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RAY ROBERTS LAKE FOUNDATION REPORT

S—

1. INTRODUCTION. \

a. Project Location and Description. Ray Roberts Dam and Lake
project is situated in northern Denton, south-central Cooke and western
Grayson Counties. The Dam is at river mile 60.0 on Elm Fork of the
Trinity River, approximately 30 river miles north of Lewisville Dam.
The location of the project is shown on Plate 1. The principal
features of the project include (1) a rolled earthfill embankment
approximately 14,980 feet 1long; (2) a limited service spillway
consisting of an uncontrolled trapezoidal broad-crested weir; the
spillway crest length is 100 feet; and (3) the outlet works, consisting
of an excavated approach channel, intake structure and service bridge,
a 708-foot long by 13-foot diameter cut and cover conduit, stilling
basin and excavated discharge channel ﬁgg;—E;;;;*§Y§\ For the future
addition of hy lropower, a separate steel-lined concrete 5-foot diameter
low flow conduit was constructed beneath the main flood control

conduit., (SHMN i

b. Construction  Authority. Congressional authority for

-

construction of Aubrey Lake (now Ray Roberts Lake) is contained in the
Public Works - Rivers and Harbor Act appi oved 27 October 1965 (Public
Law 89-298) in accordance with the plan of improvement as outlined in
House Document No. 276 (89th Congress, lst Session).

c. Purpose of the Report. This report was prepared in accordance
with requirements as set forth by the Office, Chief of Engineers in ER

1110~-1-1801.




The purpose of this report is to provide a cumplete 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 problems resulting
from foundation deficiencies; (2) contractor claims related ta
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.

| d. Project History. Four dam site locations were studied prior to
final site selection. Site No. 1, the project document site, is at
river mile 60.0. Sites 2, 3, and 4 are at river miies 55.9, 51.2, and
64.0, respectively. Three holes were drilled at Site 2 in 1970. No
subsurface explorations were done at Sites 3 and 4.

Site No. 4, located upstream of the confluence of the Elm Fork and
Isle du Bois Creek would require two embankments and in effect form two
lakes. Site No. 4 would also require two outlet facilities or an
equalizer channel. This was the uppermost site considered. Sites
downstream from Site 3 would be in the £flood pool of Lewisville Lake
and would require a major railroad relocation.

Based on studies that included an appraisal of the physical,
historic, economic, and social impacts at each site, and the results
from a public meeting held in April 1971, Site No. 1 was selected as

the recommended site. By Public Law 96-384, dated 6 October 1980, the




project name was officially changed from Aubrey Lake to Ray Roberts
Lake.

Seven locations, designated A through G, for the spillway were
investigatéd. Cost estimates were made for gated, broadcrested, and
uncontrolled ogee spillways. Consideration was also given to a perched
spillway with the crest elevation at 5 feet, and at 10 feet above the
top of the flood control pool.

Site A was used for the gated spillway estimate for site selection.
It was in the steep slope of the east abutment and proved to be
undesirable from the standprini ~f stability and excessive excavation.
Site B, the recommended site, was used for the uncontrolled spillway
estimate for site selection, and for various other plans. Site B
proved to be the most economical spillway location regardless of type
of spillway. Site E at Culp Branch on the west abutment was
investigated, but spillways here were too costly because of excessive
channel excavation and downstream land requirements. Sites C, D, F,
and G were eliminated by inspection because of excessive excavation and
additional land requirements.

Studies showed that a gated spillway had a higher first cost than
the uncontrolled spillways. Annual operating and maintenance costs for
a gated spillway would also be appreciably greater. Several studies
were made of various plans with both broadcrested and ogee uncontrolled
spillways, in order to optimize size and type of structure.

Studies were made for uncontrolled spillways with widths varying
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from 100 feet to 1,000 feet. These studies indicated that the most
economical project would be one with the narrowest spillway and highest
embankment. A width of 100 feet was judged to be the practical minimum
and was, therefore, selected for the recommended plan.

e. Contractors Supervision and Quality Control Organization. The
embankment, spillway, and outlet works for Ray Roberts Lake were
constructed under one contract. Pertinent data related to the contract
are listed below:

Contractor: Phillips and Jordan, Inc., Knoxville, TN

Contract No.: DACW63-82-C-0083

Contractor's Bid: $48,657,799

Notice to Proceed: 31 May 1982

Completion Date: 9 October 1986

Total Payment Including Modifications: $51,491,731.27

(1) Quality Control. The quality control organization was
furnished and compensated by the contractor.

(2) Contract Supervision. Construction was under the
immediate 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. Webb Boland. The following
personnel participated in administering the contract: Mr. Mark Gibson,
outlet works construction, and Mr. David Bowie, embankment and spillway
construction.

2. FOUNDATION EXPLORATIONS.




a. Investigations Prior to Construction. Dam Site No. 1 was first
explored in 1939. Eight combination auger and core borings numbered
c-1 tgrough C-8 were drilled near the present alignment. The borings
ranged from 67 to 217 feet 1in depth. In December 1960, three
additional combination auger and core holes, numbered 9 through 11,
were drilled on the right abutment slope, ranging in total depth from
30.6 to 106 feet. There are no testing records on either the
overburden materials or the rock cores and the borings were not
pressure tested. Boring locations are shown on Plates 4 through 7.
Logs of boring are shown on Plates 8 through 39.

Twenty-two additional holes were drilled in 1971 and 1972 during
the General Design Memo Study Phase. These holes were numbered 12
through 27, and B, C, D, E, F, J, and K. The following table shows the

. location, total footage, and purpose for these holes.

‘ Number : Total

Location ’ : Drilled : Footage : Purpore

Right (West) Abutment 6 292.0 Embankment Foundation

Left (East) Abutment 1 51.0 " "

Valley Section 4 296.4 " "

Spillway 7 476.3 Spillway Location &

Foundation

Right Abutment Outlet Intake & Stilling Basin
Works 2 95.2 Foundakion

*Left Abutment Outlet Intake & Stilling Basin
Works 2 105.8 Foundation

*Alternate location considered for outlet works.
! In late 1972 and 1973, 37 additional holes were drilled. These

holes were numbered 28 tﬁrough 77. Holes 4l through 49 were 3-inch
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Shelby tube holes, drilled along the axis of the uncontrolled spillway.
Holes 35-52 through 3S-57 were 3~inch shelby tube holes drilled along
the centerline of the outlet works discharge channel. The other 22
holes were drilled in the embankment foundacion.

In 1975 and 1976, holes 83 through 99 were drilled in the outlet
works area, with the exception of hole 3F-86, which was drilled on the
left abutment.

In late 1975, nine 8A6C holes, designated 301 through 309, were
drilled at Site E for spillway site selection. This site was was not
selected.

