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PREFACE

This report was made by the Geotechnical Branch, Engineering
Division, Fort Worth District. The report was prepared by Staff
Geologist, Alan J. Marr, under the supervision of the Project Geologist,
Robert C. Behm, the Chief of the Geology Section, Melvin G. Green,

and the Chief of the Geotechnical Branch, Wayne E. McIntosh.

District Engineer for the Fort Worth District during construction
of the Joe Pool Lake Outlet Works was Colonel Donald Palladino. Mr. Shigeru
Fujiwara was Chief of the Engineering Division and Messrs. Gary Hames
and Mel Sadler served as Resident Engineer during construction.
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I INTRODUCTION

1. Project Location and Description. The Joe Pool Dam and LakeI project
is located in southwest Dallas County near Grand Prairie, Texas. The dam
is located at river mile 11.2 on Mountain Creek, a tributary to the West
Fork of the Trinity River. Location of the project is shown on plate 1.
The principal features of the Joe Pool Dam and Lake project include: (1)
A rolled earth-fill embankment approximately 22,180 feet long with a crest
width of 30 feet; (2) a service spillway perched in the left embankment
at station 100+00 having a concrete uncontrolled rectangular broadcrested
weir 50 feet wide; and (3) a 10.5-foot diameter cut and cover conduit con-
trolled by two 4.75 X 10.5-foot service gates.

2. Construction Authority. Congressional authority for the construction of
Joe Pool Dam and Lake is contained in the Public Works - Rivers and Harbor
Act approved 27 October 1965 (Public Law 89-298) in accordance with the over-
all plan of improvement of the Trinity River Basin, Texas as outlined in
House Document No. 276 (89th Congress, 1st Session).

3. Purpose of Report. This report has been prepared in accordance with
requirements as set forth by the Office, Chief of Engineers, and is the
first of two such reports that will record the foundation history of each
structural feature of Joe Pool Dam. The subject of this report is the
outlet works, to include the approach channel, intake tower approach slab,
intake tower, conduit, stilling basin, and discharge channel. A second
report will address the embankment, spillway, and service bridge portions
of the project.

The purpose of this report is to provide a complete record of foundation
conditions encountered during construction. Information contained in this
report will be valuable when evaluating (1) necessary remedial action
required to prevent or repair any failures resulting from foundation
deficiencies, (2) contractor claims related to foundation conditions or
alleged change of condition, and (3) planning and design of future comparable
construction projects.

A copy of this report should be included in the permanent records
maintained at the project office.

4. Project History. Seven damsite locations along Mountain Creek were
studied before the proposed site was selected. Subsurface investigations
at the proposed site were initiated in April 1969, and continued inter-
mittently over a 10-year period.

The spillway and outlet works were originally sited on the right
abutment and were extensively investigated by subsurface exploration.

lin Der 'mber 1982 Public Law 97-400 was passed by Congress which

officially , -ed f name of the Project from Lakeview Lake to Joe Pool
Lake. All pre--''tAsly published documents, design memorandums, plans, and
specifications are entitled Lakeview Lake and will be referred to under the
name Lakeview Lake in this report.



These investigations revealed the presence of unsuitable geologic bed-
rock conditions in the right abutment. As a result the two structures
were resited on the left abutment.

5. Location of the Outlet Works. The outlet works is located on the
left abutment at embankment station 76+00. The site plan is shown on
plate 2. Aerial views of the site are shown on figures 1 and 2.

6. The Contract. The contractor and pertinent information related to
the contract are listed below:

Joe Pool Dam - Outlet Works and Initial Embankment

Contractor: The Lane Construction Corp., Meridian, CT

Contract No.: DACW63-80-C-0009

Bid: $11,200,632.50

Contract Awarded: 19 November 1979

Notice to Proceed: 30 November 1979

Acknowledged: 6 December 1979

Work Commenced: 7 December 1979

Work Completed: 4 June 1982

NOTE: Construction items included in this contract were the outlet
works and two partial embankments. Only the outlet works is discussed in
this report. The two partial embankment foundations will be discussed in
the Joe Pool Embankment and Spillway Foundation Report.

7. Quality Control. The quality control organization was furnished and

compensated by the contractor.

8. Contract Supervision. The outlet works was constructed under the imme-
diate supervision of the District Engineer, U.S. Army Engineer District,
Fort Worth, Texas. The contracting officer's representative for administration
of the contract was Mr. James D. Leslie, Area Engineer, North Texas Area
Office. Messrs. Gary Hames and Mel Sadler each served as Resident Engineers
during construction.
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Fig I Aerial view of Joe Pool Outlet Works excalvation
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Fig 2 Aerial view of Joe Pool Outlet works excavation
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II FOUNDATION EXPLORATIONS

1. Investigations Prior to Construction. The outlet works was originally
sited in the right abutment of the dam. Subsurface investigations in this
area, which consisted of 22 core borings, revealed the presence of unsuit-
able foundation conditions. As a result the outlet works was resited at

embankment station 76+00 on the gently sloping left abutment.

Investigations for the left abutment site (the actual construction
site) consisted of 33 borings ranging in depth from 25 feet to 125 feet.

Locations of the borings are shown on plate 4 and logs of the borings are

presented on plates 12 through 25.

2. Investigations During Construction. No unanticipated foundation con-
ditions or problems were encountered during construction. Therefore, no
investigations were required during construction.

5
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III GEOLOGY

1. Physiography and Regional Geology. The Joe Pool Dam site is located
at the eastern edge of the Eagle Ford Prairie section of the Gulf Coastal
Plain physiographic province. Topographically, the damsite is character-
ized by a moderately steep east abutment, a flat 5000 feet wide floodplain,
and a gently sloping west abutment.

The major topographic feature in the area is the White Rock escarpment
located one-half mile east of the dam's right abutment. This escarpment
trends north-northeast and marks the eastern edge of the Mountain Creek
drainage area. Immediately west of the White Rock escarpment are numerous
remnants of a small cuesta. The cuesta was formed by a resistant lime-
stone bed of the Eagle Ford Formation which was later eroded into a series
of sub-rounded hills rising 30-60 feet above the present Mountain Creek
valley. The dam's moderately steep east abutment is formed by one of these
hills.

Bedrock strata underlying the embankment and reservoir area consist
of Upper Cretaceous units of the Eagle Ford Formation. Regional dip of
the Eagle Ford strata is gentle and to the southeast toward the Gulf of
Mexico. At the damsite the maximum thickness of the Eagle Ford Formation
is 225 feet as indicated by borings along the dam axis which penetrated
the Eagle Ford and bottomed in the underlying Woodbine Formation.
Lithologically the Eagle Ford Formation consists predominantly of soft to
moderately hard clay shale. An areal geology map is shown on plate 3.

2. Geology of the Outlet Works.

a. Description of the Overburden. Overburden within the limits of the
outlet works excavation consisted of recent floodplain deposits and older
Quaternary terrace deposits. The deposits consisted of sandy clay, clayey
sand, and gravel. Overburden slopes in the portion of the outlet works
excavation which occurs beneath the embankment were mapped in detail and
are presented on plate 6. A typical section of overburden in the outlet
works area consisted of an upper zone of dark brown, stiff, silty clay
with occasional rootlets near the surface, and occasional calcareous
pocket with scattered calcareous nodules to 3/4-inch diameter. Downward
the clay becomes more calcareous, sandy to very sandy, stiff to very stiff,
and tan to brown with occasional gravels. Sand and/or gravel is usually
found at the base of the overburden, and immediately overlying the
weathered primary. The composition of this zone varies from almost a pure,
non-cemented, orange sand in the excavation slope left of the stilling
basin, to a mixture of sand and gravel, to a moderately clean, angular,
tan gravel located in the right slope of the excavation near the intake
tower. A soft, mushy area was observed in the left (west) slope of the
excavation at station 23+00 where the sand gravel zone produced a small
amount of seepage.

6



b. Bedrock Stratigraphy. The outlet works was founded within the
Britton member of the Eagle Ford Formation, upper Cretaceous in age.
The Britton member is the lowest member of the Eagle Ford Formation and is
approximately 160 feet thick at the outlet works site. Based on lithology
the Britton member is divided into three units. In ascending order they
are: (1) The Lower Britton, Unit I; (2) the Lower Britton, Unit II; and
(3) the Upper Britton. The Lower Britton, Unit II, and the Upper Britton
comprise the outlet works foundtion. The contact between the two members
was exposed in the stilling basin chute at station 27+57.6, elevation
447.84. Thus the lower chute section and the stilling basin were founded
in the Lower Britton, Unit II member. The remainder of the structure was
founded in the Upper Britton member of the Eagle Ford Formation.

c. Bedrock Lithology. The Lower Britton, Unit II, in the chute and
stilling basin area is 15 feet thick and consists of moderately hard to
hard, occasionally jointed, tannish-gray very calcareous clay shale.
The Upper Britton, which supports the remainder of the structure, con-
sists of soft to moderately hard, slightly calcareous, highly jointed
and fractured bentonitic clay shale. The following chart details the
distinguishing characteristics between the Lower Britton, Unit II, and
the Upper Britton in the area near the contact:

Upper Britton Lower Britton, Unit II

Soft to moderately hard Moderately hard to hard

Thin-bedded - ripply surface Thick-bedded

Highly jointed and fractured Occasional joints and fractures

Dark Gray Tannish-gray

Scattered fossil shells Fossiliferous (fine fish scale

Occasional limestone or claystone concretion remains)

layers

d. Bedrock Structure. Regional dip of the strata of the Eagle Ford
Formation is to the east-southeast at approximately 50 feet per mile.
However, local dip of the strata beneath the outlet works structure showed
some variation, ranging from 100 feet per mile to the south to 200 feet
per mile to the north, striking generally along an east-west line.
Changes in dip often occurred at points where fault planes intersected
the outlet works. A total of seven minor faults or fault zones were
encountered beneath the structure at the following stations:

I7
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20+00 Intake tower

21+02 Conduit

22+19 Conduit

23+76 Conduit

25+60 Conduit

26+67 Conduit

28+78 Stilling basin endsill

There was no distinct pattern as to the orientation of the strike of the
faults exposed in the excavation. All of the faults were normal faults.
Dip of the fault planes was to the south and displacement across each fault
was minor (less than 1.0 foot) in the outlet works structure foundation.
However, as much as 2 feet of displacement was observed higher in the
section in the IV on 3H clay shale slopes of the outlet works excavation.
The fault planes were generally tight with brecciated zones less than

6 inches thick. Minor jointing and fractured zones also occurred in the
outlet works foundation. The location of all faults, joints, and fracture
areas exposed in the bedrock excavation in the immediate area of the
structure are shown on plate 6.

e. Bedrock Weathering. Final excavation grade for the outlet works
structure occurred well below the base of bedrock weathering. All
foundation bedrock on which concrete was placed was unweathered. Bed-
rock weathering observed in the slopes of the excavation on each side of
the structure can generally be classified into two zones. The upper zone
of weathering is described as highly weathered. This zone consists of soft,
highly plastic, brown shaly clay. The lower zone is described as slightly
weathered and consists of soft, highly jointed-fractured, gray to dark
gray clay shale with iron staining on the joint and bedding plane surfaces.
This zone grades downward into unweathered clay shale. The combined
thickness of the weathered zones in the outlet works area varied from
2.0 to 13.7 feet.

f. Ground Water. No significant flow of ground water was encountered
in the outlet works excavation. A very small amount of ground water
seeped from the overburden in the left side of the excavation at station
23+00 creating a soft, mushy area on the slope. The areal extent of this
seep is shown on plate 6. Excluding this one area, the remainder of the
excavation slopes were free of ground water. Faults and joints in the
foundation bedrock were tight and produced no ground water.

