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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 ~eneficial 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 107.3 Ibm/ft3
Fill moisture content 19.2 percent
Laboratory maximum

dry density 105.4 Ibm/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 Kovalues. Kovalues
ranged from 0.9 to 2.6, and generally decreased with
depth. Measured Ko values are considered to be
higher than true at-rest Kovalues.

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/in2 per foot of depth. The average was 1.4lbf/in2
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 Ko values, which
ranged from 0.6 to 2.1. These values are less than
the initial fracture Kovalues 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 KO 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 KO 
values. The general trend of the KO values was higher 
at shallow depths decreasing to a constant value 
with depth. 

7. A comparison of closure pressure and pressure- 
meter KO 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 
3 0  feet. The measured pressures were used to  cal- 
culate KO values, which were compared with KO 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 soil 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 5-foot length of NX casing with an adequate 
length of schedule 4 0  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 rernain- 
der of the hole was backfilled with soil. A 3-inch-0.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 4 0  PVC pipe in the 9-inch-diameter auger 
hole. The test hole was then advanced an additional 
3% feet using a 3-inch-0.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-o.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-0.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 3/4-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 %-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 l o - ,  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-0.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/in2 
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 

tanks and measuring and recording the resulting in- 
crease in pressure in the soil test zone. A t  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-80 1 -D-81180. 

WELL-POINT TEST WELL 

Figure 11. - Well-point test well. Soil backfill depth varies with the specific application 



Figure 12. - High-pressure packer used in the hydraulic fracture tests. Note the 
distinct purple color of the rhodamine dye coverlng 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 petformed 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 

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 



Test zone, Average
depth, Type of Number of fracture pressure,

feet well tests Ibfjin2 Average Ko

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

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

(J'h
Ko= -

(J'v

where:
(J'h = horizontal stress, or hydraulic fracture

pressure, and
(J'v = vertical stress, or overburden stress.

Vertical stress is based on field density tests per-
formed during the embankment excavation (wet den-
sity = 127.9 Ibmjft3) and on the depth of overburden.
Note that the Ko values calculated using the initial
fracture test results are not true Kovalues. That is,
the initialfracture Kovalues include pressures needed
to overcome in situ stresses and apparent tensile
strength. The initial fracture Ko values were simply
calculated for comparison with the values from other
in situ tests performed during this investigation.

Table 1 summarizes the initialfracture pressures and
initial Kovalues 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 initialfracture
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.

Ko 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 Kovalues 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 Kovalues from the open-hole
test wells. Overall, the Kovalues vary somewhat. A
plot of Kofor initial fracture versus depth is shown
on figure 15.

Initialhydraulic 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 Ibfjin2per 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 Ibfjin2
per foot of depth. The average was 1.4 Ibfjin2 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 initialfracture 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 Kovalues, which were compared with the
initialfracture pressure Ko values and those from
other tests performed in this investigation.

Table 2 summarizes the refracture pressures and re-
fracture Kovalues 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 initialfracture pressures.
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Table2. - Summaryof refracturepressures.

Test zone,
Refracture pressure

depth, Type of Number Min., Max., Avg.,
feet well of tests Ibjin2 Ibjin2 Ibjin2

14.5-16.0 Open-hole 0
Well-point 5 9 16 13

26.5-28.0 Open-hole 5 16 24 19.5
Well-point 6 14.5 26.5 19

38.5-40.0 Open-hole 13 30 46 39
Well-point 5 21 32 27

Ka

Min. Max. Avg.

0.7 1.2 1.0

.6 1.0 0.8

.6 1.1 .8

.8 1.3 1.1

.6 0.9 0.8

3010

I-
W
W
L..

3000
z
0
....
I-
II:
>W
..J
w 2990

3020 TOP OF COFFERDAM (EL. 3019 FT.)

2980

2970
0 20 40 60

LEGEND

0
REFRACTURE - OH

x ....
REFRACTURE - HP

HORIZONTAL PRESS. -Ph

VERTICAL PRESSURE -Pv

Ph ~ Ko'Yh
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where:

Ko ~ 0.5 (typical
val ue)

'Y ~ 128 lbf/ft3

h ~ depth in feet
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Figure 16. - Refracture pressure plot: average refracture pressure - comparison of w~lI-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 Kovalues from July 1980
and March 1981 is shown on figure 17.

Kovalues 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

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

A summary of the individual initial fracture and re-
fracture pressures and Kovalues 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 Ko values that, in turn,
were compared with Kovalues 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.

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, Kovalues were calculated
and compared with Ko values determined from the
other tests performed.

Table 3 summarizes the closure pressure and closure
Kovalues 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

17
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Table3. - Closurepressuretest results.

Test zone, Closure pressure
depth, Type of Number Min., Max., Avg., Ko
feet well of tests Ib/in2 Ib/in2 Ib/in2 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 22.5 20.1 .4 0.6 .6

50

10

0
0 2 4 S B

TIME CMIN)

10 12 14

Figure 20. - Closure pressure test: test hole HF80-18 - test no. 1.

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 Ko values calculated from the closure pressure
data appear to compare quite well between the well-
point and open-hole test holes; however, the Ko for
the 38.5- to 40.0-foot depth interval does not com-
pare as well as Ko 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 Ko 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.

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,

18
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an additional 3 to 4 feet of hole was drilled using a 
2.5-inch-0.d. continuous flight auger with a 3.0-inch- 
0.d. fishtail bit. The later drilling 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. It consisted of an outer gas-actuated sheath 
and an inner rubber membrane (measuring cell) into 
which pressurized water was injected to measure the 

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 23. - Menard pressurerneter in use 
P-801 -D-81183. 

Figure 24. - Volume tubes and pressure gauges 
I I S F ? ~  for  pressurerneter test ing.  P-801-D- 
81 184. 



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

Povalues 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. Po values are much higher than the
other measured test values that appear to be rea-
sonable. Lateral earth pressures (Po) were used to
calculate Ko values. The plot of Ko values versus
depth (fig. 26) shows that the upper 15 feet of the
embankment had relatively high Kovalues, consistent
with the hydraulic fracture tests previously per-
formed. Ko 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 Po. 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-

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 0- to 150-lbfjin2 calibrated Bourdon tube pressure
gauges. Nylon tubing having an outside diameter of
¥I-inch and a Ys-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-o.d. continuous flight augers. A section of 3-
inch-Ld., 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 3A-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
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Table4. - Menardpressuremeter test summary.

Depth, Ibfjin2

Test feet' Po Pp P, 2P, 3E 450 Ko

Boring PN-80-1
9.0 18 70 141:t 1,805 30 2.2

2,036
2 19.8 37 61 153:!: 1,900 27 2.1

2,144
53 30.0 27 54 129:!: 5 2,988 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:!: 1,544 27 1.5

1,741
7 20.0 11 57 125:!: 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

1,575
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 11 57 82 135:!: 1,867 30 1.2

2,106
15 15.0 6 60 115:!: 1,551 27 0.4

1,749
16 19.5 11 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:!: 1,524 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
, Groundsurface to probe center.
2 Estimated from curve shape. See "Limit Pressure" in appendix D.
3 Top figure is E where Jl = 0.33; bottom figure is E where Jl = 0.5.
4 Calculated where Jl = 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 Po. (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- 
quired to  inject quantity of water) to  obtain the lateral 
earth pressures, Po, as follows: 

Stress Depth, Po , 
Hole captor feet Ibf/in2 KO - 

SC80-1 3 30.0 4 7 1.8 
SC80-2 2 20.0 46 2.6 
SC80-3 1 10.0 3 2 3.6 

Po 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 Po values were used to  calculate KO values 

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 KO 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. 

KO COMPARISON 

A comparison of KO 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 KO values were compared with 
pressuremeter KO values. A plot of this comparison 
is shown on figure 30. The analysis indicates that 
initial fracture KO values were significantly higher than 
the pressuremeter KO 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 KO values with the pressuremeter 
KO values. A plot showing this comparison is shown 
on figure 31. The comparison indicates that the re- 
fracture KO values are generally higher than pressure- 
meter KO values; however, the refracture KO values 
are significantly lower than the initial fracture KO val- 
ues. Therefore, to reopen a fracture, the pressure 
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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 Kovalues. A plot shows
this comparison on figure 32. This analysis indicates
that the closure pressure Kovalues correspond quite
well with the pressure meter Kovalues 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 Ko 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 seriesof 11, quasi-static, mechanical friction CPT's
(cone penetrometer tests), designated DC80-1
through DC80-11, was conducted along the coffer-

3020 TOP OF COFFEROAM (EL 3019 FT )

2980

2970
0 2 3

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 results 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.Allcomponents were obtained commerciallyex-
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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Figure 32. - Kosummary plot: comparison of Menard pressure meter with closure pressure test results.
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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 circumferentialwelded 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-filledload cell with an effective

sensing area of 3.1 in2 (20 cm2). The induced oilpres-

sure was transmitted to high- and low-range Bourdon

tube gauges, which read from 0 to 8,523 Ibjin2 (0

to 600 kgfjcm2) and from 0 to 1,420 Ibjin2 (0 to 100

kgfjcm2), 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

hydraulicsystem was used to controlthe rate of
push. With the mast in the upright position, the re-

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 injs (1.5 cmjs) 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 drillrig, limited advancement of the

penetrometerto 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, qc; sleeve resistance, fs; 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 intabular and graphical form
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Figure 35. - High- and low-range pressure gauges used in the CPT test 
P-801-0-81186, 

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/in2 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 Schrnertmann [7] (fig. 39), 
the soil would be classified as predominantly very 

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 result, 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 Vi to  1 inch and averaged 
about 1/3 inch. Often, the fractures were linear in plan 
view; however, minor curves and various direction 
changes were not uncommon. 

stiff, insensitive, nonfissured inorganic clay. Schmert- 
mann's chart appears to  better represent the actual Most of the fractures appeared closed during exca- 
soil conditions of the cofferdam based on the labo- vation. Of all the fractures observed, about 20  per- 
ratory tests performed on embankment materials cent displayed openings ranging from hairline cracks 
during the construction of the cofferdam. to  a maximum fracture opening of l/s 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 2 0  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 

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 t o  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  test ing.  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

I
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materials from the addition of soil during construc-
tion. This consolidation would result 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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cones) proposed by Schmertmann[7].
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~igure 40 - Cross sections through fracture 
drill holes at Tiber Cofferdam 
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Table5. - Unconfinedcompressiontest summary.

Unconfined
Axial compressive Undrained

strain at stress at shear
Depth, failure, failure, strength,

Sample No. feet Station Specimen % Ibf/in2 Ibf/in2

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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APPENDIX A

SUMMARY OF HYDRAULIC FRACTUREAND
CLOSURE PRESSURETEST RESULTS





lniti al
Depth fracture Refracture Closure Overburden Fracture Closure

Drill of test pressur~ pressure pressure pressure Ko K COMMENTS0
Hole Test zone (1bf Ii n ) (lbf/in2) (lbf/in2) (lbf/in2)

No. HF8U No. (ft) Po Po Po Pv Po/Pv Po/Pv

1 1 15 55* 13.3 4.1*
Open-Hole Test Well - All 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
-- ~en-Hole Test Well - Fracture

2 23 16.0 0.9 0.7
occurred with 1.1 lbf/in2 per foot

3 16.0 0.7

1(81)
of depth.

24 19.5 1.0 0.8
notOpen-Hole Test Well - Fracture

3 1 39.5 55* 35.1 1.6* achieved.

2 46* 1.3* Fracture not achieved.

3 53 1.5 Fracture actually occ~rred with

4 41.5 35 1.2 1.0 the thi rd test. Fracture occurred

5 40 33 1.1 0.9 with 1.3 lbf/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 Ibf/in2 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 lbf/in2 pressure

3 26.5 19 1.1 0.8 with each foot of depth.

4 19.5 0.8

Table A-1. - Summary of hydraulic fracture and closure pressure test results.

~.....

*
Considered unreliable



r--- ,...--------- r-
_. _-

Initial
Depth fracture Refracture Closure Overburden Fracture Closure

Dri 11 of test pressure pressure pressure pressure Ko Ko COMMENTS

Hole Test zone (lbf/in2) (lbf/in2) (lbf/in2) (lbf/in2)
No. HFI:IO 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 initi a1 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 26* ---- 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/in2 of
3 27 ---- 2.1 pressure with each foot of depth.

8 1 15 17 9 13.3 1.3 0.7 Open-Hole Test Well - Fracture
occurred with 1.3 lbf/in2 of
pressure with each foot of depth.

-- Open-Hole Test Well - Dic1not
9 1 40 65.5* 35.5 1.8* actua llv 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 lbf/in2

5 42 33 1.2 0.9

6 45 30.5 1.3 0.9
per foot of depth.

7 30 26.5 0.8 0.7

1:1 -- 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--
3 9 10 0.7 0.8

occurred with 1.3 1bf/in2 of
pressure per foot of depth.

4 -- 10 0.8

.j:>.
N

Table A-1. - Summary of hydraulic fracture and closure pressure test results. - Continued

* Considered unreliable



Initial
Depth fracture Refracture Closure Overburden Fracture Closure

Drill of test pressure pressure pressure pressure Ko Ko COMMENTS

Hole Test zone (1bf Ii n2) (lbf/in2) (lbf/in2) (1bf I i n2)
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 lbf/in2 of
pressure per foot of dept h.

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 lbf/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 26 22.5 0.7 0.6 occurred with 1.0 lbf/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 16 14 0.6 0.6 occurred with 0.9 lbf/in2 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 37.5 29.5 1.1 0.9 occurred with 2.3 lbf/in2 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 16 14 0.6 0.5 occurred with 1.2 lbf/in2 of

pressure per foot of depth.
3 -- 13.5 0.5

Table A-1. - Summary of hydraulic fracture and closure pressure test results. - Continued

~t.)

* Considered unreliable



Initial
Depth fracture Refracture Closure Overburden Fracture Closure

Dri 11 of test pressure pressure pressure pressure Ko Ko COMMENTS

Hole Test zone (lbf/in2) (lbf/in2) (lbf/in2) (lbf/in2)
No. HF80 No. (ft) Po Po Po Pv Po/Pv Po/Pv

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 lbf/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 lbf/in2 of

3 -- 14.5 0.6 pressure per foot of depth.
--

1(81) 15 16 0.6 0.7

Table A-1. - Summary of hydraulic fracture and closure pressure test results. - Continued

~
~

*
Considered unreliable



APPENDIX B

HYDRAULIC FRACTURE TEST DATA AND PLOTS





Table B-1. - Hydraulicfracture test data, HFSD-1.

Type of Well: Open Hole

Test Depth: 15 ft

Hydraul i c
Test Date of fluid pressure Flow

number test (lbf/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
50.0U 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

u n re 1 i a b 1 e )

Table B-1 Sheet 1 of 1
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TableB-2. - Hydraulicfracture test data, HFSD-2.

Type of Well: Open Hole

Test Depth: 27.5 ft

Hyd rau 1; c
Test Date of flu; d pressure Flow

number test (lbf/;n2) ( ga 1/ m; n)

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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TableB-3. - Hydraulicfracture test data, HFSQ-3.

Type of Well: Open Hole

Test Depth: 39.5 ft

Hydraul i c
Test Date of fluid pressure Flow

number test (lbf/in2) (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 occu r
3 07-09-80 20.00 0.0'0

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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TableB-3. - Hydraulicfracture test data. HFSD-3.- Continued

Type of We11 : Open Hole

Test Depth: 39.5 ft

Hydraul i c
Test Date of fluid pre~sure Flow

number test (lbf/in ) (ga 1 Imi n)

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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TableB-3. - Hydraulicfracture test data. HFSo-3.- Continued

Type of Well: Open Hole

Test Depth: 39.5 ft

Hydraulic
Test Date of fluid pressure Flow

number test (lbf/in2) (gal/rtlin)

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

51



Table8-4. - Hydraulicfracture test data, HF80-4.

Type of Well: We11 Poi nt

Test Depth: 15 ft

Hydraulic
Test Date of fluid pressure Flow

number test (lbf/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 8-5. - Hydraulicfracture test data, HFSQ-5.

Type of Well: Well Point

Test Depth: 27.5 ft

Hydraulic
Test Date of fluid pressure Flow

number test lbf/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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Test
number

3

Table B-5. - Hydraulic fracture test data, HF80-5. - Continued

Type of Well: Well Point

Date of
test

07-20-80

Test Depth:

Hydraulic
f1 ui d pressure

(lbf/in2)

14.00
17.00
18.00
19.00
21. 00
22.50
22.50
23.00
23.50
24.00
24.50
25.00
25.00
25.00
26.00
26.00
26.00

27.5 ft

54

Flow
(gal/min)

0.00
.01
.01
.01
.01
.02
.02
.02
.02
.04
.05
.05
.06
.07
.12
.14
.19

+ Refracture

Table B-5 Sheet 2 of 2



TableB-6. - Hydraulicfracture test data, HFS0-6.

Type of Well: Well Point

Test Depth: 38.5 ft

Hydraulic
Test Date of fluid pre~sure Flow

number test (lbf/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 8-6 Sheet 1 of 2
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Test
number

4

5

Table 8-6. - Hydraulic fracture test data. HFS0-6. - Continued

Date of
test

07-12-80

07-12-80

Test Depth:

Hydraulic
flui d pressure

(lbf/in2)

19.00
23.00
26.00
28.00
26.00
33.00
32.00
32.00
34.00
35.00

19.00
20.00
27.00
28.00
29.00
28.50
28.50
29.00
31.00
33.00
34.00

Type of Well:

38.5 ft

Flow
(gal/min)

0.00
0.00
0.00
0.00
0.00
1.20
1. 70
2.00
3.00
5.00

.12

.25

.50

.70

.90
1.10
1.50
2.00
3.50
4.00
5.00

We11 Poi nt

+- Refracture

+- Refracture

Table 8-6 Sheet 2 of 2
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TableB-7. - Hydraulicfracture test data. HFSQ-7.

Type of Well: Open Hole

Test Depth: 15 ft

Hydraulic
Test Date of fluid pressure Flow

number test (lbf/in2) (gal/min)

1 07-13-80 9.00 0.00
13.00 0.00
19.00 0.00
21.00 0.00
24.00 0.00
26.00 .01 .. Fracture
22.00 .19

2 07-14-80 8.50 0.00
15.00 0.00
18.00 .01
20.00 .01
21.00 .05 .. Refracture
20.00 .12
19.00 .19

3 07-14-80 8.00 0.00
12.50 .01
15.00 .01
18.00 .01
20.00 .14
20.00 .20
24.00 .08
25.00 .13
27.00 .19 .. Refracture
30.00 .50
31.00 .70
32.00 1.00
33.00 1.30
32.00 2.00

Table B-7 Sheet 1 of 1
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Hydraul; c
Test Date of fluid pressure Flow

number test (lbf/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. - Hydraulic fracture test data. HF80-8.

Type of Well: Open Hole

Test Depth: 15 ft

Table 8-8 Sheet 1 of 1
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Table B-9. - Hydraulicfracture test data, HF80-9.

Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic
Test Date of fl ui d pressure Flow

number test (lbf/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
40.00 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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Table8-9. - Hydraulicfracture test data, HF80-9. - Continued

Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic
Test Date of fluid pressure Flow

number test (l bf Ii n2) (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 8-9 Sheet 2 of 5
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Table8-9. - Hydraulicfracture test data, HFS0-9.- Continued

Type of Well: Open Hole

Test Depth: 40

Hydraulic
Test Date of fluid pressure Flow

number test (lbf/in2) (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 8-9 Sheet 3 of 5
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Table8-9. - Hydraulicfracture test data, HF80-9. - Continued

Type of Well: Open Hole

Test Depth: 40 ft

Hydraulic
Test Date of fluid pressure Flow

number test (lbf/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 8-9 Sheet 4 of 5
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Hydraul i c
Test Date of fluid pressure Flow

number test (lbf/in2) (gal Imi n)

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 8-9. - Hydraulic fracture test data, HFS0-9. - Continued

Test Depth:

Type of Well:

40 ft

Open Hole

Table 8-9 Sheet 5 of 5
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Test
number

1

3

Table 8-10. - Hydraulic fracture test data, HF80-10.

Date of
test

07-16-80

07-16-80

Test Depth:

Hydraulic
fluid pressure

(lbf/in2)

9.00
16.00
19.00
19.00
16.00
13.00
11.00
10.00

8.50
10.00
16.00

Type of Well:

15 ft

Flow
(gal/min)

0.00
0.00
0.00

.28
2.00
4.50
5.00
5.00

0.00
.32

2.50

We11 Poi nt

+ Fracture

+ Refracture

Table 8-10 Sheet 1 of 1
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Test
number

1

1

Table B-11. - Hydraulic fracture test data, HFSQ-11.

Date of
test

07-16-80

03-04-81

Test Depth:

Hydraulic
fluid pressure

(1bf Ii nZ)

9.00
11.00
17.00
19.00
21.00
23.00
24.00
26.00

8.00
9.00

10.00
10.00
12.00
12.00
12.00
12.00

Type of Well:

15 ft

Flow
(ga1/min)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.00

.09

.13

.19

.60

.60

.80
1.20
1.80

We11 Poi nt

+ Fracture

+ Refracture

Table B-11 Sheet 1 of 1
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Table8-12. - Hydraulicfracture test data, HFSo-12

Type of Well: Well Point

Test Depth: 28 ft

Hydraulic
Test Date of fluid pressure Flow

number test (1bf Ii n2) (gal Imi n)

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
4U.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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Table8-13. - Hydraulicfracture test data. HFSo-13.

Type of Well: Well Poi nt

Test Depth: 39.5 ft

Hydraulic
Test Date of fluid pressure Flow

number test (1bf Ii n2) (ga1/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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Table8-14. - Hydraulicfracture test data, HF80-14.

Type of Well: Open Hole

Test Depth: 27 ft

Hyd rau 1i c
Test Date of fluid pressure Flow

number test (lbf/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

Table 8-14 Sheet 1 of 1
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Test
number

1

Table 8-15. - Hydraulic fracture test data, HF80-15.

Type of Well: Open Hole

Date of
test

07-22-80

Test Depth: 39 ft

Hydraulic
fluid pressure

(lbf/in2)

19.00
23. 00
24.00
26.00
26.00
31.00
33.00
35.00
36.00
38.00
41.00
43.00
44.00
46.00
55.00
55.00
56.30
58.80
60.00
65.00
65.00
66.30
66.30
71.30
72.50
73.80
75.00
76.30
80.00
81.30
82.50
82.50
87.50
88.80
88.80
90.00
88.80
85.00

69

Flow
(gal/min)

0.00
.01

0.00
0.00
0.00

.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.01
0.00
0.00
0.00

.01

.01

.02

.02

.02

.02

.03

.05

.02

.03

.04

.03

.02

.03

.02

.06

.13

.24

.40
1.00
1.50

+ Fracture

Table B-15 Sheet 1 of 2



Table B-15. - Hydraulicfracture test data, HFSD-15.- Continued

Type of Well: Open Ho1e

Test Depth: 39 ft

Hydraul i c
Test Date of fluid pressure Flow

number test (lbf/in2) (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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TableB-16. - Hydraulicfracture test data. HFSD-16.

Type of Well: Open Hole

Test Depth: 29 ft

Hydraul i c
Test Date of fluid pressure Flow

number test (lbf/in2) (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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Hydraul ic
fluid pressure Flow

(lbf/in2) (gal/min)

19.00 0.00
21.00 0.00
25.00 .01
31.00 .01
36.00 .01
40.00 .08 + Fracture

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

Test
number

1

1

Table B-17. - Hydraulic fracture test data, HF80-17.

Date of
test

07-23-80

03-05-81

Test Depth:

Type of Well:

39 ft

Well Point

Table B-17 Sheet 1 of 1
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Table8-1B. - Hydraulicfracture test data. HFBD-1B.

Type of Well: Well Point

Test Depth: 26.5 ft

Hydraul i c
Test Date of fluid pressure Flow

number test (1 bf Ii n2) (gal I 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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TableC-1. - Closurepressuretest data, HF80-2.