In October 1980, holes 310 through 316 were drilled, and in April
1981, holes 358 through 366 were drilled, all in the outlet works area.

One calyx hole (42-inch auger) was drilled in March 1975, to a
depth of 46.5 feet to investigate soft clay seams in the embankment
foundation. The hole was located at Station 120+70, 130 feet upstream.

A total of 113 foundation borings were drilled at the project.

b. Investigations During Construction. No problems requiring
additional subsurface explorations were encountered during
construction.

3. GEOLOGY.

a. Physiography. Ray Roberts Dam and Reservoir 1lie within the
Gulf Coastal Plain physiographic province. The coastal plain of Texas
is characterized by a broad rolling landform extending £rom the outcrop

of the basal Cretaceous sands to the northwest to the Gulf of Mexico on
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the southeast. It has developed upon a secuence of sedimentary rock
units which dip gently southeastward, resulting in successively younger
formations cropping out Gulfward. The outcrop of each formation or
group in the coastal plain of Texas has distinctive soil, vegetation,
and erosion characteristics which are the basis for <further
physiographic subdivision. Ray Roberts Dam and Reservoir lie within
two such subdivisions; the Grand Prairie and the Eastern Crcss Timbers.
Damsite Geology is shown on Plate 3. The Grand Prairie, a subdivision
which has developed on the outcrop of the Washita Group of Lower
Cfetaceous age, occurs generally west of the Elm Fork of the Trinity
River. It is characterized by a rolling to hilly topography supported
by limestone, marl, clay shale, and sandy shale. Typically, it is a
grassy country, the uplands being given largely to grazing, the Vvalleys
being important agriculturally. Situated east of the Elm Fork, the
Eastern Cross Timbers nas developed on the outcrop of the Woodbine
Formation of Upper Cretaceous geologic age. The Eastern Cross Timbers
is characterized by a rolling to moderately rugged topography which
supports a prolific growth of post oak trees.
b. Site Geology.

(1) Overburden. Overburden orn the abutments consisted of
predominantly residual clay and clayey materials generally ranging from
25 to 35 feet in thickness., The embankment is founded on these
materials. In t.e spillway area, 2 to 11 feet of clay and silty clay

with scattered gravel were removed and this structure is founded on




weathered clay shale, Overburden materials in'the floodplain consist
of 35 to 45 feet of alluvial clays, silts, sands, and gravels,
comprising the floodplain embankment foundation. In the outlet works
area abouf 20 to 30 feet of alluvial clays, silts, sands, and. gravels
were removed and the outlet works is founded in unweathered clay shale
of the Pawpaw Formation.

(2) Structure. Subsurface investigations and subsequent
foundation mapping ducing construction of the dam, outlet works and
spillway have not revealed faulting or any other structural anomalies
that would adversely affect the foundation of these structures.
Correlatiorn of marker beds encountered in the foundation borings show
that the strata strike northeast and dip about 60 feet per mile to the
southeast. Locally, minor undulations occur within the strata.

(3) stratigraphy. Primary materials at the site from oldest
to youngest are Pawpaw shale, Main Street limestone and Grayson marl of
Lower Cretaceous age, and the Woodbine Formation of Upper Cretaceous

age. The broad Elm Fork River valley is partially filled with Recent

floodplain alluvium, while the uplands bordering the valley are often

covered with Quaternary age terrace deposits.

a. Pawpaw Shale. Except for some isolated remnants of
Main Street limestone, the Pawpaw shale comprises the primary strata
beneath the embankment between station 0+00 to the base of the left
abutment, the outlet works, and spillway (see Plates 44 through 48).

The formation is composed of a soft to moderately hard, gray to black,

——




medium bedded clay shale, often sandy with sand laminations and lenses
up to several incées thick. Thin, limy, fossiliferous zones occur
throughout the formation. ‘

b. Main Street Limestone. The Main Street limestone
conformably overlies the Pawpaw shale. A full section is present in
the left abutment. Erosional remnants occur in the central part of the
embankment foundation and on the right abutment slope above elevation
640. The limestone is about 12 feet thick, moderately hard to hard,
gray, fossiliferous, massive at its base, and becomes shaly as it
grades into the overlying Grayson marl.

c. Grayson Marl. The Grayson marl occurs only in the left
abutment at the dam site. It is represented by a soft to moderately
hard, gray, highly calcareous, thick bedded, fossiliferous shale, that
becomes increasingly marly at its base. Often a thin shaly limestone
bed caps the formation separating it from the unconformably overlying
Woodbine Formation. The Grayson and Main Street Formations are usually
mapped as one geologic unit. At the dam site, their combined thickness
is about 30 feet.

d. Woodbine Formation. The 1left abutmenti, above
approximate elevation 565, is comprised of sediments belonging to the
Woodbine Formation. Core borings made for the embankment reveal a
fine-to-coarse-grained sand with scattered ironstone concietions and
thin, poorly cemented sandstone seams to approximate elevation 600. 1In

the basal portion of the Woodbine, a soft to moderately hard, gray to




brown, sandy clay-shale predominates, although sand and sandstone can
occur. Carbonaceous fragments are often noted. These inclusions,
along with the generally noncalcareous nature of the shale, distinguish
the material from the underlying Grayson Formation. The Woodbine
exhibits gradational changes, both laterally and vertically, in its
lithologic composition that make correlation bhetween even closely
spaced borings very difficult. The most detailed description of the
Woodbine was developed after excavation of the inspection trench of the
left abutment. Plate 58 is a geologic section of the plan of the
inspection trench along the left abutment prior to placement of the
fill.

(4) Weathering. Chemical weathering (oxidation and hydration)
has affected the primary strata at the dam site to varying degrees.
The shale and sandy shale of the Pawpaw Formation that comprise the
primary strata for most of the embankment section have been only
slightly alteréd. Staining (oxidation) is preseant to a maximum depth
of about 14 feet below the top of primary strata that underlie the
upland soils of the right abutment, while the Pawpaw shale beneath the
alluvium in the valley section is fresh. 1In contrast, the sand, soft
sandstone and shale of the Woodbine Formation that comprise the left
abutment are deeply weathered. The relatively permeable sands and
sandstones receptive to percolating waters are generally weathered
throughout to the top of the first significant shale beds. Weathering

in the shale occurs primarily as oxidation along joints and bedding

10
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planes.

