconsolidated behavior, All
other tests in this group (4, 5, 6, 13, 14 and 16) have brief linear
"virgin" plots, but the creep curve accompanying this plot shows evidence
of the beginning of plastic failure. These latter six tests are believed
to show a linear transition phase between the true psuedo-elastic and
the plastic condition. If this is the case, the P_ values reported on
the data summary sheets should be ignored and the ¥alues reported for

Pp should be assumed to be the Pf values for these six tests.
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The initial concave plot in Tests Number 2, 17 and 19 is believed to

be the normal probe "seating" characteristic that occurs in an ideally
sized borehole.

I am pleased to have performed this work for you, If there are questions

regarding this letter or if I may be of assistance in other ways, please
contact me,

Yours very truly,

CRA MA

Enclosures
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DATA SUMMARY SHEET

Menard Pressuremeter Testing

Tiber Dam Cofferdam, Chester, Montana

July 1980
2
Test 1 p P 3 Ka/en P 3 s 4
Number Depth (] p £ L E o
Boring PN-80-1
1 9.0' 1.3 - 4.9 9.9t 127.1 2.08
143.4
2 19.8' 2.6 - 4.3 10.8% 133.8 1.92
5 151.0
3 30.0" 1.9 - 3.8 9.1+ 210.47 1.44
237.3
4 40.0°' 1.3 5.5 6.5 11.9% 176.9 2.47
199.6
Boring PN-80-2
5 10.0 1.2 3.8 5.1 9,0+ 170.8 1,68
192.7
6 15.0° 1.4 3.6 5.0 9.1% 108.7 1.89
122.6
7 20.0' 0.8 - 4.0 8.8 119.3 1.93
134.6
8 25.0' 1.0 2,2 5.5 8,9* 115.9 1,91
130,7
9 30.0! 0.9 - 4.3 8.6+ 115,0 1.86
129.7
10 35.0! 1.3 2.2 4.0 8.2x 98.3 1.69
110.9
11 40.0" 1.3 - 4.5 9.4+ 153.5 1.82
173.2
12 45,0 1.3 3.7 4.9 9.5% 163,5 1,81
184.4
Boring PN-80-3
13 5.0t 0,8 2,8 4,2 6,5% 108.6 1.28
122.5
14 10.0' 0.8 4.0 5,8 9,5+ 131.5 2.09
148.3
15 15,0¢ 0,4 - 4,2 8.1+ 109.2 1.89
123,2
16 19,5 0.8 3.4 4.1 7.7% 88.3 1.75
99.6
17 25.0¢ 1.2 - 4.5 9,7+ 186.8 1.83
210.7
18 30.0! 1,0 - 4.7 9.1+ 107.3 2,03
121,0
19 34,9 1.3 - 5.1 1l.2x  126.7 2,51
142.9
20 40.0' 1.5 - 7.0 12.9¢ 243.9 2,47
275.2
Page 1 of 2
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DATA SUMMARY SHEET

Menard Pressuremeter Testing
Tiber Dam Cofferdam

Chester, Montana

July 1980

1 Ground surface to prcbe center,

2 Estimated from curve shape. See "LIMIT PRESSURE" in report.

3 Top figure is E where ¢ = 0.33; bottom figure is E where u = 0.5.
4 Calculated where u = 0.33; a = 1.

5 Questionable data. See "TEST EVALUATION" in report.

Page 2 of 2
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INERTIA E)‘(v)]
NX Short, Metallic Sheath
3 Minute Readings
700 |—
600 p—
500 |—
Vi
(em3)
400 —
300 b—
200 —-
100 —
f | f
. | 1 |
) 0.25 0.50 0.75 1.0 1.25 1.50

Pm (kg/cm?)
19 DECEMBER 1975 HOMESTEAD, FLORIDA, # 632(5,99I B¥K. COAX.
1.7 kg/cm? PR, DIFF. CRA



l

8

(cm3)

99

98

97

96

95

94

93

92

COMPRESSIBILITY
NX Short, Metallic Sheath

/ LOADING RANGE "a" (cm3/ kg /cm?)
yd 3-6 kgscm? 1167
7 6—12 kgscm? 0.467
, 12-46 kg/cm? 0.073
Unloading—" 7%~ 46-90 kg/cm? 0.044
/
/ Loading UNLOADING RANGE
80— 39 kg/cm? 0.029
39-10 kg/cm? 0.085
| ! ]
i | ] I
10 20 30 40 50 60 70 80
Pm(kg/cm?) .
2 JANUARY 1976 WHEAT RIDGE, COLORADO # 632G 99' BK. COAX.

1.6 kg/cm? PR. DIFF. CRA
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400

350

300

250

(cm3)

200

150

100

50

b
/"’i“‘“\\:_—_k——x/ J

TIBER DAM

PM. Test i

Boring PN-80~1

9' t0 Probe Center

NX Short, Metallic Sheath

g July, 1980

Pz=0.27 kg/cm?
Po=1-.025+.27=1.25kg/cm?
Pp=5-.42+.27 = 4.85kg/cm?
Py =|l-1.34+.27=9.9+kg/cm?

AP —AQ; (V)
= AVp-APpa KW

E

F4—.395
68.5—4 (1.167)
(4.665)

225] or 2539

E=127.13 or 143.39 kg/cm?

K(V)= 2(|+/.L)(V0+Vm)
K(V)= 2.66 or 3(808+38.25)

K(v)= 225] or 2539

X

x/

\"x’/J

2 4 6
Pm(kg/cm2)
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500

450

400

350

300

(cm3)

250

200

150

100

TIBER DAM

PM. Test 2

Boring PN-80-—1

19.8' to Probe Center

NX Short, Metallic Sheath

9 July,1980

P, = 0.60 kg/cm?
Po=2-.025+.6=2.58 kg/cm?
Pg=4-.28+.6 =4.32kg/cm?
Py=1.5-1.35+.6=10.8+ kg/cm?

_ APp—AQj(v)

E=—_M_ =<1V}
AVm=aPpa) )
2-—.255

= 3=2(1.167) 2198 or 2480
(2.334)

E=133.80 or 150.97 kg/cm?

K(v)=2(|+/.L)(V°+Vm)

K(v)=2.66 or 3 (808 +18.5)

K(v)=2|98 or 2480

186

Pm(kg/cm2)



500 — TIBER DAM
P.M. Test 3
Boring PN-80-I
30.0' to Probe Center
450 |— NX Short; Metallic Sheath
9 July, 1980
P;=0.91 kg/cm?
Po=1-0+.91 =191 kg/cm?
Ps=3-.125+.91 =3.79 kg/cm?
400 |— Py=9.6-135+.91=9.1tkg/cm?
AP —AQ; (V)
AV — AP{a)
350 |—
2—.155
215 —2(1167) 2151 or 2426
(2.334)
300 b E=210.43 or 237.33 kg/cm?
_ APp— AQi (v)
Vm  AVp-APp(a) v)
m
{em3) "
250 — X
K(V)= 201+ ) (Vo 4Vim) /
/
K(v)=2.66 or 3(808+.75) /
/
200 K{y) = 2151 Or 2426 !
/
/
/
/
150 f— J
/
/
/
/
100 |—
T D I !
Y N P | |
2 ) 6 8
Prlkg/cm?)
oL—




450

400

350

{ecm?2)
300

250 |

200

150

100

TIBER DAM

PM. Test 4

Boring PN —80-I

40.0' to Probe Center

NX Short, Metailic Sheath

to July, 1980

P;=1.21 kgsem?

Po=0.6—-.52+1.21=1.29 kg/cm?

Pp=5-.675+1.21=554 kg/cm?
—— Pe=6—.715+1.21=6.50 kg/cm?
Pp=12-1.35+1.21=11.9% kg/cm?

e APp - AQ(Y)

— K{v)
F— Avm—APm(O)
3.6 —.105
E= 5536 (1126) 2579 or 2909
(4.0542)

[ E=176.93 or 199.56 kg/cm?

Ky =2(1+£}(Vo+Vm)
| K(v)=2.66 or 3(808 +161.5)

K(v)=2579 or 2909

”~

2 4 6 8 10 12

Pm(kg/cm2)
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400

350

{cm3)

300

250 |

200

150

100

TIBER DAM

PM. Test 5

Boring PN-80-2

10.0' to Probe Center

NX Short, Metallic Sheath

10 July, 1980

Pz =0.30 kg/cm?
Po=1.5-.6+.3=1.20 kg/cm?
Pp=4.2-.685+.3=3.82kg/cm?
Pe=5.5-.73 +.3=15.07 kg/cm?
Pg=10-1.35+.3=92 kg/cm?

APm-— AQ|(V)
AVp - aPp(a) (W)

2.7-.085
= 2603 Or 2936
43-2.7 (1.167)
(3.1804)

E=170.82 or 192.67 kg/cm?

Kwy=201+1){(Vo+ V)
K(V) =2.66 or 3(808 +170.5)

K(v)=2603 or 2936

x lx/
\ X -lx... X X —lxﬂx’x‘xﬁ

2 4 6
Pm (kg/cm?2)
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TIBER DAM

PM. Test 6

Boring PN—80-2

15.0' to Probe Center

NX Short, Metallic Sheath

10 July, 1980

P, =0.45 kg/cm?

Po=1.4—.4254.45 =143 kg/cm?

=3.7-.55+.45=3.60 kg/cm?

400 — P¢=5.2—.635+.45="5.02 kg/cm?
Pp=10-1.35+.45=9.1% kg/cm?

APm — AQj(v)
E= v)

F=-2:3—-125 2414 or 2723
51 —2.3(1.167)
(2.6841)
300 +—
E=108.67 or 122.58 kg/cm?
Vm
(cm3) K-(V)= 2(|+/J.)(Vo +Vm)
250 | — K(v)=2.66 or 3(808 +99.5)
K(v)= 2414 or 2723
200 —

150 |—
X
7
100 t— <
'
,/
X
-
et S /,

50 x=Xsk oy Xt X J l |

2 4 6 8 10

Pm(kg/cm2)
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TIBER DAM

500
[ P M. Test 7

Boring PN—-80-2
NX Short, Metallic Sheath
10 July, 1980

450 P,=0.61 kg/cm?

2
Po=0.6—~.45+.61=0.76 kg/cm
Pg=4—.625+.61=3.99 kg/cm?
Pp=9.5-1.35+.61=8.8+kg/cm?
L_ - .
400 £ APp - AQj(v) Ko
AVm—APm (0)
2.5 .15

E= 53—2.5 (1167) 2506 Or 2826

350 | (2.9175)
E=119.34 or 134.58 kg/cm?
Kiv) =2(1+u) (Vo + V)

300 b—
K(v)=2.66 or 3(808+134)

Vim K(v)= 2506 or 2826
(cm3)
250 —

6 Minute Testing delay (windstorm) bet ween Pm= 5+Pm-=6kg/cmz

200

X
150 ,
/
Vs
/
X
/
/
/
100 /
/
X
Ved
”~
P
x-7
- -—
50 x-x’x\L/x—x—x—L‘ ,
2 4 6 8 10
Pm(kg/cm?)
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TIBER DAM

500 [—
P.M. Test 8
Boring PN-80-2
25' to Probe Center
450 | NX Short, Metallic Sheath
il July, 1980
P,=0.76 kg/cm?
Po=10.6—.4+.76 =0.96 kg/cm?
Pp=1.95—.48+.76 =2.23 kg/cm?
Pg=5.4-.70+.76 =5.46 kg/cm?
400 [— Py =9.5-1.35+76=8.9+ kg/cm?
APp— AQ;(V)
Ep= Kv)
AVm—APm(O)
350 }— 1.35—-0.08
En=
P= 275 _1.35 (1167)  2°0% Or 2668
(1.57045)
Ep=115.86 or 130.70 kg/cm?
300 |—
K(v)=2(|+lu-)(Vo+Vm)
Vm K(v)=2.66 OF 3(808 + 81.25)
(cm3)
250 | K(v)= 2365 or 2668
£, 34522
(V)= J05-3.45(.135) 242 or 2867
(3.91415)
200 b— E(y) = 81.22 or 9l.6l kg/scm?
X
150 b— //
/
/
/
/
X
100 — 4
X X
7N g
\ X oy e X
50 x—x—x-ilt’ XX =X X |
2 4 6 8 10
Pm(kg/cm?2)
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TIBER DAM

PM. Test 9

Boring PN—-80-2

30.0' to Probe Center

NX Short, Metallic Sheath

It July, 1980

P;=0.91 kg/cm?
Pg=0.6—.57+.91=0.94 kg/cm?
Pe=4.1-72+.91=4.29 kg/cm®
Py=9-1.35+.9I=8.6x kg /em?

© 450 —
APm - AQ I(V) «
AVp- &Pm (@) V)
400 |— Fad— 00 2607 Or 2940
80—3.5(l.167)
(4.0845)
E= 115.04 or 129.74 kg/cm?
350 |—
K(v)=2(l+/.l.)(Vo+Vm)
K(v)=2.66 or 3(308 +I72)
500 | K(v) = 2607 or 2940

R i i |
I 2 3 4 5 6 7 8
Pm{kg/cm?2)
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TIBER DAM

450 [ P.M. Test 10
Boring PN—80-2
35.0' to Probe Center
NX Short, Metallic Sheath
(1 July, 1980
400 |— P;=1.06 kg/cm?
Po=0.5-.24 +1.06 =1.32 kg/cm?
Pp=1.4-.31+1.06=2.15 kg/em?
¢ =3.4—.46+1.06 = 4.0 kg/cm?
Pp =8.5-1.35+1.06=8.2% kg/cm?

350 ——
_ APm— AQi(V) K
AV - APy (@) V)
300 —- 2—.15
46 —2(1167) 2321 or 2618
(2.334)
Vm
{cm3) E=98.33 or 110.92 kg/em?
250 —
K(v)=2(l+[-l-)(Vo +Vm)
K(y)=2.66 or 3(808+64.5)
200 b—

K(V)= 2321 or 2618

. o= X = X7
— X
)-—-*_oa—k---.x-,_- x—" I i
| 2 3 4 5 ¢ ! °
Pm(kg/cm2)
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TIBER DAM

PM. Test 11

Boring PN—80-2

40.0' to Probe Center

NX Short, Metallic Sheath

Il July, 1980

Py =1.21 kg/cm?

Po=10.6 —.56 +1.21=1.25kg/cm?
§=4-.675+1.21=4.54 kg/cm?
Pp=9.5-1.35+1.21=9.4xkg/cm?

APm—AQi(V)
BV _ 2P @ ‘W
m m

34115
59 —3.4(1.167)
(3.9678)

E=153.52 or 173.17 kg/cm?

2572 or 2901

Kvy=2(1+p)(Vo+ V)

K(V) =2.66 Or 3(808+159)

K(V) = 2572 or 290!

IX"'l

2 4 6
Pm(kg/cm2)
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TIBER DAM

P.M. Test 12

Boring PN—-80-2

45.0' to Probe Center

NX Short, Metallic Sheath

Il July, 1980

Pz=1.36 kgsem?
Po=0.5-.555+1.36 =1.31 kg/cm?
Pp=3-.64+1.36 =3.72 kg/cm?
Pf=4.2-.685+1.36 =4.88 kg/cm?
Py=9.5-135+1.36 = 9.5+ kg/cm?

450 —
AP — AQ: (v
L L U
AV — APy (a)
400 |— f=-2:5-.085 2544 Or 2869
40.5—2.5(1.167)
(2.9175)
E=163.47 or 184.36 kg/cm?
350 H—
K(v)‘=I 2(I+[J-)(V0+Vm)
K(y)=2.66 or 3(808 +148.25)
300 —
K(v)= 2544 or 2869
Vi
(cm3)
250
200
150
’
Ix -, ’
100 L—XZ ‘x--l(—"“-x--x-l el l J
2 4 6
Pm (kg/cm?2)
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TIBER DAM

430 — P.M.Test I3
Boring PN—80-3
5.0' to Probe Center
NX Short, Metallic Sheath
12 July, 1980

400 |— P;=0.5 kg/cm?
Po=0.6—-0+.15=0.75 kg/cm?
Pp=3-.32+.15=2.83 kg/cm?
Pg=4.5-.475+.15=4.18 kg/cm?
Py=77-1.35+.15=6.5+ kg/cm?

350 +——
Em Z}Pm—AQi(V) «

AVp— AP ia) W)
300 — =24 =32 2204 OF 2486
45 —2.4(L167)
Vi (2.8008)
(cm3)

E=108.64 or 122.54 kg/cm?

250 |—
Kivy=2 (1+2) (Vo +V )

200 | K(v) =2.66 or 3(808+20)
K(v) =2204 or 2486

150 b—

100 }—

50 —

-, - 4
o Xy’ S xs
- ,’
S o S VT el | |
1 2 3 4 5 6 7

(kg/cm?2)
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50
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4
>

M L- X=X

TIBER DAM

P.M.Test 14

Boring PN-80-3

10.0' to Probe Center

NX Short, Metallic Sheath

12 July, 1980

P; =0.30 kg /cm?

Po =0.7-.18+.3=0.82 kg/cm?
Pp=4.1-.43+.3=397kg/cm?
Pf=6-.54+.3=576kg/cm?

Py =10.5-1.35+.3=9.5%kg/cm?

_ AP —AQ(v)
AV~ AP (a)

E

_34-.25
58.5 —3.4(1.167)
(3.9678)

2276 or 2567

E=131.47 or 148.28 kg/cm?

Kvy=2(1+p) (Vo +Vm )

K(v)= 2.66 Or 3(808+47.75)

K(v)=2276 or 2567

,,X \+ ,,x. xS ]x' s J

X

2 4 6 8 10
Pm (kg/cm?2)
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TIBER DAM

PM.Test 15

Boring PN-80-3

15.0' o Probe Center

NX Short,Metallic Sheath

12 July, 1980

P, =0.45 kg/cm?

Po =0.55—.65+.45=0.35 kg/cm?
Pf=45-78+.45=47 kg/cm?
Py =9-1.35+.45=8.1% kgscm?

APp—AQ;(V)
S AVn-ap Kw)
m= APmp(a)

~ 3.3 —.14%
82 —3.3(1.167)
(3.85M1)

E

2705 or 305!

E=109.21 or 123.17 kg/cm?

K(v) =2.66 OF 3(808+209)

K(v)= 2705 or 305|

X X -x7
- -
u/l \X-L—x" X TX l

2 2 3
Pm (kg/cm?)
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TIBER DAM

450 —

PM. Test 16

Boring PN-80-3

19.5' to Probe Center

NX Short,Metallic Sheath

12 July, 1980

Pz =0.59 kg/cm?
Po=0.5—-.25+.59=0.84kg/cm?
Pp=3.3-.49+.59 = 3.40 kg/cm?
Pf=4—.545+.59 =4.05 kg/cm?
Pp =8.5~1.35+.59=7.7x kg/cm?

400 —

350 —

£ APL - AQ (V) K
AVp—APq (e W)

300 — £.28-.24
70.5 —2.8(1.167)
(3.2676)

2319 or 2615

E = 88.30 or 99.57 kg/cm?
250 —

Vm Kiv)y =2(t+ ) (Vo +V )
(cm3) . ' erm

K(v)=2.66 or 3(808 + 63.75)
200 —

K(V) = 2319 or 2615

150

100

50

XK= ’X---x___x—a
ol B oot |
Xomow oo K e e X7 ‘
i 2 3 4 5 6 7 8
Pm(kg/cm?)

200



TIBER DAM

500 r——

PM.Test 17
Boring PN-80-3
25.0' to Probe Center
NX Short, Metallic Sheath
12 July, 1980
450 1— P, =0.76 kg/cm?
Po =0.5-.025+.76=1.24 kg/cm?
P¢ =4-.30 +.76 = 4.46 kg/cm?
Py =10.25-1.35+.76 =9.7+ kg/cm?
400 |—
APL - AQ (V)
= Kiv)
AV - AP (a)
=279 5008 OF 2490
E 36-3(1167) 2208
(3.501)
E=186.84 or 210.70 kg/em?
300 b—
K(v)=2(l+,u)(V°+Vm)
Vm
(cm3) K(v) = 2.66 or 3(808 +22)
250 —
K(v) =2208 or 2490
200 —— X
/
/
/
/
/
,I
150 — !
/
]
X
/
/
/
100 ——
b4
50 | S X =
2 10
Pm{kg/cm?)
0

201
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TIBER DAM

PM.Test I8

Boring PN-80-3

30.0' to Probe Center

NX Short, Metaltic Sheath
12 July, 1980

— Py =0.91 kg/cm?

Po =0.5-.42+.91=0.99 kg/cm?
Pe = 4.4 — 64 +.91=4.67 kgscm?
Pp=9.5-1.35+.9i= 9.1+ kg/cm?

Apm— AQ l(V)
AV — APy (a)

2.9-.14

(— E == 2511 or 2832

68 —2.9(1.167)
(3.3843)

E=107.26 or 120.97 kg/cm?

K(V) = 2(|+,LL) (Vo -'-Vm)

K(v) = 2.66 Or 3(808+136)

B K(y) =251l or 2832

X
777N ’
P4 *—-x-‘x’ \L XS’ !

2 4 6
Pm (kg/cm?)
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TIBER DAM

PM.Test 19

Boring PN-80-3

34.9' to Probe Center

NX Short, Metallic Sheath

t2 July,1980

Pz =1.06 kg/cm?

Po =0.5—-.24+1.06 =1.32 kg/cm?
P§ =45 —.49+41.06 =5.07 kg/cm

Pp =1.5-1.35+1.06=1l.2+ kg/cm?

APL — AQj(v)
= AVm - aPp@ ¥

3.5 —. 2|
64.5-3.5(1.167)
(4.0845)

E=126.72 or 142.89 kg/cm?

E =

2327 or 2624

Kivy=2(+K)(Vo+Vp)
K(v) = 2.66 or 3(808 +66.75)

K(v) = 2327 or 2624

X

x’[

2 4 6
Pm (kg/cm?2)
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TIBER DAM
300 —
P.M.Test 20
Boring PN-80-3
40' to Probe Center
NX Short, Metallic Sheath
280+ 12 July, 1980
P; =121 kg/em?
Po =.75—.5| +1.21 =1.45 kg/cm?
Ps = 6.4 —.655+1.21=6.96 kg/cm?
Py = 13-1.35+1.21 =129+ kg/cm?

260 |—
AV - APg W
240 | — 4.4 -0.1
B~ o —a (o) 2552 or 2879
(4.0078)
E=243.90 or 275.15 kg/cm?
220 f|—
K(v)=2(|+}l)(V0 +Vm)
Vm
(em3) K(v)=2.66 or 3(808 +151.5)
2001 K(v) = 2552 or 2879
180 —

160 }——

140 |—
/’x
/’ x’
’,x-—-x‘
X X =’

120 - _L(_xh!_:&__—x~~\|=’, j( J

2 4 6 8 10 12

Pm(kg/cm?2)

100

204
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P

¢ EXTRAPOLATION EXAMPLE

1, | "Corrected Origin" = 222 cmg

b,

C.

P v

m m
2.2 216
4.1 241

6 253
8.1 260,5
10 269
12,2 280.5
13.8 288
16.4 302
17,8 312
20 332
25 383

*Initial Hole Volume = 222 + 808 = 1030 cm3

Vm = "Corrected

Origin"="Adjusted
Volume®"

19

31
38.5
47
58.5
66
80
S0
110
161

"Adjusted Volume" intercept =3,15
P

m

3.15 +1030 x1,3=3,15 + 22.32 =25.47

60

P =1030_ = 40.4 kg/cmz
25.47

3
"Adjusted Volume"

P

m

O U1 O BB B D O
e ©®© & & s o
BN~ OOONNONDD

This figure must be corrected for inertia and hydrostatic head.
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BEARING CAPACITY

The general formula for bearing capacity determination is:
q - 9, = k(Py =P

Where:

~
]

a "Bearing Factor" which varies from 0.8 to 9,
depending upon foundation imbedment, soil type and
foundation shape.

qo = the overburden pressure at foundation level after
construction.
Po = lateral earth pressure at rest at the foundation level.

= the limit pressure from a Pressuremeter test at the
foundation level.

q, = the ultimate bearing capacity at the foundation level.

The nomographs on pages 2, 3 and 4 can be used to determine "k" for a
variety of soil types and foundation shapes and imbedments. The "Soil
Categories" on the nomograph are outlined below:

Soil Category Soil Type or Rock Conditions Typical P, Range (kg/cmz)
Category I Clay 0 - 12
Silt 0« 7
Category II Firmm Clay or Marl 18 - 40
Dense Silt i2 - 30
Loose Sand 4 - 8
Weathered Rock 10 - 30
Cateogry III Dense Sand and Gravel 10 - 20
Unweathered Rock 40 - 100
Category IIIA Very Dense Sand and Gravel 30 - 60
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BEARING FACTOR AGAINST EMBEDMENT

Bearing Capacity
Page 2

FOR I[ISOLATED FOOTINGS ,PIERS AND PILES
ak
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Bearing Capacity
Page 3

BEARING FACTOR AGAINST EMBEDMENT

FOR STRIP FOOTINGS AND CAST-IN-SITU DIAPHRAGM WALLS

SOIiL
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(Mo)

Ao

BEARING FACTOR (k) ro. RECTANGULAR FOOTINGS

CIRCULAR OR

SQUARE FOOTING

L=
2R

Catetory III soil, draw a verticgl line at h /R ~ 1.5 on the abcissa,
This vertical line cuts the Category III curVes at A and B. Draw lines
BO—B and onA, which intersect at C, then draw a line from L/2R = 2

to C, ThiS latter line intersects the initial vertical line at M,
which is the k value (1,75 in this case),

0.8 “= >
1 (1.5) 2 3 he
R
The L/2R scale along the ordinate is used to graphically determine k
by interpolation between continuous and square footings. o
Q
o
Example: To calculate k where h /R = 1.5, L/2R = 2, becaring on o

K3toede) butaesg



Bearing Capacity
Page 5

EQUIVALENT EMBEDMENT: h

e

he is the depth of soil overlying the foundation having the same P
as the foundation soil. Usually the overlying soil has a different

Pl than the foundation soil, and an "Equivalent Depth" must be calculated:

h = —— B (P - P ) z(dz), or more simply:
e P, o L o

E(o) -
ECE) x d(o) he
Where:
E(o) = Modulus of overburden layer
E(f) = Modulus of foundation layer
d(o) = depth of overburden layer
For example, for 10 feet of E = 10 kg/cm2 soil plus 5 feet of E = 5 kg/cm2
soil overlying a foundation layer of E = 20 kg/cm2 material, he = 6.25"'.