Type of Test Well: Open Hole

Test Depth: 27.5 ft

Hydraulic
Test Date of fluid pressure Time

number test (lbf/in2) (min)

1 07-21-80 32.00 0.00
30.00 .14
28.00 .22
27.00 .31
26.00 .41
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
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Test
number

3

1

Table C-1. - Closure pressure test data. HFSD-2. - Continued

Date of
test

07-21-80

03-02-81

Type of Test Well: Open Hole

Test Depth: 27.5 ft

Hydraul i c
fluid pressure

(lbf/in2)

25.00
24.00
23.00
22.00
21.00
20.00
19.00
18.00
17.00
16.00
15.00
14.00
13.00

Time
(min)

0.00
.05
.12
.22
.37
.56
.77

1.11
1.50
2.01
2.72
3.63
4.90

30.00
23.50
20.00
18.00
17.00
16.00

0.00
1.00
2.00
3.00
4.00
5.00
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TableC-2. - Closurepressuretest data, HFSG-3.

Type of Test Well: Open Hole

Test Depth: 39.5 ft

Hydraul i c
Test Date of fluid pressure Time

number test (lbf/in2) (min)

4 07-20-80 47.00 0.00
46.00 .07
45.00 .14
44.00 .19
43.00 .26
42.00 .38
41.00 .63
40.00 .89
39.00 1.08
38.00 1.39
37.00 1.71
36.00 2.05
35.00 2.48
34.00 2.89
33.00 3.37
32.00 4.06
31.00 4.83
30.00 5.80
29.00 6.93
28.00 8.17

5 07-20-80 44.00 0.00
43.00 .15
42.00 .30
41.00 .43
40.00 .63
39.00 .92
38.00 1.20
37.00 1.58
36.00 2.00
35.00 2.58
34.00 3.13
33.00 3.83
32.00 4.62
31.00 5.38
30.00 6.33
29.00 7.50
28.00 9.23
27.00 10.75
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Test
number

1

2

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

Date of
test

03-03-81

03-03-81

Type of Test Well: Open Hole

Test Depth: 39.5 ft

Hydraul i c
fluid pressure

(lbf/in2)

38.00
37.00
36.00
35.00
34.00
33.00
32.00
31.00
3U.00
29.00
28.00
27.00

Time
(min)

0.00
0.54
0.96
1.38
1. 96
2.96
3.04
4.00
4.79
5.75
6.88
8.75

38.00
37.00
36.00
35.00
34.00
33.00
32.00
31.00
30.00
29.00
28.00
27.00
26.00

0.00
.21
.67

1.13
1.63
2.21
2.88
3.58
4.50
5.54
6.58
7.83
9.08
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TableC-3. - Closurepressuretest data, HFSD-4.

Type of Test Well: Well Point

Test Depth: 15 ft

Hydraul ic
Test Date of fluid pre~sure Time

number test (lbf/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
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TableC-4. - Closurepressure test data. HFSD-S.

Type of Test Well: Well Point

Test Depth: 27.5 ft

Hydraulic
Test Date of fluid pressure Time

number test ( 1bf / i n2) (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 .83
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
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Hyd rau 1 i c
Test Date of fluid pre~sure 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. - Closure pressure test data. HFSQ-S.- Continued

Type of Test Well: Well Point

Test Depth: 27.5 ft

Table C-4 Sheet 2 of 2
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Hydraulic
Test Date of fluid pressure Time

number test (lbf/in2) (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. - Closure pressure test data, HF80-6.

Type of Test Well: Well Point

Test Depth: 38.5 ft

Table C-5 Sheet 1 of 1
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Hydraul i c
Test Date of fluid pressure Time

number test (lbf/in2) (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

Table C-6. - Closure pressure test data. HFSD-S.

Type of Test Well: Open Hole

Test Depth: 15 ft

Table C-6 Sheet 1 of 1
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TableC-7. - Closurepressuretest data. HF80-9.

Type of Test Well: Open Hole

Test Depth: 40 ft

Hydraul i c
Test Date of fluid pre~sure Ti me

number test (lbf/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, HFSQ-S.- Continued

Type of Test Well: Open Hole

Test Depth: 40 ft

Hydraul i c
Test Date of fluid pre~sure Time

number test (1 bf / in) (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, HFS0-9.- Continued

Type of Test Well: Open Hole

Test Depth: 40 ft

Hydraul i c
Test Date of fluid pressure Time

number test (lbf/in2) (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

Table C-7 Sheet 3 of 3
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TableC-S. - Closurepressuretest data, HFSQ-10.

Type of Test Well: Wen Poi nt

Test Depth: 14 ft

Hydraul i c
Test Date of fluid pre~sure Time

number test (lbf/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

Table C-8 Sheet 1 of 1
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TableC-9. - Closurepressuretest data, HFSD-11.

Type of Test Well: We11 Poi nt

Test Depth: 15 ft

Hydraul i c
Test Date of fluid pre~sure 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

Table C-9 Sheet 1 of 1
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TableC-10. - Closurepressure test data, HFSo-12.

Type of Test Well: Well Point

Test Depth: 28 ft

Hydraul i c
Test Date of fluid pressure Ti me

number test (lbf/in2) (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

Table C-10 Sheet 1 of 1
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Table C-11. - Closurepressuretest data, HFSo-13.

Type of Test Well: Well Point

Test Depth: 39.5 ft

Hydraulic
Test Date of fluid pressure Time

number test (lbf/in2) (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 .47
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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TableC-12. - Closurepressure test data. HFSD-14.

Type of Test Well: Ope n Ho1e

Test Depth: 27 ft

Hydraul ic
Test Date of fluid pressure Time

number test (lbf/in2) (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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TableC-13. - Closurepressure test data. HFS0-15.

Type of Test Well: Open Hole

Test Depth: 39 ft

Hydraul i c
Test Date of fluid pressure Time

number test ( 1 bf / i n2 ) (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 .77
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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Hydraul ic
Test Date of fluid pressure Time

number test ( 1bf / i n2) (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

Table C-13. - Closure pressure test data. HFSQ-15. - Continued

Test Depth:

Type of Test Well:

39 ft

Open Hole

Table C-13 Sheet 2 of 2
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TableC-14. - Closurepressuretest data. HF80-16.

Type of Test Well: Open Hole

Test Depth: 29 ft

Hydraulic
Test Date of fluid pressure Time

number test (1 bf / i n2) (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

Table C-14 Sheet 1 of 1
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TableC-15. - Closurepressuretest data. HF80-17.

Type of Test Well: Well Point

Test Depth: 39 ft

Hydraulic
Test Date of fluid pressure Time

number test (lbf/in2) (min)

1 07-23-80 26.00 0.00
25.00 .17
24.00 .30
23.00 .47
22.00 .58
21.00 .73
20.00 .95
19.00 1 17
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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TableC-16. - Closurepressure test data, HFSD-1S.

Type of Test Well: Well Point

Test Depth: 26.5 ft

Hydraulic
Test Date of fluid pre~sure Ti me

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
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Hydraul ic
Test Date of fluid pressure Time

number test ( 1 bf / i n2 ) (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. - Closure pressure test data, HF80-18. - Continued

Test Depth:

Type of Test Well:

26.5 ft

We11 Poi nt

Table C-16 Sheet 2 of 2
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APPENDIX D

MENARD PRESSUREMETERTESTING 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.

Da ta Sununary Sheet.
"Extrapolation of P ."
"Bearing capacity."i
"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 (I'/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 Ibs) 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 1/16-inch wall thickness, 2-5/8 inches OD,

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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rate (1.0 kg/cm2 per minute), is held constant at the next desired

level, and fifteen, thirty and sixty...second volmne readings are re-
corded at this new pressure.

AS 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 volmne 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~lastic 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 volmne (V ) on the ordinate,
observed pressure (P ) on the abcissa, The ch~nge in volume which
occurs between the tY{irty and sixty-second readings at each pressur.e

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 pressur~' (p

f)' which is similar to ~he 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:

~P -toQ. (v)

E = m 1
K

6.V -6,p a (v)
m m
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Where:

E = Deformation modulus,

t::.p
m

t::.Qi(v)

t::.v
m

!:.P a
m

= Variation in observed pressure,

= Variation in probe inertia within t::.P ,m
= Variation in observed volume,

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

K(V) = 2(1+~) (Vo+ Vm)

where:

~ = Poisson's ratio. (Data was calculated using both 0.33
and 0.5,)

v = Initial measuring cell volume of "at rest" probe.
0

(808 em3) for an NX short probe.)

V = Mean volume of probe in linear phase.m

The formula can be written, E =
t::.~

2(l+~)t::.P (ignoring correction

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

+ R
E = ~ (l+~)t::.P

Wherea

+
E = Young's modulus,

R = Original hole radius.

t::.R = Change in hole radius,

t::.P = Variation in internal pressure,

'f ub . V R
I!j!the aJ;>oveLame equation, 1. we s stJ.tute c;;,;-- = '2t::.R'then the E and
E equatJ.ons are the same,
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The Lame equation assumes elastic conditions, and
equation is a calculation of observed data ;rom a

m;dium, the earth. Thus, E seldom equals E , but
E = E/a has been established by Techniques Louis

+E /Ga =
2 (l+~)

the Pressuremeter

less-than-elastic
the relatio~ship
Menard, where

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: P
0

This parameter is defined as the lowest point on the linear portion

of the raw data plot.

P = P - Q. (v) + P
0 m ~ z

Where:

P
m

Q . (v)
-~

P
z

= Observed pressure at P .

0

= Probe inertia at V corresponding to P .m 0

= Hydrostatic head between probe and surface instrument.

P values reported here are probably conservative, being larger than
tRe actual values due to borehole wall disturbance and relaxation during
the drilling process. The relatively great testing speed also contri~
butes to the P inaccuracy.

0

PRECONSOLIDATION PRESSURE: P
P

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 (P ).

P

p = P - Q. (v) + P
p m ~ z
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CREEP PRESSURE: Pf

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

P = P - Q. (v) + P
f m 1 Z

LIMIT PRESSURE: Pt

Pt is the point where complete shear failure occurs. In theory, instan-
taneous infinite expansion of the borehole occurs at a static pressure

level when Pt is reached. Techniques Louis Menard has suggested that for
practical purposes, Pt 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 Pt point with Pressuremeter

equipment, Pt 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 volmne as described in the enclosed "Extrapolation of Pt."
Experience has shown the Pt determined in this manner is usually two or

three times Pf. P
t

values repcrted on the Data Sununary 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 if more accurate Pt values are

desired, they may be determined by using the "Extrapolat10n of P " method.
t

SHEARING STRENGTH: S
0

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

P - P
t 0

S = C =
0 E/a

1+10ge
2 (1+]..1)C

Where:

C = Cohesion.

a = A structural coefficient.
final paragraph.)

(See DEFORMATION MODULUS,

178



Water and Power Resources Service
page 7
July 28, 1980

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;
0

]J = 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 P , 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 Pf values reported on
the data slnmnary sheets should be ignored and the values reported for
p should be assumed to be the p~ values for these six tests.p ~
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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,

R~

CRA MA

Enclosures
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DATA SUMMARY SHEET

Menard Pressuremeter Testing
Tiber Dam Cofferdam, Chester, Montana

July 1980

----------------- kg/em
2 -----------------------

Test 1 P P Pf PR,
2 3 S 4

Number Depth 0 p E 0

Boring PN-80-1

1 9.0' 1.3 4.9 9.9:!: 127.1 2.08
143.4

2 19.8' 2.6 4.3 10.8:!: 133.8 1.92

5 151.05
3 30.0' 1.9 3.8 9.l:!: 210.4 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.l:!: 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 8.2:!: 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 5.0. 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.l:!: 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.l:!: 107.3 2,03
121.0

19 34.9' 1,3 5.1 11. 2:!: 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

Tiber Dam Cofferdam

Chester, Montana

July 1980

Testing

Ground surface to probe center.

2

3

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

4

Top figure is E where ~ = 0.33; bottom figure is E where ~ = 0.5.

Calculated where ~ = 0.33; ~ = 1.

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

Page 2 of 2
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Vm
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0
0 0.25 0.50 0.15 1.0 1.25 1.50

Pm (ko/cm2)
19 DECEMBER 1915 HOMESTEAD, FLORIDA,:# 632G, 99' BK. COAX.

1.7 kg lema PRe DIFF. CR A



96

Vm

00
(em!)

.J:- 95

99

98

97

94

93

92
0

COMPRESSIBILITY .0"

NX Short, Metallic Sheath

.

-----<x------/-;-
/

/
/

/
/

/'

20 30 40 50 60 70

Pm (kg lem')
2 JANUARY 1976 WHEAT RIDGE, COLORADO :It 632G 991 BK. COAX.

1.6 kg/em! PRo DIFF. CRA

Unlooding y
/

./

10

LOADING RANGE
3-6 kg/cm2
6-12 kg/cm2
12-46 kg/cm2
46-90 kg/cm2

.0" (cm3/kg/cm2)

1.167
0.467
0.073
0.044

UNLOADING RANGE
80-39 kg/cm2
39 -10 kg/cm2

0.029
0.085
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400

350

300

250

Vm
(cm3)

200

150

100

50

TIBER DAM

P.M. Test I
Boring PN-80-1
91 to Probe Center
NX Short, Metallic Sheath
9 July, 1980
Pz= 0.27 kg /cm2
Po=I-.025+.27= 1.25kg/cm2
Pf=5-.42+.27= 4.85kg/cm2
P~ = 11-1.34+.27= 9.9=kg/cm2

0

~Pm-~Qi (v)
E=

~Vm- ~ Pm (a) K(v)

E=
4-.395

2251 or 2539
68.5-4 (1.167)

(4.665)

E=127.13 or 143.39 kg/cm2

K(V)= 2(I+fL)(Vo+Vm)

K(V)=2.660r3(808+38.25)

K(v)=2251 or 2539

x
I

I
I

I
_xx x-,.

x/ 'x"
2 4 6

Pm{kg /cm2)
8 10



500

450

400

350

300

Vm
(cm3)

250

200

1!l0

100

!l0

TIBER DAM

P.M. Test 2
Boring PN-80-1
19.8' to Probe Center
NX Short. MetallicSheath
9 JuIY..1980
Pz - 0.60 kg/cm:!
Po" 2-.025+.6 =2.58 kg/cm:!
Pf-4-.28+.6 -4.32 kg/cm:!

P"
.. II. 5 - 1.35 + .6 = 10.8:!: kg /cm:!

.6.Pm -.6.Q i (v)
E= K(v)

.6.Vm- .6.Pm(a)

E-
2-.255

2198 or 2480
31-2(1.167)

(2.334)

0

E= 133.80 or 150.97 kg/cm:!

K (v) -2 ( 1+ J.L)( Va +V m)

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

K(v)=2198 or 2480

2 8

Pm (kg /cm2)

186
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Vm
(cm3)

250

500 TIBER DAM

450

P.M. Test 3
Boring PN- 80 -I
30.0' to Probe Center
NX Short; Metallic Sheath
9 July, 1980
Pz= 0.91 kg/cm2
Po ==1-0 + .91 == 1.91 kg/cm2
Pf == 3-.125 +.91 = 3.79 kg/cm2
P~= 9.5 -1.35 + .91 == 9.1:t kg/cm

2
400

l1Pm-6Qj(V)
E == K(v)

l1Vm-l1P(a)

350

E=
2-.155

2151 or 2426
21.5-2(1.167)

(2.334)

300 -- E==210.43 or 237.33 kg/cm2

l1Pm-l1Q j (v)
E= K(v)

l1Vm-6Pm(a)

150

i

i
!n

2001-

x
I

I
I

I
I
I

I
I

I
I

I
x

I
I

I
I

I
I..X-

x""--

K(v)== 2 (1+j-i-)(Vo+Vm)

K(v)=2.66 or 3(808+.75)

K{vj = 2151 or 2426

100

50
8

Pm(kg/cm2)

0

10



450

400

350

Vm
( cm2)

300

250

200

TIBER DAM

P.M. Test 4

Boring PN -80-1
40.01 to Probe Center
NX Short, Metallic Sheath
10 July, 1980
Pz= 1.21 kg/cm2
Po" 0.6 -.52 + I. 21" 1.29 kg/cm2
Pp=5-.675+1.21=5.54 kg/cm2
Pf=6-.715+1.21=6.50 kg/cm2
P~ = 12 -1.35 + 1.21" 11.9:t kg/cm2

150

LlPm-~Qi(V)
E= . K(v)

~Vm-~Pm(a)

E=
3.6-.105 2579 or 2909
55-3.6 (1.126)

(4.0542)

E= 176.93 or 199.56 kg/cm2

K(v) =2(I+fL)(Vo+Vm)

K(v)=2.66 or 3(808+161.5)

K(v)=2579 or 2909

100

,x-x-,
~--x---x~x-,,'_x_x-x_x-x~

2 4 126

Pm(kg/cm2)

8 10
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450

400

350

Vm
( cm3)

300

250 --

200

150

TIBER DAM

P.M. Test 5
Bar ing PN - 80- 2
10.0' to Probe Center
NX Short. Metallic Sheath
10 July. 1980
Pz =0.30 kg/cm2
Po = I. 5 -. 6 +.3 = I. 20 kg /c m 2

Pp = 4. 2 -.685 +.3 = 3.82 kg/cm 2

Pf= 5.5 -.73 "'.3 = 5.07 kg/cm2
P~=10-1.35 3=9~ kg/cm2

6Pm-6Qj(V)
E=

6Vm-6Pm(a)
K(v)

E=
2.7-.085

2603 or 2936
43-2.7 (1.167)

(3.1804)

E= 170.82 or 192.67 kg/cm2

K (v) = 2 ( I ...J.I.) ( Vo + V m )

K(v) = 2.66 or 3(808... 170.5)

K(v) = 2603 or 2936

x- x

""".,..x
~ ~ dx-)( _x-xjx_x_x-x£""'"

2 4 6

Pm (kg/cm2)

100
I
I
8

189

J
10



400

300

Vm
(em3)

250

TIBER DAM

P.M.Test 6
Boring PN-80-2
15.01 to - Probe Center
NX Short. Metallic Sheath
10 July, 1980

Pz == 0.45 kg IC m
2

Po= 1.4-.425+.45 "'1.43 kg/cm2

Pp=3.7-.55+.45== 3.60 kg/cm2

Pf ==5.2-.635 +.45'" 5.02 kg/cm2

'1= 10-1.35+.45=9.1j: kg/cm2

350

6.Pm - 6.Q j(V)
E = K(v)

6.Vm-6.Pm(a)

E=
2.3 -.125

2414 or 2723
51 -2.3 (1.167)

(2.6841)

E= 108.67 or 122.58 kg Icm 2

K(v)= 2 (I + fL)( V0 + Vm )

K(v)=2.66 or 3(808+99.5)

K(v)"" 2414 or 2723

200

150

100

x,.x,.,.
'"x"'"

'"'"x""....,
-x-x""

50
2 4 6 8

Pm (kg/em!)

190

10



Vm
(em3)

500 TIBER DAM

P.M.Test 7
Boring PN-80-2
NX Short. Metallic Sheath
10 July. 1980

Pz =0.61 kg/cm2
Po = 0.6 -.45 +.61 = 0.76 kg/cm2

Pf = 4-.625+.61=3.99kg/cm2
P~ = 9. 5 - I. 35 + .61 = 8. 8:t kg I c m

2.

450

E
6Pm-6Qj(V)

= 6Vm-6Pm(a) K(v)

E
2.5-.115

= 53 -2.5 (1.167)
2506 or 2826

(2.9175)

400

350

E= 119.34 or 134.58 kg/cm2

300
K(v) = 2(1 +J.L)(Vo + Vm)

K(v)= 2.66 or 3(808+134)

K(v)" 2506 or 2826

250

200

150

100

50 x-x'"
x,

'" x-x-x-
2 4

Pm(kg/em2)

delay (windstorm) between Pm - 5 + Pm- 6 kg/cm2

6 8

X
/

/
/

/
X,

I
I

I
,

X...-
".".

'"".
...x"

--

191

10



Vm
(em3)

x
I

I
I

I
I

I
x

/
/

/

x'
x'"

x',
x-x...x

500 TIBER DAM

450

P.M. Test 8

Boring PN-80-2

25' to Probe Center
NX Short, Metallic Sheath
II July', 1980
Pz = 0.76 kg /cm2
Po = 0.6 -.4 + .76 =0.96 kg/cm2
Pp= 1.95-.48+.76=2.23 kg/cm2
Pf~5.4 -.70+.76 =5.46 kg/cm2
P~=9.5-1.35+.76=8.9:tkg/cm2

.6. Pm- .6.Q j(V)
Ep= .6.Vm-.6.Pm(a) K(v)

E =
1.35-0.08

P 27.5 -1.35 (1./67)
2365 or 2668

(I. 5 7 045)

E p= 115.86 or 130.70 kg/cm 2

400

350

300

250

K (v) = 2 ( I T J.L)( V0 + Vm)

K(v)-2.66 or 3(808+81.25)

K(v)'= 2365 or 2668

200

150

100

50
2 4 6

Pm(kg/cm2}

192

E
3.45 -.22

(v) = 105 - 3.45 (1.135) 2542 or 2867

(3.91415)

E(V)- 81.22 or 91.61 kg/cm2

8 10



TIBER DAM

P.M.Test 9
Boring PN-80-2
30.0' to Probe Center
NX Short. Metallic Sheath
II July, 1980
Pz- 0.91 kg/cm2
Po= 0.6-.57+.91 = 0.94 kg/cm2
Pf = 4.1 -.72 + .9\ = 4.29 kg /cm2
P~ = 9 - 1.35 + .91- 8. 6:t kg / c m

2

450

6P -6Q.(v)
E m I

K
=6Vm-6Pm(a)

(v)

400 E=
3.5 - .15

2607 or 2940
80- 3.5 (1.167)

(4.0845)

E= 115.04 or 129.74 kg/cm2

350

300

K(v)-2(I+JLHVo+Vm)

K(V)=2.66 or 3(308+172)

K(v) = 2607 or 2940

Vm
(cm3)

250

200

x
/,,,,,,,

.,..x,..-,...
",'...,,..,...

X'
... 'x ~--x--- -- -x ---x--- " -----

100
12345

Pm(kg/cm2)

193

6 7 8



TIBER DAM

450 P.M. Test 10
Boring PN-80-2
35.0' to Probe Center
NX Short, Metallic Sheath
II July, 1980
Pz = 1.06 kg/cm2
Po = O. 5 -.24 + 1.06 = 1.32 kg/cm2
Pp=1.4-.31+1.06=2.15 kg/cm2
Pf = 3.4 -.46 + 1.06 - 4.0 kg/cm2
P~ =8.5-1.35..1.06-8.2~ kg/cm2

400

350

~Pm-~Qi(V)
E = K( )

~Vm-~Pm(a) v

300
E= 2- .15 2321 or 2618

46 - 2 ( 1.167)
(2.334)

Vm
(em3)

250
E=98.33 ar 110.92 kg/cm2

200

K(v)= 2( I+}L)(Vo+ Vm)

K(v)= 2.66 or 3(808+64.5)

K(v)= 2321 or 2618

150

X
/

/
/

/
/

/
/,

"x'...'"...
x'" ",,',,',,",.-t< x-- - x'

..X'"
...

~ x-,-- x--"

100

50

2 3 4

Pm (kg /em2)

194

5 6 7 8



Vm
(em !)