(5) Ground Water. Water ievels are shown on Plates &4 through
48, Significant quantities of ground water are found in thé floodplain
alluvium and in the basal sands and gravels of the low level terrace
deposits. Lesser quantities occur in joints and froctures in the
weathered section of the Pawpaw shale and in the basal portion of the
WOodbipe Formation near its comtact with the underlying Grayson in. the
left abutment. Prior to impoundment, ground water in the floodplain
alluvium occurred at depths of 20-25 feet. During excavation of the
inspection trench in the left abutment, water seeps were encountered at
the contacts of the more pervious sands and sandstones with the
underlying clays (see Plate 58).

c. Engineering Characteristics of the (Yyerburden Materials.

(1) Outlet Works. Overburden in the outlet works area was
investigated using auger, Denison and Shelby tube samplers. The
materials consist of sandy clays (CL and CH) with zones of clayey sands
(sc) and gravels (GC-GP). The gravelly zones generally overlay the
primary materials. Overburden thickness varies from about 5 to 25 feet
along the approach channel, from 8 to 20 feet along the conduit, and
from 12 to 45 feet along the discharge channel. Classification and
index testing were performed on jar samples taken from various depths
in the overburden.

(2) Embankment. The overburden materials in the embankment

foundation consist of alluvial clays, sands, and gravel strata.

11
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Classification tests, Q, R, and S strength tests, and consolidation tests
were performed on Denison barrel samples taken at varying depths in the
clay. Classification and index tests were performed on jar samples
taken from auger borings and Denison barrel samples obtained from the
overburden in the floodplain. The following properties were used for

overburden materials in the floodplain:

Moisture content 20%
Dry density 107.5 pcf
Type c 0
Test tsf ’ Degrees
Q 0.8 3
R 0.1 14
S 0 26

(3) Weak Stratum. The following soil parameters were used for
the weak, sandy clay stratum which is located in the foundation near
the base of the overburden beneath the floodplain embankment.

Moisture content 23%

Dry density 102.0 pcf
Type c 0
Test tsf Degrees
Q 0.35 and 0.40 2.5
R 0.1 14
S 0 26

The 1low, undrained shear strength of this weak stratum is the

controlling factor in the stability of the floodplain embankment.

12
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(4) spillway. The broadcrested weir is founded in weathered
shale. Overburden along the centerline of the spillway increases from
2 feet in the area of the weir to 7 feet in the approach channel and 4
to 6 feet in the discharge channel. The overburden consists of
principally silty clay with some fine sand and locally scattered fine
gravels.

d. Engineering Characteristics of the Bedrock Materials.

(1) Outlet Works. The primary materials in the outlet works
area were investigated using Denison, Shelby tube and core barrel
samplers. Boring locations are shown on Plate . Primary foundation
materials consist of unweathered clay shales of the Pawpaw Formation.
The shales contain interbedded sandstone seams and beds that vary from
a few inches to approximately &4 feet in thickness. From station 27400
to 34+00, a near surface limestone layer was encountered which varied
from about 2 to 7 feet in thickness. Laboratory testing was performed
on selected samples of primary materials taken from borings along the
centerline of the outlet works. Tests performed were classification,
index grain size, unconfined compression and Q-triaxial compression
tests. The approach channel structure, intake tower, and stilling
baéin was founded in unweathered shale for which the following

parameters were used:

Allowable bearing pressure 8.0 kst
Shear Strength, 0 20°
Cohesion 0

13
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(2) Embankment. Laboratory strength tests conducted on
samples of primary materials indicate that the shale stratum underlying
the overburden through the floodplain has a low to moderately low
strength, but its strength increases with depth. Although the strength
of the shale is relatively low in the upper portion of the stratum, its
strength is greater than that of the overburden; therefore, it is not
the governing factor in the stability of the embankment.

(3) Spillway. The spillway is founded on interbedded silty
shale and soft sandstone of the Pawpaw Formation, The materials are
adequaée to support the light loads to be imposed.

e. Unusual or Unanticipated Geologic Conditions Encountered During
Construction. No unusual or unanticipated geologic conditions were
encountered during construction.

4. EXCAVATION PROCEDURES

a. Excavation Grades. Foundation conditions encountered during
excavation of the outlet works, inspection trench, cutoff trench, and
emergency spillway were about the same as described in the subsurface
data in the plans and specifications. The design slopeé were achieved
without any problems. The only deviation from designed grade lines was
overexcavation in the primary materials. In February 1984,
overexcavation occurred in the area adjacent to the outlet works
conduit, between stations 28+90 and 29+480. The maximum depth of
overexcavation was 2 feet. Contractor backfilled the overexcavation

with concrete.

14




b. Dewatering Provisions. No ground-water problems of a serious
nature were experienced in the out}et works, inspection trench, cutoff
trencﬂ, or spillway excavations. On occasion, heavy rains partially
filled the excavations. Small seeps were present in all the
excavations except the spillway and are noted on the drawings. Surface
water and the small amount of ground-water seepage experienced were
handled by pump and sump operations. See Figures 1 through 6. All
concrete and impervious backfill placements were on foundations free of
water.

c. Overburden Excavation. Overburden materials excavated
consisted of residual clay and other clayey materials on the abutments;
alluvial clays, silts, sands, and gravels in the floodplain inspection
trench and outlet works; and clay and sandy clay with scattered gravel
in the spillway area. See Figures 7 through 12, Bulk excavation was
done by Caterpillar scrapers. Finished grades were achieved with motor
graders. Overburden materials considered suitable were used as random
and semicompacted fill.

d. Rock Excavation. All rock excavation was accomplished using
rippers and scrapers. Much of the weathered shale was used in a manner
similar to the overburden; as random or semicompacted fill. Excavation
methods were also similar. After bulk excavations of weathered shale
by caterpillar scrapers, final grade was accomplished using motor
graders. Exposure of weathered or unweathered shale of the Pawpaw
Formation was limited to 3 days. See Figures 13 through 20. When this

limit was exceeded, the contractor was required to clean the exposed
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Figure 1. Outlet Works

ncavation showing peripheral ditches
controlling ground water.

Figure 2. Same as above
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Figure 3. Outlet Works excavation showing peripheral ditches
controlling ground water.

Figure 4. Same as above.
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Figure 5. Outlet Works excavation showing peripheral ditches
controlling ground water.
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Figure 6. Same as above.
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Figure 7.

Right Abutment inspection trench looking east
(Upstation)

Figure 8. Left Abutment looking east.
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Figure 9. Downstream face of right abutment inspection

trench approx. sta. 66+50 to 69+00, looking east
(Upstation).
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Figure 10. Upstream face of right abutment inspection trench
Approx. sta. 66+50 to 69+00, looking east.
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Figure 1ll. Right abutment inspection trench, looking west
(downstream).
Figure 1Z. Same as above. %
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Figure 13. Intake Structure, hand cleaning shale foundation.