If the foundation width or diameter is four feet, then h /R = 3.125.
For a dense silt (Category II), k for a continuous footigg would be
between 1,2 and 1.25; and for an isolated footing, k would be between
1.8 and 1.9.

CRITICAL EMBEDMENT: hc

Below a certain depth identified as the Critical Embedment (h ), foundation
bearing capacity for given foundation shapes bearing on specigic Soil
Categories have constant bearing factor (k) values, and the curves on

the nomographs become asymptotic to values of k. The following chart

of hc values is given:

h Values =-~——-ec—eccen—ao
Soil Category Circular or $guarec Continuous
I 4 6
II 10 12
III 16 18
IIIA 20 22

h should always be determined using equivalent depth (h ) figures for
o] e
embedment.
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Bearing Capacity
Page 6

There are,then,maximum k values for particular foundation types bearing
on the various Soil Categories:

------------ Maximum Bearing Factor (k)===e-c—ce---
Soil Category Drilled Pile Driven Pile Continuous Footing
I 1.8 2.0 1.4
II 3.2 3.6 2.1
III 5,2 5.8 2.9
IIIA 7.0 9.0 4.0

For foundations with no embedment, k = 0.8. When determining embedment,
always use the smalilest embedment depth. For example, a basement wall
footing would have a k based gn the embedment depth from the top of base-
ment slab (use P, = 100 kg/cm~ for concrete) to footing level, not the
depth from groun& surface to footing level around the building exterior.
Also, if foundations are laterally overexcavated, poured in forms and
then backfilled, consider the backfill P, (1 to 4 kg/cmz, depending on

2
degree of compaction) when calculating he'

HETEROGENEOUS SOIL: EQUIVALENT LIMIT PRESSURE (Pze)

Where foundation soils' P, values vary significantly with depth, an
Equivalent Limit Pressure (Ple) should be calculated:

3
= v
Pre Pp1X Py, X Py
Where:
le = Geometric mean of P_ values in the 1K to 3K distance
above the foundation bottom,
PR'2 = Geometric mean of P, in the zone 1lR above and 1R below
the foundation bottom.
P23 = Geometric mean of P2 in the distance from 1R to 3R below

the foundation bottom.

For shallow foundations:

= /P =x P
Pre = Py, X Pp3

If P, values are more than ¥ 30% P ! a more conservative approach, such
as using a harmonic mean of all va%ues in the foundation zone, should be
used.
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Bearing Capacity
Page 7

FOOTINGS ABOVE ADJACENT GRADES

The chart on Page 8 gives factors for reducing bearing capacity in the
case of foundations adjacent to slopes or excavations.

SKIN FRICTION

Figure 7 is a chart of skin friction values for deep foundations.
Curve C on this chart is given for expanded piles, where maximum skin
friction is obtained,
Qualifications of Figure 7 values are:

For permanently cased caissons or steel piles, reduce

skin friction values 20% for cohesive soils, 30% for

granular soils.

For piles 24 inches in diameter (60 cm.), use the chart
values.

For piles 30 inches in diameter (80 cm.¥), reduce chart
values 10%.

For piles 48 inches in diameter (120 cm,%), reduce chart
values 30%,

For diaphragm walls, reduce chart values by 50%,
A safety factor of 2 is suggested for skin friction design.

SAFETY FACTOR

The ultimate bearing capacity design procedures outlined above should
be modified with an appropriate safety factor, suggested to be 3 for end
bearing, 2 for skin friction. Additional considerations in design for
bearing capacity should be the determination of allowable and total
settlement, and the investigation of excavation and pile driving diffi-
culties. The design methods discussed are for isolated foundations.

If foundation spacing is such that there may be interaction between
foundations, the entire foundation stratum may be considered as one very
large isolated foundation.,

The methods discussed here are the general approach to design recommended

by Techniques Louis Menard, and more complete discussions of them may be
found in the TLM Publication: Sols Soils No, 26=1975,
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Bearing Capacity
Page 9

SKIN — FRICTION RESISTANCE OF A PILE

AS AFUNCTION OF THE LIMIT PRESSURE

C

P B

/ at contact of bulb near the
' base — Categories |1, 111 & t11A

Conventional driiled .{

/'// and driven piles
for other shaft sections

Yl "

AT

it is recommended that friction should only be
taken into account at depths from 0.3 m + R
( R = radius of pile )

5 10 5
pl bar
—
\.\ negative friction on the shaft
\
under the effect | ]
of a surcharge r
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SETTLEMENT

Techniques Louis Menard has developed the following general formula:

e 1 e R& 1 o
W= PRy R, Ro) *75 T A3 MR

Where: w = Settlement in cm. (10 years)
= Poisson's Ratio (0.33 to 0,5)

E = Deformation Modulus (kg/cmz) 2

p = Foundation bearing pressure (kg/cm”)

R,= “Reference" radius (=30 cm)

;22= Foundation shape factor for deviatoric stress zone.
R = Foundation half width or radius (in cm.)
;23= Foundation shape factor for spherical stress zone.
o "= Structural coefficient of soil (varies from 0.25 to 0.9)

The General Formula's theoretical basis is:

w=w2+w3

Wy = the shear deformation of the soil which surrounds a hemisphere
of soil directly beneath the foundation (deviatoric stress zone).

Wy = The volume change of the hemisphere of soil (spherical stress zone).

Wo is derived from: -QLE = —%;Aﬁ-P (the increase in r of a cylindrical

cavity with internal pressure, where E =
deformation modulus)

is derived from: 4: = —E—gﬂ'P (the decrease in r of a sphere sub-
jected to external pressure p, where E+ is
Young's Modulus)

Because foundation bearing pressure p is not evenly distributed over the surface
of the ficticious hemisphere, the portion of the cylindrical cavity the hemis-
phere rests in is not uniformly loaded. Integrating the stress in the cavity
results in Wy = approximately 1/3 of AR.

. = 1
Thus: Wy 3@4*pR
Also, since the stress distribution on the surface of the hemisphere is

9 = 2p sin2 e, the mean radial pressure is 2/3 p.
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Settlement - Page two

, 1% 1 R .1
Thus: w3 = 7% 2/3p = - = 73

ElC )

m&

pR

(where/LL = 0.33 and E"

The shape factorsR2 and 523,were derived from the Boussinesq Theory:

L/2R 1 1 2 3 5 20
(circular)|{(square)
212 1 1.12 1.53 1.78 2.14 2.65
;23 1 1.1 1.2 1.3 1.4 1.5

The term R/R_ is an attempt to relate the mass of soil affected by the foundation
stress to th& mass of soil stressed in a typical Pressuremeter test (a radius
of 30 cm. is a good average value).

In simple settlement analysis, E is determined for both the spherical and deviatoric
zones beneath the footing, and the general formula is used directly. Where
heterogeneous soils are encountered, a harmonic mean value of E is determined,

which emphasizes the weaker parameters. The following "Determination of Equiva-
lent E" outlines a method of analyzing heterogeneous .soils using a Burmister

Theory stress distribution.
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ALPHA FACTOR VALUES

Sand &
Peat Clay Silt Sand Gravel
Soil Type E/P2 a E/P2 a E/P2 a E/Pl a E/Pz a
Overconsolidated >16] 1 >14| 2/3 >12| 1/2 >10} 1/3
Normally Consolidated 1 9-16| 2/3| 8-14} 172} 7-12) 1/3| 6-10| 1/4
Remolded or Disturbed 7-91 1/2 1/2 1/3 1/4

Soil can be remolded or disturbed by earth movement or by surface or groundwater
action at an excavation bottom. The « factors given above have been empirically modified
from more theoretical values to take account of possible minor soil disturbance.

In rock, o is dependent upon rock type as well as upon the degree of fracturing:

a = 0.33 in highly fractured rock
a = 0.5 in slightly fractured rock
a = 0.66 in highly altered rock, or in rock that is either massive or

has very few fractures.
a is essentially an indication of the relative elasticity of the material tested.
The less elastic the behavior of the material, the closer a approaches zero. The more
elastic the behavior, the more closely o approaches one.
Some indicationof o can be determined by the relationship between the rebound modulus
Er and the loading deformation modulus E. If this relationship is from 3 or 5 to 1, o
approaches 0.75. If the relationship is 15 or 20 to 1, « approaches 0.25.
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DETERMINATION OF SHEARING STRENGTH PARAMETERS FROM PRESSUREMETER TEST RESULTS

Introduction

Before discussing the determination of shearing strength from
pressuremeter test results, a general explanation of the pressuremeter

test is required,

Assumpti ons

The ground is assumed to be isotropic in all directions perpendic-
ular to the axis of the Probe, The weight of the soil and other vertical
loads on the ground are assumed to produce a uniform vertical distribution
at the test depths, Qadial pressures against the sides of the borehole
may cause secondary vertical stresses in the adjacent sofl §in addition to
the horizontal stresses. But since these vertical stresses are symmetrically
distributed around the axis of the borehole, they will not have any effect
on the horizontal (radial and circumferential)stresses.

Accordingly, the soil is analyzed s a thin slice between two
horizontal planes spaced one linesr unit apart, under a condftion of two-
dimensional stress action (plane-strain).

Before the hole §s drilled in the ground, the soil is subjected
to uniform compressive stress, Pos fn all horizontal directions (earth

pressure at rest).

Deformation Phases of Soil during the Test

Ori1ling of the borehole in the ground produces a new state of
stress distribution; transverse expansion then takes place progressively
and tends to reduce the di ameter of the hole. The Probe {s then inserted
in the hole and increasing pressure p; {s applied to the wall of the hole.

The wall {s pushed back and commences to recompact the adjacent soil until
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Page Two

the di ameter returns to the theoretical value which it would have had if
there had been no expansion of the ground. At this moment, the applied
pressure p. is theoretfcally equal to the original pressure Po (Fig. Il-2)
and the borehole diameter is equal to or

As the pressure p continues to increase (pi;> po), the sofl is
in a pseudo-elastic state and the distribution of stresses in the ground
is assumed to be practically fn conformance with the laws of elasticity,

When the pressure P; passes a certain value which may be called
Pes surfaces of rupture are developed around the hole. The soi! then enters
the state of pseudo-plastic deformatfon. This state, or zone, extends over
a cylindrical volume with exterior radfus foc (Fig. II-6). Beyond this
radius, the soil is still in the state of pseudo-elastic deformations.

As the pressure p; continues to increase, the incremental defor-
matfons become considerable for a very small increase in pressure. The
mass of soil in plastic flow then increases appreciably without opposing
further resistance at the borehole wall, and a condition of indifferent
equi librium is finally attained.

Accordingly, df fferent characteristic phases of the test can then

be examined:

p; £ bi recoripaction of the wall of the hole.

pseudo-elasdti¢ phase

P, & P spe.-.[fe

G-

P, S P = &, 5 pseudo-plastic phase
P approaching Py phase of large slippage.
p; = P, state of indifferent equilibrium
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Page Three

These phases are very distinctly marked on the pressuremeter

curve *(Fig. I1-2):

(1) During the period of recompaction (p{ po), the curve
has a somewhat irregular shape, but in general shows
rather strong curvature concave towards the pressure
axis.

(2) The pseudo-elastic phase is characterized by a quasirec-
tilinear shape of the curve; all other factors being
equal, it corresponds to small deformations for important
variations of pressure.

(3) The pseudo-plastic phase is characterized by a curve of
exponential shape and corresponds to deformations which
are important in relation to the variations of pressure,

(4) The phase of large slippage is characterized by important
deformations for small changes in pressure; the curve
has a vertical asymptote, the abscissa of which corres-
ponds to the pressure of rupture of the soil, called
the pressure limit, Pqe

Shearing Strength

In soi! and rock mechanics the shear strength of a rock or
soll {s generally defined {n terms of the two empirical parameters,
¢ (cohesion) and # (angle of internal friction). One or both of these
empirical parameters may be estimated from pressuremeter test data by
one of the following methods: (1) 1limit pressure method, (2) Mohr
Circle Method and (3) graphical method. These methods and their

theoretical bases are described below,
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Page Four

Limit Pressure Method

For equiiibrium of a cylindrical element shown in Fig., II-1 the

following equation may be derived:

MNKX d N, - dr
ANXNX N N = —
r- ot r

andsinceNr-Nt=2r=2R

2R -
This equation is integrated between Nre. =p- po and Nrc = Pe - po :
andr = p' (exterior radius of plastic annulus around the borehole)

pc

and r = e (radial distance to the point where the radial stress = Pc )

N
rc
Xl [le
2 R
Nre

"'pc

A8

Since R is a variable function of Nr’ the integral on the Teft side of

the above equation is {ndeterminate. However, let

N
L
r = ¢ (p)

re ﬁ'

If the angle f of shearing resfstance of the soil is zero N, - N,
] S

R=R,=cC, = cohesion (constant) and 2 f (px) = 7 _g_g = (pg - p) -
Pa R

°

Assuming an incompressibie medium in which, € = 2 f(pl)

+
o (]
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Page Five

or 2 f(pQ) = log, 3
() )

then,

(Pp, Pe) = Ry l"ge ———-5——-2(“: Ro

or

(Pﬂ - pe) = Co Ioge 3 |+§— co

Since?e-p°=aog pozpe-Ro

Hence - = - - -
» PP - Py Pp Pe+R°-pQ pe+c°

Substituting, PX -p =C /1 +l0g ____E
[+ e
Zi 2{1+0~ )Co ;

derived on the basis of elastic-plastic theory and use definite values
of E and C_, However, advanced theoretical and laboratory results have
shown that the value of E is affected by scale effects and increases
with the mass of soil affected by the stress distribution; it also
varies with the value of the strains imposed on the soil. Furthermore,
the shearing resistance of the soil varies with the spplied strains

and the structure of the soil might be changed during the test.

Some of thesesfactors are appraised by making a structural adjust-
ment, to take into account the effect of inelasticity and scale effects,
'by dividing E by a structural coefficient «. This factor varies from
1 to 0.25, depending upon soil and rock type, and upon the relative

elasticity of the material. In some cases a special investigation of

o 1S required.
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Page Six

Hence, in practical use, the derived equation should be replaced

by the following:

Pl-p°=co[l+toge E/L
2 (1 +o0) Co

Hence, {f pj can be estimated from the pressuremeter curve, and

€ and Po @re known, C  may be computed by trial, or directly from the

graphical solution on Fig. II1-9 (for 6~ = 0.33).

The equation above cannot be used to calculate Co when there is
apparent internal friction. In such case, the Mohr-circle method should
be used. The latter method must also be used in any case if pﬁ' cannot
be estimated from the pressuremeter curve. However, it is possible to
use the equation above besring in mind that the value of C, obtained
is an average of the shearing resistance (T) for a pressure around the

value of Pge

The limit pressure pj is an asymptote to the curve derived from

pressure meter testing and the value of p)‘fs not determined directly

during the test. The value of p’Qmay be visually estimated by a more
rational procedure, such as assuming that the pressuremeter curve is
hyperbolic and then calculating the location of the asymptote for the
hyperbola; A detailed procedure for this method of estimating p2 fs as
follows:

(1) Extend the 1inear portion (elastic range) of the

corrected pressure versus volume curve to p = o,

(2)  Calculate the value of V - V___
e
o

for points on the

pressuremeter curve beyond a pressure of p
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(3) Plot V - V;=° (X axis) versus V - Vp=° (Y axis)
P

on an arfthmetic scale.

If the points for pressures above p, = pg Plot as a sloping straight
the assumption of hyperbolic shape is valide The linear portion of the pres-

suremeter curve should plot as a straight horizontal line,

(&) The asymptote or gf equals 1, where tarc equals the
tae<
slope of the plotted straight line,

Generally the assumption of a hyperbolic shape for that portion of
the pressuremeter curve beyond p=pg = pe can be proven valid for all
practical purposes. An estimate of the limit pressure by this method would

abviously be more accurate than by the visual method.

Mohr Circle Method

Assuming the soil is cut by a vertical cylindrical surface with

radius r, from the axis of the borehole, the radial displacement away
from the axis of any point in the soil at a distance r from the axis will

be given by the following formula, *

b=l-o [‘roz (P - p) =r® By - p) Jr w1 ey e oy
CYA

E rf-r2) Er (r ¢ ., 2)
o 2 o

where:

E = Modulus of Elasticity = Unit stress
Unft strain

fo = effective radius of the borehole at po

P2 = radial pressure at radial distance

F, from borehole axis.
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When T approaches infinfty, P2 approaches p,.
Then, Ur =1+

2
r (p -p
) ° i o)

At the wall of the hole, where r = o

ro {py - p,)

From equatfon and equation

r'
HORSVAR "
l'c r

rl
_ c
or f(p) = ]_oge< r—L)
c
from which e f(p) =r' /r
pe’ ¢
f (p) R
1 -
and r pc ° r e (Eq. \‘\Q
£ (p) \
1 -
Also e ® (xr,+U_)e (Eq. \‘Q\)

The plastic boundary surface, with radius rpc before the load is applied,
is subjected to an internal radial pressure Nre =P, - P, Hence, the outward
displacement of U'pc can be calculated by means of Eq. ﬁ(for displacement of
wall of the hole in the elastic phase) by substituting

U'pc for Ui

r' forr
pPc o

and P, for P,
Eq. 5 is: U, - (1+ &) T (pi - po)
i E
. - Ny
Hencse, U - (1+d) r pe (Pe Po) (Eq. qu
pc E
Substituting from Eq. m r' ={(r +U) ef (p)
pe o c
Then . (1+d) (r +U)(p -p)ef(p) (Eq. TN
§) pc = 5 o c e o

This equation gives the value of U'pc without use of the unknown value

for the plastic cylinder radius rp".

246



(For simplicity of presentation the assumption of incompressioiit, vi tue
soil is made in the following derivation, which is a particular case of a morc

general treatment).

Then the volume of expansion of the borehole (initial radius = ro) will

equal the corresponding volume for radius rpc (Fig. II-7).

y = t - U '
Then, 2 1T(r° + UC/Z) Uc 247 (r pe UPC/Z) U pc”
2rU+U2=2r' U - (Ut )2.
o ¢ c pc  pc pc
2 - ! } 1] N
2r U +U " = U [Zr e U pc} (Eq. R

Substitute the following in Eq, m
= £ (p) 3
r'pc -(ro + Uc) e , from Eq. &
- £ (p) \
U'pc = (1 -Pl-;o’) (ro + Uc) (pe - po) e , from Eq. ‘%\
The right side of Eq. &then becomes:
£ (p) £ (p)
(lgo’)(r°+Uc)(pe-po)e [2(r°+Uc)e
£ (p)
-51-;6’)(1'°+Uc)(1>e-p°)e }

which reduces to (1 + ¢) (ro + Uc)2 e 2f (p)(pe - po) [2-{1 +6) (Pe - Po)}
E E

Eq. “ can then be written:
\
\
U, (2r_ +U)=A » (r +U )Zer (p) (Eq. XSN
o c o c

in which A = (1 ;d) (Pe - Po) [2 - (1]; §) (pe - Po)]= a Constant.
Taking logarithms to the Naperian base, in Eq, ‘a&

= 1 2f
log Uc + log (Zro + Uc) log A + 2 log (ro + Uc) + 2f (p)

Differentiating this equation with respect to U;

Eq. ¥
du_ AU 24U+ Zd{:f(p)-] (Eq. X4
U 2r + U r +U
[+ [o] (4 [} [+]
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N
Since f(p) =[ *SdNr , from Eq. ¥
ZR
N
re
d [f (p)] = dN_
2 R
Hence, from Eq. 24:
du 1 + 1
c O————————

U 2r + U
‘e o c

Algebraic expansion of this equation gives

du 2rZ
c o

Ue (2 T + Uc) (ro + Uc)

Hence, R=U_ dN (2r
c Iy o

+ Uc) (r° + Uc)

dUc 2r 2
o

(Eq. 3\\3@)

=

The above equation applies to conditions {n the borehole at any pressure within the

plastic phase, assuming the soil is {ncompressibie.

By substituting Nr = p

(pressure in the hole) and U, = U (displacement of wall of the hole)

into the above expression the following equation is derived.

R=Udp (2r, +U)(r, +V)
@ o e

2 r°2
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Page Eleven
This equation applies to incompressible soil and variable R, assuming the

soil behaves in accordance with the elastic-plastic theory, and it is used only
for special soil investigations after taking into account specific results of

advanced soil mechanics theories.

Since the pressuremeter test gives values of the increase of volume
(v) of the Probe rather than the radial expansion (U), it is necessary to

express Eq., 27 as a function of v.

Referring to Fig, III-2:

Let L. = length of the measuring cell
P, = measured pressure
P, = Corrected pressure = P, * qu - q (v);

(qi(v) is given on Fig, III-1)

v__ = measured volume of injected water (t = 2 min.)

m
vo' = volume of empty cell = 'rrL(rv)Z
v, = volume of water injected into cell as measured pressure (pm) is

increased from zero to P,

Vo = Vm {for P_ = po) -2ap. -
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v =
P >
soil is increased from P, to P
Ao = total volume of cell at corrected pressure P,
=V '+vVv =11'er rZ=A
o o o o )
L

volume of water injected into measuring cell as pressure on

vp + A°= total volume of probe when pressure on the soil reaches P.:

At this point, the radius of the borehole becomes (ro + U).

Hence,

v +A =vwL(r +U)2
P o o

Then, (r + U)2 =v +A
o p o
<L

2 2 2
and vp -1rL(r° +U) - Ao = 1‘[‘(ro +U) L -TrLro

or vp = ﬂLU(Zro + U),

Taking logarithms of Eq. 50:
Log vp = Log (L) + Log U + Log (Zro + U)

Differentiating:

dv2=dU+dU =d'{1+ 1]

v U (2r_+0) U 2r_+U|
P o o
dv = dU (Zro + 20U) = 4U 2 (ro + U)
v U (2r + U) U (2r + U)
P o o
@ v
Hence, U _ 'p 2(ro + U)
du - dvp (2rgy + U)
Substituting Eq. 51 in Eq. 27;
. dp vp 2(1.'o +U) (Zro + U) (ro + U)
T dv (2r + U) 2r <
P o o
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Page Thirteen

or R=(r + U)2 v_ dp
0 X p ==
-z dv
r P
o
. 2 2
Since (r +U) =(v_+A) andr =A
o °) o o o
Lig¥ ar L
R=v d + A =v_d 1+ Eq. 52
P ds (vp o p B ( Vp/Ao) (Eq. 52)
e m———— GV
P Al P

Equation 52 gives the value of the Mohr-circle radius as a function
of the corrected borehole pressure (pc) and the volume of water injected
into the Probe between the pressures P, and P This equation applies to

incompressible soil and variable R.

Fig. III-8 indicates a method for determining the value of the
Mohr -circle radius (R) corresponding to any given point (C) on the com-
pensated pressuremeter curve in the pseudo-plastic phase. The tangent
to the curve at C is extended downwards to the left to its intersection with
the horizontal line having the ordinate vp = 0. The abscissa of this point
of intersection is P_ = Py The components of the subtangent on the P.

axis are therefore:

Av=yv
P
Ap=p, - P,
. dv Av v
The slope of the tangent equals p = = p
_ dp AP AP
From Eq. 52 R=v_ dp (1 +vp/A,)
PEv
P
But v.dp =v_Ap =Ap
pdvp P 3
P
Hence R=Ap(l+ VP/AO) (Eq. 52-a)

The Mohr-circles should be obtained for the portion of the pres-

suremeter curve just above the flow-pressure P¢ {or pe). The envelope

of these circles gives the "intrinsic curve' of the Mohr-dingram, from
which the value of the apparent Cohesion (Co) and the An:le of Shearing.
Resistance, (@) of the soil in its natural state may be obtained, as indi-

cated on Fig, II-4,
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2, Mohr-Circle Method. Fig, III-8 shows the construction for
determination of the Mohr-Circle radius R corresponding to any point C

on the pressuremeter curve as explained above,

Then R = Ap (I +vp/A°) (Eq. 52-a)

Values of R may be determined from Eq. 52-a, for two or more
values of P and plotted on a diagram similar to Fig. II-4, from which

the envelope or "intrinsic curve' may be drawn, to give values of Co and

¢.

