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ABSTRACT OF THESIS

PERFORMANCE OF THE GROUT CURTAIN AT THE KENTUCKY
RIVER LOCK AND DAM NO. 8

Karst bedrock conditions and deterioration of the lock and dam structures have resulted
in significant leakage through, underneath, and around Lock and Dam No. 8 on the Kentucky
River. During severe droughts, the water surface in Pool No. 8 has been observed to drop below
the crest of the dam, resulting in water supply shortages and water quality issues for
surrounding communities reliant on the pool. Presently, the primary purpose of Lock and Dam
No. 8 is water supply. Pool No. 8 is currently where the cities of Nicholasville (Jessamine County,
KY) and Lancaster (Garrard County, KY) draw their water. Due to the age and condition of the
structures, and the criticality of the retained water supply, the project Owner commissioned a
replacement dam to be built. One major component of the replacement dam was a foundation
improvement program. The foundation improvement program was designed to address the
karst bedrock conditions at the site. The foundation improvements included a secant pile cutoff
wall and a double-row grout curtain. The grout curtain at Lock and Dam No. 8 was evaluated
based on the metrics presently available.
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1 PROBLEM STATEMENT

1.1 GROUT CURTAINS IN KARST ENVIRONMENTS

Moneymaker (1968) stated that “Solution cavities are almost invariably present in the
foundations and abutments at dam sites in limestone and carbonate rock.” Lock and Dam No. 8
is founded on primarily limestone bedrock with interbedded shale partings and is not an
exception to Moneymaker’s claim. As Weaver and Bruce (2007) point out, the reservoir leakage
in limestone foundations depends on the stage and extent that dissolution has occurred, joint
orientation, and bedding plane orientation. It should be noted that while not all limestones are
cavernous, minor dissolution activities along bedding planes and joints can lead to the need for
an extensive grouting program (Weaver and Bruce, 2007). Deere (1981) suggested that
cavernous karstic features are often infilled with clays and silts; and therefore, will not take
large grout quantities during treatment. Deere also pointed out that karstic limestone features
may be structurally or lithologically driven but will almost certainly be highly unpredictable and
erratic.

Grouting in karst environments to reduce seepage is common practice and is historically proven.
As Deere pointed out, karst conditions are unpredictable and erratic. This presents a significant
challenge to designers. While design guidance and installation methods are available to
designers, a successful grout curtain in karst environments will be designed and installed based
on the site specific karstic conditions. The remainder of this study focuses on the extent of
karstic dissolution of the foundation bedrock at Lock and Dam No. 8, how these karstic
conditions influenced the design and installation methods, and the performance of the grout
curtain at Lock and Dam No. 8.

The objective of this study is to evaluate the performance of the installed double-row grout
curtain at Lock and Dam No. 8. To fully evaluate the grout curtain, this study will also present
the site specific geological and geotechnical information at the Lock and Dam No. 8 site, discuss
the design methodology for the grout curtain to account for karstic foundation features, and
review the grout curtain installation records.

1.2 GENERAL PROJECT DESCRIPTION

Lock and Dam No. 8 on the Kentucky River is located in Garrard and Jessamine Counties,
Kentucky, approximately 139.9 river miles upstream of its confluence with the Ohio River. The
facility was originally constructed between the years of 1898 and 1900 to support an increasing
demand of commercial traffic along the Kentucky River. Refer to Figure 1 for a project location
map.
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Figure 1 Project Location Map

Prior to the renovation efforts that began in July 2013, Lock and Dam No. 8 was comprised of a
fixed-crest overflow dam (rock-filled timber crib structure capped with concrete), a stone
masonry navigation lock with a bulkhead wall, and other ancillary structures. An aerial
photograph of Lock and Dam No. 8 is presented in Figure 2. While numerous repairs have been
performed at the facility throughout its 111 years of operation, the condition of the dam, lock
structure, lock gates, ancillary structures, and mechanical components has deteriorated

significantly.



Figure 2 Aerial Photograph of Lock and Dam No. 8

Presently, the primary purpose of Lock and Dam No. 8 is water supply. Pool No. 8 is currently
where the cities of Nicholasville (Jessamine County, KY) and Lancaster (Garrard County, KY) draw
their water.

1.3  EXISTING CONDITIONS AND NEW DAM DESIGN

Karst bedrock conditions (as discussed in Section 3), and deterioration of the lock and dam
structures have resulted in significant leakage through, underneath and around the facility.
During severe droughts, the water surface in Pool No. 8 has been observed to drop below the
crest of the dam, resulting in water supply shortages and water quality issues for surrounding
communities reliant on the pool. An aerial image of the project site displaying the major facility
components is shown in Figure 3.
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Figure 3 Lock and Dam No. 8 Site Features

Due to the age and condition of the structures, and the criticality of the retained water supply,
the project Owner commissioned a replacement dam to be built. The major components of the
new dam design include:

e A new dam structure located immediately upstream of the existing facility. The new
dam is a cellular concrete gravity dam. The new dam ties into the river lock wall on east
and into a steep sloping rock face on the west abutment.

e Foundation improvements to address karst bedrock conditions at the site. This included
a secant pile cutoff wall and a double-row grout curtain. Details of the foundation
bedrock conditions are discussed in Section 3 and the grout curtain program is discussed
in Section 4.

e Modifications within the lock chamber to allow water conveyance during drought
conditions and the addition of scour protection elements to prevent erosion of the lock
chamber’s upper sill.

e Site grading to reduce soil pressures behind the existing Upper Guide Wall structure and
improve drainage on the eastern abutment. See Figure 4 for the location of the Upper
Guide Wall in relation to other project components.

A three-dimensional rendering of the various renovation components of the new dam is
displayed in Figure 4.
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1.4 OBJECTIVES OF STUDY
The objective of this study is to evaluate the testing data collected during the installation of the
grout curtain, and the available pre-and-post-construction piezometric data, to assess the

efficiency of the grout curtain.



2 KARST TERRAIN AT LOck AND DAM NO. 8

Every karst climate is different and will be influenced by many different factors. For example: La
Angostura Dam in Mexico was founded on clayey, limestone and was treated with a double row
grout curtain (Marsal, 1974), while Spruce Run Dam in Pennsylvania was also constructed on
non-cavernous limestone required a triple-line grout curtain to successfully address the
foundation seepage (McGavock, 1968).

Closer to the project site discussed in this study, Moneymaker (1968) reported that Kentucky
Dam encountered karst foundation conditions including a large vertical solution feature. The
foundation at Kentucky Dam was treated with a concrete cutoff and conventional grouting.

Similar karst challenges were encountered at Wolf Creek Dam in Jamestown, Kentucky. Erich
(2013) concluded that the concentrated seepage that began to cause problems at Wolf Creek
Dam was ascribed to the karstified limestone foundation and high hydraulic head. Several
remediation efforts have been performed at Wolf Creek Dam, include an emergency grouting
program from 1968 to 1970, the construction of a barrier wall in the 1970s, and the more recent
renovations including a new 980,000 square feet barrier wall. A double line grout curtain was
installed on either side of the barrier wall to temporarily block seepage.

Rough River Dam located in Falls of Rough, Kentucky, has also experienced issues with solution
features within the foundation bedrock at the site. Ailstock (2015) points out that as part of the
original construction, grouting was performed at each abutment, but beginning in 2003 a
sinkhole developed near the downstream rock toe which was repaired later in 2006 and 2007.
Solution features within the limestone bedrock were exposed during modifications to the Stilling
Basin at Rough River Dam in 2008. These features were filled with concrete and the Stilling Basin
modification construction continued.

Karstic conditions are highly variable and so are the consequences associated with the features.
Similarly, the approach to treat karst features varies depending on the extent of karstic
dissolution.The remaining sections of this report focus on how these various factors were
considered to treat the karstic limestone foundation at Lock and Dam No. 8. The focus of this
study is on how the site specific geologic conditions were considered in the design, the field
installation procedures, treatment observations, and analysis of the results. The geologic
conditions at Lock and Dam No. 8 are discussed in detail in Section 3, and the history of remedial
actions taken to address karstic issues at the facility are presented in Table 1.

Table 1. Summary of Karst Mitigation Actions

Year Event
1943 — 1944 Treatment of bedrock features in the lower portion of the Lock Chamber.
1985 Concrete repairs to Lock Chamber floor (bedrock).
2002 Left Abutment leakage repairs (grout bags, drilling and grouting).




3 GEOLOGIC CONDITIONS

3.1 REGIONAL GEOLOGY

Based on the available geologic mapping, the Lock and Dam No. 8 project site is underlain by the
Grier Limestone Member of the Lexington Limestone Group. According to the U.S. Geological
Survey (USGS) Geologic Map of the Buckeye Quadrangle (1970), the Grier Limestone Member
consists of gray, fossiliferous limestone with minor amounts of interbedded shale and micro-
grained limestone. The referenced mapping also describes the bedding as very irregular to even,
with chert nodules in some locales. The structural contours drawn on the base of the Calloway
Creek Limestone Group indicate that rock in the vicinity of the site dips less than one-degree to
the south-southeast. The referenced geologic mapping is presented in Figure 5.

Figure 5 Geologic Quadrangle (USGS) of the Project Site

The project site is located on the downthrown side of the Kentucky River Fault Zone
approximately 1.5 miles southeast of the project site. Vertical displacements near the project



site along the fault are on the order of 50 feet. The Kentucky River Fault System, now inactive, is
one of the major structural geology features of Kentucky. The fault system can be described as
a narrow band of normal faults and grabens trending north-northeast from Casey County to
Jessamine County, thence curving east-northeast to Montgomery County. The general sense of
the displacement is down to the southeast with the throw up to 600 feet.

3.2 SITE GEOLOGY

Karst bedrock conditions have been a challenge at the project site dating back to the early
1900’s. Numerous karst features and fissures in the bedrock are documented at the site within
historical documents, particularly within the floor of the lock chamber, lower guide wall
footprint and at the west (left) abutment of the existing dam. United States Army Corps of
Engineers (USACE) drawings from 1913, as presented in Figure 6, depict as-constructed
conditions of the upstream 20 feet of the lower guide wall structure. These as-constructed
drawings identify three fissures within the footprint of the lower guide wall structure.
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Figure 6 Lock Chamber Features Identified for Treatment (USACE, 1950)



The largest of these fissures is estimated to be near 30 feet in length by scaling the historic
drawing. The drawing also indicates the bottom of the largest fissure is near elevation 490 feet,
which is approximately 9 feet below the top of rock elevation. The largest fissure is oriented in a
northeasterly direction, while smaller fissures were oriented in a northwesterly direction.

USACE drawings from 1950 identify areas in the chamber floor reported to have been treated in
1943 and 1944. In general, the identified features coincide with subsequent underwater
observations and dive inspections in 1985, 1989, 1997 and 2001. Similar to fissures documented
in the foundation of the lower guide structure, the general orientation of the featuresisin a
northeasterly direction. During operation of the lock chamber, several of these features have
been observed to be hydraulically connected to the lower pool and are particularly active during
chamber filling activities.

In addition to historic observations within the lock chamber, karst features and jointing has been
observed and treated on numerous occasions in the left abutment. A small rock shelter can be
observed in the downstream west (left) abutment rock outcrop, approximately 350 feet
downstream of the existing dam. Approximate dimensions of the rock shelter are three feet
wide, two feet tall and 20 feet deep. The rock shelter is also oriented in a northeasterly
direction from the opening in the rock outcropping. A photograph of the rock shelter is
presented in Figure 7.
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Figure 7 Rock Shelter Located in the Downstream Left Abutment Outcrop

Other evidence of karst topography at the site includes a small sinkhole observed on the
Jessamine County side of the property during the geotechnical study. Approximate dimensions
of the sinkhole are five feet in diameter and four feet deep. A photograph of the sinkhole is also
presented in Figure 8.



Figure 8 Sinkhole Observed Near the Site Entrance

3.3 FIELD MEASURED I-ANGLES
A geologic reconnaissance was performed in June 2011 in support of the renovation design. The
area of study was located on the Garrard County side of the river, immediately downstream of

the left abutment of the existing dam (Figure 9).
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Figure 9 Geologic Reconnaissance Area of Study

The length of the study area was approximately 400 feet, and the elevations ranged from above
the crest of the dam (i.e., above elevation 530.8 feet) to just above the tailwater elevation on
the date of study (i.e., approximately below elevation 513 feet). Rock outcrops, including near
vertical highwalls and several benches of varying elevation, were observed during the
reconnaissance.

Exposed rock outcroppings were limestone and were described as light gray, fine grained to
microcrystalline, thin to medium-bedded, and hard, with shale partings throughout. The shale
partings were described as dark gray, silty, laminated, and soft to moderately hard. This
description is generally consistent with the USGS geologic mapping information for the Grier
Limestone Member of the Lexington Limestone Group, which is the predominant geologic unit
at the site, and is representative of both the outcrops and the foundation of the dam. Figure 10
presents a closer view of the highwall and benches immediately downstream of the left
abutment of the dam.
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Figure 10 Geologic Reconnaissance — Highwall and Benches Downstream Along Left Abutment

3.3.1 Measurement Location

Field i-angle measurements were taken along five survey lines, established at various elevations
and horizontal locations along the rock outcrop at the downstream left abutment of the existing
dam. All lines were oriented roughly in the direction of potential sliding (i.e., upstream to
downstream) for the proposed dam. Two lines (Lines 1 and 2) were on the rock highwall and the
remaining three lines (Lines 3, 4, and 5) were on near-horizontal benches. Elevations of the lines
ranged from 513 to 526 feet. For comparison, the crest of the existing dam is 530.8 feet and the
base of the dam is near 500 feet. (Stantec, 2011)

A sixth line (also oriented roughly upstream to downstream) was surveyed to estimate the
overall apparent dip of the bedding planes exposed along the outcrop. Two points, roughly 360
feet apart, were marked along a single bedding plane and were surveyed. At this distance, any
localized surface roughness effects should be negligible.

3.3.2 Measurement Methodology

Measurements of field i-angles employed two different techniques. The measurement
technique for Lines 1 and 2 consisted of taking vertical offset measurements at specified step
intervals along a tightly stretched horizontal string line. The string line was installed by nailing
each end into the rock face and establishing the horizontal line using a bubble level. A single
bedding plane was then marked at two-foot horizontal intervals. At each interval, the vertical
distance (up or down) was measured from the string line to the bedding plane. Lines 1 and 2
were 30 and 24 feet in length, respectively.
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The measurement technique for Lines 3, 4, and 5 consisted of direct measurement of
horizontally exposed bedding planes using a self-zeroing laser level and straight edges of varying
lengths. An inherent assumption of the measurements taken on the bench is that a single
bedding plane is represented along the bench. Each line was typically 20 to 30 feet long and was
marked in two-foot increments. Two-foot, four-foot, six-foot, and eight-foot straight edges (2X4
lumber) were then placed along the survey line and the angle (deviation from horizontal) was
measured by placing the self-zeroing level on the straight edge. The straight edge was
progressively moved along the line and readings taken every two feet (e.g., the eight-foot
readings would be taken at zero to eight feet, two to ten feet, four to 12 feet, and so forth).

3.3.3 Measurement Results

The field i-angles can be calculated based on the data from Lines 1 and 2, or measured directly
from Lines 3, 4, and 5. In order to consider general trends and reduce bias that may occur from
one particular survey line, it is preferred to view the entire data set for all five lines. Figure 11
presents the i-angles from all five lines as a function of step length. The sign convention was
such that positive angles indicate apparent dip in the upstream direction.

@ Line_1
5 4 . ® Line_2
Line_3
e Line_4
41 O Line_5
—_~ [ ]
3
2
8 5 =
7 L] .
D
2 N 6 °
< 2 & ] ! =
t 2 & : .
g i E H [ .
o .
| .
i
0 . ¢ . — " " " "
e 5 o 10 15 20 25 30 35

DEs e

Sample Length (ft)

Figure 11 i-Angle vs. Step Length Plot

Lines 1 and 2 produced data points at each two-foot increment, thus i-angles could be
computed for any multiple of two, up to the full length of the survey line. For graphical
presentation purposes, i-angles from Lines 1 and 2 were calculated at two, four, six, eight, 16, 24
(full length of Line 2), and 30-foot (full length of Line 1) step lengths. It is assumed that the

13



asperities (or waviness) are symmetric about a line that marks the overall dip of the bedding
plane (which must later be separated out from the actual i-angle). Thus, positive and negative i-
angle measurements can be considered together. Lines 3, 4, and 5 provide direct measurements
of the two, four, six, and eight-foot i-angles. Again, the overall dip of the bedding planes must
later be separated out from the actual i-angle.

As would be expected, shorter sample lengths lead to greater variation and larger (i.e., steeper)
i-angles. As step length increases, the i-angles decrease, approaching a steady-state value equal
to the overall apparent dip of the bedding planes. Based on surveyed elevations along Line 6,
the overall apparent dip of the bedding planes is approximately one-degree in the upstream
direction.

As discussed previously, selection of the first-order i-angle for use in deriving the design friction
angle is a subjective process with no definitive guidance. Assuming that a representative step
length is used, the actual i-angle will tend to be driven by the higher measured values (omitting
any perceived outliers). For step lengths of roughly 16 feet or less, the upper bound of field
measured i-angles generally varies from two to three degrees. Adjusting for the overall apparent
dip of one-degree, the actual i-angle generally varies from one to two degrees. For design
purposes, a first-order i-angle of one-degree was used. This selection is consistent with visual
observations of the rock outcrop, which indicate that the large scale bedding is relatively planar
(i.e., very little large scale roughness or waviness) and dips slightly in the upstream direction.

3.4 JOINT ORIENTATION AND SPACING

3.41 Measurement Locations

Fracture mapping (orientation, spacing, etc.) was performed at the rock outcrop at the
downstream left abutment of the existing dam. Steeply inclined (near-vertical) fractures were
observed on the rock highwall (above Lines 1 and 2 from i-angle mapping), as well as on a near-
horizontal bench (near Line 5 from i-angle mapping). It should be noted that in many cases, the
fractures were partially obscured by vegetation or weathered rock surfaces. Additionally, the
original excavation, blasting, and quarrying process that created the outcrop produced many
fractures that are not indicative of the regional fracture patterns.

3.4.2 Measurement Methodology
Strike and dip of observed fractures were measured using a Brunton Compass. Fracture spacing
was measured using a steel or cloth tape.

3.4.3 Measurement Results

On the highwall above i-angle Line 1, two predominant fracture sets were observed. The first set
had strikes ranging from N32W to N41W, dips of 88 to 89 degrees (from horizontal), and
horizontal spacing (perpendicular distance between fractures) of approximately 32 feet. The
second set had strikes ranging from N54E to N56E, dips of 86 to 88 degrees, and horizontal
spacing of approximately 17 feet.

On the highwall above i-angle Line 2, two predominant fractures were observed, although the
horizontal spacing could not be estimated due to limited exposure of the fractures. The first
fracture had a strike of N42W and dip of 88 degrees. The second fracture had a strike of N69E
and dip of 90 degrees. These orientations are fairly similar to those observed above Line 1, and
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both exhibit general strike orientations similar to feature orientations recorded in the lock
chamber and lower guide wall footprint from previous dive inspections, as discussed in Section
3.2.

Two sets of more closely spaced fractures were observed on the bench near Line 5. This
observation was unique and did not appear to be representative of other portions of the
outcrop. The fracture patterns may indicate an individual rock layer with more brittle behavior
(i.e., a stiffer material that tends to fracture more often) than the remainder of the exposed
outcrop. The first set had strikes ranging from N4W to N11E, dips of 87 to 90 degrees, and
horizontal spacing of roughly three feet. The second set had strikes ranging from N49E to N65E,
dips of 84 to 89 degrees, and horizontal spacing of approximately one-foot.

3.5 SITE INVESTIGATION

3.5.1 Pre-Construction Borings

A subsurface exploration program (locations, depths, orientation, inclination, type of sampling,
etc.) was developed by Stantec to support the design of the new lock and dam structures, as
well as the foundation improvement program. According to Weaver and Bruce in Dam
Foundation Grouting (2007), “exploratory drilling is most important feature of subsurface
exploration for design of a grouting program at a ‘typical’ dam site.” Information obtained from
the geological reconnaissance was used to assist development of the program. The program
consisted of thirty inclined and vertical borings positioned across the site, as shown on the
boring layout drawing in Appendix A. The type, orientation and location of borings are identified
on the boring layout drawing. General boring locations can be divided into the following groups:

* Seven borings were located on the right abutment; including one through the lock
land wall, three through the esplanade, and three upstream of the esplanade.

* Two borings were located in the upper lock approach.

* Eighteen borings were located upstream of the existing dam within or near the
footprint of the proposed dam. These borings were advanced from a floating plant
(barge).

* Three borings were located in the west (left) abutment within or near the footprint
of the proposed dam.

Vertical borings were used to obtain sediment and rock core samples for laboratory testing.
Target coring depths for these borings were a minimum of ten feet with additional depth of
drilling as deemed necessary in the field based on the subsurface conditions encountered in the
field. A total of ten vertical borings were planned as part of the exploration. Four vertical
borings were positioned on the right abutment with one boring through the lock land wall and
thee borings in the esplanade. One of these borings was positioned in an attempt to intercept a
potential cutoff wall at the upstream end of the lock land wall. The remaining vertical borings
were located within the confines of the Kentucky River. With the exception of one vertical
boring near the river lock wall, all vertical river borings were positioned near the centerline
alignment (designated at Baseline A, approximately 25 feet upstream of the upstream end of
the river lock wall) of the new dam.
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Inclined borings were incorporated into the exploration program to intercept steeply inclined
geological site features in the rock such as joints, fractures, fissures, etc. No sediment or rock
samples were obtained from inclined borings for laboratory testing. Boring inclination for land
borings was targeted at 30 degrees, while inclination for river borings was targeted at 15
degrees. The general coring depth of inclined borings was targeted at 50 linear feet with the
exception of one boring into the left abutment that was targeted at 60 linear feet. The depth of
drilling was extended in certain borings as deemed necessary in the field based on the
subsurface conditions encountered. Orientation (i.e., azimuth) of inclined borings was
determined from fracture set strikes measured during the geological reconnaissance (Section
3.4). In general, two lines of inclined borings were positioned both upstream (approximately 35
feet upstream of Baseline A) and downstream (approximately 25 feet downstream of Baseline
A) of the new dam footprint. Spacing between borings on the lines of inclined borings ranged
between ten to 30 feet. Target orientation of the upstream line of inclined borings was in a
N57E direction, while the downstream line of borings was oriented in a N33W direction. Drafted
boring logs and profiles along the dam baseline are presented in Appendix A. The drafted boring
logs include RQD values, recovery percentages, unconfined compressive strength results, and
unit weights.

3.5.1.1 Pre-construction Drilling Methods

Vertical borings were advanced through the soil or sediment overburden with 4.25-inch inside
diameter (ID) hollow stem augers. Boring locations on the esplanade were pre-cored to 12
inches in diameter with a thin wall coring apparatus for the depth of esplanade masonry stone
or concrete to accommodate the nine-inch outside diameter (OD) of the augers. Standard
penetration testing (SPT) and split-spoon sampling was performed on 2.5-foot intervals within
the soil or sediment overburden using a 140-pound automatic hammer. SPTs and sampling
were performed to provide an indication of soil consistency and obtain samples for laboratory
testing. Recovered samples were placed in labeled glass jars after visual classification and
measurement of recovery were performed. Inclined borings were also advanced with steel
casing with no soil or sediment sampling occurring in these borings.

Upon refusal of the auger or split-spoon sampler, flush-jointed, steel casing was driven or spun
into the borehole until the casing was seated into rock. Vertical borings utilized six-inch casing
to accommodate PQ-size (approximately 3.3-inch ID) coring equipment, while inclined borings
utilized four-inch casing to accommodate NQ-size (approximately 1.8-inch ID) coring equipment.
Split-barrel coring equipment using water as the drilling fluid and coolant were utilized in both
vertical and inclined boring applications. Rock coring was generally performed in five-foot
intervals for vertical (PQ-size) borings and ten-foot intervals for inclined (NQ-size) borings.
Water loss occurred on several borings and is identified on boring logs.

Upon rock core retrieval, the rock core was photographed and logged while still in half of the
split-barrel coring equipment. After the rock core had been photographed and logged, the core
was wrapped in plastic sleeves and placed in wooden core boxes. Core boxes were packed with
saw dust as necessary to reduce rolling or sliding of rock core within the box. The core boxes
were stored at the site and transported to Stantec’s Lexington, Kentucky office on a weekly
basis.

At completion of drilling activities, as-drilled boring locations were recorded with a survey-grade
GPS system. Top of casing, top of ground or barge deck elevations and location were recorded
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for each boring. As-drilled orientation of inclined borings was located by surveying an off-set

point in the direction of drilling. Borings were backfilled with cement-bentonite grout, pumped
utilizing a tremie tube.

3.5.1.2 Pre-construction Subsurface Exploration Results
Key information from the pre-construction subsurface exploration is summarized in Table 2.
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Table 2. Pre-construction Boring Summary

Bottom of | Inclination Average | Rock
Surface | Top of Rock Boring (from SPT RQD Coring
Boring | Elevation? | Elevation Elevation | Vertical) | Bearing | Sampling | Value Size
B-1 549.7 500.1 445.0 30° N33°W N 87 NQ
B-2 549.8 500.9 436.7 31° S57°W N 66 NQ
B-3 543.6 499.5 489.1 0° - Y 64 PQ
B-4 549.1 501.0 490.6 0° - Y 36 PQ
B-5 539.9 500.3 489.5 0° - N 68 PQ
B-6 543.8 500.0 490.0 0° - Y 67 PQ
B-7 540.6 499.9 489.6 0° - Y 62 PQ
B-8 534.6 499.1 487.4 0° - Y 60 PQ
B-9 534.6 500.3 450.8 14° N 80° E N 69 NQ
B-10! Terminated prior to encountering top of rock.
B-11 533.9 499.4 450.3 14° N61°E N 79 NQ
B-12 533.9 499.6 450.3 14° N63°E N 53 NQ
B-13 536.4 499.3 475.4 0° - Y 20 PQ
B-14 535.3 500.6 451.8 14° N 56° E N 47 NQ
B-15 536.1 500.8 452.3 14° N 58° E N 60 NQ
B-16 535.1 500.7 467.8 0° - Y 84 PQ
B-17 534.8 502.0 452.0 15° N 56° E N 51 NQ
B-18 536.6 506.8 453.9 15° N 55° E N 39 NQ
B-19 537.5 521.7 458.9 15° N70° W N 73 NQ
B-20 535.2 517.8 493.5 0° - Y 39 PQ
B-21 534.2 500.0 477.0 0° - N 88 PQ
B-22 536.6 506.4 473.9 0° - Y 91 PQ
B-23 534.3 521.5 470.0 15° N27°W N 83 NQ
B-24 533.4 504.3 454.8 15° N27°W N 84 NQ
B-25 533.6 501.3 450.6 15° N27°W N 81 NQ
B-26 533.7 500.5 450.0 15° N 28° W N 64 NQ
B-27 533.7 499.6 450.2 15° N 28° W N 78 NQ
B-28 533.3 499.1 450.1 15° N 24° E N 31 NQ
B-29 534.3 499.0 477.4 0° - Y 54 NQ
B-30 534.0 499.6 477.2 0° - N 78 PQ
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3.5.2 Additional Cell No. 2 Subsurface Exploration

Discussed later in Section 4.2.2, the grout curtain holes were advanced by means of percussion
drilling. During the installation of the grout curtain in Cell No. 2, void features were
encountered. The percussion drilling methods limited the information and the ability to further
characterize the subsurface conditions. As a result, concurrent with the grout curtain installation
in Cell 2, additional geotechnical cores were performed to gain a better understanding of the
extents of the feature and the subsurface conditions surrounding the feature. Eight additional
cores (C1 through C8, shown in red in Figure 12) were performed in October 2015. Three cores
were performed along the axis of the dam (which was coaxial with the original Secant Pile Wall
design), two were performed upstream of the axis, and three were performed downstream of
the axis. The additional core locations relative to the grout curtain borings and the dam are
shown in Figure 12.
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Figure 12 Additional Core Holes in Cell No. 2

The cores indicated that the feature was not as wide as the observations reported during grout
curtain installation. It was determined that the percussion method of drilling and the relatively
thin drill string diameter caused the drill string to divert from its intended inclination when the
decreased bit resistance was encountered in the feature. The drill string trended toward the
vertical as it was advanced through the feature. This made it seem like the feature was much
wider than anticipated when the intended borehole inclination was assumed.

In general, the additional coring showed that the location and width of the feature was
consistent with the original assumptions with lower quality bedrock around the feature. In
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addition, it appeared that the feature narrowed in the upstream portion of Cell 2. Eight
additional vertical core borings were performed along a revised secant pile wall alignment. The
intent of the additional core borings was to better define the feature and extents of lower
quality bedrock directly underneath the new footprint and shorten the wall length if possible to
economize the design. Locations of the additional cores (S2 through S9) are shown in blue in
Figure 13, along with the final Secant Pile Wall design.
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Figure 13 Final Secant Pile Wall Layout

3.6 PRESSURE TESTING

Pressure testing was performed in all pre-construction borings with the exception of B-10, which
experienced mechanical complications and was aborted prior to performing rock coring.
Pressure testing was conducted in a down-stage manner. As defined by Houlsby (1990), this
type of pre-design pressure testing is referred to as exploratory testing. Pressure testing
equipment consisted of a water valve, control valve, water meter, pressure gauge and single-
stage packer, all connected in series with a water line. Pressure testing was performedin a
phased approach and is consistent with guidance found in Construction and Design of Cement
Grouting (Houlsby, 1990). This method consists of using five pressure increments for a
particular test length. The pressure increments are performed in the following sequence: low-
moderate-peak-moderate-low. The five pressure runs are performed immediately after each
other and were performed for a total of five minutes per run.

Peak stage pressures were determined from a combination of guidance from several
publications. A one-pound per square inch (psi) per foot of depth guideline was used to
determine target peak pressures. Peak pressures were calculated from the top of overburden
or sediment in a given borehole location. Inclined boring linear footage was converted to
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vertical depth prior to calculating a target peak pressure. Once the peak pressure was
calculated, the low and moderate target pressures were determined consistent with Houlsby’s
methodology. For example, low and moderate target pressures for a peak target pressure of 40
psi would be ten psi and 22 psi, respectively.

The general pressure testing procedure consists of coring to a pre-determined depth or bottom
of test length. Once coring was completed and coring equipment was withdrawn from the
borehole, an inflatable single-stage packer was positioned and inflated at the top of the test
length. Water was then pumped into the test interval until the desired stage pressure was
achieved. The desired pressure was maintained for a specified time interval (five minutes) by
either adding water or bleeding water from the system. Volume of water (either added or
subtracted), actual pressures and time interval were recorded for each phase of the test.

A total of 105 pressure tests were performed as part of the Lock and Dam No. 8 pre-
construction subsurface exploration program. The average test length was 9.4 vertical feet with
maximum and minimum test lengths of 6.7 and 12 vertical feet, respectively. A Badger water
meter with a 40-gallon per minute capacity was used to measure water volume takes during
testing. Target peak pressures were not obtainable in multiple borings due to high water takes.
In these boreholes, only three testing increments were performed (low-moderate-low) and the
inability to reach target peak pressure was noted.

Testing was consistent with the lugeon test method, which is widely accepted and is a “pump-
in” test where the volume of water taken in a test length section is measured during specified
time intervals. Results of these tests provide an indication of the radial permeability of the
interval. The test method was derived by Lugeon in 1933 and the related unit of permeability
calculated from field measurements has been named after him. These calculated permeabilities
in conjunction with other factors are then used to determine whether the foundation rock
requires improvement.

3.6.1 Lugeon Values

After completion of pressure testing, lugeon values for each pressure increment (low-moderate-
peak-moderate-low) of each test were calculated. A lugeon unit is defined as one liter of water
taken per meter of test length per minute at 150 psi. In English units, a lugeon unit is equal to
0.0107620 cubic feet of water per foot of test length per minute at 142 psi. Equation 1 was
used to determine the lugeon value for each pressure increment of each test performed.

142psi
Ceeon < (LN [25e .
g " C Equation 1

Variables in Equation 1 are as follows: v is the volume of water taken during the test in cubic
feet (ft3), £ is the length of the test interval in linear feet, t is the time interval of each test
increment in minutes, P is the actual pressure of the test in psi, and C is the conversion factor
equal to 0.0107620 ft3/ft/min.

The lugeon test and subsequent calculation of lugeon values has a maximum sensitivity in low

permeability situations (Houlsby, 1990). Houlsby (1990) recommends the following guidance
related to meaningful variations in lugeon values.
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e Between one and five, each variation of one unit is meaningful.
e Between five and ten, meaningful increments are two units.

e Between ten and 15, meaningful increments are five units.

e Between 15 and 50, meaningful increments are ten units.

e Between 50 and 100, meaningful increments are 30 units.

e |tis meaningless to distinguish lugeon values above 100 units as all values above this
level have the same relative significance. Recommended practice is to quote these
values as greater than 100 lugeons.

Lugeon values greater than zero are indicative of flow through fractures, joints and/or other
features within the rock mass, while a lugeon value of zero is indicative of tight rock with no
measured flow through rock features. Calculated lugeon values for the pressure increments
performed during the exploration program ranged between zero and greater than 100.

For reference, a plot of water take in gallons versus Lugeon values for a representative water-
pressure test performed over five minutes over a stage length of 10 feet for various pressures
presented in Figure 14.

is
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Figure 14 Water Take vs Lugeon Values Plot

3.6.2 Flow Regimes
Calculated lugeon values from the five pressure testing increments of each test were used to

estimate flow regimes and select a representative lugeon value for the test length. Flow
regimes and representative lugeon values were determined using guidance from Houlsby (1990)

and are as follows:

e Laminar Flow: The lugeon values for all five test pressure increments are at or near
the same value. The representative lugeon value can be equal to the average of
the five individual values or any one of the individual values may be used. This
flow regime is typically indicative of finer cracks within the rock mass.

e Turbulent Flow: The lugeon values decrease as the pressure increases to the peak
value then increases as the pressure returns to the lowest pressure. There is a
sense of symmetry to the lugeon values over the five increments. This flow regime
is indicative of wider cracks with fast flow rates. The representative lugeon value
should be set equal to the lowest lugeon value at the peak pressure.
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e Dilation: The lugeon values remain near or at a similar value for the moderate and
low pressures, but increases during the peak pressure. This scenario indicates the
peak pressure has resulted in the opening of features due to the compression of
softer material surrounding the features or the closure of parallel features. The
representative lugeon value for this flow regime should be set equal to the lowest
pressure stage or the moderate pressure stage if these values are less than the

lowest pressure.

e Wash-out: The lugeon values steadily increase through the five pressure test
increments. This scenario indicates material within the void space of the feature(s)
is being removed allowing more water to pass through the feature(s), or the
water-pressure results in rock dilation and fallen debris prevents the feature(s)
from closing. The representative lugeon value for this flow regime should be equal
to the final low pressure value.

e Void Filling: The lugeon values steadily decrease through the five pressure test
increments. This scenario indicates the rock feature(s) are being filled and that
water cannot progress further. The lowest measured lugeon value is
representative of this flow regime.

Estimating the flow regime for a specific pressure test can be subjective, as the progression of
lugeon values for a given test may be difficult to associate with a definitive flow regime.

3.6.3 Results

A total of 105 pressure tests were performed on 29 borings during the subsurface exploration
program. A summary of assigned flow regimes and range of representative lugeon values are

presented in Table 3.

Table 3. Summary of Flow Regimes and Representative Lugeon Values

Number of Pressure .
. L . |Representative Lugeon Value
Flow Regime Tests Resulting in this
. Range
Flow Regime

Laminar 51 0to 38
Turbulent 15 9to>100

Dilation 29 Oto 12
Wash-Out 4 12 to >100
Void-Filling 6 2to 14

Further breakdowns of assigned representative lugeon values are as follows:

e 65 tests were assigned a lugeon value between zero and one,

e ten tests were assigned a lugeon value between two and three,

e six tests were assigned a lugeon value between four and five,

e three tests were assigned a lugeon value between six and ten,
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o four tests were assigned a lugeon value between 11 and 15,
e six tests were assigned a lugeon value between 16 and 50,

e and 11 tests were assigned a lugeon value greater than or equal to 100 (included in this
is a test assigned a lugeon value of 98).