TIBER DAM

550
P.M.Test II
Boring PN-SO-2
40.0' to Probe Center
NX Short I Metallic Sheath
1\ JUly,I9S0
Pz = 1.21 kg/cm2
Po = 0.6 -.56 + 1.21-1.25 kg/cm2
Pf = 4 -.675 + 1.21- 4.54 kg/cm2
P~ = 9.5 -1.35 + 1.21- 9.4:t kg/cm2

500

450

400

t!.Pm - t!.Q i (v)
E- K-

t!.Vm- t!.Pm (a)
(v)

E=
3.4 -.1\5

2572 or 2901
59 -3.4(1.167)

(3.967S)

E=153.52 or 173.17 kg/cm2

350

K(v) =2(I+JL)(Vo+ Vm)

K(v) = 2.66 or 3(SOS+159)

300
K{v)" 2572 or 2901

250

200

x
I

I
I

I
I

I
I

I
x

~
~,,

.".xx-'
,x"''''-

- x--x--x- x K'

150

100
2 4 6 8

Pm(kg/em2}

195

10



TIBER DAM

P.M. Test 12
Boring PN-80-2
45.0' to Probe Center
NX Short. Metallic Sheath
II July, 1980

Pz'" 1.36 kg /em 2

Po" 0.5-.555 +1.36 =1.3\ kg/cm2
Pp" 3-.64 +1.36 -3.72 kg/cm2
Pf = 4.2 -.685 + 1.36" 4.88 kg/cm

2

Pt == 9.5 - 1.35 + 1.36 -= 9.5:!:. kg /cm2

450
APm-l:3.Q i (v)

E- K( )
AVm-APm(a) v

400 E=
2.5 - .085

2544 or 2869
40.5-2.5(1.167)

(2.9175)

E = 163.47 or 184.36 kg/cm2

350

K (v) ... 2 ( 1+ p.) ( V 0 -+V m)

300

K(V)=2.66 or 3(808+148.25)

K(v) = 2544 or 2869

Vm
(em3)

250

200

150

100

,x
x'" 'x-

2 4 6

Pm (kg/em2)

196

8 10



Vm
(em3)

x--

T I BE R DA M
450 P.M. Test 13

Boring PN-80-3
5.0' to Probe Center
NX Short, Metallic Sheath
12July, 1980
Pz"'0.5 kg/cm2

Po'" 0.6 -0 +.15'" 0.75 kg/cm2
Pp -3-.32+.15-2.83 kg/cm2
Pf -4.5 -.475 +.15" 4.18 kg/cm2

P"- 7.7-1.35 +.15 =6.5:t kg/cm2

400

350
t:. Pm - t:.Q j(V)

E= ' K(v)
t:.V m- t:.Pm (a)

300 E... 2.4 -.32
2204 or 2486

45 -2.4 (1.167)
(2.8008)

250
E... 108.64 or 122.54 kg/cm 2

200

K(V)-2 (I +}L)(Vo+Vm )

K(v) ... 2.66 or 3(808+20)

K(v)- 2204 or 2486

150

x
'"x'"

...

/
I

I
I

I
I

I
I

I
I

I
I

x
~'...x ~...'" ...,

,x---x'" x...
- ...... )("

100

50

2 3 4

197

5

(kg /em2)
6 7 8



Vm
(em3)

450

400

350

300

250

200

150

100

50

0

TIBER DAM

P.M.Test 14
Boring PN - 80-3
10.0' to Probe Center
NX Short, Meta IIic Sheath
12 July, 1980
Pz = 0.30 kg /cm2
Po =0.7-.18+.3=0.82 kg/cm2
Pp = 4.1-.43 +.3'" 3.97 kg/cm2
Pf = 6 -.54 +.3 = 5.76 kg/cm2
Pi ==IO.5-1.35+.3=9.5~kg/cm2

~Pm-~Qi(V)
E = K(v)

~Vm-~Pm(a)

E=
3.4-.25

2276 or 2567
58.5 -3.4(1.167)

(3.9678)

E = 131.47 or 148.28 kg/cm2

K(v)= 2( I +,u)(Vo + Vm)

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

K(v) = 2276 or 2567

x
I

I
I

i
/

x
/

/
/

/
x x',.',.,)C x ,'X,

,'-' ,.. "'...x'"
-x-x

2 4 6

Pm (kg/em2)

8

198

10



Vm
(em3)

TIBER DAM

P.M.Test 15
Boring PN- 80-3
15.0' to Probe Center
NX Short. Metallic Sheath
12 July. 1980
Pz = 0.45 kg/cm2
Po =0.55-.65+.45-0.35 kg/cm2
Pf ""4.5-.78+.45 "'4.17 kg/cm2
P~ =9-1.35+.45-8.1: kg/cm2

550

500

450 6.Pm-6.Qj(V)
E= K( )

6.Vm-6.Pm(a) v

E... 3.3 - .145
2705 or 3051

82 - 3.3 (1.167)
(3.8511)

E-109.21 or 123.17 kg/cm2

400

K(V) = 2(I+fL){ Va + Vm)

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

K(v)- 2705 or 3051

350

300

250

200

150

x
I

I
I,,,r,

x
",

x',"
x'",

,x- x'-x',x, ,x- x-, x- - x'
246

Pm (kg lem2)

100
8

199

10



,x... ...,~ 'x---x--- ---x'"
I 2 3

Vm
(em3)

TIBER DAM

450

400

P.M.Test 16
Boring PN-80-3
19.51 to Probe Center
NX Short. Metallic Sheath
12 July. 1980
Pz - 0.59 kg/cm2
Po'" 0.5 -.25 + .59'" 0.84 kg/cm2
Pp ... 3.3 -.49 +.59 = 3.40 kg/cm2
Pf=4-.545+.59=4.05 kg/cm2
PR -8.5-1.35+.59~7.7j: kg/cm2

350

APm - AQ j(V)
E-

AVm-APm(a) K(v)

300
E..2.8-.24 19 1570.5-2.8(1.167) 23 or26

(3.2676 )

E... 88.30 or 99.57 kg/cm2
250

K(v) ... 2 (I.. J.L)( V0 .. V m )

200
K(v)" 2 .66 or 3(808... 63.75)

K(v)-2319 or 2615

150

100

50 x
..,'"

",,'x.., ...
---x-' ------...x--

"
x--"-)(---x '

",,"'"

4 5 6 7 8

Pm (kg /em2)

200



Vm
(em3)

x
,

,

,

,

,

I
I
,
,

I
X,

,
I

I,
I

X,
,.

/,
/

- x K
~

TIBER

500
P. M. Test 17

Boring PN-80-3
25.0' to Probe Center

NX Short. Metallic Sheath

12 July,I980

Pz = 0.76 kg/cm2
Po -0.5-.025+.76-1.24kg/cm2
Pf - 4-.30 +.76'" 4.46 kg/cm2
Pi

... 10.25 -1.35 +.76 =9.7:!: kg/cm2

450

400
~Pm - ~Q j(V)

E =
~ V ~ P (0)

K(v)
m - m

350 3- .25E-
36 - 3 (1.167)

2208 or 2490

(3.501)

E... 186.84 or 210.70 kg/cm2

300

K(v)'" 2(I+fL)(Vo+Vm)

K(V)'" 2.66 or 3(808+22)

250
K(v) = 2208 or 2490

200

150

100

50
2

Pm (kg/em!)

0

201

DAM

8 10



Vm
(em 3)

TIBER DAM

!550
P. M. Test 18

Boring PN - 80-3
30.01 to Probe Center
NX Short. Metallic Sheath
12 July, 1980
Pz ... 0.91 kg/cm2

Po ... 0.5 -.42 +.91'" 0.99 kg/cm2

Pf ... 4.4 - .64 + .91'" 4.67 kg /cm:

PR ... 9.5 - I. 35 +.91" 9.1 :t kg /c m

500

450

6Pm - 6Q i (v)
E-

6Vm-6Pm(a)

400 E_2.9-.14 2511 or 2832
68 - 2.9 (1.167)

(3.3843)

E- 107.26 or 120.97 kg/cm2
3!50

K(v) - 2(1+1-') (Vo+Vm)

K(v)-2.66 or 3(808+136)

300
K(v) ... 2511 or 2832

250

200

,x
,"

x'",,,,
I,,,

x-- --x,
'"'"~ x.."-x'

150

100
4 6

Pm (kg/em2)

50

202

8 10



Vm
(em3 )

TIBER DAM

450 P.M.Test 19
Boring PH - 80-3
34.91 to Probe Center
NX Short, Metallic Sheath
12 JUly,1980

Pz'" 1.06 kg /cm2

Po'" 0.5 -.24+1.06 -1.32 kg/cm2
Pf -4.5 -.49+1.06 -5.07 kg/cm
P~ "'11.5-1.35 + 1.06 -11.2.:t kg/cm2

400

350 6Pm - 6Q j(V)
E - K( )6 Vm - 6 P m (a) v

300
E=

3.5-.21
64.5 -3.5 (1.167) 2327 or 2624

(4.0845)

E- 126.72 or 142.89 kg/cm!

250
K(v)"'2(1+J.L)(VO +Vm)

K(v} '" 2.66 or 3(808 +66.75)

K(v) '" 2327 or 2624

200

150

100

50

0
2 4 6

Pm (kg/em2)

B 10

203

12



Vm
(cm3)

300
TIBER DAM

280

P.M.Test 20
Boring PN-80-3
40' to Probe Center
NX Short, Metallic Sheath
12 July. 1980

Pz .. I. 21 kg /cm2

Po .. .75 -.51 + 1.21-1.45 kg/cm2

Pf'" 6.4-.655...1.21-6.96 kg/cm2

P~ ... 13-1.35+1.21 =12.9:tkg/cm2

260

~Pm- ~Q j(V)
E- ~Vm-~Pm(a)K(v)

240 E- ~.: ~40.~ (.911) 2552 or 2879

(4.0078)

E - 243.90 or 275.15 kg/cm2

220

K (v)'" 2 (I + fL)( Vo + Vm )

K(v)-2.66 or 3(808+151.5)

200
K(v) == 2552 or 2879

180

160

140

120

,x--
,"

"x,,',x
,x---x.-"

""
6

Pm(kg/cm2)

8 10

100

204
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~ EXTRAPOLATION EXAMPLE

f7:l "Corrected Oriqin.' :II 222 cm~
3L:.:J "Initial Hole Volume III 222 + 808 = 1030 cm

GJ)usted Volume"
Pm

0 P
m V

m

V - "Correctedm
Oriq1n "="AdJusted
Volume"

2.2
4.1
6
8.1
10
12.2
13.8
16.4
17.8
20
25

216
241
253
260.5
269
280.5
288
302
312
332
383

19
31

38.5
47

58.5
66
80
90

110
161

4.6
5.2
4.8
4.7
4.8
4.8
4.9
5.1
5.5
6.4

GJ
a. "Adjusted Volume" intercept III3.15

p
m

b. 3.15 + 1030 x 1.3= 3.15 + 22.32 =25.47
60

2
c. P = 1030 III 40.4 kq/cm

25.47
This fiqure must be corrected for inertia and hydrostatic head.

225
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BEARING CAPACITY

The general formula for bearing capacity determination is:

q - q = k(P - P )1 0 1 0

Where:

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

foundation shape.

q = the overburden pressure at foundation level after
0

construction.

P = lateral earth pressure at rest at the foundation level.
0

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

ql = 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
2

Typical P
X.

Range (kgl em )

0 - 12
0.. 7

Category I Clay
Silt

Category II Firm Clay or l1arl

Dense Silt

Loose Sanrl

Weathered Rock

18 - 40
12 - 30
4 - 8
10 - 30

cateogry III Dense Sand and Gravel

Unweathered Rock

10 - 20
40 - 100

category IlIA Very Dense Sand and Gravel 30 - 60
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BEARING FACTOR AGAINST EMBEDMENT

Bearing Capacity
page 2

FOR ISOLATED FOOTINGS. PIERS AND PILES

k

9

8
SOIL

EGORV ill A

7

6
OIL

TEGORY m
5

4

SOIL

TEGORY IT
3

2 SOIL

TEGORV I

1

0 8 16 he
R

4 12 20

-- footings, piers and bored piles --- driven piles, displacement caissons
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BEARING FACTOR AGAINST EN\BED"~ENT

FOR STRIP FOOi~NGS AN D CAST-IN -SITU DIAPHRAGM v\~.;LLS

k

5
l
ORY

.4

3

2

1

0 .4 16 20 he
R8 12

229



L
2R

N
W
0

BO

BEARING FACTOR (k) Lv. RECTANGULAR FOOTINGS

k

~

CIRCULAR OR

SQUARE FOOTING

_L
= 1

2R
1,25

1,50

1,75

(MO)

l--

22,50

3

4

5
6

10

20

AO co

------...

0.8
(1.5) 2 3 hE>

R
1

The L/2R scale along the ordinate is used to graphically determine k
by interpolation between continuous and square footings.

Example: To calculate k where h /R = 1.5, L/2R = 2, bearing on
catctory III soil, draw a vertic~l line at h /R - 1.5 on the abcissa.

This vertical line cuts the category III cur~es at A and D. Draw lines

B -B and A ~A, which intersect at C, then draw a line from L/2R = 2

t8 C, Thi~ latter line intersects the initial vertical line at M,
which is the k value (1,75 in this case),
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Bearing Capacity
Page 5

EQUIVALENT EMBEDMENT; h
e

h is the depth of soil overlying the foundation having the same P~
a~ the foundation soil. usually the overlying soil has a different

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

h = -!- [h (Po- Po
) z(dz), or more simply:

e Pi 0 ~

E(o)
x d(o) = hE(f) e

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 k9/cm2
soil overlying a foundation layer of E = 20 kg/cm2 material, h = 6.25'.

e

If the foundation width or diameter is four feet, then h /R = 3.125.

For a dense silt (Category II), k for a continuous footi~g 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 specific Soil

Categories have constant bearing factor (k) values, and the curves on

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

of h values is given:c

soil Category

h Values --------------
cCircular or Square Continuous

I
II
III
IlIA

4
10
16
20

6
12
18
22

h should always be determined using equivalent depth (h ) figures for

effibedment.
e
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------------ Maximum Bearing Factor (k)-----------
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
IlIA 7.0 9.0 4.0

Bearing Capacity
Page 6

There are,then,maximum k values for particular foundation types bearing

on the various Soil Categories:

For foundations with no embedment, k = 0.8. When determining embedment,
always llse the smallest embedment depth. For example, a basement wall
footing would have a k based 9n the embedment depth from the top of base-

ment slab (use P = 100 kg/em for concrete) to footing level, not the
depth from grouna 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/em2, depending on

degree of compaction) when calculating h .. e

HETEROGENEOUS SOIL: EQUIVALENT LIMIT PRESSURE (P~e)

Where foundation soils' P~ values vary significantly with depth, an

Equivalent Limit Pressure (P~e) should be calculated:

3
P~e =

.;

P~l x P~2 x P~3

Where:

P~l = Geometric mean of P~ values in the lR to 3R distance

above the foundation bottom.

P~2 = Geometric mean of P~ in the zone lR above and lR below

the foundation bottom.

P
~ 3 = Geometric mean of P

l
in the distance from lR to 3R below

the foundation bottom.

For shallow foundations:

2

P~e = ';P~2
x PB

If P~ values are more than t 30% Pi
'

a more conservative approach, such
as using a harmonic mean of all val~es in the foundation zone, should be
used.
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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 em.), use the chart

values.

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

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

For diaphragm walls, reduce chart values by 50%,

A safety factor of 2 is suggested for skin friction design.

s~E~rncroR

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 deter.mination 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 TL~ Publication: Sols Soils No, 26~1975.
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Bearing Capacity
Page 9

SKIN - FRICTION RESISTANCE OF A PILE

AS A FUNCTION OF THE LIMIT PRESSURE

c

B

t
at contact of bulb near the
base - Categories II, III & IliA

Conventional drilled
and driven piles

!

for other shaft sectionA

, ,

I',,/
"

It is recommended that friction should only be
taken into account at depths from 0.3 m + R

( R = radius of pile)

,,,
,,

I

"- ... .... 105 15 pi bar

negative friction on the shaft

under the effer.t

of a surcharge
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SETTLEMENT

Techniques Louis Menard has developed the following general formula:

-~ R« 1w - 3E pRo R2 RO) + 4.5
oC
E ;t 3

pR

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

E = Deformation Modulus (kg/cm2) 2p = Foundation bearing pressure (kg/cm )
R = "Reference" radius (=30 cm)

;(~= Foundation shape factor for deviatoric stress zone.
R = Foundation half width or radius (in cm.)

~3= Foundation shape factor for spherical stress zone.
Q( = Structural coefficient of soil (varies from 0.25 to 0.9)

The General Formula's theoretical basis is:

w = w2 + w3

w2 = the shear deformation of the soil which surrounds a hemisphere
of soil directly beneath the foundation (deviatoric stress zone).

w3 = The volume change of the hemisphere of soil (spherical stress zone).

~~ = ~~ P (the increase in r of a cylindrical

cavity with internal pressure, where E =
deformation modulus)

6
~ = ~~~ P (the decrease in r of a sphere sub-

jected to external pressure p, where E+ is
Young1s 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
resu1 ts in w2 = approximately 1/3 of ~ R.

&Thus: w2 = 3E
pR

w2 is derived from:

w3 is derived from:

Also, since the stress distribution on the surface of the hemisphere is

qa = 2p sin2 a, the mean radial pressure is 2/3 p.

236



L/2R 1 1 2 3 5 20
(circular) (square)

~2 1 1.12 1.53 1. 78 2.14 2.65

~3 1 1.1 1.2 1.3 1.4 1.5

Settlement - Page two

- 1-2~ - 1 pRThus: w3 - E+' 2/3p - ~~
+(where~ = 0.33 and E = E/or )

- 1 c(

-43 T pR

The shape factors~2 and ~3 were derived from the Boussinesq Theory:

The term R/Ro is an attempt to relate the mass of soil affected by the foundation
stress to the 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
zone~ 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 Burm;ster
Theory stress distribution.

237



Soil Type E/P£ a E/Pt a E/Pt a E/Pt a E/P.

~~Overconso1idated >16 1 >14 2/3 >12 1/2 >10 1/3

Normally Consolidated 1 9-16 2/3 8-14 1/2 7-12 1/3 6-10 1/4

Remolded or Disturbed 7-9 1/2 1/2 1/3 1/4

AlPHA FACTOR VALUES

Peat Clay Silt Sand
Sand &
Gravel

Soil can be remolded or disturbed by earth movement or by surface or groundwater

action at an excavation bottom. The a factors given above have been empirically modified
from more theoretical values to take account of possible minor soil disturbance.

In rock, a 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 a approaches one.
Some indication of a 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 I, a

approaches 0.75. If the relationship is 15 or 20 to 1. a 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 genera1 exp1anation of the pressuremeter

test is required.

Assumpti ons

The ground is assumed to be isotropic in a11 directions perpendic-

u1ar to the axis of the Probe. The weight of the soil and other vertica1

10ads on the ground are assumed to produce a uniform vertica1 distribution

at the test depths. qadia1 pressures against the sides of the borehole

may cause secondary vertical stresses in the adjacent soil in addition to

the horizonta1 stresses. But since these vertical stresses are symmetrica11y

distributed around the axis of the borehole, they ~11 not have any effect

on the horizontal (radia1 and circumferentia1)stresses.

Accordingly, the soi1 is ana1yzed as a thin sHce between two

horizonta1 planes spaced one 1inear unit apart, under a condition of t~

dimensional stress action (p1ane-strain).

Before the hole is drilled in the ground, the soi1 is subjected

to uniform compressive stress, Po' in a11 horizontal directions (earth

pressure at rest).

Deformation Phases of Soi1 during the Test

Dri 111ng of the boreh01e in the ground produces a new state of

stress distribution; transverse expansion then takes place progressively

and t ends to rteduce the di...t er of the ho1e. The Probe is then inserted

in the hole and increasing pressure Pi is applied to the wa11 of the hole.

The wall is pushed back and commences to recompact the adjacent soil unti1
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Page Two

the diameter 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 Pf is theoretica11y equal to the origina1 pressure Po (Fig. 11-2)

and the borehole diameter is equal to r .
0

As the pressure p conti nues to increase (Pi '7 p ), the soi 1 is
0

in 8 pseudo-e 1asti c state and the df stri buti on of stresses in the ground

is assumed to be practically in conformance ~th the laws of elasticity.

When the pressure Pi passes a certain va1ue which may be ca11ed

Pe' surfaces of rupture are deve10ped around the h01e. The soi1 then enters

the state of pseudo-p1astic deformation. This state, or zone, extends over

a cy1indrical volume with exterior radius rpc (Fig. II-6). Beyond thi s

radius, the 10i1 fs still in the state of pseudo-elastic deFormations.

As the pressure Pi continues to increase, the incremental deTor-

matfons become considerable for a very sma11 increase in pressure. The

mass of sofl in plastic flow then increases appreciab1y without opposing

further resistance at the borehole wall, and a condition of indifferent

equilibrium is fina11y attained.

Accordingly, different characteristic phases of the test can then

be examinedl

Pi" Po; recorhpaction of the wa.ll of the hole.

Po <. Pi 'Pe=fp.

Pi > Pe= ~ j

:; pSeudo-elastic phase

pseudo-plastic phase

Pi approa~hit1g PI; phase of large slippage.

p.
1 = Pl state of indifferent equilibrium
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Page Three

These phases are very cHstinct1y marked on the pressuremeter

curve *(Fig. 11-2),

(1) During the period of recompaction (Pi po)' the curve

has. somewhat irregu1ar shape, but in general shows

rather strong curvature concave towerds the pressure

axis.

(2) The pseudo-elastic phase is characterized by a quasiree-

tilfnear shape of the cu~e; a11 other factors being

equal, it corresponds to sma11 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.

( l+) The phase of large s1ippage is characterized by important

deformations for sma11 changes in pressure; the curve

has. vertical as~ptote, the abscissa of which corres-

ponds to the pressure of rupture of the sof1, called

the pressure limit, PI.

Shearing Strength

In soi1 and rock mechanics the shear strength of a rock or

sof 1 is generall y defi ned in terms of the two empi rf cal parameters,

c (cohesion) and - (ang1e of internal friction). One or both of these

empirical parameters may be estimated from pressuremeter test data by

one of the fo 11owi ng methods: (I) Hmf t pressure method, (2) Mohr

Circle Method and (3) graphic.1 method. These methods and their

theoretical bases are described below.
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Page Four

limrit Pressure Method

For equi1ibri~ of a cy1indrica1 e1ement shown in Fig. 11-1 the

fot1owing equation may be derived:

d Nr - dr
=N--:-N -

r t r

and since Nr - Nt = 2 r = 2 R

MMHX
.iiix

d Nr

2R =
dr-r

This equation is integrated between Nre = P - Po and Nrc = Pc - Po ;

and r = r' (exterior radius of p1astic annu1us around the boreh01e)pc

and r = r c (radi a1 di stance to the point where the radf a1 stress :8 Pc ).

J
Nrc
dNr

= _/ rc £
2 R r

N ,re r pc

Since R is a variable function of Nr' the integra1 on the 1eft side of

the above equati on is i ndetermri nate. However, 1et

./Nrc dN
re 2 ~

:8 f (p)

If the angle - of shearing resistance of the soi1 is zero Nr - Nt
=

2
Pi

.5!2:8 (P12 - p ) .
Pe R

Ro
.

R = Ro = Co = cohesion (constant) and 2 f (pJ)
=

Assum ng an i ncompressi b1 e medium in whi ch, E = 2 f(p.)
2(1 +0'" )Ro .1-
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Page Five

or 2 f(pt) = 10g Ee
l (1"'0- )1(

0

then,

(P~ - Pe) = Ro 10ge E
2(1+0" ) Ro

or

(Pj7 - P ) = C 10g Ee 0 e
2(1+0- )C

0

Sf nee P - P = R .e 0 0' Po = Pe - Ro

Hence, pt'J - P = Pi') - P + R
= p" - P + C)t 0 ~ e 0 x e 0

Substi tuti ng, Po - P = Co ff + 10g E
)C~

7
A 0 L e 2(1+0"" '.../

derived on the basis of e1astic-p1astic theory and use definite va1ues

of E and C .
0 However, advanced theoretica1 and 1aboratory resu1ts have

shown that the value of E is affected by sca1e effects and increases

wi th the mass of so; 1 affected by the stress di stri buti on; it a 150

varies ~th the va1ue of the strains imposed on the soi1. Furthermore,

the shearing resistance of the soi1 varies w;th the app1ied strains

and the structure of the soi1 nright be changed during the test.

Some of theses factors 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 a. 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

a is required.
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Hence, in practical use, the derived equation should be replaced

by the fo 11owf ng :

Pt- Po = Co [ 1 + loge E/o:. }2 (t + tr)C;

Hence, if PJ can be estimated from the pressuremeter curve, and

E and Po are known, Co may be computed by trial, or directly from the

graphical sol uti an on Fig. 111-9 (for 0- = 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 p~ cannot

be estimated from the pressuremeter curve. However, it is possible to

use the equation above bearing in mind that the value of Co obtained

is an average of the shearing resistance (t;> for a pressure around the

value of Pf.