These values may then be substituted in Eq. 39 to determine the

corresponding value of P

Extreme care should be taken in the appraisal of the results of the
Mohr-circle method with the Pressuremeter, due.to the following con-
siderations:

a) Possible variation of shearing resistance of the soil with
strain, since each Mohr-circle corresponds to a different
strain,

b) In some soils with medium permeability, some degree

of consolidation may take place during the test,

c) During the test the structure of the soil may change and the

Mohrecircles will correspond to different soil conditions,

Conclusion regarding Cohesion. — The definition and determination
of E, P,» Pg and { is relatively simple. The determination of the shearing
c
resistance of the soil in situ requires more careful consideration and the

introduction of advanced concepts of soil mechanics,
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Graphical Method

Another method of determining the angle of internal frictfon of
free draining sands has been proposed by Gibson and Anderson, For
this mathod it §s assumed that the criterion of faflure under drafned

conditions is given as:

o =1 - sins-'- N
Nr' 1 + sin
1

Ng and Nr' are effective stresses, Prior to the formation of a plastic

=

annulus around the periphery of a borehole the following relationship holds:

aV
vo =2 (p' =-p') (1+07)
E

where V, = total velume of the cell at p,'
AV = change in volume from p' to Py’
Plasticity will be initiated at a radial effective pressure
p' =2 p,
TN
and thereafter the increase in volume of the cell will be related to the

internal pressure p' by the equation:

(i o e J L] )

if the ratio of p ' is small compared with unity which is usually

the case. €

If p.s (p.'> p') is plotted versus gV on a log - log plot, a
v
straight line should resuit. The slope of this line ﬁlog pc' ; equals
(loggVv )
v

15 (1 = N) and # mey be calculated,
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APPENDIX E
STRESS CAPTOR TEST RESULTS
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APPENDIX F
MECHANICAL CONE PENETRATION TEST RESULTS






Table F-1. — Dutch cone penetometer test results, DC80-1.

FEATURE TIBER COFFERDAM PROJECT MISSQURI RIVER BASIN PROU

DATEX 7-17-80 HOLE NO. DC80-1
LOCATION STA 103423

GROUND SURFACE ELEV. 3019.0 GRCUND WATER ELEV. #xsxxx

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. F=01=-22

OP ERATOR R, SORENSEN

LOW GUAGE ZeRO 2.5 MID GUAGE ZERQO 0.0 HfGH GUAGE ZERO *=x

NOTEX GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(™) RESISTANCE RESISTANCE RATIO
(KG/CMm2) (RG/CM2) (PERCENT)

.20 0.00 -2.33 0.00
.40 35.00 1.47 4.19
.60 27.00 2.13 7.90
.80 25.00 1.87 7.47
1.00 19.00 2.13 11.23
1.20 19.00 2.00 10.53
1.40 17 .00 2.00 11.76
1.60 15.00 2.27 15.11
1.80 23.00 2.40 10.43
2.00 35.00 3.20 9.14
2.20 35.00 2.80 8.00
2.40 35.00 3.47 9.90
2.60 33.00 2.93 8.89
2.80 31.00 3.07 9.89
3.00 39.00 3.20 8.21
3.20 37.00 3.60 9.73
3.40 29.00 3.¢7 10.57
3.60 25.00 2.30 9.60
3.80 21.00 2.27 10.79
4.00 21.00 1.73. 8.25
.23 25.00 1.87 7.47
4,40 27 .00 2.27 8.40
4.60 23.00 2.13 9.28
4.80 21.00 2.00 9.52
5.00 23.00 2.13 9.28
5.20 19.00 1.60 8.42
S.40 31.00 2.40 7.74
5.60 25.00 1.73 6.93
5.80 29.00 2.13 7.36
6.00 19.00 2.40 12.63
€.20 25.00 2.40 9.60
6.40 23.00 0.00 0.00
6.60 .00 0.00 0.00
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Table F-2. — Dutch cone penetometer test resuits, DC80-2.

FEATURE TIBER COFFERDAM PROJECT

DATE% 07-17-80
LOCATION STA 103+49 5FT RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV., x%*¥xx%

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. GUDA CONE

OPERATOR SORENSEN

LOW GUAGE ZERO 2.5 MID GUAGE ZERO 0.0 HIGH GUAGE ZERD 16.0

NOTE%X GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)
.20 35.00 2.13 6.10
.40 21.00 2.93 9.46
.60 15.00 2.49 16.00
.80 19.00 2.27 11.23
1.00 15.00 1.87 12.44
1.20 31.00 2.13 6.28
1.40 , 19.00 1.87 9.82
1.60 23.00 2.52 11.01
1.80 47.00 2.93 5.24
2.00 47.00 3.47 7.38
2.20 35.00 2.80 8.00
2.40 47.00 2.40 5. 11
2.50 51.00 2.60 5.25
2.80 51.00 2.80 5.30
3.00 55.00 2.93 5.33
3.20 59.00 2.13 3.62
3.40 71.00 3.33 4.69
3.6 45,00 2.93 6.52
3.80 33.00 2.53 7.68
4.00 23.00 2.27 7.82
4.20 31.00 2.57 8.50
4.40 35.00 1.87 5.33
4.60 31.00 2.40 7.74
4.80 21.00 2.00 9.52
5.00 23.00 1.73 7.54
5.20 35.00 1.60 4.57
5.40 35.00 2.40 6.86
5.60 43.00 2.13 4.96
5.30 33.00 2.40 7.27
6.00 31.00 2.40 7.74
6.20 29.00 2.13 7.36
6.40 35.00 2.00 5.71
6.60 29.00 1.87 6.44
6.80 31.00 1.60 5.16
7.00 31.00 1.87 6.02
7.20 27.00 1.73 6.42
7.40 29.00 1.73 5.98
7.60 29.00 1.47 5.06
7.80 31.00 1.47 4.73
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Table F-3. - Dutch cone penetometer test results, DC80-3.

FEATURE TIBER COFFERDAM PROUVECT

DATEX 07-18-80
LOCATION STA 104413 SFT RT

GRCUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. sxexxs
LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.
HIGH GUAGE NDO. 2.61.516.73 CONE NO. F=-01-22

OP ERATOR R SO RENSEN

LOW GUAGE ZERO 2.5 MID GUAGE ZERO 0.0 HIGH GUAGE ZERO

NOTEX GUAGE READINGS RECORDED IN KG,/CM2

DEPTH CONE SLEEVE FRICTION
(m) RESISTANCE RESISTANCE RATIO
(KG /CM2) (KG/CM2) (PERCENT)
.20 0.00 -1.67 0.00
.40 25.00 1.47 5.87
.60 19.00 2.53 13.33
.80 17.00 2.40 14.12
1.00 19.00 2.80 14.74
1.20 17.00 2.27 13.33
1.40 17.00 2.00 11.76
1.60 25 .00 2.80 11.20
1.80 27 .00 3.07 11.36
2.00 35.00 3.20 9.14
2.20 37.00 2.80 7.57
2.40 33.00 2.80 8.48
2.60 35.00 3.20 9.14
2.80 35.00 2.33 8.38
3.00 35.00 2.33 8.38
3.20 3%.00 3.20 8.21
3.40 43.00 3.33 7.75
3.60 45.00 4.00 8.89
3.80 35.00 4.00 11.43
4.00 35.00 3.97 11.05
4.20 37.00 4.30 11.89
4.40 41.00 4.27 10.41
4.60 59.00 3.87 6.55
4.80 53.00 5.20. 9.81
5.00 33.00 3.a47 10.51
5.20 35.00 2.67 7.62
5.40 29.00 2.27 7.82
5.60 27 .00 1.87 6.91
5.80 23.00 1.87 8.12
6.00 27.00 2.00 7.41%
6.20 29.00 2.40 8.28
6.40 23.00 2.00 8.70
6.60 27.00 2.13 7.90
6.80 35.00 1.73 4.95
7.00 31.00 2.13 6.88
7.20 27.00 1.87 6.91
7.40 25.00 1.60 6 .40
7.60 31.00 1.73 5.59
7.80 35.00 1.73 4.95
8.00 31.00 1.73 5.59
8.20 29.00 1.60 5.52
8.40 27.00 3.07 11.36
3.60 27.00 1.73 c.:2
8.80 33.00 1.47 4.44
92.00 33.00 1.47 4.44
9.20 31.00 1.87 6.02
9.40 15.00 1.87 12.44
9.60 27.00 1.47 .43
9.80 33.00 2.00 6.06
10.00 31.00 0.00 0.00

267



Table F-4. — Dutch cone penetometer test results, DC80-4.

FEATURE TIBER COFFERDAM PROJECT

DATEY% 7-13-80
LOCATION STA 104+75 S5F RT

GROUND SURFACE ELEV. 3019.0 CGROUND WATER ELEV., *%**#x
LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. F-01=-22
OPERATCR TONY SHANAHAN

LOW GUAGE ZERC 3.0 MID GUAGE ZERD 0.0 HIGH GUAGE ZERO

NOTE% GUAGE READINGS RECORDED IN KG/CM2

DEPTH CCNE SLEEVE FRICTION
(©) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)
0.00 0.00 -1.47 0.00
.40 22.00 2.40 10.91
.60 14.00 2.00 13.29
.80 13.¢0 2.13 11.85
1.00 14.00 1.87 13.23
1.20 10.00 1.73 17.323
1.40 22.00 2.60 5.09
1.60 .00 2.13 10.67
1.80 22.00 2.49 10.91
2.00 38.00 2.67 7.02
2.20 43,00 1.87 4.08
2.42 40.60 2.67 6.67
2.60 32.00 2.53 7.92
2.80 34.00 2.49 7.06
3.09 34.00 2.00 5.88
3.20 33.00 1.73 4.56
2.40 32.00 1.60 3.81
3.60 42.¢0 2.€7 6.35
3.80 33.060 1.27 4.91
4.60 46.00 2.13 4.64
4.20 24,00 2.27 5.15
4.40 36.00 1.87 5.19
4.60 32.00 2.13 5.61
4.80 34.00 1.87 5.49
5.00 34.00 2.40 7.06
5.20 .00 1.87 6.22
5.40 33.00 2.45 6.32
5.60 38.60 2.13 5.61
5.€0 30.00 2.27 7.56
5.00 43.00 1.87 4.24
§.20 4200 3.20 7.62
€.40 2.00 3.20 7.62
6.60 34.00 2.93 8.63
6.80 46.00 3.07 6.67
7.00 42.00 2.53 6.03
7.20 45.00 3.73 9.33
7.40 45.00 3.20 6.95
7.60 42.00 3.47 8.25
7.80 38.00 3.20 8.42
8.00 34.00 2.40 7.06
8.20 32.00 2.13 6.67
8.40 26.00 2.13 8.21
8.60 22.00 2.00 9.09
8.80 28.00 1.60 5.71
9.00 38.00 1.87 4.91
.9.20 30.00 2.40 8.00
9.40 28.00 2.13 7.62
9.60 28.00 1.87 6.67
9.80 26.00 1.87 7.18
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Table F-5. — Dutch cone penetometer test results, DC80-5.

FEATURE TIBER COFFERDAM PROJECT

DATE¥% 7-21-80
LOCATION STA 105+75 SFT RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV, #s®%xxx

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. F-01-22

OPERATOR SHANAHAN

LOW GUAGE ZERO 2.0 MID GUAGE ZERO 0.0 HIGH GUAGE ZERO 15.0

NOTE%X GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTIGN
(M) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)
.40 28.00 2.13 7.62
.60 23.00 3.20 11.43
.80 20.00 2.13 10.867
1.00 24.00 2.80 11.67
1.20 20.¢0 2.490 12.00
1.40 24.09 2.67 11.11
1.60 22.00 2.67 12.12
1.8 32.00 3.73 11.67
2.00 32.00 3.07 9.58
2.20 54.00 2.53 4.69
2.40 5900 1.47 2.93
2.60 33.00 2.40 6.32
2.80 35.00 2.27 6.30
3.00 £8.00 2.40 8.57
3.20 38.00 2.¢0 5.26
3.40 34.00 1.69 a.71
3.60 36.00 2.13 5.93
3.e0 40.00 2.13 5.33
4.00 32.00 1.59 5.00
4.20 40.00 1.87 4.67
4.40 36.00 1.33 3.70
4.80 42.00 2.12 5.08
4.80 32.00 1.87 5.83
5.00 36.00 2.00 5.56
5.20 39.00 1.73 5.78
5.40 26.00 1.73 6.67
5.0 34.00 1.73 5.10
5.80 34.00 2.00 5.8
6.00 30.00 2.¢0 6.67
6.20 30.00 1.87 6.22
6.40 28.00 1.73 6.19
6.60 32.00 2.00 6.25
6.80 28.00 2.00 7.14
7.00 30.00 2.13 7.11
7.20 24.00 2.40 10.00
7.40 28.00 2.53 9.05
7.60 22.00 2.53 11.52
7.80 30.00 2.27 7.56
8.00 26.00 2.13 8.21
8.20 32.00 2.27 7.08
8.40 28.00 2.40 8.57
8.60 28.00 2.40 §.57
8.80 24.00 2.00 8.33
9.00 20.00 1.73 8.57
9.20 30.00 1.87 6.22
9.40 32.00 1.87 5.83
9.60 28.00 2.40 8.57
9.80 32.00 2.13 6.67
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Table F-6. — Dutch cone penetometer test results, DC80-6.

FEATURE TIBER COFFERDAM PROJECT

DATE% 07-21-S0
LOCATION STA 106+25 SFT RT

GROUND SURFACE ELEV. 302¢C.0 GROUMND WATER ELEV. 0.0
LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.
HIGH GUAGE NO. 2.61.516.73 CONE NO. F=01-22

OPZRATOR SHANAHAN
LOW GUAGE ZERO 3.0 MID GUAGE ZERQJ 0.0 HIGH GUAGE ZERC 15.0

NOTE¥% GUAGE READINGS RECORDED IN KG/CW

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESISTANCE RATIO
(KG/Crt2) (KG/CM2) (PERCENT)
0.00 .00 -1.20 6.00
.40 18.00 1.47 8.18
.80 15.00 2.27 14.17
.60 22.00 2.67 12.12
1.02 24.00 2.40 10.00
1.20 18.00 2.80 15.56
1.40 24.00 2.27 9.44
1.60 30.00 3.07 10.22
1.80 32.00 3.20 10.00
2.00 28.00 2.€9 10.00
2.20 24,00 3.2¢ 12.33
2,40 253.00 2.57 10.26
2.€0 38.¢0 2.93 7.72
2.80 23.060 2.87 1¢.28
3.00 24.00 2.27 9.44
3.20 22.60 2.93 13.33
3.42 28.00 2.¢o 7.14
3.60 23.00 2.490 §.587
3.80 32.00 2.80 8.75
4.00 20.00 2.4¢ 12.¢0
4.20 22.00 2.20 12.72
4.40 24.00 2.27 9.44
4.60 20.C0 2.27 11.33
4.80 26.00 2.27 8.72
5.00 24.00 2.40 10.00
5.20 22.€0 2.0 $.09
5.40 24.00 2.27 9.44
5.60 20.60 2.13 10.67
5.80 22.00 2.00 $.09
6.00 24.00 2.00 8.33
6.20 24.00 2.40 10.00
6.40 18.00 2.00 11.11
6.60 22.00 2.13 5.70
6.80 18.00 1.87 10.37
7.00 24.00 1.73 7.22
7.20 16.00 1.€0 10.00
7.40 11,00 1.60 11.43
7.60 30.00 1.87 6.22
7.80 32.00 2.40 8.60
8.00 18.00 2.13 11.¢
§.20 22.60 2.13 9.70
8.40 22.¢c0 1.73 7.38
8.60 24.00 1.73 7.22
8.80 20.00 1.87 9.33
9.00 18.C0 1.87 10.37
9.20 26.00 1.87 7.18
9.40 28.00 2.13 7.62
5.60 20.00 2.00 10.00
9.80 22.00 1.73 7.88
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Table F-7. — Dutch cone penetometer test resuits, DC80-7.

FEATURE TIBER COFFERDAM PROJECT

DATE% 07-22-80
LOCATION STA 107+10 SFT RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. #*#*%»x

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HICH GUAGE NO. 2.61.516.73 CONE NO. F=-01-22

OPERATOR R SORENSEN

LOW GUAGE ZERO 1.0 MID GUAGE ZERO 0.0 HIGH GUAGE ZERO 18.0

NOTE¥ GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)
0.00 0.00 ~-1.60 0.C0
.60 24.C0 2.27 9.44
.80 28.00 2.40 8.57
1.00 22.00 2.40 10.91
1.20 26.00 2.40 9.23
1.40 28.00 2.80 10.00
1.60 26.00 2.93 11.28
1.80 26.00 2.67 10.26
2.00 34.00 2.67 7.84
2.20 22.00 2.53 11.52
2.40 32.00 2.40 7.50
2.60 290.00 2.40 8.00
2.80 18.00 2.40 13.33
3.00 18.00 2.00 11. 11
3.20 32,00 2.13 6.87
3.40 26.00 2.13 8.21
3.60 30.00 2.00 6.67
3.80 40.00 2.40 6.00
4.00 22.00 2.67 12.12
4.20 26.00 2.40 9.23
4.40 25.00 2.40 9.23
4.€0 28.60 2.40 8.57
4.80 22.00 2.13 9.70
5.00 26.00 2.13 8.21
5.20 24.¢C0 1.73 7.22
5.40 24.00 1.73 7.22
5.60 22.00 1.73 7.88
5.80 30.00 1.87 6.22
6.00 26.00 1.87 7.18
6.20 30.00 1.87 6.22
6.40 30.00 1.87 6.22
6.60 30.00 1.87 6.22
6.80 26.00 2.13 8.21
7.00 22.00 1.73 7.88
7.20 22.00 1.80 7.27
7.40 30.00 2.00 6.67
7.60 26.00 2.13 8.21
7.80 24.00 2.00 8.33
8.00 26.00 2.00 7.69
8.20 18.00 2.13 11.85
8.40 26.00 1.87 7.18
8.60 30.00 2.40 8.00
8.80 26.00 2.53 9.74
9.00 28.00 2.00 7.14
9.20 26.00 2.00 7.69
9.40 26.00 1.87 7.18
9.860 32.00 2.00 6.25
9.80 34.00 2.53 7.45
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Table F-8. — Dutch cone penetometer test results, DC80-8.

FEATURE TIBER COFFERDAM PROJECT

DATEX 7-23-80
LOCATION STA 108+75 5FT RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. #*##%xx=

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. GUDA CONE

OPERATOR SORENSON

LOW GUAGE ZERO 3.0 MID GUAGE ZERO 0.0 HIGH GUAGE ZERC 15.0
NOTE¥ GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)

0.00 0.00 2.00 0.00
.60 20.00 2.67 13.33
.80 14.00 2.13 15.24
1.00 14.00 2.13 15.24
1.20 18.00 2.13 11.85
1.40 12.00 2.13 17.78
1.60 26.00 2.00 7.69
1.80 38.00 2.40 6.32
2.00 32.00 2.00 6.25
2.20 30.00 1.87 6.22
2.40 26.00 2.00 7.69
2.60 22.00 2.13 9.70
2.80 18.00 1.87 10.37
3.00 26.00 1.87 7.18
3.20 30.00 1.87 6.22
3.40 36.00 1.87 5.19
3.60 42.00 1.87 4.44
3.80 50.00 2.27 4.53
4.00 60.00 2.67 4.44
4,20 34.00 2.53 7.45
4.40 32.00 2.40 7.50
4.60 34.00 2.27 6.67
4.80 40.00 2.00 5.00
5.00 36.00 2.40 6.67
5.20 32.00 2.00 6.25
5.40 30.00 2.13 7.11
5.60 30.00 2.27 7.56
5.80 30.00 2.40 8.00
6.00 34.00 2.13 6.27
6.20 30.00 2,27 7.56
6.40 24.00 1.60 6.67
6.60 30.00 1.20 4.00
6.80 20.00 2.93 14.67
7.00 22.00 1.73 7.88
7.20 28.00 1.87 6.67
7.40 26.00 2.00 7.69
7.60 32.00 2.13 6.67
7.80 24.00 2.00 8.33
8.00 38.00 1.73 4.56
8.20 28.00 2.80 10.00
8.40 20.00 1.87 9.33
8.60 26.00 1.87 7.18
8.80 24.00 1.87 7.78
9.00 18.00 1.87 10.37
9.20 18.00 1.87 10.37
9.40 14.00 0.00 0.00
9.60 0.00 0.00 0.00
9.80 0.00 0.00 0.00
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Table F-9. — Dutch cone penetometer test results, DC80-9.

FE ATURE TIBER COFFERDAM PROJECT

DATEX 7-23-80
LOCATION STA 108+00 SFT RT

GROUND SURFACE ELEV. 3019.0 GRCOUND WATER ELEV. #ssxxx

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. GUDA CONE

OP ERATOR SHANA HAN

LOW GUAGE ZERQ 3.0 MID GUAGE. ZERQ 0.0 HIGH GUAGE ZERO 15.0

NOTEX GUAGE READINGS RECORDED IN KG,CM2

CEPTH CONE SLEEVE FRICTION
(M) RESI STANCE RESISTANCE RATIQ
{KG /CM2) (KG./CM2) (PERCENT)
0.00 0.00 -.93 0.C0
.60 14.00 1.87 13.33
.80 22.00 2.C0 9.09
1.00 22.00 2.27 10.30
1.20 20.00 2.13 10.67
1.40 22.00 2.40 10.91
1.60 18 .00 2.53 14 .07
1.80 26.C0 2.13 8.21
2.00 24.00 2.13 8.89
2.20 30.00 2.13 7.11
2.40 30.C0 2.27 7.56
2.60 24 .00 2.00 8.33
2.80 24 .vu Vot d T.22
3.00 40 .00 1.47 3.67
3.20 36 .00 1.87 5.19
3.40 28.00 2.13 7.62
3.60 24 .00 2.090 8.33
3.80 26 .00 2.00 7.69
4.00 22.00 1.73 7.88
4.20 28.00 1.60 5.71
4.40 22.00 1.87 8.48
4.60 24.00 1.87 7.78
4.80 26 .00 1.87 7.18
5.00 28 .00 2.00 7.14
5.20 32.00 2.a30 7.50
5.40 54 .00 2.33 5.43
5.60 54 .00 3.87 7.16
5.80 40 .00 3.20 8.00
6.00 38.00 2.53 6.67
6.20 36 .00 2.40 6.67
6.40 38.00 2.53 6.67
6.60 34.00 2.00 5.88
6.80 32.00 1.60 5.00
7.00 28.00 2.13 7.€2
7.20 34.00 1.87 5.49
7.40 34.00 2.13 6.27
7.80 25.900 1.73 6.67
7.80 32.00 1.87 5.83
8.00 42.00 2.27 5.40
8.20 40 .00 2.13 5.33
8.40 42 .00 2.27 5.40
8.&n 42 oo ] 5.08
8.80 56 .00 2.53 4.52
S.00 48 .00 3.20 6 .67
9.20 38.00 2.27 $.96
9.40 34.00 2.13 6.27
9.60 26.00 1.87 7.18
9.80 34.00 0.00 0.00
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Table F-10. — Dutch cone penetometer test resuits, DC80-10.

FEATURE TIBER COFFERDAM PROUECT

DATEX 7-24-80
LOCATION STA 109+50 SFT RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. #s*xxx

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. GUDA CONE

OPERATOR SORENSON

LOW GUAGE ZERO 2.0 M1D GUAGE ZERO 0.0 HIGH GUAGE ZERO 15.0
NOTEX GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
M) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)
0.00 0.00 ~3.07 0.00
.40 46.00 3.60 7.83
.60 34.00 3.47 10.20
.80 26.00 2.80 10.77
1.00 24.00 2.53 10.56
1.20 20.00 2.53 12.67
1.40 20.00 2.53 12.67
1.60 22.00 2.27 10.30
1.80 26.00 2.13 8.21
2.00 28.00 1.87 6.67
2.20 36.00 2.00 5.56
2.40 32.00 2.13 6.67
2.60 32.00 1.60 5.00
2.80 £4.00 2.13 3.95
3.00 40.00 2.53 6.33
3.20 36.00 2.40 6.67
3.40 30.00 2.13 7.11
3.60 32.00 2.00 6.25
3.80 36.00 2.13 5.93
4.00 24.00 2.00 8.33
4,20 30.00 2.13 7.41
4.40 34.00 1.60 4.71
4.60 34.00 1.87 5.49
4.80 30.00 1.60 5.33
5.00 32.00 1.87 5.83
5.20 28.00 1.47 5.24
5.40 30.00 2.13 7.11
5.60 28.00 1.20 4.29
5.80 28.00 1.33 4.76
6.00 28.00 1.60 5.71
6.20 28.00 1.87 6.67
6.40 32.00 1.47 4.58
6.60 40.00 1.60 4.00
6.80 28.00 1.87 6.67
7.00 28.00 2.00 7.14
7.20 28.00 1.33 4.76
7.40 32.00 1.33 4.17
7.60 36.00 2.13 5.93
7.80 28.00 1.87 6.67
8.00 28.00 0.00 0.00
8.20 0.00 0.00 0.00
8.40 0.00 0.00 0.00
8.60 0.00 0.00 0.00
8.80 0.00 0.00 0.00
9.00 0.00 0.00 0.00
9.20 0.00 0.00 0.00
9.40 0.00 0.00 0.00
9.60 0.00 0.00 0.00
9.80 0.00 0.00 0.00
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Table F-11. — Dutch cone penetometer test results, DC80-11.