The majority of pressure tests (80 out of 105) were assigned either laminar or dilation flow
regimes. Representative lugeon values for these tests ranged between zero and 38 with the
large majority of these tests (76 out of 80) assigned lugeon values between zero and five. In
general, these flow regimes are synonymous with low water takes, high RQD percentages and
few rock defects.

Turbulent flow regimes were assigned to pressure tests performed in three general locations on
the site and are typically associated with significant defects identified in the rock mass structure.
Within the right abutment and upper approach, this flow regime occurred along the upper test
length intervals (approximate elevations 498 to 489 feet) for borings B-1, B-2, B-3, B-4, B-6, B-7
and B-9. The test length for each of these borings intercepted water-stained features, vertical
fractures and highly fractured zones. Another group of borings riverward of the lock river wall
were also identified to have turbulent flow regimes. In this grouping, this regime occurred in
borings B-11, B-12, B-13, B-28 and B-29 to a depth of about 25 feet (approximate elevation 475
feet). Numerous deficiencies were observed in each of these borings and include highly
fractured zones, water-stained features, voids, vertical fractures and highly weathered shale
seams. This flow regime was also assigned to the upper test length interval (approximate
elevation 518 to 508 feet) of boring B-23. In plan view, this boring is the closest to the left
abutment of the existing dam. With the exception of boring B-8, this flow regime occurred in
locations where water staining was observed.

Wash-out flow regimes were assigned to pressure tests performed in three locations (four
separate borings). These locations include the lock land wall (boring B-5), riverward of the lock
land wall (boring B-12), and within the left abutment (boring B-19 and B-20) of the proposed
dam footprint. With the exception of boring B-12, which is in the vicinity of boring B-13, water-
stained features were present in each of the test length increments assigned wash-out flow
regimes.

Void-filling flow regimes were assigned to pressure tests in four borings (B-16, B-21, B-23 and B-
28). This flow regime occurred between 475 to 500 feet with the exception of boring B-28
where the flow regime occurred between 450 to 460 feet. Records for each water-pressure test
performed in a pre-construction boring is included in Appendix B.

3.7 LABORATORY TESTING

3.7.1 Soil Testing

Soil Nos. 1 through 5, described in Section 3.8.1, were classified based on laboratory testing of
representative composite samples taken from borings at the right abutment. No laboratory
testing was performed on Soil No. 6 as particle sizes were too large for the split-spoon sampler.
Classification tests included Particle Size Analysis (ASTM D 422), Atterberg Limits (D 4318),
Natural Moisture Content (D 2216) and Engineering Classification of Soils (D 2487) testing was
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performed on split-spoon samples taken in each soil type found at the right abutment.
Engineering classifications are referenced to the Unified Soil Classification System (USCS). Some
specimens were combined to form composite samples, if additional quantity of material was
needed or samples were similar in nature.

Soil No. 1 was classified as a silty, clayey gravel with a USCS classification of GC-GM.
Approximately 34 percent of the soil particles (by weight) were finer than the No. 200 sieve and
approximately 35 percent of the particles were larger than the No. 4 sieve. Atterberg limit
results from tested samples resulted in a liquid limit of 25, a plastic limit of 18, and a plasticity
index of seven. Natural moisture content for this soil type ranged between 10 and 22 percent,
with an average value of 15 percent.

Soil No. 2 was classified as a sandy, lean clay with a USCS classification of CL. On average, about
54 percent of the particles were finer than the No. 200 sieve. Atterberg limit results from three
samples resulted in liquid limits of 28, 22, and 30; plastic limits of 20, 17, and 20; and plasticity
indices of eight, five, and ten. Natural moisture content for this soil type ranged between 19 and
30 percent, with an average value of 23 percent.

Soil No. 3 was classified as a silty sand with a USCS classification of SM. Approximately 43
percent of the particles in this soil type were finer than the No. 200 sieve. The sample was found
to be non-plastic. Natural moisture content ranged between seven and 18 percent, with an
average value of 14 percent.

Soil No. 4 was visually classified as a sandy, lean clay (CL) to a clayey sand (SC). No further
testing was performed on this soil type.

Soil type No. 5 is representative of the sediment observed within the river channel and was
classified as a silty, clayey gravel with sand (GC-GM). On average, about 40 percent of the
particles were larger than the No. 4 sieve with approximately 20 percent of the particles finer
than the No. 200 sieve. Atterberg limit results from one sample resulted in a liquid limit of 24, a
plastic limit of 17, and a plasticity index of seven. Natural moisture content testing was not
performed on these samples. (Stantec, 2011)

3.7.2  Rock Testing

3.7.2.1 Methodology

Cores of the limestone and shale rock were subjected to unconfined compressive strength
testing (ASTM D 5607) and direct shear testing (ASTM D 5607). Prior to unconfined compressive
strength testing, the prepared cylinders were weighed to allow calculation of their unit weight.

The bedrock has many fractures and/or interfaces where sliding could occur, such as along
natural fractures in the bedrock. A proper assessment of the stability of the structures requires
consideration of the strength that can be mobilized at the interfaces along these joints. Direct
shear tests are well suited to measuring the strength of intact or jointed interfaces in these
materials. The data are used in conjunction with the field scale geometry of the bedding
surfaces (or joints between blocks) to establish appropriate strength parameters for use in
stability analyses.
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The nature and influence of non-planar fracture surfaces can be very different at the scale of the
lab test relative to the scale of the structures being evaluated. In general, lab test specimens
tend to over predict field strengths when the fracture surfaces are rough because the rough
surface has a relatively greater contribution to resistance in the lab test. Due to the natural and
expected variation in laboratory test results, a complimentary approach has been used to aid in
the interpretation and selection of representative shear strength parameters for the project.
This approach considers the available sliding resistance to be derived from two components; the
resistance available along a smooth planar surface, and the additional resistance available due
to the non-planar characteristics of the fracture. The first part can be estimated by running
shear tests on artificial saw cut rock surfaces (i.e., smooth sawn surfaces). The second part (the
1*t order i-angle; Section 3.3) is estimated for the site based on the surface roughness (or
waviness) of the bedding planes relative to the scale of the sliding mass (e.g., the base width of
the dam).

The normal stresses used to conduct the tests were extended to values representative of
stresses that can be expected below the base of the structures. Both peak and post-peak
strengths were recorded. Each specimen was subjected to multi-stage shear testing. That s, an
initial test was run at a specific normal stress to obtain peak and post-peak shear strengths.
Subsequently, the specimen was reset and sheared again under a different normal stress. This
generated a post-peak strength for the new normal stress. A peak stress was recorded only at
the first normal stress stage and typically each specimen was sheared at three different normal
stresses. In some instances (especially for sawn surface tests) a strong peak strength followed by
a lower post-peak strength was not observed. In these cases, only the post-peak strengths were
reported. In between stages, the interface was observed to confirm that the surface was not
degrading or polishing to the point that subsequent tests would not be representative. (Stantec,
2011)

3.7.2.2 Results

The limestone (with shale partings) rock was subjected to the following laboratory tests: direct
shear natural fracture (DSNF), direct shear sawn surface (DSSS), unconfined compressive
strength, and unit weight.

The direct shear strength of the limestone bedrock and the shale partings was tested along
natural fractures (i.e., bedding planes where each side of the plane has already been physically
detached from the other) and smooth sawn surfaces (horizontal cuts made in the laboratory).
Natural fractures were generally along the weaker shale partings, rather than in the parent
limestone material. Thus, only the shale partings could be tested along natural fractures. Both
limestone and shale were tested on smooth sawn surfaces generated in the laboratory.

Friction and cohesion values were estimated for peak and post-peak conditions using best-fit
methods. Note that neither of these conditions were necessarily used for design purposes.
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Table 4. Direct Shear Tests on Limestone with Shale Partings

Peak Friction Post-Peak
Material or Number of Angle Peak Friction Angle| Post-Peak
Interface Condition Specimens (degrees) |Cohesion (psi)| (degrees) |Cohesion (psi)
Shale Parting | Naural 6 59 0 48 0
Fracture
Shale Parting | Sawn Surface 6 N/A N/A 26 0
Limestone Sawn Surface 3 N/A N/A 30 0

Unconfined compressive strength tests were performed on the limestone to evaluate the
bearing strength, which may affect stability analyses that include an examination of loads that
could crush or fail the foundation. Three tests were performed on the limestone member, with
an average unconfined compressive strength of 11,200 psi.

Wet (saturated surface dry (SSD)) unit weights were estimated for the unconfined compressive
strength specimens. SSD refers to the condition of a sample in which surfaces of the particle are
saturated, but the inter-particle voids are otherwise dry. The average unit weight for limestone
was 167 pounds per cubic foot (pcf).

3.8 SUMMARY OF SITE CONDITIONS

3.8.1 Site Soil Conditions

Six predominant soil types were identified at the site. Four were located along the right
abutment, and two were within the river channel. Soil No. 1 was observed in borings B-3 and B-
7 from the ground surface (near elevation 542 feet) to an approximate elevation of 526 feet.
This soil type was described in general to be silty, clayey gravel, light brown to light gray in color,
moist, and very soft to very stiff in consistency. SPT blow counts (Nspr) for this soil type ranged
from two to 18, with an average value of seven. This soil type may be representative of backfill
material for the lock and guide wall structure during original construction.

Soil No. 2 was observed in borings B-3, B-4, B-6 and B-7. With the exception of boring B-4, this
soil type was in general observed between elevations 525 and 500 feet. This soil type was
observed to be between elevations 545 and 510 feet in boring B-4. This soil type was described
in general to be a sandy, lean clay, predominately gray in color, moist, and very soft to hard in
consistency. Nspr for this soil type ranged from weight of hammer (WH) to 44, with an average
value of four. This soil type may be representative of the native soil, as it is located at lower
elevations near areas (i.e., adjacent to the lock wall) where excavation would likely not have
been necessary and comprises the majority of boring B-4 where minimal excavation for
construction would likely have been necessary.

Soil No. 3 was only observed in boring B-6 from elevation 535 (directly beneath the esplanade)
to 520 feet. This soil type was in general observed to be a silty sand, light gray in color, moist,
and soft to very stiff in consistency. Nspr for this soil type ranged from four to 24, with an
average value of ten. This boring and soil type is in the immediate vicinity of a proposed cutoff
wall structure (USACE, 1913) at the upstream end of the lock land wall extending 50 feet into
the abutment. The top elevation of the cutoff wall is depicted as 534.5 feet on the historic
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drawing. While construction of this cutoff wall structure has not been verified, this soil type
may be representative of backfill materials from this effort.

Soil No. 4 was observed in B-4 and B-6 and was located within ten feet of the top of rock,
between elevations 510 to 500 feet. This soil type was in general observed to be a sandy, lean
clay or a clayey sand, brown to gray in color, wet, and soft too stiff in consistency. Nspr for this
soil type ranged from six to 14, with an average value of ten. This soil type may also be
representative of native soil materials as it is unlikely that excavation to support construction
was performed at this depth and distance from the lock structure.

Soil No. 5 was observed within the river channel. The soil type was in general described to be a
silty, clayey gravel with sand, brown to gray in color, wet, and very soft to hard in consistency.
Nspr for this soil type ranged from two to 34, with an average value of ten. While not retrieved
during sampling operations, numerous cobbles and obstructions were encountered at several
locations. This is anticipated given that numerous earthen and rock fill cofferdam structures
have been constructed upstream of existing facilities to support construction and repairs
throughout the years of service.

Soil No. 6 was also encountered within the river channel; however, this soil type was unable to
be sampled due to particle sizes larger than the split-spoon sampler. Similar to Soil No. 5, this
material may be the result of previous cofferdam structures constructed upstream of existing
facilities. This soil type is assumed to consist predominately of boulders and cobbles.

3.8.2 Site Bedrock Conditions

In general, the recovered rock coring consists of interbedded limestone (75 to 90 percent) shale
(ten to 25 percent), fitting the typical rock types expected in the Grier Limestone member, as
described previously in Section 4.1. In general, the limestone can be described as light gray, thin
to medium-bedded, microcrystalline, hard, weathered, with several shale partings and shaley
zones. The limestone contained fractured zones water staining on many of the fracture planes.
The shale is dark gray, laminated to thin-bedded, very soft to soft, and fresh to severely
weathered. In general, shale seams range between zero and 0.2 feet in thickness across the
majority of the site with a slight increase in thickness up to 0.4 feet in the upper portion of rock
cores taken at the left abutment. The following is an overview of subsurface rock conditions at
the site.

The proposed dam is planned to be located upstream of the existing dam. The proposed dam
footprint will likely occur within 25 feet downstream to 35 feet upstream of Baseline A. Top of
rock across the footprint of the proposed dam site is relatively planar with elevations ranging
between 499.0 and 502.0 feet. The rock surface is relatively planar with the lowest elevation of
499.0 occurring slightly riverward of the lock river wall. The top of rock surface slopes from the
right and left abutment toward the lowest rockline elevation near the lock river wall are
estimated at one and two percent, respectively. The rockline begins to transition upward
approximately 80 feet from the left abutment (distance from shoreline at normal pool). A total
of seven borings are located within this transition and identify two distinct rockline slopes. An
approximate 7.3(H):1(V) slope occurs between 80 and 50 feet of the abutment, while a steeper
approximate 1.5(H):1(V) slope occurs between the 50 feet and the left abutment shoreline. Dip
across the proposed dam footprint is near level to dipping slightly downstream. Dip measured
across borings B-14 to B-26 and B-11 to B-29 are 0.2 percent and 0.5 percent in the downstream
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direction, respectively. This is contrary to visual observations of the downstream rock
outcropping and the measured dip of one-degree in the upstream direction (Section 5.1.4).

Rock Quality Designation (RQD) values are a rough measurement of the degree of jointing or
fracture in a rock mass and is a borehole recovery percentage incorporating only pieces of solid
core that are longer than four inches in length measured along the centerline of the core.
Calculated RQD values for the site ranged between zero and 100 percent. Lower RQD values at
the site are primarily a result of numerous bedding planes, fractured and weathered shale
zones. In general, with a few exceptions, rock with a RQD less than 50 percent is located within
the upper five to 13 feet of rock. Exceptions to this generality include borings B-13, B-28 and B-
18. These borings are discussed below in further detail.

Borings B-1 through B-9 exhibit several similar subsurface rock characteristics. Borings B-1
through B-7 was located on the right abutment, while borings B-8 and B-9 were located in the
upper approach. Water staining of horizontal bedding planes was observed in borings B-1, B-2,
B-3, B-5, B-8 and B-9 and occurred within 2.9 vertical feet of each other between elevations
494.3 and 491.4 feet. Complete or partial drilling water loss occurred in borings B-2 and B-9 at
or near the elevation of observed water staining. Core loss of 0.2 feet was observed in B-1 and
is judged to have also occurred near the elevation of water staining. A photograph within B-1
from a down-hole camera near elevation 492 feet is presented in Figure 15. The photograph
appears to be of a horizontal opening in the bedrock with partial collapse of the surrounding
rock mass (boring B-1 is inclined 30 degrees). Core loss of 0.4 feet was also observed in boring
B-2 between elevations 490 and 480 feet with complete loss of drilling water return.

With the exception of boring B-4, numerous localized fractured zones and vertical fractures
were identified in the top 13 feet of rock in borings B-1 through B-9. Boring B-8, which is
located approximately 16 feet upstream of the upstream end of the lock river wall, contained
three distinct vertical fractures ranging between 0.9 to 1.5 feet in length. Small vertical
fractures ranging between 0.1 to 0.3 feet in length were also identified in borings B-3 and B-7.
Localized fractured zones in these borings ranged between 0.1 to 0.6 feet. A photograph of a
localized fractured zone in boring B-7 from a down-hole camera near elevation 498.5 feet is
presented in Figure 15. Portions of the surrounding core wall may have collapsed into the
borehole after coring equipment was extracted.

With the exception of borings B-13, B-28 and borings in their immediate vicinity, borings along
the proposed dam footprint (borings B-10 through B-30) exhibit similar subsurface
characteristics. In general, these borings exhibit characteristics of higher-quality rock with the
majority of RQD values exceeding 75 percent. Exceptions to this are within the top five to 13
feet of rock and boring B-18, which has RQD values below 50 for a depth of 25 feet. Few defects
(fractured zones, water staining, weathered shale seams, etc.) are observed in recovered core
samples for these borings and appear to be isolated occurrences. A small grouping of fractured
zones and vertical fractures are located within the top five feet of rock on borings B-19, B-20
and B-23 in the left abutment.

Two significant voids with observed drops in the drill rods were encountered in borings B-13 and
B-28 within the top eight feet of rock. Boring B-13 is located approximately 40 feet from the
center of lock river wall near the centerline (25 upstream of the upstream lock wall end) of the
proposed dam site, while boring B-28 is located approximately 20 feet from the center of the
lock river wall in line with the upstream end of the lock walls. In boring B-13, a 1.4-foot void was
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encountered between elevations 497.1 and 495.7 feet. In boring B-28, a 3.0-foot void was
encountered between elevations 496.0 to 493.0 feet. In both borings, complete or partial loss
of drilling water occurred when voids were encountered. Gray drilling fluid return occurred in
boring B-28 when the void was encountered indicating the void may be partially filled with
highly weathered shale, clay or sediment. After coring through the void in B-28, the steel casing
was driven and seated into the bottom of the void near elevation 493.0 feet. Another 50
percent loss of drilling water occurred during the following core run with a measured 0.5-foot
loss of core. While these two features may or may not be hydraulically connected, boring B-28
is at an approximate bearing of N66E from boring B-13. This is a similar orientation to features
documented in the floor of the lock chamber, as well as joint sets in the left abutment.
Previously documented features in the lock chamber are located in a general northeasterly
direction from borings B-13 and B-28.
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Collapsed sidewall

Water-stained feature with 0.2-
foot loss of core observed.

Highly fractured zone with
partial collapse of borehole.

Figure 15 Top — Down-hole Camera Photograph of B-1 Near Elevation 492 Feet (2011). Bottom
— Down-hole Camera Photography of B-7 Near Elevation 498.5 Feet (2011)

In addition to encountered voids, borings B-13 and B-28 contain numerous fractured zones,
water staining and weathered shale seams throughout the depth of the borehole. RQD values
for boring B-13 ranged between zero and 40 percent, while boring B-28 ranged between zero
and 57 percent. Numerous weathered shale seams were identified in boring B-28 ranging
between elevations 493 to 470 feet. These weathered shale seams are indicative of in place
weathering, which usually occurs in defects in the rock mass. Weathering of shale seams may
also be indicative of weathering due to the movement of water through discontinuities in the
rock mass. Although to a much lesser degree, several localized fractured zones and vertical
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fractures were also identified in borings B-12, B-27, B-29 and B-30, which are within the
immediate vicinity of borings B-13 and B-28. (Stantec, 2011)

3.8.3 Site Regions

For the purposes of summarizing data from the historical document review, site and geological
reconnaissance, geotechnical investigation, and laboratory testing; the dam site has been
divided up into four regions. The regions are presented in Figure 16 and include: Region1—
right abutment and upper approach, Region 2 — eastern portion of the proposed dam footprint,
Region 3 — western portion of the proposed dam footprint, and Region 4 — left abutment of the
proposed dam footprint. The following discussions provide a brief summary of observations and
collected data for each region described above.

:: - - :

e

Figure 16 Regions of Similar Subsurface Characteristics

3.8.3.1 Region 1 - Right Abutment and Upper Approach

In general, Region 1 extends from the lock river wall to the eastern limits of the esplanade and
from 25 downstream to 35 feet upstream of Baseline A. Existing structures in this region include
the lock walls, upper sill, concrete bulkhead wall, upper guide wall and the esplanade. The
masonry lock walls and upper sill are founded on rock and consist of hand-laid sandstone
masonry blocks with mortar. A concrete bulkhead wall was constructed immediately
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downstream of the upper gates and is founded on the masonry upper sill. Headward erosion
and scouring of the downstream face of the upper sill have resulted in slight undermining of the
bulkhead wall (0.1 to 0.2 feet). Spalling of masonry facing stones was also observed along the
interior faces of the lock walls within the chamber. The upper guide wall is a concrete wall
founded on wood piling to an unknown depth. Measurements of the wall face during site
reconnaissance indicate the wall is tilting (0.6 degrees from vertical) towards the upper
approach. Upper guard piers are in progressive states of failure; the downstream pier has failed
riverward and the upstream pier appears to be leaning towards the upper approach.

Historically, leakage through, underneath and around the lock structure has been an issue
prompting many assessments and facility repairs throughout the service of the facility. USACE
drawings from 1913 propose the construction of a cutoff wall structure along the upper face of
the lock land wall and extending into the right abutment approximately 65 feet from the lock
wall face. While implementation of this repair has not been verified, it serves as an indication of
historic seepage issues at the right abutment. In addition, several underwater assessments of
the lock chamber have been performed at the site. Observations from these assessments
include fissures in the lower lock chamber floor, crevices beneath the lock walls and observed
hydraulic connections to the lower pool. Leakage issues through the upper gates and culvert
filling valves were addressed in 2001 with the construction of a bulkhead wall and installation of
culvertinlet cover plates.

Borings within this region include B-1 through B-9 with three borings located within the limits of
the esplanade, three borings east of the upper guide wall, one boring in the lock land wall and
two borings in the upper approach. Four soil types were identified within the right abutment
with two soil types identified within the confines of the river channel. Top of rock in this region
ranges between elevations 499.1 to 501.0 feet and slopes at an approximate one percent slope
towards the lock river wall. In general, RQD percentages for the rock mass in this region were
less than 50 percent in the top thirteen feet of rock and increased to above 75 percent below
this point with a few exceptions. Numerous deficiencies in the rock were observed within the
top thirteen feet of rock. These include water-stained features, highly fractured zones and
many vertical fractures. Water-stained, horizontal fractures were observed in six of the nine
borings and ranged between elevations 494.3 and 491.4 feet. Complete or partial drilling fluid
loss and loss of rock core were observed in multiple borings. Three distinct vertical fractures
ranging from 0.9 to 1.5 feet in length were observed in boring B-8, which is located immediately
upstream of the lock river wall. No significant rock defects were observed in recovered cores
below elevation 487 feet.

Pressure testing results in this region correlated with calculated RQDs and observed features
within the rock mass. High water takes, turbulent and washout flow regimes, and high lugeon
values were associated with the top thirteen feet of rock. Representative lugeon values for the
top thirteen feet of rock range between 6 and greater than 100. However, the average lugeon
value above elevation 487 feet for this region is near 67. Laminar and dilation flow regimes with
low water takes and low representative lugeon values (below five) occurred below elevation 487
feet. (Stantec, 2011)

3.8.3.2 Region 2 — Eastern Portion of Proposed Dam Footprint

Region 2 is defined between stations 11+80 and 12+70 of Baseline ‘A’ within the proposed dam
site footprint (25 feet downstream to 35 feet upstream of Baseline A). Borings within this region
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include B-10 through B-13 and B-27 through B-30. Three borings were located along the
downstream edge of the proposed dam footprint, while four borings were located along the
centerline and two borings were located along the upstream edge. In general, RQD percentages
were lower within this region. With the exception of borings B-11, B-27 and B-30, RQD
percentages were calculated to be less than 50 percent for the top 25 feet of rock in this region.
RQDs below this elevation were calculated to be 60 percent or greater. Top of rock in this
region is planar and ranges between elevations 499.0 to 499.6 feet.

Two voids with observed drops in the drill rods during performance of coring were encountered
in borings B-13 and B-28 (vertical thickness of 1.4 feet and 3.0 feet, respectively) within eight
feet of the top of rock. Complete or partial loss of drilling fluids was observed when each void
was encountered with gray return water observed initially in boring B-28. While these two
features may or may not be hydraulically connected, boring B-28 is in a northeasterly direction
from B-13. This orientation is consistent with strikes measured in the rock outcropping on the
left abutment and the orientation of documented fissures in the floor of the lock chamber and
lower guide wall footprint. Numerous other deficiencies were also observed in B-13, B-28 and
the surrounding borings. These include many highly fractured zones, several vertical or inclined
fractures and water-stained features. Numerous weathered shale seams were also observed in
the upper 30 feet of rock in boring B-28.

High water takes during pressure testing corresponded with identified defects in the rock mass
and occurred to a depth of 25 feet below top of rock. Turbulent and washout flow regimes were
assigned for pressure tests performed within the direct vicinity of significant features such as
voids, highly fractured zones and water staining. With the exception of boring B-27,
representative lugeon values for this region to a depth of 25 feet below top of rock generally
ranged between nine and greater than 100. Laminar, dilation and void filling flow regimes with
low water takes and low representative lugeon values occurred below elevation 475 feet.
(Stantec, 2011)

3.8.3.3 Region 3 —Western Portion of Proposed Dam Footprint

Region 3 is defined between stations 10+50 and 11+70 of Baseline ‘A’ within the proposed dam
site footprint. In general, this region is associated with high quality rock. RQDs for this region
followed the general site pattern, with RQDs lower than 50 percent in the top ten to thirteen
feet of rock and increased to above 65 percent below this depth with a few exceptions. Few
defects in the rock mass were observed and judged to be isolated occurrences. Pressure testing
for this region was associated with low water takes, laminar, dilation and void filling flow
regimes, and low representative lugeon values. With the exception of the upper pressure test in
boring B-14 (representative lugeon value of 12), representative lugeon values for this region
were determined to be between zero and four. Top of rock in this region sloped towards the
lock river wall at an approximate two percent slope. (Stantec, 2011)

3.8.3.4 Region 4 - Left Abutment

Region 4 is defined between stations 10+00 and 10+50 of Baseline ‘A" and consists of the left
abutment of the proposed dam footprint. Seepage and leakage through the left abutment of
the existing dam has historically been an issue. Repair efforts have consisted of the installation
of grout bags along the upstream interface and grouting of shallow karst and joint features. An
existing rock shelter measuring approximately three feet wide, two feet tall and 20 feet in depth
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is located about 350 downstream of the existing dam. Top of rock in this region is sloping
upward towards the left abutment at an approximate 1.5(H):1(V) slope.

Borings within this region consist of B-19, B-20, B-22 and B-23. Lower RQD percentages are
associated in the rock mass above elevation 505 feet with several water-stained features, highly
fractured zones and vertical fractures observed. Rock below elevation 505 feet was observed to
be of high quality, with RQDs above 86 percent with no features observed. Turbulent and
washout flow regimes were associated with pressure tests performed above elevation 505 feet
and correspond to lower RQD percentages and high water takes. Representative lugeon values
for these tests ranged between 13 and greater than 100. Pressure tests performed below
elevation 505 feet were associated with laminar and dilation flow regimes, low water takes and
low representative lugeon values (zero to five).
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4 GROUT CURTAIN PROGRAM

4.1 GRoOUT CURTAIN DESIGN

Grout curtains are a foundation improvement technique installed for facilities founded on
fractured rock where underseepage is a concern. Grout curtains are common components of
concrete gravity dams when it is necessary to install a vertical barrier (“curtain”) to address
near-horizontal groundwater flow (seepage) in foundation material where excavation is not
feasible.

A grout curtain is installed in rock through the pressure injection of pumpable grout into open
boreholes. The boreholes are planned, spaced, and drilled with the intent of intersecting joints,
fractures, and discontinuities within the foundation rock that may be seepage pathways. The
performance of the grout curtain is evaluated by the rock mass permeability of the targeted
bedrock following installation. Following the installation of the grout curtain, there should be
less underseepage through the foundation rock as compared to the pre-installation condition.
The design drawings for the grout curtain at Lock and Dam No. 8 are presented in Appendix C.
The remainder of this section discusses in detail the design considerations of the grout curtain at
Lock and Dam No. 8.

4.1.1 Geological Considerations

The design of the grout curtain at Lock and Dam No. 8 began with a thorough understanding of
the unique geologic conditions at the site. First, the historic documentation, repair efforts, and
studies were reviewed to help narrow the focus of the pre-design geotechnical exploration and
geological reconnaissance. Refer to Section 3.2 for discussions regarding the site geology,
including historical observations.

The geological reconnaissance helped identify the strike, dip, and orientation of the bedrock and
visible features at the site. The information collected in the geological reconnaissance was
leveraged to determine the design orientation of the grout holes. The goal in laying out the
holes is intersect the most features within the bedrock that pose risk to underseepage. From the
geological reconnaissance, it was determined that the bedding at the site was nearly horizontal
which included some isolated clay seams and open bedding plans. The orientation of observed
features and discontinuities was near vertical.

The geotechnical exploration provided insight on the subsurface conditions along the alignment
of the proposed new dam. The boring logs and pressure testing data from each borehole were
reviewed to assess the permeability of the foundation bedrock across the site. While the boring
logs identified discontinuities within the foundation bedrock (such as karst features), the
pressure testing data provided an indication of the hydraulic conductivity and connectivity
between discontinuities in the foundation bedrock. Refer to Section 3.5 for details regarding the
geotechnical exploration at Lock and Dam No. 8, and Section 3.6 for the associated pressure
testing data.

The foundation rock at Lock and Dam No. 8 can generally be described as limestone with
interbedded shale partings. While several karst features have been historically documented at
the project site, most the foundation is best described as a soluble limestone with some solution
activity along joints and bedding planes. Moneymaker (1968) points out that “Solution cavities
are almost invariably present in the foundations and abutments at dam sites in limestones and
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carbonate rocks” as reported in Dam Foundation Grouting (Weaver and Bruce, 2007). According
to Weaver and Bruce, relatively minor solution activities in these types of geologic environments
can warrant extensive grouting programs.

4.1.2 Alignment, Spacing, and Orientation

The alignment of the grout curtain at Lock and Dam No. 8 extends across the river channel and
into each abutment. The grout curtain was designed to follow the alignment of the pool
retaining features of the new Lock and Dam No. 8 structure. Specifically, the grout curtain
begins on the east (right) abutment and extends across the upper approach near the upper sill
within the lock chamber, then turns upstream along the lock river wall, across the lock wall
connection cell along the centerline of the new dam continuing all the way to the west (left)
abutment. Unlike the floodplain geometry of the east (right) abutment, the west (left) abutment
consists of a steep sloping rockline that is densely vegetated above the crest of the proposed
new dam. The geometry of the west (left) abutment prevented the design of the grout curtain
to extend up the abutment, as designed on the east (right) abutment. As a result, a fan layout
was designed to extend the grout curtain into the left abutment that consisted of tightly spaced
grout holes that were advanced at initially near horizontal angles and successively installed at
steeper inclinations (from the horizontal).

The grout curtain at Lock and Dam No. 8 consists of two parallel rows. The alignment of both
rows follows project Baseline A, Baseline B, and Baseline C. The upstream and downstream row
of the grout curtain are spaced five feet apart along the designed alignment. The upstream row
was designed and installed 2.5 feet upstream (right of Baseline C), and the downstream row was
installed 2.5 feet downstream (left of Baseline C). The borings within the two rows are oriented
in opposite directions. This double row technique is the modern-day standard for large projects
(Bruce 2013).

The grout curtain was designed in accordance with spilt-spacing methods. Split-spacing refers to
the procedure of locating an additional grout hole between two previously grouted holes. This
design approach allows for adjustments to be made in the field based on the real-time results of
the installation of previous holes. The general method for installing a grout curtain designed
using split-spacing criteria is first, primary holes are installed, then intermediate holes referred
to as secondary holes, then additional holes called tertiary, quaternary, and so on can be
installed to achieve closure. Based on the subsurface conditions at the project site, a primary-
secondary spacing of ten feet was specified for the length of the grout curtain. This means that
at any single location along the extents of the grout curtain, the maximum spacing between two
grout holes will be ten feet. In the foundation bedrock beneath Cell No. 2, significant features
were encountered in the geotechnical exploration. As a result, tertiary holes were specified in
the design that reduced the maximum grout hole spacing to five feet.

The grout holes were designed at an inclination of 15 degrees from vertical as allowed by
construction constraints (i.e. access limitations, permanent structures, sheet piling cells, etc.).
Grout holes that were unable to be installed at this inclination were installed as vertical holes.
The inclination of 15 degrees was selected because of the orientation of the jointing as
determined during the geologic reconnaissance (Section 3.4). The bedding at the project site
was determined to be near horizontal with near vertical jointing. Therefore, it was determined
that the 15-degree inclination provided the greatest possibility to intersect joints, karst features,
and other foundation bedrock discontinuities. Houlsby (1990) stated that in the case where
jointing is horizontal and vertical inclined holes are preferred. Houlsby (1990) added that vertical
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holes in this geologic setting may miss many vertical cracks; and therefore, may not be as
efficient as inclined grout holes. Some in the industry have gone as far as to say angled holes are
“necessary” to ensure upstream-downstream oriented joints are intersected and treated (Bruce
2013).

The upstream and downstream rows of the grout curtain were inclined in opposite directions to
help reduce the potential for un-grouted windows within the grout curtain. Figure 17 presents
an orientation and inclination graphic of the double row curtain at Lock and Dam No. 8. Detail
(a) shows a typical grout curtain layout in a main cell, (b) and (c) presents section views of the
downstream and upstream grout curtain rows, respectively. Detail (d) demonstrates the
installation condition of both grout curtain rows installed at opposing inclinations.
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Figure 17. Grout Curtain Orientation and Inclinations (Webster and Hacker, 2016)

4.1.3 Design Depth

The design depth of the grout curtain was determined based on the results of rock core
observations and hydraulic water-pressure testing results from the pre-construction (2011)
geotechnical exploration. Along the length of the grout curtain, two tip elevations were
specified for the borings. The specified tip elevations in the design were EL. 465 and EL. 480.
The deeper specified tip elevations (EL. 465) are located in Cell No. 1, Arc Cell A1-2, and Cell No.
2 because of foundation bedrock conditions revealed in the pre-construction (2011)
geotechnical exploration. At these section of the grout curtain, weathering of bedrock cores was
observed at greater depths, as well as great permeability values from the water-pressure tests.
As a reference, Drawings A45 through A48 show a profile view of the grout holes with the
specified design tip elevations along the alignment of the grout curtain.

This methodology is consistent with the approach proposed by Donald A. Bruce (2013) in
Specialty Construction Techniques for Dam and Levee Remediation, which states that “The depth
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of the curtain should be based on geology and seepage assessments and not based on the
structure height.” Weaver and Bruce (2007) in Dam Foundation Grouting concluded that the
exploratory holes prior to designing a grout curtain should be based on the depth to a relatively
impermeable zone as opposed to the planned height of the structure.

Another approach to designing the depth of a grout curtain is to consider the height of the dam.
Weaver and Bruce (2007) cite the formula the U.S. Bureau of Reclamation (USBR) uses which is
presented in Equation 2.

D= (H/3) 1 C Equation 2
Where D is the depth of the grout hole in feet, H is the height of the dam above the grout hole,
and Cis a constant varying from 25 to 75 based on the rock mass permeability. Weaver and
Bruce (2007) also state that Szaly (1976) points out that construction of grout curtains produces
significant improvements only if the curtain is tied into more impervious rock; otherwise, the
seepage quantity will not be reduced. In conclusion, this alternate approach may be successful
in only controlling the seepage path length, and therefore protecting the integrity of the dam
structure (Weaver and Bruce, 2007).

4.2 CURTAIN INSTALLATION PROCEDURES

4.2.1 Curtain Sections

In general, the installation of the grout curtain followed the progression of the construction of
the new dam. After the cell infill (tremie concrete) had been placed within each circular sheet
pile cell, the foundation treatment began shortly thereafter. The grout curtain was installed in
the sections listed below from east to west (right to left):

e East Bank (Baseline D): Region 1

e Lock Wall Connection Cell (Baseline C): Region 2
¢ Cell No. 1 (Baseline C and Baseline A): Region 2
e Arc Cell No. A1-2 (Baseline A): Region 2

e Cell No. 2 (Baseline A): Region 2

¢ Arc Cell No. A2-3 (Baseline A): Region 3

e Cell No. 3 (Baseline A): Region 3

e West Closure Cell (Baseline A): Region 4

e West Bank Fan (Baseline A): Region 4

The upstream row of each segment along the grout curtain alignment was installed first. Then
the downstream row of the grout curtain was installed in that segment. This approach was
specified in the design to help reduce hydrostatic pressures on the downstream row of the grout
curtain during installation. Essentially, the upstream row served as a shield for the downstream
row during installation.