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

pressure meter testing and the value of p).. is not determined directly

dud ng the test. The value of Pi may be vi suall y 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 detai led procedure for this method of estimating P.Q is as

fol1owsl

(1) EXtend the linear portion (elastic range) of the

corrected pressure versus volume curve to p = o.

(2) Calculate the value of V - V - for points on thep=o

pressuremeter curve beyond a pressure of p ~0
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(3) P10t V - Vp=o (x axis) versus V - Vp=o (Y axis)

p

on an arithmetic sca1e.

If the points for pressures above Pe = Pf ptot as a stoping straight

the assumption of hyperb01ic shape is vatid. The tinear portion of the pres-

suremeter curve shou1d p10t as a straight horizontat 1ine.

(4) The asymptote or p~ equals -L-, where taro< equa t s the
ta~

stope of the plotted straight 1fne.

Genera11y the assumption of a hyperb01ic shape for that portion of

the pressuremeter curve beyond P=Pf = P can be proven va1id for at1
e

practica' purposes. An estimate of the 1imit pressure by this method woutd

Obviousty be more accurate than by the visuat method.

Mohr Circte Method

Assuming the soi1 is cut by a vertic.1 cytindricat surface with

radius r
2 from the axis of the boreh01e, the radia1 dfsp1acemf!nt away

from the axis of any point in the sof1 at a distance r from the axis wi1t

be given by the f01 10wing formu1a. *

Ur = 1 - tr L'"02 (Pi - Po> .r22 (P2 - po>Jr +(1 +O"')(r 02r/Hpi- p
>--- 2E (r2~ - r 2) Er (r 2 - r

2)
020

"'"
er e :

E = Modu1us of Etasticity = Unit stress
Uni t stni n

ro = effective radius of the boreh01e at Po

P2 = radiat pressure at radia1 distance

r2 from boreh01e axis.
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When r2 approaches infinity, P2 approaches po.

Then, Ur = 1 :.£ r
0

2
(Pi - p

o >Er

At the wall of the hole, where r = r
0

Uf = (1 + ~ > ro (Pi
- P )

E 0

FrOM equation and equation

f (p) = /r'pc dr
rc r

or f (p) = !Og.( ::PC )
e

f (p)
= r' I rpc c

r' = r ef (p)
pc c

r' = (r + U ) ef
(p)

pc 0 c

~\\(Eq.
~

(Eq. ~J

from which

and

Also

The plastic boundary surface, with radius r before the load is applied,
pc

ia subjected to an internal radial pressure N =p - p. Hence, the outwardre e 0
displacement of U' can be calculated by means of Eq. "(for displacement of

pc
wall of the hole in the elastic phase) by substituting

U' for U.pc 1

r' for rpc 0

and p for p.
e 1

Eq. 5 is:
U . --

(1+ &) r (P. - p )
1 E

0 1 0

Henc Ii,
U'

(1+0)
pc = E

r' (p - p )
pc e 0

(Eq. ~

Th~n

r' = (r + U ) ef
(p)

pc 0 c

(l + d) (r + U)(p - P ) e
f (p)

E
0 ceo

(Eq. ~\J

Substituting from Eq. ~

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

lor the plastic cylinder radius r .po
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(For simplicity of presentation the assumption of incom~'resslUu.l.lJ u.i. lUt-

soil is made in the following derivation, which is a particula.r case of a marl:

general treatment.).

Then the volume of expansion of the borehole (initial radius = r ) will
0

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

Then. Z 1T"(r + U /2) U = 2 err (r' - U' /2) U' .
0 c c pc pc pc

2 2
2 r U + U = 2 r' U' - (U' ).

0 c c pc pc pc

2 r U + U
2

= U' f2r' - U'
J0 c c pc l pc pc

Substitute the following in Eq. ~
r I =(r + U ) e

f (p),
from Eq. ~

pc 0 c

U r = (1 + d') (r + U ) (p - p ) e
f (p),

from Eq. ~\.pc .
E

0 ceo

The right side of Eq. ~then becomes:

(1 + d") (r + U ) (p - p ) ef
(p)

[ 2 (r + U ) / (p)

E
0 ceo 0 c

]- (1 + t) (r + U ) (p - p ) / (p)
.

E 0 ceo

which reduces to (1 + (1) (r + U
)2 e

Zf (p)(p - p ) [
2-( 1 + 6') (p - p )

].

E
0 ceo E

eo

Eq. 'can then be written:

(Eq. \~

U (2r +U)=A" (r
+U)2eZf(p)

c 0 c 0 c

in which A = (1 + d) (p - p )
[

2 - (1 + ~) (p - p ~ = a Constant.
E

e 0 E
e oJ

Taking logarithms to the Naperian base, in Eq. ~
log U + log (2r + U ) = log A + 2 log (r + U ) + 2f (p)

c 0 c 0 c

(Eq. ~~

Differentiating this equation with respect to Uj

dU
c +

dU
c, =

2 dUe + 2 d [£ (p~

U 2r + U r + U
c 0 c 0 c

(Eq. ~~
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N
Since f (p) =

1
rc

dNr
2R

N
re

, from Eq. ""

d [f (p)] = dN
r

Hence, from Eq.

2R

24:

dUe

[
1

U,c

+ 1
2r + U

0 c r : U ]
- dNr.

0 c R

Algebraic expansion of this equation gives

dU
c

Uc

2 r
2

0

(2 r + U ) (r + U )
0 c 0 c

dN
r

{Eq. ~~
= R

Hence, R = U dN
c r

dU X
c

(2r
0

+ U ) (r + U )c 0 c

2r
2

0

(Eq. ,~

The above equation applfes to condftions in the borehole at any pressure within the

plastic phase, assunrlng the sofl fs incompressible. By substitutfng Nr = p

(pressure fn the hole) and Uc = U (dfsplacement of walt of the hote)

into the above expressfon the fol1owing equation is derived.

R = U ~ (2 ro + U)(ro + U)
dU

2 r 20
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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 neces sary to

express Eq. 27 as a function of v.

Let L

Referring to Fig. III-2:

= length of the measuring cell

= measured pressurePm

Pc = Corrected pressure = P + q - q. (v);
m pz 1

(q.{v) is given on Fig. III-I)
1

= measured volume of injected water (t = 2 min. )
2= volume of empty cell :::: '""L(r )

v

= volume of water injected into cell as measured pressure (p ) ism

v
m

v I
0

V
0

increased from zero to p .
0

v =v (for p = p ) - a p .0 m com
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= volume of water injected into measuring cell as pressure on
...

soil is increased from p tQ P .0 c

= total volume of cell at cprrected pressure p
Z Z

0

= V '+V ::.;-rrLr r =A0 0 0 0 0
cyrL

v p

A
0

v + A :I total volume of probe when pressure on the soil reaches p .p 0 C

At this point, the radius of the borehole becomes (r + U).
0

Hence,

Then,

and

or

Z
v + A =1T"L(r + U)

p 0 0
Z

(r + U) = v + A
0 P 0

-,r'L
Z Z Z

v = 1r L(r + U) - A = 'tT"(r + U) L - Ift"Lr
p 0 0 0 0

v = -{T"LU(Zr + U).p 0
(Eq. 50)

Taking logarithms of Eq. 50:

Log v = Log ("'f'L) + Log U + Log (Zr + U)
p 0

Di££erentiating:

:; = ~ \z~: +U)
= di~ +

zro\ uj

dv
~.~
v Up

G!)
vHence, ~ - E..

dU - dv
P

(Zro + ZU) . dU

(Zr + U) U
0

Z (r + U)
0

(Zr + U)
0

Zero + U)
(Zro + U) (Eq. 51)

Substituting Eq. 51 in Eq. Z7;

dp
R = dVp

v Z(r + U)
p 0

(Zr + U)
0

(Zr + U) (r + U)
0 0

Zr l.
0
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P8ge Thirteen

2
or R = (r + U)

0
2

x v dpp --
dv

Pr
0

Since
2(r + U) = (v + A )0 P 0--.q.r-

2
and r = A

0 0

'lfL

R = v dp (v + A) = v dp
P dv

pop ..--(,;v
pAp

0

(1 tV/A)
P 0

(Eq. 52)

Equation 52 gives the value of the Mohr-circle radius as a function

of the corrected borehole pressure (p ) and the volume of water injected
c

into the Probe between the pressures p and p. This equation applies to. 0 c
incompressible soil and variable R.

Fig. III-8 indicate s a method for determining the value of the

Mohr -circle radius (R) corre sponding to any given point (C r 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 v = O. The abscissa of this pointp
of intersection is p = p. The components of the subtangent on the p

c t c
axis are therefore:

6 v = v p
D.P = P -Pc t

The slope of the tangent equals'
dv 6vp =
dP D.P

R = v dp (1 +vp/Ao)p
dv p

v dp = v b.p =.6P
Pdvp P V-

p

R = .6 p (1 + vpl Ao)

v
= -Z.

D.P
From Eq. 52

But

Hence (Eq. 52-a)

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

suremeter curve just above the flow-pressure Pf (or Pe)' The envelope

of these circles gives the "intrinsic curve" of the }'1ohr-di,\t;ra:11, {rom

which the value of the apparent Cohesion (C ) and the An.:l.: oi S;:~ari11g .
0 .

Resistance, (~) of the soil in its natural state may be obtai:1.!d, 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 = l:Ip (1 + v fA )
P 0

(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. Il-4, from which
c

the envelope or "intrinsic curve" may be drawn, to give values of C and
0

~.

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

corresponding value of Pl8

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

Mohr-circles will correspond to different soil conditions.

Conclusion regarding Cohesion. - The definition and determination

of E, p , Pf
and f is relatively simple. The determination of the shearing

I c
resistance of the soil in situ requires more careful consideration and the

introduction of advancod concepts of soil mocha.nics.
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Graphica1 Method

Another method of determining the ang1e of interna1 friction of

free drai ni ng sands has been proposed by Gibson and Mderson. For

this method it is assumed that the criterion of fai1ure under drained

conditions is given as:

H.' = 1 - sin = H
N;' 1 + sin

, .H. and Hr are effective stresses. Prior to the formation of a p1astic

annu1us around the periphery of a borehole the f011~ng re1ationship h01ds:

AV
Vo = 2 (pi - Pot) (1+o"l

E

where Vo = tota1 v01ume of the ce11 at Po'

6 V = change in v01ume fram P' to p ,
0

Plastf ci ty wi 11 be i ni ti ated at a radf a1 effecti ve pressure

p' = 2 P ,
0

11"""+N)

and thereafter the increase in v01ume of the ce11 wi11 be re1ated to the

i nterna 1 pressure p' by the equation:

pc' =[;-2P I 7r{ E 7 (.(1 + H11 AV

J(1 : H)j tL~ (1+0" 11 L-(1 - NY V
~(1-N )

if the ratio of POl is sm811 compared wfth unity which is usual1y

the case. ~

straight

If Pc' (pc' > p') is plotted versus ~ on a log - 10g p10t, .

line should resu1t. The s10pe of this 1ine (log p . ) equa1s
( C)
(.1og~ )

V

~ (1 - N) and - MaYb. ca1cu1ated.
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APPENDIX E

STRESS CAPTOR TEST RESULTS
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APPENDIX F

MECHANICAL CONE PENETRATION TEST RESULTS





DEPTH CONE S LEEV E FRI CTlON
(M) RESISTANCE RESISTANCE RATlO

( KG/ CM2) (KG/CM2) (PE RCENT)

.20 0.00 -2.33 0.00

.40 35.CO 1.47 4.19

.60 27.00 2.13 7.90

.BO 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
LBO 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. CO 3.47 9.90
2.60 33. CO 2.93 8.89
2.80 31 .00 3.07 9.89
3.CO 39.00 3.20 B. 21
3.20 37.00 3.60 9.73
3.40 29.CO 3.07 10.57
3.60 25.00 2.40 9.60
3.80 21 .00 2.27 10.79
4.00 21 .00 1.73 8.25
4.2:) 25.00 1.87 7.47
4.40 27.00 2.27 8.40
4.60 23.00 2.13 9.2B
4.80 21 .00 2.00 9.52
5.00 23.00 2.13 9.28
5.20 19.00 1.60 8.42
5.40 31 .00 2.40 7.74
5.60 25.00 1.73 6.93
5.BO 29.00 2.13 7.36
6.00 19.00 2.40 12.63
6.20 25.00 2.40 9.60
6.40 23.00 0.00 0.00
6.60 0.00 0.00 0.00

Table F-1. - Dutch cone penetometer test results, DCao-1.

FEATURE TI BE R COFF ERDAM PROJECT MISSOURI RIVER BASIN PRO~

DA TE% 7 -17-80 HOLE NO. DC80-1
LOCATION STA 103+23

GROi..:ND SUQFA.CE HEV. 3019.0 GRCUND WATER ELEV. .......
LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH G~AGE NO. 2.61.516.73 CONE NO. F-01-22

OPERATOR R.SORENSEN

LOW GWAGE ZERO 2.5 MID GUAGE ZERO 0.0 HIGH GUAGE ZE RO ...
NOTE% GU AGE RE ADINGS RECOR OED IN KG/CM2

265



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

NOTE% GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESISTANCE RATI0

(KGjCM2) (KG/CM2) (PERCENT)

.20 35.00 2.13 6.10

.40 31.00 2.93 9.46

.60 15.00 2.40 16.00

.80 19.00 2.27 11.93
1. 00 15.00 1. 87 1:.1.44
1.20 31.00 2.13 6.88
1.40 19.00 1.87 9.8~
1.60 23.00 2.53 11 .01
1.80 47.00 2.93 0.:.14
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.CO 2.93 5.33
3.20 59.00 2.13 3.62
3.'::0 71.00 3.33 4.69
3.60 45.CO 2.93 6.52
3.80 33.00 2.53 7.68
4.00 29.00 2.27 7.82
4.20 31.00 2.37 8.60
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. CO 2.40 6.86
5.60 43.00 2.13 4.96
5.80 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

Table F-2. - Dutch cone penetometer test results, DC8Q-2.

FEATURE TI BER COFFERDAM PROJECT

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

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. ******

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.516.73

OPERATOR SORENSEN

CONE NO. GUDA CONE
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DATE" 07-18-80
LDCATION STA104+13 5FT AT

GROUND SURFACE ELEV. 3019.0 GR OJND .. ATER E LEV. *-.....
LOlli GUAGE NO. 2.61.516.35 MID GUAGE NO.

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

OPERATOR R SO RENSEN

LO If GUAGE ZERO 2.5 .10 GUACE ZERO 0.0 HI GH GUAGE ZERO 17.0

NOTE" GUAGE READINGS RECOR OED IN KG/CM2

DEPTH CONE SLEEV E FRI CTION
(.) 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 2.93 8.38
3.00 35. 00 2.33 8.38
3.20 39.00 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

"
.43

4.00 35.00 3.87 11 .05
4.20 37.00 4.40 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 3.47 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
a.60 27.00

'6 I~
8.80 33.00 1.47 4.44
9.00 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 5.43
9.80 33.00 2.00 6.06

10.00 31 .00 0.00 0.00

Table F-3. - Dutch cone penetometer test results. DCaQ-3.

FE A TURE TIBER COFFERD". PROJ ECT
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LOw GUAGE ZERO 3.0 MID GUAGE ZERO 0.0 HIGH GUAGE ZERO 15.0

NOTE% GUAGE READINGS RECORDED IN KG/C~,~2

DEPTH CONE SLEEVE FRICTION
(M) RES!5Tt.NCE RESISTANCE RAT IO

(KG/CM2) (KG/C',12) (PE,~CENT)

0.00 0.00 -1.47 0.00
.40 22.00 2.4J) 10.91
.60 14.00 2.00 14.29
.80 18.00 2.13 11.85

1.00 14.00 1.87 13.33
1.20 10.00 1.73 17.33
1.40 22.00 2.00 9.09
1.60 20.00 2.13 10.67
1.80 22.00 2.40 10.91
2.00 38.00 2.67 7.02
2.20 ~3.00 1.87 4.05
2.40 40.00 2.67 6.67
2.60 32.00 2.53 7.92
2.80 34.00 2.40 7.06
3.00 34.00 2.00 5.88
3.20 33.00 1.73 4.56
3.40 42.00 1.60 3.81
3.60 42.00 ~~- 6.35.:... (..1
3.80 38.00 1 ~37 4.91
4.00 46.00 2.13 4.64
4.20 44.00 2.27 5.15
4.40 36.00 1.87 5.19
4.60 38.00 2.13 5.61
4.80 34.00 1.87 5.49
5.00 34.00 2.40 7.06
5.20 ;:';.00 1.37 6.22
5.40 33.00 2.40 6.32
5.60 33.00 2.13 5.61
5.80 30.0::! 2.27 7.56

~.oo 44.00 1.87 4.24
$.20 42',00 3.20 7.62
6.40 42:06 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 4",.,)0 3.73 9.33
7.40 46.00 3.20 6.95
7.60 42.00 3.47 8.25
7.80 39.00 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

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

FEATURE TIBER COFFERDA~ PROJECT

DA TE% 7-13-80
LOCATION STA 104+75 5F RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. ******
LOW GUAGE NO. 2.61.516.35

HIGH GUAGE NO. 2.61.516.73

r;:r D GU:'GE N:J.

CONE NO. F-01-22

OPERATOR TONY SHANAHAN
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DEPTH CONE SLEEVE FRICTION
1M) RESISTANCE RESISTANCE RATIO

(KG/CM2) (KG/CM2) (PERCENT)

.40 28.00 2.13 7.62

.60 28.00 3.20 11.43

.80 20.00 2.13 10.67
1.00 24.00 2.80 11.67
1.20 20.00 2.40 12.00
1.40 24.00 2.67 11. 11
1.60 22.00 2.67 12.12
1.80 32.00 3.73 11.67
2.00 32.00 3.07 9.58
2.20 54.CO 2.53 4.69
2.40 5('"-00 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 2.00 5.26
3.40 34.00 1.60 4.71
3.60 36.00 2.13 5.93
3.80 40.00 2.13 5.33
4.00 32.00 1.80 5.00
4.20 40.00 1.87 4.67
4.40 36.00 1.33 3.70
4.60 42.00 2.13 5.08
4.80 32.00 1.87 5.83
5.00 36.00 2.00 5.56
5.20 30.00 1.73 5.78
5.40 26.00 1.73 6.67
5.60 34.00 1.73 5.10
5.80 34.00 2.00 5.88
6.00 30.00 2.00 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 3.0.00 2.27 7.56
8.00 26.00 2.13 8.21
8.20 32.CO 2.27 7.08
8.40 28.00 2.40 8.57
8.60 28.00 2.40 6.57
8.80 24.00 2.00 8.33
9.00 20.00 1.73 8.67
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

Table F-S. - Dutch cone penetometer testresults.DCS0-S.

FEATURE PROJECTTI 6ER COFFERDAM

DATE% 7-21-60
LOCATION STA 105+75 5FT RT

GROUND SURFACE ELEV. 301~.0

LOW GUAGE NO. 2.61.516.35

GROUND WATER ELEV. ******

MID GUAGE NO.

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

OPERATOR SHANAHAN

LOW GUAGE ZERO 0.0 HIGH GUAGE ZERO2.0 MID GUAGE ZERO

NOTE% GUAGE READINGS RECORDED IN KG/CM2
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LOW GUAGE ZERO 3.0 MID GUAGE Z!OR;J 0.0 HIGH GUAGE ZERO 15.0

NOTE% GUAGE READINGS RECORDED IN KG/CM2

DEPTH CONE SLEEVE FRICTION
(M) RESISTANCE RESI5TA!\:CE RA-:-IO

(KG/CM2) (KG/CM2) (PERCENT)

0.00 0.00 -1.20 0.00
.40 18.00 1.47 8.15
.60 16.00 2.27 14.17
.60 22.00 2.67 12.12

1.00 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 n.oo 3.20 10.00
2.00 28.00 2.EO 10.00
2.20 24.00 3.20 13.33
2.40 23.00 2.67 10.26
2.60 38.00 2.93 7.72
2.60 26.0:1 2.67 1C.26
3.00 24.00 2.27 9.44
3.20 22.00 2.93 13.33
3.40 28.00 2.00 7.14
3.60 2d.00 2.';0 8.57
3.80 32.00 2.80 8.75
4.00 20.00 2.40 12.00
4.20 22.00 2.80 12.73
4.40 24.00 2.27 9.44
4.60 20.00 2.27 11.33
4.80 26.00 2.27 8.72
5.00 24.00 2.40 10.00
5.20 22.00 2.00 9.09
5.40 24.00 2.21 9.44
5.60 20.00 2.13 10.57
5.80 22.00 2.00 9.09
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 9.70
6.80 18.00 1.87 10.37
7.00 24.00 1.73 7.22
7.20 16.00 1.60 10.00
7.40 14.00 1.60 11.43
7.60 30.00 1.87 6.22
7.80 30.00 2.40 8.00
8.00 18.00 2. f3 11.85
6.20 22.00 2.13 9.70
8.40 22.00 1.73 7.88
8.60 24.00 1.73 7.22
8.80 20.00 1.87 9.33
9.00 IS.CO 1.87 10.37
9.20 26.00 I.B7 7.18
9.40 28.00 2.13 7.62
9.60 20.00 2.00 10.00
9.60 22.00 1.73 7.88

Table F-6.- Dutch cone penetometer test results, DCaD-6.

FEATURE TI BER COFFERDAM PROJECT

DATE% 07-21-80
LOCATION STA 106+25 5FT RT

GROUND SURFACE ELEV. 3020.0 GROU~D WATER ELEV. 0.0

LOW GUAGE NO. 2.61.516.35 MID GUAGE NO.

HIGH GUAGE NO. 2.61.5'6.73 CONE NO. F-01-22

OPERATOR SHANAHAN
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FEATURE TIBER COFFERDAM

DATE% 07-22-80
LOCATION STA 107+10 5FT RT

GROUND SURFACE ELEV. 3019.0

LOW GUAGE NO. 2.61.516.35

HIGH GUAGE NO. 2.61.516.73

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 0.00
.60 24. CO 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 30.00 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 6.67
3.40 26.00 2.13 8.21
3.60 30.00 2.00 5.67
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 26.00 2.40 9.23
4.80 28. CO 2.40 8.57
4.80 22.00 2.13 9.70
5.00 25.00 2.13 8.21
5.20 24.00 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.B7 7.18
6.20 30.00 1.87 6.22
6.40 30.00 1.87 6.h
6.60 30 . (X) 1.87 6.22

6.80 26.00 2.13 8.21
7.00 22.00 1. 73 7.88
7.20 22.00 1.60 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
9.60 32.00 2.00 6.25
9.80 34.00 2.53 7.45

Table F-7. - Dutch cone penetometer test results, DCaQ-7.

PROJECT

GROUND WATER ELEV. ......
MID GUAGE NO.

CONE NO. F-01-22
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OPERATOR SORENSON

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

NOTE" GU~GE 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

Table F-8.- Dutch cone penetometer test results,DC8Q-8.

FEATURE TI 8ER COF FERDAM PROJECT

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

GROUND SURFACE ELEV. 3019.0

LOW GUAGE NO. 2.61.516.35

GROUND WATER ELEV. ......

HIGH GUAGE NO. 2.61.516.73

MID GUAGE NO.

CONE NO. GUDA CONE
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DEPTH CONE S LEEV E FRI CT ION
(") RESISTANCE R EsrSTANCE RATIO

(KG/CM2) (KG,'CM2) (PE RCENT)

0.00 0.00 -.93 0.00
.60 14.00 1.87 13.33
.80 22.00 2.00 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 26.00 2.13 8.21
2.00 24.00 2.13 8.89
2.20 30.00 2.13 7.11
2.40 30.00 2.27 7.56
2.60 24.00 2.00 8.33
;l.tlO :l'l.VV I6'~
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 2.00 8.33
3.80 26.00 2.00 7.69
4.00 22.00 1.73 7.88
4.20 28.00 LEO 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 2.40 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 7.62
7.20 34.00 1.87 5.49
7.40 34.00 2.13 6.27
7.60 26.00 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
8.5':' 42.':1(\

., ... o;,OR
8.80 56.00 2.53 4.52
9.00 48.00 3.20 6.67
9.20 38.00 2.27 5.96
9.40 34.00 2.13 6.27
9.60 26.00 1.87 7.18
9.80 34.00 0.00 0.00

Table F-S. - Dutch cone penetometer testresults,DCaD-S.