FEATURE TIBER COFFERDAM PROUECT

DATEX 7-24-80
LOCATION STA 109+90.47 SFT RT

GROUND SURFACE ELEV. 3020.0 GROUND WATER ELEV. #***xx»

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CONE NO. GUDA CONE

OPERATOR SORENSON

LOW GUAGE ZERO 2.5 MID GUAGE ZERO 0.0 HIGH GUAGE ZERO 15.0
NOTEX GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESISTANCE RATIO
(KG/CM2) (KG/CM2) (PERCENT)
0.00 0.00 1.60 0.00
.60 19.00 2.67 14.04
.80 15,00 1.73 11.56
1.00 13.00 1.73 13.33
1.20 25.00 1.60 6.40
1.40 25.00 2.13 8.53
1.60 23.00 2.13 9.28
1.80 27.00 1.87 6.91
2.00 29.00 2.00 6.90
2.20 27.00 2.00 7.41
2.40 39.00 1.60 4.10
2.60 35.00 2.13 6.10
2.80 27.00 2.27 8.40
3.00 23.00 2.00 8.70
3.20 33.00 2.27 6.87
3.40 25,00 2.13 8.53
3.60 23.00 1.87 8.12
3.80 27.00 1.73 6.42
4.00 29.00 1.87 6.44
4.20 29.00 1.73 5.98
4.40 33.00 1.87 5.66
4.60 27.00 1.87 6.91
4.80 27.00 1.60 5.93
5.00 27.00 1.60 5,93
5.20 35.00 2.00 5.71
5.40 29.00 1.87 6.44
5.60 27.00 1.60 5.93
5.80 29.00 1.87 6.44
6.00 27.00 1.20 4.44
6.20 35.00 1.60 4.57
6.40 25.00 1.33 5.33
6.60 25.00 1.60 6.40
6.80 27.00 1.47 5.43
7.00 31.00 1.73 5.59
7.20 29.00 1.33 4.60
7.40 39.00 1.33 3.42
7.60 35,00 1.47 4.19
7.80 31.00 1.87 6.02
8.00 23.00 1.33 5.80
8.20 23.00 1.20 5.22
8.40 35,00 1.33 3.81
8.60 27.00 1.47 5.43
8.80 29.00 1.60 5.52
9.00 25.00 1.07 4.27
9.20 27.00 1.60 5.93
9.40 21.00 1.60 7.62
9.60 27.00 1.60 5.93
9.80 27.00 0.00 0.00
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DATE: 7-17-80

Figure F-1. — Dutch cone penetrometer test results plot, DC80-1.
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Figure F-2. — Dutch cone penetrometer test results plot, DC80-2.

DATE: 7-17-80

FEATURE: TIBER COFFERDAM



CONE SLEEVE FRICTION
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Figure F-3. — Dutch cone penetrometer test results plot, DC80-3.
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Figure F-4. — Dutch cone penetrometer test results plot, DC80-4.
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Figure F-5. — Dutch cone penetrometer test results plot, DC80-5.
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REPORT ON HYDRAULIC FRACTURE STUDY
TIBER SPILLWAY COFFERDAM, MONTANA
(STUDY DBR-29)

INTRODUCTION

Tiber Dam is located approximately 20 miles southwest of Chester, Montana,
on the Marias River in Liberty County. The original dam which was 205 feet
high and 4300 feet long was completed by the Bureau of Reclamation in 1955.
A dike 17,000 feet long with a maximum height of 60 feet was also con-
structed south of the dam across a topographic low under the initial

contract.

During the first filling of Tiber Reservoir, the crest structure of the
spillway began to settle. The spillway, located in the right abutment, was
founded on gypsiferous, bentonitic shales of the Telegraph Creek and Marias
River Formations of Cretaceous age. Studies showed that settlement was
caused by the gypsum being dissolved as water passed through the shale.
Attempts to correct the problem by grouting were unsuccessful so restric-
tions were placed on the reservoir operating levels im the late 1950's to

avoid using the spillway.

The structure was subjected to considerable stress during the 1964 flood
which occurred in northwestern Montana. Operation restrictions were tempor-
arily lifted during this runoff to pass a peak water release through the
spillway of 8,900 ft3/s. An alarming increase in the spillway settlement was

noted during and after this period.

Studies of various methods of safeguarding the dam structure showed that a

new spillway should be constructed. Because of the limited use being made of
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the water resources, Congress approved only those measures necessary to
protect the structure. These consisted of modifying the existing canal
outlet works for use as an auxiliary outlet and constructing a cofferdam
across the original spillway channel. This work was initiated in 1967

and completed in 1970.

During the time investigations were being made on how to repair the
spillway, new flood studies were conducted as a result of the destructive
1964 storm. The study concluded that in addition to repairing the spillway,
Tiber Dam and dike should te raised to handle rapid inflows due to the new

inflow design flood.

Two contracts were awarded to modify the dam. The first contract was to
rehabilitate the spillway by removing and replacing the existing inlet,

crest and about 500 feet of the concrete chute. The second contract included
raising the dam and dike 5 feet. Much of the material for raising the
embankments was obtained by removing the cofferdam which protected the old

spillway. All work was completed in August of 1981.

The removal of the existing spillway cofferdam to the elevation of the inlet
channel provided the Bureau of Reclamation with an opportunity to study the
effects of hydraulic fracturing on an existing compacted earthfill struc-
ture. As a result, a series of holes were drilled into the cofferdam embank-
ment for testing purposes. Fracture tests were conducted in these holes
during 1980 and 1981 by personnel from the E&R Center. Geologists from the
UM Regional Office mapped the fractures as the cofferdam was being removed

during the summer of 1981.

294



The objective of this study was to determine what damage occurred to
the compacted earth embankment in the spillway cofferdam after it had
been subjected to hydraulic fracturing. This report describes the
fracture features that were mapped in the embankment. Additional data
on the fracture test procedures will be supplied by the Geotechnical

Branch of the Division of Research from the E&R Center at a later date.
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SPILLWAY COFFERDAM

The spillway cofferdam, completed in 1970, was an arch-shaped 1090-foot

long structure with a maximum height of about 70 feet (Includes a 20-foot
deep cutoff trench). It was constructed upstream of the concrete spillway
in the right abutment of Tiber Dam. The riprap protected upstream face

was on a 3:1 slope and the downstream face on a 2:1 slope. Crest width of
the structure was 20 feet. A 20-foot wide cutoff trench with 1} to 1 side
slopes was excavated upstream from the embankment centerline and anchored
into the underlying Telegraph Creek Formation. Most-of the drilling for

the cofferdam grout curtains were completed along the cutoff trench centerline
prior to its excavation except where the cofferdam tied into the main dam
embankment. In this area (Station 109420 to main dam axis), the foundation
was grouted through the embankment along the crest centerline. The plan and
sections for the cofferdam can be found on nggigg_gi:y:ﬁéi-(Not included in

this report).

The cofferdam embankment was constructed from sandy clays (CL-CH) derived
from continental glacial till deposits. Visual classifications of this
material indicated that it was composed of approximately 70 percent medium to
high plasticity fines, 25 percent fine to coarse sand and 5 percent hard,

subrounded gravel.

Inplace densities and Proctor Maximum Dry densities were determined for

26 samples in the hydraulic fracture test area (Photograph 1). Locations of
these test sites and results are shown on DEEYEE§_§é:999:g;. Inplace dry
densities of the material ranged from 99.7 to 112.2 1bs/ft3 (Average 107.3
lbs/ft3) with water contents between 16.7 and 23.8 percent (Average 19.2 per-

cent).
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Proctor maximum dry densities ranged from 100.8 to 109.0 1bs/ft3 (Average
105.4 lbs/ft3) with optimum water contents between 16.6 and 21.3 percent

(Average 19.1 percent).
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TEST PREPARATION

The removal of the existing spillway cofferdam to the elevation of the

inlet channel (El. 2970) and into the existing main dam embankment pro-
vided the Bureau of Reclamation with a unique opportunity to study the
effects of hydraulic fracturing on an existing compacted earthfill
structure. As a result, 18 vertical hydraulic fracture test holes (9 inches
in diameter) were augered and/or drilled at locations 5 feet downstream from
the spillway cofferdam centerline between stations 104+00 and 109400. Three
groups of six holes were drilled to approximate depths of 15, 27 and 39 feet
(Elevations 3004, 2992 and 2980). Drilling and/or augering of these holes
was completed during 1980 by a UM Regional drill crew and by personnel from
the E&R Center's Research Division. All holes were advanced without using

water so that hydraulic fracturing of the embankment did not occur.

Two types of installations were placed in the 18 test holes (Drawing 84-600-21).
This included nine installations where 2.2-foot long well points were inserted
below sections of Nx casing and another nine test areas where an open hole was
drilled 1.5 feet below the casing and packed with pea gravel. All of the

5-foot long Nx casings were centered in the 9-inch-diameter holes with guides
and grouted into the embankment to isolate the well point (or openhole) test
areas. Schedule 40 PVC pipe (3 inch I.D.) was'placed in the hole from the
cofferdam surface to the top of the Nx casing. The annulus between the 3-inch
I.D. plastic pipe and the 9-inch-diameter hole was backfilled with soil and

bentonite.

Upon completion of the 18 installations, dye was introduced into the well

point or gravel packed open hole test areas under pressure to fracture the
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cofferdam embankment. All tests appeared to work satisfactorily except

for the one conducted in HF 80-6(WP) near Station 105+50. This test
required extremely high pressures (120 p.s.i.) to fracture the embankment.
Data indicates that the well point was obstructed and that dyc was injected

into the embankment above the Nx casing instead of below it.

According to preliminary data, the approximate 15-foot level (3004 E1.)

test drill holes required pressures of 20 to 54 p.s.i. (Caverage 29.3 p.s.i.)
to fracture the embankment while pressures of 24 to 45 p.s.i. (average

33.2 p.s.i.) were recorded on initial breaking in the 27-foot (El. 2992)
horizon. Embankment fracturing at the 39-foot level (El. 2980+) took place
between pressures of 39 and 82 p.s.i. (average 54.0 p.s.i.). The test in
HF 80-6(WP) which required a pressure of 120 p.s.i. to produce fracturing
was disregarded in the above figures for the deeper level. All pressures
were measured in the test area and not at ground surface. Most areas were
refractured soon after the initial 1980 test. Pressures required to refrac-
ture the 3004, 2992 and 2980 elevation areas averaged about 33, 49 and 55
percent of those recorded on the initial tests, respectively. Three areas
accepted water freely (0 p.s.i.) during the 1980 refracturing test at the

3004 elevation level.

Many test areas were again refractured in 1981. Pressures required to reopen
the breaks were only slightly higher than those recorded during the first

refracture testing completed in 1980.

All figures recorded in the embankment fracturing based on p.s.i. used are
preliminary and may be changed when a final report is submitted by the

E&R Center's Research Division.
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FRACTURE MAPPING & TESTING

During April and June of 1981, geologists from the Upper Missouri Regional
Office mapped the fractures in the embankment as the cofferdam was being
removed. Mapping was done generally on horizons after selected layers were
removed by scrapers. Fracture lenghts, widths, bearings and dips were
recorded and are shown on Figures 1 through 18. The bearing and dip of the
fractures were recorded with handheld Brunton compasses. In places, backhoe
trenches were excavated to facilitate the mapping. All pertinent features
in the mapping process were photographed. Selected Photographs (1 through

10) that depict typical features are included in this report.

Twenty-six density and moisture tests were taken at various locations
throughout the embankment by personnel from Northern Testing Laboratories.
Results and locations of these tests are shown on Drawing 84-600-21 and

Tables 1 through 18.

Five undisturbed block samples were also obtained at selected locations within
the fill, some in fractured areas (Photograph 11). These were shipped to the
E&R Center's laboratory for testing. Locations where these samples were

taken are also shown on Drawing 84-600-21.
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DESCRIPTION OF FRACTURES

Each of the 18 test holes were hydraulically fractured in 1980 with

various amounts of purple rhodamine dye. Nine of these holes were
refractured again in 1981 using yellow-orange uranine dye (Tables 1 through
18). Generally, the color of the rhodamine dye-stained fractures was very
vivid near the test area, but gradually faded toward the fracture ends
(Figures 1 through 18). Rhodamine dye was very apparent in the freshly

cut moist, brown to grayish-brown glacial till embankment (Photographs 3, 5,
6, 7, 8, 9); however, as these faces dried out and became lighter in color,
the intensity of the dye decreased and became less apparent. The uranine
dye-stained fractures on the other hand, were not readily visible in either
dry or fresh embankment exposures. In some instances, the possible presence
of uranine dye was observed as an apparent "lightening" (slightly yellowish-—
purple) of previously rhodamine stained fractures. In other instances
(HF80-17(WP), at elevations 2978.4 and 2978.1) the interaction of the two
dyes produces a faint neutral-gray color, especially near the center of the
fracture hole. As a consequence, the presence of uranine dye was never
readily apparent, or was only indicated by inference. Hence, test results
may be unwillingly biased towards the more dominant rhodamine stained

fracturing.

The width of the stained interval along each fracture varied from
approximately % to 1 inch and averaged about 1/3 inch (Photograph 7). Often,
the fractures were linear in plan view, however, minor curves and various
direction changes were not uncommon (Photographs 1, 2, 7, 8, 10). Fractures

were observed changing direction around gravels in the embankment on several
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occasions. The majority of fractures were closed. Of the total
artificially induced fractures observed, only about 20 percent displayed
openings which ranged from hairline cracks to a maximum fracture wall
separation of 1/8 inch (Photographs 7 and 8). 1In nearly every instance,

the open dye stained cracks were located near the drill hole (Photograph 7).
Occasionally, isolated open cracks of small lateral extent were found along

portions of a fracture that was removed from the test hole.

Two induced fractures were created along diametrically opposed sides of each
drill hole (Figures 1 through 18) (Photographs 1, 2, 7, 8, and 10).
Generally, the two fractures (Fractures A and B) of each hole are of similar
length at any given elevation; however, in some instances, a fracture was
twice as long as its counterpart. The longest single fracture (Fracture A
of HF 80-16(0H) was 42.9 feet. Drill Hole HF 80-16(0H) also contained the
largest combined fracture lengths (Fracture A plus B) of 70.8 feet. On the
average, induced fractures extended to 20 feet on cach side of the drill
hole. In a cross section along the cofferdam axis, the induced fractures
were generally shortest in a vertical direction and longest along the dam
axis. Additionally, fractures were also longest midway down the affected
fractured interval (vertically). This produced a roughly elliptical shape
as shown on Drawing 84-600-21. The largest vertical dimension of any induced
fracture (HF 80-18(WP)) was 16.6 feet. The smallest vertical continuity
recorded was 4.3 feet, which occurred in HF 80-1(0H). The average extent of

the fracture in a vertical direction was 12.2 feet.

In all instances but two, the area actually broken lies more or less

symmetrically above and below the zone of induced fracturing (Drawing 84-600-21).
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The fractured area in HF 80-1(0H) was highly skewed below the induced

test zone. Fractures were first observed 1.3 feet below the top of the
test area and were last observed 4.1 feet below the base of the open hole.
Conversely, the location of fracturing in HF 80-6(WP) was situated com-
pletely above the well point. The highest and lowest levels where the
fracture was observed lie 12.4 and 1.4 feet above the top of the well point
(Drawing 84-600-21). In this case, it is probable that the bottom of the
hole was plugged, which resulted in the dye being forced out above the

grouted Nx casing.

In several instances, fracture traces were observed to be offset either
upstream or downstream of the drill hole (Photograph 1). Unfortunately, the
exact location of hole centerline was lost when excavation proceeded below
the lowest elevation of the drill hole, therefore, the precise relationship
of the dip of the induced fracture to the drill hole at depth could not be
conclusively determined. It is possible that a fracture may be located
either up or downstream of hole centerline and gradually pass through hole
centerline to terminate cn the opposite side, however, there is no direct
evidence to support this. It was determined, however, that the dip of the
induced fracture was variable, changing from a downstream to upstream
direction and back again through several observations. The dip, however, is

very close to vertical (Photographs 5, 6, and 9).

The strike of the induced fractures very closely parallels the axis of the

cofferdam at all test hole locations.

Two basic types of interaction between fractures emerging from neighboring

drill holes were observed. 1In some cases, two approaching fractures from
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neighboring holes closely parallel each other about 1 to 2 feet apart

for a distance of several feet. 1In other cases, neighboring fractures
merge together to form one fracture (B fracture of HF 80-6(WP) merges

with Fracture A of HF 80-5(WP), at elevation 2989.1). For the most part,
however, individual fractures retain their separate indentities with little

interaction between fracture tests.

There appear to be a relationship between the total gallons of fluid

injected to the resulting fracture area. However, because of possible obser-
vational errors and several injections of dye in most holes, a definite
numerical relationship cannot be conclusively determined. It is believed
that the total effected area of induced fracturing will gradually increase to

a probably maximum value as the total gallons of liquid injection increases.

As noted previously, the presence of uranine-dyed fractures are very difficult
to identify in the field. All indications, however, point. to the conclusions
that the uranine (1981 fracture program) was injected into preexisting frac-
tures from the 1980 (rhodamine) fracture program. The presence of uranine

dye in the field was observed as an apparent "lightening-up" of previous
rhodamine~dyed fractures and also as a 'graying" of the two colored dyes. 1In

no instance was the yellow-orange dye observed in a fracture.

Data available indicate that there is no difference in the fracture
characteristics between the open-type (OH) drill holes and the well point-type
(WP) drill holes, with the exception of well point-type drill hole HF 80-6(WP).
In this case, the well point apparently became plugged, which resulted in the

injected dye being forced out of the hole above the Nx casing.

304



The test fractures revealed in the cofferdam show that the embankment is
prone to fracture along the structural axis of the dam embankment rather

than opposing it. This indicates that the embankment is weakest along its
length rather than perpendicular to it. This means that the hydraulically
induced fractures (at least in the case of the Tiber Cofferdam) will propa-
gate parallel to the axis instead of perpendicular to the axis. It was also
observed that fracturing occurred vertically and not horizontally. This
indicates that at no time was the Tiber Cofferdam structure raised by hydrau-

lic pressures during the test fracturing.
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GROUT FILLED FRACTURES

Two parallel rows of holes up to 110 feet deep were drilled and grouted

along the cofferdam axis between March and November of 1968. The purpose

of this grouting was to consolidate the foundation and reduce water flows
beneath the structure. Location of the curtains are shown on Drawing 84~D-454

which is not included in this report.

During grouting, a series of water and grout leaks developed along the main
dam and cofferdam embankments. This was accompanied by measured uplift at
several localities. An uplift of 0.02 feet was recorded in the cofferdam
area after injecting about 400 sacks of grout into the 70 to 90 foot stage
in a hole located at Station 106+60. Pressures were lowered from 90 p.s.i.
(at surface) to about 3/4 p.s.i. per foot of cover and the grout was gradu-
ally thickened from a water-cement ratic of 6:1 to 1:1. Grouting was in
progress during October of 1968 on the final reach of the cofferdam double
grout curtain from cofferdam Station 109420 to Tiber Dam Station 10 to 5+,
where the cofferdam ties into Tiber Dam. Grout holes in the reach extended
into the underlying Telegraph Creek and Marias River Formations. Grout takes
in some holes caused several cracks and some grout leaks élong the crest of
Tiber Dam and leaks through the Zone 1 embankment of the cofferdam. The
initial breaks (Stations 10425 to 10+90 and 6+80 to 9420) occurred while
grouting at a depth of 73 to 83 feet in a hole located at cofferdam

Station 111450. Additional grout leaks and cracks developed along the dam
crest between Stations 6+80 and 12+10 during subsequent grouting operations.
More detailed data on the uplift and grout leaks that developed during the

1968 program are listed on Drawing 84-600-22.
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Geologic mapping of the excavation for the spillway repair in 1977 exposed
many of the grout-filled fractures in the main dam embankment that were
created during the 1968 cofferdam grouting. Two parallel sets of grout-
filled fractures were uncovered following the dam axis between Stations 6+00
and 10+00. All of the fractures were near vertical extending all the way
through the embankment and terminating at the bottom outside edges of the

main dam cutoff trench. No fracturing was noted extending into the underlying
shale. Indications are that the shape and location of the cutoff trench along
Tiber Dam were the controlling factors on where the embankment broke. It is
theorized that grout passing through the gypsiferous shales worked under the
embankment and exerted pressures against the base of the fill. Areas that
were nearly flat such as the bottom of the cutoff trench were subjected to
greater uplift pressures than areas along the side slopes of the trench. The
center section of the main embankment may have been raised slightly in rela-
tion to the adjacent areas, similar to a horst type structure, until pressure
was reduced. As pressures were relaxed, the raised portion settled and possi-
bly squeezed out water or grout that would have underlain the base of the cut-
off trench. Drawing 84-600-23 is included in this report to show where the
grout streaks lie (Station 8+00 to 10+00) in relation to the cutoff trench of

the main embankment.

Remnants of several parallel grout-filled fractures were also uncovered in
the cofferdam excavation during 1981 (Photograph 10). These features roughly
follow the axis of the cofferdam, but generally lie upstream of it

(Drawing 84-600-22). All fractures were near vertical and contained up to

1 inch of grout. It is assumed that these breaks are also controlled by the
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shape and location of the cutoff trench, and that the breaks originate
at the bottom of the embankment at either the bottom or top edges of the

trench where the foundation surface flattens out.

The accidental hydraulic fracturing of Tiber Dam and the spillway cofferdam
during 1968 display characteristics very similar to those that were induced

in the cofferdam during 1980 and 1981. All breaks are near vertical and

tend to follow the path of least resistance along the axis of both structures,
The major difference is that the 1968 fracturing originated in the foundation

and was at least partly controlled by the cutoff trenches.

308



Table G-1. — Summary of data, test hole HF80-1(OH).

1
HOLE No;—/ HF80-1(QH)  LOCATION 5' D/S Sta. 104+00 GROUND ELEVATION 3019.0
Elev. Bottom NxCs _ 3006,0 Flev. Fracture Zone 3006.0 to 3004.5

(15 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)
Initial Fracture Pressure 54 p.s.i. Initial Refracture Pressure 3[ p.s.i.
Average Refracture Pressure 39 p.s.i. No. of tests (Uranine Dye) 0

No. of tests (Rhodamine Dye) 3 Total gallons injected 0

Total gallons injected 25

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 3004.7+ 3004.7+
Dye last encountered at Elev. 3000.4 3000.4
General strike (Note in 10° 190°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 4.6' 5.5'
Avg. width of dye stain %"+ (closed), %"+ (closed)
Cross sectional area of
fracture (ASB combined) 29.6 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H0 CONTENT (7% DRY WT.)
T-54 103475, 6' D/S 3004.4 107.5 19.1

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling syStem
3/ No test
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Table G-2. — Summary of data, test hole HF80-2(0OH).

1
HOLE NO.—/ HF80-2(0H) LOCATION 5' D/S Sta. 104+25 GROUND ELEVATION _3019.0
Elev. Bottom NxCs 2992.9 Elev. Fracture Zone 2992 .9 to 2991 .4
(27 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)
Initial Fracture Pressure 31 p.s.i. Initial Refracture Pressure 20 p.s.i.
Average Refracture Pressure 15 p.s.i. No. of tests (Uranine Dye) 2

No. of tests (Rhodamine Dye) 3 Total gallons injected 50

Total gallons injected 120

TEST RESULTS

Fracture A Fracture B

Dyve first encountered at Elev. 3000.4+ 3000.4+
Dye last encountered at Elev. 2984.8 2984.8
General strike (Note in 6° 177.5°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 27.0° 11.0"'
Avg. width of dye stain 5" (closed) %" (closed)
Cross sectional area of
fracture (A&B combined) 384.0 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-83 104430, 10' D/S 2995.2 99.7 23.8

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fracture A is open (hairline) @ E1. 2993.8.
Trend of the end of Fracture A curves to 15° @ El1. 2991.4.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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Table G-3. — Summary of data, test hole HF80-3(OH).

1
HOLE NO;—/

Elev. Bottom NxCs 2981.5
(39 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change)

1981 (Preliminarv - su

HF80-3(0H) LOCATION 5' D/S Sta. 104+50 GROUND ELEVATION 3019.0
Elev. Fracture Zone 2981.5 to 2980.0

bject to change)

Initial Fracture Pressure 43 p.s.i.
Average Refracture Pressure 36 p.s.i.
No. of tests (Rhodamine Dye) 5
Total gallons injected 150

Initial Refracture Pressure_ 39 p.s.i.

No. of tests (Uranine Dye)

Total gallons injected

TEST RESULTS

Fracture A

-2
20

Fracture B

Dye first encountered at Elev.

Dye last encountered at Elev,

General strike (Note in
comments if variable)

Dip

Maximum fracture length

Avg. width of dye stain

2986.8+
2975.5
11°

Near Vertical
17.0"
3/4" (closed)

2986.8+
2975.5
191°®

Near Vertical
17.6"
3/4" (closed)

Cross sectional area of
fracture (A&B combined)

301.6 sq. ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (7% DRY WT.)
T-165 104450, 69' U/S 2982.0 109.3 17.2
T-164 104450, 32' U/S 2982.5 105.5 19.3
T-172 104+47, 60' D/S 2983.4 106.5 19.3
T-171 104+48, 30' D/S 2983.5 104.7 19.4
T-122 104+52, 2' D/S 2984.7 105.,6 20.4
COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Trend of Fracture A varies from 0° @ El. 2986.8 to 22° @ El1. 2977.3.
Trend of Fracture B varies from 180° @ El1. 2986.8 to 211° @ E1. 2978.5.

1/ OH - Open hole; WP - Well point

2/ Took water immediately after filling system

3/ No test
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Table G-4. — Summary of data, test hole HF80-4(WP).

1
HoLE no 2/ HF80-4 (WP) _ LOCATION 5' D/S Sta. 104+95 GROUND ELEVATION _3019.0

Elev. Bottom NxCs

1980 (Preliminary - subject to change)

3006.1
( 15foot level Hydraulic Fracture Hole)

Elev.

Fracture Zone

3005.8

to __3004.3

FRACTURE TEST HISTORY

1981 (Preliminarv - su

bject to change)

Initial Fracture Pressure 30 _p.s-i.
Average Refracture Pressure 15 p.s.i.

No. of tests (Rhodamine Dye) 2

Total gallons injected

30

Initial Refracture Pre
No. of tests (Uranine
Total gallons injected

TEST RESULTS

Fracture A

ssure_ 18 p.s.i.
Dye) 2
25

Fracture B

Dye first encountered at Elev.
Dye last encountered at Elev,

General strike (Note in
comments if variable)

Dip

Maximum fracture length

Avg. width of dvye stain

3008. 2+
2999.1
20°

Near Vertical
9.1
3/4" (closed)

3008.2+
2999.1
200°

Near Vertical
14.6'
3/4" (closed)

Cross sectional area of
fracture (A&B combined)

160.0 sq. ft

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H20 CONTENT (% DRY WT.)
T-51 104490, 5' U/s 3008.2 108.6 17.7
COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system

3/ No test
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Table G-5. — Summary of data, test hole HF80-5(WP).