For each section of the grout curtain, the primary grout holes of the upstream curtain were
installed first. Then, the secondary holes were installed, and if deemed necessary based on
water-pressure testing information, tertiary grout holes were installed. This process was
repeated for the downstream row once the upstream row was completed.
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water-pressure testing information, tertiary grout holes were installed. This process was
repeated for the downstream row once the upstream row was completed.

4.2.2  Drilling Methods

Each grout hole was drilled using a down-the-hole pneumatically powered percussion hammer
drill. During the advancement of the drill string in each hole, the driller maintained a rock log
that was developed based on drilling observations, the rate of advancement of the drill string,
and cuttings washed to the top of the hole. Once a grout hole had been advanced to its target
depth, the drilling log was reviewed by the on-site engineer, and the foundation improvement
contractor’s foreman. The on-site engineer then selected depth intervals for water-pressure
testing (Lugeon tests) and prescribed the appropriate system for testing (single-packer or
double-packer). Each grout hole was advanced by means of upstage drilling unless subsurface
conditions warranted downstage drilling (e.g., loss of drilling water, borehole collapse, etc.).

4.2.3 Grout Hole Testing

Lugeon test intervals were typically performed over depth intervals ranging from eight- to
twelve-feet. These test intervals fall within guidelines provided in Dam Foundation Grouting
(Bruce and Weaver, 2007) which recommends test intervals of preferably three- to five-meters.
In the event a subsurface feature (i.e. a void, joint, etc.) was encountered during the drilling
process, the on-site engineer sometime selected to isolate this feature in a smaller test interval.
A Lugeon test was then performed on each prescribed interval. Each lugeon test consisted of
applying water at low pressure, a moderate pressure, a peak pressure, back to the moderate
pressure, and then back down to the low pressure. The pressure conditions were held for a five-
minute interval and were performed immediately following the previous pressure. During the
five-minute time interval, the quantity of water that segment of the hole “took” was monitored
and recorded on an Automated Grouting and Data Collection System. The peak, moderate, and
low pressures were determined using the same methodology as the pre-construction pressure
testing discussed in Section 3.6. While the exploratory testing data was used to help design the
alignment, layout, spacing, and orientation, the data acquired from the pressure tests discussed
in this section was used to determine the grout mix to be used, grouting stages, and to identify
connectivity with other grout holes. Houlsby (1990) refers to this step prior to grouting as the
grout hole testing phase.

The bottom interval of each grout hole was tested with a single-packer system, and the
remaining intervals were tested using a double-packer system. Each system consisted of one
(single) or two (double) inflatable bladder(s) that when inflated isolated the interval of interest
for the introduction of water. Two connections were made to each packer: one for compressed
air to inflate the packer and one for the water source. The single- and double-packer pressure
testing systems are the most common throughout the grouting industry (Bruce, 2013).

Houlsby (1990) recommends that each pressure increment be maintained for ten minutes
before switching to the next pressure increment. This time interval was specified to ensure that
any crack dilation, wash out, or rock movement would occur and provide an accurate
representation of permeability. However, other components of the dam construction were held
up until the completion of each grout curtain section. For example, each cell received two
reinforcing mats and a concrete cap after the installation of the grout curtain. Therefore, these
activities could not be completed until that grout curtain section was installed. Due to the
limited construction season on the Kentucky River due to the high-water conditions during the
winter months, the time interval for each pressure increment was reduced to five minutes as
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described above. This adjustment was contingent upon observation of the real-time flow and
pressure data from the Automated Grouting Data Collection System.

Once the pressure testing was complete, the data was reviewed to establish the plan for
grouting that hole. The pressure testing data was specifically reviewed for Lugeon values, total
water take, and zones of greater permeability within the grout hole. Utilizing this data, the on-
site engineer selected which grout mix to start with, and if single-stage or multi-stage grouting
would be most appropriate for that grout hole. Once, the grouting plan for that hole had been
agreed upon, the grout process began.

4.2.4 Grout Mixes

Three high mobility cement-based balanced-stable grout mixes were utilized in the grouting
program at Lock and Dam No. 8: Mix A, Mix B, and Mix C. Virtually all rock grouting for dams is
performed using cement-based grouts (Bruce 2013). Bruce specifically recommends the use of
balanced-stable grout mixes by saying “Balanced-stable grouts are easily formulated, do not
require significant and sometimes any additional costs, and result in higher-quality grout
curtains. For these reasons balanced-stable grout should be specified for all high mobility
grouting projects.” Balanced-stable grouts consist of cement, water, and admixtures, and have
replaced neat cement grouts as the norm in the grouting industry because of their reduced
propensity to bleed and pressure filtrate. (Bruce 2013)

The components of each mix consisted of water, pre-hydrated bentonite, cement, super
plasticizers, and viscosity modifiers (as necessary). The properties of each mix are presented
below in Table 5.

Table 5. Grout Mixes

Pressure
Filtration
Marsh Funnel Coefficient Final Set Time
Grout Mix W/C Ratio Time (sec.) | Density (pcf) (Kpf) Bleed (%) (hrs.)
Mix A 1.32 36 89.9 0.06 0.8 15
Mix B 1.03 43 94.2 0.06 0.8 12
Mix C 0.75 65 101.7 0.06 0.4 9

Immediately following batching, and prior to injection down a grout hole, certain properties

were tested in the field using a mud balance, Marsh funnel, and a graduated cylinder. The
pressures, flow rates, and total grout take volume were monitored in the field using the
Automated Grouting and Data Collection System. A small construction trailer was setup on-site
to house the Automated Data and Grouting Data Collection System. The on-site engineer and
the foundation improvement contractor’s geologist and superintendent monitored the grouting
data for each grout hole in real time. Adjustments between grout mixes were selected in the
field based on the data presented and recorded by the Automated Grouting and Data Collection
System. For example, if the on-site engineer observed the pressure and grout flow rate
remaining constant in a hole after 100 gallons of Mix A had been injected down a hole, the on-
site engineer would likely propose switching to a more viscous Mix B. Each hole was grouted
until the refusal criteria was achieved. The design defined refusal as a grout flow rate of 0.75
gallons-per-minute (gpm) held for five-minutes at the maximum pressure specified for the stage
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being grouted. The maximum pressure for each stage was the same maximum pressure used in
the pressure test for that stage.

According to Bruce (2007), the specified value for refusal criteria for grout holes varies widely in
North America. Typical ranges for refusal criteria range from near zero to a more traditional
value of 0.75 gpm. Bruce (2013) goes on to state that, “Specifying absolute zero take is not
recommended as this requirement exceeds the accuracy of flow measuring equipment.
However, a very low stage refusal criterion such as 0.1 gpm over a period of five-minutes or less
is recommended”. The grout flow rate criteria specified in the design at Lock and Dam No. 8
(0.75 gpm) is not as stringent as the criteria recommended by Bruce, but it falls within the
typical range throughout the grouting industry.

4.2.5 Automated Grouting and Data Collection System

The design specified the use of an Automated Grouting and Data Collection System to help
facilitate the processing of data quickly and efficiently in the field. The Automated Grouting and
Data Collection System consisted of three major components: a pressure gauge, a flow sensor,
and the Cinaut Manufacture and Control System, by Jean Lutz SA Civil Engineering Instruments.
The Automated Grouting and Data Collection System was used to pressure test (Lugeon test)
and grout each grout hole.

The pressure gauge and flow sensor were located at the grout header and measured gauge
pressure and flow on a one-second time interval. This data was collected and transmitted to the
Cinaut 15 through a serial data connection. The Cinaut instrument was used to plot the
measured data by the pressure and flow sensors in real time and produce reports to quickly
analyze the data. The Cinaut instrument had eight inputs that receive direct data from flow,
volume, and pressure sensors on the grout and water injection instrumentation.

During pressure testing, the screen on board the Cinaut 15 instrument displayed in real time the
following metrics:

Hole location and depth

Test start time and date

Water-pressure (measured directly by the pressure sensor)

Water flow rate (measured directly by flow sensor)

Lugeon value (calculated by the Cinaut software from pressure, flow rate, elapsed time,
and depth interval). This equation is presented in Equation 1 in Section 3.6.1.

During grouting operations, the screen on board the Cinaut 15 instrument displayed in real time
the following metrics:

Hole location and depth

Gauge pressure (measured directly by the pressure sensor)

Injection rate (measured directly by flow sensor)

Cumulative grout volume injected (calculated by the Cinaut software from flow rate and
elapsed time)

e Apparent Lugeon value (calculated by the Cinaut software from pressure, flow rate,
elapsed time, and depth interval)

All the information described above was then included in a report generated by the Cinaut 15
instrument. See Figure 18 for the setup of the Cinaut 15 instrument during grouting operations.
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An example of the grouting records collected during construction for a grout hole at Lock and
Dam No. 8 is presented in Appendix D. The tabulated results of the grout hole testing and grout
injection of each grout hole is presented in Appendix E.

Figure 18. Automated Grouting and Data Collection System Operation

4.3 PERFORMANCE TESTING

Following the installation of a section of the grout curtain, verification cores were core drilled
and then water-pressure tested to verify the effectiveness of the grout curtain prior to closing
that section. The number of verification cores for a section depended on the length of that
particular segment. For example, the section within Arc Cell A1-2 had one verification core while
the section of the grout curtain within Cell No. 1 had two verification cores.

Each verification hole was core drilled and logged by a licensed geologist. The verification holes
were then pressure tested consistent with the methods described previously. Due to the
inability to measure the effectiveness of the installation process against other metrics, the
pressure testing data collected at this stage is vital in assessing and guiding the performance of
the work (Bruce, 2013). The design criteria for the maximum permeability of the foundation
bedrock at Lock and Dam No. 8 was selected as three Lugeons. This performance criteria was
selected based on the site geology, financial constraints, the perceived value of water loss
through seepage or uncontrolled flow during times of severe drought, and anticipated
frequency of severe drought events (Webster and Hacker, 2016).

Therefore, the Lugeon values from the verification holes were then compared to this criterion. If
the Lugeon values of the verification cores satisfied this criterion that section of the grout
curtain was closed. In the event the criterion was not satisfied, split-spacing between grout
holes would have been executed to attempt to further reduce the permeability within the
foundation bedrock. No section along the grout curtain at Lock and Dam No. 8 required split-
spacing criteria based on the results of the verification holes. This is an indication that the design
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spacing, depth, orientation, and grout mixes were sufficient to satisfy the design criteria.
Appendix G includes the tabulated automated test data from the pressure testing and grouting
of the verification holes and grout holes for each section of the grout curtain.

Houlsby (1990) developed general guidelines to help in determining acceptable foundation
permeability criteria. The guidelines he developed began with the work of Lugeon (1933). As a
consultant, Lugeon worked on the principle that grouting is necessary where the permeability
exceeds one-Lugeon for dams over 100 feet high and three-Lugeons for those less than 100 feet.
In regard to seepage, Houlsby (1990) recommends that if the water is of “precious” value an
acceptable foundation permeability of one-Lugeon and if the water is worth the cost of
intensive grouting an acceptable foundation permeability of two- to three-Lugeons. In addition
to the seepage concerns, dam stability should be considered. Houlsby (1990) recommends a
Lugeon value of three to prevent piping of foundation materials. In general, the selected design
permeability of three-Lugeons is consistent with Lugeon’s principles and Houlsby’s guidelines.

James Warner, P.E. (2004) lists some challenges with selecting the appropriate cutoff criteria for
grout curtains in his book Practical Handbook of Grouting. Warner states that in designing a
grout curtain, “One must thus consider both the nature of the defects and the amount of
reduction reasonably required. Calling for a greater reduction in seepage than is rationally
required will virtually always come at a high price.” The balancing act between cost and seepage
cutoff is common throughout the industry. Both Warner (2004) and Houlsby (1990) seem to
suggest the solution to this challenge is to assess the value of the water that will be lost due to
seepage, and then set the closure criteria based on that consideration.

The location of the verification hole(s) was selected by the on-site engineer based on the
pressure testing and grouting data from the upstream and downstream row of the curtain along
a particular section. Generally, the areas within a section that demonstrated the highest
foundation permeability were selected for verification testing. This study considers 11 total
verification cores (Note: the verification core water-pressure testing data for Cell No. 1 was not
available at the time of this study).
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5 OBSERVATION AND INTERPRETATION OF DATA

Analysis of the observed subsurface data was performed for the various stages of the project
including the pre-construction geotechnical data, the data obtained during the grout curtain
installation, post-installation performance testing data, and piezometric data. These various
analyses are included in the following subsections.

5.1 ANALYSIS OF PRE-CONSTRUCTION GEOTECHNICAL DATA

As discussed in Section 3.5, a pre-construction geotechnical exploration was performed to assist
in the design of the foundation improvement program. The geotechnical exploration included
rock core borings and staged pressure tests. Specifically, an analysis of the RQD and the Lugeon
values obtained from the pre-construction geotechnical exploration is the focus of this section.

For each of the pre-construction borings, the average RQD value was computed. This value was
computed by weighting the RQD value for each individual core run over the total depth of
reported RQD values for that boring. RQD values were only considered within the elevations of
interest (i.e. some boring were advanced deeper than the design tip elevation of the grout
curtain. RQD values were considered from the top of rock elevation to approximately elevation
480 feet across the site, except within an area of Region 2 (STA. 11+40 to STA. 12+60).

Similarly, an average Lugeon value was computed for each pre-construction boring. The average
Lugeon value was computed by weighting the Lugeon value of each stage tested over the total
depth of the boring that was water-pressure tested.

The average RQD and average Lugeon values were plotted along Baseline A (see Figure 19). This
plot demonstrates the elevated Lugeon values in Regions 1 and 2, as previously discussed.
However, Figure 19 also demonstrates that there is not a direct relationship between RQD and
Lugeon values (i.e. low RQD values do not translate to low Lugeon values and vice-versa).
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Figure 19. RQD and Lugeon Values Along Baseline A
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To further investigate the relationship between RQD and Lugeon values, a plot of RQD-versus-
Lugeon values was created (see Figure 20). Figure 20 further demonstrates that these two
metrics (RQD and Lugeon values) used to characterize subsurface conditions are not directly
related. For example, from Figure 20 we clearly see that a maximum Lugeon value of 100 was
observed for rock that possessed an average weighted RQD value of 24 and 68. Two vastly
different values of RQD share the same Lugeon value further confirming that additional factors
at Lock and Dam No. 8 beyond RQD are influencing the foundation permeability recorded in the
pre-construction water-pressure tests.
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Figure 20. RQD-vs-Lugeon Values

A statistical analysis of these findings was performed and is presented in Table 6 for the entire
site and for each region across the site.
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Table 6. Statistical Analysis

Analysis RQD Values Lugeon Values Correlation Coefficient
Region MIN | MAX MEAN MIN | MAX MEAN

Entire Site | 24 91 66 0 100 31 -0.42

Region 1 36 87 65 16 100+ 70 -0.55

Region 2 24 88 64 2 100+ 32 -0.76

Region 3 39 84 66 0 3 1 -0.04

Region 4 39 83 72 2 25 12 -0.14

It is apparent from Table 6 that the mean RQD values across the site are nearly uniform. The
mean RQD value for all pre-construction borings across the site was 66. When the RQD data was
subdivided into the four regions identified in Section 3.8.3, the mean RQD values across the site
ranged from 64 to 72, indicating uniformity in the RQD value across regions and throughout the
foundation bedrock at Lock and Dam No. 8. On the other hand, the mean Lugeon value of all the
water-pressure test across the site was 31, while the range between regions was 1 to 70. While
RQD values across the site demonstrated smaller variations across the site, Lugeon values
fluctuated substantially throughout the four regions.

More specifically, as discussed in Section 3.8.3, Regions 1 and 2 have more documented karstic
conditions and problems. Table 6 presents the statistical correlation coefficient between RQD
and Lugeon values from the pre-construction values. The closer the correlation coefficient is to -
1, the relationship between the variables follows a negative correlation (i.e. as RQD decreases,
Lugeon values increase). The closer the correlation coefficient is to 0, the more the two variables
display independence of each other. The correlation coefficients for all regions demonstrated a
negative correlation. The correlation coefficients in Regions 1 and 2 are closest to -1, while the
correlation coefficients for Regions 3 and 4 are near 0. This statistical analysis demonstrates a
closer correlation between the RQD values and Lugeon values in Regions 1 and 2. However, the
relationship between RQD and Lugeon values breaks down in Regions 3 and 4.

RQD values are a direct reflection of the extent of weather, fracturing, jointing, and dissolution
of the subsurface rock sampled. The slightly higher mean RQD values in Regions 3 and 4 are
indicative of this. The extent of karstic dissolution and weathering in Regions 1 and 2 results in
an increase of interconnectivity of bedrock discontinuities; thus, resulting in a stronger negative
correlation.

5.2 ANALYSIS OF GROUT CURTAIN INSTALLATION DATA

The double-row grout curtain was installed in accordance with the methodology described in
Section 4.2. Following the drilling of a grout hole and prior to grouting, the hole was water-
pressure tested (see Section 4.2.3). This section analyzes the results of the grout curtain
installation bedrock permeability data in comparison to the pre-construction water-pressure
testing data, as well as the total grout takes (volume in gallons) considering the Lugeon values of
the grout hole water-pressure test.

The pre-construction geotechnical exploration included water-pressure tests within 29 rock core
borings. During construction, each grout hole was water-pressure tested following drilling and
prior to grout injection. The pre-construction water-pressure testing data was used to design the
various components of the grout curtain, such as, depth and spacing, while the water-pressure
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testing data obtained in each grout hole was used to identify cross-hole communication,
grouting stages, and which grout mix to use.

In general, the Lugeon values collected from the pre-construction geotechnical exploration were
consistent with the data collected during construction. The relationship between the Lugeon
values is demonstrated in Figure 21. Figure 21 plots the Lugeon values along Baseline A for both
the pre-construction tests and the grout hole tests. Both data sets demonstrate more variable
and generally higher Lugeon values in Regions 1 and 2. Similarly, Regions 3 and 4 demonstrate
generally lower Lugeon values. However, higher Lugeon values were noted in Region 4 further
into the left abutment in the grout hole water-pressure testing data than observed in the pre-
construction data. This likely occurred because the pre-construction core borings did not extend
as far into the left abutment as the grout holes. The grout holes advanced into the left abutment
were advanced at inclinations of up to 55 degrees where karst features were encountered and
could be observed in the rock outcrops along the left bank.
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Figure 21. Pre-Construction and Grout Curtain Installation Lugeon Values

Figure 21 also demonstrates isolated occurrences of high Lugeon values in the grout hole
installation data that were not observed in the pre-construction data. This is indicative of the
sporadic nature of the karstic dissolution of the limestone bedrock across the project site
throughout all four regions. The high Lugeon values collected in the grout hole testing in Regions
1 and 2 were observed in the pre-construction data likely because the extent of karstic
dissolution was more severe in these regions (see Section 3.8.3). However, the higher Lugeon
values observed in Regions 3 and 4 were not observed in the pre-construction borings because
the extent of karstic dissolution of the foundation bedrock was not as extensive in these regions.
Rather isolated karst features within the bedrock were encountered in the grout holes due to
the high volume of grout holes in comparison to the pre-construction borings. Although the
karst features observed in Regions 3 and 4 were not as extensive in terms of dissolution, these
features still demonstrate high permeability values than observed in the pre-construction
borings.

In addition to the comparison of the pre-construction Lugeon values and the grout hole Lugeon
values, the grout hole Lugeon values were compared to the total grout hole takes recorded
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during construction. On Figure 22 the Lugeon values and total grout take (volume in gallons) are
plotted along Baseline A for each grout hole of the grout curtain.
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Figure 22. Lugeon Values and Total Grout Takes

Generally, Figure 22 shows that higher Lugeon values typically translated to higher injected
grout takes. Figure 23 presents the total grout take in gallons for each grout mix (A, B, and C)
along with the associated Lugeon value of each grout hole.
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Figure 23. Total Grout Takes of Each Grout Mix
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The correlation coefficient between the Lugeon values and resulting total grout take within a
grout holes is 0.53. This demonstrates a positive correlation between the two data sets (i.e. high
Lugeon values translate to high grout takes). However, the correlation is not as strong as
expected. As shown in Figure 24, high Lugeon values did not always translate to high volumes of
grout injection. Based on the subsurface conditions encountered at the site, this is likely the
result of two factors. First, many of the karst features were observed to be infilled with alluvial
soil deposits which included clays, silts, sands, and gravels. Figure 25 plots each individual grout
mix take versus Lugeon values to provide additional comparison for each individual grout mix.

The Lugeon tests is performed using water and depending on the gradation characteristics of
the alluvial soils infilling the discontinuities, water may flow through easily, while the more
viscous, denser grout may not. Due to the infilling of the bedrock discontinuities at Lock and
Dam No. 8, high Lugeon values did not always result in higher grout takes. Second, this analysis
does not consider which grout mix was used in grouting. Throughout construction, the decision
of which grout mixes used to treat a hole was based upon the water-pressure test data.
Therefore, a hole with a high Lugeon value may result in a low grout take if Mix C (most viscous
mix used at Lock and Dam No. 8) was injected. However, if Mix A or Mix B were used in a similar
hole the grout take may be significantly higher.

5.3 ANALYSIS OF PERFORMANCE TESTING DATA

As discussed in Section 4.2.3, prior to grouting, each grout hole was water-pressure tested.
Following the installation of the grout curtain, verification cores were drilled and subsequently
water-pressure tested to determine if the closure criteria (average Lugeon value of 3) had been
achieved. A comparative analysis between the initial Lugeon values of the grout holes and the
verification cores will serve as an indicator of the efficiency of the design (depth, spacing,
alignment, and orientation), and the success of the installation (grout mixes, grouting pressures,
and quality execution).

The average permeability of the foundation bedrock at the Lock and Dam No. 8 project site was
determined to be 31-Lugeons. This average permeability of the bedrock at Lock and Dam No. 8

was determined from the water-pressure testing of 4,665-linear feet of grout holes prior to the
installation of the grout curtain. The Lugeon value observed in each grout hole prior to grouting
and the Lugeon value of each performance verification core is plotted in Figure 26.
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Figure 26. Lugeon Values Summary
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5.4 ANALYSIS OF PIEZOMETRIC DATA

Prior to construction, eight piezometers were installed along the east (right) bank along Baseline
D. The piezometers were open-standpipes that were screened in the foundation bedrock. Each
open-standpipe piezometer received an in-situ Level Logger that was set to continuously record
piezometric data every hour. That continuous log of piezometric data is stored on the
instrument’s internal memory for download at any time. Each piezometer is screened in the
foundation bedrock (limestone). The piezometric data from six piezometers will be assessed to
evaluate the efficiency of the grout curtain at Lock and Dam No. 8. Stantec performed well
maintenance on the instruments on May 9, 2017, and after bailing out the riser of piezometer B-
2, concerns arose that the piezometer may have been grouted and or damaged during
installation of the grout curtain. Additionally, piezometer B-5 was damaged during construction.
Therefore, piezometers B-2 and B-5 were not included in the assessment of the piezometric
data at Lock and Dam No. 8.

Piezometers B-6, B-7, and B-8 were installed 15 feet upstream of Baseline D, which is 12.5 feet
upstream of the upstream row of the grout curtain. Piezometers B-1, B-3, and B-4 were installed
15 feet downstream of the Baseline D, which is 12.5 feet downstream of the downstream row of
the grout curtain. Figure 27 presents a plan view of the piezometers installed at Lock and Dam
No. 8 along Baseline D.
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The piezometers at Lock and Dam No. 8 are installed at the eastern edge of the grout curtain. At
the edge of the grout curtain, there are three-dimensional seepage effects on the piezometric
data that are not considered in this study. For example, groundwater from the east bank
impacts the piezometric conditions at the location of the installed piezometers. Those effects
are assumed to impact each instrument uniformly and cancel out when making relative
comparisons between instruments before and after installation of the grout curtain.

The pre-construction piezometric data for each piezometer was assessed between the dates of
December 18, 2013, through August 4, 2014. This range of data was collected prior to any
installation of the grout curtain at Lock and Dam No. 8 (which began on August 6, 2014) and
represents the pre-curtain piezometric conditions at each instrument location. Piezometric data
for the post-curtain condition for each instrument was assessed between May 23, 2017, through
August 16, 2017. Figure 28 presents the post-curtain installation data for each piezometer
analyzed.
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Figure 28. Post-Curtain Piezometer Data

In general, Figure 28 shows a total head drop across the grout curtain. Piezometers B-1 and B-3
show lower total head conditions than piezometers B-8 and B-7 which are located directly
downstream on the downstream side of the grout curtain, respectively. However, piezometer B-
4 shows higher total head conditions than piezometer B-6 and piezometer B-4 is located directly
downstream on the downstream side of the grout curtain. This phenomenon is likely due to
three-dimensional seepage effects from the right abutment. Piezometers B-4 and B-6 are
located furthest up the right abutment from the river.

A plot of total elevation head versus headwater was plotted for each instrument during each
time interval. This plot allowed for comparison of total head readings for each piezometer for
similar headwater conditions between the pre-curtain condition and post-curtain condition.
Total elevation head versus headwater plots are shown in Figure 29 for each piezometer.
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Figure 29. Piezometer Total Head vs. Headwater

Each piezometer assessed showed a reduction in observed total head values for similar
headwater conditions following the installation of the grout curtain. This indicates that the grout
curtain reduces the total head at each piezometer location for various pool conditions.
Conclusions from the review of each plot in Figure 29 are presented in Table 7.
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Table 7. Piezometric Data Comparison

Piezometer Observations Pre-Curtain vs. Post-Curtain
B-1 Approximate reduction of five- to seven-feet in total head
B-3 Slight reduction in total head
B-4 Slight reduction in total head
B-6 Approximate reduction of five- to six-feet in total head
B-7 Slight reduction in total head
B-8 Approximate reduction of one- to four-feet in total head

To elaborate on the trends observed in the plot for each piezometer presented in Figure 29 and
discuss in Table 7, a portion of the piezometric data collected from piezometer B-1 was used to
create a similar plot. A total head versus headwater plot was developed for piezometer B-1
during a time interval in which the headwater fluctuated from approximate elevation 535 to
elevation 541. This plot is presented in Figure 30.
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Figure 30. Selected Data from B-1

Consistent with the trends summarized in Table 7, Figure 30 demonstrates that for similar
headwater conditions, total head measurements within piezometer B-1 have been reduced by
the installation of the grout curtain.
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Figure 30 demonstrates the general trend observed in all piezometers for the pre-curtain
condition that as headwater elevation increases so does the total head reading at the
piezometer inclination. The steeper the slope of the data, the greater the connection between
headwater and observed total head at that piezometer location. For example; a 1:1 slope of the
data points would suggest a direct connection between headwater and total head. As shown in
Figure 30, the slope of the pre-curtain data is generally steeper than the piezometer data points
for similar headwater conditions in the post-curtain condition. This suggests that the grout
curtain reduced the influence headwater has on the total head condition at this piezometer
location.
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6 DESIGN EVALUATION

The components of the grout curtain, the design and the installation requirements, are
discussed in Section 4. Each of these components will be evaluated in the following sections.

6.1 GEOLOGICAL CONSIDERATIONS

The original design of the foundation improvement program at Lock and Dam No. 8 included a
high mobility grout curtain, a low-mobility grout treatment of a specified area with Cell No. C2,
and a secant pile cutoff wall within Cell No. C2 consisting of 23 30-inch diameter concrete shafts.
The foundation improvement program was designed from review of the document historical
karst issues, an on-site geological reconnaissance, and a pre-construction geotechnical
exploration. Section 4.1.1 discusses the impacts the geological considerations had on the design.
Both the historical information review and the geological reconnaissance are limited by the
amount of information available. However, the pre-construction geotechnical exploration used
to develop the final design can be optimized the constructed product.

During construction at Lock and Dam No. 8 two components of the foundation improvement
program were significantly modified based on the subsurface conditions encountered during
installation of the high-mobility grout curtain. Construction modifications are typical in karst
environments because karst behavior is unpredictable and often concealed. The low-mobility
grout treatment was completely removed from the scope of work and the secant pile cutoff wall
was reduced from 23 shafts to seven shafts and re-aligned upstream. The modifications of the
secant pile cutoff wall is shown is shown in Figure 13.

The extent of karstic dissolution in the regions where the low-mobility grout treatment and the
secant pile cutoff wall was more severe than other areas across the site. Specifically, the low-
mobility grout treatment was designed to treat karstic dissolution around a principal joint within
the foundation bedrock of Cell No. C2, and the secant pile cutoff was designed to cutoff seepage
through the principal joint.

As discussed in Section 5.2, many of the discontinuities within the foundation bedrock were
infilled with alluvial soils deposited by the river. The low-mobility grout treatment was removed
from project scope during construction because of this infilling effect. The low-mobility grout
was denser and more viscous than the high-mobility grout used in the curtain and would not
have been able to flow through the alluvial soils within the bedrock discontinuities.

The principal joint within the foundation of Cell No. C2 was encountered in two pre-construction
borings. Based on the rock core from these two borings the secant pile cutoff wall was designed.
Historical information of this feature along the alignment of the new dam was not available
because the feature was concealed beneath the river.

The modifications discussed above were incorporated into new dam based on additional
information collected during the installation of the grout curtain. While the low-mobility grout
treatment was entirely excluded from construction, the secant pile cutoff wall was re-designed
during construction. The additional information provided information regarding the subsurface
conditions that were not evident from the pre-construction geotechnical exploration alone.
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6.2 ALIGNMENT, SPACING, AND ORIENTATION

The evaluation of the grout curtain design alignment, spacing, and orientation is best supported
by the analysis included in Section 5. Specifically, the performance testing data and piezometric
data confirm the proficiency of the designed alignment, spacing, and orientation of the grout
curtain.

The alignment of the grout curtain was laid out to follow the water retaining structures of the
new dam and was limited by constructability issues within an active river environment. The
spacing and orientation of the grout holes was determined by the geologic conditions at the
project site. The alignment, spacing, and orientation of the grout curtain at Lock and Dam No. 8
were selected with the objective of reducing the bedrock permeability of the site to three-
Lugeons or less. This metric was accomplished with the designed alignment, spacing, and
orientation (see Section 5.3). Piezometric conditions were also reduced as indicated by the
piezometric data collected from the right abutment (see Section 5.4).

In summary, the available metrics at Lock and Dam No. 8 indicate that the designed alignment,
spacing, and orientation of the grout curtain was satisfactory.

6.3 DESIGN DEPTH

The depth of the grout curtain at Lock and Dam No. 8 extended to two different elevations: EL.
480 and EL 465. The bottom elevation of the grout curtain was designed based on the
subsurface, geologic conditions encountered along that section of the grout curtain in the pre-
construction geotechnical data. This methodology of designing grout curtains is widely accepted
as discussed in Section 4.1.3.

An alternative approach to designing the bottom elevation of a grout curtain and is also
discussed in Section 4.1.3. This method determines the depth of the grout curtain based on the
structural height of the dam and is used by the USBR. This equation is not valid at Lock and Dam
No. 8 because of the subsurface conditions at the site. The formula incorporates the structural
height of the dam into the calculation to reduce the hydraulic gradient beneath the dam.
However, Lock and Dam No. 8 is founded on limestone bedrock and material erosion resulting
from high hydraulic gradients is not a failure mode of concern. At Lock and Dam No. 8 the
objective of the grout curtain is to reduce foundation seepage to support the retention of Pool
No. 8.

In this particular case, the depth of the grout curtain must vary to accomplish that goal. While
the structural height of the new dam is uniform across the site, the depth of karstic dissolution
in the foundation bedrock varies. In order to support adequate pool retention, the depths of the
grout curtain must vary to support these conditions. The design depth and selected approach
are optimal for the conditions encountered at Lock and Dam No. 8, as well as the objectives of
the grout curtain. A plot comparing the different depths that would have been determined from
the two proposed methodologies discussed in Section 4.1.3 is included in Appendix F.

6.4 CURTAIN INSTALLATION PROCEDURES

The grout curtain at Lock and Dam No. 8 was installed in general accordance with the
procedures outline in Section 4.2. Prior to setting up to drill a grout hole, the depth, alighment,
spacing, and orientation of that particular hole were predetermined by the design. However, the
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grouting stages within a hole and the grout mixes injected in the hole were determined in the
field based on the grout hole testing described in Section 4.2.3.

In the field, the Engineer required the grouting Contractor to wash each hole after drilling and
prior to water-pressure testing as well. The hole was washed with water until the return water
was clear and free of sediments. The washing of the grout holes became increasingly important
as the infilling of bedrock discontinuities was encountered in grout holes across the site.
Washing each grout hole would help remove the fine-grained soil particles from the
discontinuities prior to water-pressure testing and grouting. This procedure allowed for a more
representative measure of the bedrock permeability because the infilling is a short-term
condition because of the active marine environment of the river. Additionally, the washing of
the fine-grained alluvial materials from bedrock discontinuities allowed for grout to flow
through the discontinuities and treat the features as designed.

Although not specifically specified, grout hole washing was a critical step in adequately treating
the foundation bedrock at Lock and Dam No. 8.
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7 DISCUSSIONS AND CONCLUSIONS

The available metrics at Lock and Dam No. 8 indicate that the grout curtain is successfully
cutting off seepage as the design intended (refer to Section 5). Specifically, the analysis of the
performance verification core holes and piezometric data suggest the grout curtain is
performing as intended. The following recommendations are derived from the design,
installation, and evaluated performance of the grout curtain at Lock and Dam No. 8.

The pre-construction geotechnical exploration at Lock and Dam No. 8 is discussed in detail in
Section 3.5.1. In total, 30 borings were advanced along the new dam alignment and abutments
that were utilized to design the grout curtain. However, additional rock core borings would have
been beneficial to help characterize the extent of karstic dissolution in Region 2, specifically in
the foundation of Cell No. C2. This location received significant modifications from the original
design based on the subsurface conditions encountered in the installation of the grout curtain.
As discussed in Section 6.1, the low-mobility grout treatment was removed from the
construction scope and the secant pile cutoff wall was significantly reduced.

In the design of grout curtains and other foundation improvement components, thorough
characterization of the karstic features is essential in the installation of a seepage cutoff and
successful completion of the project. Karst conditions are problematic and terrifying to Owners
throughout this region. However, thorough geotechnical exploration of significant karst features
helps reduce and alleviate the risks and problems of construction in karst environments. A more
focused geotechnical exploration of the karst conditions identified in Region 2, specifically
additional rock core borings and downhole camera footage, would have been valuable in
designing the foundation improvement features and reducing the potential for change orders to
the Owner. While it may be impossible to fully characterize the degree of dissolution of karstic
features in limestone rock, this case demonstrates that the more information available the more
power and control the designer has over these conditions.

The piezometers at Lock and Dam No. 8 have recorded valuable piezometric information along
the right abutment. This information has been used to monitor the performance of the grout
curtain at Lock and Dam No. 8 since construction completion (see Section 5.4). These
piezometers were installed by the design Engineer for this exact purpose. However, these
piezometers are spatially and geographically limited. These piezometers only provide
piezometric information along one location of the grout curtain and suffer from the three-
dimensional effects of seepage from the abutment. In order to evaluate the full performance of
a grout curtain, adequate piezometric instrumentation should be installed upstream and
downstream of the grout curtain along the extents (abutment-to-abutment) of the curtain.
Specifically, piezometers should be installed along sections (upstream-to-downstream) where
the seepage regime may change. For example, to fully understand the piezometric conditions in
the foundation bedrock at Lock and Dam No. 8 following the grout curtain, a section of
piezometers would be recommended at the following locations in addition to the right
abutment:

o Left Abutment
e Typical Section of the Dam
e Section through Region 2 (near secant pile cutoff wall)
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The addition of these piezometers would provide a thorough understanding of the piezometric
conditions across the site of the as-constructed condition. This information would be useful in
identifying potential seepage windows in the curtain, long term monitoring, and identifying
development of new karst features.

Grout hole washing was executed and implemented in the field based on the subsurface
conditions encountered at Lock and Dam No. 8. This process was a critical aspect of the grout
curtain installation. This process proved so significant that it is recommended to be specified in
the curtain installation procedures for similar projects. In active river environments, karst
discontinuities within the bedrock will be subject to various degrees of infilling over time.
Eliminating the temporary infilling conditions with a more permanent grout treatment is
essential for the seepage cutoff. Designers should include requirements for washing that dictate
durations of hole washing, methods (air, water, etc.), and criteria for completion of washing.
This process control provides an additional measure of quality check for the designer on the
installed grout curtain.