3. Engineering Characteristics of the Overburden Materials. Overburden
in the vicinity of the outlet works consisted primarily of sandy clays
(CL and CH) with discontinuous beds of clayey sands and gravel (SC and GC).

8



Classification and index testing were periormed on samples of the various
materials comprising the overburden. Results of the tests are presented
in Section VIII of the Lakeview Lake Design Memorandum No. 24, Outlet
Works. The following shows the range of values and the average values ob-
tained from the tests:

Moisuyu Liquid Limit- bai Linear

Content Plastic Limit Shrinkage
Soil Type % %

* CU Range 9-21 22-24
Avg 16 60-17 23

CL Range 6-19 15-20
Avg 13 42-12 18

SC Range 6-16

Avg 9 37-11 14

GC Range 6-23
Av g 12

SM/SC Range 4-7
Avg 6

For design purposes the following strength properties were assigned to over-
burden materials in the outlet works vicinity:

Type Type c 0
Material Strength tsf degrees
CL&CH Q 1.0 1.0

CL&CH R 0.3 13.0

CL&CH S 0 20.0

SC&GC Q

SC&GC R

SC&GC S 0 30

4. Engineering Characteristics of thu Primary Materials. Primary materials
in the outlet works foundation on which laboratory testing was performed
include, in descending order, weathered Upper Britton clay shale, un-
weathered Upper Britton clay shale, unweathered Lower Britton, Unit II clay
shale, and bentonitic clay shale zones in the Lower Britton, Unit II.
Results of the tests are presented in Section VIII of the Lakeview Lake
Design Memorandum No. 24, Outlet Works. The following shows a range of
values and the average values obtained from the tests:

4,



Unconfined
Moisture Natural Compressive Bar Linear
Content Dry Density Strength Shrinkage

Rock Type % lb/cu ft ton/sq ft %

IUpper Britton
(wea. clay shale) Range 21.3-34.7 87-110 18-26

Avg 27.8 96 5.8 21.8

Upper Britton
(unwea. clay
shale) Range 16.3-27.0 104-120 1.9-18.2 13-24

Avg 19.4 114 12.0 17.3

Lower Britton
(Unit II)
(unwea. clay
shale) Range 14.3-19.0 103-120 7.2-64.2 13-18

Avg 17 112 32 15.5

Lower Britton
(Unit II)
(bentonite Range 40.0-42.8 86-107 - 30-32

Avg 41.4 99 31

For design purposes the following properties were used for the primary
materials:

Type Type c 0
Material Strength tsf degrees

Shale S 0.5 18

Bentonite S 0 18

10



IV EXCAVATION PROCEDURES

A 1. Excavation Grades. Actual foundation conditions encountered during
excavation for the Joe Pool Outlet Works structure were essentially as
described in the subsurface data presented in the contract plans and

specifications. The designed slopes in the overburden and primary materials
were achieved and maintained without difficulty. Some minor variations
(overexcavation) from the designed grade lines occurred in the primary
material. Final cross sections on the overburden slopes were taken by
the Contractor's survey team and checked by a government survey team.
The contractor's survey team made all measurements of final excavation
grade in the primary material and also assisted the CE geologist in
mapping the foundation. Final excavation grades for the approach channel,
the outlet works structure, and the discharge channel are shown on plates
5 through 7. Geologic sections are presented on plates 9 through 11.

2. Dewatering Provisions. No serious ground water problems were encountered
in the outlet works excavation. With the exception of one small seepage
area on the left slope of the excavation at station 23+00, the overburden
and primary materials bordering the outlet works excavation were essentially
free of ground water. Surface runoff was controlled in three stages.
First, a series of diversion ditches located around the periphery of the
excavation carried surface runoff away from the excavation. A 10-foot wide
berm located about midway up the slopes of the excavation intercepted
surface water on the slopes and helped to control erosion. Surface runoff
that collected in the stilling basin excavation was removed by 3-inch
electrical pumps. These dewatering provisions were effective in maintaining
a dry excavation. All concrete and impervious backfill placements were
on foundations free of water.

3. Overburden Excavation. Overburden materials in the outlet works
excavation included sandy clays, clayey sands and gravels in varying
mixtures as previously described. Stripping for the outlet works ex-
cavation began on 30 May 1980. Overburden materials were removed using
Caterpillar scrapers pushed by Caterpillar D-6 and D-8 bulldozers. The
IV on 5H overburden slopes were shaved and finished using motor graders.
Suitable overburden materials removed during the outlet works excavation
were used as random and semi-compacted fill in the partial embankments
being constructed concurrent with the outlet works.

4. Rock Excavation. Primary material removed from the outlet works
excavation included weathered and unweathered clay shale of the Eagle Ford
Formation. Methods used to excavate the primary material varied according
to the material being excavated and the required accuracy of the excavation
grade. The following methods were employed:

a. Bulk excavation of weathered clay shale was accomplished similarly
to the excavation of overburden materials. This soft, clay-like material was

:11



removed using Caterpillar scrapers pushed by Caterpillar D-6 bulldozers.
Slopes in the weathered clay shale were finished to 1V on S using motor
graders. Most of this material was suitable for use as semi-compacted fill
in the partial embankments.

b. Bulk excavation of the soft to moderately hard, unweathered clay
shale was accomplished using Caterpillar D-8 bulldozers equipped with ripper
teeth. The broken material was then removed using Caterpillar scrapers
pushed by D-6 and D-8 bulldozers, and transported to a designated waste
disposal area east of the outlet works site. Slopes in the unweathered
clay shale were cut and shaved to 1V on 3H using bulldozers and motor
graders. This bulk excavation method was used to excavate down to within
a minimum of 2 feet above the designed excavation limit in the areas of
the excavation which would later be covered with protective concrete or
impervious backfill. Final grade in the approach and discharge channels
was achieved using this method of excavation.

c. A minimum of 2 feet of undisturbed clay shale was left on all rock
foundation surfaces for subsequent removal immediately prior to backfill.
Excavation of the remaining 2+ feet of unweathered clay shale in the areas
adjace. to the structure limits subsequent to the placement of impervious
backfill was accomplished using Caterpillar scrapers pushed by D-6 bull-
dozers. A Case 350B bulldozer was used to push loose material down the
1V on 3H slopes to be picked up with scrapers and a front-end loader.
Final cleaning immediately prior to placement of impervious clay was
accomplished with compressed air, and occasional hand-broom cleaning,
if required.

Excavation of the final 2+ feet of clay shale cover in the areas
beneath the outlet works structure prior to the placement of protective
concrete was accomplished with a Warner-Swasey Model G 660 Gradall supported
by a Caterpillar front-end loader and a dump truck. Two interchangeable
buckets were utilized with the Gradall. A bucket equipped with 6-inch
teeth was used to excavate to grade. For final cutting and smoothing the
operator switched to a bucket equipped with a blade. In the V-shaped
conduit excavation the contractor used three V-shaped wooden template forms
to monitor the slopes and elevations of the ditch during excavation.
The templates, shown on figure 4, greatly increased the efficiency of the
Gradall operations, thereby decreasing the amount of time elapsed between
initial cut to final grade and backfill with protective concrete.

The efficiency of the excavations performed by the Gradall machine
was highly dependent upon the skill level of the operator. Rapid excavation
was required in order to meet the 2-hour maximum time limit between reaching
final excavation grade and placing protective concrete. Gradall excavations
required constant monitoring to insure final grade was achieved and to
minimize overexcavation. In the conduit foundation considerable difficulty
was encountered in excavating a V-shaped ditch through moderately hard,
horizontally-bedded clay shale. Some over-excavation resulted even with a
skilled Gradall operator and nearly constant monitoring.

S
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Fig 3 Conduit foundation w~ith protective concrete in place

Fig 4 Wooden templates used to monitor conduit excavation

13
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Fig 5 Typical collar excavation

Fig 6 Typical preparation for structural concrete placement
in collar excavation

14



5. Overexcavation. Overexcavation occurred in the following areas:

a. Intake structure/conduit transition area. Preliminary excavation
was designed to remove the bulk of the material down to, and not below a
minimum of 2 feet above final excavation grade in order to leave 2 feet
of undisturbed clay shale as protective cover. However, in the transition
area the contractor, as a result of contractor's surveying error, carried
preliminary excavation down below final design grade. Several days later,
when the contractor was ready to place protective concrete, he was directed
to excavate even further below the designed grade so that protective
concrete would be placed on fresh, undisturbed clay shale as required by
the specifications. As a result the final grade of the transition
protective slab is a maximum of 1.6 feet below the designed grade.

b. Along the conduit foundation at locations where the contractor
attempted to cut a V-shaped ditch in a soft to moderately hard, horizontally-
bedded clay shale. Excavation for the conduit foundation was accomplished
using the Gradall, and elevations were monitored using hand levels and
wooden templates constructed in the design shape of the ditch. The
nearly horizontal caly shale beds, generally less than 1-ft thick, were
oftai separated by slightly softer, bentonitic clay shale seams. This
condition made it difficult to attain a smooth, symmetric V-shaped ditch.

c. At select areas in the foundation rock where faulting, jointing, and
fracturing were present. These areas are shown on the as-built Excavation
Map, Plate 6, and the Structure Foundation Map, Plate 8. During excavation
the contractor was required to remove all loose and broken rock material
normally associated with faulted and jointed zones, so that protective
concrete or impervious backfill would be placed on fresh, competent clay
shale. A record of the estimated amount of overexcavation and subsequent
concrete overrun in the faulted and jointed areeas was maintained by the
government inspector.