FE A TURE TIBE R COFFERDAM PROJ ECT

DA TE% 7 -23-BO
LOCATIOII4 STA. 108+00 5FT RT

GROUII40 SURFACE HEV. 3019.0 GROull40 WATER ELEV. ****u

LO" GUAGE NO. 2.61.516.35 M!D GUAGE NO.

HIGH GUAGE NO. 2.61.516.73 CO'~E NO. GUOA CONE

OPERATOR SHANAHAN

LO W GUAG E ZERO 3.0 0.01111D GUAG E ZERO HI GH GUAGE ZERO

NOTE" GUAGE READINGS RECORDED IN KG/CM2
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LOW GUAGE ZERO 2.0 MID GUAGE ZERO 0.0 HIGH GUAGE ZERO 15.0

NOTE" GU~GE 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 54.00 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 7.11
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

Table F-10. - Dutch cone penetometer test results, DC80-10.

FEATURE TI SER COFFERDAM PROJECT

DATE" 7-24-80
LOCATION STA 109+50 5FT RT

GROUND SURFACE ELEV. 3019.0 GROUND WATER ELEV. ......

LOW GUAGE NO. 2.61.516.35

HIGH GUAGE NO. 2.61.516.73

MID GUAGE NO.

CONE NO. GUDA CONE

OPERATOR SORENSON
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FEATURE TI BER COFFERDAM PROJECT

DATE" 7-24-BO
LOCATION STA 109+90.47 5FT RT

GROUND SURFACE ELEV. 3020.0 GROUND WATER ELEV. *.*.*.
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

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 0.00
.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.B7 6.44
6.00 27.00 1.20 4.44
15.020 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

Table F-11. - Dutch cone penetometer test results, DCaQ-11.
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REPORT ON HYDRAULIC FRACTURE STUDY

TIBER SPILLHAY COFFERDAM, MONT!l.NA
(STUDY DB-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 gypsHerous, bentonitic shales of the TeJ.egraph 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 in 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 ft3fs. 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 \ITater 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 be 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 wHh 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 personne1 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.
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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 COFFERDA}1

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 l~ to 1 side

slopes was excavated upstream from the embankment centerline and anchored

into the underlying Telegraph Creek Formation. Most-of th~ 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 109+20 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 Drawing 84-D-454 (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, ~5 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 Drawing 84-600-~. Inp1ace 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 maxilaum dry densities ranged from 100.8 to 109.0 1bs/ft3 (Average

105.4 1bs/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 embankffient 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 109+00. 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 dye was injected

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

According to preliminary data, the approximate l5-foot level (3004 El.)

test drill holes required pressures of 20 to 54 p.s.i. (average 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 sho\m 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 the~e 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-l7(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 "ddth 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). In 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-l6(OR) was 42.9 feet. Drill Hole RF 80-l6(OH) 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 each 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 RF 80-l(OR). 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 belo\olthe zone of induced fracturing (Drawing 84-600-21).
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The fractured area in HF 80-1(OH) 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(HP) was situated com-

p1etely 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 hol e centerline and gradually pass through hole

centerline to terminate cn the opposite side, however, there 15s 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. In 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. In other cases, neighboring fractures

merge together to form one fracture (n fracture of HF 80-6('~) 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. In

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

(,.,rP)drill holes, with the exception of well point-type drill hole HF 80-60~).

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.
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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 ShO~l 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 ratio 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 109+20 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 along the crest of

Tiber Da.m and leaks through the Zone 1 embankment of the cofferdam. The

initial breaks (Stations 10+25 to 10+90 and 6+80 to 9+20) occurred while

grouting at a depth of 73 to 83 feet in a hole located at cofferdam

Station 111+50. 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 spHlway 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 9ut-

off trench. Drawing 84-600-23 is included in th1s 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

307



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.
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Fracture A Fracture B
Dye first encountered at E1ev. 3004.7+ 3004.7+- -Dye last encountered at E1ev. 3000.4 3000.4
General strike (Note in 100 1900

conunents if variable)
Dip Nea.r Vertical Near Vertical
Maximum fracture length 4.6' 5.5'
Avg. width of dye stain ~"+ (closed), ~"+ (closed)
Cross sectional area of
fracture (A&B combined) 29.6 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H2O CONTENT (% DRY \IT.)- --
T-54 103+75,6' Dls 3004.4 107.5 19.1

Table G-1. - Summary of data. test hole HFSQ-1 (OH).

11
HOLE NO.- HF80-l(OH) LOCATION 5' D/s Sta. 104+00 GROU~~ ELEVATION 3019.0
Elev. Bottom NxCs 3006.0 Elev. Fracture Zone 1006.0 to 1004.'5
(15 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change)
Initial Fracture Pressure 54 p.s.i.
Average Refracture Pressure 39 p.s.!.
No. of tests (Rhodamine Dye) 3
Total gallons injected ~-

1981 (Pre1i~inarv - scbject to change)
Initial Refracture Pressure 3) p.s.i.
No. of tests (Uranine Dye) --!L--
Total gallons injected --!L--

TEST RESill.TS

COMMENTS

Additional data on Figures 1 through 18 and Drawing 84-600-21.

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

!I OH - Open hole; WP - Well point
11 Took water inunediatelyafter filling system
1! No test
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Fracture A Fracture B
Dye first encountered at Elev. 3000.4+ 3000.4+-
Dye last encountered at Elev. 2984.8 2984.8
General strike (Note in 60 177. 50

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 27.0' 11.0'
Avg: width of dye stain ~"(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 (lbs/cf) H2O CONTENT (% DRY WT.)- --
T-83 104+30,10' Dls 2995.2 99.7 23.8

Table G-2. - Summary of data, test hole HF80-2(OH).

11
HOLE NO.- HF80-2(OH) 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)
Initial Fracture Pressure 31 p.s. i.
Average Refracture Pressure 15 p.s. i.
No. of tests (Rhodamine Dye~
Total gallons injected 120

1981 (Preliminary - subject to change)
Initial Refracture Pressure 20 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

CONMENTS

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) @ El. 2993.8.
Trend of the end of Fracture A curves to 150 @ El. 2991.4.

1/ on - Open hole; WP - Well point

21 Took water immediately after filling system
31 No test
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11
HOLENO.- HF80-3(OH) LOCATION 5' Dls Sta. 104+50
Elev. BottomNxCs 2981.5 Elev. Fracture Zone
09 foot level Hydraulic Fracture Hole)

Table G-3. - Summary of data, test hole HF80-3(OH).

GROUND ELEVATION 3019.0
2981.5 to 2Q80.0

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change)

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

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 39 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

Dye first encountered at Elev.

Dye last encountered at Elev.
General strike (Note in

comments if variable)
Dip
Maximum fracture length
Av . width of d e stain
Cross sectional area of
fracture (A&B combined)
Dry Densities of embankment

TEST LOCATION
T-165 104+50, 69' uls
T-164 104+50, 32' uls
T-172 104+47, 60' Dls
T-171 104+48, 30' Dls
T-122 104+52. 2' D S

Fracture A
2986.8+
2975.5
nO

Fracture B

2986.8+
2975.5

1911!)

3/4"

301.6 sq. ft.

near fracture hole
ELEVATION DRY DENSITY (lbs/cf)

2982.0 109.3
2982.5 105.5
2983.4 106.5
2983.5 104.7
2984.7
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 00 @ E1. 2986.8 to 220 @ El. 2977.3.
Trend of Fracture B varies from 1800 @ E1. 2986.8 to 2110 @ El. 2978.5.

H2O CONTENT (% DRY WT.)

17.2
19.3
19.3
19.4

!I OH - Open hole; WP - Well point

II Took water immediately after filling system
31 No test
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Fracture A Fracture B
Dye first encountered at Elev. 3008.2+ 3008.2+
Dye last encountered at Elev. 2999.1 -2999.1
General strike (Note in 200 2000

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 9.1' 14.6'
Avg. width of dye stain 3/4" (closed) 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) H2O CONTENT (% DRY WT.)

T-Sl 104+90, 5' U/S 3008.2 108.6 17.7

1/
TableG-4.- Summary of data, test hole HF80-4(WP).

HOLE NO.- HF80-4(WP) LOCATION 5' D/S Sta. 104+95 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 3006.1 Elev. Fracture Zone 3005.8 to 3004.3
( IS foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminary - subject to change)
Initial Fracture Pressure 30 p.s.i.
Average Refracture Pressure IS p.s.i.
No. of tests (Rhodamine Dye~
Total gallons injected ~

1981 (Preliminarv - subject to change)
Initial Refracture Pressure lR p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

COMMENTS

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

l! OH - Open hole; WP - Well point
2/ Took water immediately after filling system
3/ No test
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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 1960

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 LOCATION ELEVATION DRY DENSITY (lbs/cf) H2O CONTENT (% DRY WT.)
T-66 105+20,9'D/S 2998.3 109.7 18.0

Table G-5.- Summaryof data. test hole HF80-5(WP).
11

HOLE NO.- HF80-5(WP) LOCATION 5' Dls Sta.- 105+25 GROUND ELEVATION 3019.0
E1ev. Bottom NxCs 2994.4 Elev. Fracture Zone 2994.1 to 2992.n
(27 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminarv - subject to change)
Initial Fracture Pressure 37 p.s.1.
Average Refracture Pressure 25 p.s. 1.
No. of tests (Rhodamine Dye~
Total gallons injected ~

1981 (Preliminarv - subject to change)

Initial Refracture Pressure 3/ p.s.i.
No. of tests (UranineDye)~
Total gallons injected ~

TEST RESULTS

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

11 No test
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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 280 20GO

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 11.8' 11.4'
Avf!,.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 (lbs/cf) H2O CONTENT (% DRY WT.)

T-123 105+42, 6' uls 2980.6 111.7 16.7

Table G-6. - Summary of data. test hole HFSD-6(WP).

11
HOLE NO.- HF80-6(WP) LOCATION 5' Dls 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)
Initial Fracture Pressure 120 p.s.i.
Average Refracture Pressure 50 p.s.i.
No. of tests (Rhodamine Dye~
Total gallons injected 150+

1981 (Preliminary - subject to change)
Initial Refracture Pressure 11 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

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 240 @ El. 2994.7 to 320 @ El. 2982.2.
Trend of Fracture B varies from 2080 @ El. 2991.6 to 2040 @ El. 2982.2.

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

!I OH - Open hole; WP - Well point
11 Took water immediately after filling system

1/ No test
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Fracture A Fracture B
Dye first encountered at Elev. 3008.1+ 3008.1+
Dye last encountered at Elev. - -3000.1 3000.1
General strike (Note in 32.50 212.50

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 18.0' 11.5'
Avg. width of dye stain ~..(closed) !r." (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 (lbs/cf) H2O CONTENT (% DRY WT.)

T-50 105+70. 5' u/s 3007.1 104.4 21.4

Table G-7. - Summary of data. test hole HF80-7(OH).

II
HOLE NO.- HF80-7 (OH) LOCATION 5' Dls Sta. 105+75
Elev. Bottom NxCs 3005.5 Elev. Fracture Zone
( 15 foot level Hydraulic Fracture Hole)

GROUND ELEVATION 3019.0
3005.5 to 3004.0

FRACTURE TEST HISTORY

1980 (Preliminary - subiect to change)
Initial r'racturePressure 25 p.s.i.
Average Refracture Pressure 19 p.s.i.
No. of tests (Rhodamine Dye~
Total gallons inj ected

---1.S.-

1981 (Preliminary - subject to change)

Initial Refracture Pressure
:iI

p.s.!.

No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

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 350 @ E1. 3007.1 to 300 @ E1. 3001.1.
Trend of Fracture B varies from 2150 @ E1. 3007.1 to 2100 @ E1. 3001.1.

y OH - Open hole; WP - Well point

~I Took water immediately after filling system
1/ No test
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Fracture A Fracture B
Dye first encountered at E1ev. 3007.42: 3007.42:
Dye last encountered at E1ev. 2995.2 2995.2

General strike (Note in 32.50 212.50

comments if variable)
Dip Near Vertical Near Vertical
}~ximum fracture length 17.0' 12.9'
Avg. width of dye stain ~"(closed) ~"(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 (lbs/cf) H2O CONTENT (% DRY WT.)

T-49 106+28.5' D/S 3008.4 110.2 18.1

1/
HOLE NO.- HF80-8(OH) LOCATION 5' Dls Sta. 106+25 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 3006.1 Elev. FractureZone 3006.1 to 3004.6
( 15foot level Hydraulic Fracture Hole)

Table 6-8. - Summary of data, test hole HF80-8(OH).

FRACTURE TEST HISTORY

1980 (Preliminarv - subject to change)
Initial Fracture Pressure 22 p.s.i.
Average Refracture Pressure 21 p.s.i.
No. of tests (Rhodamine Dye~
Total gallons injected ~

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 17 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

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 300 @ E1. 3007.4 to 350 @ E1. 3001.9.
Trend of Fracture B varies from 2100 @ E1. 3007.4 to 2150 @ E1. 3001.9.

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

Ii No test
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Fracture A Fracture B
Dye first encountered at E1ev. 2987.1+ 2987.1+
Dye last encountered at Elev. 2976.0 -

2976.0
General strike (Note in 440 21"'0.50

comments if variable)
Dip Near Vertical Near Vertical
}fuximum fracture length 11.2' 21.5'
Avg. width of dye stain ~"(closed) ~" (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 (lbsl c f) H2O CONTENT (% DRY WT.)-
T-lll 106+50,12' Dls 2987.0 108.7 20.2
T-110 106+50,40' D/s 2987.0 106.3 19.6
T-l04 106+45.58' uls 2982.9 109.1 18.4

Table G-9. - Summary of data, test hole HF80-9(OH).

11
HOLE NO.- HF80-9(OH) LOCATION 5' Dls Sta. 106+50 GROmm 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)
Initial Fracture Pressure 65 p.s.i.
Average Refracture Pressure 45 p.s. i.
No. of tests (Rhodamine Dye) 8
Total gallons injected 200+

1981 (Pre1iminarv - subject to change)
Initial Refracture Pressure~)--y.s.i.
No. of tests (Uranine Dye) ~
Totalgallonsinjected ~

TEST RESULTS

COMMENTS

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

Trend of Fracture B varies from 2090 @ El. 2987.1 to 2240 @ El. 2979.3.
Fracture is open 1/16" @ El. 2987.1 and open (hairline) @ El. 2984.4.

II OH - Open hole; WP - Well point

II Took water immediately after filling system

1/ No test
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Fracture A Fracture B
Dye first encountered at Elev. 3007.7+ 3007.7+
Dye last encountered at Elev. 2997.7- 2997.7
General strike (Note in 400 2200

comments if variable)
Dip Near Vertical 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 (lbs/cf) H2O CONTENT (% DRY WT.)--
T-48 106+75,6' U/S 3008.0 104.9 20.1

TableG-10.- Summary ofdata, test hole HF80-10(WP).

HOLE NO;!.! HF80-l0(WP) LOCATION 5' D/S Sta. 106+75 GROUND ELEVATION 3019.0

Elev. Bottom NxCs 3006.0 Elev. Fracture Zone 3005.7 to 3004.2
(15 foot level Hydraulic Fracture Hole)

FRACTURE TEST HIS~RY

1980 (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 --ro--

-

1981 (Preliminary - subject to change)

Initial Refracture Pressure 3/ p.s.i.

No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

CONMENTS

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 420 @ El. 3007.7 to 35° @ El. 3006.4 to 450 @
E1. 3003.7.

Trend of Fracture B varies from 2200 @ El. 3007.7 to 2150 @ El. 3006.4 to 2250
@ El. 3003.7

Fracture B is open from 1/64 to 1/8" @ El. 3006.4.

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

II No test
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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 42.5° 227.50

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 16.5' 25.0'
Avg. width of dye stain !t;" (closed) !t;"(closed)

Cross sectional area of
fracture (A&B combined) 215.6 sq. ft.

Dry Densities of embankment near .fracture hole
TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H2O CONTENT (% DRY WT.)- --
T-47 107+25,7.5' U/S 3008.5 107.0 18.5

Table G-ll. - Summary of data, test hole HF80-11 (WP).

II
HOLE NO.- HF80-ll(WP)LOCATION 5' Dls 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)
Initial Fracture Pressure 25 p.s.1.
Average Refracture Pressure 2/ p.s.1.
No. of tests (Rhodamine Dye) 2
Total gallons injected ~-

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 2/ p.s.i.
No. of tests (Uranine Dye) 1
Total gallons injected ~

TEST RESULTS

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 "e" also present from E1. 3007.0 to 3005.0; strike 2210; maximum
length of 4.0'; ~" (closed) stained interval.

Trend of Fracture A varies from 400 @ El. 3007.0 to 450 ~ El. 3005.0.
Trend of Fracture B varies from 2300 @ El. 3008.2 to 2250 @ El. 3005.0.

II OH - Open hole; WP - Well point
~/ Took water immediately after filling system
31 No test
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Fracture A Fracture B
Dye first encountered at E1ev. 2998.0+ 2998.0+-Dye last encountered at E1ev. 2984.1 2984.1
General strike (Note in 590 23~. 50

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 16.8' 17.2'
Avg. width of dye stain ~" ~"
Cross sectional area of
fracture (A&B combined) 361.6 sq. ft.

Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H2O CONTENT (% DRY WT.)

T-67 107+50, 4' vis 2995.1 107.5 18.4

-

Table G-12. - Summary of data. test hole HF80-12(WP).

1/
HOLE NO.- HF80-12(WP) LOCATION 5' DIS Sta. 107+50 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2993.5 Elev. Fracture Zone 2993.2 to 2991.7
(27 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminarv - subject to change)
Initial Fracture Pressure 45 p.s.i.
Average Refracture Pressure 15 p.s.i.
No. of tests (Rhodamine Dye~
Total gallons injected 60

1981 (Pre1iminarv - subject to change)
Initial Refracture Pressure 18 p.s.!.
No. of tests (Uranine Dye)

--L--
Total gallons injected ~

TEST RESULTS

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 118") from E1. 2998.0 to 2995.7 and open (hairline) @
El. 2993.2.

Fracture B is open (hairline) from E1. 2998.0 to 2995.7 and also @ E1. 2990.0.
Trend of Fracture B varies from 2260 @ E1. 2998.0 to 2390 @ E1. 2990.0.

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

1/ No test
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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 52.50 2300

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 29.6' 17.9'
Avg. width of dye stain ~" ~"
Cross sectional area of
fracture (A&B combined) 435.2 sq. ft.

Dry Densities of embankment near fracture hole
TEST LOCATION ELEV AT ION DRY DENSITY (lbs/d) H2O CONTENT (% DRY WT.)-
T-1l2 107+60,3' U/S 2983.5 106.0 18.1

Table G-13. - Summary of data, test hole HF80-13(WP).
1/

HOLE NO.- HF80-l3(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 - sub;ect to change)
Initial Fracture Pressure 41 p.s.i.
Average Refracture Pressure 20 p.s. i.
No. of tests (Rhodamine Dye) 3
Total gallons injected ~

1981 (Preliminary - subject to change)
Initial Refracture Pressure 3/ p.s.i.
No. of tests (uranine Dye) 0
Total gallons injected --cr--

TEST RESULTS

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: 500 @ El. 2986.4; 560 @ El. 2983.5; ~5° @

El. 2977.5; 59° @ El. 2974.6.
Trend of Fracture

~
varies: 2300 @ El. 2986.4; 2360 @ El. 2983.5; 2310 @

El. 2979.0; 222 @ El. 2977.5; 229° @ El. 2974.6.
Fracture A parallels Fracture B of HF80-15(OH) 2.5' away @ El. 2980.6.

y OH - Open hole; WP - Well point

1/ Took water immediately after filling system

1/ No test
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Fracture A Fracture B
Dye first encountered at E1ev. 2997.0+ 2997.0+
Dye last encountered at Elev. 2983.2 2983.2
General strike (Note in 610 2410

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 (A&B combined) 519.6 sq. ft.
Dry Densities of embankment near fracture hole
TEST LOCATION ELEVATION DRY DENSITY (lbs/cf) H2O CONTENT (% DRY \<iT.)--
T-68 108+00,3' U/S 2995.2 112.2 17.7

Table G-14. - Summary of data. test hole HF80-14(OH).

11
nOLE NO.- HF80-14 (OH) LOCATION 5' DIS Sta. 108-+<>0 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2993.8 Elev. Fracture Zone 2qq1.8 to 2992.3
(27 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

}980 (Preliminarv - subject to change)
Initial Fracture Pressure 24 p.s.i.
Average Refracture Pressure 13 p.s.i.
No. of tests (Rhodamine Dye~
Total gallons injected ~

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 31 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESlIT..TS

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 E1. 2997.0 to 2994.2.
Fracture B also open (hairline) @ El. 2987.9.

y on - Open hole; WP - Well point

21 Took water immediately after filling system
31 No test
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Fracture A Fracture B
Dye first encountered at Elev. 2986.1+ 2986.1+
Dye last encountered at Elev. - -2970.0 2970.0
General strike (Note in 550 23~

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 23.2' 37.5'
Av'i!,.width of dye stain 1/3" (closed) 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 (lbs/cf) H2O CONTENT (% DRY WT.)

T-l13 108+50. 3' Dls 2982.6 107.6 19.2

TableG-15.- Summary of data, test hole HF80-15(OH).

11
HOLE NO.- HF80-l5(OH)LOCATION 5' Dls Sta.l08+25 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2980.4 Elev. Fracture Zone 2980.4 to 2978.9
(39 foot level Hydraulic Fracture Hole)

FRACTURE TEST HISTORY

1980 (Preliminarv - subject 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 ~

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 31 p.s.i.
No. of tests (Uranine Dye) 0
Total gallonsinjected ~

TEST RESULTS

COMMENTS

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

Fracture A is open (hairline) from El. 2980.2 to 2978.3.
Fracture B is open (hairline) @ El. 2980.2 and 2976.0.
Trend of Fracture A varies from 600 @ El. 2986.1 to 500 @ El. 2984.0 to

520 @ El. 2974.0.

Trend of Fracture B varies from 2400 @ El. 2986.1 to 2300 @ El. 2984.0.

!I OR - Open hole; WP - Well point

11 Took water immediately after filling system

1/ No test
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Fracture A Fracture B
Dye first encountered at Elev. 2998.7+ 2998.7+
Dye last encountered at Elev. 2982.6 -2982.6
General strike (Note in 60.50 239.50

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 42.9' 27.9'
Avg. width of dye stain ~"(open) ~"(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 (lbs/cf) H2O CONTENT (% DRY WT.)

T-69 108+47 {; 2995.7 109.0 20.1

II
HOLE NO.- HF80-l6(OH)LOCATION 5' Dls Sta. 108+50 GROUND ELEVATION 3019.0
Elev. Bottom NxCs 2993.7 Elev. Fracture Zone 2993.7 to 2992.2
(27 foot level Hydraulic Fracture Hole)

Table G-16. - Summary of data, test hole HF80-16(OH).

FRACTURE TEST HISTORY

1980 (Preliminary - subiect to change)
Initial Fracture Pressure 32 p.s.i.
Average Refracture Pressure 15 p.s.1.
No. of tests (Rhodamine Dye~
Total gallons injected 75

1981 (Preliminary - subject to change)
Initial Refracture Pressure 31 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected 0

TEST RESULTS

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 El. 2993.3
to termination @ El. 2982.6.

Trend of Fracture A varies form 640 @ El. 2998.7 to 570 @ El. 2993.3.
Trend of Fracture B varies from 2440 @ El. 2998.7 to 2350 @ El. 2993.3.

II OH - Open hole; WP - Well point
21 Took water immediately after filling system
31 No test
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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 660 2450

comments if variable)
Dip Near Vert1-cal Near Vertical
}mximum 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.