1
HOLE NO._/ HF80—5§WP! LOCATION 5' D/S Sta. 105425 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2994.4 Elev. Fracture Zone 2994, 1 to _2992.4
(27 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)
Initial Fracture Pressure 37 _p.s.i. TInitial Refracture Pressure__3/ p.s.i.
Average Refracture Pressure_ 25 p.s.i. No. of tests (Uranine Dye) 0

No. of tests (Rhodamine Dye) 4 Total gallons injected 0

Total gallons injected 120

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 2999.8+ 2998.2+
Dye last encountered at Elev. 2983.6 2983.6
General strike (Note in 25.50 196°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 16.5"' 13.9'
Avg. width of dye stain 3/16" (closed) 1/4" (closed)
Cross sectional area of
fracture (A&B combined) 316.0 sq. ft.
Dry Densities of embankment near fracture hole
TEST LQEATION ELEVATION DRY DENSITY (1lbs/cf) H20 CONTENT (7% DRY WT.)
T-66 105+20, 9' D/S 2998.3 109.7 18.0

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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Table G-6. — Summary of data, test hole HF80-6(WP).

HOLE NO.l/ HF80-6 (WP)  LOCATION 5' D/S Sta. 105+50 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2981.1 Elev. Fracture Zone 2980.8 to 2979.3
(39 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)
Initial Fracture Pressure _120 p.s.i. Initial Refracture Pressure_ 3/ p.s.i.
Average Refracture Pressure 50 p.s.i. No. of tests (Uranine Dye) 0

No. of tests (Rhodamine Dye) 5% Total gallons injected 0
Total gallons injected 150+

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 2994.7+ 2991.6+
Dye last encountered at Elev. 2982.0 2982.2
General strike (Note in 289 206°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 11.8' 11.4°
Avg. width of dye stain %" (closed) %" (closed)
Cross sectional area of
fracture (A&B combined) 290.8 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (1lbs/cf) H20 CONTENT (% DRY WT.)
T-123 105+42, 6' U/S 2980.6 111.7 16.7

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Trend of Fracture A varies from 24° @ El. 2994.7 to 32° @ El. 2982.2.
Trend of Fracture B varies from 208° @ El. 2991.6 to 204° @ El. 2982.2.

* Hole fractured to surface during Test No. 5 (1980).

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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Table G-7. — Summary of data, test hole HF80-7(OH).

1
HOLE NO;—/ HF80-7(0H) LOCATION 5' D/S Sta. 105+75 GROUND ELEVATION _3019.0

Elev. Bottom NxCs 3005.5 Elev. Fracture Zone 3005.5

( 15foot level Hydraulic Fracture Hole)

to

3004.0

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change)

1981 (Preliminary - subject to change)

Initial Fracture Pressure 25 p.s.i.
Average Refracture Pressure_J]g9 p.s.i.
No. of tests (Rhodamine Dye) 3
Total gallons injected 35

Initial Refracture Pressure_ 3/ p.s.i.
No. of tests (Uranine Dye) 0

Total gallons injected

TEST RESULTS

Fracture A

-0

Fracture B

Dye first encountered at Elev.

Dye last encountered at Elev.

General strike (Note in
comments if variable)

Dip

3008.1+
3000.1
32.5°

Near Vertical

3008.1+
3000.1
212.5°

Near Vertical

Maximum fracture length 18.0" 11.5°'
Avg. width of dye stain %" (closed) 4" (closed)

Cross sectional area of
fracture (A&B combined)

177.2 sq. ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-50 105+70, 5' U/S 3007.1 104.4 21.4
COMMENTS

Additional data on Figures 1 through 18

and Drawing 84-600-21.

Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Trend of Fracture A varies from 35° @ E1. 3007.1 to 30° @ E1. 3001.1.
Trend of Fracture B varies from 215O @ El1. 3007.1 to 210O @ E1. 3001.1.

1/ OH - Open hole; WP - Well point

2/ Took water immediately after filling system

3/ No test
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Table G-8. — Summary of data, test hole HF80-8(OH).
1
HOLE NO;*/ HF80-8(0H) LOCATION 5' D/S Sta. 106+25 GROUND ELEVATION 3019.0

Elev. Bottom NxCs 3006.1 Elev.
( 15foot level Hydraulic Fracture Hole)

Fracture Zone

3006.1

to 3004.6

FRACTURE TEST HISTORY

1930 (Prelimirarv - subject to change)

1981 (Preliminarv - subject to change)

Initial Fracture Pressure 22 p.s.i.
Average Refracture Pressure 2/ p.s.i.
No. of tests (Rhodamine Dye) 2
Total gallons injected 35

Initial Refracture Pres
No. of tests (Uranine D
Total gallons injected

TEST RESULTS

Fracture A

sure__ 17 p.s.i.
ye) 1
25

Fracture B

Dye first encountered at Elev. 3007 .4+ 3007.4+
Dye last encountered at Elev. 2995-20 2995.20
General strike (Note in 32.5 212.5

comments if variable)
Dip
Maximum fracture length
Avg. width of dye stain

Near Vertical
17.0'
k" (closed)

Near Vertical
12.9'
L" (closed)

Cross sectional area of
fracture (A&B combined)

231.2 sq. ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (7% DRY WT.)
T-49 106+28, 5' D/S 3008.4 110.2 18.1
COMMENTS

Additional data on Figures 1 through 18

and Drawing 84-600-21.

Cofferdam embankment is medium to high plasticity sandy clay (CL~CH)

Trend of Fracture A varies from 30o @ El. 3007.4 to 35° @ E1. 3001.9.
Trend of Fracture B varies from 210° @ El. 3007.4 to 215° @ El. 3001.9.

1/ OH - Open hole; WP - Well point

2/ Took water immediately after filling system

3/ No test
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Table G-9. — Summary of data, test hole HF80-9(OH).

1
HOLE NO:‘/ HF80-9 (0H) LOCATION 5' D/S Sta. 106+50 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2981.6 Elev. Fracture Zone 2981.6 to 2980.1
(39 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)

Initial Fracture Pressure 65 p.s.i. TInitial Refracture Pressure 43 p.s.1.
Average Refracture Pressure 45 p.s.i. No. of tests (Uranine Dye) 2

No. of tests (Rhodamine Dye) § Total gallons injected 50

Total gallons injected 2004

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 2987.1+ 2987.1+
Dye last encountered at Elev. 2976.0 2976.0
General strike (Note in 440 21%.5°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 11.2° 21.5"'
Avg. width of dye stain 4" (closed) 1" (closed)
Cross sectional area of
fracture (A&B combined) 311.6 sq. ft.
Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-111 106450, 12' D/S 2987.0 108.7 20.2
T-110 106+50, 40' D/S 2987.0 106.3 19.6
T-104 106+45, 58' U/S 2982.9 109.1 18.4

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Trend of Fracture B varies from 209° @ El. 2987.1 to 224° @ E1. 2979.3.
Fracture 1is open 1/16" @ El1. 2987.1 and open (hairline) @ El. 2984.4.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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Table G-10. — Summary of data, test hole HF80-10{WP).
Sta. 106+75 GROUND ELEVATION 3019.0

1
HOLE NO.—/ HF80-10(WP) LOCATION 5' D/S

Elev. Bottom NxCs 3006.0 Elev. Fracture Zone 3005.7

(15 foot level Hydraulic Fracture Hole)

to 3004.2

FRACTURE TEST HISJORY

1980 (Preliminary - subject to change)

1981 (Preliminary - subject to change)

Initial Fracture Pressure 20 p.s.i.
Average Refracture Pressure 2/ p.s.i.
No. of tests (Rhodamine Dye) 4
Total gallons injected 70

Initial Refracture Pressure 3/ p.s.i.
No. of tests (Uranine Dye) 0

Total gallons injected

TEST RESULTS

Fracture A

-0

Fracture B

Dye first encountered at Elev.

Dye last encountered at Elev.

General strike (Note in
comments if variable)

Dip

3007.7+
2997.7
40°

Near Vertical

3007.7+
2997.7
220°

Near Vertical

Maximum fracture length 21.0°" 24.0"
Avg. width of dye stain %" (closed) %" (closed)
Cross sectional area of

fracture (A&B combined) 278.0 sq. ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-48 106+75, 6' U/S 3008.0 104.9 20.1
COMMENTS

Additional data on Figures 1 through 18

and Drawing 84-600-21.

Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Trend of Fracture A varies from 42° @ El. 3007.7 to 35° @ E1. 3006.4 to 45° @

El. 3003.7.

Trend of Fracture B varies from 220° @ El. 3007.7 to 215° @ El. 3006.4 to 225°

@ E1. 3003.7

Fracture B is open from 1/64 to 1/8" @ El. 3006.4.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling
3/ No test

syStem
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Table G-11. — Summary of data, test hole HF80-11(WP).

1
HOLE NO;—/ HF80-11(WP) LOCATION 5' D/S Sta. 107+25 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 3005.8 Elev. Fracture Zone 3005.5 to  3004.0
(15 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)
Initial Fracture Pressure 25 p.s.i. 1Initial Refracture Pressure 2/ p.s.i.
Average Refracture Pressure__ 2/ p.s.i. No. of tests (Uranine Dye) _1

No. of tests (Rhodamine Dye) 2 Total gallons injected 45

Total gallons injected 45

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 3007.0+ 3008. 2+
Dye last encountered at Elev. 2998.4 2998.4
General strike (Note in 42,59 227.5°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 16.5" 25.0'
Avg. width of dye stain 4" (closed) %" (closed)
Cross sectional area of
fracture (A&B combined) 215.6 sq. ft.
Dry Densities of embankment near fracture hole
TEST LQEATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-47 107425, 7.5' U/S 3008.5 107.0 18.5

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fracture "C" also present from El. 3007.0 to 3005.0; strike 221°; maximum
length of 4.0'; %" (closed) stained interval.

Trend of Fracture A varies from 40° @ E1. 3007.0 to 45° @ El1. 3005.0.

Trend of Fracture B varies from 230° @ El. 3008.2 to 225° @ E1. 3005.0.

1/ OH - Open hole; WP - Well point

2/ Took water immediately after filling system
3/ No test

319



/ Table G-12. — Summary of data, test hole HF80-12(WP).
1
HOLE NO.™ _ HF80-12(WP) LOCATION 5' D/S Sta. 107+50 GROUND ELEVATION 3019.0

Elev. Bottom NxCs 2993.5 Elev. Fracture Zone 2993,2

(27 foot level Hydraulic Fracture Hole)

to __2991.7

FRACTURE TEST HISTORY

1980 (Preliminarv - subject to change)

1981 (Preliminary - subject to change)

Initial Fracture Pressure 45 p.s.i.
Average Refracture Pressure_]5 p.s.i.
No. of tests (Rhodamine Dye) 3
Total gallons injected 60

Initial Refracture Pressure_3}8 p.s.li.
No. of tests (Uranine Dye) 1

Total gallons injected

TEST RESULTS

Fracture A

S0

Fracture B

Dye first encountered at Elev.

Dye last encountered at Elev.

General strike (Note in
comments if variable)

Dip

2998.0+
2984.1
599

Near Vertical

2998.0+
2984.1
232.50°

Near Vertical

Maximum fracture length 16.8' 17.2!
Avg. width of dye stain 5" 5"
Cross sectional area of

fracture (A&B combined) 361.6 sq. ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (7% DRY WT.)
T-67 107450, 4' u/s 2995.1 107.5 18.4
COMMENTS

Additional data on Figures 1 through 18

and Drawing 84-600-21.

Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fracture A is open (1/16 to 1/8") from El. 2998.0 to 2995.7 and open (hairline) @

El. 2993.2.

Fracture B is open (hairline) from El. 2998.0 to 2995.7 and also @ El. 2990.0.
Trend of Fracture B varies from 226° @ E1. 2998.0 to 239° @ El. 2990.0.

1/ OH - Open hole; WP - Well point

2/ Took water immediately after filling system

E] No test
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Table G-13. — Summary of data, test hole HF80-13(WP).
HOLE NO. HF80 -13(WP) LOCATION 5' D/S Sta. 107+75 GROUND ELEVATION 3019 0

Elev. Bottom NxCs 2981.6 Elev. Fracture Zone 2981.3 to 2979.8
(39 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change) 1981 (Preliminary - subject to change)
Initial Fracture Pressure 41 p.s.i. Initial Refracture Pressure 3/ p.s.i.
Average Refracture Pressure 20 p.s.i. No. of tests (Uranine Dye) 0

No. of tests (Rhodamine Dye) 3 Total gallons injected 0

Total gallons injected 150

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 2986.4+ 2986.4+
Dye last encountered at Elev. 2973.5 2973.5
General strike (Note in 52.5° 230°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 29.6' 17.9'
Avg. width of dye stain L LU
Cross sectional area of
fracture (A&B combined) 435.2 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H20 CONTENT (7% DRY WT.)
T-112 107+60, 3' U/S 2983.5 106.0 18.1

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Both A and B fractures are opened (hairline) from El. 2982.2 to 2976.0.

Trend of Fracture A varies: 50° @ El. 2986.4; 56° @ E1. 2983.5: 45° @
El. 2977.5; 59° @ E1. 2974.6.

Trend of Fracture B varies: 230° @ El 2986.4; 236° @ E1. 2983. 5; 231° @
El. 2979.0; 222° @ E1. 2977. 5; 229 @ El1. 2974.6.

Fracture A parallels Fracture B of HF80- -15(0H) 2.5' away @ El. 2980.6.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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Table G-14. — Summary of data, test hole HF80-14(0OH).

1
HOLE NO;—/ HF80-14(0H) LOCATION 5' D/S Sta. 108+0Q GROUND ELEVATION _3019.0
Elev. Bottom NxCs 2993.8 Elev. Fracture Zone 29913 .8 to 2992.3
(27 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminarv - subject to change) 1981 (Preliminarv - subject to change)
Initial Fracture Pressure 24 p.s.i. Initial Refracture Pressure 3/ p.s.i.
Average Refracture Pressure ]3 p.s.i. No. of tests (Uranine Dye) 0

No. of tests (Rhodamine Dye) 3 Total gallons injected 0

Total gallons injected 60

TEST RESULTS

Fracture A Fracture B

Dve first encountered at Elev, 2997.0+ 2997.0+
Dye last encountered at Elev. 2983.2 2983.2
General strike (Note in 61° 241°

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 33.0' 33.0'
Avg. width of dye stain 1/3" (closed) 1/3" (closed)
Cross sectional area of
fracture (2&B combined) 519.6 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-68 108+00, 3' u/Ss 2995.2 112.2 17.7

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fractures A and B are open (hairline) from El. 2997.0 to 2994.2.
Fracture B also open (hairline) @ E1. 2987.9.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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1

HOLE No:—/ HF80-15(0H) LOCATION

Elev. Bottom NxCs

1980 (Preliminarv - subject to change)

Table G-15. — Summary of data, test hole HF80-15(0OH).
5' D/S Sta.108+25

Elev.

Fracture Zone
(39 foot level Hydraulic Fracture Hole)

2980.4

GROUND ELEVATION 3019.0

to 2978.9

FRACTURE TEST HISTORY

1981 (Preliminary - su

bject to change)

Initial Fracture Pressure 82 p.s.i.
Average Refracture Pressure 32 p.s.i.

No. of tests (Rhodamine Dye) 3

Total gallons injected

Initial Refracture Pressure

No. of tests (Uranine
Total gallons injected

TEST RESULTS

Fracture A

3/ p.s.i.
Dye) __ 0
S

Fracture B

Dye first encountered at Elev.
Dye last encountered at Elev.

General strike (Note in
comments if variable)

Dip

Maximum fracture length

Avg. width of dye stain

2986.1+
2970.0
550

Near Vertical
23.2'
1/3" (closed)

2986.1+
2970.0
235°

Near Vertical
37.5"'
1/3" (closed)

Cross sectional area of
fracture (A&B combined)

702.7 sq.

ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (7% DRY WT.)
T-113 108+50, 3' D/S 2982.6 107.6 19.2
COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fracture A is open (hairline) from E1. 2980.2 to 2978.3.
Fracture B is open (hairline) @ El. 2980.2 and 2976.0.
Trend of Fracture A varies from 60° @ El. 2986.1 to 50° @ El. 2984.0 to

52° @ E1. 2974.0.

Trend of Fracture B varies from 240° @ El. 2986.1 to 230° @ E1. 2984.0.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system

3/ No test
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Table G-16. — Summary of data, test hole HF80-16(0H).

1
HOLE NO.—/ HF80-16(0H) LOCATION _5' D/S

Sta. 108+50 GROUND EL

Elev. Bottom NxCs 2993.7 Elev.
(27 foot level Hydraulic Fracture Hole)

Fracture Zone

2993.7

EVATION _3019.0
to _2992.2

FRACTURE TEST HISTORY

1980 (Preliminarv - subiect to change)

1981 (Preliminary - su

bject to change)

Initial Fracture Pressure 32 p.s.i.
Average Refracture Pressure 15 p.s.i.
No. of tests (Rhodamine Dye) 3
Total gallons injected 75

Initial Refracture Pre
No. of tests (Uranine
Total gallons injected

TEST RESULTS

Fracture A

ssure 3/ p.s.i.
Dye) O
0

Fracture B

Dye first encountered at Elev.

Dye last encountered at Elev.

General strike (Note in
comments if variable)

Dip

Maximum fracture length

Avg. width of dye stain

2998.7+
2982.6
60.5°

Near Vertical
42.9'
%" (open)

2998.7+
2982.6
239.5°

Near Vertical
27.9'
%" (open)

Cross sectional area of
fracture (A&B combined)

881.7 sq.

ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-69 108+47 ¢ 2995.7 109.0 20.1
COMMENTS

Additional data on Figures 1 through 18

and Drawing 84-600-21.

Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Both A and B fractures are open (hairline); Fracture B closed from FEl. 2993.3

to termination @ El. 2982.6.

Trend of Fracture A varies form 64° @ E1. 2998.7 to 57° @ E1. 2993.3.
Trend of Fracture B varies from 244° @ El. 2998.7 to 235° @ E1. 2993.3.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling
3/ No test

system
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Table G-17. - Summary of data, test hole HF80-17(WP).

1
HOLE NO.—/ HF80-17 (WP) LOCATION 5' D/S Sta. 108+75 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2981.9 Elev. Fracture Zone 2981.6 to 2980.1
(39 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminarv - subject to change) 1981 (Preliminary - subject to change)
Inicial Fracture Pressure __2? p.s.i. 1Initial Refracture Pressure 21 p.s.1i.

Average Refracture Pressure 20 p.s.i. No. of tests (Uranine Dye) 2
No. of tests (Rhodamine Dye) 3 Total gallons injected 50
Total gallons injected 120

TEST RESULTS

Fracture A Fracture B

Dye first encountered at Elev. 2984 .3+ 2984 .3+
Dye last encountered at Elev. 2970.6 2970.6
General strike (Note in 66° 2459

comnents if variable)
Dip Near Vert*cal Near Vert}cal
Maximum fracture length " 30.0 " 30.5
Avg. width of dye stain 1/3" (closed) 1/4" (closed)
Cross sectional area of
fracture (A&B combined) 507.7 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (7 DRY WT.)
T-105 108+75, 85' U/S 2981.4 106.1 19.6
T-106 108450, 50' D/S 2985.0 109.9 18.3
T-107 108475, 5' U/sS 2985.9 106.6 19.3

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fracture A is open (1/16" to 1/8™) from El. 2982.4 to 2980.2.
Fracture B is open (1/16" to 1/8") from El. 2982.4 to 2979.4.
Trend of Fracture A varies from 65° @ E1. 2984.3 to 68° @ E1. 2974.3.

Fracture B lies 1.5' D/S and parallels Fracture A of HF80-15(OH) @ El. 2974.3
for 2°.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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Table G-18. — Summary of data, test hole HF80-18(WP).

1
HOLE NO:”/ HF80-18(WP) LOCATION 5' D/S Sta. 109+00 GROUND ELEVATION _3019.0

Elev. Bottom NxCs

1980 (Preliminary - subject to change)

2993.9
(27 foot level Hydraulic Fracture Hole)

Elev.

FRACTURE TEST

Fracture Zone

2993.6

to _ 2992.1

HISTORY

1981 (Preliminary - subject to change)

Initial Fracture Pressure 30 p.s.i.
Average Refracture Pressure 13 p.s.1.

No. of tests (Rhodamine Dye) 3

Total gallons injected

60

Initial Refracture Pressure 16 p.s.i.

No. of tests (UIranine
Total gallons injected

TEST RESULTS

Fracture A

Dye) _ 1
50

Fracture B

Dye first encountered at Elev.
Dye last encountered at Elev.

General strike (Note in
comments if variable)

Dip

Maximum fracture length

Avg. width of dye stain

3002.8+
2986.2
790

Near Vertical
30.2"
1/3"

3002.8+
2986. 2
2570

Near Vertical
25.6"'

1/3"

Cross sectional area of
fracture (A&B combined)

727.3 sq.

ft.

Dry Densities of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (1bs/cf) H20 CONTENT (% DRY WT.)
T-70 108493, 2' D/S 2997.0 106.4 20.8
COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.
Cofferdam embankment is medium to high plasticity sandy clay (CL-CH)

Fracture A is open (hairline) from El. 2999.9 to 2991.2.
Fracture B is open (hairline) from El. 2994.5 to 2991.2.
Trend of Fracture A varies from 83° @ El. 3002.8 to 75° @ E1. 2994.5 to 76° @

El. 2991.2.

Trend of Fracture B varies from 249° @ E1. 3002.8 to 256° @ El. 2991.2.

1/ OH - Open hole; WP - Well point
2/ Took water immediately after filling system

3/ No test
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(Q COFFERDAM

HOLE NO. _HF80-1(0H)
DATE: _4=9-81_
ELEV. _3004.7

PHOTO: YES a No

COMMENTS: _Weak purple dye stains alang. a .
horizontal separatiaon Covers a circular area
6 feet in diameter around the drill hole,

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

eeT_1 _or_3

Figure G-1. — Fracture mapping, HF80-1(OH). Sheet 1 of 3.
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Kq‘,_ COFFERDAM

HOLE NO. _HE80-1(OH)
DATE: __4-9-81
ELEV. __3004.1

PHOTO: O3 YES O No

COMMENTS: A--strike 10°, dip 82°FE; length

4.6 feet; closed, purple dve stained fracrure
with horizoptal dve stained plane that extends HYDRAULIC FRACTURE
northeastwards a disgance of loofeet from the STUDY DB-29
hole. B--str ike 1907, dip 80+ E; length

5.5 feet: closed, purple dye stained fracture.

TIBER COFFERDAM

2 3

SHEET £ OF =

Figure G-1. — Fracture mapping, HF80-1{OH). Sheet 2 of 3.
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¢ COFFERDAM

HOLE No. _HF80-1(OH)
DATE: ___4-9-81
ELEV. 3000.4
PHOTO: O YES O3 NO

COMMENTS : _Back
fracture ends at this elevation

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET__3 _oF_3

Figure G-1. — Fracture mapping, HF80-1(OH). Sheet 3 of 3.
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oy,
(/
ﬁ s o8l
¢ COFFERDAM

HOLE NO. HE80-2(0H)
DATE: ___4-16-81
ELEV. 3000.4 to top of casin

PHOTO: YES 0O No

COMMENTS : _A=-strike 5%, dip 79°W.; length
13.5 feet; no open crack; strong purple dye
1 .

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM
SHEET L _oF __7

Figure G-2. — Fracture mapping, HF80-2(OH). Sheet 1 of 7.
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HOLE NO. HF80-2(OH)
DATE: 4-21-81
ELEV. 2996.9

PHOTO: O YES NO

COMMENTS: _A--strike 5°, dip 80°W: 0 feet
long: purple !

hrough center of hole. B--could not HYDRAULIC FRACTURE
be determine d accurate ly as excavat ion_was STUDY DB-29
made in this area to remove casing.
TIBER COFFERDAM
SHEET 2 __OoF _1 _

Figure G-2. — Fracture mapping, HF80-2(OH). Sheet 2 of 7.
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HOLE NO. HES80-2(QH)
DATE: __4z21°81
ELEV. 2995.2

pHOTO: B YES O NO

COMMENTS: A-—gtxike 69, dip 78°E; length
18.7 feet: no open crack. B--strike 1780;

dip 789E; length 7.8 feet:; offset 0.8 feet
east of hole; short length of multiple

fractures that parallel major B fracture from

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_3 __ofF_71

Figure G-2. ~ Fracture mapping, HF80-2(OH). Sheet 3 of 7.
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ﬁ & o8l
G COFFERDAM

HOLE NO.HEF80-2(OH)
DATE: __4-22-81
ELEV. 2993.8

PHOTO: YES [ NO

COMMENTS: A== °

oy7.
17.5 ﬁggr_; closed fracture with hairline
crack in places: strong purple dve colpration HYDRAULIC FRACTURE
B--strike 175%; dip 80°W: lepgth 9.2 feet; STUDY DB-29

closed fracture with weak d o H
offset 0.1 feet east of hole.

TIBER COFFERDAM
ote: Yellow-green dye was observed in hole
at this elevation. - - |  gueeT 4 oF__7

Figure G-2. — Fracture mapping, HF80-2(OH). Sheet 4 of 7.