6. Foundation Preparation. The outlet works foundation consists of
unweathered clay shale belonging to the Upper Britton and the Lower Britton,
Unit 1I, members of the Eagle Ford Formation. Preliminary test results
indicated the need to minimize the exposure time of the clay shale in order
to retard change in moisture content and subsequent deterioration. Figure 7
shows the severity of the deterioration of the foundation clay shale after
it remains exposed to air for a period of 3 to 4 weeks. Therefore, a minimum
of 2 feet of undisturbed clay shale protective cover was left on all rock

foundation surfaces (with the exception of the area described in para 5a)
for subsequent removal immediately prior to backfill with protective con-
crete or impervious clay.

a. Foundations Beneath the Structure. Each day a specific area was
designated as the worksite and the final 2+ feet of clay shale protective
cover was removed using the Gradall G 660. Upon achieving final design
grade, all loose, drummy, or otherwise unsatisfactory rock was removed and
the surfaces were cleaned using compressed air. Figures 13 through 63

15
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Fig 7 Typical clay shale deterioration after

3 to 4 weeks exposure

!,

" Fig 8 Application of Aerospray 52 moisture sealant
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show the condition of each segment of the structure foundation after
cleaning and prior to protective concrete backfill. While the surface
was being cleaned, the contractor's survey team took final grade cross-
sections and assisted the CE geologist in mapping geologic features in
the foundation. Immediately after the cleaning and mapping were completed,
and the foundation was approved by the inspecting geologist, a 1:1
mixture of water and Aerospray 52, a resin-type sealer manufactured by
American Cynamid Company, Wayne, New Jersey, was mechanically sprayed
onto the rock surface as shown in figure 8. The foundation surface was
then covered with a minimum of 4-inches of protective concrete. A complete
record of foundation approval is presented in Section IX of this report.

b. Foundations Adjacent to the Structure. Foundations adjacent to
the structure include the unweathered clay shale surface from the edge of
the protective concrete to the top of the unweathered clay shale on the
excavation slope at approximate elevation 495. The final 2+ feet of clay
shale in the foundation adjacent to the structure was excavated using

Caterpillar D-6 and D-8 bulldozers equipped with ripper teeth and scrapers.
Each day a specific area was designated as the work area and the final 2+
feet of protective clay shale was excavated. Upon achieving final design
grade on the foundation floor and slopes, all loose material was removed
and the surface was cleaned using compressed air. While the surface was
being cleaned the contractor's survey team took final grade cross-sections
and assisted the CE geologist in mapping geologic features in the foundation.
After the surface was cleaned, mapped, and approved, the rock surface was
wetted lightly, and then covered with at least 2 feet of impervious
clay backfill before the day's work ended. Figures 64 through 97 show
the condition of the foundation adjacent to the structure after cleaning
and prior to backfill with impervious clay.

c. Overburden. Overburden materials exposed in the excavation slopes
were mapped in detail and are shown on plate 6. Horizontal and vertical
limits of the overburden are presented on the cross-sections, plates 9
through 11. No further excavation occurred in the overburden immediately
prior to backfill. Materials in the exposed overburden slopes were
processed in place and integrated into the impervious clay backfill.
Materials were mixed, processed, and benched into the overburden slopes
in horizontal layers, and then compacted.

7. Safety. There was no requirement for protection against slides and
rock falls in the outlet works excavation. The IV on 5H overburden slopes
and the IV on 3H primary slopes remained stable throughout construction.

71
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V FOUNDATION ANCHORS

1. General. Permanent foundation anchors were installed in the Joe Pool
Dam Outlet Works chute and stilling basin areas. A total of 70 foundation
anchors were installed to a minimum depth of 21 feet below the surface of
the protective concrete slab.

2. Equipment. The 6-in diameter holes for the foundation anchors were
drilled using a Gardner-Denver track-mounted pneumatic drill, shown on
figure 9. The anchors consisted of No. 11 rebar equipped with vertical
bar spacers wire-fastened to the anchor at 4.75 ft intervals. A one-
half inch steel grout pipe designed to extend from the surface to the
bottom of the anchor was permanently fixed to each anchor. The grout
mixture placed around the anchors consisted of 1.32 gallons of water per
55-pound bag of Masterflow 713 non-shrink grout. The grout was agitated
in a one-fourth cu yd electric mortar mixer and pumped into the hole.

3. Procedures. Drilling and installation of the foundation anchors
began on 23 March 1981 in the chute section. All of the anchors in the
chute section were set at an angle 300 from vertical; anchors in the
stilling basin section were set at vertical. Holes for setting the
foundation anchors were drilled through the protective concrete slab
into unweathered Eagle Ford shale to a total depth of 21 feet. Upon
reaching the required depth the holes were blown clean using high velocity
air, and tightly plugged until placement of anchor bars and grouting com-
menced. All holes remained free of water until grout was placed. The
normal procedure was to drill a predetermined number of holes, insert
the anchor bars, and place grout, all on the same day. After the
anchors were set in the hole at the correct elevation, the grout miytur
was pumped through the one-half inch grout pipe until grout returna
to the surface indicating the hole was filled. As per the grout manu-
facturer's recommendation, the bars were not vibrated during placement.

4. Pull-Out Tests. Pull-out tests were performed on 19 March on two
test anchors installed on 6 March 1981. One test was conducted on an
anchor installed in the slope of thU chute section at approximate station
27+40; another test was conducted on an anchor installed in the horizontal
stilling basin floor at approximate station 27+77. Both anchors were
stressed to 50 tons with no failure in the bar or the foundation.
Figure No's 11 and 12 show one of the tests in progress. A complete
record of test data is on file in the SWF Design Branch, Structural

Section.
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Fig 9 Drilling hole for rock anchor

II

Fig 10 Installing rock anchor
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Fig 11 Conducting pull-out test

Fig 12 Conducting pull-out tests
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VI CHARACTER OF THE FOUNDATION

1. General. Clay shale belonging to the Lower Britton Unit II and the
Upper Britton Members of the Eagle Ford Formation, Cretaceous age,
comprise the rock foundations beneath the outlet works structure, adjacent
to the structure, and on the slopes of the outlet works excavation up
to approximate elevation 500. Overburden consisting of mixtures of clay,
sand, and gravel constitute the slopes above elevation 500. A geologic
map of the outlet works excavation is presented on plates 5 through 7.
Engineering characteristics of the overburden and primary materials
comprising the outlet works foundation were presented in Section III
of this report. Included is a range of values and the average values of
engineering characteristics as derived from pre-construction testing of
material samples.

2. Upper Britton Member of the Eagle Ford Formation. The Joe Pool Dam
Outlet Works approach slab, intake tower, conduit, and upper portion of
the chute section were founded on unweathered clay shale belonging to the
Upper Britton Member of the Eagle Ford Formation. The clay shale is soft
to moderately hard, gray, medium to thin-bedded, and contains occasional
pockets of fossil shells (Inoceramus Hibiatus). Thin, soft to moderately
hard bentonitic shale seams occur throughout the exposed section.
Minor faulting and associated jointing and fracturing noted is shown on
plate 6. All encountered faults were normal faults, usually of high
angle and low displacement, with less than I foot-thick brecciated zones
adjacent to fault planes. Joints were tight and tended to dissipate
vertically. Within 1 hour after exposure to air and/or sunlight, the
clay shale began to show signs of deterioration as predicted by pre-
construction test results. Initially the color of the clay shale changed
from dark gray to light gray as a result of moisture loss. After a few
hours, hair-line cracks appeared along with some minor slaking. After
a few days the outer 1 inch of the rock surface would be cracked and
deteriorated and could be peeled from the surface by hand. Figure 7
shows the condition of the clay shale after it is left exposed for a
period of 3-4 weeks.

3. Lower Britton Unit II Member of the Eagle Ford Formation. Unweathered
marly clay shale of the Lower Britton Member of the Eagle Ford Formation
supports a portion of the outlet works structure from station 27+58
forward, which includes the lower one-third of the chute section and all
of the stilling basin. The Lower Britton Member is slightly harder than
the Upper Britton Member, and can be distinguished by a tannish-gray
coloring and the presence of pockets of sand-sized fossil fish scale
remains. The Lower Britton Member is slightly more thickly-bedded and has

*less Jointing and fracturing than does the Upper Britton Member.

2
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4. Overburden. Overburden materials encountered in the Joe Pool Dam
Outlet Works excavation are described in Section III of this report and
are shown on plate 6. The overburden consisted of Recent floodplain
deposits and older Quaternary terrace deposits. In general the exposed

t overburden in the slopes of the outlet works excavation consisted of,
in descending order, silty, sandy, medium stiff clay overlying fine-
to medium-grained, clayey, gravelly sand grading down into moderately
sandy to clean, sub-angular to rounded, calcareous gravel. The overburden
units varied in their mixtures and thicknesses in different sections of
the excavation. The overburden contained no significant amounts of ground
water.

22



VII POSSIBLE FUTURE PROBLEMS

1. Conditions That Could Produce Problems. There were no unanticipated
foundation conditions discovered during construction of the Joe Pool
Outlet Works which would pose a threat to the stability of the structure.
All foundation surfaces were competent and stable, and remained so until
covered by impervious backfill or protective concrete.

Minor erosion problems may develop in the exposed lV on 3H clay shale
slopes in the approach and discharge channels prior to the establishment
of turf during the Embankment and Spillway contract. As the exposed clayshale deteriorates, it becomes highly erodible.

2. Recommendations. Consideration should be given to flat base excavation
for the foundation for cut and cover conduits in lieu of V-shaped ex-
cavation. V-shaped excavations in hard rock, or in horizontally-bedded,
soft-to-moderately hard clay shale, as in this case, inevitably result
in overexcavation (see para IV-5). Even though overexcavation is a
responsibility of the contractor, it will be considered in claims, and
in future excavation cost estimates.

23



VIII CONTRACT MODIFICATIONS AFFECTING THE FOUNDATION

One contract modification was approved which affected the outlet
works foundation. In accordance with the Value Engineering Incentive
Program, the contractor submitted a Value Engineering Change Proposal
to delete the placement of pneumatic concrete where shown in the plans,
specifically in the collar excavations. Under the change the contractor
would excavate the collars to grade, install the steel cage in the ex-
cavation, and place structural concrete around the cage. The change
amounted to a net cost savings of $3,517 which, under the Value Engineering
Incentive Program, was split 45 percent - 55 percent between the con-
tractor and the government respectively.

The proposal was reviewed and approved by the SWF Design Branch and
Geotechnical Branch with the conditions that the time lapse between
excavation and placement of concrete be the same as in all other areas
of protective concrete (maximum 2 hours), and that Aerospray 52 moisture
sealant be applied to the excavation walls immediately after cleaning.
The contractor agreed to the conditions and the contract modification was
approved on 19 December 1980.