Karst conditions are problematic for engineers, designers, and owners for many reasons, but
mainly because karstic dissolution is hard to characterize, unpredictable, and often concealed.
While designers and engineers should make all efforts to fully characterize karst conditions, on
the other hand, they must also remain flexible throughout the construction process. Additional
subsurface information is collected throughout the installation of grout curtains. This
information may provide a confidence boost or reveal previously unknown conditions. When
this happens, designers and engineers, must not remain loyal to design, but rather remain loyal
to goal of seepage cutoff. This requires designers and engineers to interpret the additional
information from construction immediately and in real-time. Designers and engineers must
remain flexible throughout construction to modifications that new information may require.
This proved critical at Lock and Dam No. 8 and resulted in the reduction of construction scope.

While limited metrics are presently available to evaluate the efficiency of the grout curtain at
Lock and Dam No. 8, the evaluations discussed in Sections 5.3 and 5.4 indicate that the grout
curtain is effective in reducing the seepage pressure underneath the dam. The ultimate metric
of efficiency for the grout curtain at Lock and Dam No. 8 will be the performance of the new
facility during severe drought conditions.
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APPENDIX A — PRE-CONSTRUCTION BORING PLAN AND DRAFTED
LOGS
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topography were obtained from site f ‘ ~ ; | ‘
mapping developed by Stantec Consulting : l . . i %
Services Inc. between the dates of May 4, POOL NO. 7 ‘ 1 i \
2011 and July 6, 2011. Hydrographic ) ) ' !
. . . 0 Geologic Reconnaissance : : %
information (stream bed contouring) was Line (Typ. See Table) :
developed by Stantec Consulting Services E / : 5‘
Inc. on July 5 and 6, 2011 using a mapping N ' E ‘: %
grade GPS locator device and sonar / I ‘i !‘
equipment. The surface of the stream bed /Y/ o / | :.
has likely changed since performance of the / l 22400\ —+ o i '= %,
. / 1 \
hydrographic survey. /-Derrick Stone | 0 _g IE {‘ \
4. Because of the long project history, Yo'a ' g § 'i '3 %,
undocumented repair efforts and lack of o o ’. 5 \
as—built information, not all site features (55 S e | i .
< c i |
may be accurately reflected. 3 S S e | § | ' N f
5. Some mechanical components and buried £ . © \P | & {Approximate Limits of Clay
ey o [ ICapped Lead Disposal Area
utilities have not been located and are not - LE %
shown hereon. S " | %
()] | |
. o i i
— = | \
| e L
Concrete Apron / ! :
. | !
' i i Concrete Sidewalk 1
- L ! %
| . & | LEGEND
. O] O] ‘. © Soil Boring with Standard Penetration Tests
- B-4 I @ Soil Boring with Standard Penetration Tests
B-7 / d R kgC
: ! an ock Core
o |
| R e N Jg e
line 11 82.797.6 [ 1,542,823 3| 525.8 DAM NO. 8 . Conclate earing of Inclined Boring
N® ' 789,825.1 | 1,542,834.8 | 526.1 I — Bulkhead OHE Overhead Electric Line
Line 2 23,323.8 1.2:3.2%.; %1156.? Wall . dous —— — — — Property Line
89.947.9 | 1.542.894.8 | 513.7 ' o -~ — — — Property Line at River Edge
Line 3 sa'ars VORI . Dam Crest — Elev. 530.8’ > o . P .
89,962.8 [ 1,542,905.6 | 513.8 - édjon;erl_. roperty Line
. 89,945.9 | 1,542,887.4 | 513.7 N - ) 1B : ounty Line
Line 41"89.970.1 [1.542.905.0 | 514.0 PS—28 Pmng/./ / . — — — — Approx. Limits of Lead Paint Remediation
Line 5| B:814.9 1,542,858 519.9 (Approx. Location) Upper-Gatgs OB—S x—x—x— Fence
89,846.9 | 1,542,870.1 520.6 .
Lo 6| 8%.780.8 | 1,542,818.6 | 525.6 ? / Index Contour
ine 650 Toa6 15429355 530, N Lo o AT e g g Intermediate Contour
""" b= Index Hydrographic Contour
BASELINE LOCATION TABLE \ L Uses stream ydrograp :
- - - - B—27 e Intermediate Hydrographic Contour
IBaf:I,me QSt:Otlgg :gr;gg% 15E:2stérg38 a \ B-24 B—25 B—26 —b Dam WO ® Hydrographic Survey Limits
+ . y . ) ) . [l l ° o * 1
"A”__|15+00.00| 89,465.5 | 1,543,225.3 | b @ E [ ! s6 B—6 e B—2P = Stream /Ditch Line/Body of Water
‘B"_ [18+00.00| 89,339.7 | 1,542,959.4 E B=~23 . \ Treeline
‘B° [24+00.00] 89,896.6 | 1,543,182.7 i I \ 1 Conc. Concrete
~ PP & Power Pole
BORING LOCATION TABLE : ® o ‘ Concrete } P Light Pole
[Borin Elev Inclination B2 B—-30 M T . ) B-3 Pad o ox 9 :
9| Northin Eastin . |orientation . 190 PLP @3¢ Power and Light Pole
N orthing asting I (rt.) (from Vert.)| / .
B°1‘ B9.477.6 | 1,543,108.8 [549.7| N 35 W 3o | ®© B—22 ® O] © B-9 "@ \ ® ouy Wire
B—2 | 89.527.9| 1.543.155.5 |549.8] S 57° W 31 | i B~20 . | B-16 | B-10 g_13 (] , || | | , WM o Water Meter
B—3 | 89,530.5]1,543,086.4 |543.6 N/A N/A | ! | ; | Upper Guard Pier/%)‘ ‘ | \ FPo Flag P.ole .
B—4 | 89,596.9 | 1,543,186.6 |549.1] N/A N/A (Partially colldpsed . Baseline ‘A’ IPC ® Iron Pin with Cap
B—5 [89,579.4 | 1,543,091.5 [539.9] N/A N/A [ | and submerged) '| aseline SG 1 Staff Gauge
B—6 | 89,548.8 | 1,543,114.5 [543.8] _N/A N/A Q i o . o : Q csG 6 Crest—St G
B—7 | 89,619.9] 1,543,126.3 |540.6 N/A N/A o | o o 20400 — 2 res age Gauge
B—8 | 89,567.8 | 1,543,015.4 |534.6] N/A N/A + + | (4\] : 3 COE MON [ Found Monument .
B—9 [89,543.3]1,543,046.8 [534.2] N 8})‘ E 1;‘ Q { @ B—18 = B14 - d - | g—{ ~ 522.3 ¢ Sediment Sounding Location
B—10] 89,594.7 [ 1,542,923.0 |533.7 N/A N/A ol @ d : —_—
B—11]89,532.9 | 1,542,964.8 [533.9] N 61 E 14° E B-19 B—17 l B—12 | e DATE RENOVATION OF KENTUCKY RIVER LOCK & DAM NO. 8
B—12] 89,558.6 [ 1,542,925.4 [533.9] N 63" E 14° / B—-15 : 6 ‘ E 5 JESSAMINE AND GARRARD COUNTIES, KENTUCKY
B—13]89,587.4 |1,542,935.7 |536.4 N/A N/A ! —_—
B—14] 89,566.1|1,542,893.0 [535.3| N 56" E 14° | / B-—-11 -| 2 AS BUILT DATE 2011 BORING LAYOUT DRAWING NO.
B—15] 89,580.6 | 1,542,864.2 | 536.1| N 58" E 14° : :
B—16] 89.613.0 | 1.542.880.2 [ 5351 N/A N/A g - 5 BRAWN_BY COMMONWEALTH OF KENTUCKY 3 OF 18
2 : 2 2 : : POOL NO. 8 | . BFS
B—17]89,598.7 | 1,542,823.0 |534.8] N 56° E 15° : ; Upper Guide Wall 3 ERED BT KENTUCKY RIVER AUTHORITY SCALE
B—18| 89,604.1] 1,542,801.7 |[536.6] N 55' E 15° : | 7 DAG/ALW FINANCE AND ADMINISTRATION CABINET 1" = 20
B—19] 89,619.6 | 1.542.783.0 [537.5] N 70" W 15° | : 8 A & E FILE NO. DEPARTMENT FOR FACILITIES MANAGEMENT REVEEWED
B—20| 89,645.6 [ 1,542,796.3 [535.2 N?A N?A Upper Guard I 9 175561026 DIVISION OF ENGINEERING DIV. OF ENGR.
B—21]89,596.4 | 1,542,925.7 |534.2 N/A N/A o ' Pier i s
B—22] 89,641.3 | 1,542,811.2 |535.6] N/A N/A ‘v = | I T DATE 7 For Antent Ocly
B—23| 89,668.7 11,542,802.4 |534.3] N 27" W 15° i T 'S s : ’ ﬁ n ENGR. FILE NO.
B—24| 89,656.7 | 1,542,838.3 [533.4| N 27" W 15" ] . Ol'a, g’:o- 1236+C1)gg8 % 'Q, = “ NOV., 2011 oA _
B—25| 89,639.1]1,542,875.2 |533.6] N 27" W 15° Tle a. +15.80,
° L] x
B—26| 89,627.7 | 1.542,907.9 |533.7| N 28" W 15 ; t SlE FOR INFORMATION ONLY
B—27| 89,611.6 | 1,542,950.7 [533.7| N 28" W 15° [ 3 59 0 O e d? FEET AGENCY DATE
B—28| 89,598.0 | 1,542,979.9 |533.3| N 24' E 15° I E O/&; GRAPHIC SCALE: 1" = 20’ TION AUTHORIZED AGENT — Approved for Program Concept Only
B—29] 89,602.5]1,542,997.0 |534.3 N/A N/A ! i CONTOUR INTEIéVAL - 2 NOT FOR CONSTRUC
. = DIVISION OF DATE
B—30] 89,584.7 | 1,542,950.4 [534.0] N/A N/A i x | HYDRO. CONTOUR INTERVAL = 1’ ENGINEERING Approved for Program Concept Only
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B—1 B-2
N 33" W S 577 W
30" Inclination 31° Inclination
P ey B—2 (Cont’d)
?o;?? 00 S 57° W
< : 31° Inclination
990 7 549.8 7 550
’/,,, ’/,,, 460 460
545 //,, //,, 545
® ”/,, ,’/,, 455 455
940 ,,/,, 6/23/11% ,,/,, 540
//,, //,, 450 450
535 s35.0 KO ’//, 535
X <
. % 445 445
6/20/11 ¥ //
530 .. //,, 530
... ’//,, 440 440
525 ... ® ’//,, 525
... //,, 435 435
520 .. ’//,, 520
® .MI ‘%%b
515 '... //,, 515
510 ..... ’l,,, 510
505 ..... ,,/,, 505
... T.0.R.—500.9 :LIMESTONE, weathered
500 LO.R. & B.C.—500.1 \4N .C.—500.3 T\ (augered to 500.3) °00
I\ L
% N\ TN
G\ R
495 N\ N\ 495
N VERN
> A N~
A A 2N
© =2 -:;,OO 1
\ [—\
490 R a\ 490
(=) -
\ [>) A
[\ N\ ~—\
C 1\ \| )
O\ Nn
\ =\ =2
485 =N &) 425
oD \EA oS\ LIMESTONE, microcrystalline to
Numa \L\ fine—grained, light gray, thin
A=y &\ to medium—bedded, hard, with
) D shale partings throughout. SHALE
480 D\  LIMESTONE, microcrystalline to NI\ is dark gray, silty, laminated, 480
\&n\ fine—grained, light gray, thin G\ soft to moderately hard
&L\ to medium—bedded, hard, with T\ Water staining between
\[A\ shale partings throughout. SHALE =1 492.1—492.0 and 493.7—
475 =2 N\ is dark gray, silty, laminated, ‘-; 493.6; Fractured zone 475
®7 NFA\ soft to moderately hard > 2\ between 492.1—492.0
“‘-;h Water staining at 492.1 N and 493.2—493.1: 30%
=\ (joint) and between 492.0 T\ water loss between 493.7
A and 491.8; Fractured zones DN and 493.6, 20% water loss
470 NN between 493.4—493.3, 2\ between 492.1 and 492.0, — 470
T\ 491.0-490.9, 486.0—485.8, =2 and 100% water loss at 475.7
(SN 481.4—481.3, 470.6—470.5, Nwim
A and 468.5—468.4 Al
%0 D ¢ )
465 N S v 465
N\ T\
- A
\F=_1\ T
N 0
\__1 \ \
T\ N
460 - N 460
\ [ \ v
1\
\___ 1\
oo)% N
| A
\ v 1. Datum is the North American Vertical Datum
\{+-_\
455 T\ 455 of 1988 (NAVDSS).
\h 1\
N\ 2.See Sheet 4 of 18, "Lock and Dam No. 8,
AN 2011 Soil Summary and Legend” for boring
450 “=. 450 log legend.
C&% =2\
N
\_1 \
F=a FOR INFORMATION ONLY
\ _[~—)
445 445.0 X T\ 445

LOGS OF BORINGS
SCALE: 1”=5" (VERT. ONLY)

NOT FOR CONSTRUCTION

B-3
545 a9 =U= 545
X ZZ22D
543.6
~y
540 oo 540
©
535 535
@ 0
w2
530 o 530
~ ©
526.1 %'
525 ZE 525
6/21/11.%_
g N
520 ; < 520
Zh
515 A~ 515
@ ; =
510 ZE 510
Zh
505 % - 505
x
500 T.0.R. & B.C.—499.5 ¢ 500
S - TR LIMESTONE, microcrystalline to
8‘,5 1o fine—grained, light gray, thin
I I*“. . to medium—bedded, hard, with
495 1 32 §ho|e partings ‘throughc?ut. SHALE495
~o cQ is dark gray, silty, laminated, —
N2 EI——A soft to moderately hard
L Vertical fracture from 497.2
5 = to 496.8 and from 493.0 to
490 oS [—8 492.7; Water staining from 490
489.1 _[= 491.6 to 491.4
485 485
1 REVISIONS __DATE RENOVATION OF KENTUCKY RIVER LOCK & DAM NO. 8
> JESSAMINE AND GARRARD COUNTIES, KENTUCKY
3 AS BUILT DATE DRAWING NO.
7 2011 LOGS OF BORINGS - OF 18
5 DRAé”I_NSBY COMMONWEALTH OF KENTUCKY
6 SHECKED BY KENTUCKY RIVER AUTHORITY SCALE
7 DAG/ALW FINANCE AND ADMINISTRATION CABINET 1"=5’
8 A & E FILE NO. DEPARTMENT FOR FACILITIES MANAGEMENT WD
9 175561026 DIVISION OF ENGINEERING DIEVEWED.
“Z
| 7 Stantec ===
NOV., 2011 /’/’\ _

AGENCY

DATE
AUTHORIZED AGENT Approved for Program Concept Only
DIVISION OF DATE
ENGINEERING Approved for Program Concept Only
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= S 43 Ul
) 2
550 28 2233 550
549.1
548.3 7 Concrete B—6
/ a . >
545 4+ S g > 545
x zz B-7
} B—-5 543.8 . g
S U5 QOverburden So :
= v o s
» ! 541.8 i -
_ g§ S= 541.3 | Concrete 54“8 %‘ z=z
240 ; PN B.C.—539.9 "8 539.8 Concrete 540
= B—-8
S o ©
% ) ¥ +o g
6/28/11 ¥ g
535 A o 25 fE = 535
A\ o358 +3 534.6
% - 6/22/11 X S . 3 ® / 533.0 Barge Deck
23 ] f o
530 7| = Y oo N 530
Te}
® ,
525 é ~N < © 525.6 //' 525
6/29/11 X % 0 Water
<+ <] ©
é 5213 [LA]] é «
520 ; 3 5 0 % 520
/ K
é - 3 / o 517.3
w % ; « Log or wood debris
515 5 ©§ ~ 7 515.3 515
/ / 6/28/11 ¥ é M 10
AN fe!
7 > ) R ®
510 o ‘A « 7 - 510
509.1 // é M 509.1
+
[{e] o
é oo é " g z ?
oM +
505 N 8 0 3 505
@ % - / - 0 Gravel, boulders, riprap,
/ 503.8 K + 47 in di i
< ’// - S over in diameter
X ® /§ i " (Not sampled)
TOR. & B.C-501.0 [ & z ; o
500 o I © T.0.R.—500.3 o T.OR. & B.C.-500.0 _[£] 8 T.OR. & B.C.—499.9_|/ © 500
©2 [T gg §B oo = 1 LIMESTONE, microcrystalline to T.OR. & B.C.— 499-; 2 I
_L': ] T T i L'Ik-'f-_A 23 J'_L:/ {ine_g?ined’bIic?cr;tdgrf?y’ dthin’th 89_: I‘Ir LIMESTONE, microcrystalline to
: : - S4S) o medium—bedded, hard, wi ;
495 o = o 4_,:J lf_ilrt\lAeE—S;t%l;lnEédmllic;grf?fré,f;;”l?ﬁinto :l: LIMESTONE, microcrystalline to Tl shale partings throughout. SHALE PL', fine—grained, light groy, thin 495
02 in 'ég 238 T to medium—bedded. hard. with ©Q [T Pne_gg’]med’bIlc?cri]tdgrl’?y’dthm’th _L': is dark gray, silty, laminated, 23 [ to medium—bedded, hard, with
- — [Ed ’ ' ~NC [T - .
= = shale partings throughout. SHALE L] ﬁ Tne lurp ethe , hort, VgHALE - soft to moderately hard L,: ghole partings f(hroughgut. SHALE
oo I LIMESTONE, microcrystalline to i is dark gray, silty, laminated L] shalé partings throughout. ~g o Fractured zone from 498.7 = is dark gray, silty, laminated,
¥ 2 IEg~—A  fine—grained, light gray, thin 0o &= ft ot deratelyv hard ’ wo el is dark gray, silty, laminated, ©= 4., to 498.1; Joint opening from ‘|1 soft to moderately hard
4906 L& ; ’ ’ . $ o [Ej=—u Sott 1o moderately har N2 4] soft to moderately hard I . L Inclined fract f 498.2
490 to medium—bedded, hard, with — =5 490.0 , Ty 492.9 to 492.7; Water loss 0o ko nclined fracture from . 490
shale portings throughout. SHALE 489.5 =2 ) 489.6 B at 492.8 ~Q II.-I’ to 497.3 and from 489.6 to
is dark gray, silty, laminated, - 488.6; Vertical fracture from
soft to moderately hard 487.4 _L1 495.8 to 494.3; Water staining
at 494.3
485 485
LOGS OF BORINGS
SCALE: 1”"=5" (VERT. ONLY)
e DATE RENOVATION OF KENTUCKY RIVER LOCK & DAM NO. 8
> JESSAMINE AND GARRARD COUNTIES, KENTUCKY
NOTES: 3 AS BUILT DATE 2011 LOGS OF BORINGS DRAWING NO.
1. Datum is the North American Vertical Datum 4 8 OF 18
of 1988 (NAVDS8B). S DRAé”I_NSBY COMMONWEALTH OF KENTUCKY
3 CS,E%% Lavv KENTUCKY RIVER AUTHORITY TSA'—;
2.See Sheet 4 of 18, "Lock and Dam No. 8, FINANCE AND ADMINISTRATION CABINET =
2011 Soil Summary and Legend” for boring g A & E FILE O DEPARTMERATSE%Rglfglﬁg:sgaglﬁ%wmsm REVIEWED
Iog Iegend. 175561026 DIV. OF ENGR.
(7
R / Stantec Eomntant On
FOR INFORMATION ONLY ' -
AUTH(%?%E&YAGENT Approved for Program Concept Only DATE
NOT FOR CONSTRUCTION
DIVISION OF DATE
ENGINEERING Approved for Program Concept Only




69

V: \1755\ACTIVE\175561026 \GEOTECHNICAL\DRAWING\SHEE T_FILES\61026C—707—LG3.DWG

Bs B—11 B—12 B—13
) B N 61" E N 63" E a
14" Inclination B—-10 14° Inclination 14° Inclination S
= o =z
o e 2R 536.4
535 o 57 20 Barge_Deck 535
>34.2 533.7 - ) 533.9 oA
532.6 5391 Barge Deck 532.3
530 530
Water
525 Water 525
520 520
519.2
518.2 g M
517.3 L. 517.4 /
Lo @ f Te]
515 % 515
) 513.7 ©
Boulders and cobbles o
~ 8\10\:3' ed) (Not sampled)
510 o' sdmpie Gravel, rocks and boulders 510
- (Not sampled)
Boulders to gravel sosg D] T 505, -LIMESTONE, microcrystalline to
505 (Not sampled) ©op Boulders, riprap ' fine—grained, light gray, thin 505
o (Not so;'npled) to medium—bedded, hard, with
® ~ shale partings throughout. SHALE
is dark gray, silty, laminated,
soft to moderately hard
200 T.O.R. & B.C.—499.9 T.0.R.—500.0 « F 200
0. - . .O.R. . — . T.OR. & B.C.— 499.6 — ractured zones between
Refusal 497105 =1-  between 497.5-4971
VOID (100% water loss in void
495 4935.7 — ( ) 495
5 P:J, LIMESTONE, microcrystalline to
oo I fine—grained, light gray, thin
=1 to medium—bedded, hard, with
490 ' shale partings throughout. SHALE 490
:1:» is dark gray, silty, laminated,
o B soft to moderately hard
R - Fractured zones from 495.7—494.5,
= 492.7—492.6,492.1—-492.0, 489.2—
485 ,:, 489.1, 488.6—488.4, 487.4—487.0, 485
o 485.4—485.1 and 484.3—483.9;
. . " Vertical fractures from 480.5—479.4,
LIMESTONE, microcrystalline to LIMESTONE, microcrystalline to LIMESTONE, microcrystalline to ¥ :.: 486.5—486.4 and 485.8—485.7;
fine—grained, light gray, thin fine—grained, light gray, thin fine—grained, light gray, thin - Fractured zones including weathering
480 to medium—bedded, hard, with to medium—bedded, hard, with to medium—bedded, hard, with 7 and water staining from 479.1—479.0, — 480
s:hale partings t.hrougho’ut. SHALE shale partings throughout. SHALE shale partings throughout. SHALE - 478.8—478.6, 478.4—478.3 and 478.1—
is dark gray, silty, laminated, is dark gray, silty, laminated, is dark gray, silty, laminated, o o 477 9- Water stai t 479.0 478.4
soft to moderately hard +2 = -2, Water_stains e ik
crately soft to moderately hard soft to moderately hard A 1 4780 and 477.4
475 Water staining at 494.2 and Fractured zone between Fractured zone from 475.4 - 475
= 494.4; Fractured zone between _ 498.3—498.2 and 487.2—487.1 491.8—491.6 and 486.9—486.5 ‘
BB 499.9—-499.7 and 487.0—486.9; 28 * 9
80% water loss at 494.2 o
470 470
465 465
460 460
455 455
450 450
1 REVISIONS __DATE RENOVATION OF KENTUCKY RIVER LOCK & DAM NO. 8
> JESSAMINE AND GARRARD COUNTIES, KENTUCKY
NOTES: ’ ’ ' 2 AS BUILT DATE 2011 LOGS OF BORINGS DRAWING NO.
1. Datum is the North American Vertical Datum 5 SRAWN BY COMMONWEALTH OF KENTUCKY 9 OF 18
SCALE: 1"=5" (VERT. ONLY) of 1988 (NAVD8B). 3 oHEoIiE:g =7 KENTUCKY RIVER AUTHORITY SCALE
2 1”=5’
2.See Sheet 4 of 18, "Lock and Dam No. 8, 8 A EcA;zGéLAELYuvo. D?P%%ENA?NEOQD;‘%E%RQ ?ANANC:(?&ELT SEVEVED
2011 Soil Summary and Legend” for boring 9 175561026 DIISION OF ENGINEERING DIV. OF ENGR.
log legend. p
&7
.| ¢ Stantec ===
FOR INFORMATION ONLY NOv.. 2011 ~ -
AGENCY DATE
NOT FOR CONSTRU CTION AUTHORIZED AGENT Approved for Program Concept Only
DIVISION OF DATE
ENGINEERING Approved for Program Concept Only
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B-18

B-15
- o N 55" E
B 1°4 N 58" & B-17 15" Inclination
540 N 56" E 14° Inclination N 56° E 540
14° Inclination B-16 2P
70 23 15° Inclination 50
(@] \ i
> 536.1 o & = > 536.6
935 5353 s14s 535.1 534.8 534.5 S35
533.7 533.4 Barge Deck 5335 \ | Barge Deck
530 530
525 525
Water
520 520
515 515
513.6
® © Boulders to cobbles
510 £00.5 < (Not sampled) 510
Sould ; bbl Boulders to gravel
(lc\)lL:;t esrim.fuefﬁ es (Not sampled) T.O.R. & B.C.—506.8
505 88 Boulders to gravel 505
] (Not sampled)
Boulders to cobbles s T.0.R. & B.C.—502.0
500 T.0.R. & B.C.—500.6 _ _\ T.0.R. & B.C.—500.8 (Not sompled) T.0.R. & B.C.—500.7_[28 500
©8 [ : |
M |
=
||
495 2 28 I 495
|
=
||
490 88 [ 490
=1
=
|
1 LIMESTONE, microcrystalline to . .
0O [ 1 fine—arained. liaht yra thin LI'MESTON'E, mlgrocrystolllne'to
485 $o e grc . 1ignt gray, . fine—grained, light gray, thin 485
rg to medium—bedded, hard, with to medium—bedded, hard, with
L{ shale partings throughout. SHALE hal ti th y h ’t SHALE
, , —T1 15 dark arav. silty. leminated LIMESTONE, microcrystalline to shale partings throughout.
LIMESTONE, microcrystalline to L gray, Y ’ fine—arained. light Y thi is dark gray, silty, laminated,
LIMESTONE, microcrystalline to fine—grained, light gray, thin 1] soft to moderately hard L“e grg’.'“e ’b'gd ) dgr%y’ g '“.th soft to moderately hard
480 fine—grained, Ilght gray, thin to medium—bedded, hClrd, with 6,8 I|I Oh Te IUI’T,}— © the ’ ﬁr ’t WISHALE 480
to medium—bedded, hard, with shale partings throughout. SHALE T S ode iar nos .Itroulg o ‘ted
shale partings throughout. SHALE is dark gray, silty, laminated, L1 'S ft“rt groyé S| ty] Ohm'go ed, 2
is dark gray, silty, laminated, ) soft to moderately hard m= ~ >0 F otrnodero eyb ?r %S
475 N soft to moderately hard ©3 Fractured zone from 500.3 o I 12 A:gg Zre dzTgeg) 36 ween 475
) Vertical fracture from 485.5—485.4; to 500.2 82 [T -+ an '
40% water loss at 490.5 L
e
470 §g [ 470
=
467.8_L1
465 465
460 460
455 455
450 450
e DATE RENOVATION OF KENTUCKY RIVER LOCK & DAM NO. 8
> JESSAMINE AND GARRARD COUNTIES, KENTUCKY
NOTES: 2 AS BUILT DATE 2011 LOGS OF BORINGS DRAWING NO.
1. Datum is the North American Vertical Datum 10 OF 18
- 5 DRAWN BY COMMONWEALTH OF KENTUCKY
SCALE: 1"=5" (VERT. ONLY) of 1988 (NAVD88). 3 oHl-:oIiEg BY ENTUGKY RIVER AUTHORITY SCALE
2.See Sheet 4 of 18, "Lock and Dam No. 8§, 8 A ECAEGQLAELLVO. DEPARTMENT FOR FAGILITIES, MANAGEMENT RLVI:ED
2011 Soil Summary and Legend” for boring 9 175561026 DIISION OF ENGINEERING DIV. OF ENGR.
log legend. P
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R / Stantec Eiotent oo
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AUTHORIZED 'AGENT DATE
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B—-19

N 70" W
15° Inclination B—23
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NOTES:
1. Some site features and dimensions were obtained from digital images of drawings prepared by the United L <1
States Army Corps of Engineers. Because of the long project history, undocumented| repair efforts and lack of 1 \PRO A A__—
as—built information, not all site features may be accurately reflected hereon. Dimensions of portions of §|A, 10400 TO STA. 12490
structures below water or the ground surface are based on boring results|and/or interpretation of historical § ’ I
drawings and were not field verified. Utilities, electrical wiring, and mechanical components arel not shown.
2. Elevations shown hereon| are referenced to the North American Vertical Datum of 1988 (NAVD88). Elevations
from historical drawings|were converted to NAVD88 and have not been field verified.
S—TFheboringtogs—and-related-information—shown—on—this—drawing—depict-approximate—subsurfaceconditions—only
at the specific boring locations noted and at the time of drilling. Conditions at other locations may differ
from conditions occurring at boring locations. Also, the passage| of time may result in a change in the REVISIONS

subsurface conditions at any boring location, Correlations shown between borings are generally based on
straight line interpolation or data |from historical drawings. Actual conditions between borings are unknown and
may differ from those shown.

4. See|Sheet 3 of 18, "Lock and Dam No. 8, 2011 Boring Layout”, for locations of sections and |profiles.

5. See|Sheets 7 |of 18 through 13 of 18, "Lock and Dam No. 8, 2011 Logs of Borings”, for detailed descriptions
of borings. See Sheet 4| of 18, "Lock and Dam No. 8, 2011 Soil| Summary|and Legend”, for boring log legend.

6. Upper and lower pool levels represent crest |elevations|of Dam No. 8 and Dam No. 7, respectively.

7—Hydrographic—information—(stream—bedcontouring)wasdevetoped-by StantecConsutting Servicestnc.—on—duty 5
and 6, 2011 using a mdpping grade GPS locator device and sonar equipment. The surface of the stream bed
has |likely changed since| the performance of the hydrographic survey.

8. Inclined borings shown on the drawings are skewed from actual |inclinations.
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1. Some site features and dimensions were obtained from digital images of drawings prepared by|the United
States Army Corps of Engineers. Because of the long project history, undocumented repair efforts and lack of
as—built information, not all site features may be accurately reflected hereon. Dimensions of poprtions of
structures below water or the ground surface are based on boring results land/or interpretation of historical
drawings and were not field verified. Utilities,| electrical |wiring, and mechanical components are not shown.

NOTES:

2. Elevations shown hereon |are referenced to the North American Vertical Datum of 1988 (NAVD88). Elevations
from| historical| drawings were converted to NAVD88 and have not been field verified.

S.—Tthe-boringtogs—and related-information—shown—on—thisdrawing depict approximatesubsurfaceconditions-tonty
at the specific| boring locations noted and at the time| of drillingl Conditions at other locations may differ

from| conditions .o.ccurring at bori.ng Iocoti.ons. Also, the passage of time may result in a change in the 1 REVISIONS DATE RENOVATION OF KENTUCKY RIVER LOCK & DAM NO. 8
subs.,urfoc.e cqndltlons .ot any boring Ioco’qon. .Correlatlpns shown betwee.n. borings are gen.erolly based on ; JESSAMINE AND GARRARD COUNTIES, KENTUCKY
straight line interpolation or data from historical drawings. Actual conditions between| borings are unknown and 3 e - s
may | differ—fronTthose strowrn. 4 STATI(B)ﬁS1EZ|:-|9N0ETé SP'IBA(')F'I:CIJLNE14+50 15 OF 18'
" : " : . . S DRAéNI_NSBY COMMONWEALTH OF KENTUCKY
4. See Sheet 3 of 18, "Lock and Dam No. 8, 2011 Boring Layout’, for locations of sections and profiles. 6 e KENTUCKY RIVER AUTHORITY SCALE
" C : L. / DAG/ALW FINANCE AND ADMINISTRATION CABINET AS SHOWN
S. See Sheets 7 of 18 through 135 of 18, "Lock/and Dam|No. 8, 2011 Logs of Borings,| for detailed descriptions 8 A & E FILE NO. DEPARTMET'VTS.Z?.RJFACE'.&ESE‘EE.Q%AGEMENT SEVEWED
of borings. See Sheet 4 |of 18, "Lock and Dam No. 8, |2011 Soil Summary and Legend”, for boring log legend. Section or Detail No. {2 175561026 DIV. OF ENGR.
“/—— For Intent Only
6. Upper and lower pool levels represent crest elevations of Dam No. 8 and Dam No. 7, respectively. DATE % Stant« ENGR. FILE NO.
L2
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7.—Hydrographic—information(stream bed contouring)was devetoped by Stantec Consutting Services tnc.—on—dJuty 5
and 6, 2011 using a mapping grade GPS locator device and sonar equipment. The surface of the stream bed AGENCY
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Some site features and dimensions were obtained from| digital images of drawings prepared by the United
States Army Corps of Engineers. Because of |the long project history, undocumented |repair efforts and lack of
as—built information, not| all site features may be accurately reflected hereon. Dimensions of portions of
strugtures below water or the ground surface are based on boring results and/or interpretation of historjcal
drawings and were not field verified. Utilities,| electrical |wiring, and mechanical components are not shown.
2. Elevations shown hereon |are referenced to the North American Vertical Datum of 1988 (NAVD88). Elevations
from| historical |drawings were converted to NAVD88 and have not been field verified.
S.—Theboringtogs—and related—information—shown—on—thisdrawing—depict —approximate—subsurface—conditions—onty
at the specific| boring locations noted and at the time|of drillingl Conditions at other locations| may differ
from| conditions occurring at boring locations! Also, the passage |of time may result in a change in the REVISIONS DATE

subsurface conditions at |any boring location.| Correlations shown between boprings are generally based on
straight line interpolation| or data from historical drawings. Actual conditions between| borings are unknown and
may differ from those shown.

4., See Sheet 3 of 18, "Lock and Dam No. B, 2011 Boring Layout”, for locations of sections and profiles.

5. See Sheets 7 of 18 through 13 of |18, "Lock|and Dam |No. 8, 2011 Logs of Borings”,| for detailed descriptions
of borings. See Sheet 4 |of 18, "Lock and Dam No. 8, 2011 Soil Summary and Legend”, for boring log legend.

©. Upper and lower pool levels represent crest elevations of Dam No. 8 and Dam No. 7/, respectively.

7.—Hydrographic—information(stream bed contouring) was devetoped by StantecConsultingServices tnc.—on—duty 5
and B, 2011 using a mapping grade GPS locator device and sondr equipment. The surface of the stream| bed
has likely changed since the performance of |the hydrographic survey.