11
TableG-17.- Summary ofdata,testholeHF80-17(WP).

HOLE NO.- HF80-l7(WP) LOCATION 5' Dls 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)
Initial Fracture Pressure ~---p.s.i.
Average Refracture Pressure 20 p.s. i.
No. 0 f tests (Rhodamine Dye) 3
Total gallons injected ~

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 21 p.s.i.
No. of tests (Uranine Dye) ~
Total gallons injected ~

TEST RESULTS

Dry Densltles of embankment near fracture hole

TEST LOCATION ELEVATION DRY DENSITY (lbs/cf)

T-105
T-106
T-107

108+75, 85' uls
108+50, 50' Dls
108+75, 5' vis

2981.4
2985.0
2985.9

106.1
109.9
106.6

H2O CONTENT (% DRY WT.)

19.6
18.3
19.3

COr-n-IENTS

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" t.o 1/8") from E1. 2982.4 to 2980.2.
Fracture B is open (1/16" to 118") from E1. 2982.4 to 2979.4.
Trend of Fracture A varies from 650 @ E1. 2984.3 to 680 @ E1. 2974.3.
Fracture B lies 1.5' Dls and parallels Fracture A of HF80-l5(OH) @ El.

for 2'.
2974.3

II OH - Open hole; WP - Well point

II Took water immediately after filling system
31 No test
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Fracture A Fracture B
Dye first encountered at Elev. 3002.8+ 3002.8+
Dye last encountered at Elev. 2986.2 -

2986.2
General strike (Note in 790 25ZO

comments if variable)
Dip Near Vertical Near Vertical
Maximum fracture length 30.2' 25.6'
Avg. width of dye stain 1/3" 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 (lbs/cf) H2O CONTENT (% DRY WT.)

T-70 108+93. 2' Dls 2997.0 106.4 20.8

II
HOLE NO.- HF80-18(WP) LOCATION 5' Dls Sta. 109+00
Elev. Bottom NxCs 2993.9 Elev. Fracture Zone
(27 foot level Hydraulic Fracture Hole)

TableG-18.- Summary of data, test hole HF80-18(WP).

GROUND ELEVATION 3019.0

2993.6 to 2992.1

F~\CTURE TEST HISTORY

1980 (Preliminarv - subject to change)
Initial Fracture Pressure 10 p.s.i.
Average Refracture Pressure 13 p.s.i.
No. of tests (Rhodamine Dye~
Total gallons injected ~

1981 (Preliminarv - subject to change)
Initial Refracture Pressure 16 p.s.i.
No. of tests (Uranine Dye)

--1-
Total gallons injected ~

TEST RESULTS

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
Fracture B is open (hairline) from El. 2994.5 to
Trend of Fracture A varies from 830 @ El. 3002.8

El. 2991. 2.
Trend of Fracture B varies from 2490 @ El. 3002.8 to 2560 @ El. 2991.2.

2991. 2.

2991. 2.
to 750 @ El. 2994.5 to 760 @

1/ OH - Open hole; HP - Well point

II Took water immediately after filling system
31 No test
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COMMENTS: Weak uuru1e dyp "t-"in" "lnng "
horizont"l "pp"T"t"inn Covers a circular area

6 feet in diameter around the drill holp. HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET ..lOF-2-

Figure G-1. - Fracture mapping. HF80-1(OH). Sheet 1 of 3.
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f 081

\<t COFFERDAM

HOLE NO. HF80-l (OH)

DATE: 4-9-81

ELEV. 3004.1

PHOTO: CI YES 0 NO

COMMENTS:A--strike11)0 , dip 8ZOE: length

4.6 feet: closed. D\lT?le dyp <:t-"inpn fr",.t-nrp

with horizontal dve <:t-ainpn pl"np t-h"t- pvt-pnnQ

northeastwards a distance of 4 feet from the

hole. B--strike 190°. dip 80+oE: length

5.5 feet: closed. purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET---1-0F--2-

Figure G-l. - Fracture mapping, HFSQ-l(OH).Sheet 2 of 3.
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HOLE NO. HF80-l(OH)

DATE: 4-9-81

ELEV. 3000.4

PHOTO: 0 YES [J NO

COMMENTS: Backhoe trench. Dve stained

fracture ends at this elevation.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -LOF-L.

Figure G-1. - Fracture mapping, HFSD-1(OH). Sheet 3 of 3.
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Ole? .

C6/ 081

i COFFERDAM

..9\

HOLE NO. HF80-2(OH)

DATE: 4-16-81

ELEV. 3000.4 to top of casing

PHOTO: m YES a NO

COMMENTS: A--strikf> ')0 dip 7g0W . 1 f>ngth

13.5 feet; no open crack; strong purple dye

about '-1;"wide. B--strike 1750; dip 79OW;

length could not be determined accurately as

excavation was made in this area to remove

HYDRAULIC FRACTURE

STUDY 08-29

casinl!. TIBER COFFERDAM

SHEET -LOF-L-

Figure G-2. - Fracture mapping, HF80-2(OH). Sheet 1 of 7.
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COFFERDAM

HOLE NO. HF80-2(OH)

DATE: 4-21-81

ELEV. 2996.9

PHOTO: 0 YES iii NO

COMMENTS: A--strike 5°, dip 800W; 16.0 feet
long; purple dye about ~"wide: no open crack;
passes through center of hole. B--could not

be determined accurately as excavation was

made in this area to remove casing.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -1- OF-1--

Figure G-2. - Fracture mapping, HF80-2(OH). Sheet 2 of 7.
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Ct COFFERDAM

~9\

"OLX
-1 O.s'

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-2(0H)

4-21-81

2995.2

'III
"

!I YES 0 NO B

COMMENTS: A--Rtrikf'60 nip 7AoE' 1 pn~th

18.7 feet; no open crack. B--strike 1780;

dip 780E; length 7.8 feet; offset 0.8 feet

east of hole: short length of multiple

fractures that parallel ma;or B fracture from

point 0.6 to 3.0 feet south of hole. Both

A&B fractures contain purple dye coloration

~ to 1 inch in width.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHE ET -L- OF l.-

Figure G-2. - Fracture mapping. HFSO-2(OH). Sheet 3 of 7.
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(<t COFFERDAM

HOLE NO. HF80-2(OH)

DATE: 4-22-81

ELEV. 2993.8

PHOTO: IE YES 0 NO

COMMENTS: A--strikp 6°, Clip ROow. longrh

17.5 feet: ~lo!=:pc1 fT.qrrI1T~ u;t-h h~irl"no

crack in places: stron~ purple dye ~olor~f"ion

B--strike 175°; dip 800W: len~th 9.2 feef"'
closed fracture with weak dve coloration:

offset 0.1 feet east of hole.

Note: Yellow-green dye was observed in hole

at thIs elevation.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET~OF---1-

Figure G-2. - Fracture mapping, HF80-2(OH).Sheet 4 of 7.
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~61 081

(et COFFERDAM

c;,9\

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-2(OH)

4-22-81

2991. 4

[] YES 0 NO

COMMENTS: A--strike 60for a 1~nQth of

17.0 feet where fracture changes direction (15°)

and continues an additional 10 feet: dip 7soW;

closed. faint purple dve stain~d fractllr~.

B--strike 178°; dip 620W; length 11 feet;
closed, faint purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET---2-0F-L

Figure G-2. - Fracture mapping, HF80-2(O: :j. Sheet 5 of 7.
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(~ COFFERDAM

189\

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-2(OH)

4-28-81

2988.5

0 YES IZI NO

COMMENTS: A--strike 6°. dip 750W; length

3.0 feet. B--strike 178°, dip 600W: length

9.4 feet. Both have faint purple dye stained

fracture faces.
HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET-6-0F-L..

Figure G-2. - Fracture mapping, HF80-2(OH). Sheet 6 of 7.
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HOLE NO.

DATE:

ELEV.

PHOTO:

~
'"
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N

co
0

~61 081

~ i COFFERDAM

cog\

HF80-2(OH)

4-30-81

2984.8

0 YES ail NO

COMMENTS: Fractures end at this elevation.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHE ET ---1- 0 F --1..-

Figure G-2. - Fracture mapping, HF80-2(OH). Sheet 7 of 7.
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A

HOLE NO. HF80-3(OH)

DATE: 4-28-81

ELEV. 2986.8

0.8'-1

HOLE
I 1

-~

1
B

PHOTO: CI YES 0 NO

COMMENTS: A--strike 0°. dip varies from

DOE to 800W: length 8.9 feet: offset 0.8 feet

east of hole. B--strike 180°. diD same a~ A:

length 17.6 feet. Both fra~tllrp~ "rp ...lo"pn

with purple dye coloration up to 3/4" wide.

A fracture parallels B for 1.3 feet.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET ...l-OF-L

Figure G-3. - Fracture mapping, HF-S0-3(OH). Sheet 1 of 6.
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A

HOLE NO. HF80-3(OH)

DATE: 4-28-81

ELEV. 2986.2

0.5'1

HOLE -t
--r

PHOTO: 0 YES liD NO B

COMMENTS: A--strike 10°. dip 800E to 800W:
length 17.0 feet: offset 0.5 feet eaAt of holp.

B--strike 1900. diD same as A: len2th 17.6 feet.

Both fractures are closed and dye stained. A

fracture parallels B fracture for 1 foot.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET~OF~

Figure G-3. - Fracture mapping, HF-80-3(OH). Sheet 2 of 6.
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/'6' Oil
(<t COFFERDAM

'89\

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-3(OH)

4-28-81

2985.9

&U YES 0 NO

COMMENTS: A--strike 12°. dip is near1v
vertical: 1en2th 14.0 feet: fracture is offset

1.5 feet east of hole and parallels B for

2.0 feet. B--Atrik~ 192°. dip verti~al to

600W: 1en2th 16.8 f~et. Both fractures are

closed with purple dye stains UP to 3/4" wide.
Note: light green dye in open hole.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET -L-OF-2--

Figure G-3. - Fracture mapping, HF-SQ-3(OH). Sheet 3 of 6.
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HOLE NO. HF80-3(OH)

DATE: 6-2-81

ELEV. 2978.5

PHOTO: OJ YES 0 NO

COMMENTS:A--strike 200 , dip near vertical;
length 5.0'; closed, faint purple dye stained

fracture. B--strike 2110 from hole to point

3.0 feet from hole. Fracture changes direc-

tion (strike 1890) at 3.0 feet and continues

to a point ll.~ fppt from holp.: dip 900:
closed, faint purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET~OF~

Figure G-3. - Fracture mapping. HF-80-3(OH). Sheet 4 of 6.
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HOLE NO. HF80-3(OH)

DATE: 6-2-81

ELEV. 2977. 3

PHOTO: Ii YES 0 NO

COMMENTS: A--strike 22°. dip vertical:
lenith 4.0 feet: ~loRed. faint purple dve
Rtainpd f1"a"tll1"P R--Rtrike 202°, dip vertical;

length 6.0 feet: closed. faint purple dye

stained fracture. Dve stains UP to ~-inch

wide.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET2-0F--L

Figure G-3. - Fracture mapping. HF-SQ-3(OH). Sheet 5 of 6.
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HOLE NO. HF80-3(OH)

DATE: 6-2-81

ELEV. 2975.5

PHOTO: 0 YES EI NO

COMMENTS: Dve stained fracture f'ndH at"

Elevation 2975.5.

HYDRAULIC FRACTURE

5 TUDY D8- 29

TIBER COFFERDAM

SHEET--LOF 2.-

Figure G-3. - Fracture mapping, HF-80-3(OH). Sheet 6 of 6.
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HOLE NO. HF80-4(WP)

DATE: 4-8-81

ELEV. 3008.2

PHOTO: CiI YES 0 NO

COMMENTS: A--strike 20°. dip 70° SE; length

3.5 feet from hole: closed with DurD]e dye

coloration. B--Atrike 200°. diD vertirAl to
750 SE; length ll.0'from hole; closed. wavY.

purDIe dye colored frl'lrtnre. Frl'lrtllrp A-R i..

offset 1.5 fppt NY of holp

HYDRAULIC FRACTURE

STUDY CB- 29

TIBER COFFERDAM

SHEET -L OF-.i-

Figure G-4. - Fracture mapping, HFSQ-4(WP). Sheet 1 of 4.
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<t Oil

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-4(WP)

4-9-81

3005.5

CI YES 0 NO (Photo also taken at Elev. 3005.1)

COMMENTS: A--,:,t-rik", 200. dip vprt-i""l .

length 8.0 feet: closed fracture. B--,:,t-rikp

2000, dip near vertical: Ip.nit-h 14.~ fppt-.

closed fracture. Purple dye coloration ~- to

I-inch wide along both fractures. Fractures

no longer offset from hole.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET -LOF---L-

Figure G-4. - Fracture mapping, HF80-4(WP). Sheet 2 0f 4.
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HOLE NO. HF80-4 (tVP)

DATE: 4-9-81

ELEV. 3002.9

PHOTO: CI YES 0 NO

COMMENTS: A--strike 200. dip 700 E: 1envth

9.1 fe8t: clo"prl fr"I't"l1rp B--strike 2000
dip 70 E; length 14.6 feet: closed fraC'tnrp

Both fractures are stained by purple dye with

coloration up to ~-inch wide.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET-LOF-L

Figure G-4. - Fracture mapping. HFSo-4(WP). Sheet 3 of 4.
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HOLE NO.

DATE:

ELEV.

PHOTO:

Ct

2
N

<0
0

081

HF80-4(WP)

4-8-81

2999.1

a YES iJ NO

COMMENTS: Backhoe trench excavation. Dve
colored fracture ends at this elevation.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET~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: 0 YES [J NO

COMMENTS: Horizontal. oval shaped. purple
dye stain about 1.0 foot north of hole.

approximately 1 y 0 h fpp~ in area. HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHE ET ...2.- OF .22.-

Figure G-S. - Fracture mapping, HFSD-S(WP). Sheet 1 of 12.
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HOLE NO. HF80-5(WP)

.DATE: 4-15-81

ELEV. 2999.5

PHOTO: CI YES 0 NO

COMMENTS: A--strike 28°. dip 75° IV; length
5.5 feet; purple dye colorin2 UD to ]/S-inrh

wide along fracture. No frartllTP Houth of

hole.

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

SHEET~OF~

Figure G-5. - Fracture mapping, HF80-5(WP). Sheet 2 of 12.
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Ct
081

HOLE NO. HFSO-5(WP)

DATE: 4-15-S1

ELEV. 2998.2

0.2'1
V

sf
HOLE

PHOTO: 0 YES iii NO

COMMENTS: A--strike 250. diD 78+OW' 1 pni'rh

10.9 feet; closed fracture. B--gtrikp lSqO,

dip 7SoW; length 3.7 feet: rlngpd frArr"TP'
offset 0.2 feet west of hole. Vivid pllrplp

dye coloration up to ~-inch wide along frac-

ture. Oval shaped dye stain about ~ foot in

HYDRAULIC FRACTURE

STUDY 08-29

di~mQ~~T nn nn~tR Gi~e of hole.
TIBER COFFERDAM

SHEET .2-0F-1L-

Figure G-5. - Fracture mapping, HF80-5(WP). Sheet 3 of 12.
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081 A

02'

Ct

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-5(WP)

4-16-81

2996.7

0 YES ~ NO

COMMENTS: A--strike 25°. dip 78°H to verti""l;
length 11.0 feet. B--strike 189°. dip 780W'

length 4.2 fpet offqpt 0.2 fppt west of hole

Both fractures are closed and dye qt"inp~

(purple).

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET~OF--1.L

Figure G-5. - Fracture mapping, HF80 5(WPL Sheet 4 of 12.
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0

HOLE NO. HF80-';(wp)

DATE: 4-16-81

ELEV. 2995.7

PHOTO: (ji YES 0 NO

COMMENTS: A--strike 23°. diD 750W: 1pnit-h
9.3 feet, last 2.5 feet chanees trend t-o 6,;°.
purple dye stain UP to ~-inch wide a1on~

closed fracture. Dve crORRPR pphh1p wirh no

strike deviation. Verv int-pnRP pl1rplp dve

coloration 1.0 to 1 0 fppr from hole. R--
strike 20~, dip 7SOW: length 11.4 feet:
several short parallel fractures 1.0 to 3.0 feet

Fracture A-B offset

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET -2- OF.-1.L
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0

PHOTO: fa YES 0 NO
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i~EIS
I DISCONTINUOUS
IN SEVERAL
PLACES

/'0,</

HOLE

DISTURBED BY
BLOCK SAMPLE
EXCAVATION

~

O/,?

~ COFFERDAM~
081

HOLE NO. HF80-S (HI')

DATE: 4-18-81

ELEV. 2994.7

COMMENTS: A--strikf> 23°' clip 7~oF' 1pngrh

16.0 feet: fracture shows some discontinuity

a1on2 len2th: closed fractures are dye stained

with coloration up to ~-inch wide. B--strike

203°, dip 7SoE; 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

from W to E.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET.2-0F-R..

Figure G-5. - Fracture mapping, HF80-5(WP). Sheet 6 of 12.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-5(WP)

4-21-81

2994.1

[! YES 0 NO

0
COMMENTS: A--strike 23 . dip near vertical;

length 16.5 feet. B--strike 2030. din 620E:
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. FractureR ar~ not offRPt from hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET2-0F..1.L.

Figure G-S. - Fracture mapping. HFSQ-S(WP). Sheet 7 of 12.
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HOLE NO. HF80-5mp)

DATE: 4-21-81

ELEV. 2991.5

PHOTO: IE YES 0 NO

COMMENTS: A--strike 23°. diD 850E to npar
vertical; length 11.7 feet. B--strikp 201°,
dip 62uE; length 13.9 feet. Both fractures

are closed and dve stainp-d (purl)l p)
HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET~OF~

Figure G-5. - Fracture mapping, HF8o-5(WP). Sheet 8 of 12.
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HOLE NO. HF80-5(WP)

DATE: 4-22-81

ELEV. 2990.3

PHOTO: I!I YES 0 NO

COMMENTS: A--strike 23°. dip near vertical:
length 15.1 feet. B--strike 203°, dip 620E:

length 12.0 feet. Fractures are closed and

dye stained (purple).
HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET -LOF..1l-

Figure G-5. - Fracture mapping, HFSQ-5(WP). Sheet 9 of 12.
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HOLE NO. HF80-5(WP)

DATE: 4-22-81

ELEV. 2989.1

PHOTO: 0 YES I!I NO

COMMENTS: A--strike 23°. dip near vert ical .
length 14.0 feet. B--strike 203°. vertical:

length 10.0 feet. Both fractures are closed

and dye stained (DurDle).

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHE ET !.L 0 F-1L-

Figure G-S. - Fracture mapping, HFS0-S(WP). Sheet 10 of 12.

356



~

~
310

0

2.. ..
0

It
081

HOLE NO. HF80-5 (WP)

DATE: 4-22-81

ELEV. 2987.9

PHOTO: 13 YES [J NO

COMMENTS: A--strike 23°. dip near vertical;

length 12.2 feet. B--strike 203°. vertical'

length 6.2 feet. Both fracture faces aTe

stained by very faint purple dve.
HYDRAULIC FRACTURE

5 TUDY D8- 29

TIBER COFFERDAM

SHE ET !l.- 0 F ...!1-

Figure G-5. - Fracture mapping, HF80-5(WP). Sheet 11 of 12.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-5(WP)

4-22-81

2983.6

0 YES [j NO

COMMENTS: A--strikp
?,;o cHp vertic:!]: ]pnl1'r-h

0.5 feet. Fracture face contains vpry f~inr-
purple dye stain. B--no fracture trace present. HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEn 1L-. OF-11.....

Figure G-5. - Fracture mapping. HF80-5(WP). Sheet 12 of 12.
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HOLE NO. HF80-6(WP)

DATE: 4-21-81

ELEV. 2994.7

PHOTO: [E YES 0 NO

COMMENTS: A--strike 240. dip 7qOW' 1""p,.h

8.8 feet: closed. faint dye Rtained fraC'tnreR

with dve heinQ mn~t ;ntpnRP np~r hnlp. twn

parallel fractures from hole to a point

6.4 feet northeast of hole.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET -LOF-L

Figure G-S. - Fracture mapping, HFSD-S(WP). Sheet 1 of 9.

359



.x-

~360

~.!t
0

15

~
N '"0

~61
081

~9\

<l

HOLE NO. HF80-6(WP)

DATE: 4-22-81

ELEV. 2991.6

PHOTO: C3 YES 0 NO

0 0

COMMENTS: A--strike 28 , dip 78 NW; length
11.8 feet: purple dye stain UP to ~-inch winp
along closed fracture. B--strike 208°. dip

u
78 NW; length 9.2 feet: irregular (wavv)

purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHE E T 2- 0 F 2...-

Figure G-6. - Fracture mapping, HF80-6(WP). Sheet 2 of 9.
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HOLE NO. HF80-6(WP)

DATE: 4-22-81

ELEV. 2989.1

PHOTO: 0 YES i1 NO

COMMENTS: A--strike 28°. dip 780NH: length
11.8 feet. B--strike 208°, dip 78°N\V: length

10.7 feet: ioins Fracture A from HF80-5.

Both fractures are closed and have purple dve
stained faces.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHE ET -1- 0 F 2..-

Figure G-6. - Fracture mapping, HFSQ-6(WP).Sheet 3 of 9.
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HOLE NO. HF80-6(WP)

DATE: 4-22-81

ELEV. 2988.5

PHOTO: a YES m NO

COMMENTS: A--strike 28°. dip 800NH; length

10.8 feet; closed purple dye stained fracture.

B--strike 208°. dip 800NW: lenith 11.4 fpp~'
closed, purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET~OF~

Figure G-6. - Fracture mapping. HF80-6(WP). Sheet 4 of 9.
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HOLE NO. HF80-6(HP)

DATE: 4-28-81

ELEV. 2986.7

PHOTO: 0 YES [] NO

°COMMENTS: A--strike 24 , vertical dip;

length 9.5 feet where dye stainin2 end~

abruptly; closed. purple dye stained fTR('!-IITP

B--strike 204°, dip 8Sowest to vertical;

length 9.0 feet: clo~prl. pllTplp dye stained

fracture.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET--2-0F-2-

Figure G-6. - Fracture mapping, HF80-6(WP). Sheet 5 of 9.
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HOLE NO. HF80-6(WP)

DATE: 4-28-81

ELEV. 2986.3

PHOTO: OJ YES 0 NO

COMMENTS: A--strike 24° , wavy irregular

vertical dip; length 10.4 feet. B--strike

204°, near vertical dip; length 9.9 feet.

Both closed fractures are colored by thin.

pronounced, purple dye.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET--2--0F-L-

Figure G-6. - Fracture mapping, HF80-6(WP). Sheet 6 of 9.
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HOLE NO. HF80-6(WP)

DATE: 4-28-81

ELEV. 2986.1

PHOTO: m YES 0 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
closed and stained with purDIe dve.