2
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IX RECORD OF FOUNDATION APPROVAL

CONCRETE PLACEMENTo AM
Station Location Date Start Stop Temp Remarks
27+72-27+96 Stilling Basin 1-29-81 1230 1445 56 to 20' RT

27+96-28+76 " " 1-30-81 1100 1600 32 to 20' RT

27+72-28+00 " " 1-31-81 1300 1500 36 to 20' LT

28+00-28+75 " " 2-02-81 1200 1600 42 to 20' LT

20+00-20+48 Intake Tower 2-04-81 1010 1745 47 Transition

19+65-20+00 " " 2-06-81 1000 1730 42 26' LT to 26' RT

19+15-19+65 " " 2-07-81 0930 1415 45 to 26' RT

19+05-19+65 Appro Slab 2-13-81 1450 1810 52 to 26' LT

18+85-19+15 " " 2-14-81 1135 1230 60 to 26' RT

18+85-19+05 " " 2-14-81 1250 1320 60 to 26' LT

20+49.5-20+66.5 Conduit 2-16-81 1300 1700 71 Monolith 1

20+66.5-20+69.5 " 2-18-81 1515 1545 70 Collar 1-2

20+69.5-20+86.5 " 2-18-81 1615 1750 70 Monolith 2

20+89.5-21+06.5 " 2-19-81 1130 1245 60 Monolith 3

21+09.5-21+26.5 " 2-19-81 1300 1415 60 Monolith 4

21+29.5-21+46.5 " 2-19-81 1615 1845 60 Monolith 5

21+49.5-21+66.5 " 2-20-81 1215 1325 75 Monolith 6

21+69.5-21+86.5 " 2-20-81 1415 1550 75 Monolith 7

27+34-27+50 Chute 2-24-81 1440 1630 75 ±15' LT to ±15' RT

27+50-27+72 " 2-25-81 1345 1945 69 ±18' LT to ±18' RT

20+86.5-20+89.5 Conduit 2-26-81 1400 1445 74 Collar 2-3

21+06.5-21+09.5 " 2-26-81 1600 1635 74 Collar 3-4

21+26.5-21+29.5 " 2-26-81 1810 1900 74 Collar 4-5
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RECORD OF FOUNDATION APPROVAL (cont'd)

CONCRETE PLACEMENT
AMB

Station Location Date Start Stop Temp Remarks
21+46.5-21+49.5 Conduit 2-27-81 1700 1800 68 Collar 5-6

21+66.5-21+69.5 " 2-28-81 1100 1140 63 Collar 6-7

3-05-81 1600 1645 60

21+89.5-22+06.5 " 3-10-81 1300 1415 65 Monolith 8

22+09.5-22+26.5 " 3-11-81 1315 1500 64 Monolith 9

22+29.5-22+46.5 " 3-11-81 1545 1710 64 Monolith 10

27+10-27+34 Chute 3-12-81 1235 1500 64 ±12' LT to ±12' RT

22+49.5-22+66.5 Conduit 3-13-81 1245 1430 70 Monolith 11

22+69.5-22+86.5 " 3-13-81 1500 1630 70 Monolith 12

21+86.5-21+89.5 " 3-14-81 0900 0930 60 Collar 7-8

22+89.5-23+06.5 " 3-16-81 1240 1340 65 Monolith 13

23+09.5-23+26.5 " 3-16-81 1430 1545 65 Monolith 14

28+76-28+85 Stilling Basin 3-17-81 1640 1730 49 Key

22+06.5-22+09.5 Conduit 3-18-81 1500 1730 59 Collar 8-9

23+29.5-23+46.5 " 3-19-81 1120 1240 65 Monolith 15

23+49.5-23+66.5 " 3-23-81 1230 1350 60 Monolith 16

23+69.5-23+86.5 " 3-24-81 1310 1445 62 Monolith 17

23+89.5-24+06.5 " 3-24-81 1530 1620 62 Monolith 18

23+06.5-23+09.5 " 3-25-81 1200 1310 65 Collar 13-14

23+26.5-23+29.5 " 3-25-81 1350 1500 65 Collar 14-15

22+46.5-22+49.5 " 3-26-81 1720 1800 73 Collar 10-11

22+26.5-22+29.5 " 3-27-81 1015 1100 60 Collar 9-10

22+66.5-22+69.5 " 3-27-81 1210 1245 60 Collar 11-12
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RECORD OF FOUNDATION APPROVAL (cont'd)

CONCRETE PLACEMENT AMB

Station Location Date Start Stop Temp Remarks
22+86.5-22+89.5 Conduit 3-27-81 1430 1515 60 Collar 12-13

24+09.5-24+26.5 o 4-01-81 1600 1710 84 Monolith 19

24+29.5-24+46.5 o 4-02-81 1335 1450 72 Monolith 20

24+49.5-24+66.5 " 4-03-81 1200 1250 71 Monolith 21

24+69.5-24+86.5 " 4-0- 81 1255 1405 67 Monolith 22

24+89.5-25+06.5 " 4-06-81 1550 1710 67 Monolith 23

25+09.5-25+26.5 o 4-07-81 1445 1645 74 Monolith 24

25+29.5-25+46.5 " 4-08-81 1100 1230 70 Monolith 25

25+49.5-25+66.5 " 4-08-81 1330 1500 70 Monolith 26

23+66.5-23+68.5 I 4-08-81 1415 1500 71 Collar 16-17

23+86.5-23+89.5 " 4-09-81 1215 1240 79 Collar 17-18

24+26.5-24+29.5 " 4-09-81 1310 1340 79 Collar 18-19

25+89.5-26+06.5 " 4-10-81 1125 1240 77 Monolith 27

26+09.5-26+26.5 4-10-81 1350 1440 77 Monolith 28

26+29.5-26+46.5 4-10-81 1655 1810 77 Monolith 29

24+26.5-24+29.5 4-11-81 1300 1330 76 Collar 19-20

26+49.5-26+66.5 4-13-81 1130 1345 78 Monolith 30

26+69.5-26+86.5 " 4-13-81 1430 1645 78 Monolith 31

26+66.5-26+69.5 4-14-81 1030 1130 68 Collar 30-31

24+46.5-24+49.5 4-15-81 0925 1000 60 Collar 20-21

24+66.5-24+69.5 4-15-81 1040 1110 60 Collar 21-22

24+86.5-24+89.5 4-15-81 1130 1230 60 Collar 22-23

25+06.5-25+09.5 4-15-81 1350 1435 60 Collar 23-24
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RECORD OF FOUNDATION APPROVAL (cont'd)

CONCRETE PLACEMENT
AMB

Station Location Date Start Stop Temp Remarks
25+26.5-25+29.5 Conduit 4-15-81 1500 1600 60 Collar 24-25

25+46.5-25+49.5 " 4-15-81 1645 1720 60 Collar 25-26

25+66.5-25+69.5 4-15-81 1750 1835 60 Collar 26-27

26+89.5-27+06.5 4-16-81 1420 1600 87 Monolith 32

27+09.5-27+26.5 4-16-81 1645 1855 87 Monolith 33

26+06.5-26+09.5 4-17-81 1000 1025 80 Collar 27-28

26+26.5-26+29.5 4-17-81 1110 1215 80 Collar 28-29

26+46.5-26+49.5 4-17-81 1300 1325 80 Collar 29-30

26+66.5-26+69.5 4-17-81 1350 1430 80 Collar 30-31

26+86.5-2+89.5 " 4-17-81 1445 1530 80 Collar 31-32

27+06.5-27+09.5 " 4-17-81 1550 1630 80 Collar 32-33

NOTE: The contract specified that the clay shale surface be sealed with a resin-
type sealer (Aerospray 52) within 15 minutes after reaching final grade
and covered with protective concrete within 2 hours after reaching final
grade. The contractor made a sincere effort, and in most instances, met
the time limitations required by the contract. Mapping of the foundation
was accomplished during the time span between excavation end encasement,
usually immediately following surface cleaning. Approval of the foundation
surface occurred immediately before placement of protective concrete.

I

28



Iff

II

Ir



-~~ 
S, F0

A - II. r o.

I..,,> ,.,

r ~,

-,.... ., . , _ , ,- 4

,."F.- - -' , . *.> __Tt

• " ' "" - " .

- - -q -' --

I .VICINITY MAP

/ -* CO RVATIO14 POOL EL 522 0 ,,,: ICINITY M
.I .J . . -

Q 00 ROL'POfl ;--f 36 .0o
T, wEBB .i--

:. , t . , ,T. .

CO T A R ' I

"F" . 2 ,I. . . ... I :

\g . i

F _ , , , ,. ..

V, // I .

i .;

SA

I '1" , .- , . :£ / - - _ - . .

c oo=C."cv
. .. ... .. -

' 1 ,# /,I" , --..... '4 .- .

SA. PROJECT LOCATION AND LAKE MAP

1- i.i ll I IIII - - -9-- -, -

DUN I L ism'



8to0 q .00 0-00 .00 2-00 3,00 *.00 1600 4.-00 7. 00 e6.00 Q.C* 20.00 2.-00 22-G4 2! - O 2A.00 25.00 26

G 510 - ----- 7. --

500

440

06 +S0E00

410 / ~N5~ 0~005..440

410 GCJD E-C .46,6c

-, \L7,

Z- -G 0. -0!If 402

.. 4 'A AW**A 11E

E PROOFL iS0BE-- -0U%

I'- 'I

P I T A.



2OC 2? -Cc k4-00 25OC* ~ ~ 3~. 0 " ~ ~ 0~L 04 4.0 4*0 '0 30

-~~~~ 
2 

. .-
50

-470 -

4- --1 O--

Ak, 'O 1 4 0

2 1. 0 23.00 2-.~ 2! .:C .- *--l 250 .1W-0 3-0 ' !!x -c oc .0 40!00 A .0, 42-00 43-00 44-00

SAi i PROFILE - OUTLET WORKS \3' .

C0 0f -a 00 z N

_ 
2

4-

.46' SECTION A-A

------- .~*I ~ .w2, NOT TO SC&LlE

N .416.0

t -0

V '-%\

Il .oX/'

-~ IN / / \ I> 2 ____

EPSNI fN p . IT~~p~P1

CORP*M6N 0 00Nta

IJE POOL LAKE
m-,N0AIN OREEK. TEXAS

- - -OUTLET WORKS

i ~ IF EXCAVATION PLAN ANO PROFILE
Fear~~ P1 A 4.s

/19.s 3 2

-0 "NPa



CORPS OF thi'tEERS

%t Kot

J,

0 t0

00,

J3y

0"mI rod...
D60rt! eed
525 contour
536 Contour

Quaternary Alluvial or Flood 
QPlain Depouits 

....QuwtefnayTerrac* Depoit.
Auslin Chalk(CbeoeC. f

Ea11l1 Ford Shole(CreeaceW) 1
Compiled By Dallas Gaeological Socisty. // .

,

VICINITY 11AP ~/ 
//-4SCL W Of * 

,0~ /



US ARMY

+ ,. Kef

I.Kef ...

Kef

* * . ... . . . .

of # . ,-K

.. 01. .

JOE 6OLLK

it .JOE O DAM E WRK
AREL EOLGYMA

m 0MR

mu.

ToA~vm ~LT nmFRLFLMMRM



IV~ O. 914-

F± / 2.0

ON 5m

/Al/



56 9 lo

A.50

-Iv ON go

.1 1,- 01 1 -

- &- - '55

S. V ON To

-544 48.

/ D

6 100 0 -

o'

EL44oO ~ 
NOTF6'F

9L' 4-p- U

4

- ~ / / -

-4 ~ 4TAI CNEK*TIEXAS

OULE WRK

PLNOF BORINGS

seams 1901? "D

EL~



E04 1: EXCAVATIOti

512.

4.1 47m9.

'It

"Mo



__150

100

II,

__50

1000

-IS

-zoo

1~~~L 4-EWV____ __

iao a

I50-

1Ifie

TOLCOM aTg



6 789 10

300

150

__50 L

150o

zoo

iLso

C

t~jT:FOR SECTi0*.JA SEE PLATE S

U.S. ARMY ENGINEER DISTRICT, IORT WORTH
SOVEROURVEW. CORPS or ENGINEIERS

E~ UPER R~i' FMJOE POOL LAKE

sm..m OgK Tx

q 4V" OUTLET VMKS

AS-BLNLT EXCAWMON PLAN
P1.j STATION 9.00 THMU SWAION WOO0

mu.,,..~ lowV NO at

~.1q~~iN -- CONINe No LE

0 7 -. ~- -TO ACCOMAN OMTlA WRKS FINAL F&AWAT MWOK?