Figure 14. Intake Structure, placing re-bar for slab.
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Figure 15. Looking Upstream from valve vault, showing
fresh shale surface prior to placement of impervious material.
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Figure 16. Foundation for approach slab.
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™gure 17. Excavation for intake for hydropower conduit at

intake structure slab - looking downstream.
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Figure 18. Hydropower conduit - placing gunite,
Sta. 29+50-30+400.
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Figure 19. Hydropower conduit, looking downstream,
Sta. 29+20.

Figure 20. Hydropower conduit, looking downstream,
Sta. 30+10,
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face by jackhammer and/or air jetting before protective concrete was
placed.

e. Line Drilling, Presplitting, and Contour Blasting. No lige
drilling, presplitting, or contour blasting were performed during the
course of construction.

f. Foundation Preparation. Clay shale of the Pawpaw Formation
forms the majority of the foundation in the outlet works excavation and
in the excavation for the sill of the limited-use spillway. See
Figures 21 through 29. Primary materials in general were not exposed
in cutoff or inspection trench excavations. See Figures 30 and 31.
The most predominant material exposed was clay, especially CH clays.
Since the clay shale deteriorates upon exposure to air, usually very
noticeable within about 3 days, protective sealant or lean concrete
(Gunite) were specified for exposed shale surfaces. See Figures 34,
35, 36, 41, and 42.

g. Gunite in Conduit Excavation Walls. Problems with Gunite
(protective concrete) developed in November 1982 in the hydropower
conduit section between Stations 26+63 and 30+85. Excavation of the
trench was done between 10 November 1982 and 23 November 1982. Gunite

was applied, as excavation progressed, on the floor and nearly vertical

walls of the trench. Inspection on 24 November 1982 revealed numerous

horizontal cracks, circular areas where Gunite has fallen off the wall,
and evidence that voids existed behind the Gunite face. Inspection on

30 November 1982 revealed that deterioration of the Gunite had greatly
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Figure 21. Excavation for hydropower conduit at intake
structure slab.
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Figure 22. Same as above.
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Figure 23. Excavation for hydropower conduit at intake

structure slab.

Figure 24. Same as above.
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Figure 25. Excavation for hydropower conduit at intake
structure slab.

Figure 26. Same as above.
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Figure 27. Construction of spillwny sill.

Figure 28. Same as above.
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Figure. 29.Spillway - placing concrete
footings.
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Figure 30. Looking downstation along dam centerline at

intersection of embankment centerline and outlet works
centerline.
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Figure 31. Later view of same area.
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Figure 32. Inspection trench looking upstation (east).

Figure 33. Inspection trench looking upstation.
Sta. 83+00 - 91+00.
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Figure 34.

Intake structure foundation - spraying aerospray.

Figure 35. Intake structure foundation - applying gunite.
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Figure 36.
concrete.

Intake structure foundation - placing protective
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Figure 37. Forms for intake structure.

Figure 38. Outlet works, left side looking downstream at
intake structure wing walls showing fresh shale surface.
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Figure 39. Intake structure, left side looking upstream.
Fresh shale surface prior to placement of impervious.
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Figure 40. Same as above.
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Figure 41. Hydropower conduit excavation showing gunite and
aerospray application (looking upstream) Sta. 28+50 - 27450

Figure 42, Same as above.
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accelerated, apparently because of a heavy rain on 25-26 November 1982.
See Figures 43 through 46. From Station 28+25 to 30+85 the Gunite was
severely cracked and broken and am estimated 30-foot long section on
the east wall of the trench had fallen. Most of the Gunite on both
walls in this section appeared 1loose and ready to fall. Portions of
the Gunite, though still in-place, had void space between the Gunite
and the rock face. This space could provide a seepage path along the
outside of the conduit connected directly to the reservoir pool. A
contract modification was signed on 3 December 1982 which stated:

(1) On remainder of penstock excavation (Station 30+85 to
Station 34+07), delete pneumatic concrete from the IV: .09 H slopes,
and spray these slopes with Aero-spray 70 as often as requires to
prevent weathering of shale.

(2) Between Stations 28+22 and 20+75 remove all pneumatic
concrete which is drummy, cracked, or loose. Spray exposed shale with
Aero-spray 70 as often as required to prevent weathering of shale.

(3) All future penstock excavation (Station 30+85 to Station
34+07) and removal of existing pneumatic concrete (Station 28422 to
Station 30+75), will proceed at a rate to accommodate one placement at
a time to minimize shale exposure.

The contractor agreed that no more than 3 doys would pass between
exposure of the clay shale and concrete encasement. On occasions when
exposure was more than 3 days, deterioration, consisting of severe

drying, cracking and checking, was often noted. Contractor was then
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Figure 45. Failure of gunite on hydropower conduit excavation.

Figure 46. Same as above.
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instructed to clean loose and drummy rock by jackhammer and to make
final cleanup with compressed air before placement of concrete.

h. 'Safety Protection Against Slides and Rock Falls. Slopes
excavated to design grade were generally not steep enough to require
special protection against slides and rock falls.

5. PILE DRIVING AND SPECIAL FOUNDATIONS. No special foundations, such
as driven piles, caissons, or drilled piers were utilized.

6. TUNNELS, SHAFTS, AND UNDERGROUND STRUCTURES. The construction of
this project did not include any tunnel shafts or underground
structures.

7. FOUNDATION ANCHOR TEST. A foundation anchor test vau perfeormed

4 April 1983 at Station 34+93.5, 5 feet west of outlet works centerline.
See Figures 47 through 50. ‘The surface elevation was 531.3. The test
was performed in the chute foundation area on a 12-foot anchor with
test results shown on pages 19 and 20.

8. CHARACTER OF FOUNDATION.

a. General. The limited service spillway is founded in weathered
clay shale of the Pawpaw Formation of Lower Cretaceous age. The outlet
works conduit, chute, and stilling basin are founded on unweathered
clay shale of the Pawpaw Formation. Except for the left abutment, the
inspection trench was almost entirely in overburden with clays and
silty clays predominating. The Woodbine Formation, the basal formation
of the Upper Cretaceoué, was- exposed in the inspection trench in the

left abutment. It consists of weathered reddish-brown sands, clays,
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Figure 47. Pullout test. Stilling Basin.

Figure 48. Same as above
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Figure 49. Pullout test. Stilling basin.
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Figure 50. Same as above.
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Time

1044
1044
1049
1050
1105
1105
1110
1115
1115
1120

Time

1137
1142
1142
1157
1157
1201
1201
1207
1207
1212
1212
1216
1216
1221
1222
1226
1226
1231
1231
1236
1236
1241
1241
1246

Load
In Tons

o

12.
12.
17.
22.
22.
27.