333




(Ec, 08l
¢ COFFERDAM

HOLE NO. _HF80-2(0H)
DATE: __5-22-81
ELEV. 2991.4
PHOTO: YES O NO

COMMENTS : A--strike 6°for a length of

o
17.0 feet where fracture chapges direction (15°)
and continues an additional 10 feet: dip 75°W; HYDRAULIC FRACTURE

closed. faint purple dve stained fracture. STUDY DB-29

B--strike 178%; dip 62°W; length 11 feet;
closed, faint purple dye stained fracture. TIBER COFFERDAM

SMEET 2 _OF .7 _

Figure G-2. — Fracture mapping, HF80-2{0i ). Sheet 5 of 7.
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l/
/@l o8t
¢ COFFERDAM

HOLE NO. HF80-2(OH)
DATE: 4228281
ELEV. 2988.5

PHOTO: O YES NO

COMMENTS: A--strike 6°, dip 75°W; length

3.0 feet. B--strike 178°, dip 60°W; length

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

Figure G-2. — Fracture mapping, HF80-2(OH). Sheet 6 of 7.
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¢ COFFERDAM

HOLE NO. HES0-2(QH)
4-30-81

DATE:
ELEV.

2984.8

PHOTO: [ YES NO

COMMENTS : _Fractures end at this elevation

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

mapping, HF80-2(OH). Sheet 7 of 7.

Figure G-2. — Fracture
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HOLE NO. _HE80-3(OH)
DATE: . 4-28-81
ELEV. 2986.8
PHOTO: YES O NO

S—
skt

COMMENTS: A--strike 0°, dip varies from

0°E to 80°W; length 8.9 feer: offset 0,8 feet
east of hole. B--strike 180°, dip same as A; HYDRAULIC FRACTURE

length 17.6 feet, Both fractures are closed
with purple dye coloration up to 3/4" wide.

A fracture parallels B for 1.3 feet, TIBER COFFERDAM

STUDY DB-29

sHEET_1__oF_6

Figure G-3. — Fracture mapping, HF-80-3(0OH). Sheet 1 of 6.
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DATE: 4-28-81
ELEV. 2986.2
PHOTO: O YES NO

A
_
HOLE NO. HF80-3(OH) HOLE o
—5
B

COMMENTS : A-—strike 10°, dip 80°E to 80°W;

- length 17.0 feet; offset 0,5 feet east of hole

B--strike 190°, dip same as A; lenpeth 17.6 feet. HYDRAULIC FRACTURE
Both fractures are closed and dye staiped, A STUDY DB-29
fracture parallels B fracture for 1 foot.

TIBER COFFERDAM

Figure G-3. — Fracture mapping, HF-80-3(0OH). Sheet 2 of 6.
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7
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/ 6 08!
G COFFERDAM

HOLE NO. _HE80-~3(0H)
DATE: . 4-28-81

ELEV. 2985.9
PHOTO: & YES O No

COMMENTS: _A--strike 12° dip is pearly
vertica ngt y fr

1; le 14,0 f ff
1.5 feet ea apd £ HYDRAULIC FRACTURE

STUDY DB-29
<closed with purple dve stains up to 3/4" wide. TIBER COFFERDAMI

sHEET_3 __oF 6

Figure G-3. — Fracture mapping, HF-80-3(OH). Sheet 3 of 6.
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HOLE NO. _HES8Q-3(OH)
DATE: —_.6=2-81
ELEV. 2978,5

PHOTO: 3 YES O No

COMMENTS: A--strike 20°, dip near vertical;
length 5.0'; closed, faint purple dye stained

fracture. B--str ike 211° from hole to point HYDRAULIC FRACTURE
changes dir STUDY DB-29
an contlnues
to a point 11.5 feet from holes dip 90%; TI R COFFER
P - tole d -y BE 0 DAM
SHEET % _oF _6 _ l

Figure G-3. — Fracture mapping, HF-80-3(OH). Sheet 4 of 6.
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¢ COFFERDAM

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

6-2-81
2977.3

HOLE NO. HES80-3(OH)

PHOTO: YES 8 No

DATE:
ELEV.

COMMENTS : _A--strike 22°, dip verticals
X 1;

dye

le

ed, faint purp

0 f :

len
staiped fracture,
wide.

1o
_Dye stains up to

mapping, HF-80-3(OH). Sheet 5 of 6.

Figure G-3. — Fracture
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HOLE NO. _HF80-3(0H)
DATE: ___6-2-81
ELEV. 2975.5

PHOTO: 0O YES g No

COMMENTS: Dye staipned fracture ends at

Elevation 2975,5,

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_ 8 oF_6__

Figure G-3. — Fracture mapping, HF-80-3(OH). Sheet 6 of 6.
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7]
¢ COFFERDAM ost

HOLE NO. _HF80-4(Wp)
DATE: __4-8-81
ELEV. 3008.2

PHOTO: YES g No

COMMENTS: A——strike 20°, dip 70° SE; length

3.5 feet from hole: closed with purple dve

coloration., B--strike 200°, dip vertical to HYDRAULIC FRACTURE

75" SE; length 11.0'from hole; closed, wavy, STUDY DB-29
purple dve colored fracture., TFracture A-R is

offser 1.5 feet NW of hale TIBER COFFERDAM

SHEET 1 _oF_4

Figure G-4. — Fracture mapping, HF80-4(WP). Sheet 1 of 4.
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%
oy,
/ S6,

¢ COFFERDAM

HOLE NQ. _HF80-4 (WP)
DATE: _...4-9-81_
ELEV. 3005.5

PHOTO: (3 YES O NO (Photo also taken at Elev. 3005.1)

COMMENTS : A==strike 20 . dip vertical:

o R . .
ength 8.0 feet; osed - i

200°, dip pear ical: : HYDRAULIC FRACTURE
3 1

clo'sed fractur Purple dvye 1 o STUDY DB-29

l-inch wide along both fractur es

TIBER COFFERDAM

SHEET_2_oF__4

Figure G-4. — Fracture mapping, HF80-4(WP). Sheet 2 uf 4.
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HOLE No. _HE80-4(WP)
DATE: ___4-9-81
ELEV. 3002.9
PHOTO: YES O NO

COMMENTS: A--strike 20°, dip 70° E: length

9.1 f : B——
dip 70 E; length 14.6 feet: closed fracture HYDRAULIC FRACTURE
Both fractur tained b
es are staine v purple dye with STUDY DB-29
coloration up to %-inch wide.
TIBER COFFERDAM
SHEET_ 3 _oF_4

Figure G-4. — Fracture mapping, HF80-4(WP). Sheet 3 of 4.
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/ Se;
¢ COFFERDAM

HOLE NO. _HF80-4(WP)
CATE: . 4-8-81
ELEV. 2999.1

PHOTO: O3 YES NG

COMMENTS : Backhoe trench excavatio

colored fracture ends at this elevation

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

4 4

SHEET e OF = __

Figure G-4. — Fracture mapping, HF80-4(WP). Sheet 4 of 4.
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HOLE NO. _HF80-5(WP)
DATE: —_4-15-81
ELEV. 2999.8
PHOTO: O YES BB NO

COMMENTS: Horizonta oval shape

dye stain about 1.0 foot north of ho
approxXimately 1 x 0.6 feer in area, HYDRAULIC FRACTURE

STuDY DB-29

TIBER COFFERDAM

Figure G-6. — Fracture mapping, HF80-5(WP). Sheet 1 of 12.
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¢ COFFERDAM

HOLE NO. HE80-5(WP)
DATE: __54=15-81
ELEV. 2999.5

PHOTO: 3 YES g No

COMMENTS: A--strike 28°, dip 75° W; length

5.5 feet; purple dye coloring up to 1/8-inch

wide along fracture, No fracture south of __ HYDRAULIC FRACTURE
hole. STUDY CB-29

TIBER COFFERDAM

12 _or 12

Figure G-6. — Fracture mapping, HF80-5(WP). Sheet 2 of 12.
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oy o
/ s&r 08! o'
¢ COFFERDAM A
o.z'«l '-
HOLE NO. _HF80-5(WP) HOLE

DATE: —4=-15-81 B/
ELEV. 2998,2

PHOTO: 0J YES NO

COMMENTS : A--strike 25°, dip 78"°W: lengrh
10.9 feet; closed fra - °
dip 78°W;: length 3.7 feer; closed fracrure: HYDRAULIC FRACTURE
offset 0.2 feer west of hole. Vivid purple STUDY CB-29
dye coloration up to %-inch wide along frac-
ture. Oval shaped dye stain about % foot in TIBER COFFERDAM
diameter on aorth-side Of hole.
ger. 3 _oF 12

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 3 of 12.

349




¢ COFFERDAM

o
]
%
o
N
o \
%& °e,\
=l
m >

HOLE NO. _HF80-5(WP)
DATE: . 4-16-81 B

ELEV. 2996,7

pHOTO: O YES ¥ NO

COMMENTS: A--strike 25°, dip 78°W to vertical;

length 11.0 feet. B--strike 189°. dip 78°W:

length 4,2 feetr, offget 0,2 fosr west of hole HYDRAULIC FRACTURE
Both fractures _are closed and dye stained STUDY DB-29
(purple).

TIBER COFFERDAM

SHEET__4 oF__12

Figure G-5. — Fracture mapping, HF8Q 5/WP). Sheet 4 of 12.
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¢ COFFERDAM

HOLE NO. HES0-5(WP)
DATE: ...4=16-81 __.
ELEV. ——2995,7

PHOTO: [@ YES 0 No

i’
>y
/. SEVERAL SHORT
J/ —PARALLEL
FRACTURES

COMMENTS: _A--strike 23° dip 75°; lengrh
9.3 feet, last 2.5 feet chapges trend tg 65°~

purple dye stain up to %-inch wide along HYDRAULIC FRACTURE
closed fracture, Dve crosses pebhle with no STUDY DB-29
strike deviation. Very intenge purple dve

coloration 1.0 to 3.0 feer from hole, B-- TIBER COFFERDAM

strike 203°, dip 75°W; length 11.4 feet:
several short parallel fractures 1.0 to 3.0 feet
) -t

ojJoration s at ends. Fr
.4 west of ﬁofe.

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 5 of 12.

SHEET 3 _oF_12_

ain Taaat
acture A-B offset
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¢ COFFERDAM

HOLE NO. _HF80-5(WP)
DATE: 4-18-81
ELEV. 2994.7

Ser 081 N
PHMOTO: £J YES a No

COMMENTS: A--strike 23°; dip 75OF; lengrh

4

? FRACTURE IS

DISCONTINUOUS
IN SEVERAL
PLACES

o,

HOLE

DISTURBED BY
BLOCK SAMPLE
wATION

16.0 feet; fracture shows some discontinuity
along length: cloged fractures are dye stained
with coloration up to Y%-inch wide. B--strike
2030, dip 75°E; length in excess of 7.9 feet
(lost material beyond 7.9 feet because of
black sample excavation). A-B fracture is
offset 0.4 feet west of hole. Note:

dip changes

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET & oF_12

from W to E.

Figure G-b. — Fracture mapping, HF80-5(WP)}. Sheet 6 of 12.
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¢ COFFERDAM

HOLE NO. _HF80-5(WP)
DATE: ..4-21-81
ELEV. 2994 .1

pHOTO: [ YES O No

COMMENTS : _A--strike 230, dip near vertical;

length 16.5 feet. B--str ike 203°, dip 62°E:
length in excess of 8.0 feet (lost material

beyond 8.0 feet because of block sample excava-

tion #6). Both fractures are closed and dye

stained. Brilliant dye coloration 0 to 3.0 feet

from hole. F from hole.

HYDRAULIC FRACTURE
STUCY DB-29

TIBER COFFERDAM

SHEET_Z__oF_12

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 7 of 12.
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HOLE NO. _HE80-3(WP)
DATE: 42181
ELEV. 2991.5
PHOTO: YES O NO

COMMENTS: _A--strike 23°, dip 85°F to pear

vertical; length 11.7 feet, B--strike 203°, _
dip 62 E; length 13.9 feet. Both fractures HYDRAULIC FRACTURE

are closed and dve staipned (purple).,

STUuDY DB-29

TIBER COFFERDAM
8 12

EEEEE —_OF__

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 8 of 12.
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¢ COFFERDAM

HOLE NO. HE80-5(WP)
DATE: ___4-22-81
ELEV. 2990.3

PHOTO: B YES O No

HK
¥

COMMENTS: _A--strike 23°, dip near vertical;

length 15.1 feet. B--strike 203°, dip 62°E:

length 12.0 feet., Fractures are

closed apnd

dye stained (purple).

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_ 2 __oF 12 _

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 9 of 12.
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¢ COFFERDAM

HOLE NO. _HE80-3(WP)
DATE: 4-22°81

pPHOTO: O YES NC

COMMENTS : _A--strike 23° dip near vertical:

14.0 feet. B--strike 203°, vertical;
length 10.0 feet. Both fractures are close d

HYDRAULIC FRACTURE

STUDY 0B-29

TIBER COFFERDAM

sneet 10__op_ 12 _

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 10 of 12.
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HOLE No. _HE80-5(WP)_
DATE: .4c22281
ELEV. 2987.9

PHOTO: 3 YES O NO

COMMENTS : A—-strike 23°, dip near vertical;

length 12.2 feet. B--strike 203°, vertical;

length 6.2 feet. Both fracture faces are HYDRAULIC FRACTURE
stained by very faint purple dve. STUDY DB-29

TIBER COFFERDAM

sHeeT 11 _oF.12

Figure G-6. — Fracture mapping, HF80-5(WP). Sheet 11 of 12.
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¢ COFFERDAM

HOLE NO. _HE80-5 (WP)
DATE: __4-22:-81
ELEV. 2983.6

PHOTO: (O YES & No

COMMENTS: _A--strike 25°, dip verticalilengrh

0.5 feet. Fracture face contains very fainr
purple dye stain. B--no fra HYDRAULIC FRACTURE

STUDY DB-29

| TIBER COFFERDAM

sHEET 12 _oF_12

Figure G-5. — Fracture mapping, HF80-5(WP). Sheet 12 of 12.
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HOLE NO. HE80-6(WP)
DATE: __4-21-81
ELEV. 2994.7

PHOTO: YES g No

COMMENTS : _A--strike 24°, dip 79°4: length

8.8 feet: closed, faint dve stained fractures
i i HYDRAULIC FRACTURE
parallel fractures from hole to a point

STUDY DB-29
6.4 feet northeast of hole.

TIBER COFFERDAM

9

sssss 1 oF_9

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 1 of 9.
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HOLE NO. _HF80-6(WP)
DATE: .__4:22-81
ELEV. 2991.6

PHOTC: (8 YES O NO

o
COMMENTS: A--strike 280, dip 78 NW; length
11.8 feet; purpl i %-

along closed fracture.

B--strike 208°, dip

780NW,' length 9.2 feet; irregular (wavy)

purple dye stained fracture.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_ 2 _oF 9

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 2 of 9.
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¢ COFFERDAM

HOLE NO. _HF80-6(WP)
DATE: ___4-22-81
ELEV. 2989.1
PHOTO: OO YES & NO

COMMENTS: A--strike 28°, dip 78°NW; lengt

11.8 feet. B--strike 208°, dip 78°NW; length

re A from HF80-5.

th fractures ar losed and \'

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM
SHEET_3 _oF_9

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 3 of 9.
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¢ COFFERDAM

HOLE NO. _HF80-6(WP)
DATE: . 4-22:81
ELEV. 2988.5

PHOTO: 0O YES NO

COMMENTS: _A--strike 28°, dip 80°NW; length

10.8 feet; closed purple dye stained fracture.

B--strike 208°, dip 80°NW: lepgth 11.4 feer: HYDRAULIC FRACTURE
closed, purple dye stained fracture. STUDY DB-29

TIBER COFFERDAM
4 9

SHEET __ _OF

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 4 of 9.
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¢ COFFERDAM

HOLE NO. _HF80-6(WP)
DATE: _ 4-28-81
ELEV. 2986.7

PHOTO: 0O YES 3 NO

COMMENTS: _A--strike 24°, vertical dip;

length 9.5 feet where dve staining ends =~

abruptly; closed, purple dve staipned fracture HYDRAULIC FRACTURE
B--strike 204°, dip 85° ;
rike dip 85 west to verticalj STUDY DB-29

length 9.0 feet; closged, purple dve stained
fracture.

TIBER COFFERDAM

SHEET_2_oF 2

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 5 of 9.
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¢ COFFERDAM

HOLE NO. _HE80-6(WP)
DATE: _ 4228-81
ELEV. 2986.3

PHOTO: 3 YES 0 No

COMMENTS: _A--strike 24°, wavy irregular

vertical dip; length 10.4 feet. B--strike

2040, near vertical dip; length 9.9 feet. HYDRAULIC FRACTURE
Both closed fractures are colored by thin, STUDY DB-29
pronounced, purple dve.

TIBER COFFERDAM

sHEET 6 __oF_ 9 __

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 6 of 9.
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¢ COFFERDAM

HOLE NO. _HE80-6(WP)
DATE: ___4-28-81
ELEV. 2986.1

PHOTO: O YES a No

COMMENTS : A--strike 24°, dip near vertical;
length 11.6 feet. B--strike 204°, dip near

vertical; length 9.6 feet. Both fractures are

HYDRAULIC FRACTURE

STuDY CB-29

TIBER COFFERDAM

SHEET . _oF_ 9

Figure G-6. — Fracture mapping, HF80-6(WP). Sheet 7 of 9.
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¢ COFFERDAM

HOLE NO. _HE80-6(WP)
DATE: . 4230-81
ELEV. 2982.2

PHOTO: O YES H NO

COMMENTS : _A--strike 32%(note 8%ncrease to
east from that shown on sheet 7) dip near
vertical; length 5.0 feet; closed, purple dye

stained fracture, Dark blue dve in center of
hole. If B Fracture exist it is no

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM

SHEET.8 _oF_9

Figure G-8. — Fracture mapping, HF80-6{WP!. Sheet 8 of 9.
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¢ COFFERDAM

4-30-81
2982.0

HOLE NO. HF80-6(WP)

DATE:
ELEV.

PHOTO: O YES NC

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

COMMENTS : Fractures termina

mapping, HF80-6(WP). Sheet 9 of 9.

G-6. — Fracture
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HOLE NO. _HF80-7(0H)
DATE: . 4-8-81
ELEV, ___3008.1

PHOTO: O YES & NO

COMMENTS: _Top

of dve stained fracture

appears as a slight pur

ple coloration adijac

ent

to hole.

HYDRAULIC FRACTURE
STUDY D0B-29

TIBER COFFERDAM

SHEET_1 oF_7

Figure G-7. — Fracture mapping, HF80-7(OH). Sheet 1 of 7.
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HOLE NO. _HE80-7(0H)
DATE: __4-8-81
ELEV. 3007.1
PHOTO: Yyes O NoO

COMMENTS: _A--strike 35°Ldip 85° east to

vertica 1; len

stained fractyre, B--strike 215°, dip wavy HYDRAULIC FRACTURE
an . STUDY DB-29

e
into parallel. clogely spaced breaks that TIBER COFFERDAM
quickly

2 Vi

SHEET _£_OF L __

Figure G-7. — Fracture mapping, HF80-7(OH). Sheet 2 of 7.

369




HOLE NO. _HES0-7(QH)
DATE: __4-9-81
ELEV. 3006.0

pHOTO: [ YES NO

COMMENTS : A—=strike 300, dip verticalg

length 18.0 feet; closed, purple dye stained _
fracture. B——stri&ngOo dip 85°SE: length HYDRAULIC FRACTURE
feet; closed purple dye stained fracture, STUDY DB-29

TIBER COFFERDAM

eeeee 3 _ofF_71 _

Figure G-7. —~ Fracture mapping, HF80-7(0OH). Sheet 3 of 7.
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HOLE NO. HE80-7(OH) _
DATE: __4-9-81
ELEV. 3004.9

PHOTO: O YES £ NO

COMMENTS: A-—strike 30 , dip verticalj

length 17.5 feet; closed, purple dve stained
fracture.

11.5 feet;

B—-strike 210°, di OSE;
closed purple dve stained fracture.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 4 _oF _Z._

Figure G-7. — Fracture mapping, HF80-7(OH). Sheet 4 of 7.
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HOLE NO. _HF80-7(0H)
DATE: 4210281
ELEV. 3003.2

pPHOTO: 0O YES 3 No

COMMENTS ; A--strike 30°

i engt
16.5 feet; closed, purple dye stained fracture.

B —strike 210°. dip 85°SE: length 11.0 feer: HYDRAULIC FRACTURE
losed purple dve d P STUDY DB-29
ken b of ligh

TIBER COFFERDAM

SHEET_3 ofF _7

Figure G-7. — Fracture mapping, HF80-7(0OH). Sheet 5 of 7.
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HOLE NO. _HF80-7(OH)
DATE: ____4-10-81
ELEV. 3001.1

PHOTO: 8 YES O No

COMMENTS: A-~strike 30°, dip 85°, length

16.3 feet. B--str ike 2100. dip near vertical;

length 6.0 feet. Both fractures are closed

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM
SHEET..6 _oF_Z1

Figure G-7. — Fracture mapping, HF80-7(0OH). Sheet 6 of 7.
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HOLE NO. _HE80-7(0i)
DATE: _ 4-10-81
ELEV. 3000.1

pHOTO: O YES g NO

COMMENTS : Purple dve stained fr r

HYDRAULIC FRACTURE

STuDY DB-29

TIBER COFFERDAM

Figure G-7. — Fracture mapping, HF80-7(OH). Sheet 7 of 7.
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HOLE NO. _HF80-8(OH) °

DATE: __4-8-81 7 '-B'r_

ELEV. 3007.4 o7 15 \HOLE
PHOTO: T YES O NO

COMMENTS: A--strike 30°, dip verrical;

length 4.4 feet; closed, purple dve stained

fracture offset 1 foot northwest and beeinning HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_ 1 _oF_6

Figure G-8. — Fracture mapping, HF80-8(0OH). Sheet 1 of 6.
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HOLE NO. _HESQ-8(OH)
DATE: _..4-9-81
ELEV. 3003.5

PHOTO: O YES &kl NO

COMMENTS: _A--strike 35°, dip vertical;

length 15.8 feet; closed, purple dyve stained
fracture. B--strike 215°, dip vertical: HYDRAULIC FRACTURE
length 11.0 feet; closed, purple dvye stained STUDY DB-29

fracture

TIBER COFFERDAM

Figure G-8. ~ Fracture mapping, HF80-8(OHj). Sheet 2 of 6.
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HOLE No. _HF80-8(0H)
DATE: ___4-9-81

ELEV. 3005.1

PHOTO: O3 YES g nNo

COMMENTS : A--strike 35°, dip vertical;

length 16.2 feet; closed, purple dve stained
crack. B--strike 215°, dip vertical; length HYDRAULIC FRACTURE

12.8 feet; closed, purple dye stained crack. STUDY DB-29

TIBER COFFERDAM

SHEET._3 _oF_6

Figure G-8. — Fracture mapping, HF80-8(OH). Sheet 3 of 6.
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HOLE NO. _HE80-8(OH)
DATE: __4210-81
ELEV. 3002.9

PHOTO: & YES 0 No

COMMENTS: A--strike 35°, dip vertical
n ;s clo

HYDRAULIC FRACTURE
STUDY 0B-29

TIBER COFFERDAM

EEEEE 4 _oF 6

Figure G-8. — Fracture mapping, HF80-8(0OH). Sheet 4 of 6.
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HOLE NQ. _HF80-8(OH)
DATE: __ 4-10-81
ELEV, 3001.9

PHOTO: @ YES 0 ~No

COMMENTS: _A--strike 35%, dip 85°SE; length

13.4 feet; closed, purple dye stained fracture.

B--str ike 215°, dip 85°SE: length 12.9: closed

feet of both fractures

purple dve stained fracture. T

curve slightly dowpstream.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET .2 _oF _6

Figure G-8. ~ Fracture mapping, HF80-8(OH). Sheet 5 of 6.
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HOLE NO. _HF80-8(OH)
DATE: .. 4-10-81
ELEV. 2995.2

PHOTO: (O YES NO

COMMENTS: Closed, purple dye stain

ends at this elevation in hackhoe t1 1

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

sHEeT 6 oF_ 6

Figure G-8. ~ Fracture mapping, HF80-8(OH). Sheet 6 of 6.
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¢ COFFERDAM

HOLE NO. _HF80-9(0H)
DATE: 422881
ELEV. 2987.1

PHOTO: £ YES a No

COMMENTS : A--strike 440, dip vertical;

length 11,2 feet; f i

fracture; distinct 1/16 inch open crac k from

hole to point 3.0 feet away. B--strike 209°
dip vertical; length 21.5 feet, faint purple

dye stains along closed fracture,

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

EEEEE 1 _ofr 3

Figure G-9. — Fracture mapping, HF80-9(OH). Sheet 1 of 5.
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¢ COFFERDAM/

4
&
/ee

HOLE NO. _HF80-9(Ol)
DATE: ..4229-81
ELEV. 2985, 3

PHOTO: 0O YES &€ NO

le

COMMENTS : A——strike 44°, dip pear verticals:
ngth 9.0 feet:; closed, purple dve stai

ained

fracture. B--strike 2090. dip near vertical

and variable; length 19.0 feet:

dye

stained fracture,

:+ ¢losed, purple

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 2 _OF.2

Figure G-9. — Fracture mapping, HF8C-S(OH). Sheet 2 of 5.
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HOLE NO. _HF80-9(OH)
DATE: ___4229-81
ELEV. 2984 .4

PHOTO: 0O YES 3@ No

COMMENTS : A--strike 44° dip vertical;
length 7.7 feet; irli

point 4.0 feet away; two parallel cracks about
2 inches apart that merge 2.0 feet from hole.