FF

C 50-s

Ll

too



300

1 Z50

5 zo

100

w
II.

50 u

LEG

a CLAY

50 EJ SAND # RAWLIV
36 u- UPPER BRITTOM"

T
UPPER BRirTON:

loo LOWR BRITTrom

---- -5 5 FAULT OR JOI

Jr r 15 NV-SE DIP 41.
uoOF FAULT,

.-Zo ZONE OF JOIl

SEEPAGE AREI

--250
cEDO OF E XCAVATIOW.

-300

U.S. ARMY' £

Mod".



6 7 89 10

F1

.350

-300

5 E

zoo

s -- 50

U I.
U. D

-50 2

t9+0 LEGEND

SCLAY
IL SAND IGRAVEL

~iI UPPER BRITTON FM ,WEATNERED

ZJ UPPER BRITTON FM, LIN WEATHERED

00 0 LOWER BRITTON FM

C
*FAULT OR JOINT EXPOSED ON SURFACE. STRIKE

--150 NW-SE DIP 450NE DOWNTHROWN SIDE ON NE SIDE

N u o OF FAULT.

zoo ZONE OF JOINTED OR BROKEN PRIMARY

S. SEEPAGE AREA

-300 _ _ _ _ _

WOTE . FO SECTIOUS SE PL.A-E.5 ~4
U.S. ARMY ENGINEER DISTRICT, FORT WORTH

CORPS OF ENGINEERtS
'O., -on-h, rEN.%

D.0.go0 JOE POOL. LAKE

vw. ?.MOtNTAIN MEEK, TEXAS

m-. 444 CUTLETWOK
c~cale " AS-BUILT FOUNDATION EXCAVATION PLAN

pt kcA-W-STATION 1900 TIRU STATON 2900

pi-- -- - - -- - - -- - --- CONTR NO0A

TO ACCANY OIJLET WMtS FIW FOUNDATMO KMPRT



,o1

lo

~~it



ED*~ of XCAVATOW

ED*~~~~ ~ .OF0S EAAA$ SC SLn

AS
STTO

UPPE



-10

50

set p6Aw
4- - ---- ,.- ____ ____ 00- 4SSP



40 
,~ LIMIT OF PRTECTIVE SLAB

I- 20

A-,-

z 20
9-LIMIT OF STRICTURE .----- ---- ------ -

40

600

580

INTAKE TOWER

560

540

-~520

500

1480

0 20 T C4

460 -- Z __ _______________

440-

420

19#f00 20+00 21+00



PLAN VIEW

EMBANKMENT CENTERLINE

-- EMBANKMAENT-

CENTERLINE PROFILE

a I a I I I I a I24+00

21+00 22+00 23-00
STATIONS 114 FEET

F1 UPPER ORrr OW~ FM-

SlOWER OR~IrrT.O FM

FAULl' O JOINT EXPOSEL- ON SUJ6F"M
PiP 45 MJE. 9WNr4Rl S199 O



LIMIT OF PROTECTIVE SLAO\

LIMIT OF STRUCTURE

19 20 22 23 i4 ZI )

25 + 00260270

Fm d 0 fa 40

1--4-ON SE O'N NE :,V '5r I' I -



40

LIMIT cF PROTECTIVE SLAB--', --- -- 20

0

20
N! -F 'T - UR

140

603

580

560

540

520

500

404

- TRAINING WALL 460

- ~>~-440

28400 29400

U.S. ARMY ENGINEER DISTRICT. FORT W-ORTH
I * ICORPS OF ENGINEERS

26+00 27,00

......E go0 JOE POOL LAKE
A MA1tit MOL04TAIN CREEK. * tXA-

p .... wT

e -- MITHOUTLET WORKS
C~cc~to "STRUCTURE FOUNDATION

2~' 0 4'~'AS-BUILT PLAN & PROFILE
*CL OFtp rOS IVO NO

AML ~ N COfftV 40

r o AccoMPf MTL6T,-fi FINAL EO.ND4ATION REPORT



NJATURAL 6I40LAND
S20

SI-

Ia* So

4q0 -

470

200 a
DISTANCE IN FEET (LEFT)

530

520

440

4so LIMIT OF EXCAVATO

470

460

450

200 too

4INC INI. AT



56 78

520

APPROACH CHANNMEL

OMI O EXCAVATIOU

410

o to00 200

D$TAAJE U FEET

SECTIOIJ A-A

NAMRJAL d.ROU WD SbO

490

U04T OFEXCAVAIOIJ

4,W

SECTIM G-c Dr*c w'our PQT)



67 89 10

NATURAL &ROLANPF

500

49 0

410

SeLAr

S ANV AM~P (,RAVf L

T-11 UPPER DRnIT*. FM, I4EAYHEREP

SUPPER ORITrot.J FM, UNWEAmEREP

loo 20 LOWER ORITTO 4 FM

DISTANCE Ili FEET (RIfCINT) -

D

NOTES

NATURL 69UND- sloI FOR LOCATIONIS OF CROSS- sEcTIOwS
NATUAL OUND 510SEE PLATES 54 6.

2. 90TH SECTIONS LOOXIN& DOWNSTREAM C
3. &EOI061C CONTACTS DASIIED WHERE

_______________________ESTIMATED

490

+80

4708

440

- 450 LU.S. ARMY ENGINEER DISTRICT, iro~r voprM'

CORtPS or ENGINEERS

t*I4'.4M_ JOE POOL LAKE
100 MOUNTAIN CRIE", TfxA3

DISTMC I FEET (RIT) -. OUTLET WORKS

--------------------------------------------------GEOLOGIC SECTIONS A-A AND 5-B

7 S TOD ACCOWAUY OUTLRT WONI F=&W MOATION IPWT



I2 3 4

NATURAL WOUWVJ

520

510

500

S490

49

*j470

44 . ...

430 I j 1

300 200

W4ATURAL. &RouNjP
520

490

540

40

ixr' mrU~ ST



STILL.IIJQ BASIM

LIMIT OF EXCAVATIOIJ

l0050 0 100
~-D15ALICE IN FEET (LFT) SETM D DDiSrANCE IN FEET (RIqHr)

NATURPAL

LIMT OF EXCRA'ATIO#.

0 0 200
De6TAJCE IN FEET (RI*lM ..

SEC TION C c-C

14 jI-



67 89 10

NATURAL &O4IND

g-oo

STILLIijq BASIIJ

440o

460

440

430

0 100 200
INSTANCE IN FELT (RIJHT) -

SECTIOW. D- Q
NATURA 6ROUN NOTE . FOR LOCATIONS OF SECTIONS SEE PLATE _(_

2 BOTH SECTIONS LOKINly DOWNSTREAM
3 &,E01O('IC CONTACT DAsHEDJ WHERE ESTIMATED

LE (.EKJP

SCLAY

40 SAPW ANIP AIRAVEI-

$5 UPPER ORI Trc*4 rm, W~EArmaReP

UPPER DRITTOW4 rM, UN.WEAJ14EREP

43+0 E] LOWER ORITTON FM

,410

440 u. ARMY ENGINEER DISTRI cT, FORT WORTIM
CORPS or ENGINEERS

JOE POOL LAKE
450 MOUNTAIN CREEK,* TEXAS

OUTLET WORKS

_______________________________________i- GEOLOGIC SECTIONS C-C AND D-D

ETAEINFEET (Rr~4rT) 200 IE" Ima

T P OUNDATION KmyO



44

S470 ________ __

440

200 a
~-DisrMJCe iIN PT (LEFT)

SMP Amp;

Supft R "

U PPER so

AOL



4 5 678

DCr-HARE C.PA1.
IL

LIMIT OF EXCAVATIOU I

.0, A
-, 7 -, !: -4

.DSac UA-EI PUT (LV'rr) SF CTICIIJ E -E cxsr4J-E IN PuT jm@t)

NOT .: FOR LOr-ATICN OF SCTOW SEE P-ArE L

It ao stTinow L~oKII16 PotDs^s

3 WHAW F ~~Ljr bJ

LE EqWP

SAWJ AfWP MAVLL

IJ UPPER ON)ITOW FM, WEATMEIRIP

[Z] upVeR epITygo Fm, I&.jWfAfl4L0LP

LOWAR o~irtopi fF



6 a 9 90

F

E

440

481) D

4 10

4&D

440

100 200
DISTJCE IN FEET (RI4r)

NOTES:
I. FOR LOCATIONJ OFr ScctCI SEE PLATE 7.
t (AS- 5e&.riop LOOKINA POW.NTREAM

3 L-4i cONTA.rA lPA61eP WjtftE e.srimxr.

U. IMY ENGINEE DISTICTORT WORTH
COMPS OF ENGINCEPS

mr **tWOfl ZtAf

JOE POOL LAKE
MouNTAIN I1 K *mo.TX

IMM OUTLET WORKS

GEOLOGIC SECTION E-E

- -- -- - - Y u, - BM f .A

mm-ATIEN UPUT



-- Woo -;

If al!

As- a-" Lew

CLA n- go -V -a

CIY S*d 4 4., "1..n e.,nr

Mcr a 7, san. M~-9 ,.~

aTMfItfl As*
As bana .~aa.na l

0-.. . a, **W ,5fLAACe 1
a- s" A . . me

CLAY1R.D aa~a..c~ Lba45 iALA

... &M - aat lo r 10-

* .. v ner a TF ar an - aP CSqY

Af' COcL. Aa~84

A .- ALIal a.9

asd

Qt?- rain. mAg ALLU

.a MY 49. v aMa a:

~e u-- -a. -0c Pen t

7~ N. 9R3 '' VA IU& . W

AL. ,.Sat t~~-~ .0 9.0.44-

flit a IAp -. - 3'. 0

30r-i 30 - r 22 .5

Pva a,, "rn A-,. .. r se.

14 4.90 a..& - n.*UeetV MS,.

r #.3 - 1*3 alsbat

-*as~~ 440J"L

X a 43. oo
t'rem AL 40. of 0 Z-.M Inn aAP

*7 UBar nnl.
7SV *5-4.9

ti~v .AMD 76*n Il A.



=- ' "
_ _ - .. .. ~. ...

-3.,5... ., .. . . ... . 4 , ., . - -

. .a. ... f . .. .

as- -n 4-
"a .-. * o ... 4.4. +,e4+...+ -. o

0-.*n • .c Rf.. -. .. f t t0- -.
.4--.. -- 4.-.-- . - -*444 494044.

4LA. 1 • oS.

ALL. 0 -- d A. A6

et

-o O + -. o+ a , . .J,. -

.-. 2. 4 o . '-.4.-.+ +

4;.4 . - Ott . - EtC

E A..

. ,r --

*g 44 g

-Ai ...a.

EE.SE 'B 4T

__0-R, .. .. .

.SL. ++ + . -.. .. 4.

. . 4dJO POO ' LA.KE

* 4-1 cot [M -.- . A

,,,~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~LG OF .:+ '-"""- .[ Ai -; BORING CTS

Rn] ' ...; ,.,* ,. . .. . ..
-+:+ '. .... at. s-4C.'