NN NN U W,

TEST NO. 1

PSI

930
930
2350
2350
3150

Deflection

In Inches

.000
.017
.017
.026
.026
.035
.046
.046
.059

Stopped test - sag in "I" beam causing deflection in anchor

bar.

Load
In Tons

12.7
12.7
17.7
17.7
22.7
22.7
27.7
27.7
32.7
32.7
36.0
36.0
32.7
32.7
27.7
27.7
22.7
22.7
17.7
17.7
12.7
12.7

TEST NO.

45

2

PSI

930

939
2350
2350
3150
3150
4050
4050
4950
4950
5850
5850
6600
6600
5850
5850
4950
4950
4050
40590
3150
3150
2350
2350

Deflection
In Inches

.003
.003
015
.016
.023
.023
.034
.034
.045
.046
.060
.067
.075
.085
.085
.085
.078
.077
.068
.068
.057
.057
.043
.043




Load
Time In Tons
1246 5
1251 5
1251 0
1300 0
1300 5
1305 5
1395 12.7
1310 0
1310 5
1315 5
Bar deflecting downward and horizontal
1320 5
1320 12.7
1335 12.7
1335 5
1340 5
1340 0
1341 5
1346 5
1346 10
1351 10
1351 15
1356 15
1356 20
1401 20
1401 25
1406 25
1406 30
1411 30
1411 35
1416 35
1416 40
1421 40
Stop Test

=

TEST NO. 2
(cont'd)

46

Deflection
BSI In Inches
930 .018
930 .018
0 .00U
0 .000

930 -.012

930 -.012
2350 .000

0 .000

30 -.006

930 Reset to .000
under initial load.

930 .000
2350 .016
2350 .016

930 .003

930 .003

0 -.006

930 001

930 .001
1820 .011
1820 .011
2750 .021
2750 .023
3650 .038
3650 .038
4550 .049
4550 .050
5450 .064
5450 . 064
6300 .078
6300 .083
7200 .107
7200 .109




and sandstones ranging from soft and friable to moderately hard.

b. Character of Overburdem Materials. Overburden materials
comprise the foundation for the embankment, in the outlet works
approach and discharge channels, and in the approach and discharge
channels for the spillway. Overburden materials exposed in the
inspection trench and cutcif trench consist of alluvial clays, silts,
sands, and gravels in the floodplain between Stations 105+00 and
136+00, and residual overburden on the abutments. Residual overburden
consisting of clay and silty clay was exposed in the approach and
discharge channels for the spillway. The outlet works approach and
discharge channels were excavated in fluviatile terrace and floodplain
alluvial materials consisting of clay, sand, silt, and gravel.

c. Character of Primary Materials. The Pawpaw Formation comprises
much of the foundation and was exposed in the outlet works and the
spillway excavation. The Pawpaw is relatively level and finished grade
was ofira on or near bedding planes. See Figures 13, 16, and 18. 1In
the outlet wogks foundation, the clay shale is generally soft to
moderately hard, unweathered, gray to dark gray and thin to medium
bedded with scattered sandy seams and occasional sandstone seams north
of Station 27+00. South of station 27+00 the clay shale contains up to
50 percent fine-to-medium grained sandstone and sandy seams. The base
of the sandy phase was encountered at elevation 523, Station 36+15 in
the chute foundation. A 2- to 3-inch thick fossiliferous zone was

exposed near the base of the chute at elevation 520.0. Excavation,
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cleaning of shale surfaces, and placement of fill are shown in Figures
51 through 64. The stilling basin foundation surface was described as
shale, soft, slightly sandy with occasional sandy pockets and zones,
fossiliferous, gray. See Figures 63 and 64.

The sill foundation for the limited use spillway was excavated down
to a sandy, stiff, yellowish-brown to 1light gray clay, underlain by
about 3 feet of gravelly clay. The edges and narrow sections in the
middle, horizontal part of the foundation were keyed into weathered
shale of the Pawpaw Formation. The approach and discharge channels
were excavated in sandy clay. See Figures 27, 28, and 29.

9. FOUNDATION TREATMENT. No grouting was necessary at the project and
no dental concrete or broom grouting were utilized.
10. FOUNDATION INSTRUMENTATION.

a. General. The instrumentation program at Ray Roberts Dam was
designed to monitor five basic areas which are discussed below. A plan
of instrumentation is shown on Plate 57. The following descriptions
are taken from "Perivdic Inspection No. 1, Rav Roberts Lake, July
1987."

(1) Initial Embankment and Closure Section. Nineteen
piezometers were installed’to monitor pore pressure development in the
floodplain foundation during construction of the initial embankment and
closure section. Settlement gages (12 deep settlement plates'and 3
foundation surface settlement plates) were installed to monitor

vertical movement of the foundation in the floodplain, and 8 surface
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Figure 51. Outlet works, left side looking upstream. Fresh
shale surface prior to placement of impervious material.
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Figure 52. Same as above.
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Figure 53. Outlet works conduit, left side,

looking upstream.
Placing fill on fresh shale surface.

Figure 54. Outlet works conduit,
Fresh shale adjacent to conduit.

right side, looking upstream.
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Figure 55, Outlet works excavation, right side looking

downstream. Placing f£ill on fresh shale surface.
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Figure 56. Outlet works, right side, ilooking upstream.

Fresh shale surface.
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Figure 57. Outlet works, right side looking upstream.
Cleaning shale surface in dincrements prior to placement
of fill.
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Figure 58. Outlets works conduit, looking upstream.
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Figure 59. Outlet works looking downstream from tower.

Figure 60. Same as above.
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Figure 61. Outlet works, right side, looking downstream.
Cleaning shale surface prior to placement of fill.

Figure 62. Same area as above.
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Figure 63. Stilling basin. Spraying aerospray.

Figure 64. Excavation for discharge from valve vault.
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reference marks were provided to monitor embankment movement. Twelve
inclinometers were installed to measure lateral displacement of the
foundation during construction of the initial embankment and closure
section. Of primary concern in planning the instrumentation program
was the performance of the initial embankment which was designed to
preload and consolidate the floodplain soils.

(2) Left Abutment. Nine piezometers were installed to monitor
poténtial seepage effects at the left abutment (the upper portion of
the abutment consists of pervious strata) including uplift pressures
acting on the downstream portion of the embankment.

(3) Embankment Underseepage. Twenty-six seepage piezometers
were installed in the embankment foundation to monitor underseepage.

(4) Outlet Works. To monitor movement of the outlet work
structure, reference pins were installed within the conduit, on the
stilling basin walls, and on the service bridge.