8. Inclined borings shown on the drawings are skewed from actual inclinations|
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& — Project 175561026

&//\ Stantec SheetNo. 1 of 1 Date  6/21/2011
J Hole # B-1 Rig # CME 45T
/ g

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 549.7 ft NAVD88 Crew G. Thompson, K. Hicks
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.1 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 23.4 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time [Actual Pressure Lugeon Value
Bottom Clock Times Start of End of Notes Representative
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test for Tested Stage Group
5 5 9:20 9:25 10 10 50375.8 | 50391.8 16 23.40 Pnable to maintain target pressure 16 2.138889 8.5 5 10 66
5 5 9:33 9:38 20 20 50385.2 50401.2 16 of 38 and 50 psi 16 2.138889 8.5 5 20 33
497.1 488.6 5 5 9:39 9:44 10 10 50432.8 50441.3 8.5 23.50 8.5 1.136285 8.5 5 10 35 33 Group B Turbulent Flow
5 5 11:06 11:11 20 20 50434.8 | 50436.6 1.8 1.8 0.240625 8.9 5 20 4
5 5 11:12 11:17 38 38 50449 50458.1 9.1 9.1 1.216493 8.9 5 38 10
488.6 479.7 5 5 11:32 11:37 50 50 50462 50482.2 20.2 20.2 2.700347 8.9 5 50 16 0 Group C Dilation
5 5 11:37 11:42 38 38 50482.7 | 50484.8 2.1 2.1 0.280729 8.9 5 38 2
5 5 11:43 11:48 20 20 50484.8 | 50484.9 0.1 0.1 0.013368 8.9 5 20 0
5 5 12:48 12:53 20 20 50492.7 50492.7 0 23.80 0 0 8.6 5 20 0
5 5 12:53 12:58 38 38 50493.4 | 50493.7 0.3 0.3 0.040104 8.6 5 38 0
479.7 471.1 5 5 12:58 1:03 50 50 50495.6 50514.9 19.3 19.3 2.580035 8.6 5 50 16 0 Group C Dilation
5 5 1:03 1:08 38 38 50516.9 | 50522.8 5.9 5.9 0.788715 8.6 5 38 6
5 5 1:08 1:13 20 20 50523.6 | 50523.9 0.3 23.70 0.3 0.040104 8.6 5 20 1
5 5 2:06 2:11 20 19 50520.6 | 50520.6 0 24.00 0 0 8.8 5 19 0
5 5 2:12 2:17 38 37 50522 50523.6 1.6 1.6 0.213889 8.8 5 37 2
471.1 462.3 5 5 2:18 2:23 50 49 50537 50567.1 30.1 30.1 4.023785 8.8 5 49 25 0 Group C Dilation
5 5 2:26 2:31 38 38 50570 50580.5 10.5 10.5 1.403646 8.8 5 38 11
5 5 2:31 2:36 20 20 50580.6 | 50580.6 0 24.10 0 0 8.8 5 20 0
5 5 3:43 3:48 20 20 50580 50580 0 28.10 0 0 8.6 5 20 0
5 5 3:50 3:55 38 39 50581 50582.6 1.6 1.6 0.213889 8.6 5 39 2
462.3 453.7 5 5 3:55 4:00 50 50 50585.4 | 50609.7 24.3 24.3 3.248438 8.6 5 50 20 0 Group C Dilation
5 5 4:01 4:05 38 39 50611.9 50616.6 4.7 4.7 0.628299 8.6 5 39 5
5 5 4:06 4:11 20 20 50615.5 50615.5 0 24.10 0 0 8.6 5 20 0
5 5 5:05 5:10 20 20 50613 50613 0 24.20 0 0 8.7 5 20 0
5 5 5:10 5:15 38 38 50614.4 50619.8 54 54 0.721875 8.7 5 38 6
453.7 445.0 5 5 5:16 5:21 50 50 50623.4 50654.2 30.8 30.8 4.117361 8.7 5 50 25 0 Group C Dilation
5 5 5:21 5:26 38 39 50656.2 50667.6 11.4 11.4 1.523958 8.7 5 39 12
5 5 5:26 5:31 20 20 50666.8 | 50666.8 0 24.20 0 0 8.7 5 20 0
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Project

175561026

&« —
é//\ Sta ntec Sheet No. 1 of 2 Date __ 6/23/2011
Hole # B-2 Rig # CME 45T
J/«’ — B2 R
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 549.8 ft NAVD88 Crew G. Thompson, K. Hicks
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.9 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 24.0 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 3:46 3:51 10 11 50932 50979.6 47.6 dry 47.6 6.363194 8.5 5 11 180
5 5 3:52 3:59 20 21 50973 51022.4 49.4 49.4 6.603819 8.5 5 21 98
496.7 488.2 5 5 4:00 4:05 30 30 51035 51066.3 31.3 31.3 4.184201 8.5 5 30 43 43 Group B Turbulent Flow
5 5 4:11 4:16 20 20 51066.5 51131.4 64.9 64.9 8.675868 8.5 5 20 135
5 5 4:18 4:23 10 11 51135 51153.5 18.5 dry 18.5 2.47309 8.5 5 11 70
5 5 5:41 5:46 20 20 51148.1 51148.1 0 dry 0 0 8.6 5 20 0
5 5 5:46 5:51 38 38 51148.9 51149 0.1 0.1 0.013368 8.6 5 38 0
488.2 479.6 5 5 5:51 5:56 50 50 51149.5 51150.7 1.2 1.2 0.160417 8.6 5 50 1 0 Group C Dilation
5 5 5:57 6:02 38 38 51150.7 [ 51150.8 0.1 0.1 0.013368 8.6 5 38 0
5 5 6:02 6:07 20 20 51150.6 | 51150.6 0 dry 0 0 8.6 5 20 0
5 5 8:18 8:23 10 10 51205 51206.6 1.6 23.20 1.6 0.213889 8.6 5 10 7
5 5 8:23 8:28 20 21 51208.1 51231 22.9 22.9 3.061285 8.6 5 21 45
479.6 471.0 5 5 8:31 8:36 30 30 51235 51270.3 35.3 35.3 4.718924 8.6 5 30 48 1 Group C Dilation
5 5 8:37 8:42 20 20 51270.4 | 51286.8 16.4 16.4 2.192361 8.6 5 20 34
5 5 8:43 8:48 10 10 51287.1 | 51287.3 0.2 23.50 0.2 0.026736 8.6 5 10 1
5 5 9:30 9:35 20 20 51285.1 | 51285.1 0 23.30 0 0 8.6 5 20 0
5 5 9:36 9:41 38 37 51285.8 51286 0.2 0.2 0.026736 8.6 5 37 0
471.0 462.5 5 5 9:41 9:46 50 50 51286.7 512914 4.7 4.7 0.628299 8.6 5 50 4 0 Group C Dilation
5 5 9:47 9:52 38 37 51291.5 [ 51291.8 0.3 0.3 0.040104 8.6 5 37 0
5 5 9:52 9:57 20 20 51290.4 [ 51290.4 0 23.70 0 0 8.6 5 20 0
5 5 11:23 11:28 20 20 51300.4 | 51300.5 0.1 22.70 0.1 0.013368 8.6 5 20 0
5 5 11:28 11:33 38 38 51300.8 | 51314.4 13.6 13.6 1.818056 8.6 5 38 15
462.5 453.9 5 5 11:33 11:38 50 50 51317.1 | 51345.8 28.7 28.7 3.836632 8.6 5 50 23 0 Group C Dilation
5 5 11:38 11:43 38 39 51346.6 51365.1 18.5 18.5 2.47309 8.6 5 39 19
5 5 11:43 11:48 20 20 54356.4 | 54356.4 0 23.30 0 0 8.6 5 20 0
5 5 12:34 12:39 20 20 51374.5 51374.9 0.4 22.90 0.4 0.053472 8.6 5 20 1
5 5 12:39 12:44 38 38 51394.7 | 51394.7 0 0 0 8.6 5 38 0
453.9 445.3 5 5 12:44 12:49 50 50 51395.4 | 51395.7 0.3 0.3 0.040104 8.6 5 50 0 1 Group A Laminar Flow
5 5 12:49 12:53 38 37 51395.7 51395.7 0 0 0 8.6 5 37 0
5 5 12:53 12:58 20 21 51395.7 | 51395.7 0 23.40 0 0 8.6 5 21 0
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& — Project 175561026
& Stantec RN i
Hole # B-2 Rig # CME 45T
/" g
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 549.8 ft NAVD88 Crew G. Thompson, K. Hicks
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.9 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 24.0 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Sat | End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 1:42 1:47 20 20 51388 51388 0 23.30 0 0 8.6 5 20 0
5 5 1:47 1:52 38 39 51389 51389 0 0 0 8.6 5 39 0
445.3 436.7 5 5 1:52 1:57 50 50 51389.1 [ 51389.9 0.8 0.8 0.106944 8.6 5 50 1 1 Group A Laminar Flow
5 5 1:57 2:02 38 38 51389.5 | 51389.6 0.1 0.1 0.013368 8.6 5 38 0
5 5 2:02 2:07 20 20 51388.6 [ 51388.6 0 23.70 0 0 8.6 5 20 0
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& — Project 175561026
\‘/ SheetNo. 1 of 1 Date __ 6/22/2011
/; n ec Hole # B-3 Rig # CME 45T
9 -
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 543.6 ft NAVD88 Crew T. Caudill, E. Caudill
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 499.5 ft Inspector J. Adams
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 20.2 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval| Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) | (min) (psi) Each Test Tested Stage Group
5 5 10 10 50000 50072.5 72.5 15.80 16.90 72.5 9.69184 7.7 5 10 332
5 5 20 20 50102 50202.8 100.8 100.8 13.475 7.7 5 20 231
496.8 489.1 5 5 10 10 50220 50298.5 78.5 78.5 10.49392 7.7 5 10 360 >100 Group B Turbulent Flow
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Project

175561026

&
y SheetNo.  1o0f1 Date_ 6/29/2011
% n ec Hole # B-4 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 549.1 ft NAVD88 Crew T. Caudill, E. Caudill
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 501.0 ft Inspector J. Adams
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 13.0 ft Meter # 93428424
Test Section (ft) Time of Test (min) bage Pressure (ps Meter Reading (gal) Static Water Levels (ft) Total Test Take [ TestInterval [ Time [Actual Pressure Lugeon Value
. Clock Times . Start of | End of Notes N ) . . Representative for
Top Elev | Bottom Elev | Required Actual Start End Required| Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 20 20 51700 | 51759.5 59.5 13.00 59.5 | 7.95399 7.9 5 20 133
5 5 30 30 51788 51874 86 86 11.4965 7.9 5 30 128
498.5 490.6 5 5 40 38 51945 52046 101 101 13.5017 7.9 5 38 119 >100 Group B Turbulent Flow
5 5 30 30 52055 | 52146.5 91.5 91.5 12.2318 7.9 5 30 136
5 5 20 20 52153 | 52226.3 73.3 73.3 9.79878 7.9 5 20 164

8




&> Stantec

Location KY River Lock and Dam No. 8

Lock 8 Road, Jessamine County , KY

Boring Size PQ Wireline

Test Method Lugeon Test

Surface Elevation (ft.)

539.9 ft NAVD88

Top of Rock Elev. (ft.)

Pump Capacity

500.3 ft

30 - 40 gallons

Static Water Level

6.5 ft

Project 175561026

Sheet No. lofl Date 6/23/2011

Hole # B-5

Crew T. Caudill, E. Caudill

Rig # CME 45T

Inspector J. Adams

Meter Type Badger Meter

Meter # 93428424

Test Section (ft)

Time of Test (min)

Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Top Elev | Bottom Elev | Required Actual StngtOCK Tlm(ésn 3 Required Actual StT’cgtSto f ETngs(:f Total Pre-Test | Post-Test Notes (gal) (ft"3) (vertical ft) (min) (psi) Each Test Ref;if:gt;g/;efor Group
5 5 20 21 50667 [ 50673 6.2 6.50 6.2 0.828819 12.0 5 21 9
5 5 38 38 50680 | 50702 22.3 22.3 2.981076 12.0 5 38 17
501.5 489.5 5 5 50 50 50707 [ 50741 33.5 335 4.478299 12.0 5 50 20 21 Group D Wash-Out
5 5 38 38 50745 | 50770 25 25 3.342014 12.0 5 38 19
5 5 20 20 50773 | 50787 14.1 14.1 1.884896 12.0 5 20 21

€8




"g// Project 175561026
A7 SheetNo.___Tofl Date __ 6/30/2011
% n ec Hole # B-6 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 543.8 ft NAVD88 Crew T. Caudill, E. Caudill
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.0 ft Inspector J. Adams
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 19.5ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time | Actual Pressure Lugeon Value
. Clock Times . Start of| End of Notes A . . . Representative for
Top Elev | Bottom Elev [ Required Actual Start End Required | Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 20 20 52334 | 52401.4 67.4 19.50 Gauge did not reach 40 psi. 67.4 9.010069 7.3 5 20 163
5 5 30 30 52415 | 52505.5 90.5 Extra test at 10psi was run. 90.5 12.09809 7.3 5 30 146
497.3 490.0 5 5 20 20 52527 | 52603.8 76.8 76.8 10.26667 7.3 5 20 186 >100 Group B Turbulent Flow
5 5 10 9 52611 | 52662.8 51.8 51.8 6.924653 7.3 5 9 278
5 5 0 0 7.3 5 0
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‘g// Project 175561026
&4 SheetNo.___Tofl Date _ 6/27/2011
% n ec Hole # B-7 Rig # CME 457
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 540.6 ft NAVD88 Crew T. Caudill, E. Caudill
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 499.9 ft Inspector J. Adams
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 26.4 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of | End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 10 10 51410 | 51467.3| 57.3 26.40 57.3 7.659896 10.2 5 10 198
5 5 20 20 51475 51559 84 84 11.22917 10.2 5 20 145
499.8 489.6 5 5 10 10 51567 | 51629.5| 62.5 62.5 8.355035 10.2 5 10 216 >100 Group B Turbulent Flow
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"g// Project 175561026
A7 SheetNo. ___1ofl Date __ 7/7/2011
% n ec Hole # B-8 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 534.6 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 499.1 ft Inspector A. Smith
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 2.8t Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time | Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required| Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 9:15 9:20 12 13 52685.8 | 52687.9 2.1 2.80 2.1 0.280729 9.0 5 13 6
5 5 9:20 9:25 18 18 52688.1 | 52690.5 2.4 2.4 0.320833 9.0 5 18 5
496.4 487.4 5 5 9:26 9:31 27 27 52691.1 52694.8 3.7 3.7 0.494618 9.0 5 27 5 6 Group A Laminar Flow
5 5 9:32 9:37 18 18 52695.3 | 52697.9 2.6 2.6 0.347569 9.0 5 18 6
5 5 9:37 9:42 12 12 52698.1 52700.2 2.1 2.80 2.1 0.280729 9.0 5 12 7
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&> Stantec

KY River Lock and Dam No. 8

Location

Lock 8 Road, Jessamine County, KY

Boring Size NQ Wireline

Test Method Lugeon Test

Surface Elevation (ft.)

Top of Rock Elev. (ft.)

Static Water Level

Pump Capacity

534.6 ft NAVD88

500.3 ft

30 - 40 gallons

1.7 ft

Project 175561026
Sheet No. lofl Date 7/11/2011
Hole # B-9 Rig # CME 45T

Crew G. Thompson, M. Rigsby

Inspector A. Smith
Meter Type Badger Meter
Meter # 93428424

Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval [ Time |Actual Pressure Lugeon Value
Top Elev BEtILOVm Required Actual StngtOCK Tlm(ésn 3 Required Actual StTEgtsto f ETn:S(t)f Total Pre-Test | Post-Test Notes (gal) (ft"3) (vertical ft) (min) (psi) Each Test Reﬁng:gt;g/;efor Group

5 5 10:55 11:00 12 12 52706.5 52764.3 57.8 1.70 57.8 7.726736 7.7 5 12 221
5 5 11:00 11:05 18 18 52768 52833.3 65.3 65.3 8.72934 7.7 5 18 166

497.0 489.3 5 5 11:05 11:10 22 21 52838 52913.1 75.1 75.1 10.03941 7.7 5 21 164 >100 Group B Turbulent Flow
5 5 11:10 11:15 18 18 52917.5 52987.2 69.7 69.7 9.317535 7.7 5 18 177
5 5 11:15 11:20 12 12 52990 53051.4 61.4 1.70 61.4 8.207986 7.7 5 12 234
5 5 12:32 12:37 12 12 53058.9 53061.3 2.4 17.10 2.4 0.320833 9.7 5 12 7
5 5 12:38 12:43 20 20 53063.2 | 53065.3 2.1 2.1 0.280729 9.7 5 20 4

489.3 479.6 5 5 12:43 12:48 33 33 53066.7 | 53071.4 4.7 4.7 0.628299 9.7 5 33 5 5 Group A Laminar Flow
5 5 12:49 12:54 20 20 53071.8 53074.8 3 3 0.401042 9.7 5 20 5
5 5 12:54 12:59 12 12 53075 53076.5 1.5 17.10 15 0.200521 9.7 5 12 5
5 5 1:37 1:42 12 12 53078.4 53081.4 3 17.50 3 0.401042 9.6 5 12 9
5 5 1:42 1:47 25 25 53083.2 | 53085.4 2.2 2.2 0.294097 9.6 5 25 3

479.6 470.0 5 5 1:47 1:52 42 42 53087 53105.4 18.4 18.4 2.459722 9.6 5 42 16 5 Group C Dilation
5 5 1:52 1:57 25 25 53106.4 53111.2 4.8 4.8 0.641667 9.6 5 25 7
5 5 1:57 2:02 12 13 53111.5 531134 1.9 17.50 1.9 0.253993 9.6 5 13 5
5 5 2:34 2:39 18 18 53117.4 53118.6 1.2 19.20 1.2 0.160417 10.0 5 18 2
5 5 2:40 2:45 34 34 53119.7 | 53138.3 18.6 18.6 2.486458 10.0 5 34 19

470.0 460.0 5 5 2:45 2:50 50 50 53141.8 | 53180.7 38.9 38.9 5.200174 10.0 5 50 27 1 Group C Dilation
5 5 2:51 2:56 34 34 53184.2 | 53203.4 19.2 19.2 2.566667 10.0 5 34 20
5 5 2:56 3:01 18 18 53202.9 | 53203.5 0.6 17.30 0.6 0.080208 10.0 5 18 1
5 5 4:08 4:13 18 19 53206.5 | 53207.8 1.3 17.80 1.3 0.173785 9.7 5 19 2
5 5 4:13 4:18 34 34 53208.3 | 53231.7 23.4 23.4 3.128125 9.7 5 34 25

460.0 450.3 5 5 4:18 4:23 50 50 53233.4 | 53287.6 54.2 54.2 7.245486 9.7 5 50 39 2 Group C Dilation
5 5 4:24 4:29 34 34 53311.8 | 53341.6 29.8 29.8 3.983681 9.7 5 34 32
5 5 4:29 4:34 18 18 53343 53345.4 2.4 17.80 2.4 0.320833 9.7 5 18 5
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&> Stantec

Project 175561026
Sheet No. 1lofl Date 7/12/2011
Hole # B-11 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 533.9 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 499.4 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 11:00 11:05 12 11 53347.4 53351.1 3.7 1.20 3.7 0.494618 7.8 5 11 15
5 5 11:05 11:10 20 20 53351.6 53356.3 4.7 4.7 0.628299 7.8 5 20 11

497.1 489.3 5 5 11:10 11:15 29 28 53356.5 | 53361.8 5.3 5.3 0.708507 7.8 5 28 9 9 Group B Turbulent Flow
5 5 11:15 11:20 20 20 53362.1 [ 53366.6 4.5 4.5 0.601563 7.8 5 20 10
5 5 11:20 11:25 12 12 53366.8 53369.8 3 1.50 3 0.401042 7.8 5 12 11
5 5 12:08 12:13 12 12 53370.8 | 53371.4 0.6 1.10 0.6 0.080208 9.6 5 12 2
5 5 12:13 12:18 22 22 53371.7 [ 53372.3 0.6 0.6 0.080208 9.6 5 22 1

489.3 479.7 5 5 12:19 12:24 38 39 53372.7 53373.9 1.2 1.2 0.160417 9.6 5 39 1 1 Group A Laminar Flow
5 5 12:24 12:29 22 22 53374.2 | 53374.9 0.7 0.7 0.093576 9.6 5 22 1
5 5 12:29 12"34 12 12 53375 53375.5 0.5 1.60 0.5 0.06684 9.6 5 12 2
5 5 1:20 1:25 17 17 53378.5 | 53380.4 1.9 1.20 1.9 0.253993 9.9 5 17 4
5 5 1:25 1:30 33 33 53381.1 [ 53383.8 2.7 2.7 0.360938 9.9 5 33 3

479.7 469.8 5 5 1:30 1:35 47 47 53384.3 | 53387.7 34 3.4 0.454514 9.9 5 47 3 3 Group A Laminar Flow
5 5 1:36 1:41 33 33 53387.9 [ 53390.4 2.5 2.5 0.334201 9.9 5 33 3
5 5 1:41 1:46 17 17 53390.8 | 53392.2 1.4 1.50 14 0.187153 9.9 5 17 3
5 5 2:14 2:19 18 17 53392.4 | 53392.6 0.2 1.20 0.2 0.026736 9.7 5 17 0
5 5 2:20 2:25 34 34 53392.9 [ 53393.2 0.3 0.3 0.040104 9.7 5 34 0

469.8 460.1 5 5 2:26 2:31 50 50 53393.4 | 53393.8 0.4 0.4 0.053472 9.7 5 50 0 0 Group A Laminar Flow
5 5 2:31 2:36 34 34 53393.8 [ 53394.2 0.4 0.4 0.053472 9.7 5 34 0
5 5 2:36 2:41 18 18 53394.3 | 53394.5 0.2 1.50 0.2 0.026736 9.7 5 18 0
5 5 4:11 4:16 18 18 53395.6 | 53395.7 0.1 1.20 0.1 0.013368 9.8 5 18 0
5 5 4:17 4:22 34 34 53395.9 [ 53396.2 0.3 0.3 0.040104 9.8 5 34 0

460.1 450.3 5 5 4:22 4:27 50 50 53396.5 | 53399.8 3.3 3.3 0.441146 9.8 5 50 2 0 Group C Dilation
5 5 4:27 4:32 34 34 53399.9 [ 53400.2 0.3 0.3 0.040104 9.8 5 34 0
5 5 4:32 4:37 18 18 53400.3 | 53400.3 0 1.40 0 0 9.8 5 18 0
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& Project 175561026
& Sheet No. ___1of1 Date__ 7/13/2011
% n ec Hole # B-12 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 533.9 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County , KY Top of Rock Elev. (ft.) 499.6 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of R 3 Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 10:24 10:29 12 13 53402.3 | 53406.6 4.3 1.20 4.3 0.574826 6.7 5 13 17
5 5 10:29 10:34 20 19 53407 53411.7 4.7 4.7 0.628299 6.7 5 19 13
495.9 489.2 5 5 10:34 10:39 29 29 53412.2 | 53418.1 5.9 5.9 0.788715 6.7 5 29 11 11 Group B Turbulent
5 5 10:44 10:49 20 20 53418.4 53423.1 4.7 4.7 0.628299 6.7 5 20 12
5 5 10:50 10:55 12 12 53423.4 53427.2 3.8 1.70 3.8 0.507986 6.7 5 12 17
5 5 11:41 11:46 12 12 53428.3 53430.9 2.6 1.10 2.6 0.347569 9.8 5 12 8
5 5 11:47 11:52 23 23 53431.9 53436.8 4.9 4.9 0.655035 9.8 5 23 8
489.2 479.4 5 5 11:52 11:57 38 38 53438.1 | 53446.7 8.6 8.6 1.149653 9.8 5 38 8 12 Group D Wash-Out
5 5 11:57 12:02 23 23 53447.4 53452.6 5.2 5.2 0.695139 9.8 5 23 8
5 5 12:02 12:06 12 12 53452.8 53456.7 3.9 1.60 3.9 0.521354 9.8 5 12 12
5 5 12:55 1:00 16 16 53458.4 | 53459.2 0.8 1.10 0.8 0.106944 9.7 5 16 2
5 5 1:00 1:05 30 30 53459.6 | 53460.2 0.6 0.6 0.080208 9.7 5 30 1
479.4 469.7 5 5 1:06 1:11 48 48 53460.4 | 53460.9 0.5 0.5 0.06684 9.7 5 48 0 0 Group A Laminar Flow
5 5 1:11 1:16 30 30 53460.9 53461.4 0.5 0.5 0.06684 9.7 5 30 1
5 5 1:17 1:22 16 16 53461.4 53461.7 0.3 1.60 0.3 0.040104 9.7 5 16 1
5 5 2:03 2:08 18 18 53463.7 | 53463.9 0.2 1.10 0.2 0.026736 9.6 5 18 0
5 5 2:08 2:13 34 34 53464.5 | 53464.8 0.3 0.3 0.040104 9.6 5 34 0
469.7 460.1 5 5 2:13 2:18 50 50 53465.1 | 53465.6 0.5 0.5 0.06684 9.6 5 50 0 0 Group A Laminar Flow
5 5 2:19 2:24 34 34 53465.6 | 53465.7 0.1 0.1 0.013368 9.6 5 34 0
5 5 2:24 2:29 18 18 53465.7 | 53465.7 0 1.60 0 0 9.6 5 18 0
5 5 3:05 3:10 18 19 53467 53467.4 0.4 1.30 0.4 0.053472 9.8 5 19 1
5 5 3:10 3:15 34 35 53467.8 53468.9 1.1 1.1 0.147049 9.8 5 35 1
460.1 450.3 5 5 3:16 3:21 50 50 53469 53472.9 3.9 3.9 0.521354 9.8 5 50 3 0 Group C Dilation
5 5 3:21 3:26 34 34 53473.2 | 53473.5 0.3 0.3 0.040104 9.8 5 34 0
5 5 3:26 3:31 18 18 53473.5 | 53473.6 0.1 1.60 0.1 0.013368 9.8 5 18 0

68




"‘// Project 175561026
A7 SheetNo.___1of1 Date __ 7/25/2011
y 3 n ec Hole # B-13 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 536.4 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 499.3 ft Inspector J. Adams
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 2.0ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required | Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 1:47 1:52 15 15 54182 54277.5 95.5 1.60 Test ran with pressure higher than 95.5 12.76649 9.5 5 15 236
5 5 1:53 1:58 22 21 54300 54422.1 122.1 assigned 122.1 16.3224 9.5 5 21 216
494.9 485.4 5 5 1:59 2:04 45 44 54455 54632.7 177.7 177.7 23.75503 9.5 5 44 150 >100 Group B Turbulent Flow
5 5 2:05 2:10 22 22 54655 54783.1 128.1 128.1 17.12448 9.5 5 22 216
5 5 2:11 2:16 15 15 54800 | 54898.5 98.5 1.70 98.5 13.16753 9.5 5 15 244
5 5 4:08 4:13 12 11 55260 55346.5 86.5 1.70 5t two 5 minute runs were perform 86.5 11.56337 10.0 5 11 277
5 5 4:14 4:19 23 23 55360 55490 130 st was stopped and pressure wa: 130 17.37847 10.0 5 23 199
485.4 475.4 5 5 4:20 4:25 40 40 55515 55691.2 176.2 hdjusted and ran with appropriate 176.2 23.55451 10.0 5 40 155 >100 Group B Turbulent Flow
5 5 4:26 4:31 23 24 55711.1 55849 137.9 137.9 18.43455 10.0 5 24 203
5 5 4:31 4:36 12 12 55860 55959 99 1.70 99 13.23438 10.0 5 12 291
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&> Stantec

Project 175561026
Sheet No. lofl Date 7/14/2011
Hole # B-14 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 535.3 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.6 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time [Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 10:35 10:40 12 12 53478.4 | 53485.8 7.4 1.30 7.4 0.989236 7.3 5 12 30
5 5 10:40 10:45 15 15 53487.1 53497.8 10.7 10.7 1.430382 7.3 5 15 34

497.8 490.5 5 5 10:46 10:51 23 23 53499.5 | 53525.8 26.3 26.3 3.515799 7.3 5 23 55 12 Group C Dilation
5 5 10:51 10:56 15 15 53527.8 53534.3 6.5 6.5 0.868924 7.3 5 15 21
5 5 10:56 11:01 12 12 53534.5 | 53537.4 2.9 1.60 2.9 0.387674 7.3 5 12 12
5 5 12:11 12:16 12 12 53534.8 53535 0.2 1.30 0.2 0.026736 9.7 5 12 1
5 5 12:16 12:21 21 21 53535.3 [ 53535.5 0.2 0.2 0.026736 9.7 5 21 0

490.5 480.8 5 5 12:21 12:26 32 32 53535.6 | 53536.4 0.8 0.8 0.106944 9.7 5 32 1 0 Group A Laminar Flow
5 5 12:26 12:31 21 21 53536.5 [ 53536.7 0.2 0.2 0.026736 9.7 5 21 0
5 5 12:32 12:37 12 12 53536.7 | 53536.8 0.1 1.60 0.1 0.013368 9.7 5 12 0
5 5 1:32 1:37 13 13 53537.9 | 53538.5 0.6 1.20 0.6 0.080208 9.7 5 13 2
5 5 1:37 1:42 25 25 53538.6 [ 53538.7 0.1 0.1 0.013368 9.7 5 25 0

480.8 471.1 5 5 1:43 1:48 42 42 53538.8 53540.4 1.6 1.6 0.213889 9.7 5 42 1 0 Group A Laminar Flow
5 5 1:49 1:54 25 25 53540.5 53540.7 0.2 0.2 0.026736 9.7 5 25 0
5 5 1:54 1:59 13 13 53540.7 | 53540.8 0.1 1.70 0.1 0.013368 9.7 5 13 0
5 5 2:48 2:53 18 18 53541.8 | 53541.8 0 1.40 0 0 9.7 5 18 0
5 5 2:53 2:58 34 34 53542.1 [ 53542.4 0.3 0.3 0.040104 9.7 5 34 0

471.1 461.4 5 5 2:58 3:03 50 50 53542.7 53544.2 1.5 15 0.200521 9.7 5 50 1 0 Group A Laminar Flow
5 5 3:04 3:09 34 34 53544.2 | 53544.2 0 0 0 9.7 5 34 0
5 5 3:09 3:14 18 18 53544.2 | 53544.2 0 1.80 0 0 9.7 5 18 0
5 5 4:02 4:07 18 18 53544.5 | 53544.6 0.1 1.10 0.1 0.013368 9.6 5 18 0
5 5 4:07 4:12 34 34 53544.8 53545.3 0.5 0.5 0.06684 9.6 5 34 1

461.4 451.8 5 5 4:12 4:17 50 50 53545.7 | 53550.9 5.2 5.2 0.695139 9.6 5 50 4 0 Group C Dilation
5 5 4:18 4:23 34 34 53551 53551.2 0.2 0.2 0.026736 9.6 5 34 0
5 5 4:23 4:28 18 18 53551.2 [ 53551.2 0 1.60 0 0 9.6 5 18 0
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&> Stantec

Location KY River Lock and Dam No. 8

Surface Elevation (ft.)

536.1 ft NAVD88

Project 175561026
Sheet No. 1lofl Date 7/18/2011
Hole # B-15 Rig # CME 45T

Crew G. Thompson, M. Rigsby

Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.8 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 10:26 11:31 9 9 53551 53551.2 0.2 1.20 0.2 0.026736 7.1 5 9 1
5 5 11:31 11:36 12 12 53551.2 53551.2 0 0 0 7.1 5 12 0

498.7 491.6 5 5 11:37 11:42 18 18 53551.3 53551.7 0.4 0.4 0.053472 7.1 5 18 1 0 Group A Laminar
5 5 11:42 11:47 12 12 53551.7 53551.7 0 0 0 7.1 5 12 0
5 5 11:47 11:52 9 9 53551.7 | 53551.7 0 1.60 0 0 7.1 5 9 0
5 5 12:22 12:27 12 12 53551.7 53551.9 0.2 1.40 0.2 0.026736 9.7 5 12 1
5 5 12:28 12:33 17 17 53551.9 53552 0.1 0.1 0.013368 9.7 5 17 0

491.6 481.9 5 5 12:33 12:38 27 26 53552.2 | 53552.4 0.2 0.2 0.026736 9.7 5 26 0 0 Group A Laminar
5 5 12:38 12:43 17 17 53552.4 53552.4 0 0 0 9.7 5 17 0
5 5 12:44 12:49 12 12 53552.4 | 53552.4 0 1.60 0 0 9.7 5 12 0
5 5 1:24 1:29 12 12 53552.6 | 53552.7 0.1 1.20 0.1 0.013368 9.7 5 12 0
5 5 1:29 1:34 22 22 53552.9 [ 53553.1 0.2 0.2 0.026736 9.7 5 22 0

481.9 472.2 5 5 1:35 1:40 37 37 53553.3 | 53553.6 0.3 0.3 0.040104 9.7 5 37 0 0 Group A Laminar
5 5 1:45 1:50 22 22 53553.6 53553.6 0 0 0 9.7 5 22 0
5 5 1:50 1:55 12 12 53553.6 | 53553.6 0 1.50 0 0 9.7 5 12 0
5 5 2:25 2:30 16 16 53553.8 53554 0.2 1.10 0.2 0.026736 10.0 5 16 0
5 5 2:30 2:35 31 31 53554.3 [ 53554.5 0.2 0.2 0.026736 10.0 5 31 0

472.2 462.2 5 5 2:35 2:40 47 47 53556.4 53570.8 14.4 14.4 1.925 10.0 5 47 11 0 Group C Dilation
5 5 2:41 2:46 31 31 53571.1 [ 53571.3 0.2 0.2 0.026736 10.0 5 31 0
5 5 2:46 2:51 16 16 53571.3 | 53571.3 0 1.60 0 0 10.0 5 16 0
5 5 3:26 3:31 18 18 53581.5 | 53581.7 0.2 1.20 0.2 0.026736 9.9 5 18 0
5 5 3:31 3:36 34 34 53581.9 53582 0.1 0.1 0.013368 9.9 5 34 0

462.2 452.3 5 5 3:37 3:42 50 50 53582 53582.3 0.3 0.3 0.040104 9.9 5 50 0 0 Group A Laminar
5 5 3:42 3:47 34 34 53582.3 [ 53582.3 0 0 0 9.9 5 34 0
5 5 3:48 3:53 18 18 53582.3 | 53582.3 0 1.70 0 0 9.9 5 18 0
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&> Stantec

KY River Lock and Dam No. 8

Location

Lock 8 Road, Jessamine County, KY

Boring Size PQ Wireline

Test Method Lugeon Test

Surface Elevation (ft.)

535.1 ft NAVD88

Top of Rock Elev. (ft.)