. -. ,A- .. 55 -N CA,

. . .. . .. . ll. . 5 US E; .,. A44C f- - AOE BO . .. G LOC..IO

me .. ..... . .
"a' "4.... .4.. - ","

.... 4 .. .... . ...
e4, , .4,, t .t -

L4J4

I ....... ,....

- ... . ... ..' . . . IIIII . .... .. . II ,~* 1 1 - , II I I- .. ... . .. - "_ _ _ __--



._ _ _ __ _ _ _ .... ..... Am.

as

L~ SAM9 S aj -

(...~a~e~oa~ar A A -off
7 0 a? 0 405S-4.4

, O l*~ ~ : C f

* *S-7. -

IA SS a , .a

OtS O an

~CA C *agrvga ... OPt a .4-

a AD-m I

A .- i.'TE.
a.AVS Las. U.g~

APO 4oA.3 .A



I. . .. . . .- . ...

-k. I 1 - .d

.. ..-- # .. ... .. . - ____-____ . , ... .. ... - -

. ..... ... .. .. . .. .JR.

P 00¢. ?4tt $ .~

7 14 Ts" 2-..6 -- 7. Is ,-,,.:

.... .. ... T. 
it.. -.

44,. .nt o.. .it A,. y. 5 o".., . ,

4 'o5.Uid-~4 30 I, T4..,

4__0 r ~ 4.. 8A84 60 -AN C.-8

'-S..- . ...4 or Os -,t

---.... -- ".5.o a4...S. 7 '45 " gO ,0 'Sg.-a0.. -t.

I ..L. ITT I 3 l, I . ....

lLZ - C. . . .3ns,. .,

i's ~ ' IT-

.44.. -210 1, C%....-as .4

V.5 &4 , 24 15*4 4*--4.--

&S'e 44' g$.2~.3 5Wre- c

-. 5 , W so-

~ :"..s .. EN49 26...

_____ _ 
P4OL LAKE

- --. - - - - - -

To 54.PAN OULE W04K M)DAOt rto L,



I -,-n>~- .r.-'.~ 4 .'-, 9 - -77

_ _ _ _ _ _ _ _ _ _ _u. Lo_ _ _ _ _ _

-- '7e"'wI&W.

-~VCA - -A.L ~~
0.0. pl A15 -OC ..- -p

-~UT -. 5.0 -4.0 0

4244
0

. 0.0. 21. s
5.0- 1400 '0.0- b - a. W& A..-

4.' .4 A .0 a- 4.0. f .'.-1 4

W7 ~~0 a 2.0A.
0. 14 4.0' A0.0 ft 2%p 0.

0.%40 a40 '6. '..2 a14 44.

0. r01.9'.#

21.0-0 ..a- W 0..0.'1A

2. 7.0' i 165 .5.00'b

200.l-lly a. ."I a~ 5.0.0 0

af. * o11t1 4. : 5. 6.0' - m's 1-P" K..
.., 1e.0. :1rc -, 6-4 laa - 05

of~o -- 0* 01
&0411 4441.

2.1"*1 "5 WA l L 3.9' I" all"'

.Is .. AWA4Y' 4455

.4.I
15.0'3.6 le4.0 14.plo

0.02 b -.. 00. 304 w .0 4

lia04fl 4ol** Pun.-

*1 00.1? 
0o 17. 

-

44.'

.'Att . m" ow .4040
19441. 

do %A 
"Mo0 .44 41t.. 0 4 Il pte Gr 0 0..

WhSe. 04 vi~ 25' 4.~a 0

44 4 7- 4.9o04.0 fu4 .

anS - 407

-04--A. -4I - 0.0 k
-. ' *.0'" 4b.4" a

y. A p. .047.5' 7.01 f

3.' 43 4 .S

4.0' .2

44.7' 0.5 4 .

L*.ei 4*. 4m.51



"C' .r 'W'
-t40 #AS



-tr.__

.5---

WIMP&73

- -.- *~5 -- - AL

A .

AA As. S .. S~SP555.

bIL a.. Go-ET ,~~455 *5'

LL Z.G4,5. MG

.... C. or:.*.n

S~~L~~t.L I E 55 t

-orSi *.* . JL5'