(5) Embankment Crest. A set of embankment station monuments
has been installed along the downstream side of the crest to monitor
post-construction settlemént.

b. Schedule of Instrumentation Reading. Instrumentation located

at the project will be read by CESWF-ED-G personnel according to the

 following schedule, or more frequently, if deemed necessary.

o DPiezometers - quarterly
o Inclinometers - annually

o Seepage Interceptor - monthly and when pool reaches 580, 590
600, and 632.5

56




=

o Settlement Gages - quarterly and when pool reaches 580, 590,
600, and 632.5

o Outlet Worés Reference Pins - semiannually
o Embankment Reference Marks = quarterly

c. Settlement Plates and Deep Settlement Plates. Settlement
Plates SP-1 through SP-3, and deep settlement Plates DSP-1 through
DSP-12 were installed in the floodplain foundation prior to and during
initial embankment construction to monitor foundation settlement.
Sectiement plates consist of a 36-inch square, %-inch thick steel plate
placed within the foundation materials and welded to a steel riser pipe
extended through the embankment fill.

d. Inclinometers. I~1 through I-12 were installed within the
floodplain embankment foundation prior to construction of the initial
embankment to monitor horizontal deflection within the foundation. To
provide a fixed frame of reference, all inclinometers were anchored in
the primary clay shale. Inclinometers consist of a 3.34-inch diameter
grooved ABS casing manufactured by Slope Indicator Company, Seattle
Washington. Inclinometers were extended through the fill and steel
casing.

e. Piezometers. Piezometers P-1 through P-43b have been installed
within the embankment foundation materials to monitor foundation
performance during construction and after impoundment. Open system
piezometers utilizing porous plastic tips as manufactured by Slope
Indicator Company, Seattle Washington, were installed using 3/8-inch

diameter PVC risers and extended through the £ill with steel casing.
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Piezometers P-1 through P-19 were installed within the floodplain
embankment foundation prior to construction of the initial embankment
to monitor excess pore jressure development during construc;ion. After
embankment completion, piezometers P-20 through P-36 were installed on
the downstream toe and slope within the sands and gravels overlying the
shale. Piezometers P-37 through P-43b were installed after embankment
completion, within the sandy abutment materials. All Piézometers (p-20
through P-43b) will monitor seepage within the foundation materials
during and after reservoir filling.

f. Surface Reference Marks. Reference marks consisting of a brass
monument, set into a 6-inch diameter pipe filled with concrete, were
installed within the floodplain embankment to a depth of 5 feet to
monitor vertical movement.

g. Reference Pins. Reference pins were installed along the outlet
works conduit dinvert, stilling basin monolith walls, and service
bridge. Reference pins which counsist of bronze bolts embedded in
concrete are used to monitor vertical movement of the monolith or
slabs, and relative movement between monoliths or slabs.

h. Seepage Interceptor System. A seepage interceptor system has
been installed within the left abutment embankment foundation to
collect underseepage. The dischaxge is currently being monitored to
record the normal ground-water flow. Flow from the system will be
monitored, along with piezometers P-37 through P-43b, during
impoundment when the pool reaches elevation 580, 590, 600, 620, and

632.5.

58

2y




11. POSSIBLE FUTURE PROBLEMS. At the time foundations were approved
and the dam completed in October 1986, no potential for future problems
was appavent. The first periodic inspection was performed in July
1987. By that time several minor skin slides had occurred in the
spillway approach channel slope. It was concluded that this problem
could be easily remedied. Other minor problems are addressed in
“Periodic Inspection Report Ro. 1, July 1987." The dam*is considered
to be in good general condition.

12. RECORD OF FOUNDATION APPROVAL. A record of the date when each
section of the outlet works foundation was approved is shown on Plate
58. Records of approval of final foundation grades were kept for all
foundations on which concrete was to be placed. The foundation for the

emergency spillway was approved as a unit on 11 February 1984.
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Figure 65. Outlet works, right side looking downstream.

Cleaning shale surface in increments prior to placement
of fill.
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Figure 66. Placing fill.
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Figure 67. Outlet works. Placing fill.

Figure 68. Outlet works backfill, looking
downstream.
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Figure 69. Excavation for valve vault.,
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Figure 70. Same as above.
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Figure 72.
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Same as above.
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UNITED STATES ENGIXEER OFFICE
ENGIREERING DIVISION
FIELO INYESTIGATIONS SECTION
GALYESTON, TEXAS

LOG OF CORE ORILL:WG

Site _Aubrey

Oeill we,

Troe of 8t
Saze of Core 2otnch

Rethes of Ovh. Sampling HODtA Aurer
Set of faseag
Dapth te Water Table

Tetal Dapth of Mole___O7,0¢
Qearbutdan Sespling 16.0? -

Date Wele Started___ Kk Jangs=y IGO0
Rysber of Jata/Tubes 1

Runter of Boves 3

Classafeed by

I 80X NOS
RUNS
LOSSES

Sate 20 August 1946
- i sé‘k:o}w.'zk_-'._z__——

Lecat . -
ol Nele __S.“ZZAZ.‘..._-——
PR [ 7\ o L A—

"
flevation of T
Geoth of Overdurden

Elevation of Tep of Begrock SOL20
Pelled Casing Tes ( ) e )
Clevation of dater Table e
Clevatian of $ot%~= of Nole 50020 .
Core Drilling. 8Lt % Recoverymmm
Date Wole Completief January 1939 .
Harked by

Marked MMMM&-MN——"
Subartted by

CLASSIFICATION AND REMARKS

28,0!

32,0t

6IIIIBIIIrk;iIll'sllIIBlillBllll,bllllbllllbl‘ll°

0.0 %o 8,0¢ CLAY, sandy, rust to derk
trown,

8400 to 16,0 SAD, clayey, tan.

16.0' to 19.4¢ LILEST0LZ, fossiliferous,
parly, brown ro tan, surface or poar surface
outcrops of this material havo been colored
by iron oxide.

19.4? to 28.0* SAALE, sandy. = core washed
amey.

28,0 to 32.0* SHALE, blue, staired by iron
oxide.

32,2 %0 L7.00 SEALS, compact, lanizated,
so1't, thin Jhell seazs.
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Site___ Autrey Dia

. S0

oF_CORE DNILLIRG €ORT

Hole No..
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8740t ¢e
stresks,

61,0 to

70401 to
black, sk

79461 to ¢
rith blac!