Pump Capacity

500.7 ft

30 - 40 gallons

Static Water Level

1.7 ft

Project 175561026
Sheet No. lofl Date  7/26/2011
Hole # B-16 Rig # CME 45T

Crew G. Thompson, M. Rigsby

Inspector J. Adams

Meter Type Badger Meter

Meter # 93428424

Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time [ Actual Pressure Lugeon Value
Top Elev BEtILOVm Required Actual St;'? ck Tlmel,;] 3 Required | Actual StT’cgtSto f ETn:S(t)f Total Pre-Test | Post-Test Notes (gal) (ft*3) (vertical ft) (min) (psi) Each Test Reﬁ;if:gtg&\‘/;efor Group

5 5 12:06 12:11 10 10 55973.3 | 55974.8 1.5 1.70 1.5 0.200521 9.0 5 10 6
5 5 12:11 12:16 15 15 55975.1 | 55977.1 2 2 0.267361 9.0 5 15 5

497.0 488.0 5 5 12:17 12:22 20 20 55977.3 | 55979.6 2.3 2.3 0.307465 9.0 5 20 5 4 Group E Void Filling
5 5 12:23 12:28 15 15 55979.9 | 55981.6 1.7 1.7 0.227257 9.0 5 15 4
5 5 12:28 12:33 10 10 55981.8 55983 1.2 1.70 1.2 0.160417 9.0 5 10 5
5 5 1:47 1:52 10 10 55985.9 | 55987.4 1.5 1.70 1.5 0.200521 10.2 5 10 5
5 5 1:52 1.57 20 20 55988.5 55991 2.5 2.5 0.334201 10.2 5 20 4

488.0 477.8 5 5 1:57 2:02 30 30 55992.1 | 55995.2 3.1 3.1 0.41441 10.2 5 30 4 3 Group E Void Filling
5 5 2:02 2:07 20 20 55995.5 | 55997.1 1.6 1.6 0.213889 10.2 5 20 3
5 5 2:07 2:12 10 10 55997.2 | 55998.1 0.9 1.70 0.9 0.120313 10.2 5 10 3
5 5 3:27 3:32 10 10 56000.9 | 56002.1 1.2 1.70 1.2 0.160417 10.0 5 10 4
5 5 3:32 3:37 25 25 56003.7 | 56005.9 2.2 2.2 0.294097 10.0 5 25 3

477.8 467.8 5 5 3:37 3:42 40 40 56007.2 | 56010.3 3.1 3.1 0.41441 10.0 5 40 3 3 Group A Laminar
5 5 3:42 3:47 25 25 56010.5 [ 56012.7 2.2 2.2 0.294097 10.0 5 25 3
5 5 3:47 3:52 10 10 56012.8 | 56014.2 1.4 1.70 1.4 0.187153 10.0 5 10 5
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Project 175561026
Sheet No. lofl Date 7/19/2011
Hole # B-17 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 534.8 ft NAVD88 Crew 3. Thompson, M. Rigsh'
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 502.0 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time [Actual Pressure Lugeon Value
. Clock Times : Start of End of Notes N ' . . Representative for
Top Elev | Bottom Elev | Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 10:13 | 10:18 12 12 53583.3 | 53583.8 0.5 1.30 0.5 0.06684 8.6 5 12 2
5 5 10:18 | 10:23 14 14 53583.9 | 53584.5 0.6 0.6 0.080208 8.6 5 14 2

499.3 490.7 5 5 10:24 | 10:29 23 23 53584.5 | 53585.8 1.3 1.3 0.173785 8.6 5 23 2 2 Group A Laminar
5 5 10:29 | 10:34 14 14 53585.8 | 53586.4 0.6 0.6 0.080208 8.6 5 14 2
5 5 10:34 | 10:39 12 12 53586.4 | 53586.9 0.5 1.50 0.5 0.06684 8.6 5 12 2
5 5 11:38 | 11:43 12 12 53589 53589 0 1.20 0 0 9.8 5 12 0
5 5 11:43 | 11:48 21 21 53589 53589.1 0.1 0.1 0.013368 9.8 5 21 0

490.7 480.9 5 5 11:48 | 11:53 32 32 53589.1 | 53589.4 0.3 0.3 0.040104 9.8 5 32 0 0 Group A Laminar
5 5 11:53 11:58 21 21 53589.4 53589.4 0 0 0 9.8 5 21 0
5 5 11:59 | 12:04 12 12 53589.4 | 53589.4 0 1.50 0 0 9.8 5 12 0
5 5 12:31 | 12:36 13 13 53590.2 | 53590.3 0.1 1.30 0.1 0.013368 9.4 5 13 0
5 5 12:36 | 12:41 25 25 53590.6 | 53590.6 0 0 0 9.4 5 25 0

480.9 471.5 5 5 12:41 12:46 42 42 53591.1 53592.2 1.1 1.1 0.147049 9.4 5 42 1 1 Group A Laminar
5 5 12:47 | 12:52 25 25 53592.2 | 53592.8 0.6 0.6 0.080208 9.4 5 25 1
5 5 12:52 | 12:57 13 13 53592.8 | 53593.1 0.3 1.60 0.3 0.040104 9.4 5 13 1
5 5 1:52 1:57 18 18 53594.6 | 53594.8 0.2 1.10 0.2 0.026736 9.8 5 18 0
5 5 1:58 2:03 34 34 53595.2 53596.3 1.1 1.1 0.147049 9.8 5 34 1

471.5 461.7 5 5 2:03 2:08 50 48 53596.4 53598.5 2.1 2.1 0.280729 9.8 5 48 2 1 Group A Laminar
5 5 2:09 2:14 34 34 53598.5 53599 0.5 0.5 0.06684 9.8 5 34 1
5 5 2:14 2:19 18 18 53599.1 | 53599.4 0.3 1.70 0.3 0.040104 9.8 5 18 1
5 5 2:47 2:52 18 18 53600.8 53602 1.2 1.40 1.2 0.160417 8.6 5 18 3
5 5 2:52 2:57 34 34 53602.1 53603.2 1.1 1.1 0.147049 8.6 5 34 1

461.7 452.0 5 5 2:58 3:03 50 48 53603.7 | 53610.4 6.7 6.7 0.89566 8.6 5 48 6 1 Group C Dilation
5 5 3:03 3:08 34 34 53610.8 | 53612.1 1.3 1.3 0.173785 8.6 5 34 2
5 5 3:08 3:13 18 18 53612.1 | 53612.7 0.6 1.70 0.6 0.080208 8.6 5 18 1
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Project 175561026

[ &
% SheetNo. 1 of 1 Date _ 7/19/2011
% n ec Hole # B-18 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 536.6 ft NAVD88 Crew G. Thompson, M. Rigsbhy
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 506.8 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.8 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of R 3 Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 9:40 9:45 12 12 53613.1 53613.4 0.3 1.20 0.3 0.040104 11.0 5 12 1
5 5 9:45 9:50 14 14 53613.4 | 53613.6 0.2 0.2 0.026736 11.0 5 14 0

503.3 492.3 5 5 9:50 9:55 24 24 53613.8 | 53614.4 0.6 0.6 0.080208 11.0 5 24 1 1 Group A Laminar
5 5 9;55 10:00 14 14 53614.4 | 53614.6 0.2 0.2 0.026736 11.0 5 14 0
5 5 10:00 10:05 12 12 53614.6 53614.7 0.1 1.60 0.1 0.013368 11.0 5 12 0
5 5 10:41 10:46 12 12 53615.3 | 53615.4 0.1 1.30 0.1 0.013368 9.7 5 12 0
5 5 10:46 10:51 20 20 53615.6 | 53615.8 0.2 0.2 0.026736 9.7 5 20 0

492.3 482.6 5 5 10:52 10:57 34 34 53616 53616.4 0.4 0.4 0.053472 9.7 5 34 0 0 Group A Laminar
5 5 10:57 11:02 20 20 53616.4 | 53616.4 0 0 0 9.7 5 20 0
5 5 11:03 11:08 12 12 53616.4 | 53616.4 0 1.60 0 0 9.7 5 12 0
5 5 11:52 11:57 14 14 53617.4 53617.4 0 1.10 0 0 9.5 5 14 0
5 5 11:57 12:02 26 26 53617.6 | 53617.9 0.3 0.3 0.040104 9.5 5 26 0

482.6 473.1 5 5 12:03 12:08 43 43 53618 53618.6 0.6 0.6 0.080208 9.5 5 43 1 0 Group A Laminar
5 5 12:08 12:13 26 26 53618.6 | 53618.8 0.2 0.2 0.026736 9.5 5 26 0
5 5 12:13 12:18 14 14 53618.8 | 53618.9 0.1 1.40 0.1 0.013368 9.5 5 14 0
5 5 12:57 1:02 18 18 53619.6 | 53620.1 0.5 1.30 0.5 0.06684 9.8 5 18 1
5 5 1:02 1:07 34 34 53620.4 | 53621.3 0.9 0.9 0.120313 9.8 5 34 1

473.1 463.3 5 5 1:07 1:12 50 50 53621.9 | 53632.4 10.5 10.5 1.403646 9.8 5 50 8 1 Group C Dilation
5 5 1:12 1:17 34 34 53632.5 53634.2 1.7 1.7 0.227257 9.8 5 34 2
5 5 1:17 1:22 18 18 53634.2 | 53634.6 0.4 1.60 0.4 0.053472 9.8 5 18 1
5 5 3:15 3:20 18 18 53636.4 | 53637.2 0.8 1.40 0.8 0.106944 9.5 5 18 2
5 5 3:21 3:26 34 34 53637.5 53640 2.5 2.5 0.334201 9.5 5 34 3

463.3 453.8 5 5 3:26 3:31 50 50 53641.3 | 53660.5 19.2 19.2 2.566667 9.5 5 50 14 2 Group C Dilation
5 5 3:32 3:37 34 34 53663.9 | 53664.9 1 1 0.133681 9.5 5 34 1
5 5 3:37 3;42 18 18 53665 53665.5 0.5 1.70 0.5 0.06684 9.5 5 18 1
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Project 175561026

(&
y Sheet No. 1of1 Date __ 7/21/2011
/; “ ec Hole # B-19 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 537.5 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 521.7 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.8 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time | Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of E y Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 10:34 10:39 8 8 53662 53676.8 14.8 10.20 14.8 1.978472 9.8 5 8 67
5 5 10:40 10:45 10 10 53733 53781.3 48.3 48.3 6.456771 9.8 5 10 174

517.3 507.5 5 5 10:45 10:50 15 15 53788 53847.2 59.2 59.2 7.913889 9.8 5 15 142 >100 Group D Wash Out
5 5 10:51 10:56 10 10 53851.3 53901.6 50.3 50.3 6.724132 9.8 5 10 181
5 5 10:56 11:01 8 8 53904 53950 46 10.60 46 6.149306 9.8 5 8 207
5 5 11:52 11:57 12 12 53952.4 | 53952.5 0.1 10.20 0.1 0.013368 9.5 5 12 0
5 5 11:57 12:02 16 16 53952.8 53952.8 0 0 0 9.5 5 16 0

507.5 498.0 5 5 12:03 12:08 25 25 53953 53953.5 0.5 0.5 0.06684 9.5 5 25 1 0 Group A Laminar
5 5 12:08 12:13 16 16 53953.5 [ 53953.6 0.1 0.1 0.013368 9.5 5 16 0
5 5 12:13 12:18 12 12 53953.6 [ 53953.6 0 10.50 0 0 9.5 5 12 0
5 5 12:42 12:47 12 12 53955.5 53955.5 0 10.30 0 0 9.7 5 12 0
5 5 12:47 12:52 21 21 53955.8 53955.8 0 0 0 9.7 5 21 0

498.0 488.3 5 5 12:52 12:57 34 34 53955.8 [ 53955.9 0.1 0.1 0.013368 9.7 5 34 0 0 Group A Laminar
5 5 12:57 1:02 21 21 53955.9 53955.9 0 0 0 9.7 5 21 0
5 5 1:02 1:07 12 12 53955.9 [ 53955.9 0 10.70 0 0 9.7 5 12 0
5 5 1:53 1:58 14 14 53956.9 [ 53956.9 0 10.10 0 0 10.0 5 14 0
5 5 1:58 2;03 27 22 53957.2 [ 53957.5 0.3 0.3 0.040104 10.0 5 22 0

488.3 478.3 5 5 2:03 2:08 44 44 53958.2 [ 53973.3 15.1 15.1 2.018576 10.0 5 44 12 0 Group C Dilation
5 5 2;08 2:13 27 26 53973.8 | 53974.6 0.8 0.8 0.106944 10.0 5 26 1
5 5 2:13 2:18 14 14 53974.6 | 53974.6 0 10.50 0 0 10.0 5 14 0
5 5 2:39 2:44 18 18 53975.2 | 53975.2 0 10.30 0 0 9.7 5 18 0
5 5 2:44 2:49 34 34 53975.7 53979.4 3.7 3.7 0.494618 9.7 5 34 4

478.3 468.6 5 5 2:49 2:54 50 50 53972 54015.7 43.7 43.7 5.84184 9.7 5 50 32 0 Group C Dilation
5 5 2:54 2:59 34 34 54017.3 | 54026.5 9.2 9.2 1.229861 9.7 5 34 10
5 5 2:59 3:04 18 18 54026.5 | 54026.5 0 10.70 0 0 9.7 5 18 0
5 5 3:47 3:52 18 18 54026.5 | 54026.8 0.3 10.40 0.3 0.040104 9.8 5 18 1
5 5 3:52 3:57 34 34 54028.4 54043.1 14.7 14.7 1.965104 9.8 5 34 16

468.6 458.8 5 5 3:57 4:02 50 50 54065 54108 43 43 5.748264 9.8 5 50 31 1 Group C Dilation
5 5 4:02 4:07 34 34 54112.8 54138.2 25.4 25.4 3.395486 9.8 5 34 27
5 5 4:07 4:12 18 18 54149.4 54149.6 0.2 10.40 0.2 0.026736 9.8 5 18 0
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&« Project 175561026
&4 SheetNo. ___1ofl Date __ 7/27/2011
% “ ec Hole # B-20 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 535.2 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamne County, KY Top of Rock Elev. (ft.) 517.8 ft Inspector A. Smith
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time [ Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) [ (min) (psi) Each Test Tested Stage Group
5 5 11:45 11:50 5 5 56022.1 56024 1.9 1.70 1.9 0.253993 10.0 5 5 13
5 5 11:50 11:55 10 10 56025.5 56030.6 5.1 5.1 0.681771 10.0 5 10 18
513.7 503.7 5 5 12:00 12:05 15 15 56031.5 | 56039.2 7.7 7.7 1.02934 10.0 5 15 18 13 Group D Wash Out
5 5 12:05 12:10 10 10 56040 56045 5 5 0.668403 10.0 5 10 18
5 5 12:10 12:15 5 5 56045.8 | 56049.3 3.5 1.70 3.5 0.467882 10.0 5 5 25
5 5 1:18 1:23 10 10 56051.6 56053.6 2 1.70 2 0.267361 10.2 5 10 7
5 5 1:23 1:28 15 15 56054.6 56057 2.4 2.4 0.320833 10.2 5 15 6
503.7 493.5 5 5 1:28 1:33 20 20 56057.5 56060 2.5 25 0.334201 10.2 5 20 4 5 Group A Laminar
5 5 1:33 1:38 15 15 56060.3 [ 56062.2 1.9 1.9 0.253993 10.2 5 15 4
5 5 1:38 1:43 10 10 56062.4 | 56063.6 1.2 1.70 1.2 0.160417 10.2 5 10 4
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&« Project 175561026
&4 SheetNo. ___1ofl Date___ 8/15/2011
% n ec Hole # B-21 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 534.2 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.0 ft Inspector A. Smith
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.6 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time [Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) | (min) (psi) Each Test Tested Stage Group
5 5 10:59 11:04 12 12 57896.8 | 57898.9 2.1 1.40 2.1 0.280729 10.0 5 12 6
5 5 11:04 11:09 21 21 57899.8 | 57902.7 2.9 2.9 0.387674 10.0 5 21 5
497.2 487.2 5 5 11:09 11:14 30 30 57903.4 57907.5 4.1 4.1 0.54809 10.0 5 30 5 3 Group E Void Filling
5 5 11:15 11:20 21 21 57907.6 57909.5 1.9 1.9 0.253993 10.0 5 21 3
5 5 11:20 11:25 12 12 57909.6 57910.9 1.3 1.60 1.3 0.173785 10.0 5 12 4
5 5 12:41 12:46 13 12 57914 57916 2 1.40 2 0.267361 10.2 5 12 6
5 5 12:46 12:51 25 25 57917 57920.3 3.3 3.3 0.441146 10.2 5 25 5
487.2 477.0 5 5 12:52 12:57 40 40 57920.2 57923.2 3 3 0.401042 10.2 5 40 3 2 Group E Void Filling
5 5 12:57 1:02 25 25 57923.3 57924.7 1.4 1.4 0.187153 10.2 5 25 2
5 5 1:.02 1:06 13 13 57925.1 57926 0.9 1.60 0.9 0.120313 10.2 5 13 2
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<& Project 175561026
A7 SheetNo.__ 1ofl Date __ 7/27/2011
% “ ec Hole # B-22 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 536.6 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 506.4 ft Inspector J. Adams
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time [Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 11:20 11:25 10 10 56066.6 | 56066.7 0.1 1.70 0.1 0.013368 9.0 5 10 0
5 5 11:25 11:30 15 15 56067.5 56068.8 1.3 1.3 0.173785 9.0 5 15 3
503.1 494.1 5 5 11:30 11:35 20 20 56069.1 56070.5 1.4 1.4 0.187153 9.0 5 20 3 3 Group A Laminar
5 5 11:35 11:40 15 15 56070.7 56072 1.3 1.3 0.173785 9.0 5 15 3
5 5 11:40 11:45 10 10 56072.1 [ 56072.8 0.7 1.70 0.7 0.093576 9.0 5 10 3
5 5 1:05 1:10 10 10 56076.3 | 56076.5 0.2 1.70 0.2 0.026736 10.1 5 10 1
5 5 1:10 1:15 18 18 56078.1 56078.8 0.7 0.7 0.093576 10.1 5 18 1
494.1 484.0 5 5 1:15 1:20 28 28 56079.9 | 56080.5 0.6 0.6 0.080208 10.1 5 28 1 1 Group A Laminar
5 5 1:20 1:25 18 18 56080.6 [ 56080.6 0 0 0 10.1 5 18 0
5 5 1:25 1:30 10 10 56080.6 | 56081.1 0.5 1.70 0.5 0.06684 10.1 5 10 2
5 5 2:35 2:40 10 10 56084 56089.1 5.1 1.70 5.1 0.681771 10.0 5 10 18
5 5 2:40 2:45 23 23 56089.3 [ 56091.3 2 2 0.267361 10.0 5 23 3
484.0 474.0 5 5 2:45 2:50 40 38 56091.6 | 56094.5 2.9 2.9 0.387674 10.0 5 38 3 3 Group A Laminar
5 5 2:50 2:55 23 23 56095.4 56098 2.6 2.6 0.347569 10.0 5 23 4
5 5 2:55 3:00 10 10 56098.1 [ 56099.7 1.6 1.70 1.6 0.213889 10.0 5 10 6
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P Project 175561026
& SheetNo. ___1of1 Date __ 8/4/2011
% n ec Hole # B-23 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 534.3 ft NAVD88 Crew G. Thompson, M. Rigsbhy
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 521.5 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time | Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) | (min) (psi) Each Test Tested Stage Group
5 5 12:41 12:46 8 8 57118.4 57127.5 9.1 1.40 9.1 1.216493 9.7 5 8 41
5 5 12:46 12:51 10 10 57128 57137 9 9 1.203125 9.7 5 10 33
518.5 508.8 5 5 12:51 12:56 16 16 57138 57150.7 12.7 12.7 1.697743 9.7 5 16 29 29 Group B Turbulent
5 5 12:56 1:01 10 10 57151 57159.9 8.9 8.9 1.189757 9.7 5 10 32
5 5 1:01 1:06 8 8 57160.1 | 57168.4 8.3 1.60 8.3 1.109549 9.7 5 8 38
5 5 1:37 1:42 12 12 57168.7 57177.8 9.1 1.40 9.1 1.216493 9.6 5 12 28
5 5 1:42 1:47 16 16 57178.8 57189.2 10.4 10.4 1.390278 9.6 5 16 24
508.8 499.2 5 5 1:47 1:52 25 25 57190.1 57202.1 12 12 1.604167 9.6 5 25 18 14 Group E Void Filling
5 5 1:52 1:57 16 16 57202.9 57211.1 8.2 8.2 1.096181 9.6 5 16 19
5 5 1:57 2:02 12 12 57211.4 57216.1 4.7 1.60 4.7 0.628299 9.6 5 12 14
5 5 2:39 2:44 12 12 57216.3 57216.4 0.1 1.30 0.1 0.013368 9.8 5 12 0
5 5 2:44 2:49 22 22 57216.8 57217 0.2 0.2 0.026736 9.8 5 22 0
499.2 489.4 5 5 2:49 2:54 35 35 57217 57217.4 0.4 0.4 0.053472 9.8 5 35 0 0 Group A Laminar
5 5 2:55 3:00 22 22 57217.4 | 57217.7 0.3 0.3 0.040104 9.8 5 22 0
5 5 3:00 3:05 12 12 57217.7 57217.7 0 1.70 0 0 9.8 5 12 0
5 5 3:35 3:40 14 14 57217.9 | 57218.5 0.6 1.50 0.6 0.080208 9.8 5 14 2
5 5 3:41 3:46 28 28 57218.5 | 57219.2 0.7 0.7 0.093576 9.8 5 28 1
489.4 479.6 5 5 3:46 3:51 45 45 57219.2 | 57219.8 0.6 0.6 0.080208 9.8 5 45 0 0 Group A Laminar
5 5 3:51 3:56 28 28 57219.8 | 57219.9 0.1 0.1 0.013368 9.8 5 28 0
5 5 3:56 4:01 14 12 57219.9 | 57219.9 0 1.60 0 0 9.8 5 12 0
5 5 4:32 4:37 18 18 57220.5 57221.6 1.1 1.20 1.1 0.147049 9.6 5 18 2
5 5 4:38 4:43 34 34 57221.9 | 57223.9 2 2 0.267361 9.6 5 34 2
479.6 470.0 5 5 4:43 4:48 50 48 57224.5 57235.3 10.8 10.8 1.44375 9.6 5 48 8 2 Group C Dilation
5 5 4:49 4:54 34 34 57236 57237.8 1.8 1.8 0.240625 9.6 5 34 2
5 5 4:54 4:59 18 18 57237.8 | 57238.2 0.4 1.50 0.4 0.053472 9.6 5 18 1

00T




& Project 175561026
&4 SheetNo.___1ofdl Date___ 8/5/2011
% n ec Hole # B-24 Rig # CME 45T
Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 533.4 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 504.3 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.3 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required| Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 9:05 9:10 12 12 57238.8 | 57238.9 0.1 1.00 0.1 0.013368 7.7 5 12 0
5 5 9:10 9:15 20 20 57239 57239.2 0.2 0.2 0.026736 7.7 5 20 0
501.3 493.6 5 5 9:16 9:21 28 28 57239.3 | 57239.5 0.2 0.2 0.026736 7.7 5 28 0 0 Group A Laminar
5 5 9:21 9:26 20 20 57239.5 | 57239.6 0.1 0.1 0.013368 7.7 5 20 0
5 5 9:26 9:31 12 12 57239.6 | 57239.6 0 1.30 0 0 7.7 5 12 0
5 5 10:08 10:13 12 12 57240.9 57241 0.1 1.00 0.1 0.013368 9.6 5 12 0
5 5 10:13 10:18 23 23 57241.2 | 57241.4 0.2 0.2 0.026736 9.6 5 23 0
493.6 484.0 5 5 10:19 10:24 38 38 57241.4 57241.8 0.4 0.4 0.053472 9.6 5 38 0 0 Group A Laminar
5 5 10:24 10:29 23 23 57241.8 57242 0.2 0.2 0.026736 9.6 5 23 0
5 5 10:29 10:34 12 12 57242 57242 0 1.30 0 0 9.6 5 12 0
5 5 11:11 11:16 16 16 57243 57243.5 0.5 1.10 0.5 0.06684 9.7 5 16 1
5 5 11:16 11:21 30 30 57243.7 57244.7 1 1 0.133681 9.7 5 30 1
484.0 474.3 5 5 11:21 11:26 48 48 57244.9 57246 1.1 1.1 0.147049 9.7 5 48 1 1 Group A Laminar
5 5 11:26 11:31 30 30 57246 57246.5 0.5 0.5 0.06684 9.7 5 30 1
5 5 11:32 11:37 16 16 57246.5 57246.9 0.4 1.30 0.4 0.053472 9.7 5 16 1
5 5 12:10 12:15 18 18 57247.1 57247.2 0.1 1.20 0.1 0.013368 9.7 5 18 0
5 5 12:15 12:20 34 34 57247.5 57247.9 0.4 0.4 0.053472 9.7 5 34 0
474.3 464.6 5 5 12:21 12:26 50 50 57248 57263.7 15.7 15.7 2.098785 9.7 5 50 11 0 Group C Dilation
5 5 12:27 12:32 34 34 57264.1 57264.8 0.7 0.7 0.093576 9.7 5 34 1
5 5 12:32 12:37 18 18 57264.8 | 57264.9 0.1 1.30 0.1 0.013368 9.7 5 18 0
5 5 1:04 1:09 18 18 57266.2 | 57266.8 0.6 1.10 0.6 0.080208 9.8 5 18 1
5 5 1:10 1:15 34 34 57266.9 57268.2 1.3 1.3 0.173785 9.8 5 34 1
464.6 454.8 5 5 1:16 1:21 50 50 57268.6 57292.7 24.1 24.1 3.221701 9.8 5 50 17 0 Group C Dilation
5 5 1:21 1:26 34 34 57293.3 | 57297.2 3.9 3.9 0.521354 9.8 5 34 4
5 5 1:27 1:32 18 18 57297.2 | 57297.4 0.2 1.30 0.2 0.026736 9.8 5 18 0

TOT




&> Stantec

Project 175561026
Sheet No. lofl Date 8/8/2011
Hole # B-25 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 533.6 ft NAVD 88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 501.3 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.6 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval [ Time | Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 10:49 10:54 12 12 57299 57299.1 0.1 1.30 0.1 0.013368 8.6 5 12 0
5 5 10:54 10:59 17 17 57299.1 | 57299.3 0.2 0.2 0.026736 8.6 5 17 0

497.8 489.2 5 5 10:59 11:04 27 27 57299.3 | 57299.6 0.3 0.3 0.040104 8.6 5 27 0 0 Group A Laminar
5 5 11:05 11:10 17 17 57299.6 57299.9 0.3 0.3 0.040104 8.6 5 17 1
5 5 11:10 11:15 12 12 57299.9 57300 0.1 1.60 0.1 0.013368 8.6 5 12 0
5 5 11:48 11:53 12 12 57300.7 | 57300.7 0 1.40 0 0 9.7 5 12 0
5 5 11:53 11:58 22 22 57300.9 57301 0.1 0.1 0.013368 9.7 5 22 0

489.2 479.5 5 5 11:59 12:04 37 37 57301 57301.4 0.4 0.4 0.053472 9.7 5 37 0 0 Group A Laminar
5 5 12:04 12:09 22 22 57301.4 | 57301.5 0.1 0.1 0.013368 9.7 5 22 0
5 5 12:09 12:14 12 12 57301.5 | 57301.5 0 1.70 0 0 9.7 5 12 0
5 5 12:44 12:49 15 15 57305.2 | 57305.2 0 1.30 0 0 9.8 5 15 0
5 5 12:49 12:54 30 30 57353.3 | 57353.6 0.3 0.3 0.040104 9.8 5 30 0

479.5 469.7 5 5 12:54 12:59 47 46 57353.6 57354 0.4 0.4 0.053472 9.8 5 46 0 0 Group A Laminar
5 5 12:59 1:04 30 30 57354 57354.1 0.1 0.1 0.013368 9.8 5 30 0
5 5 1:05 1:09 15 15 57354.1 | 57354.1 0 1.60 0 0 9.8 5 15 0
5 5 3:50 3:55 18 18 57354 57354.2 0.2 1.20 0.2 0.026736 9.6 5 18 0
5 5 3:55 4:00 34 34 57354.5 57354.6 0.1 0.1 0.013368 9.6 5 34 0

469.7 460.1 5 5 4:01 4:06 50 50 57354.7 57355.1 0.4 0.4 0.053472 9.6 5 50 0 0 Group A Laminar
5 5 4:06 4:11 34 34 57355.1 | 57355.3 0.2 0.2 0.026736 9.6 5 34 0
5 5 4:11 4:16 18 18 57355.3 | 57355.3 0 1.50 0 0 9.6 5 18 0
5 5 4:58 5:02 18 18 57355.3 | 57355.4 0.1 1.20 0.1 0.013368 9.5 5 18 0
5 5 5:02 5:07 34 34 57355.9 57355.9 0 0 0 9.5 5 34 0

460.1 450.6 5 5 5:07 5:12 50 50 57356 57356.5 0.5 0.5 0.06684 9.5 5 50 0 0 Group A Laminar
5 5 5:12 5:17 34 34 57356.5 57356.7 0.2 0.2 0.026736 9.5 5 34 0
5 5 5:17 5:22 18 18 57356.7 | 57356.8 0.1 1.60 0.1 0.013368 9.5 5 18 0
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Project 175561026

-~
y Sheet No. 1of1 Date 8/9/2011
/; n ec Hole # B-26 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 533.7 ft NAVD88 Crew Thompson, M. Rigs
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 500.5 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type  Badger Meter
Test Method Lugeon Test Static Water Level 141t Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time | Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes A ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) | (min) (psi) Each Test Tested Stage Group
5 5 10:34 10:39 12 12 57356.5 | 57356.7 0.2 1.20 0.2 0.026736 7.5 5 12 1
5 5 10:39 10:44 18 18 57356.8 57357.1 0.3 0.3 0.040104 7.5 5 18 1
496.5 489.0 5 5 10:44 10:49 28 28 57357 57357.5 0.5 0.5 0.06684 7.5 5 28 1 1 Group A Laminar
5 5 10:49 10:54 18 18 57357.5 57357.7 0.2 0.2 0.026736 7.5 5 18 1
5 5 10:55 11:00 12 12 57357.7 57357.8 0.1 1.40 0.1 0.013368 7.5 5 12 0
5 5 11:35 11:40 12 12 57357.3 57358.4 1.1 1.10 1.1 0.147049 9.6 5 12 3
5 5 11:40 11:45 22 22 57358.8 57359 0.2 0.2 0.026736 9.6 5 22 0
489.0 479.4 5 5 11:46 11:51 38 38 57359.1 | 57359.9 0.8 0.8 0.106944 9.6 5 38 1 0 Group A Laminar
5 5 11:51 11:56 22 22 57359.9 [ 57360.1 0.2 0.2 0.026736 9.6 5 22 0
5 5 11:56 12:01 12 12 57360.1 57360.2 0.1 1.40 0.1 0.013368 9.6 5 12 0
5 5 12:28 12:33 16 16 57361 57361.2 0.2 1.30 0.2 0.026736 9.8 5 16 0
5 5 12:33 12:38 30 30 57361.5 [ 57361.8 0.3 0.3 0.040104 9.8 5 30 0
479.4 469.6 5 5 12:38 12:43 48 48 57362.1 | 57370.7 8.6 8.6 1.149653 9.8 5 48 6 0 Group C Dilation
5 5 12:43 12:48 30 30 57370.8 [ 57371.1 0.3 0.3 0.040104 9.8 5 30 0
5 5 12:49 12:54 16 16 57371.1 57371.2 0.1 1.40 0.1 0.013368 9.8 5 16 0
5 5 1:45 1:50 18 18 57372 57372.3 0.3 1.20 0.3 0.040104 9.7 5 18 1
5 5 1:50 1:55 34 34 57372.6 57373 0.4 0.4 0.053472 9.7 5 34 0
469.6 459.9 5 5 2:01 2:01 50 48 57373.8 | 57395.3 21.5 215 2.874132 9.7 5 48 16 0 Group C Dilation
5 5 2:06 2:06 34 34 57376.1 | 57378.7 2.6 2.6 0.347569 9.7 5 34 3
5 5 2:12 2:12 18 18 57378.7 | 57378.9 0.2 1.40 0.2 0.026736 9.7 5 18 0
5 5 2:48 2:53 18 18 57399.5 | 57400.1 0.6 1.30 0.6 0.080208 9.9 5 18 1
5 5 2:53 2:58 34 34 57400.5 [ 57401.1 0.6 0.6 0.080208 9.9 5 34 1
459.9 450.0 5 5 5:59 3:04 50 50 57405.5 | 57413.9 8.4 8.4 1.122917 9.9 5 50 6 1 Group C Dilation
5 5 3:04 3:09 34 34 57413.8 | 57414.4 0.6 0.6 0.080208 9.9 5 34 1
5 5 3:09 3:14 18 18 57414.4 | 57414.5 0.1 1.40 0.1 0.013368 9.9 5 18 0
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Project 175561026

“—
y Sheet No. 1of1 Date _8/10/2011
% n ec Hole # B-27 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 533.7 ft NAVD88 Crews. Thompson, M. Rigsh
Lock 8 Road, Jessamine County, KY Top of Rock Elev. (ft.) 499.6 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 141t Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time [Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group

5 5 10:49 10:54 12 12 574154 57417.1 1.7 1.20 1.7 0.227257 7.2 5 12 7
5 5 10:55 11:00 21 20 57417.4 57419.1 1.7 1.7 0.227257 7.2 5 20 4

496.3 489.1 5 5 11:01 11:06 29 29 57419.2 57421.3 2.1 2.1 0.280729 7.2 5 29 4 4 Group A Laminar
5 5 11:06 11:11 21 21 57421.4 57422.8 1.4 1.4 0.187153 7.2 5 21 3
5 5 11:11 11:16 12 12 57422.9 57424.2 1.3 1.50 1.3 0.173785 7.2 5 12 5
5 5 11:52 11:57 12 12 57425.3 57426.2 0.9 1.40 0.9 0.120313 9.7 5 12 3
5 5 11:57 12:02 26 26 57426.7 57428 1.3 1.3 0.173785 9.7 5 26 2

489.1 479.4 5 5 12:02 12:07 39 39 57428.3 57431.2 2.9 2.9 0.387674 9.7 5 39 3 2 Group A Laminar
5 5 12:08 12:13 26 26 57431.4 57432.5 1.1 1.1 0.147049 9.7 5 26 2
5 5 12:13 12:18 12 12 57432.5 57432.8 0.3 1.50 0.3 0.040104 9.7 5 12 1
5 5 12:53 12:58 17 17 57432.9 57433 0.1 1.20 0.1 0.013368 9.9 5 17 0
5 5 15:58 1:03 33 33 57433.4 | 57433.6 0.2 0.2 0.026736 9.9 5 33 0

479.4 469.5 5 5 1:03 1:08 49 49 57433.8 | 57434.5 0.7 0.7 0.093576 9.9 5 49 1 0 Group A Laminar
5 5 1:08 1:13 33 33 57434.5 | 57434.7 0.2 0.2 0.026736 9.9 5 33 0
5 5 1:13 1:18 17 17 57434.7 57434.8 0.1 1.50 0.1 0.013368 9.9 5 17 0
5 5 2:04 2:09 18 18 57435.4 | 57435.9 0.5 1.10 0.5 0.06684 9.5 5 18 1
5 5 2:09 2:14 34 34 57436.2 57437 0.8 0.8 0.106944 9.5 5 34 1

469.5 460.0 5 5 2:15 2:20 50 50 57437 57437.9 0.9 0.9 0.120313 9.5 5 50 1 1 Group A Laminar
5 5 2:20 2:25 34 34 57437.9 | 57438.2 0.3 0.3 0.040104 9.5 5 34 0
5 5 2:25 2:30 18 18 57438.2 | 57438.3 0.1 1.40 0.1 0.013368 9.5 5 18 0
5 5 3:15 3:20 18 18 57448.1 57448.5 0.4 1.10 0.4 0.053472 9.8 5 18 1
5 5 3:21 3:26 34 34 57448.5 57449 0.5 0.5 0.06684 9.8 5 34 1

460.0 450.2 5 5 3:26 3:31 50 50 57449.1 | 57449.7 0.6 0.6 0.080208 9.8 5 50 0 1 Group A Laminar
5 5 3:31 3:36 34 34 57449.7 57450.1 0.4 0.4 0.053472 9.8 5 34 0
5 5 3:37 3:42 18 18 57450.1 | 57450.4 0.3 1.50 0.3 0.040104 9.8 5 18 1
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&> Stantec

Location

KY River Lock and Dam No. 8

Surface Elevation (ft.)

533.3 ft NAVD88

Project 175561026
Sheet No. lofl Date 8/11/2011
Hole # B-28 Rig # CME 45T

Crew 3. Thompson, M. Rigshy

Lock 8 Road, Jessamine County, Kentucky Top of Rock Elev. (ft.) 499.1 ft Inspector A. Smith
Boring Size NQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.7 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required| Actual Test Test Total Pre-Test | Post-Test (gal) (ft"3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 11:22 11:27 12 12 57455.5 57508.1 52.6 53.20 52.6 7.031597 9.7 5 12 159
5 5 11:27 11:32 22 22 57517.7 57586.8 69.1 69.1 9.237326 9.7 5 22 114
488.9 479.2 5 5 11:32 11:37 37 37 57594 57693.5 99.5 99.5 13.30122 9.7 5 37 98 98 Group B Turbulent Flow
5 5 11:37 11:42 22 22 57697.5 57770.4 72.9 72.9 9.745313 9.7 5 22 121
5 5 11:42 11:47 12 12 57777 57833.6 56.6 54.60 56.6 7.566319 9.7 5 12 172
5 5 12:41 12:46 15 14 57852.5 57852.9 0.4 52.90 0.4 0.053472 9.6 5 14 1
5 5 12:46 12:51 30 30 57853.7 57854.1 0.4 0.4 0.053472 9.6 5 30 0
479.2 469.6 5 5 12:51 12:56 47 47 57854.3 | 57854.9 0.6 0.6 0.080208 9.6 5 47 0 0 Group A Laminar
5 5 12:56 1:.01 30 30 57854.9 [ 57855.2 0.3 0.3 0.040104 9.6 5 30 0
5 5 1:02 1:07 15 15 57855.2 | 57855.4 0.2 56.20 0.2 0.026736 9.6 5 15 0
5 5 1:49 1:54 18 18 57858.4 | 57859.3 0.9 53.10 0.9 0.120313 9.7 5 18 2
5 5 1:54 1:59 34 34 57859.8 57861.5 1.7 1.7 0.227257 9.7 5 34 2
469.6 459.9 5 5 1:59 2:04 50 50 57861.7 | 57864.7 3 3 0.401042 9.7 5 50 2 1 Group A Laminar
5 5 2:05 2:10 34 34 57865 57866.1 1.1 1.1 0.147049 9.7 5 34 1
5 5 2:10 2:15 18 18 57866.1 | 57866.7 0.6 56.90 0.6 0.080208 9.7 5 18 1
5 5 3:14 3:19 18 18 57870.1 | 57873.7 3.6 54.30 3.6 0.48125 9.7 5 18 7
5 5 3:21 3:26 34 34 57874.7 57879.5 4.8 4.8 0.641667 9.7 5 34 5
459.9 450.2 5 5 3:26 3:31 50 50 57880 57886.2 6.2 6.2 0.828819 9.7 5 50 5 4 Group E Void Filling
5 5 3:31 3:36 34 34 57887 57891 4 4 0.534722 9.7 5 34 4
5 5 3:36 3:41 18 18 57891.1 | 57893.4 2.3 56.70 2.3 0.307465 9.7 5 18 5
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&> Stantec

Location

KY River Lock and Dam No. 8

Surface Elevation (ft.)