sO SEE (SiCM*

@Lod& EE~f a 1'. dM a . M ,jtADWM

ft., ftEE t ai.40 a OwE9

W m -0 1a :- :. 4-6S'd! f

AUv GoS ALL 7E~.-.~

* 0 .L- SCEN
... r ,4 .5Cs 6 ES

ALA rsE*.aEoo c AMLS

*5 -I 40. GoGo

M~sA !C _ 0

SEES -~g IIIn *

~~~~f do*a.e (s

~ E S *9in.-1 *
f S Efl* ~GSESaSC

* ~ a~eN 55 -E 9 a- SE~S4~SE

- . sE- - ,5* * Se 9 -M s

~~55~~ Aa, 55 ,



Up L

-*. .- w.r.*

1.. *- ,.5

ems .. a

6. ;-u.-

al-4 .'s am, .. *.

*m* memb ~ , r- a; 4. 1...1

4of a. o.' 0 l1 ?

Is l be.5s:w4p
50 A%, 0.?'ll

aL~tt1
7 

ass.NS 11 "M a. fl4pE .p

fi P~. 461- Ner. - -

~~**1 4.410* Mb, ~ .5
e~~~~gJ % ".P. AT *d .lJ4 , -

;lltt1ll-out, b Gr!4 I Mo omm

m..- ftvm. *l ;40

S. a , 1u u.,4 t
Sb~f wro 2 w. %4.

45 .S -R IN IS - *fso ,* Olj oe "I

-0 .lrt db- 0U .Aft Vee.fira

NAs. C--e S u * 4.'
L04 . , .v,:.eg.,,.

kj - -wm 1:44mr DIS.*..*C q

0*~~* o, l04.p- m f.eS B

...... m-"T~ Zn.ol =T I..

OULTVSAN NTA EAKE4

LOG OF ORNG

SACnAO W-4
S.1' law"

'Fom9a WNW



_______________lo, M"

9OS .-:n b-1 -Ud

Mo4ime 0' C

5l4 .. 1n a 4

-o "a oa' 0.0 u LP
h." L-u -I^ £' Li I ' 6-- l, T a.oo

.4.0 lo, 48.5 44.'. 4.

01.44.lo, 17.041. W.5 IN, 1469* Lg Z ' ft 4 1. 4
3. . ' 1- - W 4.4' 17.0- . 11W. S .

9'41.2=. -34 "Mow 'LoL 22. m0omS . 4.S:441

%% doll. . oo.o-ooloo. 16 W4. lo, 44.4
C ~ '-U.- 319 M.S-._ __

U 4. X.7 ft 37.7.

4, . 44 oot .n. a.- 4 4u'

4''. 0 01 l 47 048. 4*4447. .-1 904 4 .4'

1.82U.S loo4.d a..r. 1

50. .130 .. 444' 01 % .45 48.1-

ts. % 15 4 51

0.2 ft 8.4 .4.4'U490.4'

44.8 1461 a4.4'. LG

13~ ~ 1." 444'44

47.5' t1 r:4?.. Jo 99A. 4 . am.

44* Poor. 0*4 4**4

-2.5 3 .7 077. . 3 V, - -

3 4
4 op .4'6 4

lol7W

so448 50.5 44.4 h"- p. .

-. ,~ M.re to .' rx 44

04 01. 181448=4.44

0016,d IOUi



us.

- . '4 ,a

- O* . - - ril

~k~i~nq

* 5.

2.. ~ -

WSW a ' t 4r~r. .. Z4

S * .0- -

4 -':

0.304..' -I

V S0.4 ARYCO Il 11Ocf lfy wop

4.- $44 90 9

- I. A4b

-0 afe.e 05.p wo. v* 60. m u



-. ~~~ .A .. g. t...

3w~1 NM

S-- __ --. A

* . ~ -~ - .-... . .. - - . .. W,
-* -

o- /A l A~L s' -i.e'---

---- 4-

SS~~~~~~~ ~~~~ S p. 05. 'As.aesh& b5~
fl~t .S~f b.., CSAA- 0

.. Afl~~~~~ A* P*S ry af *
*4 A~t ~ S~. - 4.. "ot I4 4 ,A n . $ 3 71te

.. n~ .g~ -~ *t e4.t.s p. tec

1LfAL MS'.~.- £ ~4je~..eee
jh..d~~~ 2 /ew- *~~. .t#

A- *. -sc t~pgo.,

44...421 & d-6 .b~a(tAS 46)Au- 4
- ' .a - *e Al



1 7 'T .:,: - . :< . , '':: ,:' :,-.:+ . :

.. .... . . .. ....... .... ........ ....4
.jt . . . * .7 5 .. . ... . ,v . ." l .. . .- , -7 B1 . 0

2 4 I W V-- *"..--....-... -- " .0. .- . - "7 
- 

S...... t " . " " ... -. . ,

- &Z 
JAI

- .- . - 7 4 .. o.; a S , .I.. ,e.. 490cr

All, .-- m .4, ,

. . . *4-*:T . ..- +- ,," -.... . :...I:

, . 47.4 4 4. .
2 

. .- . .-' . *. 4. -,.3t.4.fl5

t-! .. 0s so,- S 41.4, 
•44-e. 

. * t 4

....... S . * .4... . . ,,! .. 7 3..

" 't, li10 15.4

.J~rw ~ 45444. - t*44 82-.. -- . .. ... -

0. .- J. .

.. ' 2' * 1 i0.

_Z 
47, 6. 

•i

l i.tL. 
. 4. .

"' "JOE POOL LAKE

O" klWOVNTIN Cafta. Tex~s

OUTLET WORKS AND INITIAL EMBANKMEN TS

~LOGS OF BORINGS

----- A-54?, SlOC- 841, UK- $49

-- -T -- - - - .-7-0-- - - - -

t ~T O C O M P A Ne Y O U T L T O R Nl I N A Lt O U N A Y MO 4 Iri~ l n P1 L T EI f

-a 24.4+ I 1 -- .........C



0."*'~0-... . 21 .999 -1 33.. 13.hg

-. 9.....

to a-~ :~ '- oD 30D 
Al

.1.3.,

21. *.3...3.

6 .. 1. ' ' ~ b. 3

I olJ 41 .*I s3.

Li fl is30

3.~ ~ 
733,.3.~ 3. o.. 19T

lo 33. Go3&

30 ~ ~ .9 0. ,.3 12.

out3 i.3..3

Im 2.10 .~, ~



... .... . .. . • .. ......... - ... .... .. _

... . ....

- - . - -... :' -

- t, ., .. . .-

- ,o

-. 4..

:1'

6': ,- 1,

SSL



r.11
I:;.. 0077070

. .". ..S,--,---- :,-. - ' .. '..1" 
'  

-- ..... .,:,,

-fr.1r.i.

76-, *,, . - 6- t1 . . . . . ..... .... ";"- * 57 . .,4"--8,: -," . _+............... 43 o. .- ,--- . 7 . 2-

............ Z. ... -

jft. ~ ~ 6 to 616 p.t47

MAfl L. . 0 .0 4 3 4 1

ta_ o*1"'d en. .777 oin u+. 8.o ,m 7.0
n

°'l 80 l 8~~)l . 0+°lk.:

...... 0 0.......... 0. .. ..0 .0
0. 70. r. 70, 

6.41.

f7-. 77 co0 70 ,7 7

16.5 28. a-0 2L5-

I-, € s*r 'nr 7 05 . 74.8. - 7.8 -- --

"Q2

... f M:7

.- - /.'t q6 ) 1 :" 5. 70.0 *,O 40 .0 78 o 4........ .° t+48.- -- - ..... ..
,-'- ...... . 7. 7... .- .. ... ........za.'a-ro.0 . '.5 7.0 

08

0,.- .-. "A ... . 7. 7~ 0~

0.47en d7.I 080 7 So,, '97
rr n. 77-'42"'

0.' 77.9 --P Olpo . nn., 408

fl ' - i* 7..... .. ...o, '7,. .. 6 7.. ,+ ,, ,t

4Pe. l t 77 .7? 2.

-
1't n8..1. +0

-'0,77,677U

-+- . L

+l* 80 7' .
f,4.e.4 .0..
8;' ! ! .n 4.. .- 4 476 - 4 79q.*!/ fl] lpm67 7 *

**770777 87.40
rnO87 0.7 7.9

. ~.7.787 7 I5~ - ll |i1[..

.. .777+J ,. h + . . . . . . 7...... . .. ... .. .. 8, .. . '.. . .'



2. I:: X___
.. .......

A 4, 1 -

OUTLE WOK AN NTILEBAKET

LOSOFBRIG
-- - -- .IC55 N O -5

t-iCUAYOULTWOSFNA ONA NREOT PAEI



(~~ ~ ~~ .... .0I2~ ...... 2.120X~02

"ry,.Aa -
40.A*oi'(y

ar' .. ,o' W- 5's~___ _

ZW4,91~ -~A _ .-

d~ 2 rt "'~ y ~'0'
'9 te,- 0,d~' ~#00 -234..

bo~~~- 44.40 f~

3 ~ ~ ~ ~ t =5" 4 440~~ A-- -- I
01 oa 1.

4W- 7-

9.g a to- -. 5 -KS 0 430 ALL

.a~d,.-a~od0seans i1

K-sos~~~~2 f ~ 3. 6I~

450 ~ ~ j t.
4

, -. e if.0 -4 f A .. .

oo-.K fS .*r.t3 47

no , fl Kil -*0 saoo~2ood Iantw~onas

306-~~5 a3030

411~tf 50-'AOI3 
; 3

SS~,W O~e. 0. .~ t~i'l2 4.4.' [o w- A3-Sl-'Mr. 40

-. 4~ 4',30 ~ - " '~S2 S 7 b

734.4390 - it

I0 044I4

AK~,z~':
'~.'~ e o -l.'



A

... . .....

V ~ ' Z ' ~.-. {~ g4

Ui S RI' NGNER ITR T FRT WO

WI I"....

4JOE POOL LAKE

-. 4f, M

TO ACOPN VLH OK IA ONAINNPR LTL2



iw

. ... b ....

• ......... -... .';li01).i1....... . .. . ...1,4 ,,,

(... ,- ;_ ,,' ...._ ,,---. 7_ 7,,'" '""-.,.C. .- - --,. _____-- _ . n

to 15.0' A 00 -"A

:: ~~~d ..... 1- .

0.0' to 2.5'. l0.0 Z6;. . 5 ~ .r'a
4"d,00. 4 . - 1 1 Ono 1:.1' C %C~.It ro.ot

.'o 1.'., 12. I., , . , . . . 2 2.
. f ,.% ,

. . *1o -i0. uNs -os ,- - otlit o. ".o li. c, 1"

*1at2 .0.. t l o 7. toto ". 7.0' . 14-- --
CO . V 1 6S ! *.lt~t. ot 15.0 to - 'y r .t~ it,, .110: 'o e 01t 0*

t1. ). * q t 2.0'. c e n .
0 8 o } .0 . l 7 , .C

Io ' h, *, tr l.r¢, C 1 1 .0 t'10 0 4.. W0*t .-

. 25.2 to2.2 9 ,

*1 *tot .~.sis. 24 to26.4

5.9 w .9
10*. 10 a . 4 . 77.6 .w .0 44 .o. D 2 1 . .

AM

6.11 4 .0..2 .- ".r4. 1,r0.
5 I.*.o, t20 -7 5.M5.

b- t . .0]

''p.

'10 .0 0' 11'.oto Y7440. 1.0 07

VL

I.2 1,, - . .t

'.2 - - ontoo! 'r
1

. - I ,.0 o1.

.4000.,. '1oo 7..'-1.,or 0 2

c1.Il.4..C.to. C .1d,1~o~~oo1-..(0.l,06!*,.16 e. s

*r64 0. o 074' .111 1~0l (41t~ 1.11)'r...1.000

0..~0.0- 21.' to('01

. 160 12' o 4.1,060! .,. - IA .;,-~.1- OEM



.. .......... .7...

.. . . A ... . . . b. . b. .

2.9 2.'.

.2 ... .. .... ...... .... .... ....- ' ]+ T .

p - . . .a, . .... t .. .. .. ... .. 4.9

, • ._ + V( " , "° + -R f , '+ ,X'S

a. +U.:+;'.5 ... 0.4

.. .. ..- S-' .- 565. 5 A D 5: . 0

I.... 
4.-aaa.ob '-+ + '4 +4

.. . ... ... ..... .. . . ii. . ..

2 
w-

I. -CO PAR' 1, WR FIA F S . &

'4+

I 7

N1

I JOE POOL LAKE

" - -V t.i!AI.A (tIP .TIXAS

141 OUTLET :AKS AND INITIAL IEMSIAM(MENTS

..... *" iLOGS OF BORINGS

L I - SA C .+4 559 AND 6

iV - 50t ACCOAMNY outLET WORKs FINAL VouNDAIION IPOO PL~El !1



sis.1 
IN

5-W. 
'I2.1drv.. 

0.0

5.D Q5 
M.2 

2.
6.6

da, ldb .. 6A0.

lb 2. t30.0

a.., 22.0

4. 6.0 - 0.0
14.0 - ttr 

30.

ILG.~~0 W".&j-t.

0. 

1 . 20.0 U 72.0

. c0 "' 0. 2.0 A. 60

& . A .1 a. 2 5 .s
k000r6464tra ~ 

229.7 9D .7

1.72.2 u 1.2

~ ~ 00-f~ 2 q. "4.0 = 5.0

0. IS

S10: 19.

4 ' o 0 2 .0 -

L "0 "* 20. 6. 4.

*%. N.

LA.

016



'.4A -4kT4A-

-T '4 -

JOE POOL LAKE
...... oNP4'A cMEN. TExAS

OUTLET WOW(S AND INITIAL EMANKIWENTS

LOGS OF BORINGS
6DC -561 AND *AGC -562

T0 ACCOMPANY OUTLET WORKS FINAL. FOUNDOATION REPORT PLTEt



44*1A41 455

-. - 'C.8..----

41.44 044.40 W 4.

- b -a_ _ -

v~lf It f-

1.0 - 1 - - 5. -8 e.4 ~ A

414. 0 .6 w".4E

5.. 5.4 -5. ".'' ' b
0  

'1

a4.p7a 6. 54.

5.-31Y.4. _Ill . .. M± 0 *a

4. -70I.8. . 49.C . a.
46.8.40.8~~~~ s'nor s o .s

40. 50.9 - 4.3 ~ j~
0

~ 0c0.5,p4

0.4 .O 4. 5.9,5i~4 '4 m.
7

s,,a4a rAt

jjf./S .. Gr Ly 5-02.. sn *o......fl~ ~ S"
S. 5. Ia 1,.a~n -4,0.

1 0..4 ?,t

I 6.4s..4C~~r.,t.,,- ~i~ Ps .. _'-0-., ,o4c.4

* r1 01 404 I! 44 40 41 4 11 -. 4 ,0 ? .. J4'44
o(*,4 44..4-. -44.. IC. ~a...,, . r... AZ.,It

0.0,.4 1,. lt~t, 7.04 4* .0. -i I 4 d 4

26.0~2 i.
2'.7, L4 0 ...10? 4%1$ s Ii. -a

4.-r1,l4 ^?(-Mi..4 c ... ,

. 0AL

8 0.0 0.0

444040 7-P 7f



. . ...... ............ .. ... .. ... . .

?- 7 . t.- ... . . . .
..... .. .

. .. .

.... ........ .7 _ .. .. . , I A.,

.d t.. -y.. ""- '°2. ,0

_ot'. -_

31

.. . . ... r -= ,& ".". t ,0...... t. - 04".' ..4. .. ." " , .. .....4.0- ' : . .. ... .. . . .

*o • - . ..... .... .. :t..... In::.o. *.'-- .0...2 ......

3. t 1: 7i.5 .toa

-"--. -,, ... . ........... 2. 2. ..,

- -- . o ... ... --- i

. l.4 7 .:. 0l4 1 , .01. , . 'A 5090..9.

L. .4 3 7. ~'..11 !

. -- oOt t .t122'- 9

i ,, , .: : to .. . , o - ' ;-.-

4.)'2 to----.4 0 .4 -h i X o I .ll 92.0 toI I.l

0*3 2 0 ...1 ~ "'0.. ...... ., . 0. 9.

7 0. TO t..Oilzoot [ &

two P 5 '9'A

N .O .5 o .t 
2 ' o 0 .

L

1.. 020.9 ~ t24

15 
0.,1 .5 - I2,t.

39 0.0tt7.o:00.00~I3L

21* '0 7 .4-.-- t

5~o. ... 2 .,13 9.024W.

U 0t7l.~oA SLRY E GN E IT I T " 41T

00.40." 0' .2 - 52

JO PO LK

MO NTI -O K TE A

4 0 0~ ~ -I -o -0 b- -ol ,. . -.0 ~ 4 -i i - 0 ' - -. t

T-COPX OTI I~t 11A oui 69' 90'"R'



----- ...2l.;.

__ !-
o.4 i' i ,iii=%.. 4 0 - _o • _ _,. _ __&,,, ¢

c 0 ......... .. A .o . 2. .- " --

-~) -. ---- 2 f4

& *-;j-.4-.--©e- 8 4, ,_ 4,Al . , .lll . • . • •

,,4,.. 4.tk 00. C.X 2 - .l . ' A :. 1...

t.I~~5 9. -ui

EL--1$p .312 43 ...40"' -. .. W . ak'" " ... ..... S,
...k .04 .4 .... ,,D -"'"

65.0 A .

0 .0. 0 .. S.'

2LI.t - -k " 1 4 i9 •1. a ,'.
1 .b - . - ac , n .. i.. - ,. M, F..a. ....

13 . , . . 44., .. ....... 4 .. * - S. .

L7. 1. Ul. 03.e n .0.6. 1. 24....k.
2

40840. 0 2. 0..2 - 2.0 -.. fLL,.4¢

0. 12.0 -070 .s1 s td . ....

0.4. .00_0 400):_.-e

-.... -I.. I.M
2.. . . 0:. 0 . ..... .. . .:.;..y -,, - " ,, I I I i