1.0t 0 &
lack, fos
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OF CORE ORILLIRG CONTRUATION 37T UA1TED STATES CRGUNEER OFFICE
g1 EXGINEERING DIVISION
— Hote Mo.S Sheat2 ot 2 FIELD INVESTIGATICNS SECTION
- GALYESTON, TEYAS

106 OF CORE ORILRIRG
Oate 20 Jugust 1945

SHe __dsbrey, Sheet 3ot

Nele Ho, 0.2 Orill %o, Lecation ‘C_.L. Sta, llﬂ‘]'

Tyse of bit Etevatson of Tey of Nolo 5&,0

Yite of Core 2=Irch Oanth of OVOII-IIQ»\___ZAL_

Methad of Ovd, Sempting Eaxthohuzer . Elevation of Tos of fegrech 53§

Set [] Yy Y1) Pelled Canlng Tes { ) Ne

Basth te Vater Tadle Elevation of dater Tavbe
7.0 to 61.0; SHALR, black with gray sand Tota) Denth of Nole___ 60,0 flevation of lolto- of Nele. l%-ﬂ
stresks, pyrite. overderden Sampling 28.0¢ Core Drilling A0 $ tecovery

Cate Rele Started __ K January 191Q Date nele Coulnu

Susher of Jars/tuves 1 Rarxed
Uorer Eha Creek C.%, St

Tesher of o u_________ Kacked,
Classifled ¥y Subnitted Oy
v
o "
x “ 3
§ § 3 OEPTH ELEV. CLASSIFICATION AND REMARKS
—10 0.0 / 5620t
L > 0,0 to 5.1t SAED, cleyey, rust.
-
61,01 to 70,0' STALE, sandy, gray-dlack. l 5.0 555,91
L} 7 '.
N {i:'x" 19,8 CLAY, sandy, dark brown to
70,00 £0 796 SHALE, coapact, lamioated, L ; e
black, shell mard at 70,50, _ Py
s 7
Do 19.8¢ / ARTEY
T
7940 £0 91,01 SADSTCHE, Erays cross-beddsd] -/,
vith black sbale, pyritic comcretions. "/ 19.8¢ to 28,00 CLAY, seady, ysllow-bluse

28,00 L 4 535,00

28.0" to 38.0' SEAIE, sandy, lamizated, blus.
0 20 97,00 SEALS, laninated, o ct o
{hck, fouiluoreus, slightly ‘:n’;n;- 4 »
3
Botton of hols i
28.00 524,00 ’
L — 38,00 to 38,50 SADSTIOLE, gray
[ 8.5 - 523.5¢ 38.5' to 42,0 saals, nr-/' sandy, grays
40
L
[ A2,0¢ 50.0v
.
m
- ’ B
o L 9
"0 4240t to 68,00 SHALR, ¢o: t, slightly
S0 ra sendy, blu;, touslltero::c ;cndsw
L band from 58,00 to SK.5¢.
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55 LT
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I~ ri
0 z
™ ¢ -
L - e 190 Mo
i r3
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s [Vehemts ov
£
. 68,07 -] A%h.00 Bottom of hols sosss e
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UAITED STATES EXGINEER OFFICE

EXGINEERING DIVISION
FIELS IAVESTICATIONS SECTION
GALYESTOX, TEXAS

106 OF CORE DRILLING

Site o _didrey,
Role Neo, 0.2 Orill we,
Tyse of B3It
Size el Core 2=Inch..

Rethod of Ovd, Ssepling.Earth Aucer .
| 1] p——— } p— T Y L]}
Septh te Water Tadle

Total Depth of Xole______ 68,00

lubu of Sones €
Classiflied ¥y

Oste 20 dugust }
”':;1—01 g
Lecation f2ols Stas 1127

Elevation of los of Kela &2 0
Desth of Overdurden. 28,00
Clevation of Too of fedrach _53500

Fellad Conlng Tos () we ( )
tlevatioa of Yater Tadle

Clevation of Solten of nole __ASH 0

Core 0ritling 800" € tecovary

Oate Kofe Cuuluu

narved

Mo rheq T0DOF 51.- Creek c. . Sta, 1RT7

ivinllll‘ 14

CLASSIFICATION AND RTMARKS

0,01 to 5.1t SKD, clayey, rust,

Se1t t0 19,80 CLAY, sandy, dark brown to

ckeo

19.8¢ %o 28,07 CLLY, sandy, yelioasblus,

28.0" t1 38.0' SEALE, sandy, lazinated, blue,

8.0t to 38.5¢ SAIDSIONZ, gray
38.5¢ to 42.0' SMALE, very pendy, gray.

v
21,8
315181 oerm ELEV.
812131 0,01 5620
X o 5549
L} '_'_
s /)
e l.'
A
EQ 19.8¢ / ] ss2.20
73
X A
L 28,002/ 4] 538,00
43
3
REETRA === "
38,50 (& 323,50
G x
| i2.00 520,01
as
o X
50 sy
™ £
" r
i ir
22 z
B re
: re
Q o 4
B A
3 rs
[~ r4
u L 8
: y 4
|- 68.00 3 koh .00
Q.

42,00 to 68,00 SHALS, compact, slightly
sandy, black, fossilifercus., Sandstone
berd fram 51,01 %o SkSt.

Zotton of bole
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URITED STATES EXGIKEER QFFICE
EXGLHEERING BLVISION
FLELD INYESTIGATICNS SECTIOX
CALYESTON, TEXAS

LOG OF CORE ORILLING

$ite _ Aubr
Orill ne,

Site of Core 2=1r2h

Nethed of Gvd. Saepling i3 duper
Set of Lasing
fepth to Water Tadle

Total Desta of Kele 03

Qveedyrdan Sampling__ A5,0!

Oate tole Started ANUAL

syater of Jars/Tedes 1

nunber of Boves 1

Classafaed by

Oate 20 bugust 1940
= Tt sdf'ie?&f“_ N

Lecatien Is

€levation of Teo of Nole —SSQR*
Deoth of Overdyrdenam _ 45s0' |
Elevation ot Tos of Sedrecy SR
Pellad Caslag Tes { ve | }

Elevation of doter TadVee

Clevation of Setton of nele §Re2'

Core Drilling 22,00 g Recoverye ——— .

Swdaitted by

e g et e %t he

533,460

llBlllizllll'&llllbllllbﬁrll°

Rs52

[%:
Q Vi
Zlwn 3
§ 518 DEPTH ELEV CLASSIFICATION aND REMARKS
gl 0,00 . §59.21
040" to 5.8 SILY, claysy, dark bromn.
4
55340
/ S8 to 1.4t CLAY, sandy, drowna
1347 ‘4._././ 545.8¢

13.4¢ to 25,6 SKD, silty, dark tan.