B-~strike 2090, near_ vertical; length 18,0 feet;

similar to "A", two parallel fractures about

HYDRAULIC FRACTURE
STUDY CB-29

TIBER COFFERDAM

SHEET_3 _OF_3 _

Figure G-9. — Fracture mapping, HF80-9(OH). Sheet 3 of 5.
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¢ COFFERDAM

HOLE NO. _HE80-9(QH)
DATE: . 4230-81
ELEV. 2979.3
pHOTO: O YES & NO

COMMENTS: _A--strike 44°, dip verticals

length 9.0 feet; closed fractures stained with
purple dye. B--strike 224°, dip pear vertical: HYDRAULIC FRACTURE

length 18,0 feet closed fractures stained-with STUDY DB-29
purple dye,

TIBER COFFERDAM
SHEET_4 _oF_5

Figure G-9. — Fracture mapping, HF80-9(OH). Sheet 4 of 5.
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HOLE NO. _HF80-9(OH)
DATE: —_622-81_

ELEV. 2976.0
PHOTO: O YES 3@ NO

COMMENTS: No trace of fracture of
E

levation 2976.0.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

Figure G-9. — Fracture mapping, HF80-9(OH). Sheet 5 of 5.
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HOLE NOQ. HE80-10(WD)
DATE: _...4-8-81
ELEV. 3007.7

PHOTO: & YES 00 nNo

COMMENTS: A--horizontal purple dye stained

area 6-inches wide by 2 feet long rhat lies
1l to 3.0 of hole, B--strike HYDRAULIC FRACTURE
220", dip vertical; length 4.5 feet; closed,
purple dye stained fracture.

STUDY D8-2¢9

TIBER COFFERDAM

sHeeT_1 _oF__6

Figure G-10. — Fracture mapping, HF80-10(0OH). Sheet 1 of 6.
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HOLE NO. HE80-10(WP)
DATE: _429-81
ELEV. 3007.0

PHOTO: & YES a No

COMMENTS: A--strike 42°, vertical dip:

length 7.0 feet: closed, purple dve stained

fracture. B--strike 222°, wavy, near vertical HYDRAULIC FRACTURE
dip; 1 8.0 f 3

1p. ength eet; closed, purple dye STUDY DB-29
ssssss d fracture.

TIBER COFFERDAM

SHEET__2_oF_56

Figure G-10. — Fracture mapping, HF80-10(OH}. Sheet 2 of 6.
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HOLE NO. HF80-10(WP)
DATE: 42981
ELEV. 3006.4

PHOTO: £ YES O No

COMMENTS:_IL'-_S.EI_ikLﬁi._dinJLeLLicaJ_'\_

length 18.0 feet: glg§§d5 purple dye stained
fracture. B--strike 215 , dip verticalg: HYDRAULIC FRACTURE
length 20.0 feet; open (1/64 to 1/8 inch) for

ost of it's length; stained with purple dye.

STuDY DB-29

TIBER COFFERDAM

SHEET 3. _OF_6

Figure G-10. — Fracture mapping, HF80-10(OH). Sheet 3 of 6.

388




HOLE NO. _HF80-10(WP)
DATE: __4-9-81
ELEV. 3004.4
PHOTO: YES O NO

COMMENTS: _A--strike 45°, dip vertical;

HYDRAULIC FRACTURE
STUDY D8-29

TIBER COFFERDAM

SHEET_ 4 _oF _6 _

Figure G-10. — Fracture mapping, HF80-10(OH). Sheet 4 of 6.
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HOLE NO. _HF80-10(WP)
DATE: .4-10-81
ELEV. 3003.7

pHOTO: O3 YES g No

. o . o

COMMENTS: A--strike 45 , dip 83 E: length
20.5 feet; closed r i .
B--strike 2250, dip 83°SE; length 24.0 feet;

closed, purple dye stained fracture that

occasionally parts into separ

ate parallel

breaks 3 inches apart.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 3 _oF_6 _

Figure G-10. — Fracture mapping, HF80-10{OH). Sheet 5 of 6.
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HOLE NO. _HF80-10(WP)
DATE: __ 4-10-81
ELEV. 2997.7
PHOTO: O YES E NO

COMMENTS: _Dye stained fracture ends at

Elevation 2997.7 in backhoe trench.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_ 6 _oF__6

Figure G-10. — Fracture mapping, HF80-10(OH). Sheet 6 of 6.
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HOLE NO. _HE80-11(WP)
DATE: 4881
ELEV. 3008.2

PHOTO: 0O YES & No

COMMENTS : A--No fracrure. R--Trace of dye

2 to 3 feet SW of hole along an alinement
striking 230°,

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM

SHEET_L1_oF__ 1

Figure G-11. — Fracture mapping, HF80-11(WP). Sheet 1 of 7.
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HOLE NO. _HE80-11(WP) o
DATE: 5881 .
ELEV. 3008.0 ' (

PHOTO: O YES & NO

COMMENTS: A--no_fracture. B--strike 230°,

dip vertical; closed, purple dve stained

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET _2_ofF_7 _

Figure G-11. — Fracture mapping, HF80-11(WP). Sheet 2 of 7.
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HOLE NO. HESO-11(WP)
DATE: 429281
ELEV. 3007.0

PHOTO: &l YES 0 No

COMMENTS: _A--strike 40°, dip vertica

length 3.6 feet; closed, purple dve stainpe

—-strike 220°, dip vertical: length 4.0 feet:
closed, purple dye stained fracture that

HYDRAULIC FRACTURE
STUDY 0OB-29

TIBER COFFERDAM
SHEET 3 _oF_Z

Figure G-11. — Fracture mapping, HF80-11(WP). Sheet 3 of 7.
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HOLE NO. _HF30-11 (WP)
DATE: _4-9-81
ELEV. 3006.4

PHOTO: @ YES 0 Mo

COMMENTS: A--strike 429, dip vertic

al;

length 6.0 feet; closed i
B--s

fracture. trike 230°, dip near vertical;
length 16.4 f 1 d, purple d stai
racture, C-—- ip ca

4.0 feet; closed le dye ined fr

hat leaves B 1.3 f from hol

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 4 _ofF 71 __

Figure G-11. — Fracture mapping, HF80-11(WP). Sheet 4 of 7.
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HOLE NO. _HF80-11(WP)
DATE: .. _4-9-81
ELEV. 3005.0
PHCTO:; @ YES 0O NO

COMMENTS : A--strike 45°, dip vertical;

length 10.5 feet; closed, purple dye stained
fracture. B--strike 2250 di

dye stained fracture.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_3 __OoF__7

Figure G-11. — Fracture mapping, HF80-11(WP). Sheet 5 of 7.
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HOLE NO. HF80-11(WP)
DATE: ...4-10-81
ELEV. 3003.4

PHOTO: B YES 0O NO

COMMENTS: A--strike 45°, dip 83°SE; length

16.5 feet; closed, purple dye stained fracture.
B--strike 225°, dip 83°SE, length 19.2 feet: HYDRAULIC FRACTURE

STuDY DB-29

_several parallel splitg, 1 to 2 inches apart. TIBER COFFERDAM

SHEET_6 _oF_T1

Figure G-11. — Fracture mapping, HF80-11(WP). Sheet 6 of 7.
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HOLE NO. _HF80-11(WP)
DATE: . 4-10-81
ELEV. 2998.4
PHOTO: O YES NO

COMMENTS: Backhoe excavation for block
sample bottomed at Flevation 3003.4. Fracture
at Elevation 3003.4 is closed with a faint
purple dye stain., Trench deepened to
Elevation 2998.4. Closed dve stained fracture
ends at Elevation 2998.4.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

sHEET 7 _oF_ 1

Figure G-11. ~ Fracture mapping, HF8C-11{WP). Sheet 7 of 7.
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HOLE NO. HES0-12(WP)
DATE: __4-15-81
ELEV. 2998 .0

PHOTO: O YES NO

COMMENTS: A--strike 59°, dip 72°SE; length
10.0 feet; offset 0.8 feet northwest of hole;
open crack 1/16 to 1/8 inch wide.

B--gtrike

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM
sHEET_1 __oF_10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 1 of 10.
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PHOTO: O YES 1 NO

COMMENTS : A--strike 59°, dip 759SE; length

10.0 feet; hajrline crack with purple dve
stained faces. B--strike 226°, dip 75°SE: HYDRAULIC FRACTURE
length 13.5 feet; hairli fra i i STUDY DB-29

TIBER COFFERDAM

sHEET 2 _ofF__10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 2 of 10.

400




HOLE NO. _HE80-12(WP)
DATE: _4:16:81
ELEV. 2994.2

PHOTO: O YES B NO

COMMENTS : _A-~strike 59°, dip 72°SE; length

11.7 feet; closed, purple dve stained fracture.

B--strike 226°, dip 72°SE: length 6.5 feot: HYDRAULIC FRACTURE
closed, purple dyve stained fracture. Dve in

both breaks is vivid in places. Both fractures
offset 0.3 feet northwest of hole,

STuDY DB-29

TIBER COFFERDAM

SHEET__3_oF. 10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 3 of 10.
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HOLE NO. HE80-12(wp)
DATE: __4-21-81
ELEV. 2993.2

PHOTO: 0O YES B NO

COMMENTS : A--strike 59°, dip 75°SE; length

15.0 feet: purple dve stained crack from hole

to a point 14 from hole; crack extends HYDRAULIC FRACTURE
. .. . . T

Lo 15.0 feet with no dye staining., B--strike Y -

and dip not recorded. Surface badly broken STuDY DB-23

by earth moving equipment.

TIBER COFFERDAM

SHEET_4._oF_10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 4 of 10.
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HOLE NO. HE80-12(WP)
DATE: . 4-21-81
ELEV. 2990.0

PHOTO: & YES a no

COMMENTS : _A--strike 59°. dip 82°SE; length

12.4 feet; closed, purple dye stained fracture.
--strike 2399 ip 82°SE; 1 h 15.5 feet: HYDRAULIC FRACTURE
hairline crack near hole; fracture closed with
faint purple dye stain at end. Note: B fractu Tl BER COFFERDAM
trend changes from Sheet #3.

SHEET 3 __oF_10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 5 of 10.
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HOLE NO. _HESQ-12(WP)
4-21-81

DATE:
ELEV.

2989.2

PHOTO: @ YES 0 No

ike 59°, dip 82°SE; length

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

COMMENTS : A--—str

; end 2.0 feet

eeeee

of fracture

dips 28°SE.

mapping, HF80-12(WP). Sheet 6 of 10.

Figure G-12. — Fracture
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HOLE NO. HE80-12(WP)
DATE: __4-22-81
ELEV. 2987.7

PHOTO: 3 YES a No

COMMENTS: A--strike 590, dip 82°SE; length

10.8 feet; last 0.8 feet of fracture dipping

much flatter. Purple dye stain % inch wide
ipning with length. B--strike

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET __7__oF_10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 7 of 10.
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HOLE NQ. HF80-12(WP)
DATE: __4-28-81
ELEV.
PHOTO: 0O YES B NO

2987.3

COMMENTS : A--strike 599, dip 829SF. length

1) N o
10.3 feet; closed, purple dve stained fracture.
B--strike 239°, dip varies 72°- 807°SE;: Jength
15.2 feet; closed, purple dve staipned fracture.
D .

stain is about i

thinning and becoming faint at fracture ends.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_8 _oF_10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 8 of 10.
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HOLE NO. HE80-12(WP)
DATE: . 2228°81
ELEV. 2987.0

PHOTO: O YES NO

COMMENTS : _A--strike 590, dip near vertical;

closed, purple dye stained fracture; length
10.5 feet. B-~fracture was not mapped as

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_ 9 _oF.. 10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 9 of 10.
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HOLE NO. HE80-12(WP)
DATE: __ 4229°81
ELEV, __2984.1

pHOTO: 0O YES NO

COMMENTS: _A--strike 59, dip is near vert

length 1.2 feet; faint purple dye stained,

ical;

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

sHeeT 10 _oF_10

Figure G-12. — Fracture mapping, HF80-12(WP). Sheet 10 of 10.
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HOLE NO. HF80-13(WP)
DATE: __4-28-81
ELEV. 2986.4

pPHOTO: (O YES g8 NO

COMMENTS: A-=strike 50°, dip 80°SE; length
5.5 feet; closed, purple dye stained, wavy

fracture, B--strike 230°, dip vertical: HYDRAULIC FRACTURE
length 8.8 feet; closed, purple dye stained STUDY DB-29
fracture.

TIBER COFFERDAM

sneeT_l _oF_ 10

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 1 of 10.
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HOLE NO. HF80-13(WP)
DATE: .4229-81
ELEV. 2983.5

PHOTO: 3 YES O NO

COMMENTS : A--strike 56°, dip 73°SE; length

21.0 feet; closed purple dye stained fracrure

(dye up to % inch wide)., B--strike 236°

dip 73°SE; length 10.0 feet: weak, purple dye

stained, closed fracture (1/8 inch wide dve

stain).

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM

SHEET 2. _oF_10 _

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 2 of 10.
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% XY

HOLE NO. HE80-13(WP)
DATE: __4:29-81
ELEV. 2982.2

pHOTO: O YES NO

COMMENTS: A-—arrike 56°, dip 759SE: length

27.4 feet: open, hairline, purple dve stained
fracture.

ractu
16.0 feet;
fracture

B--strike 236°, dip 75°SE; length
open, hairline, purple dye stained

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 3 _ofF._10

Figure G-13. —~ Fracture mapping, HF80-13(WP). Sheet 3 of 10.
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HOLE NO. _HF80-13(WP)
DATE: ___4-29-81
ELEV. 298Q,6

PHOTO: O YES NO

COMMENTS: A--strike 56°, dip 779SE: 29,6 feet
long; open, hairline, purple dve sta

fracture. This break parallels B fracture HYDRAULIC FRACTURE
(2.5 away) from HF§0-13(0M) for a distance of STUDY DB-29
14.1 feet. B--strike 2350, dip ZZOSE; 17.9 feet
long: open, hairline, purple dye stained TIBER COFFERDAM
fracturg

SHEET_ 4 __oF_10

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 4 of 10.
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HOLE No. _HF80-13(WP)
DATE: —_4-30-81
ELEV. 2979.0

PHOTO: O YES £ NO

COMMENTS ; A&B similar to that described on
t a ]

Sheet 4 exce
231°,

h str

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM

SHEET 3 __oF_10

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 5 of 10.
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HOLE NO. HF80-13(WP)
DATE: 4230-81
ELEV. 2977.5

PHOTO: 0O YES El NO

COMMENTS: A--srrike 45°, dip 779SF: lepgth
2 ——strike 222°, dip 77°SE; length

12,6 feet., Both fractures are purple dye
stained and open (hairline) in places.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 6. oF_10_

Figure G-13. — Fracture mapping, HF80-12/\WP). Sheet 6 of 10.

414




PHOTO: O YES ®© NO

COMMENTS: A&B similar to

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 7 of 10.
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HOLE NO. HES0-13(WP)

4-30-

DATE :
ELEV.

2976.0

a No

PHOTO: KX YES

oSE; length

ike 45°, dip 7

HYDRAULIC FRACTURE

STuDY DB-29

TIBER COFFERDAM

oF_10_

A--str

COMMENTS:

15.5 fee

ik

o
77777

.....

l O
o U a o
[

mapping, HF80-13(WP). Sheet 8 of 10.

Figure G-13. — Fracture
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HOLE NO. HE80-13(WP)
DATE: 622281
ELEV. _2974.6

PHOTO: £ YES 0 no

COMMENTS : A-—strjke 59°, dip near vertical;
length 16,5 feet; closed, faint purple dye

*

X
H

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_I __oF 10

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 9 of 10.
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HOLE No. HF80-13(WP)
DATE: 622281
FLEV. _2973.5

PHOTO: B YES 0O NO ,

COMMENTS : Excavated trench below

to Elevation 2972.5. A-B fracture ends at
Elevation 2973.5. Dip 90°; closed, faint

3 f . l s
pt.xzple dye stained fracture; dye 1/8 to % inch STUDY DB-29
wide.

HYDRAULIC FRACTURE

TIBER COFFERDAM

sHEET 10 ofF_ 10

Figure G-13. — Fracture mapping, HF80-13(WP). Sheet 10 of 10.

418




PHOTO: L& YES g No

COMMENTS: A--strike 61°, dip 70°SE; length
1 : )

11.5 feet; pur

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

oF..10

length

ike 241°, dip 70°SE;

crack. B--str

hairlipe

feet; purp

9.0

mapping, HF80-14(OH). Sheet 1 of 10.

Figure G-14. — Fracture

419



HOLE NO. HESO-14(QH)
DATE: 415281
ELEV. 2995.6

PHOTO: O YES & NO

COMMENTS : A-cstri

HYDRAULIC FRACTURE
STUDY D8-29

TIBER COFFERDAM
SHEET .2 __oF_10

Figure G-14. — Fracture mapping, HF80-14(OH}. Sheet 2 of 10.
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et N.W., a ee . of hole. Fractures
A&B not ma ot apnd organi I ted HYDRAULIC FRACTURE
in STuDY DB-29

TIBER COFFERDAM

SHEET 3 crF_10 _

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 3 of 10.
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HOLE NO. HE8Q-14(OH)
DATE: __4-16-81
ELEV. 2994.2

pHOTO: O YES NO

COMMENTS: _A--strike 61°, dip 70°SE; length

26.5 feet: faint purple dve stained, closed

fracture, B--strike 241°, dip 70°SE; length HYDRAULIC FRACTURE
; fad le dve stained, closed

fracture. Fractures are offset 0.3 feet

southeast of hole. TIBER COFFERDAM

STuDY DB-29

SHEET 4 _oF_10

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 4 of 10.
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HOLE NO. HF80-14(0H)
DATE: __4-16-81
ELEV. 2993.3

PHOTO: O YES NO

COMMENTS : A--strike 61°, dip 70°SE; length

27.0 feet; closed, faint purple dve stained
— o HYDRAULIC FRACTURE

STuDY DB-29

TIBER COFFERDAM

SHEET_3__oF_10

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 5 of 10.
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HOLE NO. _HE80-14(QH)
DATE: 4-21-81
ELEV. 2992.8

PHOTO: & YES O NO

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM

SHEET_6 _oF_10__

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 6 of 10.
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HOLE NO. HF80-14(OH)
DATE: __4-21-81
ELEV. 2991.9

PHOTO: 0O YES NO

COMMENTS : A--strike 61°, dip 70°SE; length

' 28.0 feet; closed, purple dye stained fracture.

B--strike 241°. dip 70°SE: length 15.0 feet;

closed, purple dye stained fracture. B fracture

disappears in horizontal gro stre

ak.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM
SHEET_Z _oF__10

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 7 of 10.

425




HOLE NO. HE80-14(0H)
DATE: _4221-81
ELEV. 2988.9
pPHOTO: 0O YES NC

COMMENTS: A--strike 61°, dip 70°SE; lepgth

25.0 feety; closed, purple dve stained fracture.
B--str i O, dip 70°SE; length 20.5 feet: HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

sHEET_8 __oF_10

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 8 of 10.
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¢ Cofferdam

HOLE NO. HE80-14(OH)
DATE: __%4221-81
ELEV. 2988.1

PHOTO: B YES O No

COMMENTS : _A&B fractures similar to ose

R en hairli T
sandy clay (SC-CL) streak along B fracture

(8 to 10 feet

from hole) at Elevation 2987.9.

HYDRAULIC FRACTURE
STuOY 0B-29

TIBER COFFERDAM

SHEET_9 _oF_10

Figure G-14. — Fracture mapping, HF80-14(0OH). Sheet 9 of 10.
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HOLE NO. HF80-14 (OH)
DATE: 4229281
ELEV. 2983.2

PMOTO: 0O YES NO

COMMENTS: Purple dve stained fractures

_(A&B) end at this elevatiop,

HYDRAULIC FRACTURE
STuDY DB-29

TIBER COFFERDAM

EEEEE 10 of 10

Figure G-14. — Fracture mapping, HF80-14(OH). Sheet 10 of 10.
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4 1" vertical grout seams% .~
-~

HOLE NO. HE80-15(OH)

4-28-81
2986.1

length 23.0 feet;

PHOTO: O YES & NO

COMMENTS: A--strike 60°, dip vertical:s

-~

avy, purple dve

close

stained fracture. B--s

ength 18,9 feet: close
A-

stained fracture.

[ =T [ (=9

B fracture offset 1.1 feet

SE of hole, Dye was not observed at higher

elevations. Top of NxCs was uncovered and

wavy,
rike 240°, dip vertical; HYDRAULIC FRACTURE
Wi

Jdength 18.9 feet: closed, wavy purple dve STUDY DB-29

TIBER COFFERDAM

sueeT 1 _oF_11

Figure G-15. — Fracture mapping, HF80-15(0H). Sheet 1 of 11.
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HOLE NO. HF80—15(0H2
DATE: __4-28-81
ELEV. 2984.0

PHOTO: 0O YES NO

COMMENTS : _A--strike 50°, dip near verticalj

1

length 17.3 feet; closed, purple dye stained
B--strike 230°, di r _vertical; HYDRAULIC FRACTURE

d

STUDY DB-29

of hole.

TIBER COFFERDAM

SHEET_2 oF 11

Figure G-15. — Fracture mapping, HF8G-15{OH). Sheet 2 of 11.
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ole \
HOLE NO. HF80-15(0H) v,
DATE: _4-29-81 A\
ELEV. __ 2882.6 N
PHOTO: EXYES DO NO ;

COMMENTS : A--strike 50%, dip vertical;

length 15.9 feet; closed, purple dye stained

fracture is offset 0.7 feet SE of hole. B-— HYDRAULIC FRACTURE
strike 2300, dip near vertical; length 9.9 feet:
closed, purple dye stained fracture offset

1.5 feet SE of hole,

STUDY DB-29

TIBER COFFERDAM

sHeeT_3 _oF_11

Figure G-15. — Fracture mapping, HF80-15(0OH). Sheet 3 of 11.
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¢ Cofferdam /\\\

HOLE NO. _HE80-15(0H)
DATE: _429-81
ELEV. 2981.8

PHOTO: O YES NO

COMMENTS: _A--strike 50°, dip vertical;

length 23.2 feet; closed, purple dve stained

fracture; offset 0,5 feet SE of hole B-— HYDRAULIC FRACTURE
- ) . : .

strike 2307, dip wavy and vertical; length STUDY DB-29

32.8 feet; closed, purple dye stained fracture;

offset 1.0 foot SE of hole.

TIBER COFFERDAM

SHEET 4 __oF 11

Figure G-15. — Fracture mapping, HF80-15(0H). Sheet 4 of 11.
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HOLE NO. HF80-15(0H

oie
DATE: _.4-29-81 >/
ELEV. 2980.2 5 (O’

pHOTO: 0O YES B NO

COMMENTS: A--strike 50°, dip vertical;

length 11.9 feet; break is stained with purple :

dye; open hairline crack from 4.0 to 7.0 feet: HYDRAULIC FRACTURE
o

oi:'fset 0.2 feet SE of ho - STUDY DB-29

dip vertical; length 35.5 feet; bright purple

dye stained hairline crac k _that closes apd

fades beyond 20.0 feet; offset 1 foot SE of hole.

TIBER COFFERDAM

SHEET_3 _oF_11

Figure G-15. — Fracture mapping, HF80-15(OH). Sheet 5 of 11.
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HOLE NO. HE80-15(0H)
DATE: 423081
ELEV. 2979.0

PHOTO: 0O YES NO

COMMENTS : _A--strike 509, dip vertical;

length 16.0 feet; closed, purple dve stained

fracture with occasional open hairline cracks. HYDRAULIC FRACTURE
B—-strike 230°, dip vertical; length 34.5 feer;

STUDY DB-29
closed, purple dve stained break, Fractures

are no longer offset.

TIBER COFFERDAM

SHEET_6__oF_11

Figure G-15. — Fracture mapping, HF80-15(0H). Sheet 6 of 11.
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HOLE NO. HF80-15(0OH)
DATE: __4-30-81__
ELEV. 2978.3

PHOTO: [ YES 8 No

COMMENTS: A-—strike 50%, dip near vertical.

lengg:h 14.4 feet; purple dye staingd fracture
h 1 h 1i ks, B-—- HYDRAULIC FRACTURE

strike 230°, di STUDY DB-29

TIBER COFFERDAM

SHEET _Z_oF_11 _

Figure G-15. — Fracture mapping, HF80-15(0H). Sheet 7 of 11.
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HOLE NO. HESO-15(OH)
DATE: _4-30-81
ELEV. 2976,5

PHOTO: O YES ¥ NO

COMMENTS: A-—strike 50°, dip vertical;
length 14.0 feet; closed, purple dve stained

B--strike 230°. dip near vertical;

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

sHEeT 8 _orF_11

Figure G-15. — Fracture mapping, HF80-15(0OH). Sheet 8 of 11.
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HOLE NO. _HE80-15(0H)
DATE: . 4-30-81
ELEV. 2976.0

PHOTO: YES O NO

COMMENTS : _A--strike 50°, dip vertical;

length 9.2 feet; closed. purple dve stained
fracture. B--strike 230°, dip verrical: HYDRAULIC FRACTURE
length 37,5 feet; gpen, hairline fracture STUDY DB-29

with vivid purple dve staipns

TIBER COFFERDAM

sHeEeT_9__oF. .11

Figure G-15. — Fracture mapping, HF80-15(0OH). Sheet 9 of 11.
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HOLE NO. HF80-15(0H)
DATE: .6=2-81
ELEV. 2974 .0

PHOTO: EXYES g No

COMMENTS: _A--strike 52°, dip near vertical;

dength 19,5 feet: closed, faint purple dye
stained fracture; gve up to % inch wide. B HYDRAUL!C FRACTURE

STUDY DB-29

TIBER COFFERDAM

16.5 feet; closed, faint purple dve stained
fracture; dye up to % inch wide.

sHEeT 10 oF_11

Figure G-15. — Fracture mapping, HF80-15(0H). Sheet 10 of 11.
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HOLE NO. HF80-15(0H)
DATE: . 6-2-81
ELEV. 2970.0

PHOTO: £ YES O No

COMMENTS : _Excavated trenc elow

to Elevation 2968.5. A-B fracture ends at

Elevation 2970.0; dip 88°N: wavy: closed, HYDRAULIC FRACTURE
faint purple dve stained fracture; dye 1/8 to STUDY DB-29
% inch wide.