9.2 44 5 .0 . I)6.71 4: . .r. . . 4 2

-. 9.0*. .31.43 C, 5413 ... ..... .... ise..
9;2.. 10. 6332.0324. ? L... s..

It4 p4 . ld1.S. 0.47 0-4G. . ~ 5e.~4~

16 41 -0. 65A.0 - O ,,*. i

*.l400.. 0 .3 - r

1- 0.4sa .- ,e
.0. 1,L~~1..J i, 07.4

3-. 0. 01 0g 041 110

t..).11.0 5.0 -LL .6

I-.-I

M 0.3

10.s

L10.0

L 0.3

* f 90.0 ,



A . A

-. N AI' . ff . rl.4.

LOG aOF ORNG

2AC5? 56'* AND @A-569, 97

TO ACOP~ ULE 041 . .LPWDVO 
R0VVA9t



- -- Or ., 0 t t..o

_________________________________60X

ad.. u-~ .*.6 ~ ~ o t.j~ '- .o -..--- '-. ~ 2 ~ 1 12 A
ZAU Qo* 4.a

So u ti -. at, t,.0* x~tC .5-

I .-o 52.0 o .
f- 7.5 u0. 

to.9 7. 1.C.
12.5 12.o to le.j7.o4.tj~T~n no ~is. - 3

0:~2. to. l,. --1.. l~

3.. 50.0 uo 00.

_47.0'. .t

30-0



2'

-~~ 
~ ........., -

AA

.7 I C. 17. 7T.. 00 .

77.0 7,
0. 3.0 I .4" -,77 "'' . 1.1 t17.

'1.0~~~~~~~3 Qt' 17 t 1.003 I7.I

0.:~~~~~~~~~~ 'O 7..o~4.t.0t ~ S ~

7 7. 0.4It76

T3 t '.' o0'' . I 1.3.I 7

*~~~cq *,l 5 1$Itl'.1I1'

*t~lv JOE POOL LAKE

II 1947, 1110 t It19' T Tc ACOPWOPITWOIl?4.VUDT~o MM Ma



CORPS OF ENGINEERS U. S. ARMY

Fig 13 Intake tower foundation. Station 18+70. 14 Feb 81

Fig 14 Intake tower foundation. Station 18+85. 14 Feb 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 15 Intake tower foundation. Station 19+10. 7 Feb 81

*" .4 * l-.4-.a

*7 2

-lip

Fig 16 Intake tower foundation. Station 19+75. 7 Feb 81
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Fig 17 Intake tower foundation. Station 19+75. 6 Feb 81

AtI

Fig 18 Fault crossing intake tower foundation. Station 19+90

6 Feb 81
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CORPS OF ENGINEERS U. S. AR

pIV

Fig 19 Intake tower foundation. Station 20+50. 4 Feb 81

IA

Fig 20 Intake tower foundation. Station 19+80. 6 Feb 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 21 Conduit foundation. Station 20+48 20+68 16 Feb 81

A[

*1r

Fig 22 Conduit foundation. Station 20+48 - 20+68 - 16 Feb 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 23 Conduit foundation. Station 20+68 - 20+88 - 18 Feb 81

- I-

*- 1

Fig 24 Conduit foundation. Station 20+88 - 21+08 - 19 Feb 81
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Fig 25 Conduit foundation. Station 21+08 -21+28 -19 Feb 81

Fig 26 Conduit foundation. Station 21+28 -21+48 -19 Feb 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 27 Conduit foundation. Station 21+48 - 21+68 - 20 Feb 81

.,,4

Z ... ---. % _

Fig 28 Conduit foundation. Station 21+68 - 21+88 - 20 Feb 81
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CORPS OF ENGINEERS U. S. ARM
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Fig 29 Conduit foundation. Station 22+08 - 22+28 11 Mar 81

Fig 30 Conduit foundation. Station 22+28 - 22+48 11 Mar 81
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CORPS OF ENGINEERS U. S. ARMY

IA

Fig 31 Conduit foundation. Station 22±48 - 22+68 13 Mar 81

IA** 41 -

Fig 32 Conduit foundation. Station 22+68 - 22+88 13 Mar 81
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Fig 33 Conduit foundation. Station 22+88 - 23+08 16 Mar 81

Fig 34 Conduit foundation. Station 23+08 - 23+28 16 Mar 81
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CORPS OF ENGINEERS U. S. ARM

Fig 35 Conduit foundation. Station 23+28 - 23+48 19 Mar 81

1

Fig 36 Conduit fcundation. Station 23+48 - 23+68 23 Mar 81
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CORPS OF ENGINEERS U. S. ARM

Fig 37 Conduit foundation. Station 23+68 - 23+88 24 Mar 81

Fig 38 Conduit foundation. Station 23+88 - 24+08 24 Mar 81
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CORPS OF ENGINEERS U.S. AR

Fig 39 Conduit foundation. Station 24+08 - 24+28 1 Apr 81

WI

Fig 40 Conduit foundation. Station 24+28 - 244-48 2 Apr 81
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CORPS OF ENGINEERS U. S. ARMY

dfi

Fig 41 Conduit foundation. Station 24+48 -24+68 3 Apr 81

~c,

Fig 42 Conduit foundation. Station 24+68 -24+88 6 Apr 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 43 Conduit foundation. Station 24+88 -25+08 6 Apr 81

- I

Fig 44 Conduit foundation. Station 25+08 -25+28 7 Apr 81
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\U. S."ARMY

* -

Fig 45 Conduit foundation. Station 25+28 - 25+48 8 Apr 81

11

Fig 46 Conduit foundation. Station 25+48 - 25+68 8 Apr 81
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CORPS OF ENGINEERS U. S. AR

Fig 47 Conduit foundation. Station 25+68 - 25+88 10 Apr 81

Fig 48 Conduit foundation. Station 25+88 - 26+08 10 Apr 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 49 Conduit foundation. Station 26+08 - 26+28 10 Apr 81

Fig 50 Conduit foundation. Station 26+28 - 26+48 13 Apr 81
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CORPS OF ENGINEERS U. S. ARM

Fig 51 Conduit foundation. Station 26+48 - 26+68 13 Apr 81

Fig 52 Conduit foundation. Station 26+68 - 26+88 16 Apr 81
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CORPS OF ENGINEERS U. S. AR

Fig 53 Conduit foundation. Station 26+88 - 27+08 16 Apr 81

*1
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CORPS OF ENGINEERS U. S. ARM
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Fig 54 Stilling basin chute foundation. Contact between Upper
Britton and Lower Britton members in center of photo at
station 27+58 25 Feb 81

1|

Fig 55 Stilling basin chute foundation. Station 27+65 25 Feb 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 56Silnai _fudto.Saio 76 9Jn8

Fig 56 Stilling basin foundation. Station 27+65 29 Jan 81
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Fig 58 Stilling basin foundation. Station 28+78 31 Jan 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 60 Stilling basin foundation. Station 27+90 30 Jan 81

~.V.

Fig 61 Joint in stilling basin foundation. Station 28+60

30 Jan 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 62 Stilling basin end key foundation. Station 28+80
Right side 17 Mar 81II

Fig 63 Stilling basin end key foundation. Station 28+80

Left side 18 Mar 81
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CORPS OF ENGINEERS U. S. A

Fig 64 Foundation right of intake tower. Station 18+85 -

19+70 24 Jun 81

I ,1

Fig 65 Foundation right of intake tower. Station 18+85 -

19+70 24 Jun 81
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Fig 66 Foundation right of conduit. Station 20+75 -21+75

29 Jun 81

ILI

Fig 67 Foundation right of conduit. Station 20+75 -21+75

29 Jun 81
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Fig 68 Foundation left of conduit. Station 20+50 -21+50

13 Jul 81

Fig 69Foundation left of conduit. Station 21+50 -22+50

15 Jul 81
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CORPS OF ENGINEERS 'U. S. . ARM

Fig 70 Foundation left of conduit. Station 22+50 -23+50

17 Jul 81

* 11

Fig 71 Foundation right of conduit. Station 23+50 -24+10

24 Jul 81
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L

Fig 72 Foundation at base of slope - right of conduit.
Station 20+50 - 22+00 28 Jul 81

Fig 73 Foundation at base of slope - right of conduit.
Station 22+00 - 24+00 29 Jul 81
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CORPS OF ENGINEERS U. S. ARJ

Fig 74 Excavation slope right of conduit. Station 20+50 -

21+70 5 Aug 81

II

Fig 75 Excavation slope left of intake tower. Station 18+90 -

20+50 6 Aug 81
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CORPS OF ENGINEERS U. S. AR

*11~Fig 76 Excavation slope right of intake tower. Station 18+90-

~20+50 10 Aug 81

.. ... ---

Fig 77 Excavation slope left of conduit. Station 20+50 -

21+50 20 Aug 81
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CORPS OF ENGINEERS U.S. ARMY

Fig 78 Excavation slope left of conduit. Station 21+60 -

22+50 21 Aug 81

Fig 79 Excavation slope left of conduit. Station 22+50 -

24+00 22 Aug 81
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Fig 80 Excavation slope right of conduit. Station 21+80 -

23+10 24 Aug 81

Fig 81 Excavation slope right of conduit. Station 23+10 -

24+00 25 Aug 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 82 Excavation slope right of conduit. Station 24+00 -

25+20 26 Aug 81

Fig 83 Foundation right of conduit. Station 24+00 - 25+20

26 Aug 81
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Fig 84 Excavation slope right of conduit. Station 26+40 -

27+20 10 Sep 81

Fig 85 Foundation right of conduit. Station 26+40 - 27+20
10 Sep 81
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CORPS OF ENGINEERS U. S. ARMY

p.

Fig 86 Excavation slope right of stilling basin. Station 27+30 -

28+00 11 Sep 81

Fig 87 Foundation right of stilling basin. Station 27+30

28+00 11 Sep 81
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Fig 88 Excavation slope right of stilling basin. Station 28+00 -

28+50 15 Sep 81

Fig 89 Excavation slope right of stilling basin. Station 28+50 -

29+00 16 Sep 81
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Fig 90 Excavation slope left of conduit. Station 26+30 -

27+20 17 Sep 81

Fig 91 Foundation left of conduit. Station 26+30 - 27+20

17 Sep 81
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CORPS OF ENGINEERS U. . ARMY

Fig 92 Excavation slope left of stilling basin. Station
27+20 -27+80 18 Sep 81

II

Fig 93 Foundation left of stilling basin chute. Station
27+20 - 27+80 18 Sep 81
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CORPS OF ENGINEERS U. S. ARMY

Fig 94 Excavation slope left of stilling basin. Station

27+80 - 28+30

Fig 95 Excavation slope left of stilling basin. Station

27+80 - 28+30 21 Sep 81
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CORPS OF ENGINEERS U. S. ARM]

Fig 96 Excavation slope left of stilling basin. Station
28+50 - 28+90 22 Sep 81

Fig 97 Excavation slope left of stilling basin. Station
28+50 - 28+90 22 Sep 81
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