HYDRAULIC FRACTURE

STUDY CB- 29

TIBER COFFERDAM

SHEET.2..-0F--2-

Figure G-6. - Fracture mapping, HFSQ-6(WP).Sheet 7 of 9.
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HOLE NO. HF80-6(WP)

DATE: 4-30-81

ELEV. 2982.2

PHOTO: 0 YES t:I NO

COMMENTS: A--strike 320(note 8° increase to
east from that shown on sheet 7) dip near

vertical; length 5.0 feet; closed. purple dye

stained fracture. Dark blue dye in center of

hole. If B Fracture exists. it is not apparent.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET-!L-OF-L

Figure G-6. - Fracture mapping, HF80-6iWP). Sheet 8 of 9.
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HOLE NO. HF80-6(WP)

DATE: 4-30-81

ELEV. 2982.0

PHOTO: 0 YES Ijg NO

COMMENTS: Fractures terminated at this

elevation. Blue-purple dye in hole.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET -L-OF--2..-

Figure G-6. - Fracture mapping, HF80-6(WP). Sheet 9 of 9.
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HOLE NO. HF80-7(OH)

DATE: 4-8-81

ELEV. 3008.1

PHOTO: 0 YES ~ NO

COMMENTS: Top of dye stained fracture

appears as a slight purple coloration adiacent

to hole. HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET-LOF-L

Figure G-7. - Fracture mapping, HF80-7(OH). Sheet 1 of 7.
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HOLE NO. HF80-7 (OR)

DATE: 4-8-81

ELEV. 3007.1

PHOTO: m YES 0 NO

COMMENTS: A--strike 350 , dip 850 east to
vertical: length 7.7 feet: closed purplE' nyP

stained fracture. B--strikE' 2]~0 nip w~vy

and vertical' lpngth 7 1 fppt ~lnQP~. DurD1e

dye stained fracture that occasionally sDlits

into parallel. closelv sDaced breaks tbat

quickly re;oin.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -1-0F-L-

Figure G-7. - Fracture mapping, HFSQ-7(OH). Sheet 2 of 7.
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HOLE NO. HF80-7(OH)

DATE: 4-9-81

ELEV. 3006.0

PHOTO: 0 YES 1!9 NO

°COMMENTS: A--strike 30 , dip vertical:

length 18.0 feet: closed. Durplp. dyp ~tRinpn

fracture. B--strike 210°, dip R~oSF.; l~ngrh

9.7 feet: closed purple dye stained fracturp..
HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET--1-0F-L-

Figure G-7. - Fracture mapping, HFSD-7(OH). Sheet 3 of 7.
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HOLE NO. HF80-7(OH)

DATE: 4-9-81

ELEV. 3004.9

PHOTO: 0 YES iJ NO

COMMENTS: A--strike 30 . dip vertical;

length 17.5 feet; closed. DurDle dye gtainprl

fracture. B--strike 210°. diD 8SoSF.' lpnith

11.5 feet; closed purple dye stained fra~tl1rp

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -L OF-L-

Figure G-7. - Fracture mapping, HFSQ-7(OH).Sheet 4 of 7.
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HOLE NO. HF80-7(OH)

DATE: 4-10-81

ELEV. 3003.2

PHOTO: 0 YES (J NO

COMMENTS: A--strike 30° , dip 8SoSE: length

16.S feet; closed, purple dye stained fracture.

B--strike 210° diD 8SoSE: lenQth 11.0 feet:
closed purple dye stained fracture. No picture

taken because of poor lighting,

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET-LOF~

Figure G-7. - Fracture mapping, HF80-7(OH). Sheet 5 of 7.
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HOLE NO. HF80-7(0H)

DATE: 4-10-81

ELEV. 3001.1

PHOTO: [} YES 0 NO

COMMENTS: A--strike 30°. dip 85°. length
16.3 feet. B--strike 210°. dip near vertical:

length 6.0 feet. Both fractures are closed

and stained with purple dve. Ends of

fractures curve slight1v downstream.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -2 OF-L-

Figure G-7. - Fracture mapping, HFSD-7(OH). Sheet 6 of 7.
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HOLE NO. HF80-7(OH)

DATE; 4-10-81

ELEV. 3000.1

PHOTO: 0 YES tC NO

COMMENTS: Purple dye stained fracture ends

at this dePth in ba~khoe trencb.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET2-0F2-

Figure G-7. - Fracture mapping, HF80-7(OH). Sheet 7 of 7.
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PHOTO: (J YES 0 NO
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B7(~

HOLE NO. HF80-8(om

DATE: 4-8-81
ELEV. 3007.4

COMMENTS: A--strike 300 dip VPrt"il':>' ;
length 4.4 feet; closed. purple dye stained

fracture offset 1 foot northwest and be2innin2

2 feet from hole. B--strike 2100 dip

vertical; len2th 1.0 foot: closed. DurDle dyp

stained fracture offset 1.0 foot northwest and

HYDRAULIC FRACTURE

STUDY DB-29

bpginn-lgg 1 Ii feet from hole.
TIBER COFFERDAM

SHE ET L- OF i-

Figure G-8. - Fracture mapping, HF80--8(OH).Sheet 1 of 6.
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HOLE NO. HF80-8(OH)

DATE: 4-9-81

ElEV.

PHOTO:

3005.'5

0 YES Ea NO

COMMENTS: A--strike 350, dip vertical;

length 15.8 feet: closed. DurDle dye ~tainpd

fracture. B--strike 2150, dip vertical;

length 11.0 feet; closed, purple dye stained

fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE ET -1..- 0 F 2-

Figure G-8. - Fracture mapping, HF80-8(OH). Sheet 2 of 6.
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HOLE NO. HF80-8(OH)

DATE: 4-9-81

ELEV. 3005.1

PHOTO: C3 YES 0 NO

COMMENTS: A--strike 35°, dip vertical;

length 16.2 feet: closed. nurnle dve stained
crack. B--strike 215°, dip vertical; length

12.8 feet; closed, purple dye stained crack.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET--1-0F~

Figure G-S. - Fracture mapping, HFSo-S(OH). Sheet 3 of 6.
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HOLE NO. HF80-8(OH)

DATE: 4-10-81

ELEV. 3002.9

PHOTO: RJ YES 0 NO

COMMENTS: A--strike 35° ciiD vertical:

length 17.0 feet; closed DurDle dye stained

fracture. B--strike 215°. diD vertical'

len2th 10.0 fppr- rlo~pr1 pl1rpl~ r1yo C!t'~;nar1

fracture.

HYDRAULIC FRACTURE

STUDY D6-29

TIBER COFFERDAM

SHEET ~ OF--2.....-

Figure G-S. - Fracture mapping, HFSD-S(OH). Sheet 4 of 6.
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HOLE NO. HF80-8(OH)

DATE: 4-10-81

ELEV. 3001. 9

PHOTO: CI YES 0 NO

COMMENTS: A--strike 35° , dip 8soSE; length

13.4 feet; closed, purple dye stained fracture.

B--strike 215°, dip 8soSE; length 12.9; closed

purple dye stained fracture. The last few

feet of both fractures curve slightly downstream.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

5 H E E T ---2- OF --2...-

Figure G-S. - Fracture mapping, HFSD-S(OH). Sheet 5 of 6.
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HOLE NO. RF80-8 (OR)

DATE: 4-10-81

ELEV. 2995.2

PHOTO: a YES Ii NO

COMMENTS: Closed, purple dye stained fracture

ends at this elevation in backbop trpnph

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET~OF~

Figure G-S. - Fracture mapping, HFSQ-S(OH). Sheet 6 of 6.
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HOLE NO. HF80-9(OH)

DATE: 4-28-81

ELEV. 2987.1

PHOTO: fJ YES 0 NO

°COMMENTS: A--strike 44 . dip vertical;

length 11.2 feet: faint DurDle dye ~tRinpd

fracture; distinct 1/16 inch open crack from

hole to point 3.0 feet away. B--strike 209°.

dip vertical; length 21.5 feet. faint DurDle

dye stains alon!: c]o~pd frRl'tllrp

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET2-0F.2-

Figure G-9. - Fracture mapping, HF80-9(OH). Sheet 1 of 5.
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HOLE NO. HF80-9(OH)

DATE: 4-29-81

ELEV. 2985,3

PHOTO: 0 YES f] NO

COMMENTS: A--strike 44°. diD near vprti";J1 ;
length 9.0 feet: closed Dtlrplp ifYA ,,",,;nAr!
fracture. B--strike 209°, diD np;Jr uAr..;~"l

and variable; length 19.0 feet: clo!;pif ptlrplA

dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET ~OF L..

Figure G-9. - Fracture mapping, HF80-D(OHI. Sheet 2 of 5.
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HOLE NO. HF80-9(OH)

DATE: 4-29-81

ELEV. 2984.4

PHOTO: a YES C!I NO

COMMENTS: A--strike 44°, dip vertical;

length 7.7 feet: hairline crack from holp ~n

point 4.0 feet away; two parallel cracks about

2 inches apart that merge 2.0 feet from holp

B--strike 209°, near vertical: len2th 18.0 feet;

similar to "A", two parallel fractures about-

2 inches aDar~ t-h~~ mprg~ 2.0 feet from hole.

All fractures stained with DurDle dve.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE ET ---1- OF-2..-

Figure G-9. - Fracture mapping. HF80-9(OH).Sheet 3 of 5.
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HOLE NO. HF80-9(OH)

DATE: 4-30-81

ELEV. 2979.3

PHOTO: 0 YES !J NO

COMMENTS: A--strikp 44° nip vertical:
length 9.0 feet; closed fractures stained with

purple dye. B--strike 224°, diD near vprti~a];

length 18.0 fppf"'rl()~pr1fT~r-t-I1-raQQt~jR~q wit"h

purple dve.

HYDRAULIC FRACTURE

5 TUDY D8- 29

TIBER COFFERDAM

SHE ET .-i..- OF l..-

FigureG-9. - Fracturemapping, HF80-9(OH). Sheet 4 of 5.
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HOLE NO. HF80-9(OH)

DATE: 6-2-81

ELEV. 2976.0

PHOTO: 0 YES CI NO

COMMENTS: No trace of fracture of

Elevation 2976.0.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET-2-0F---2.-

Figure G-9. - Fracture mapping, HF80-9(OH). Sheet 5 of 5.
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HOLE NO. HF80-10(WP)

DATE: 4-8-81

ELEV. 3007.7

PHOTO: f] YES 0 NO

COMMENTS: A--horizonta1 purple dye stained

area 6-inches wide by 2 fppt loni th~t lip~

1 to 3.0 fept northeR~t of holp B--strike
2200, dip vertical; length 4.5 feet: closed.

purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET --L-OF--2-

Figure G-10. - Fracture mapping, HF80-10(OH). Sheet 1 of 6.
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HOLE NO. HF80-100.JP)

DATE: 4-9-81

ELEV. 3007.0

PHOTO: (] YES 0 NO

COMMENTS: A--strike 42°. vertical din:
length 7.0 feet: closed. nurnle dye ~tainpd

fracture. B--strike 2220, wavy, near vertical
dip; length 8.0 feet; closed, purple dye

stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET---LOF~

Figure G-10. - Fracture mapping, HF80-10(OH). Sheet 2 of 6.
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HOLE NO. HF80-10(WP)

DATE: 4-9-81

ELEV. 3006.4

PHOTO: ~ YES 0 NO

COMMENTS: A--strike 350 dip vprr-i""l:

length 18.0 feet: c10sed6 purplp nyp stained
fracture. B--strike 215 . dip vertical:

length 20.0 feet: open (1/64 to 1/8 in"h) for

most of it's length: stained with Durplp nyp

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE E T L- OF ...b..-

Figure G-l0. - Fracture mapping. HF80-1O(OH). Sheet 3 of 6.

388



~.
360

~.~
0

I~

0...
N

:
III

<0
0

~~

(Ct COFFERDAM'
~61

081
189\

HOLE NO. HF80-10(WP)

DATE: 4-9-81

ELEV. 3004.4

PHOTO: [! YES 0 NO

COMMENTS: A--strike 45°. diD vertil'Rl;
length 21.0 feet: closed. DurDle dvp RtRinprl

fracture. B--strike 225°. dip vprtil'Rl'

length 18.6 feet; closed. dye stained fracture.
HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET-LOF~

Figure G-10. - Fracture mapping, HFSO-10(OH).Sheet 4 of 6.
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HOLE NO. HF80-l0(WP)

DATE: 4-10-81

ELEV. 3003.7

PHOTO: OJ YES 0 NO

. ° °COMMENTS: A--stnke 45 . din 81 F.' 1pn~th
20.5 feet; closed. purDIe dve stainf>d fr""tl1rp.

B--strike 225°, dip 83OSE: length 24.0 feet:

closed, purple dye stained fracture that

occasionally parts into separate parallel

breaks 3 inches apart.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHE ET .2..- 0 F &-

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: 0 YES EJ NO

COMMENTS: Dye stained fracture ends at

Elevation 2997.7 in backhoe trench.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFER DAM

SHEET --LOF-L

Figure G-10. - Fracture mapping. HFSQ-10(OH). Sheet 6 of 6.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-11 (WP)

l,-8-81

3008.2

0 YES f] NO

COMMENTS: A--No fral'tllu, R--T1"'~"'o of dyp

2 to 3 feet SW of holp along ~n ~li~omogt

striking 2300. HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET -LOF-L-

Figure G-ll. - Fracture mapping. HF80-11 (WP). Sheet 1 of 7.
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HOLE NO. HF80-1l(WP)

DATE: 4-8-81

ELEV. 3008.0

,~

<fC
.POLE

PHOTO: a YES !2! NO

COMMENTS: A--IlO fracture. B--strike 2300.
dip vertical; closed. purple dve stained

fracture. Fracture is 4.0 feet lon2 and trends

towards hole but lies 2.0 feet awav.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET -LOF-L-

Figure G-11. - Fracture mapping, HF80-11(WP). Sheet 2 of 7.
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HOLE NO. HF80-11 (WP)

DATE: 4-9-81

ELEV. 3007.0

0
"-N

081

PHOTO: Ie YES 0 NO

COMMENTS: A--strike 40°. dip vertical:
length 3.6 feet: closed. purple dve stained
fracture. B--strike 230°. dip vertical: length
14 feet: closed. purDIe dve stained fracturE>.
C--strike 220°. dip vertical: length 4.0 feet:
closed, purple dye stained fracture that

leaves B I foot from hole.

HYDRAULIC FRACTURE

STUDY 08- 29

TIBER COFFERDAM

SHEET-1-0F-L-

Figure G-11. - Fracture mapping. HF80-11 (WP). Sheet 3 of 7.
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HOLE NO. HF80-11 (WP)

DATE: 4-9-81

ELEV. 3006.4

PHOTO: aD YES 0 NO

COMMENTS: A--strike 42°, dip vertical;

length 6.0 feet: closed. purple dve stained

fracture. B--strike 230°. dip near vertical:

length 16.4 feet; closed, purple dye stained

fracture. C--strike 222°. dip vertical; length

4.0 feet; closed, purple dye stained fracture

that leaves B 1.3 feet from hole.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEETi.-OF-L-

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

PHOTO: aJ YES 0 NO

COMMENTS: A--strike 45°. dip vertical:
length10.5 feet: closed. purple dye stained

° .fracture. B--strike 225 . d1D wavy and near

vertical: lenl1:th 25.0 feet: closed, pllrplp
dye stained fracture.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET-2-0F-L

Figure G-ll. - 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: ~ YES 0 NO

COMMENTS: A--strike 45°. dip 830SE; length

16.5 feet; closed. purple dye stained fracture.

B--strike 225°. dip 83OSE. length 19.2 feet;

closed. purple dye stained fracture (dve

stain UP to I-inch wide). Both fractures have

several parallel splits. 1 to 2 inches apart.

that quickly splinter out or ioin to follow

the main break.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET--2-0F...2-

Figure G-11. - Fracture mapping, HF80-11 (WP). Sheet 6 of 7.
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Ct COFFERDAM

HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-1l(WP)

4-10-81

2998.4

a YES IE NO

COMMENTS: Backhoe excavation for block

sample bottomed at 1':1f'vl'ltion1001 4 Frl'll"'hn'p

at Elevation 3003.4 is closed with a faint

purple dye stain. Trench deepened to

Elevation 2998.4. Closed dye stained fracture

ends at Elevation 2998.4.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET--1-0F-L....

Figure G-ll. - Fracture mapping. HF80- ~1(WP). Sheet 7 of 7.
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HOLE NO. HFRO-l ?(wp)

DATE: 4-15-81

ELEV. ?qqR 0

PHOTO: 0 YES iii NO

COMMENTS: A--strike 59°. dip nOSE: length
10.0 feet: offset 0.8 feet northwest of hole:

open crack 1/16 to 1/8 inch wide. B--strike

226°, dip 720SE: 1eneth 13.6 feet: hairline

fracture. Dve stains around both fractures
up to ~" wide. thinning away from hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET-L-OF~

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 1 of 10.
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HOLE NO. HF80-17CY'P)

DATE: 4-1')-81

ELEV. 2995.7

PHOTO: 0 YES 0 NO

COMMENTS: A--strike 59°. diD 750SE: ]
f'nilth

10.0 feet: hairline crackwith our?]f'rlyf'
stained faces. B--strike 226°, dip 7SoSE:

length 13.5 feet: hairline fracture with vivid
purple dye stained faces. Both fractures are

offset 0.5 feet northwest of hole.

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

sHEn 1- OF-1Q.

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 2 of 10.
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HOLE NO. HFBO-l2(WP)

DATE: 4-16-81

ELEV. 2994.2

PHOTO: 0 YES a NO

COMMENTS: A--strike 590, dip nOSE; length
11.7 feet: closed. purple dvp. Atainp.d fr.q('tllrp..

B--strike 2260. dip 720SE: lp.nith 6 ~ fppt.

closed, purple dye stained fracture. Dve in

both breaks is vivid in places. Both fractures

offset 0.3 feet northwest of hole.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHE ET --1- OF ...liL.

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 3 of 10.
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HOLE NO. HFRO-12(wp)

DATE: 4-21-81

ELEV. 2993.2

PHOTO: 0 YES n NO

COMMENTS: A--strike 59°. dip 750SE; length

15.0 feet; purple dye stained crack from hole

to a point 14.5 feet from hole; crack extends

to 15.0 feet with no dye ~taininQ. B--~trike

and dip not recorded. Surface badly broken
by earth moving equipment.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET-4.-0F~

Figure G-12. - Fracture mapping. HF80-12(WP). Sheet 4 of 10.
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HOLE NO. HF80-l2(WP)

DATE: 4-21-81

ELEV. 2990.0

PHOTO: n YES 0 NO

COMMENTS: A--strike 59°. dip 820SE: length
12.4 feet: closed. purple dye stained fracture.

B--strike 239°. dip 820SE: length 15.5 feet:

bri!!:ht purpl e ilyp !';t!'lined fTR,",tl1TP with open
hairline crack near hole; fracture closed with

faint purple dye stain at end. Note: a fracture
trend changes from Shpp~ 93.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET..2- OF lL

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 5 of 10.
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HOLE NO. HF80-12(WP)

DATE: 4-21-81

ELEV. 2989.2

PHOTO: Gi YES 0 NO

COMMENTS: A--strike 59°. dip 82°SE: length
16.8 feet: clo~pd I)l1rplp r1yP Qt'.Q;n,:ar1fr!:li""t-nro.

B--strike 239°. diD 820SE: length 17.2 fppt.

closed, purple dye stained fracture; end 2.0 feet

of fracture dips 28°SE.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET-L-OF~

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 6 of 10.
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HOLE NO. HF80-l2(WP)

DATE: 4-22-81

ELEV. 2987.7

PHOTO: tJ YES 0 NO

COMMENTS: A--strike 59° , dip 820SE: length

10.8 feet; last 0.8 feet of fracture dipping

much flatter. Purple dye stain ~ inch wide

near hole and thinning with length. B--strike

239°, diD 820SE: length 17.0 feet; B fracture
crosses a horizontal grout streak at

El"",,,-inn 2987.5.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET--LOF~

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 7 of 10.
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HOLE NO. HF80-l2(WP)

DATE: 4-28-81

ELEV. 2987.3

PHOTO: 0 YES ONO

COMMENTS: A--strikp')<}or clip R?o~F.' 1 "ngrh

10.3 feet: closed, purple dye stained fracture.

B--strike 239°. dip varies 72°- 80+oSE: len2th

15.2 feet: closed. purple dve stainpd fr"'''tllr".
Dye stain is about ~ inch wide near hole.

thinningand becomin~ faint
"'t

fr",,,tnr,, "nrl"

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHE ET -!L- 0 F ...l.Q....

Figure G-12. - Fracture mapping. HF80-12(WP). Sheet 8 of 10.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-l2(WP)

4-28-81

298 7 .0

0 YES aD NO

COMMENTS: A--strike 590, dip near vertical;
closed, purple dye stained fracture; length

10.5 feet. B--fracture was not mapped as

surface was badly broken by earth moving

equipment. Probably similar to liB" on Sheet 8.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -L OF l!L

Figure G-12. - Fracture mapping, HFSO-12(WP).Sheet 9 of 10.
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HOLE NO. HF80-12(WP)

DATE: 4-29-81

ELEV. 2984.1

PHOTO: 0 YES ~ NO

COMMENTS: A--strike Stp , dip is near vertical;

length 1.2 feet; faint purple dye stained,

closed fracture. B--fracture not present.

This is bottom (E1ev. 2984.1) of A-B fracture.

HYDRAULIC FRACTURE

STUDY 08- 29

TIBER COFFERDAM

SHEET~OF...l.1L-

Figure G-12. - Fracture mapping, HF80-12(WP). Sheet 10 of 10.

408



~~360

~.~
0

13

0
....
N

~61
081

189\

HOLE NO. HF80-13(WP)

DATE: 4-28-81

ELEV. 2986.4

PHOTO: 0 YES ONO

COMMENTS: A--strike 50°. dip 800SE; length
5.5 feet; closed. purple dye stained. wavy

fracture. B--strikp 230°. din vertical:
length 8.8 feet; closed. purple dye stained

fracture.

HYDRAULIC FRACI"URE

STUDY 08- 29

TIBER COFFERDAM

SHEET ..LOF~

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 1 of 10.
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HOLE NO. HF80-13(WP)

DATE: 4-29-81

ELEV. 2983.5

PHOTO: :(J YES 0 NO

COMMENTS: A--strike 56° , dip 73°SE: length

21.0 feet: closed DurDlp <'Iyp"t"inpr! fr"C'tl1r"

(dye UP to ~ inch wid",). R--"trik" 71hO

dip 73OSE; length 10.0 feet: weak. Durpl", <'Iy"

stained, closed fracture (1/8 inch wid",
<'Iy'"

HYDRAULIC FRACTURE

STUDY DB-29

stain). TIBER COFFERDAM

SHE E T -'L- 0F l!L.

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 2 of 10.
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HOLE NO. HF80-l3(WP)

DATE: 4-29-81

ELEV. 2982.2

PHOTO: 0 YES iii NO

COMMENTS: A--Qrrilu. 56°.
17 4 fpPTj npPTIL n~;Tlinp&

fracture. B--strike 236°.

16.0 feet; open, hairline,

fracture.

dip 750SE: length

purple dye stained

dip 750SE: length

purple dye stained

HYDRAULIC FRACTURE

STUDY 08- 29

TIBER COFFERDAM

SHE ET -1- 0 F ..l.Q......

Figure G-13. - Fracture mapping, HFBO-13(WP). Sheet 3 of 10.
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" '0HOLE NO. HF80-11(WP)

DATE: 4-29-81

ELEV. 2980.6

'f.'?'

I»':;/"
":J',\

e
'0°

\y~
~ ,,«~oc,

1\0'1-

"
'0 eC,~e

~"~~ ,<:>~eo

PHOTO: a YES iii NO

COMMENTS: A--strike 56°. dip nOSE: 29.6 feet
long; open. hairline. purple dve stained

fracture. This break parallels B fracture

(2.5' awav) fromHF80-l5(OH)for a di~tanrp of

14.1 feet. B--strike 236°. diD 770SF.' 17 q fpet.

long: open. hairl inp, p1lrpl p dyp ~tainpd

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM
f't"'ar tt1\Q

SHE ET -it.- 0F..J.Q....

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 4 of 10.
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HOLE NO. HF80-130VP)

DATE: 4-30-8]

ELEV. 2979.0

PHOTO: 0 YES 0 NO

COMMENTS: A&B similar to that descrih~d on

Sheet 4 except that strike of B chan~es to

231°, HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET.2..-0F~

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 5 of 10.
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HOLE NO. HF80-13(WP)

DATE: 4-30-81

ELEV. 2977.5

PHOTO: 0 YES !J NO

COMMENTS: A--"f"rH'" 45°. diD 77°SE: length
19.2 feet. B--strike 222°. diD 77°SE: length

12.6 feet. Both fractures are DurDle dye

stained and open (hairline) in places.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET~OF~

Figure G-13. - Fracture mapping, HF80-13:VVPI, Sheet 6 of 10.
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HOLE NO. HF80-13(WP)

DATE: 4-30-81

ELEV. 2976.7

PHOTO: 0 YES ~ NO

COMMENTS: A&B similar to that described on
Sheet 6 except that both fractures are shorter

in length. A=19.2 feet long and B=16.5 feet
long.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET-LOF--1!L

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 7 of 10.
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HOLE NO. HF80-13(WP)

DATE: 4-30-81

ELEV. 2976.0

PHOTO: eYES 0 NO

COMMENTS: A--strike 45°, dip nOSE; length

15.5 feet; closed, purple dye stained fracture.