Lock 8 Road, Jessamine County, KY

Top of Rock Elev. (ft.)

Boring Size PQ Wireline

Test Method Lugeon Test

Static Water Level

Pump Capacity

534.3 ft NAVD88

499.0 ft

30 - 40 gallons

1.7 ft

Project 175561026
Sheet No. lofl Date 8/1/2011
Hole # B-29 Rig # CME 45T

Crew Thompson, M. Rig:

Inspector J. Adams

Meter Type __Badger Meter

Meter # 93428424

Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time | Actual Pressure Lugeon Value
Top Elev BEtILOVm Required Actual StngtOCK Tlm(ésn 3 Required | Actual StT’cgtSto f ETn:S(t)f Total Pre-Test | Post-Test Notes (gal) (ft"3) (vertical ft) | (min) (psi) Each Test Reﬁ;if:gt;&\‘/;efor Group

5 5 10 10 56112 56189.8 77.8 1.70 77.8 10.40035 7.5 5 10 366
5 5 15 15 56204 56292 88 88 11.76389 7.5 5 15 276

495.2 487.7 5 5 22 22 56304 56425.7 121.7 121.7 16.26892 7.5 5 22 260 >100 Group B Turbulent
5 5 15 15 56450.2 56554 103.8 103.8 13.87604 7.5 5 15 325
5 5 10 10 56570 56659 89 1.70 89 11.89757 7.5 5 10 419
5 5 10 10 56676 56729.6 53.6 1.70 53.6 7.165278 10.3 5 10 184
5 5 20 20 56747 56824 77 77 10.2934 10.3 5 20 132

487.7 477.4 5 5 35 35 56844 56946 102 102 13.63542 10.3 5 35 100 100 Group B Turbulent
5 5 20 20 56960 57041 81 81 10.82813 10.3 5 20 139
5 5 10 9 57048 57108.5 60.5 1.70 60.5 8.087674 10.3 5 9 230
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Project 175561026
Sheet No. lofl Date 8/16/2011
Hole # B-30 Rig # CME 45T

Location KY River Lock and Dam No. 8 Surface Elevation (ft.) 534.0 ft NAVD88 Crew G. Thompson, M. Rigsby
Lock 8 Road, Jessamine Couty, KY Top of Rock Elev. (ft.) 499.6 ft Inspector A. Smith
Boring Size PQ Wireline Pump Capacity 30 - 40 gallons Meter Type Badger Meter
Test Method Lugeon Test Static Water Level 1.6 ft Meter # 93428424
Test Section (ft) Time of Test (min) Gage Pressure (psi) Meter Reading (gal) Static Water Levels (ft) Total Test Take Test Interval | Time |Actual Pressure Lugeon Value
Bottom . Clock Times . Start of End of Notes N ) . . Representative for
Top Elev Elev Required Actual Start End Required| Actual Test Test Total Pre-Test | Post-Test (gal) (ft*3) (vertical ft) (min) (psi) Each Test Tested Stage Group
5 5 8:41 8:46 12 12 57932.2 | 57935.8 3.6 1.60 3.6 0.48125 10.0 5 12 11
5 5 8:46 8:51 21 21 57936.1 57940.3 4.2 4.2 0.561458 10.0 5 21 7
497.6 487.6 5 5 8:51 8:56 31 31 57940.8 | 57947.5 6.7 6.7 0.89566 10.0 5 31 8 9 Group A Laminar
5 5 8:56 9:01 21 21 57947.9 57953.2 5.3 5.3 0.708507 10.0 5 21 9
5 5 9:02 9:07 12 12 57954.4 57958.4 4 1.60 4 0.534722 10.0 5 12 12
5 5 10:14 10:19 13 12 57966.6 57969.8 3.2 10.90 3.2 0.427778 10.4 5 12 9
5 5 10:19 10:24 25 25 57974.8 58008.5 33.7 33.7 4.505035 10.4 5 25 46
487.6 477.2 5 5 10:24 10:29 42 42 58013.1 58056.7 43.6 43.6 5.828472 10.4 5 42 35 38 Group A Laminar
5 5 10:29 10:34 25 24 58070.4 | 58099.5 29.1 29.1 3.890104 10.4 5 24 41
5 5 10:34 10:39 13 13 58100.9 | 58111.9 11 13.20 11 1.470486 10.4 5 13 29
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APPENDIX C — GROUT CURTAIN DESIGN DRAWINGS
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APPENDIX D — GROUT RECORDS EXAMPLE
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JobNo: T2 J3-1f Drillers Rock Log pate: 8- (&~ 4

Project: Lpcf¢ § -Ellluﬂmlém N(]” Driller: __ 1
Rig: Z_(((g Hole #Mf’ Shift: pay Helpgr: il P
ime Total

Hole Time Depth

Remarks

To Formation

Comments:
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. . Kentucky Lock 8
Terrafirm Construction, LLC er:uggorquESTs

Pressure and flow in accordance to time

(Contract N#: 1845)

AU1072.8 test 2 (28.00-40.00 ft)

EXLGH 4.23/CINAUT

8/11/2015 5:04:08 PM

g )
1._ _ i P ST | S S ‘ I | PR ) o E
o N# 1> Average pressure :16.3 psi__Average flow :0.5 gal/min Volume loﬁgﬁl\_QU@tion :00:01:00 Lugeon :6.28 min/m L o
1 ; : \ i

N#2 > Average p Average flow :4.2 galimin Volume :4 gal Duration :00:01:00 Lugeon 2954 Umiim
ON#3> Average pressure 184 psi_Average flow :0.8 galimin Volume :1 gal Duration :00:01:00 Lugeon 849 iminm

[N# 4 > Average pressure :8.7 psi_Average flow :0.0 galimin Volume :0 gal Duration :00:01:00 Lugeon:0.00 Uminim |
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Terrafirm Construction, LLC

Kentucky Lock 8

LUGEON TESTS

Pressure and flow in accordance to time

(Contract N#: 1845)

AU1072.8

test 2 (28.00-40.00 ft)

EXLGH 4.23/CINAUT

8/11/2015 5:00:21 PM

Average flow :0.0 gal/min _Volume :0 g

9 w0 200 (50ps) s0 00 00 200 30 40.0 _ Lugeon
<
QN# 1> Average pressure :8.3 psi _Average flow :0.0 ) gal/min _Volume :0 g al_Duration :00:00:58 Lugeon :0.00 Umin/m
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Terrafirm Construction, L

LC

Pressure and flow in accordance to time

(Contract N#: 1845)

Kentucky Lock 8

LUGEON TESTS

AU1072.8

EXLGH 4.23/CINAUT
test 1 (40.00-50.00 ft)

8/11/2015 4:16:21 PM

q 10 200 (50psi) 300 400 00 20.0 30.0 _400 _ Lugeon
_TT 1 T T T
QN# 1> Average pressure :13.1 psiAverage flow :0.0 gal/min Volume :0 gal Duration :00:00:58 Lugeon :0.00 /min/m

Volume

galmin _

1ol

N#3> qurage pressure :40.6 psi  Average flow :0.2 gal/mih Volume :0g

a
L L d

| Duration :00

::Q1;00_ _Lugeon :1.05 I/min/m _ i

o

N#4 > Average

|N# 5 > Average pressure :13.1 psi_Average flow :0.0 ga/min_Volume :0 gal Duration :00:00:58 Lugeon :0.00 I/min/m




1o}

Kentucky Lock 8 (Contract N#: 1845)

GROUTING
Pressure and flow in accordance to time

Borehole AU1072stage 1 (28-50 ft)

Terrafirm Construction, LLC

]

1ecm=1min EXPVD 4.88/CIPVD567

08/11/15 _6:00:39 PM

(uiw) swn

| Y

I

I

I

Pressure Filow Volume Flow/Pressure
(0-50 psi) (0-50 gal/min) (0-50 gal) (0-10 gal/min/psi)
10.0 200 30.0 400 100 200 300 400 10.0 20.0 30.0 400 2.0 40 6.0 8.0
3
=_—— !
3 |
Refusal 14 gal (20000 AMIX g e )
6:06:44PM

JEAN LUTZ S.A - Jurangon - France - www.jeanlutzsa.fr
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APPENDIX E— GROUT CURTAIN INSTALLATION RECORDS
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Gc1

Verification Cores

Drilled Depth | Drilled Angle [ Water Pressure Test Depths . . . . GroutStage |GroutPressure| MixA | MixC | Grout Total Take
Hole Structure . Remarks
feet) Degrees) feet) | Water Pressure Test Pressure (psi)|  WPT Lugeon Values (I/m/min) Reported Lugeon Value (1/m/min) Flow Regime eet) s (Gals) |MxBGaS) (Gale)

80-200 43,5889,5843 6,8,6,6,2 3 Laminar

V-1018.0 West Closure Cell 537 - 2000320 87,162,232,160,87 111,00 1 Laminar, Backilled.
320-440 113,232,33.4,232,12.2 0,0,0,0,0 [ Laminar
440-537 13.0,305,42.1, 305, 15.4 0,0.0.0.1 1 Laminar

V-1055.0 West Closure Cell 508 - 248-508 43,13,223,158,7.9 0,0,0,0,0 4 Laminar Backfiled.

i esplanade 0 - 500-620 87,16.0,26.1,16.0,8.7 0,0,0,0,0 0 Laminar sackfiled
62.0-700 116,23.2,377,23.2, 116 0,0,0,0,0 [ Laminar
v-2 Esplanade 619 -~ 425545 87,160,203,13.1,8.7 000,00 0 Laminar Backfiled. Hit steel at depth 18.0" and shifted hole 0.5' west.

545-619 116,203,33.4,18.9,11.6 0,0.1,0.0 ] Laminar

V-1105 cell3 508 - 276-508 87,189,26.2,18.9,8.6 1,0,0,0,0 1 Laminar Backflled.

V-1080 Cell3 508 - 260-380 87,189,305,18.2,5.8 0,1,0,1,0 1 Laminar Backfiled. Hit steel at depth 15.0' and shifted hole 0.5' west.
300-420 116,23.2,33.4,203, 116 0,0,0.0.0 ] Laminar

V-1209 Al-2 63.9 - 42.0-54.0 16.0, 30.6, 45.0, 30.5, 16.0 0,1,1,0,0 1 Laminar Backfilled.
540-639 203,40.2,48.9,37.7.18.9 0,1,1,0.0 1 Laminar

V1135 A23 633 - 280-633 9.5,23.1,313,230,8.7 1,0,1,0,0 1 Laminar 240-509 231 22 - - 22
28.0-400 92,185,280,185,9.2 0,12.8,0,0 ] Dilation

V-1167 Cell2 635 - 40.0-52.0 13.3,26.6, 40.0, 26.6, 13.3 0,12,10,5,0 0 Dilation 11.0-50.9 106 18 - - 18 Not Automated data, used manually recorded data
520-63.0 17.3,34.6,50.0,34.6,17.3 0,10,10,7.0 ] Dilation
280400 116,23.2,305,19.0, 11.0 0,14,9,0,0 [ Dilation

V-1195 Cell2 63.3 - 40.0-52.0 15.9,30.5,42.1, 26.2, 16.0 0,15,10,1,0 0 Dilation Backfilled.
520-633 16.0,37.7,500,34.3, 13.1 0,12,11,2,0 [ Dilation

5.0 (Actually
V-4300 Upper Approach | drilled depth = - 18.5-54.0 5 3 3 N/A Backfiled
54.0-9.0=45.0)
Vspo Cell 2 (Secant Pile 530 ~ Not Performend [P /A N A 45.0-53.0 s 690 - 7 - Verification core obtained to determine if voids were present at interface.
shaft 9) WPT not performed. Pressure grouted




9C1

West Closure Cell - Baseline A

Hole Driled Depth | Drilled Angle |  Water Pressure Test [ Water Pressure Test Pressure [ ooy oo Reported Lugeon Value (/m/min) Flow Regime Grout stage |Grout pressurel - MixA [\ oo | |Grot Total Take |
(feet) (Degrees) Depths (feet) (psi) & i & € (feet) (psi) (6als.) - - (Gals.)
AD1034.67 % s 26.0-38.0 8.7,16.0, 26.1, 16.0,8.2 0,1,0,0,0 1 Laminar 260-50.0 % 05 - - 05
38.0-50.0 116,232, 36.6,23.2,116 0,0,0,0,0 ) Laminar
ADI059.6P 0 ~ 25.0-37.0 ,26.1,16.0,8.7 11,10,8,9,9 8 Turbulent 250500 s 12 ~ ~ 12
37.0-50.0 348,232,116 0,0,0,1,0 1 Laminar
10.0-22.0 1.4,3.4,58,2.7,14 0,0,0,0,0 0 Laminar
AD1024.65 498 15 22.0-34.0 4.3,8.7,16.0,87,4.3 0,0,0,2,0 1 Laminar 10.0-49.8 75 07 - - 07
34.0-49.8 5.8, 16.0, 26.8, 189, 7.8 0,1,1,0,0 1 Laminar
AD1054.6P 50 15 230-350 ,23.2,131,5.1 >100, >100, 76, >100, >100 76 Turbulent 23.0-50.0 23 1 - - 1 Hit steel at depth 18.0' and shifted hole 0.5' west.
35.0-50.0 115,23.0,35.0,23.0, 115 0,0,0,0,0 0 Laminar
17.0-29.0 4.3,8.7,13.1,68,4.3 0,>100,>100,0,0 ) Dilation
AD1044.65 49.5 15 29.0-41.0 4.3,16.0,26.1,15.8,4.3 0,0,0,1,0 1 Laminar 17.0-495 164 01 - - 01
41.0-49.5 11.6,23.5,37.7,24.2, 116 0,1,0,1,0 1 Laminar
AD1064.75 50 15 28.0-40.0 58,16.0,234,13.1, 58 000,00 0 Laminar 28.0-50.0 26 13 - - 13 Hit steel at depth 15.0' and shifted hole 0.5' west.
40.0-50.0 8.7,23.2,37.7,232,87 0,0,0,0,0 o Laminar
AD1064.85 0 ~ 27.0-39.0 5.8,16.0,24.4,13.1,5.1 0,0,2,0,0 0 Dilation 28.0-500 e 17 ~ ~ 17
39.0-50.0 11.6,23.2,37.7,23.2,15.9 1,0,0,0,0 1 Laminar
AD1047.8P 08 s 24.0-36.0 8.7,13.0,21.4,116,7.9 57,79, 55,>100, 5100 55 Turbulent 220-509 1 22 ~ ~ 22
36.0-50.9 11.6,233,34.6,23.2,9.4 0,0,0,0,0 0 Laminar
11.0-23.0 4.3,58,87,58,3.0 0,0,0,0,0 0 Laminar
AU1027.8P 50.9 15 23.0-35.0 8.8, 11.6,20.3,11.6,8.7 10,000 1 Laminar 11.0-50.9 10.6 18 - - 18
35.0-50.9 116,215,336, 189,116 0,1,0,0,0 1 Laminar
15.0-27.0 4.7,8.7,13.1,87,4.3 0,>100,>100, >100,0 ) Dilation
AU1037.85 501 15 27.0-39.0 8.7,16.0,26.1,16.0,8.7 0,0,0,0,0 0 Laminar 15.0-50.9 145 75.7 2 - 77.7
39.0-50.9 11.6,24.8,37.7, 261,116 0,0,0,0,0 o Laminar
AU1020.7 544 = 18.0-54.4 43,116,16.0, 116,44 0,17,17,21,0 0 Dilation 60523 6 21 - = 21 Hole was due to hole collapse at depth 18.0'
AUL057.85 o s 23.0-35.0 8.7,13.1,23.0,13.1,87 1,3,2,1,0 1 Laminar sackiled.
35.0-51.0 11.7,23.2,33.4,23.2,116 0,0,1,0,0 ) Dilation




LT

West Bank Fan - Baseline A

Hole riled Depth | - Drilled Angle | Water Pressure Test [ Water Pressure Test Pressure | oy oo Reported Lugeon Value (ifm/min) Flow Regime Grout stage  [Grout Pressure| [ gatsy|  MIKC | GroutTotal Take oo
(feet) (Degrees) Depths (feet) (psi) & P & ® (feet) (psi) " I (Gals.) (Gals.)
AD1010.3P 0 5 80-33.0 14,14,43,14,14 0,0,63,72,57 57 ‘Wash-Out 80-33.0 52 05 - - 06 Hole was downstaged.
33.0-50.0 14,43,87,43,1.4 0, >100, 98, >100, >100 98 Turbulent 33.0-50.0 10 0.1 - -
AD1012.0° 50 55 8.0-40.0 35,4.4,87,4543 >100,>100, 77,>100, 94 77 Turbulent 80-40.0 143 536 - - 1913 Hole was downstaged.
40.0-50.0 7.8,16.0,16.0,16.0,5.8 >100, >100, >100, >100, >100 >100 Turbulent 40.0-50.0 23 504 873 -
AD1015.3P 50 15 8.0-50.0 0.0,1.6,43,1.4,00 1,1,1,1,0 1 Laminar 8.0-50.0 7.7 0 - - 0 Hole was downstaged.
30-16.0 1.4,43,43,14,0 0, >100, >100, 0,0 0 Dilation 30-25.0 5 210.2 - -
ADI013.4 523 20 16.0-28.0 43,87,11.8,8.7,43 6,57,68 6 Laminar 220 :ole w:s ﬁrouted in two stages based on subsurface features encountered
28.0-40.0 43,11.6,20.2,87,43 75,59,51,65, 74 51 Turbulent 25.0-52.3 2 27 ~ - uring drilling.
40.0-523 5.8,18.9,29.8, 16 0,0,0,0,0 ) Laminar
30-150 89,9.8,10.1,9.6,8.9 0,>100, >100,>100, 0 0 Dilation 30.0-50.0 17 1213 1587 1786 R
ADI01LTS 5 . 6757 Hole was grouted in two stages based on subsurface features encountered
x 15.0-53.0 13.1,14.5,15.1,15.0,13.6 68, 62, 60, 60, 64 60 Turbulent 3.0-300 0 1457 523 101 5 during driling.
36.5-53.0 >100, >100, >100, >100, >100 >100 Laminar
AUL016.0P 523 0 6.0-18.0 0,>100,0 [ Dilation 6.0-18.0 6 329 15 - 5 Hole was downstaged.
18.0-52.3 43,115,16.0,8.7,43 0,1,15,1,0 0 Dilation 60-523 3 06 - -
AD1013.6P 51 35 60-51.0 16,33,4.9,33,16 0,0,50,0 0 Dilation 60-51.0 29 0 - - 0 Hole was downstaged.
4.0-16.0 43,43,61,43,43 0,1,0,0,0 1 Laminar
AU1017.25 523 - 160-280 58 116,160,116,4.3 0,0.0,0,0 0 Laminar 4.0-520 12 02 -~ - 02 Hole was downstaged.
28.0-40.0 5.8,16.0,27.6,189,58 0,0,1,00 0 Dilation
40.0-52.0 10.0, 23.2,40.6, 28.1, 12.3 0,0,1,1,1 1 Laminar
30-150 43,43,58,43,83 >100, >100, >100, >100, 100 >100 Laminar 30.0-513 15 559 616 854 R
Hole was grouted in two stages based on subsurface features encountered
AD1010.8P 513 70 15.0-51.0 4.3,50,87,58,45 69, 68, 52, 65,73 52 Turbulent 2959
30-513 18 813 1.7 - during drilling.
38.0-51.0 43,87,11.4,87,43 90, 88, 80, 83, 90 80 Turbulent
30-15.0 43,57,75,4.3,43 >100, >100, >100, >100, >100 >100 Laminar 400-52.0 20 807 1242 1779 N . ot o suberfce )
AD1012.5P 52 50 150-27.0 87,87,131,87,63 550566 5 lam!nar 5428 du e w:s ﬁmute in two stages based on subsurface features encountere
27.0-39.0 87,13.1,189,13.1,8.7 4,3,3,3,3 3 Laminar 30-520 0 124 56 ~ uring drilling.
39.0-52.0 103,16.0,13.9,14.0,11.6 54,62, 68,69, 72 65 Laminar
ADI01L1S 503 65 30.0-50.0 2.4,6.0,11.6,5.8,3.4 81,74,60,73,74 60 Turbulent 30.0-50.0 25 433 119 - 553 Hole was grouted in two stages based on subsurface features encountered
3.0-50.0 14,58,87,58,14 0,>100, 83,>100,0 83 Turbulent 20-300 10 01 - - during drilling.
AD1012.85 503 a5 40.0-50.0 8.7,16.0,16.0,16.0,8.7 >100, >100, >100, >100, >100 >100 Laminar 28.0-50.0 28 718 1256 329 HREF! Hole was grouted in two stages based on subsurface features
50-17.0 14,14,2514,14 >100, >100, >100, >100, 100 >100 Turbulent 17.0-55.3 16.4 22 -~ - Hole was grouted in two stages based on subsurface features encountered
AD1017.65 55.3 15 17.0-29.0 36,8.7,13.7,8.7,4.3 >100, 91, 78, 92, >100 78 Turbulent 18 during drilling
29.0-41.0 10.1,18.9,26.2,17.0,45 79, 58,45, 45,57 25 Turbulent 66-17.0 5 158 - - i
6.6-18.6 43,55,87,4.3,14 31,33, 27, 40, >100 27 Turbulent 250-523 2 08 - ~
AD1015.1S 523 20 18.6-306 43,116,189,11.6,4.3 00,010 1 Laminar 09 Hole was grouted in two stages based on subsurface features encountered
30.6-42.6 8.7,18.9,29.5, 15 0,0,0,1,0 1 Laminar 50250 s 01 ~ ~ during drilling.
426-523 116,26.1,37.9,236,11.6 0,0,0,00 0 Laminar
30-15.0 43,4.6,58,4.3,43 >100, >100, >100, >100, >100 >100 Laminar
AD1014.3P 522 30 15.0-27.0 43,11.6,16.0,8.7,43 53,3,4,1 3 Laminar 30-522 15 11 5 . 11
27.0-39.0 8.7,16.0,26.1,16.0,6.5 7,8,10,8,7 7 Dilation
39.0-52.0 13.1,23.2,33.4,23.2,123 1,0,1,0,0 1 Laminar
4.0-16.0 43,58,87,51,23 >100, >100, >100, >100, >100 >100 Laminar 28.0-50.0 2 108 - ~
AD1014.45 0 2 16.0-28.0 4.4,116,152,116,4.3 66,48, 42,44, 63 22 Turbulent a4 Hole was grouted in two stages based on subsurface features encountered
28.0-40.0 11.6,18.5,28.3,18.5,11.6 16,29, 34,30, 31 28 Laminar 20280 0 16 - ~ during drilling.
40.0-50.0 116,23.3,37.7,23.2, 116 4,1,0,0,0 1 Laminar i i i




8¢1

Arc Cell A1-2 - Baseline A

Drilled Depth | Drilled Angle | Water Pressure Test Water Pressure Test Pressure N . N Grout Stage |Grout Pressure Mix A Mix B Mix C Grout Total Take
Hole fest) (Degrees) Depths (fect) et} WPT Lugeon Values (I/m/min) Reported Lugeon Value (I/m/min) Flow Regime feet) s (Gais) (Gais) (Gais) (Gals) Remarks

AD1214.0T . ~ 30.0-42.0 116, 20.4, 34.6, 22.2, 11.6 1,2,55,0 [ Dilation 30.0-57.0 0 11 ~ ~ 11
42.0-57.0 .6,30.9,43.5,30.5,11.6 0,1,0,0,0 1 Laminar
30.0-42.0 116,18.9,18.9,189, 116 93,83,82,82,87 82 Turbulent

AD1210.15 65.4 - 42.0-54.0 13.1,26.1,24.7,23.2,16.0 37,52, 54,56, 58 S8 Wash-Out 30.0-65.0 30 1307 1328 145 278
54.0-65.0 22.3,40.6, 54.3, 40.6, 19.6 0,0,1,0,0 [ Dilation
30.0-42.0 21.8,32.8,20.3,11.5 0,0,0,0,0 [ Laminar

AD1205.15 67 - 42.0-54.0 30.5,42.2,30.0,11.6 1,1,2,2,0 1 Laminar 30.0-67.0 30 41 - - 41
54.0-67.0 .9,37.7,51.5,35.2,18.9 1,0,1,0,0 1 Laminar

AU1207.3T 5.6 ~ 30.0-42.0 203,30.6,19.5,9.0 4,3,3,2,2 2 Void Filling 30.0-55.0 0 B - - N
42.0-55.0 30.5, 45.1, 30.5,30.5 1,1,1,1,1 1 Laminar
30.0-42.0 116,16.4,33.4,203, 116 0,1,3,1,0 [ Dilation

AU1202.35 643 - 42.0-54.0 30.5,47.9,30.2,15.1 0,2,3,2,1 [ Dilation 30.0-64.0 30 7.5 - - 75
54.0-64.0 40.3,55.1,40.6, 19.6 0,0,1,0,0 [ Dilation
30.0-42.0 116,288,317,232, 116 0,0,1,0,0 [ Dilation

AU1211.3P 643 - 42.0-54.0 .0,36.9, 45.0,30.8, 16.0 0,1,2,2,0 [ Dilation 30.0-64.0 30 6.4 - - 6.4
54.0-64.0 18.9,37.7,50.1,40.6, 203 0,0,1,1,0 1 Laminar

AD1201.5P 5.4 ~ 30.0-42.0 .6,23.2,33.4,23.2,11.6 0,0,0,1,0 1 Laminar 300-550 0 57 - - 57
42.0-55.0 16.1,30.5,46.3, 30.5, 16.0 0,1,2,1,0 [ Dilation

AD1207.4T 5.4 ~ 30.0-42.0 116,23.2,33.4,232,116 0,1,2,1,0 [ Dilation 30.0-55.0 0 52 - - 52
42.0-55.0 16.3,31.4,47.9,305, 16.0 0,1,1,1,1 1 Laminar
30.0-42.0 23.2,305,23.1,11.6 3,3,3,3,3 3 Laminar

AU1204.05 65.4 15 42.0-54.0 30.4,44.9,29.8,13.1 0,0,1,1,0 [ Dilation 30.0-65.0 35 45 - - 45
54.0-65.0 .4,36.6,52.2,37.7,18.9 1,1,0,0,0 1 Laminar
30.9-429 19.8,30.5,18.9,8.7 7,9,10,6,2 2 Dilation

AD1212.1§ 65.8 15 42.9-54.9 29.5,45.0,26.1,11.6 7,17,20,11,1 1 Dilation 30.9-65.8 30 44.7 - - 44.7
54.9 - 65.8 35.6, 50.8, 34.8, 15.9 0,0,0,0,0 0 Laminar




621

Arc Cell A2-3 - Baseline A

Drilled Depth |  Drilled Angle | Water P Test Grout st: Mix A MixC | Grout Total Taks
Hole h (‘fee:p :'D:m:sg)e ’:e'm:::'"e';) St | Water Pressure Test Pressure (psi) [ WPT Lugeon Values (1/m/min) Reported Lugeon Value (I/m/min) Flow Regime "’(‘:ee;ge Grout Pressure (psi) (G:s.) Mix B (Gals.) (G:I(s.) "’"(Galz) 2@ |Remarks

ADI133.5P 2 ~ 28.0-40.0 8.7,16.0,26.2,18.9,5.1 6,0,1,1,18 1 Turbulent 28.0-48.2 0 12 ~ 53 265
40.0-482 13.1,26.1,37.7,23.2,13.1 0,0,0,0,1 1 Laminar

AU1136.4P 282 - 280-400 76,189,261,16.1, 7.4 200,10 1 Laminar Backfilled w/ Mix C grout by tremie method.
40.0-48.2 13.,26.1,37.7,26.1,116 11,001 1 Laminar

AD1138.55 482 - 28.0-40.0 103,207, 30.5,16.1, 8.0 6,2,6,0,1 3 Laminar 280282 8 02 ~ ~ 02
40.0-48.2 13.1,29.1, 403,203, 13.1 19,7,5,9,15 S Turbulent

AD1138.55 99 s 28.0-40.0 8.7,19.4,26.1,16.0,6.1 0,1,0,0,0 1 Laminar 280299 8 02 ~ 283 255
40.0-49.9 12.7,23.2,36.8,23.2,15.1 17,8,5,7,12 S Turbulent

AUL128.45 452 ~ 28.0-40.0 5.8,16.0,26.1,15.9,8.4 34,9,15,15,23 15 Turbulent 280482 2 i ~ - i
40.0-48.2 14.0,26.2,37.4,26.1,12.8 3,1,0,0,0 1 Laminar
28.0-40.0 8.7,16.0,26.1,16.0,58 8,4,7,4,0 5 Laminar

AU1130.35 65.4 15 40.0-52.0 10.9, 25.6, 33.0,22.9,11.6 556,20 4 Laminar 28.0-65.4 28 38 - - 3.8
52.0-65.4 16.0,32.3,48.9,28.8,15.3 11111 1 Laminar




0€T

Cell 2 - Baseline A

Drilled Depth | Drilled Angle | Water Pressure Test |  Water Pressure Test . . . Grout Stage | Grout Pressure| Mix B MixC | Grout Total Take
Hole feet) (Degrees) Depths (feet) Pressure (psi) WPT Lugeon Values (I/m/min) Reported Lugeon Value (I/m/min) Flow Regime (feet) (osi) Mix A (Gals)f (o) (Gals) (Gals) remaie
28.0-40.0 8.7,20.0,27.6,18.0,8.7 0,3,4,3,0 0 Dilation
AD1153.9P 65 15 40.0-52.0 11.6,23.2,39.4,26.1,11.6 0,00,1,1 1 Laminar 28.0-65.0 27 12 - - 12
52.0-65.0 13.1,33.4,49.2,33.4,13.1 0,0,0,0,0 0 Laminar
28.0-40.0 9.1,16.0,26.1,18.9,116 0,0,0,0,0 0 Laminar
AD1163.95 65.4 15 40.0-52.0 13.1,25.4,37.7,23.2,11.6 1,1,1,0,0 1 Laminar 28.0-65.4 27 21 - - 21
52.0-65.4 18.9,33.4,49.4,33.3,16.0 0,0,0,1,0 1 Laminar
28.0-40.0 11.6,189,27.4,189,11.6 >100, 63, 48, 66, >100 48 Turbulent
AD1173.9P 65.6 15 40.0-52.0 13.1,26.1,40.6, 26.1, 10.6 0,2,1,1,0 1 Laminar 28.0-65.0 27 o - - o
52.0-65.6 16.0,33.4,52.2,33.4,15.3 0,0,0,0,0 0 Laminar
28.0-50.0 116,16.0,26.1,16.0,8.7 >100, >100, 100, 100, >100 >100 Laminar 28.5-50.0 27 184 29.9 -~ 2139 Soft material ogged n hole from depth 30.0" 65.0' ol then caved n and was bacKfiled as a resut.
AD1193.9P 65 15 - " " — ereaFirm recriled hole and encountered grout and sand from depth 30.0-65.0'and lot il rod down
52.0-65.0 12.6,30.5,42.1,30.5,16.0 >100, 100, 100, 100, >100 >100 Laminar Backfilled w/ Mix C after re-drilling and losing drill rod downhole. oy " 4 Repleced b 1193.990,
26.0-38.0 10.1,17.2,25.1,18.9,8.7 77,24,13,18,99 13 Turbulent
AD1194.9P 63 - 38.0-50.0 13.6,26.1,40.6,26.1,12.4 32,15,10,13,26 10 Turbulent 26.0-63.0 26 237 - - 23.7
50.0-63.0 16.0,33.4,49.8, 33.4, 16.0 0,1,2,2,2 1 Laminar
AD1193.9PD 65 15 28.0-35.0 87,15.5,26.1,16.0,8.7 >100, 100, 100, 100, >100 >100 Laminar 28.0-35.0 27 - 65.8 32 69 Sand, clay and river rock logged from depth 30.0'~ 40.0" Caved i at depth 35.0'and re-drled.
28.0-40.0 8.8,16.0,26.1,16.0,8.7 >100, >100, 87, >100, >100 87 Turbulent
AD1193.9PD (re-drilled) 65 15 40.0-52.0 11.6,233,34.9,23.2,11.6 20,16, 29,48, 84 84 Wash-Out 28.0-65.0 27 170.9 9.1 - 180
52.0-65.0 16.0,32.7,48.7,30.7,13.2 0,1,0,0,0 1 Laminar
AD1158.0T 55 15 28.0-40.0 87,16.1,26.1,16.1,8.7 3,3,3,1,1 2 Laminar 28.0-55.0 27 01 N " 01
40.0-55.0 ,23.2,37.7,23.2,11.6 1,0,0,0,1 0 Turbulent
AD1168.0T 55 15 28.0-40.0 ,16.0,26.1,16.0,8.7 3,9,9,10,2 2 Dilation 28.0-55.0 27 12 N - 12
40.0-55.0 ,26.1,37.7,26.1,11.6 2,1,1,0,0 0 Void Filling
28.0-40.0 ,189,27.5,18.1,8.7 86,37, 30,37, 80 30 Turbulent
AD1178.9T 65 15 40.0-52.0 ,26.1,37.7,26.1,11.6 0,1,0,0,0 1 Laminar 28.0-65.0 27 03 - - 03
52.0-65.0 ,33.4,49.3,33.4,16.0 1,0,0,0,0 1 Laminar
28.0-40.0 ,18.7,26.1,16.0,5.8 >100, >100, 74, 93, >100 74 Turbulent
AD1183.95 65 15 40.0-52.0 11.6,232,37.7,23.2,11.6 12,5,7,6,11 7 Turbulent 28.0-65.0 27 0 - - 0
52.0-65.0 16.0,33.4,49.1, 32.4, 16.0 0,1,1,0,0 1 Laminar
AD1184.0T 38 - 28.0-38.0 6.0,16.0,27.1,16.3,5.8 >100, 94, 64, >100, >100 64 Turbulent 28.0-39.0 28 1428 - - 14238 Sandy clay logged from depth 32.0' - 38.0'. Terrafirm elected not to advance the
grout hole beyond depth 38.0' due to subsurface conditions.
AD1186.95 65 N 28.0 - 40.0 10.1,18.9, 27.1,16.3, 8.7 >100, 81, 75, >100, >100 75 Turbulent 28.0-55.0 28 1246 152.7 % 3713 Wet grout, clay and sand logged from depth 30.0' - 40.0'. Clay/sand logged
40.0-55.0 13.1,26.1,37.3,24.9,11.6 7,8, 56, >100, 100 >100 Wash-Out from depth 50.0' - 65.0'. Caved in at depth 55.0'.
28.0-40.0 8.8,18.9,25.9,17.4,8.7 >100, 66, 57, 81, >100 57 Turbulent
AD1190.9T 63 - 40.0-52.0 13.1,27.3,37.1,26.1,11.6 30, 24, 29, 39, 87 87 Wash-Out 28.0-63.0 28 436 - - 436
52.0-63.0 17.6,32.0,47.8, 34.8, 16.0 0,0,0,0,0 0 Laminar
AD1188.9T 101 15 Backfiled on October 8, 2015 Grout logged from depth 30.0'- 55.0' and mud/sand logged from depth 55.0']
100.0' and rock logged from 100.0' - 101.0'.
28.0-40.0 7.5,18.6,26.1,16.0,8.7 44,13,10,13,14 10 Turbulent
AU1185.3P 65 15 40.0-52.0 , 23.2,39.2,22.2,11.2 19,18,22,13,6 6 Dilation 28.0-65.0 27 74 - - 74
52.0-65.0 ,33.4,48.9,31.5,13.1 2,0,1,0,0 1 Laminar
28.0-40.0 ,18.1,26.9,16.0, 4.3 0,0,1,0,0 0 Dilation
AU1146.5P 65 - 40.0-52.0 ,23.2,40.7,23.2,9.6 0,0,3,0,0 0 Dilation 28.0-64.9 28 18 - - 18
52.0-64.9 ,30.5,49.0,30.5,12.8 0,0,0,0,0 0 Laminar
28.0-40.0 8.7,18.9,26.1,16.0,5.8 1,1,2,0,0 0 Dilation
AU1148.3P 65 15 40.0-52.0 11.2,23.2,35.9,20.3,8.7 1,1,1,0,0 1 Laminar 28.0-65.0 27 12 - - 12
52.0-65.0 16.0,33.4,47.9,30.5,13.1 0,0,0,0,0 0 Laminar
28.0-40.0 8.7,16.0,26.1,16.0,5.8 5,8,9,9,9 8 Laminar
AU1153.25 65 - 40.0-52.0 11.6, 26.1, 40.6, 26.1, 13.8 0,0,1,0,0 0 Dilation 28.0-65.0 28 0.4 - - 0.4
52.0-65.0 17.9,33.5,52.2, 33.4, 16.0 1,0,1,0,0 1 Laminar
28.0-40.0 8.7,16.0,26.5,17.8,8.7 3,4,4,3,3 3 Laminar
AU1155.35 65 15 40.0-52.0 14.5, 26.1,39.4, 26.1, 11.6 0,0,1,0,0 0 Dilation 28.0-65.0 27 03 - - 0.3
52.0-65.0 16.0,33.4,49.3,33.3.16.0 0,0,0,0,1 1 Laminar
28.0-40.0 5.8,18.9,26.2,16.0,4.3 0,4,4,4,0 0 Dilation Communication observed during WPT and grouting. Clay seam logged at depth
AU1165.3P 68 15 40.0-52.0 11.6,23.2,34.5,23.2,11.6 0,1,16,38,6 12 Laminar 50.0- 65.0 48 51.9 - 389 90.8 30.0' - 31.0' and a void/sand logged from depth 60.0' - 68.0'.
52.0 - 66.0 C w/ other holes prevented the collection of in-situ testing data.
28.0-40.0 8.7,18.7,26.7,16.0,8.7 6,6,6,54 5 Laminar 28.0-40.0 27 42 ~ -
AU1175.3 65 15 40.0-52.0 15.1,26.1,37.7, 24.9, 11.5 557,52 2 Dilation 40.0-65.0 38 281 . B 323
52.0-65.0 16.0,34.8, 47.9,31.7, 16.0 0,1,2,55 5 Wash-Out
AUL160.3T S5 15 28.0-40.0 ,17.2,26.1,16.0,5.8 0,5,4,3,0 2 Laminar 28.0-55.0 2 65 N ~ 65
40.0-55.0 ,27.6,41.1,26.2,11.6 0,0,0,0,0 0 Laminar
AUL170.3T S5 15 28.0-40.0 ,16.1,23.2,16.0,4.7 0,3,9,4,5 0 Dilation 28.0-55.0 2 813 N ~ 513 Gray clay/mud logged at depth 50.0" - 55.0'.
40.0-55.0 12.4,27.1,40.5,23.5,9.2 7,10,11,9,4 4 Dilation
AU1180.3T 55 15 28.0-55.0 16.5,27.3,16.0, 8.7 1,2,1,0 1 Laminar 28.0-55.0 27 48 -~ -~ 48 Clay and grout logged from depth 30.0'- 55.0".
28.0-40.0 8.7,16.0,26.1,16.0, 5.9 11,13,16,13,7 7 Dilation 52.0-70.0 50 12 - - Small zone of clay logged from depth 58.0' - 60.0" and a soft zone (maybe
AU1196.0T 70 - 40.0-52.0 11.6,29.5,37.7,26.1, 11.6 9,9,17,12,5 s Dilation 28.0-70.0 . B B - 72 void) logged from 60.0' - 70.0".
52.0-70.0 16.0,33.4,50.6,32.1,15.7 1,1,1,1,0 1 Laminar
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Cell 3 - Baseline A