TIBER COFFERDAM

sHeeT 1L oF_1L

Figure G-15. — Fracture mapping, HF80-15(0H). Sheet 11 of 11.
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¢ Cofferdam

HOLE NO. _HE80-16(0I)
DATE: . 4-15-81
ELEV. 2998.7

PHOTO: [ YES NO

COMMENTS: A--strike 640, dip 74°Nw; length
35.5 fr.; purple dve stained closed fracture .
with occasional open, hairline cracks. B--
strike 2440, dip 75°SE to vertical; length
A8.5 ft.: open, purple dyve stained hairline
crack. Fractures offset 0.7 feet NW of hole,

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_1 oF_9__

Figure G-16. — Fracture mapping, HF80-16(0OH). Sheet 1 of 9.
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¢ Cofferdam

HOLE NO. HER0-16(OW)
DATE: _4-15:81
ELEV. 2996.9

PHOTO: 0O YES NO

COMMENTS: A-—-strike 64°, dip 74°NW; length

35.5 feet; open, hairline, purple dve stained

HYDRAULIC FRACTURE
STUDY DB-29

fracture. Fractures are offset 0.5 feet NW

of hole. Dye stains up to % inch wide.

TIBER COFFERDAM

SHEET 2 _oF_92

Figure G-16. — Fracture mapping, HF80-16(0OH). Sheet 2 of 9.
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HOLE NO. _HE80-16(0H)
DATE: ___4-16-81
ELEV. 2994.9
PHOTO: @ YES [ NO

COMMENTS: A--strike 64°, dip 70%SE; length

31.0 feet, B--strike 244°, dip 70°SE: lensth

22,0 feet, Purple dve stains 1/8 to 1/4 inch HYDRAULIC FRACTURE
wide along open hairline cracks. Fractures STUDY DB-29

are offset 0.2 feet NW of hole.

TIBER COFFERDAM

SHEET_3 __OF_2 __

Figure G-16. — Fracture mapping, HF80-16(OH). Sheet 3 of 9.
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¢ Cofferdam

HOLE NOQ. _HE80-16(0H)
DATE: —_4-21-81
ELEV. 2993.3

PHOTO: B YES O No

COMMENTS : A--strike 57°, dip 83°Nw; length
42,9 feet; open, hairline, purple dve stained
fracture; dye stains % to 1 inch wide. B-—-
strike 235°, dip 70°SE to vertical; length

27.0 feet; vivid purple dve stains up to 1 inch
wide around clo frac . D fades gquic

offset from hole.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET_3 _oF__9_

Figure G-16. — Fracture mapping, HF80-16(OH). Sheet 4 of 9.
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¢ Cofferdam

HOLE NO. HE80-16(0H)
DATE: 8221281
ELEV. 2992.3

PHOTO: 0O YES NO

COMMENTS : _A-—strike 57°, dip 83°NW; length

41.5; purple dye stained, open, hairline

crack. B--strike 235°, dip 70°SE; length HYDRAULIC FRACTURE
27.9 feet; closed, purple dye stained fracture.

STUDY DB-29

TIBER COFFERDAM

SHEET_3 _oF_9 _

Figure G-16. — Fracture mapping, HF80-16(OH). Sheet 5 of 9.
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¢ Cofferdam

HOLE NO. HF80-16(0H)
DATE: __4-21-81
ELEV. 2990.3

PHOTO: (O YES g No

COMMENTS : A——strike 57°, dip 83°NW; length

40.5 feet; purple dye stained, open, hairline,

fracture. B—-strike 2350, dip 70°SE; length HYDRAULIC FRACTURE
22.0 feet; closed, purple dye stained fracture.

STUDY DB-29

TIBER COFFERDAM

SHEET_6__oF_2

Figure G-16. — Fracture mapping, HF80-16(0OH). Sheet 6 of 9.
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HOLE NO. HESQ-16(OI)
DATE: 872181
ELEV. 2088.8

PHOTO: 0O YES 8 No

COMMENTS : A--strike 57°, dip 83°NW; length

26.0 feet; purple dye stained, open, hairline

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET_Z__oF_9

Figure G-16. — Fracture mapping, HF80-16(OH). Sheet 7 of 9.

446




¢ Cofferdam

HOLE NO. HF80-16(0H)
DATE: __54-21-81
ELEV. 2988.1

PHOTO: 0O YES 8 No

COMMENTS: A--strike 57°, dip 83°NW: length

26.0 feet; purple dve stained, open, hairline
fracture. B--strike 235°, dip 70°SE; length HYDRAULIC FRACTURE
21.1 feet; closed, purple dve stained fracture.

STUDY DB-29

TIBER COFFERDAM

SHEET_8 _oF_9

Figure G-16. — Fracture mapping, HF80-16(OH). Sheet 8 of 9.
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¢ Cofferdam

HOLE NO. HF80-16 (OH)
DATE: 4-29-81
ELEV. 2982.6

PHOTO: O YES & NO

COMMENTS: Dye stained fractures end at

Elevation 2982.6.

HYDRAULIC FRACTURE

STUuDY 0B8-29

TIBER COFFERDAM

sHEET_ 9 _oF_9 _

Figure G-16. — Fracture mapping, HF80-16(0OH). Sheet 9 of 9.
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grout seam %

HOLE NO. HF8Q-17(WP)
DATE: _4-28-81
ELEV. 2985.9

PHOTO: (O YES g NO

COMMENTS: Purple dve around hele but no
fractures. Pulled NxCs.

HYDRAULIC FRACTURE

STUDY D0B-29

TIBER COFFERDAM

sneeT_1 _oF_ 11

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 1 of 11.
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HOLE NO. HF80-17 (WP
DATE: __4-28-81
ELEV, __2984.3

PHOTO: 0 YES & NO

COMMENTS: A--strike 65, dip 85°SE; length

rple dve stained fracture.
B—-strike 245°, dip 85°SE; length 7.6 feet; closed HYDRAULIC FRACTURE
purple dve stained fracture. Some minor fractures
branch off of main break about 5 feet from hole.

STUDY DB-29

TIBER COFFERDAM

sMEET_2__oF. 11

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 2 of 11.
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HOLE NO. HF80-17(WP)
DATE: .. 4229-81
ELEV. 28824

PHOTO: & YES 0 No

COMMENTS: _A--strike 65°, dip 82°SE: lepgth

10.9 feet; vivid purple dye stained fractyre;

open crack 1/16 to 1/8 inch wide extends to a HYDRAULIC FRACTURE
i . . —= i 2459,

point g 0 _feet from hole B--strike 5 STUDY DB-29

dip 82"SE; length 13.5 feet; vivid purple dye

stained open crac k 1/16 to 1/8 inch wide

eeeee ding to a point 6.0 feet from hole.

TIBER COFFERDAM

SHEET 3 __oF_ 11 _

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 3 of 11.
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C\ S

HOLE NO. HE80-17(WP)
DATE: __4-29-81
ELEV. 2980.6

PHOTO: YES 0O No

COMMENTS : A--strike 650, dip 82°SE;

; L B
SRR AR
A P e lbin Sy
e

length

10.0 feet:

2 feet to join main break that strike

s 659,

B--strike 245°, dip 82°SE; length 19.0 feet;

purple dye stained open hairline cra

ck.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM
SHEET 4 __oF_ 1l

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 4 of 11.
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¢ Cofferdam

HOLE NO. HE80-17(WP)
DATE: ___4-29-81

PHOTO: B YES a nNo

COMMENTS: A--strike 65°, dip 82°SE to near
vertical; length 12.9 feet; closed purple dye
stained fracture. B--strike 245°, dip 82°SE; HYDRAULIC FRACTURE

length 27.6 feet; purple dve stained open
hairline crack.

STUDY DB-29

TIBER COFFERDAM

SHEET_3__ofF_11

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 5 of 11.
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¢ Cofferdom

HOLE NO. HE80-17(WP)
DATE: __4-29-81
ELEV. 2979.4

PHCTO: O YES & NO

COMMENTS : A--strike 65°, dip 829SE to vertical;

length 18.1 feet; closed, purple dve stained

fracture, B--strike 245°, dip pnear vertical; HYDORAULIC FRACTURE
length 23.9 feet; closed, purple dye stained STUDY DB-29

TIBER COFFERDAM

SHEET 6 _oF_11l

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 6 of 11.
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HOLE NO. HF80-17(WP)
DATE: __4-30-81
ELEV. 2978.4

PHOTO: 0O YES NO

COMMENTS: _A--strike 650, dip 82°SE; length

11.2 feet; closed, purple dye stained fracture.

B--strike 245°, dip 82°SE: length 29.6 feet:

closed fracture; gray dye from hole to a
1.5 feet away; purple dve coloration for the

point

rest of the fracture: (Both R
uranine dyes were used in this hole).

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 7 oF_11

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 7 of 11.
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HOLE NO. HE80-17(WP)
DATE: 4230281
ELEV. 2978.1

PHOTO: 0O YES 8 No

COMMENTS : A--strike 65°, dip 82°SE; length
12.3 feet: closed purple d i

from hole. B--strike 245°, dip 82°SE to near

vertical; length 29.2 feet; vivid purple dye

stained closed fracture.

HYDRAULIC FRACTURE
STUDY 0B-29

TIBER COFFERDAM

SHEET_8 oF 11

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 8 of 11.
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HOLE NO. HESQ-17 (WP)
DATE: ——4-30-81
ELEV. 2976.0

PHOTO: & YES a No

COMMENTS: _A--strike 65°, dip 82°SE; length

18.9 feet; closed, faint purple dve staiped
fracture. B-- i 245° i Ok

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 9 of 11.
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¢ Cofferdam

HF 80-15 (OHVO
"a" Fracture

HOLE No. _HEF80-17(WP)
DATE: ___6-2-81
ELEV. 2974,3

PHOTO: @ YES O No

COMMENTS : _A--strike 68°, dip near vertical;

HYDRAULIC FRACTURE
STUDY DB-29

30.5 feet; closed, faint purple dye stained

fracture; lies 1.5 feet downstream and parallels

"A" fracture from HF80-
of break.

TIBER COFFERDAM

sHEET 10 oF_11

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 10 of 11.
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HOLE NO. HF80-17(WP)
DATE: __6-2-81
ELEV. 2970.6

PHOTO: & YES O nNo

COMMENTS : _Excavated trench below HF80-17(WP)

to Elevation 2969.6. A-B fracture ends at
Elevation 2970.6; dip 88°N; wavy; closed, HYDRAULIC FRACTURE
faint purple dve stained fracture; dve % to %
inch wide.

STUDY DB-29

TIBER COFFERDAM

SHEET L1 oF_1l

Figure G-17. — Fracture mapping, HF80-17(WP). Sheet 11 of 11.
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HOLE NO. HF80-18(WP)
DATE: _4-15-81
ELEV. 3002.8

PHOTO: YES O NO

COMMENTS : A--strike 83°, dip 87°S; length

22.0 feet; purple dve stained fracture that
fades at epd., B--strike 249°, dip 76°N: HYDRAULIC FRACTURE
length 12.9; purple dye stained fracture.

Both fractures are offset 0,2 feet north of
hole.

STuDY DB-29

TIBER COFFERDAM

sHEET_1 _oF_10

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 1 of 10.
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ELEV. 2999.9
PHOTO: YES 0 No

COMMENTS : _A--strike 83°, dip 87°S: length
22.0 feet: purple dye stained open hairline
(o] [o]

HYDRAULIC FRACTURE
STUuDY DB-29

TIBER COFFERDAM

EEEEE 2 ofF 10

Figure G-18. ~ Fracture mapping, HF80-18(WP). Sheet 2 of 10.
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HOLE NQ. HF80-18(WP)
DATE: _ 4-21-81
ELEV. 2994.5

PMOTO: & YES O NO

COMMENTS: A--strike 759, dip 77°N; length

23.9 feet; purple dye stained open hairline

crack. B--strike 250°, dip 83°N; length HYDRAULIC FRACTURE
25.6 feet; purple dve stained fracture with

o1 STUDY DB-29
occasional open hairline cracks. Both fractures

are offset 0.2 feet north of hole.

TIBER COFFERDAM

SHEET-3 _oF.10

Figure G-18. — Fracture mapping, HFSC-18(WP). Sheet 3 of 10.
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¢ Cofferdam B

HOLE NO. HE80-13(WP)
DATE: ...4z21-81
ELEV. 2994.0

PHOTO: 0O YES B NO

COMMENTS : A--strike 750, dip 77°N; length

30.2 feet; purple dye stained open hairline
crack. B--strike 250 , dip 83 N.; length HYDRAULIC FRACTURE

18.7 feet; purple dye stained open hairline STUDY DB-29
crack. Fractures ar o lo off

TIBER COFFERDAM
SHEET 4. _oF_10

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 4 of 10.
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HOLE NO. HF80-18(WP)
DATE: __4-21-81
ELEV. 2993.5

PHOTO: 0O YES NO

COMMENTS : _A--strike 75(1L dip 80°N.; length

28.5 feet; purple dye stained open hairline
crack. B--strike 2500, dip 830N.; length HYDRAULIC FRACTURE
16.0 feet; purple dve stained open hairline
crack,

STUDY DB-29

TIBER COFFERDAM

SHEET_3 __oF_10

Figure G-18. ~ Fracture mapping, HF80-18(WP). Sheet 5 of 10.
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HOLE NO. HES0-18(WP)
DATE: __4-21-81
ELEWV. 2992.8

pHOTO: O YES NO

COMMENTS: A--strike 75°, dip 80°N,; length

29.4 feet; purple dye stained open hairline

crack. B--strike 255°, dip 83°N.: length HYDRAULIC FRACTURE
21.5 feety pur i STUDY DB-29
crack.

TIBER COFFERDAM

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 6 of 10.
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HOLE NO. HF80-18(WP)
DATE: __4-21-81
ELEV. 2991.2

pPHOTO: O YES B NO

COMMENTS : A--strike 76°, dip 83°N.; length

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

SHEET 7 __oF_10_

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 7 of 10.
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HOLE NO. HF80-18(WP)
DATE: ___4-21-81
ELEV. 2988.6

PHOTO: 0O YES NO

COMMENTS: _A--strike 76°, dip 83°N.; length

23.0 feet:; closed urple dve stained fracture
. o o

fractures closely parallel a near vertical

grout filled fracture located approx. 6 feet

Ny of hole.

HYDRAULIC FRACTURE
STUDY 0B-29

TIBER COFFERDAM

sHeeT_8 _oF_10

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 8 of 10.
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HOLE NO. HF80-18(WP)
DATE: __54-28-81
ELEV. 2986.3

PHOTO: O YES NO

COMMENTS :Ac=strike 769, dip 83°N.; length
6.8 feet; closed, faint purple dye stained
fracture. B--strike 256°, dip 83°N.; length HYDRAULIC FRACTURE
6.0 feet; closed, faint purple dye stained STUDY DB-29
fracture. Fractures parallel nearby (approx.
6 feet to NW) near vertical grout filled TIBER COFFERDAM
fracture.

sheeT 2 _oF_10

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 9 of 10.
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¢ Cofferdam

HOLE NQ. HE80-18(WP)

DATE: _4-28-81.
ELEV. 2986.2

PHOTO: 0O YES NO

COMMENTS : _Dye stained fracture ends at
Eleyation 2986.2.

HYDRAULIC FRACTURE
STUDY DB-29

TIBER COFFERDAM

sneeT 10_orF 10 __

Figure G-18. — Fracture mapping, HF80-18(WP). Sheet 10 of 10.
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Figure G-19. — Photograph 1 — Tiber Spillway Cofferdam — Marias Division, Montana.
Oblique view of dye stained fracture (along tape) located west of Fracture Hole HF80-
4(WP) at elevation 3008.2 (hole at stake). Density test hole in center foreground.
Arrow points northward. Note: Photographs 1 through 6 are a sequence of pictures
taken at HF80-4(WP) at various horizons to show representative conditions that
were encountered during the fracture study.

Photo by Frank Calcagno, Jr. 4/8/81

Figure G-20. — Photograph 2 — Tiber Spillway Cofferdam — Marias Division, Montana.
Oblique view of dye stained fracture (along tape) passing through Fracture Hole HF80-
4(WP} at elevation 3005.5 (stake at hole). Arrow points northward.

Photo by Charles Botdorf 4/9/81
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Figure G-21. — Photograph 3 — Tiber Spillway Cofferdam — Marias Division, Montana.
Closeup view of rhodamine dye stained fracture {along tape) passing through Fracture
Hole HFBO-4(WP) at elevation 3005.1 (stake in hole). Fracture at this location is
open.

Photo by Charles Botdotf 4/9/81

Figure G-22. — Photograph 4 — Tiber Spillway Cofferdam — Marias Division, Montana.
View of dye stained fracture (along tape) near Fracture Hole HF80-4(WP) at elevation
3002.9. Note backhoe excavation across break at right side of picture. See
Photographs 5 and 6 for more details.

Photo by Frank Calcagno, Jr. 4/9/81
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Figure G-23. — Photograph 5 — Tiber Spillway Cofferdam — Marias Division, Montana.
Side view of dye stained irregular fracture face in test pit near Fracture Hole HF80-
4{WP}. Top of pit at elevation 3002.9. Arrow points northward. Fracture dips about
70 degrees southwest.

Photo by Frank Calcagno, Jr. 4/9/81

Figure G-24. — Photograph 6 — Tiber Spillway Cofferdam — Marias Division, Montana.
View along rhodamine dye stained fracture shown in Photograph 5 near Fracture
Hole HF80-4(WP}). Note 70°+ southeasterly dip of fracture. Hanging wall above
fracture face has been removed by backhoe. Top of pit at elevation 3002.9. Arrow
points northward.

Photo by Frank Calcagno, Jr. 4/9/81
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Figure G-25. — Photograph 7 — Tiber Spillway Cofferdam — Marias Division, Montana. View
looking down (vertical) at rhodamine dye stained fracture passing through Fracture Hole
HFBO-5(WP) at elevation 2994.1. Fracture has hairline openings adjacent to hole near
center of picture. Dye streaks at left side of photograph are due to scraper passing over
the hole from the right.

Photo by Charles Botdorf 4/21/81

Figure G-26. — Photograph 8 —~ Tiber Spillway Cofferdam — Marias Division, Montana.
View along rhodamine dye stained fracture near fracture hole HF80-10(WP) at
elevation 3006.4. Note 1/8 inchz opening along irregular break.

Photo by Charles Botdorf 4/9/81
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Figure G-27. — Photograph 9 — Tiber Spillway Cofferdam —
Marias Division, Montana. View of rhodamine dye
stained fracture in wall of backhoe trench that was
excavated near Fracture Hole HF80-17(WP). Bottom of
break is at elevation 2970.6. Note "'wavy'’ near vertical
dip which was typical of most fractures.

Photo by Glenn Taucher 6/2/81
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Figure G-28. — Photograph 10 — Tiber Spillway Cofferdam — Marias Division, Montana. View
of A and B fractures (along tape} that originate at Fracture Hole 80-18{WP). HF80-18(WP)
is located near tip of arrow pointing northward. Excavated surface at elevation 2994.5.
Note 1 inch+ near vertical grout streak {left side of picture) that lies about 5 feet upstream
and roughly parallels Fracture A-B. Grout filled fracture developed during 1968 cofferdam
grouting program.

Photo by Frank Calcagno, Jr. 4/21/81

Figure G-29. — Photograph 11 — Tiber Spiltlway Cofferdam — Marias Division, Montana.
Technicians from Northern Testing Laboratories are trimming and wrapping an
undisturbed block sample of the embankment material. Sample taken about 4 feet
downstream of Cofferdam Station 105+15, below elevation 2984.7.

Photo by Charles Botdorf 4/21/81
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APPENDIX H
UNCONFINED COMPRESSION TEST RESULTS






STRESS-1bs/in?

80.0
- 490.0
70.0
60.0 - 420.0
50.0 fﬁﬁ - 350.0
’ K™
20.0 ~ 210.0
20.0 ~ 140.0
10.0 T = 70-0
0.0 6 . 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
STRAIN-7%
SAMPLE No. 11IF—-896 SPECIMEN No. _ 11 SPECIMEN SI1ZE 2.00 _S5.00 ;q,,
CLASS. symBoL CH LL. 55. P..__21. SPECIFIC GRAVITY 2.72
HOLE No. UD—81-102 DEPTH 2995 ft

Figure H-1. — Unconfined compression test, sample No. 11F-896, specimen No. 11.
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STRESS-1Ibs/in?

80.0
~ 490.0
70.0
£0.0 - 420.0
50.0 - 350.0
‘0o M | g0 n?
) X
30.0 r ~ 210.0
20.0 ~ 140.0
10.0 - 70.0
0.0 ¢ L 0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0
STRAIN-7
SAMPLE No. _1F—896 SPECIMEN No. _12  SPECIMEN S1ZE 2.00 _35.00 n
CLASS. SymsoL CH LL. S5 o)_21. SPECIFIC GRAVITY 2.72
HOLE No. UD-81-102 DEPTH 2395.- ft

Figure H-2. — Unconfined compression test, sample No. 11F-896, specimen No. 12.
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STRESS-Ibs/in?

80.0
,,/z"}La_e\‘b - 490.0
70.0
60.0 - 420.0
50.0 - 350.0
- 280.0 O
40.0 T
30.0 ~ 210.0
20.0 L 140.0
10.0 - 70.0
0.0 L 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
| STRAIN-%
SAMPLE No. 1IF-897 SPECIMEN No. _ 11 SPECIMEN Size 2.00 _S5.00 i,
CLASS. SyYmBoL CH LL. _SS. P.I._ 21 SPECIFIC GRAVITY 2.72
HOLE No. UD—81-103 DEPTH 2994 ft

Figure H-3. —~ Unconfined compression test, sample No. 11F-897, specimen No. 11.
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STRESS—Ibs/in?

80.0 i
70.0 ~ 490.0
50.0 - 420.0
50.0 - 350.0
40.0 - 280.0 O

4
30.0 - 210.0
20.0 - 1400
10.0 - 70.0
0.0 ¢ L 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
STRAIN-%
SAMPLE No. _1IF—897 SPECIMEN No. _12  SPECIMEN SIZE 2.00 _S5.00 i,
CLASS. SymBoL CH LL S5.  P.L._21. _ SPECIFIC GRAVITY _2.72
HOLE No. UD-81-103 DEPTH 2994-— ft

Figure H-4. — Unconfined compression test, sample No. 11F-897, specimen No. 12.
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STRESS-Ibs/in?

80.0
~ 490.0
70.0
- 420.0
60.0
50.0 - 359.0
40.0 - 280.0 O
30.0 - 210.0
20.01 - 140.0
10.0 - 70.0
0.0 L o - 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
STRAIN-7%
SAMPLE No. _11F—898 SPECIMEN No. _1_ SPECIMEN SizE 2.00 _-S5.00 n,
CLASS. symBoL CH LL. _SS. P.I._21. SPECIFIC GRAVITY _2.72
HOLE No. UD—81-104 DEPTH 2985~ ft

Figure H-5. — Unconfined compression test, sample No. 11F-898, specimen No. 11.
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STRESS—-1bs/in?

40.0
35.0 ~ 2400
30.0

wﬂsn - 200.0
25.0
- 160.0
20.0
- 120.0
15.0
- 80.0
10.0
- 40.0
5.0
0.0 e - 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
STRAIN-7Z%
SAMPLE No. _11F—898 SPECIMEN No. _ 12 SPECIMEN SIZE 2.00 _5.00
CLASS. SymBoL CH LL. _SS. P.I._21. SPECIFIC GRAVITY 2.72
HOLE No. UD-81-104 DEPTH 2985.- ft

Figure H-6. — Unconfined compression test, sample No. 11F-898, specimen No. 12.
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STRESS-Ibs/in?

80.0
- 490.0
70.0
60.0 | - 420.0
50.0 - 350.0
: X
30.0 - 210.0
20.0 - 140.0
10.0 [[ ~ 70.0
0.0 ¢ L 0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0
STRAIN-Z%
SAMPLE No, _1IF—897 SPECIMEN No. _ 13 SPECIMEN SIZE 2.00 _-5.00 i,
CLASS. symBoL CH L.L. _55. P.I._21. SPECIFIC GRAVITY _2.72
HOLE No. UD—-81-103 _ DEPTH 2994— ft

Figure H-7. — Unconfined compression test, sample No. 11F-897, specimen No. 13.
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Mission of the Bureau of Reclamation |

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation's
water resources in the Western United States. ‘

The Bureau’s original purpose “to proviae for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
lated functions. These include providing municipal and industrial water
supplies; hydroelectric power generation, irrigation water for agricul-
ture,; water quality improvement; flood control, river navigation, river
regulation and control, fish and wildlife enhancement; outdoor recrea-
tion; and research on water-related design, construction, materials,
atmospheric management, and wind and solar power.

Bureau programs most frequently are the result of close cooperation
with the U.S. Congress, other Federal agencies, States, local govern-
ments, academic institutions, water-user organizations, and other
concerned groups.

A free pamphlet is available from the Bureau entitled ‘“Publications
for Sale.” It describes some of the technical publications currently
available, their cost, and how to order them. The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-822A,
P O Box 25007, Denver Federal Center, Denver CO 80225-0007.