B--strike 222°, dip 770SE; length 12.0 feet;
closed, purple dye stained fracture. Dye

stain becomin~ faint at ends of breaks.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET ~ OF---1Q....

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 8 of 10.
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HOLE NO. HF80-13(WP)

DATE: 6-2-81

ELEV. 2974.6

PHOTO: a YES 0 NO

COMMENTS: A--strike 59° dip nPRT vPTti~al .
1en2th 16.5 feet: ~losed faint purple dye
stained fracture. Dye about ~ inch wide,

B--strike 229°, dip near vertical: 1en2th
10.0 feet; closed, faint purple dye stained

fracture: dve stains UP to ~ inch wide.

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

5 H E ET -2-. 0 F ...1Q....

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 9 of 10.
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HOL.E NO.HF80-13(WP)

DATE: 6-2-81

ELEV. 2973.5

PHOTO: J(3 YES 0 NO

COMMENTS: Excavated trench below HF80-13(WP)
to Elevation 2972.5. A-B fracture ends at

Elevation 2973.5. Dip 900; closed, faint
purple dye stained fracture; dye 1/8 to ~ inch

wide.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHE ET ...1Q... 0 F --UL.

Figure G-13. - Fracture mapping, HF80-13(WP). Sheet 10 of 10.
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HOLE NO. HF80-14(OH)

DATE: 4-15-81

ELEV. 2997.0

PHOTO: :e YES 0 NO

COMMENTS: A--strike 61°. diD 700SE. 1 pn~th
11.5 feet: purple dye stainpd oppn hairlinp

crack. B--strike 241° dip 700SE. lpngth

9.0 feet; purple dye stained. open. hairline

crack.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET~OF l!L-

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 1 of 10.

419



~.

360

~.!I
0

15

:
~

0
...
N

<6t
<6t
06

'61 081
189\

HOLE NO. HF80-14(Om

DATE: 4-15-81

ELEV. 2995.6

PHOTO: 0 YES Ie NO

COMMENTS: A--strike 61°. diD lOoSE: length
18.5 feet. B--strike 241°. diD lOoSE: length

21.5 feet. A&B are ODen. hairline. DurDle
dye stained breaks (dye stains ~ to ~ inch

wide).

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

SHEET -1-0F~

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 2 of 10.
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HOLE NO. HF80-l4(OH)

DATE: 4-16-81

ELEV. 2995.2

PHOTO: ail YES 0 NO

COMMENTS: Yellow horizontal stains 11 feet N.,
11 feet N.W.. and 25 feet E. of hole. Fractures

A&B not maDDed. Root and or2anicmaterialnoted
in isolated patches.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE ET --1- OF -1Q.....

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 3 of 10.
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HOLE NO. HF80-l4(OH)

DATE: 4-16-81

ELEV. 2994.2

PHOTO: 0 YES il NO

COMMENTS: A--strike 61°. dip 700SE; length
26.5 feet; faint purple dye stained, closed

fracture. B--strike 241°. dip 700SE; length

23.5 feet: faint uurule dye stained. closed

fracture. Fractures are offset 0.3 feet

southeast of hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET-L-OF-1JL

Figure G-14. - Fracture mapping. HF80-14(OH). Sheet 4 of 10.
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HOLE NO. HF80-l4(OH)

DATE: 4-16-81

ELEV. 2993.3

PHOTO: 0 YES m NO

COMMENTS: A--strike 61° , dip 700SE; length

27.0 feet; closed, faint purple dye stained

fracture. B--24lo, dip 700SE: length 25.0 feet;
closed, faint purple dye stained fracture.

B fracture ends in HF80-l3(WP) hole. Fractures
no longer offset from hole or origin.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHE E T ..2.- 0 F ...J.Q....

FigureG-14. - Fracturemapping, HF80-14(OH). Sheet 5 of 10.

423



~.

360

!l4!1
0

IS

~
~

0...
N

co
0

<II
<II

'"

~ Cofferdam
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HOLE NO.

DATE:

ELEV.

PHOTO:

HFRO-14(OH)

4-21-81

2992.8

GiI YES 0 NO

COMMENTS: A--strike 61°. dip 700SE: length
33.0 feet. B--strike 241°. dip 700SE: length
16.0 feet. Both fractures are closed with
weak purDIe dve stains near hole.
fractures have pink coloration.

End s of

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET -L OF~

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 6 of 10.
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HOLE NO. HF80-l4(OH)

DATE: 4-21-81

ELEV. 2991.9

PHOTO: 0 YES iI NO

COMMENTS: A--strike 61°. dip 700SE; length
28.0 feet; closed. purple dye stained fracture.

B--strike 241°. dip 700SE; length 15.0 feet;
closed, purple dye stained fracture. B fracture

disappears in horizontal grout streak.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET-L-OF-1L

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 7 of 10.
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HOLE NO. HF80-14(OH)

DATE: 4-21-81

ELEV. 2988.9

PHOTO: 0 YES iJ NO

COMMENTS: A--strike 61°. din 700SE: 1 enl~th
25.0 feet: closed. nurnl e dye stained fraC'tllre.

B--strike 24]°, dip 700SE' lpn~th 70 ~ fppt'

closed, purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET ~ OF...1.Q....

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 8 of 10.
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HOLE NO. HF80-l4(OH)

DATE: 4-21-81

ELEV. 2988.1

PHOTO: EJ YES 0 NO

COMMENTS: A&B fractures similar to those des-

cribed on Sheet 8. A=24.3 feet long. B=

22.5 feet long. Open hairline break occurs in

sandy clay (SC-CL) streak along B fracture

(8 to 10 feet from hole) at Elevation 2987.9.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHE ET -2-. OF ...1.!L

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 9 of 10.
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HOLE NO. HF80-l4 (OR)

DATE: 4-29-81

ELEV. 2983.2

PHOTO: 0 YES lie NO

COMMENTS: PurDIe dve stained fractures

(A&B) end at this elevation.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHE ET ...!2..- 0 F..lL..

Figure G-14. - Fracture mapping, HF80-14(OH). Sheet 10 of 10.
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HOLE NO. HF80-l5(OH)

DATE: 4-28-81

ELEV. 2986.1

PHOTO: 0 YES EI NO

COMMENTS: A--strike 60°. dip vertical:
length23.0 feet; closed. wavy. purple dye

stained fracture. B--strike 240°. dip vertical;

length 18.9 feet: closed. wavy purple dye
stained fracture. A-B fracture offset 1.1 feet

HYDRAULIC FRACTURE

STUDY 08- 29

SE of ho].e.

elevations.

pulled.

Dyp W~~ not oh~prvprl Rt hi~hpr

Top of NxCs was uncovered and
TIBER COFFERDAM

SHEET -LOF-1.L

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 1 of 11.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-15(OH)

4-28-81

2984.0

0 YES I!l NO

COMMENTS: A--strike 50°. dip near vertical;

length 17.3 feet: closed. purple dye stained

fracture. B--strike 230°, dip near vertical:

length 22.5 feet; closed, purple dye stained

fracture. Fractures are offset 0.7 feet SE

of hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFER DAM

SHEET-LOF~

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 2 of 11.
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/Hole
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pHOLE NO. HF80-1S(OH)

DATE: 4-29-81

ELEV. 2882.6

PHOTO: DYES 0 NO

COMMENTS: A--strike SOo , dip vertical;

length lS.9 feet; closed, purple dye stained

fracture is off~pr 0.7 fppr SF. of holp R--
strike 230°, dip near vertical: length 9.9 feet;

closed, purple dye stained fracture offset

1.S feet SE of hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET--L-OF2L-

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 3 of 11.
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HOLE NO. HF80-l5(0H)

DATE: 4-29-81

ELEV. 2981.8

PHOTO: 0 YES iii NO

COMMENTS: A--strike 500, dip vertical;
length 23.2 feet: closed. DurDle dve Ht~inprl

fracture: offset 0.5 feet SE of holp R--
strike 2300, dip wavy and vertical; length

32.8 feet; closed, purple dye stained fracture;

offset 1.0 foot SE of hole.

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

SHE ET -L OF ..l!......

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 4 of 11.
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HOLE NO. HF80-l5(OH)

DATE: 4-29-81

ELEV. 2980.2

PHOTO: 0 YES eNO

COMMENTS: A--strike 50°. dip vertical:
length 11.9 feet; break is stained with purDIe

dye; open hairline crack from 4.0 to 7.0 feet:

offset 0.2 feet SE of hole. B--strikp 210°,
dip vertical: len2th 35.5 feet: brilj!ht pll"l"plp

dye stained hairline crack that closes and

fades beyond 20.0 feet: offset 1 foot SF. of hole.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET2-0F-1.L.

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 5 of 11.
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HF80-15(OH)HOLE NO.

DATE:

ELEV.

PHOTO:

4-'\O-Rl

2979.0

0 YES liD NO

COMMENTS: A--strike 50°. dip vertical;

length 16.0 feet; closed. purple dye stained

fracture with occasional open hairline cracks.

B--strike 230°. diD vertical: 1enQth 14 ~ fppt;
closed. purple dve stained break. FracturPR
are no longer offset.

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

SHEET ---2-0F--11-

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 6 of 11.
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HOLE NO. HF80-l5(OH)

DATE: 4-30-81

ELEV. 2978.3

PHOTO: 0 YES a NO

COMMENTS: A--strikp ')0° I <'lip n",,,,.. "",..H~"l .

leng~h 14.4 fppt. pl1rplp ny~ Q~!::I-fn.Ol,.1
fr~""'''11-ra

with occasional open hairline cracks. B--
0

strike 230 . dip vertical: lenQth 32.3 fppt.
closed, purple dye stained fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET --1-0F..l.L-

Figure G-15. - Fracture mapping, HFSO-15(OH). Sheet 7 of 11.
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HOLE NO. HF80-l5(OH)

DATE: 4-30-81

ELEV. 2976.5

PHOTO: 0 YES t3 NO

COMMENTS: A--strike 50° , dip vertical:

length 14.0 feet; closed, purple dye stained

fracture. B--strike 230°, dip near vertical:

length 30.6 feet: closed. purple dve ~tain~d

fracture.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET~OF...lL..

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 8 of 11.
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HOLE NO. HF80-15(OH)

DATE: 4-30-81

ELEV. 2976.0

PHOTO: I!J YES 0 NO

COMMENTS: A--strike 50° , dip vertical:
length 9.2 feet: closed. DurD1e dye stainp.d

fracture. B--strike 230°. diD vertiral
°

length 37.5 fep.to opp.n hairlinp frarh,rp

with vivid DurD1e dyp. stains

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET~OF--1.L

Figure G-15. - Fracture mapping. HFSO-15(OH). Sheet 9 of 11.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-15(OH)

6-2-81

2974.0

~YES 0 NO

COMMENTS: A--strike 52°. dip near vertical:

length 19.5 feet: ~lo~pd fRint plrplp dyp

stained fracture: dye up to ~ inchwide. B
fracture from H80-17(WP) parallels break from

17.5 to 19.5 feet and lies 1.5 feet downstream.
B--strike 230°. dip near vertical: length

16.5 feet; closed. faint purple dye stained

fracture; dye up to ~ inch wide.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET -1Q..OF-1L.

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 10 of 11.
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HOLE NO. HF80-15(OH)

DATE: 6-2-81

ELEV. 2970.0

PHOTO: eYES 0 NO

COMMENTS: Excavated trench below HF80-15(0H)
to Elevation 2968.5. A-B fracture ends at

Elevation 2970.0: dip 88oN: wavv: clos~d.

faint purple dve stained fractur~' dyp l/R to

~ inch wide.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET-1.LOF~

Figure G-15. - Fracture mapping, HF80-15(OH). Sheet 11 of 11.
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HOLE NO.

DATE:

ELEV.

HF80-l I'dOH)

4-15-81

2998.7

PHOTO: 0 YES !J NO

COMMENTS: A--strike 64°, dip 740NW; length

35.5ft.:Durn]prlyP. ~t;:);npr1 rlnQPr1 fr!JIr-t11r9

with occasional open, hairline cracks. B--
strike 244°, dip 750SE to vertical; length

18.5 ft.: open. purple dve stained hairlinp
crack. Fractures offset 0.7 feet NW of hole.

~9\

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET ~OF--2--

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 1 of 9.
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HOLE NO. HF80-16(OH)

DATE: 4-15-81

ELEV. 2996.9

PHOTO: 0 YES iI NO

COMMENTS: A--strike 64°. dip 740NW; length
35.5 feet; open. hairline. purple dye stained
fracture. B--strike 244°. dip 750SE: length
22.8 ft.; open, hairline, purple dye stained
fracture. Fractures are offset 0.5 feet NW
of hole. Dye stains up to ~ inch wide.

HYDRAULIC FRACTURE

STUDY D8- 29

TIBER COFFERDAM

SHEET-LOF~

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 2 of 9.
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HOLE NO. HF80-16(OH)

DATE: 4-16-81

ELEV. 2994.9

PHOTO: (] YES 0 NO

COMMENTS: A--strike 64°. dip 700SE: lelllzth
31.0 feet. B--strike 244°. dip 700SE: 1en2th
22.0 feet. Pur"] p dvp Rtains 1/8 to ] /4 inch
wide along open hairline cracks. Fractures
are offset 0.2 feet m~ of hole.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET--.l.-OF-L-

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 3 of9.
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HOLE NO. HF80-l6(OH)

DATE: 4-21-81

ELEV. 2993.3

PHOTO: DYES 0 NO

COMMENTS: A--strike 57° , dip 830NW; length
42.9 feet: ODen. hairlin~ DurDle dv~ !;tained
fracture; dye stains ~ to 1 inch wide. B--
strike 235°, dip 700SE to vertical; length

27.0 feet; vivid purple dye stains up to 1 inch

wide around closed fracture. Dve fades Quickly

at fracture ends. Fractures arp nn lnngPT
offset from hole.

~g\

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET~OF--L

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 4 of 9.
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HOLE NO. HF80-l6(OH)

DATE: 4-21-81

ELEV. 2992.3

PHOTO: 0 YES 119 NO

COMMENTS: A--strike 57° , dip 830NW; length

41.5; purple dye stained, open, hairline

crack. B--strike 235°, dip 700SE; length

27.9 feet; closed, purple dye stained fracture.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET...2-0F--2-

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 5 of 9.
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HOLE NO. HF80-16(OH)

DATE: 4-21-81

ELEV. 2990.3

PHOTO: 0 YES to NO

COMMENTS: A--strike 57° , dip 83ONW; length
40.5 feet; purple dye stained, open, hairline,

fracture. B--strike 235°, dip 700SE; length

22.0 feet; closed, purple dye stained fracture.
HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET 2-0F~

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 6 of 9.
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HOLE NO. HF80-l6(OH)

DATE: 4-21-81

ELEV. 2988.8

PHOTO: 0 YES iiNO

ft6/
081

COMMENTS: A--strike 57°, dip 830NW; length
26.0 feet; purple dye stained, open, hairline

fracture. B--strike 235°. dip 700SE: length

21.1 feet; closed, purple dye stained fracture.

1;9\

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET-L-OF~

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 7 of 9.
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HOLE NO. HF80-1h(OH)

DATE: 4-21-81

ELEV. 2988.1

PHOTO: 0 YES £J NO

COMMENTS: A--strike 57°. dip 830NW: length
26.0 feet: purple dye stained. open. hairline

fracture. B--strike 235°. dip 700SE: length

21.1 feet: closed. purple dye stained fracture.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEEr ~OF 2.-

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 8 of 9.
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HOLE NO. HFBO-16(OH)

DATE: 4-29-81

ELEV. 2982.6

PHOTO: 0 YES EJ NO

'61 081

COMMENTS: Dye stained fractures end at

Elevation 2982.6.

189\

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEE T -1- OF 2.-

Figure G-16. - Fracture mapping, HF80-16(OH). Sheet 9 of 9.
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HOLE NO. HF80-17(WP)

DATE: 4-28-81

ELEV. 2985.9

PHOTO: 0 YES EJ NO

COMMENTS: Purple dye around ho] e but no
fractures. Pulled NxCs.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -L-OF.-2.L

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 1 of 11.
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HOLE NO. HF80-l7(WP)

DATE: 4-28-81

ELEV. 2984.3

PHOTO: CJ YES aNO

COMMENTS: A--strike 65°. dip 850SE; length
13.0 feet: closed. purple dye stained fracture.

B--strike 245°. dip 850SE; length 7.6 feet; closed,

purple dye stained fracture. Some minor fractures

branch off of main break about 5 feet from hole.

HYDRAULIC FRACTURE

5 TUDY D8- 29

TIBER COFFERDAM

SHEET -LOF~

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 2 of 11.
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HOLE NO. HF80-l7 (WP)

DATE: 4-2CJ-81

ELEV. 2882.4

PHOTO: ~ YES 0 NO

COMMENTS: A--strike 65°. diD 82°SE: lenl.!:th

10 CJfppt, vivid ])l1rn1pdyp stained fracture:

open crack 1/16 to 1/8 inch wide extends to a

point 5.0 feet from hole. B--strike 245°.
dip 820SE; length 13.5 feet; vivid purple dye

stained open crack 1/16 to 1/8 inch wide

extendinl.!: to a Doint 6.0 feet from hole.

HYDRAULIC FRACTURE

STUDY 08-29

TIBER COFFERDAM

SHEET -L-OF-1.1-

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 3 of 11.
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HOLE NO. HF80-l7 (WP)

DATE: 4-29-81

ELEV. 2980.6

~ of Hole A\w
/
B

PHOTO: Ie YES 0 NO

COMMENTS: A--strike 65°, dip 820SE; length

10.0 feet; open. hairline. purple dye stained

fracture that trends 105° for a distanrp of

2 feet to join main break that strikes 65°.
B--strike 245°, dip 820SE; length 19.0 feet;
purple dye stained open hairline crack.

HYDRAULIC FRACTURE

STUDY DB-29

TIBER COFFERDAM

SHEET~OF~

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 4 of 11.
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HOLE NO. HF80-l7(WP)

DATE: 4-29-81

ELEV. 2980.2

PHOTO: :0 YES 0 NO

COMMENTS: A--strike 650 , dip 820SE to near

vertical; length 12.9 feet; closed purple dye

stained fracture. B--strike 245°, dip 82oSE;

length 27.6 feet: purple dye stained open

hairline crack.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET -LOF~

Figure G-17. - Fracture mapping, HFSQ.-17(WP). Sheet 5 of 11.
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HOLE NO. HF80-17 (WP)

DATE: 4-29-81

ELEV. 2979.4

PHOTO: 0 YES ~ NO

COMMENTS: A--strike 65°, dip 820SE to vertical;
length 18.1 feet; closed, purple dye stained

fracture. B--Hrrikp 24~0, dip np~r vprrir~l'

length 23.9 feet: closed. purple dye stained

fracture.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET -LOF.-ll....

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: 0 YES liD 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 point

1.5 feet away; purple dye coloration for the

rest of the fracture: (Both Rhodamine and
uranine dyes were used in this hole).

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE ET ...2 0 F -1l...-

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 7 of 11.
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HOLE NO. HF80-l7(WP)

DATE: 4-30-81

ELEV. 2978.1

PHOTO: 0 YES ~NO

COMMENTS: A--strike 65°. dip 820SE; length

12.3 feet: closed purple dve stained fracture

with slight "gravine" of color 0 to 0.5 ff'et

from hole. B--strike 245°. dip 820SE to near

vertical: length 29.2 feet; vivid purple dye

stained closed fracture.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHEET ~OF...lL...

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 8 of 11.
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HOLE NO. HF80-17(WP)

DATE: 4-30-81

ELEV. 2976.0

PHOTO: iJ YES 0 NO

COMMENTS: A--strike 65°. dip 820SE: lenl!:th
18.9 feet: closed. faint purple dye stained

fracture. B--strike 245°. dip 820SE: lenl!:th

22.6 feet: closed. moderate to faint purple

dye stained frl'lC'f'lIrp

HYDRAULIC FRACTURE

STU~Y DB- 29

TIBER COFFERDAM

SHEET-2-0F J.L

Figure G-17. - Fracture mapping, HF80-17(WP). Sheet 9 of 11.
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HOLE NO.

DATE:

ELEV.

PHOTO:

HF80-l7 (WP)

6-2-81

2974.3

GI YES 0 NO

COMMENTS: A--strike 680. dip near vertical:
length 30.0 feet: closed. faint purple dye

stained fracture: dye stain UP to ~ inch wide.
B--strike 245 ; dip near vertical; length

30.5 feet; closed, faint purple dye stained

fracture; lies 1.5 feet downstream and parallels

"A" fracture from HF80-15(OH)
"'t

pnci :I fppf"

of break.

HYDRAULIC FRACTURE

5 TUDY DB- 29

TIBER COFFERDAM

SHEET~OF..lL-

Figure G-17. - Fracture mapping, HFS0-17(WP). Sheet 10 of 11.
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'61 081 /89'

HOLE NO. HF80-l7 (WP)

DATE: 6-2-81

ELEV. 2970.6

PHOTO: Ie YES 0 NO

COMMENTS: Excavated trench below HF80-17(WP)

to Elevation 2969.6. A-B fracture ends at
Elevation 2970.6; dip 88oN; wavy; closed,

faint purple dve stained fracturf': dvf' ~ to ~
inch wide.

HYDRAULIC FRACTURE

STUDY D8-29

TIBER COFFERDAM

SHEET.J.LOF-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: an YES 0 NO

COMMENTS: A--strike 830. dip 87°S: length
22.0 feet: purple dye stained fracture that

fades at end. B--strike 2490. dip 760N'
length 12.9; purple dye stained fracture.

Both fractures are offHet 0 2 feet north of
hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE ET --1-0 F 12-

Figure G-18. - Fracture mapping, HF80-18(WP). Sheet 1 of 10.
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HOLE NO. HF80-18(WP)

DATE: 4-15-81

ELEV. 2999.9

PHOTO: ~ YES 0 NO

COMMENTS: A--strike 83°. diD 870g: 1 pni:th

22.0 feet: DurDle dye stainpd ODen hairlinp

crack. R--~rrikp 74qO, nip 7fiON. lpngrh
13.0 feet: closed. DurDle dye stained fracture.

Both fractures are offset 0.2 feet north of

hole.

HYDRAULIC FRACTURE

STUDY DB- 29

TIBER COFFERDAM

SHE ET -L- OF..!9-.-

Figure G-18. - Fracture mapping, HF80-18(WP). Sheet 2 of 10.
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HOLE NO. HF80-l8(WP)

DATE: 4-21-81
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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 HF80-4(WP) at elevation 3005.1 (stake in hole). Fracture at this location is 
open. 

Photo by Charles Botdorf 41918 1 

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. 41918 1 



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 
7 0  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"k 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. 4/9/8 1 



Figure G-25. - Photograph 7 - Tiber Spillway Cofferdam - Marias Division, Montana. View 
looking down (vertical) at rhodamine dye stained fracture passing through Fracture Hole 
HF80-5(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 Sotdorf 4/21/81 

Figure G-26. - Photograph 8 - Tiber Spillway Cofferdam - Marias Division, Montana. 
View along rhodarnine dye stained fracture near fracture hole HF8O-lO(WP) at 
elevation 3006.4. Note 118 inch* opening along irregular break. 

Photo by Charles Botdorf 41918 1 



F~gure 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 



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 durlng 1968 cofferdam 
grouting program. 

Photo by Frank Calcagno, Jr. 4/21/81 

Figure G-29. - Photograph 11 - Tiber Spillway 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 4/21 181 





APPENDIX H

UNCONFINED COMPRESSION TEST RESULTS
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Figure H-1. - Unconfined compression test, sample No. 11 F-896, specimen No. 11.
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Figure H-5. - Unconfined compression test, sample No. 11F-898. specimen No. 11.
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Mission of the Bureau of Reclamation , 

The Bureau of  Reclamation of the U.S. Department of the Interior is 
remonsible 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, 
atmomheric 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." I t  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 0 Box 25007, Denver Federal Center, Denver CO 80225-0007. 