Drilled Depth| Drilled Angle | Water Pressure Test |  Water Pressure Test ) . ) Grout Stage | Grout Pressure | ; MixC | Grout Total Take
Hol . )
ole fest) (Degress) Depths (fect) pressure (psi) WPT Lugeon Values (1/m/min) Reported Lugeon Value (I/m/min) Flow Regime fest) (o) Mix A (Gals,) | ix 8 (Gals) - L (Gals) oo
emarks

AD1079.2P 50.6 15 28.0-40.0 116,190, 26.1,21.0, 116 0,>100, 93, >100, >100 93 Turbulent 28.0-50.6 27 0 - - 0 Artesian conditions observed in hole after completion of drilling
40.0-50.6 16.0, 26.1, 39.9, 27.6, 13.1 0.00, 0.00, 0.00, 0.00, 0.00 [ Laminar

AD1099.3P 516 15 28:6-400 98,189,27.6,20.2, 116 >100, >100, >100, >100, >100 >100 Laminar 28.6-51.5 276 14 - - 14 Artesian conditions observed in hole after completion of drilling
40.0-51.5 16.0, 30.4, 40.6, 27.6, 14.9 0,0,1,0,0 [ Dilation

AD1119.3P 503 15 29.0-41.0 6.2,16.2,267,16.0, 7.9 0,0,2,0,0 [ Dilation 28.0-50.3 28 11 ~ - 11
41.0-50.3 103, 23.4,37.7,23.2,11.6 0,0,0,0,0 [ Laminar

AD1121.3P 186 - 28.0-40.0 11.6,20.3,30.5,20.3, 11.6 | __>100, >100, >100, >100, >100 >100 Laminar 28.0-48.6 28 12 ~ - 12
40.0-48.6 16.0, 27.6, 42.1,30.5, 16.0 1,0,1,0,0 1 Laminar

AU1072.8P 50 - 28.0-40.0 83,16.3,26.1,18.4,8.7 063080 0 Dilation 28.0-50.0 28 14 - - 14 Artesian conditions observed in hole after completion of drilling
40.0-50.0 13.1,26.1,40.6, 26.1, 13.1 0,0,1,0,0 1 Laminar
28.6-40.2 87,189,267,189,8.7 0,0,1,0,0 [ Dilation Artesian conditions observed i hole after of drilling.

AU1112.0P 50 15 BACKFILLED
40.2-50.0 11.6, 26.9,40.6, 24.1, 11.6 0,0,0,0,0 [ Laminar Hole backfilled, not pressure grouted due to low pressure test lugeon values.

AD1089.35 S0 15 293-413 87,186,26.1,18.9,8.7 0,0,5,0,0 [ Dilation 20.3-50.0 2 11 ~ ~ 11
41.3-50.0 11.6,26.1,38.9,23.2, 11.6 0,1,2,0,0 1 Laminar

AU1102.05 s0 15 28.6-40.6 8.7,18.9,26.1,189,87 0.0,4,0,0 0 Dilation BACKFILLED Hole backfilled, not pressure grouted due to low pressure test lugeon values.
40.6 -50.0 12.2,26.1,40.6, 26.1, 12.5 0,0,0,0,0 [ Laminar

AU1082.05 s0 15 28.6-40.6 8.7,18.9,267,17.6,87 0.0,0,0,0 0 Laminar BACKFILLED Artesian conditions observed i hole after completion of drilling
40.6 -50.0 11.6, 26.1, 406, 26.1, 11.8 0,0,0,0,1 1 Laminar

AU1078.8S 496 - 28.0-400 87,189,278 185 9.0 00,100 0 Dilation BACKFILLED Artesian conditions observed in hole after completion of drilling.
40.0-49.6 11.8, 26.1,40.6, 26.1, 11.6 0,1,1,1,0 1 Laminar

AU1092.0P 50.1 15 28.6-40.6 8.5,18.9,26.1,18.7,6.0 003,00 0 Dilation BACKFILLED Artesian conditions observed in hole after completion of drilling.
40.6-50.1 11.6, 26.1,40.6, 26.1, 11.6 0,0,1,0,0 [ Dilation

AD1116.35 192 - 28.0-40.0 8.7,18.9,27.4,17.6,8.7 0,0,2,0,0 [ Dilation 28.0-49.2 28 08 ~ B 08
40.0-49.2 11.6,23.2, 386, 24.8, 11.6 1,1,1,0,0 1 Laminar

AD1109.35 S0 15 29.0-41.0 87,189,27.1,189,87 0,0,3,0,0 [ Dilation 20.0-50.0 29 13 ~ B 13
41.0-50.0 11.6,23.2,37.7,23.4,11.6 1,1,1,1,0 1 Laminar

AU1075.0P 506 15 286406 8.7, 184,261, 16.1, 87 0.0,3,00 u Dilation BACKFILLED Artesian conditions observed in hole after completion of drilling.
40.6 -50.6 11.9, 263, 40.6, 26.1, 11.6 0,0,1,0,0 0 Dilation
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Cell 1 - Baseline C

Drilled Depth Drilled Angle Water Pressure Test Water Pressure Test N N N Grout Stage |Grout Pressure| . Mix B Mix C Grout Total
Hole (fest) (Degrees) Depths (feet] pressure (ps) WPT Lugeon Value (I/m/min) | Reported Lugeon Value (I/m/min) Flow Regime (feet) (o) Mix A (Gals)| (o) (Gals) | Take (Gals)
Remarks
31.0-43.0 12,18,30,18, 12 68, 43, 28, 44, 59 28 Turbulent
CD3111.55 65.6 15 416-53.6 16, 25,41, 25,16 49,36, 20, 28, 47 20 Turbulent 31.0-65.6 31 6.15 - - 6.15
53.6-656 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
30.0-42.0 12,18, 30,18, 12 >100, >100, >100, >100, >100 >100 Laminar C w/ CD3145.8P during grouting.
CD3121.5P 65.8 15 413-533 16, 24, 40, 24, 16 7,4,3,4,7 3 Turbulent 30.0-653 29 - - - 147.1 WPT: C ication w/ AD1237.95
53.3-653 20,30, 50, 30, 20 10,7,3,7,6 3 Turbulent WPT: Communication w/ CD3145.8P. WPT: max 12 psi.achieved.
€D3139.05 27 - Abandoned Hit steel twice in hole.
30.0-42.0 12,18, 30,18, 12 78,51, 32,42, 70 32 Turbulent
CU3117.7P 64.2 - 40.2-52.2 18, 24, 40, 24, 18 26, 22,18, 22,25 18 Turbulent 30.0-64.2 30 346 - - 346
52.2-64.2 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
30.0-42.0 12,18,30,18, 12 61, 35, 26, 41, 62 26 Turbulent
Cu312378 64.2 - 402-52.2 16, 24,40, 24, 16 20,14,10,13,18 10 Turbulent 30.0-642 30 19 - - 19
52.2-64.2 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
cu3125.75 36 - Abandoned Broke rod at depth 16 feet down the hole.
31.0-43.0 12,18,30,18, 12 50,31, 22, 31,42 22 Turbulent
CU3126.85 65.9 15 41.9-53.9 16,24, 40, 24, 16 3,3,3,4,4 4 Laminar 31.0-69.5 30 174 - - 174
53.9-65.9 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
30.0-42.0 12,18, 30,18, 12 >100, >100, >100, >100, >100 >100 Laminar WPT: Max of 19 psi achieved.
CU3137.55 64.5 - 40.5-52.5 16, 24,40, 24, 16 22,50, 56, 64, 76 76 Wash-Out 30.0-64.5 30 - - - 163.8 WPT: Max of 32 psi achieved.
52.5-64.5 20,30, 50, 30, 20 6,4,2,58 2 Turbulent
30.0-42.0 12,18,30,18, 12 >100, >100, >100, >100, >100 >100 Laminar WPT: Max of 13 psi achieved.
CU3143.7P 64 - 40.0-52.0 16, 24,40, 24, 16 58, >100, >100, >100, >100 >100 Laminar 30.0-64.0 30 - - - 167.1 WPT: Max of 21 psi achieved.
52.0-64.0 20,30, 50, 30, 20 0,0,1,1,0 1 Laminar
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Cell 1 - Baseline A

Drilled Depth | Drilled Angle | Water Pressure Test | Water Pressure Test . ’ N Grout Stage |Grout Pressure| ~ Mix A . MixC |Grout Total Take|
Hole feet Pt (Degrees Depths (fost) oressure (o) WPT Lugeon Value (I/m/min) | Reported Lugeon Value (I/m/min) Flow Regime fect) 8 o) (Gatsy | MixB(Gals) | LD (cals)
Remarks
27.0-390 10, 15, 26, 15, 10 0,0,0,0,0 [ Laminar
AD1227.9P 65.6 15 41.6-536 16, 24, 40, 24, 16 20,20, 12,15,17 12 Turbulent 27.0-65.6 26 - 367.7
27.0-656 11,16,27,16,11 68, 46, 32, 44, 61 32 Turbulent
AD1237.95 65.8 15 53.8-65.8 20, 30, 50, 30, 20 0,0,0,0,0 [ Laminar 10.0-65.6 12 [ [ 48 48
41.5-53.5 16, 24,40, 24, 16 7,55,7,9 5 Turbulent 28.0-6538 27 15.1 - -
AD1247.9P 65.5 15 53.5-65.5 20,30, 50, 30, 20 51,34,22, 28,38 22 Turbulent 5.0-6538 10 - 16.4 - 36.2
- - - - - 33.0-658 32 - - 47
31.0-43.0 12,18,30,18, 12 >100, >100, >100, >100, >100 >100 Laminar WPT - Max. of 9 psi achieved.
AD1257.95 65.8 15 41.8-538 16, 25,41, 25,16 >100, >100, >100, >100, >100 >100 Laminar 31.0-6538 30 - - - 2265 WPT - Max. of 9 psi achieved.
53.8-65.8 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
30.0-42.0 12,18, 30,18, 12 >100, >100, >100, >100, >100 >100 Laminar WPT - Max. of 19 psi achieved.
AD1259.25 64.8 - 40.8-52.8 16, 25, 40, 25, 16 >100, 89, 85, 90, >100 85 Turbulent 30.0-64.8 30 - - - 1873 WPT - Max. of 24 psi achieved.
52.8-64.8 20,30, 50, 30, 20 3,2,1,0,0 [ Void Filling
26.0-38.0 10, 16, 26, 16, 10 67, >100, 89, >100, >100 89 Turbulent
AD1262.4P 64 - 40.0-52.0 16, 24, 40, 24, 16 4,5,7,8,10 10 Wash-Out 30.0-64.0 30 3294 - - 32,94
52.0-64.0 20,30, 50, 30, 20 40,30, 21, 26,35 21 Turbulent
29.6-416 12 C ication observed ~ ~
41.6-53.6 16, 24,40, 24, 16 0,0,0,0,0 [ Laminar
AD1267.9P 65.6 15 53.6-65.6 20,30, 50, 30, 20 0,0,0,0,0 0 Laminar 10.0-65.6 12 - - - 138.04
>100 (Communication at interface 100 Laminar
10.0-65.6 12 with AD1237.95)
30.0-42.0 12,18,30,18, 12 >100, >100, >100, >100, >100 >100 Laminar
AU1220.1P 64.7 - 40.7-52.7 16, 25,40, 25, 16 >100, 88, 88, 88, >100 88 Turbulent 30.0-647 30 695 - - 69.5
52.7-64.7 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
31.0-43.0 12,18, 30,18, 12 24,16,10, 14,21 10 Turbulent
AU1223.1P 65.8 15 218-538 16,24, 40,24, 16 7,6,6,6,7 6 Turbulent 31.0-65.8 30 126 - - 126
53.8-65.8 20,30, 50, 30, 20 0,1,1,1,0 1 Laminar
30.0-42.0 12,18,30,18, 12 >100, 69, 62, 78, >100 62 Turbulent
AU1227.1S 64.5 - 40.5-52.5 16, 24, 40, 24, 16 0,0,1,0,0 0 Dilation 30.0-64.5 30 19 - - 19
52.5-64.5 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar
AU1230.15 65.9 15 31.0-43.0 12,18, 30,18, 12 0,0,0,0,0 [ Laminar 310659 20 645 ~ ~ 645
53.9-65.9 20,30, 50, 30, 20 0,0,1,1,0 1 Laminar
AU1240.1P 65.9 15 31.0-43.0 12,18, 30,18, 12 >100, >100, >100, >100, >100 >100 Laminar 31.0-659 20 ~ 1977 WPT - Max. of 21 psi achieved.
41.9-538 16, 24,40, 24, 16 95,74, 63, 74,98 63 Turbulent WPT - Max. of 31 psi achieved.
31.0-43.0 12,18, 30,18, 12 21,18, 16,16, 19 16 Turbulent
AU1250.15 65.9 15 41.9-53.9 16, 24, 40, 24, 16 12,10, 14,15, 12 13 Laminar 31.0-659 30 16.7 - - 16.7
53.9-65.9 20,30, 50, 30, 20 0,1,1,0,0 1 Laminar
30.0-42.0 12,18,30,18, 12 >100, >100, >100, >100, >100 >100 Laminar WPT - Max. of 5 psi achieved.
AU1267.5P 638 - 39.8-518 16, 24, 40, 24, 16 >100, >100, >100, >100, >100 >100 Laminar 30.0-638 30 24.9 - - 24.9 WPT - Max. of 10 psi achieved.
51.8-63.8 20,30, 50, 30, 20 0,0,0,0,0 [ Laminar Communication w/ AU1240.1P during grouting.




vET

Lock River Wall - Baseline C

Hole Drilled Drilled Angle | Water Pressure Test Water Pressure.Test WPT I.ugeovf Value Reported Luge.on Value Flow Regime Grout Stage) Grout | mix a (ats.)| mix B (als.) | mix ¢ (Gals.) Grout Total Take
Depth (feet)| (Degrees) Depths (feet) Pressure (psi) (1/m/min) (1/m/min) (feet) Pressure (psi) (Gals.) Remarks

43.0-55.0 10 0 0 Laminar

CD3153.85 75 - 51.0-63.0 9,14,23,14,9 >100, >100, >100, >100, >100, >100 Laminar 43.0-75.0 10 0.5 - - 05 Max of 17 psi achieved during WPT
63.0-75.0 14, 21, 35, 21, 14 0,0,0,0,0 0 Laminar
44.5-56.5 10 0 0 Laminar

CD3155.3P 77.7 15 53.7-65.7 9,14,23,14,9 0, 0,>100, >100, >100 >100 Laminar 445-71.7 15 1115 - - 1115 Missing Drill Log and Automated Records.
65.7-77.7 14, 21, 35, 21, 14 0,0,0,0,0 0 Laminar
43.0-55.0 10 >100 0 Laminar

CD3158.3P 75 - 51.0-63.0 11, 16, 27, 16, 11 93,57, 25, 41, 100 >100 Laminar 43.0-49.7 13 519.8 Max of 17 psi achieved during WPT
63.0-75.0 16, 23, 39, 23, 16 26, 35, 17, 25, 45 0 Laminar
41.5-53.5 10 0 0 Laminar

CD3168.35 74.6 - 53.5-65.5 8.7,15.9,18.9,13.1,8.7 0,0,0,0,0 0 Laminar, 41.5-746 15 13 - - 13
655-74.6 13.1, 23.2,31.0, 205, 13.1 0,0,0,0,0 0 Laminar
43.0-55.0 10 >100 >100 Laminar 63.0-75.0 146

CD3172.55 75 - 51.0-63.0 11, 16, 27, 16, 11 >100, >100, >100, >100, >100| >100 Laminar 230-630 | 2 10 18 - - 16.4
63.0-75.0 16, 23, 39, 23, 16 34,20, 11, 17, 34 11 Turbulent i i )
43.1-55.1 11.6 0 0 Laminar

CU3163.35 77.7 15 55.1-67.1 59,13.2,209,13.1,8.7 0,0,0,0,0 0 Laminar 43.1-77.7 15 0.2 - - 0.2
67.1-77.7 113,205, 33.4, 206, 11.6 1,0,0,0,0 1 Laminar
41.2-53.2 87 1 1 Laminar

C(‘\i:zjj)s 75.7 0 532-65.2 6.0,16.0,23.2,13.3,6.0 0,0,1,1,0 1 Laminar 412-75.7 15 23 - - 23
65.2-75.7 11.6,23.2,33.5,23.2, 116 0,0,0,0,0 0 Laminar
41.1-53.1 115 4 4 Laminar

CU3167.5P 74.9 - 53.1-65.1 8.7,16.0,23.2,13.1,8.7 3,4,56,5 5 Laminar 41.1-74.9 15 05 - - 0.5
65.1-74.9 8.9,20.3,33.4,203, 116 1,0,0,0,0 1 Laminar
42.5-54.5 11.6 4 4 Laminar

CU3173.3P 78.9 15 545-66.5 8.7,16.0,23.0, 16.0, 8.7 0,0,1,0,0 0 Dilation 425-789 15 17 - - 17
66.5-78.9 16.0, 26.1, 33.4, 26.1, 16.0 0,1,1,1,0 1 Laminar




GET

Lock Wall Connection - Baseline C

Hole Drilled Depth | Drilled Angle | Water Pressure Test Water Pressure Test WPT Lugeon Value (I/m/min) Reported Lugeon Value Flow Regime Grout Stage| Grout Pressure Grout Total
(feet) (Degrees) Depths (feet) Pressure (psi) (I/m/min) (feet) (psi) Take (Gals.)
Remarks
CD3145.8P 63.6 - 30.0-63.6 12,18,30,18,12 | >100,>100, >100, >100, 100 >100 Laminar 27.0-65.6 2 3806  |Onestage WPT due to caving conditions at 35.0', small
communication with AD1237.9S
31.0-43.0 12,18, 30, 18, 12 0, 99, >100, >100, >100 >100 Wash-Out communication with AD1237.95
CU3144.5P 66.2 15 42.2-54.2 16, 24, 40, 24, 16 16, 46, 55, 67, 62 62 Wash-Out 31.0-66.2 30 225.5 Max of 29 psi achieved during WPT
54.2 - 66.2 20, 30, 50, 30, 20 0,0,0,0,0 0 Laminar Communication w/ river observed during grouting




9€T

East Bank - Baseline D

Drilled
Drilled Angle |Water P Test| Water P Test P Grout St: Grout Mix A Mix B Mix C Grout Total
Hole Depth ritled Angle | Water Pressure Test| Water Pressure Test Pressure WPT Lugeon Value (I/m/min) Reported Lugeon Value (I/m/min) Flow Regime rout Stage rout x x x rout Tota
(feet) (Degrees) Depths (feet) (psi) (feet) Pressure (psi)| (Gals.) (Gals.) (Gals.) | Take (Gals.)
DDA342.5P 62.0 s 43.0-55.0 11.6,11.6,16.0,9.9, 5.8 0,0, >100, >100, >100 >100 Wash-Out 43.0-62.0 2 07 B B 07
50.0- 62.0 8.7,15.9, 26.1, 16.0, 8.7 48,49, 24,35, 81 24 Turbulent
DDA350.55 0.6 B 42.5-54.5 11.6,11.6,9.5, 8.6,4.3 0,0,>100, >100, 0 >100 Turbulent 425-60.6 23 183 B B 383 |WPT-Max. of 14 psi achieved.
48.6-60.6 5.8,11.6,22.9,11.6,5.8 >100, 18, 17, 83, >100 17 Turbulent
DD4352.45 634 15 43.0-55.0 9,13,22,13,9 >100, >100, 67, >100, >100 67 Turbulent 43.0-634 2 1289 B B 1289
51.4-63.4 12,18, 30, 18, 12 40, 30, 68, >100, >100 >100 Wash-Out.
DD4362.0P 64.6 15 47.5-59.5 8.7,47,49,43,43 00,000 0 Laminar 47.5-64.6 25 2486 WPT - Max. of 18 psi achieved.
54.6- 64.6 11.6,16.0, 16.0, 15.4, 10.4 0, 0, >100, >100, >100 >100 Wash-Out. WPT - Max. of 4 psi achieved.
DDA371.65 6.1 15 46.6 - 58.6 4.3,9.8,16.1,8.7,4.3 0, >100, >100, >100, 0 >100 Laminar 46.6-66.1 23 2.6 B B 2.6
54.1-66.1 8.1,13.1,24.4,13.1,8.7 27, 4, >100, >100, >100 >100 Wash-Out.
DD4381.3P 67.4 15 49.0-53.0 8.7,13.1,259,13.1, 8.7 77,>100, 54, 27, 0 0 Void Filling 49.0-53.0 27 0.1 _ - 0.1 D grouting performed.
475-67.4 6.8,9.7,6.54.3,43 0,2,>100, 0, 0 0 Dilation 47.5-67.4 24 162
DD4390.95 8.3 15 48.5 - 60.5 5.8,11.6,18.911.6,4.5 >100, >100, >100, >100, 0 >100 Laminar 48.5-683 2 B B B 3149
56.3 - 68.3 8.9,15.5,27.2,13.18.7 >100, >100, >100, >100, >100 >100 Laminar
DDA400.SP 713 15 51.0-63.0 10.1,13.1,253,13.1,8.7 0, 65, 48, 82, >100 >100 Wash-Out 51.0-713 2% 103 B B 103
59.3-71.3 11.6,16.0,30.7, 16.0, 11.6 12,9,4,5,5 7 Laminar
DD4410.15 716 15 52.0- 64.0 5.8,11.6,20.3,11.6,5.8 0, >100, >100, >100, >100 >100 Laminar 520-716 25 B B B 652
59.6-71.6 8.7,16.0, 27.6, 14.4, 10.0 0,0,1,0,0 0 Dilation
DD4410.8P 732 15 53.0-65.0 8.7,13.1,21.4,13.4,8.7 23, 20, 89, >100, >100 >100 Wash-Out 53.0-732 27 47 B B 47
61.2-73.2 11.6,17.2,31.5,16.0,11.6 8,6,4,3,0 0 Void Filling
45.0-57.0 5.8,5.8,13.1,20.3, 13.1 4,0,000 o Laminar
DU4360.6P 79 15 57.0- 69.0 11.3,23.2,33.4,21.0,11.5 23,0,1,0,0 5 Laminar 45.0-79.0 225 17.4 - - 17.4
69.0-79.0 15.4,30.5,46.5,31.0,15.5 ,3,2,2,3 2 Turbulent
45.0-57.0 8.7,14.1,23.2,13.1,5.8 >100, >100, >100, >100, >100 >100 Laminar
DU4371.0S 81 15 58.0-70.0 11.6,23.2,26.1,23.2,11.6 >100, >100, >100, >100, >100 >100 Laminar 45.0-82.0 225 101.21 51.06 - 157.3
70.0 - 82.0 26.4,33.4,47.9,30.5, 16.0 1,0,1,1,0 1 Laminar
DU4381.8P 67 15 47.5-59.5 6.6,8.7,16.0,23.2,11.4 >100, 26, >100, >100, >100 >100 Laminar 47.5-67.0 0.0,7.3,17.2, 84 90.7 358 2105
59.5 - 67.0 11.6,23.2,34.8,23.2,11.6 0,2,2,2,0 2 Laminar 23
DU4391.85 68 15 49.0-61.0 8.7,16.0,23.2,16.0,8.7 27, >100, >100, >100, >100 >100 Laminar 48.0-68.0 2 105.9 86.2 160.7 352.8
61.0 - 68.0 11.6,24.0,33.4,22.7,11.6 1,1,1,3,0 1 Laminar
62.0-70.0
DU4412.65 72 15 51.7-633 51.0-72.0 255 16.1 - - 16.1
63.3-72.0 11.6,23.2,37.7,24.7,11.6 13,9,7,8,7 9 Laminar
64.5-73.0 11.6,23.0,37.7,23.8, 11.6 10, 26,13,9,0 0 Void Filling
DU4433.45 75 15 54.3-66.3 8.7,16.0, 26.1,16.0, 8.7 0, >100, 87, >100, >100 >100 Laminar 54.0-75.0 27 105.7 98.3 36 207.6
66.3 - 75.0 11.6,23.2,37.7,23.2,11.6 0,3,3,1,0 1 Laminar,
DU4434.95 123 B 52.3-64.3 8.7,16.0,23.2,16.0,5.8 0,0,0,0,0 0 Laminar 52.0-723 2% 45 B B 45
64.3-72.3 8.7,16.0,37.7,16.0, 8.7 4,4,1,0,0 0 Void Filling
DU4443.8P 76 15 56.5 - 68.5 18.9,26.9,27.3,18.9,8.7 7, 20, 39, 46, >100 >100 Wash-Out 56.5-76.0 28 97.9 764 2473 3499
68.5 - 76.0 11.6,26.1,40.5,26.1, 11.1 0,0,1,0,5 1 Laminar




LET

Upper Approach - Baseline D

Drilled
Drilled Angle | Water Py Test Water P Test Reported L Val Grout Stage| Grout P Grout Total
Hole Depth rifled Angle ater Pressure Tes ater Pressure Tes WPT Lugeon Value (I/m/min)|  "cPOTtec LugeonValue Flow Regime rout Stage| Grout PTessUre | viix a (Gals.) | Mix B (Gals.) | Mix C (Gals.) rout Tota
(feet) (Degrees) Depths (feet) Pressure (psi) (I/m/min) (feet) (psi) Take (Gals.)
|Remarks
DD4274.4P Hole abandoned - Lost drill steel in hole Moved and drilled offset hole - See DD4274.4P offset
18.3-28.3 8.7 26 26 -
DD4274.4 54(21.8 28.3-383 4.4,116,18.0,11.6,4.3 0, 45, 35, 44, >100 >100 Wash-Out
Offset Core, 32.2 - 383-483 8.7,18.2,26.2,18.9,8.7 | >100, >100, 93, >100, >100 93 Turbulent 18.3-54.0 10 42 - - 42
Perc.
) 48.3-54.0 11.6,23.2,37.2,23.2,11.6 0,0,0,0,0 0 Laminar
55.2(215 21.5-3L5 10.8 18
DU4275.65 | Core, 33.7 15 315-415 5.8,11.6,19.8,11.6,4.3 33,10,9,7,9 7 Void Filling 215-55.2 10 0.2 - - 0.2
Perc.) 41.5-55.2 8.7,18.9,27.6,17.2, 8.7 0,0,0,0,0 0 Laminar
555 (215 N —
( 20.0-35.0 9 >100 >100 Air bubbles observed at DD4300P. Grout observed leaking
DD4280.1P | Core, 34.0 15 35.0-45.0 8.7,13.5,203,12.1,85 |>100, >100, >100, >100, >100 >100 Turbulent 19.5-55.4 10 104.1 - - 104.1
through masonary near DD4320.1P.
Perc.) 45.0-55.0 8.7,21.0,30.5,19.5,10.3 | >100, >100, 85, >100, >100 85 Turbulent
537(213 ;g.i—ig.i 4.3,10.0, 18é711 11.6,4.3 0,48, 334540 100 :30 W ;o
DD4284.4S | Core, 32.4 - -3 - 38. -3, 100,164,116, 4. .48, 33,40, > > ash-Out 18.3-54.0 10 6.7 - - 6.7
Perc) 38.3-483 8.7,16.0,26.1,16.8,7.7 99, 57, 31, 43, >100 31 Turbulent
) 48.3-53.6 11.6,23.2,35.9,23 0,0,0,0,0 0 Laminar
27.0-37.0 8.7 >100 >100 - 47.0-55.7 32 118.7 14.8 Upstaged
DU4285.6P 428 15 37.0-47.0 5.8,13.1,23.2,13.1,5.8 | >100, >100, >100, >100, >100 >100 Turbulent - 186.7
47.0-55.7 8.7,21.6, 30.5, 22.4, 8.7 | >100, >100, >100, >100, >100 >100 Turbulent 27.0-55.7 13 52.9 2 grout set ups
558(210 19.5-29.5 8.7 21 21 -~
DD4290.15 | Core, 34.8 15 29.5-39.5 4.4,11.6,18.9,11.6,4.3 >100, 12, 8, 12, >100 8 Turbulent 195-55.8 10 B B B o Hand log says 0.6 gal take. Automated log recoreded 0 gal
Perc) 39.5-49.5 8.7,18.9,26.1,18.2, 8.7 23,13,13,15,26 13 Turbulent take
) 49.5-55.8 11.6,21.2,35.1, 22.3, 11.6 0,0,0,0,0 0 Laminar
15.0- 25.0 4.3 >100 >100 ~
DUA295.65 6.6 15 25.0-35.0 43,87,9.7,8.7,43 >100, 24, 24, 16,5 5 Void Filling 15.0-55.6 5 23 B B 23
35.0-45.0 5.8,14.9,18.9,13.7,5.8 0,0,0,0,0 0 Laminar
45.0-55.6 8.7,18.9,30.5, 18.9, 10.6 0,0,0,0,0 0 Laminar
obazooop | 557211 15 19.0-35.0 8.7 >100 >100 ~ 19.1-55.7 10 - B - o
Core, 34.6 45.0-55.7 8.7,19.2,30.2,19.8,8.8 | >100, >100, 91, >100, >100 91 Turbulent
DU4305.6P 168 15 27.0-37.0 8.7 >100 >100 ~ 27.0-558 13 1310 28 ~ 1358 Communicated with DU4313.1P during WPT
37.0-47.0 7.7,16.0,23.0, 16.0, 6.6 26, 16, 14, 15, 28 14 Turbulent
55.5 (21.0 19.3-29.3 8.7 >100 >100 ~
DD4310.1S | Core, 34.5 15 29.3-39.3 5.5,10.4,19.2,12.7,5.6 47,2,>100, 25, 51 2 Dilation 19.3-55.5 - - - - 0
Perc.) 39.3-55.3 8.7,18.0,26.1,18.7, 8.7 0,0,0,0,0 0 Laminar
26.0-36.0 9.1 >100 >100 -
DU4313.1P 45 - 36.0- 46.0 5.8,15.8,20.4,13.1,5.8 3,4,3,4,0 3 Turbulent 26.0-54.0 13 522 - - 522
46.0-54.0 11.6,20.3,30.5, 23.2, 13.1 1,0,2,00 0 Dilation
15.0- 25.0 4.3 12 12 -~
DU4316.3S 468 15 25.0-35.0 53,6.7,10.9,8.7,4.2__| >100, >100, >100, >100, >100 >100 Turbulent 15.0-55.6 5 B B B 0 Communicated with DU4295.65 during grouting
35.0-45.0 8.7,11.7,18.9,13.1,5.8 54,41, 22, 27,97 22 Turbulent
45.0-55.8 8.8,19.0,30, 21, 10 3,84,510 10 Wash-Out
558(213 19.0-26.0 8.7 >100 >100
DD4320.1P | Core, 34.5 15 26.0-36.0 8.7,8.7,12.3,8.7,8.7 | >100, >100, >100, >100, >100 >100 Turbulent 19.1-558 B B B B o
Perc) 36.0 - 46.0 8.7,16.0,23.2,16.0,8.7 | >100, >100, >100, >100 >100 >100 Turbulent
) 46.0-55.8 13.1,26.3,31.6, 26.1, 13.1 | >100, >100, 84, >100, >100 84 Turbulent
DU4323.85 45 — 9.0-54.0 43 >100 >100 - 9.0-54.0 5 45 - - 45 Automated & hard copy logs show interval for WPT and
grouting to start at 7.0'. Starting depth changed to 9.0'
(east concrete control section) to account for void space
ppasaaor | 4081236 35 209 -30.9 87 15 15 — 20.9-40.8 85 103 - - 10.3
Core, 17.2 30.9-40.7 43,87,16.0,116,4.3 0,0,0,0,0 0 Laminar
€08 (21.3 ;2.:-::.: 43,116 ?Zo 87,43 E) 31381 0 l0s Ve d"‘l\
DD4322.2T | Core, 39.5 30 e S S50 B 2 S old Filing 19.9-60.8 10 03 -~ - 03
Perc) 39.9-49.9 8.7,16.0,23.3,15.9, 8.7 24,16, 15,14, 7 7 Void Filling
) 49.9-60.8 9.1,20.2,31.5,20.7,11.1 0,0,1,10 0 Dilation
DU4309.1T 319 50 15.0 - 25.0 4.4 14 14 - 15.0-40.0 6,10, 10 701 176 . 88 Communicated with DU4316.3S during grouting
25.0-40.0 43 >100 >100 - Downstaged
15.0- 25.0 4.3 35 35 -~
DU4323.8T 363 10 25.0-35.0 43,87,11.6,8.6,4.3 12, 21, 26, 26,32 32 Wash-Out 15.0-45.4 5 0.4 - - 0.4
35.0-45.4 4.5,13.1,20.5,13.1, 5.8 0,0,2,0,0 0 Dilation
55.5(20.5 19.3-29.3 8.7 7 7 -
DD4327.15 | Core, 35.0 15 29.3-39.3 4.8,11.8,18.9,11.6,5.8 >100, 38, 28, 41, >100 28 Turbulent 19.3-55.5 10 - - - Y Communicated with DD4310.1S during WPT
Perc.) 39.3-55.5 10, 20, 30, 20, 10 0,13,22,0,0 13 Dilation




APPENDIX F - Grout Curtain Depth Comparison Plot
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