25.6% to 35.0v (LAY, sandy,light brown,

34,00 to §1.8' 3uXD, clayoy, slate, tan to
bluo,

51540 (743.8" to 85,0 LIEITONE GRAVEL

-

67.q==s  AR2e

_I'Tgt—r‘r—l—[,g\ﬁ—r—r‘l—[glulrmutllmrlllglﬁftgrlllfgi—lulmux

45,00 to 67.6¢ SHLLE, black with cross-
spale and sand gomes.
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(IGlll!llx“:;:;‘;g:m. 107 F_CORE BRILLIAG CONTIRUATION 3F™°]
FLELD 1XYESTE
GALYESTOR, TEIAS Site___Aubrey Hole Mo . C3 Sheet 2 of 2
coat DRILLIRG
Loc oF coat PRI -T2 rete 20 August 1646

e AN ey s&n:.zwzﬂ_w._
Rele Ro,Coy  0rid) o, Lecstion Xe L )
Tyse of dit Clavetion of Tep of Nole &
Site of Core 2=Ipch Dasth of Overdurden 20!
Pethed of Ovh. Samplingtarth tuzsr . Clevation of Tes of fedrock 0,00
Set of Laviag Petded Caslag Yes () we )
Depth te Mater Tadle Clavation of fater hb'lo . <
Tetat Senth of Nole FeL0t Chevation of Sottes of mole AT
Ovarduedan Sanpling 16.0* Cors MIIIII'JL‘.Q'_J Recovary
Sate Mele Started_ 6 January JO30 et~ Rele Cospletedl J“: X X
Nesher of Jaes/Terns 2 narhed _Upper Eln Creek 5001 below
Nesber of Botes 1 wartee Upper Eln Cresk 500 below 28400
Classifie by Sudaltted by 5287 to (2.0' SBUE, corpact, laminated
@ Dlack, Shell zarlst S7egee teds
¢,z
51518 CLASSIFICATION AND REMARKS

-t

B 062,00 «0t
N 00 t0 8,01 WD, silty, durk brow, 6200n 10 3r s, e vetens
.. 1 (] »
i3
13 ig_ ==z
o 8,0t to 16,00 CLAY, sandy, buff, = ]
A - R s
£ 75
: B g‘.z;.ta R,0' SHALZ, compact, laxinated,
- 16401 to 2.4¢ SUALE, compact, laainated,
B blusedlask. [
[80
B - ROVS=5AT 9 Bottaa of hole
- - NOTE:
- 03
_ Add{tional subsurface explorations i{ndicate
- top of rock shown on this bor{ng is {n errcr.
o L Material from 16.0 to 22,4 {s prodadbly clay.
- 22,4t to 52.8* SLYDSYCNR, (ravelly, tan, | Sendstone shown from 22.4 to 52.8 1s probably
- sand, The geologlc section reflects these
¥} - changes. aov, /375
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Sheat 2 ot 2,

gllllh[lllslllll&lllllhgilllmlllllsf‘llG

Illllllllllllllvrllk’)‘llll

504.1¢

L -

52,89 to 62,00 SMLE, compact, laminated
Plack, “shell nard et STe0re '

62,0t to 63,00 SASDSTOLE, pyritic, gray.
63,0t to 2.3 LHALE, gray, rotten,

ﬁ‘.z;‘u 2400 sHALE, coopact, laxioated,

Bottca of bole

NOTE:

Additioasl subsurface explorations {ndicate
top of rock shown on this boring 1s {n error.
Materfal froa 16.0 to 22,4 1s probadly ciay.
Sandstone shown frow 22.4 to 52.3 is probabdly
zand, The geologlc secclon reflects these
changes. ~ON /373
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URITED STATES ENGIMEER OFFICE
EXGINEERING DIVISION
FIELD IXYESTIGATICNS SECTION
GALYESTON, TEXAS

ROG OF CORE ORILLIRG
e e

Oate 20 August )
$ite __Avdrey, wbord et m“mg“
Wele So.0-6  Drild ko, tecation 1a il
Tree of Gt Clevation of Tos of xole 5800
Site of Care 2=Inch Ceath of Overdyrgen 37.Q0
Rethed of Ovh. SamplingSarth Auger
Set of Laving

Oepth te vater Teble
Total Desthr of Xele 4

Overdurdan Sampling 37,00
28 Jdanvary 1930

(1] ¢ Started,
v el Jaeaftuves___Ncne

tion of Setton of Nole AR
Core Orilding 32.0° .5 tecovery,

Date Role Completed_2

Matked S ————

L1 L1 M— S

Classitiet oy

CEPTH ELEV.
0,0¢ 560,

B8OX NOS.
RUNS
LOSSES

Martee b3 !
Sebaitted Oy

CLASSIFICATION AND REMARXS

65t 553480

El_lllblillbllllbllil

040t to 0.5t SILT, clayey, dark brown.

65" to 25.0' CLAY, »ilty, light btromz,

23,00 to 36.0' 3MD, fine grained, tan.

36.0' to JI.O'(.‘?.ZZ‘.SXOE CATIL
37.00 0 50,80 S2ALZ, very sandy, gray, with
clay ®ironstone™ concretions.

A A
T 2.0 Y 53630
re} I
Y

AY
o
fo ik
. 36.00 ‘:;‘\' 8.3
|- 37.0" BIRXE; 525.3¢
"
a:
~0
i_ 50.8 509.5¢
: 53+0 577430
2 5368 508.8¢
= 50310
5:0 ==] 501.3*
33
- dR3e
o

ggﬁ; to 53,0t SHALE, lanirated, ocmpect,
530" %o 53.5¢ SEELL MaRL

53.57 to 57,21
Tt 5 SEALE, luxdnated, conpact,

572" to 59,00 SAXDSTONE, ond
shale, i sealy

{9.0':0 68400 SEALX, larinated, cocpact,
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ENGINEERING DIVISICA
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GALYESTON, TEXAS
Lo oF coee Or
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- [P S Y J— T YT Polteq Casiay Tos { ) re { )
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_— Qrachorden Saepding 83,00 " care Driling 281003 Recovery
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7Y aemder of Jaes/Tores lone narked N . vy
= Nusher of Bores avees Gier Ein Cravk Cole Sta. 30400
S Clasaifiet ¥y STudaitted ¥y
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EE
slo OEPTH ELEY, CLASSIFICATION AND REMARKS
m 3l&13 0,0t 55640 55
-
r 0.0% to 9,00 CLAY, dark browss
e |2
» YRy
10,
}=
- o
U-3 H
. 9,0 to 26,8 LD, silty, tan.
a. r R
20 -
L "
>3 5
L \2‘5.8 : 530.6°
= 25.8¢ to 31,00 CLAT, very sardy, gray.
iy, ~
b=
<]
31.0 2854
L v
[ 31.0¢ to 43,0 2D, fine graivad, rust,
|t 33
. GLEY
0 43,00 to 55,00 sEIE, b {ronst
) concreticar, » Blie axd haind
o0
55400 E===51 50100
55400 to 68,00 a1z, o
: blue-black, slightly . ‘Mm’. ts laxinated,
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ENGINEERING DIVISION
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