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1. Introduction

1.1  Project Overview

The Plum Creek Watershed Floodwater Retarding Structure (FRS) No. 21 (Plum Creek 21) was
designed and constructed as a low hazard dam for the primary purposes of watershed protection
and flood prevention. Plum 21 was constructed in 1962 on Dry Creek, a tributary of Plum Creek,
located 5 miles north-northeast of Lockhart, Caldwell County, Texas. The National Inventory of
Dams (NID) Identification Number is TX03428. Plum 21 is shown on the "Lockhart North" United
States Geological Survey (USGS) quadrangle map at coordinates Latitude 29.9572°N, Longitude
97.6543°W.

The Sponsoring Local Organizations (SLOs) of the project are the Caldwell-Travis Soil and Water
Conservation District (SWCD), Hays County Soil and Water Conservation District (SWCD), and
Plum Creek Conservation District (PCCD). The Texas State Soil and Water Conservation Board
(TSSWCB) and Natural Resources Conservation Service (NRCS) is assisting the sponsors with
rehabilitation of the dam.

Since construction of the Plum Creek 21 (“dam”) in 1962, residential and commercial structures,
major highways, and utilities have been constructed downstream of the dam. As a result, a
catastrophic failure of the dam would result in property and infrastructure damages and potential
loss of life. As such, the dam has been reclassified by NRCS as a high hazard dam. The existing
dam does not meet current safety criteria and performance standards for high hazard dams.

The TSSWCB is responsible for the dam, and has contracted AECOM Technical Services, Inc.
(AECOM) to design proposed improvements that will rehabilitate the dam to meet high-hazard
criteria. AECOM'’s scope of work for this project includes engineering analyses, permitting, and
preliminary and final design services to develop the dam rehabilitation construction documents.

1.2 Proposed Improvements

The proposed rehabilitation of Plum Creek 21 is intended to mitigate identified dam safety
deficiencies associated with the dam’s reclassification as a high hazard dam. The proposed
moadifications to the dam include the following major components:

e Remove the existing principal spillway inlet and abandon the 30-inch diameter conduit by
grouting in-place;

e Replace the existing principal spillway with a new principal spillway inlet riser, new 42-inch
diameter conduit, and new impact basin outlet structure;

e Abandon the existing earthen auxiliary spillway using a closure section of new embankment
fill with a maximum height of approximately 10 to 11 feet;

e Construct a new roller compacted concrete (RCC) overtopping auxiliary spillway structure
and outlet works;

e Raise the crest of the existing embankment by approximately 4.3 feet to Elevation (El.) 527.0
for the top of compacted earthfill (El. 528 for the top of topsoil), and flatten the downstream
embankment slope to 3H:1V (horizontal:vertical);

¢ Install a foundation/embankment drain system; and

o Install rock riprap wave protection on the upstream embankment slope.

AECOM
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1.3  Objective and Scope of Work

As part of the dam rehabilitation design, AECOM’s scope of work included geological investigation
and geotechnical engineering evaluation of the dam and proposed improvements. Specifically,
this included a site-specific field Geologic Investigation (Gl), preparation of a Geologic
Investigation Report (GIR), and preparation of a Soil Mechanics Report (SMR).

The primary objective of the Gl was to collect geotechnical information about the existing earthen
embankment, foundation materials, outlet structures, and potential borrow sources for use in
rehabilitation planning and design. The scope of the Gl was developed by AECOM in conjunction
with our geotechnical subcontractor, Balcones Geotechnical, PLLC (Balcones). Balcones
performed the field investigation with periodic oversight by an AECOM geologist and guidance
from AECOM geotechnical staff. The GIR was prepared by Balcones and reviewed by AECOM,
and is provided under separate cover in the Design Folder (Balcones, 2021).

The objectives of this SMR are to present the findings of the geotechnical laboratory testing
program and geotechnical engineering analyses, and to provide geotechnical recommendations
for design and construction of the proposed improvements. Tasks associated with the SMR
included the following:

1. Development of a laboratory testing program for soil and rock samples collected during the
field GI;

Analysis and interpretation of laboratory data;

Geotechnical characterization of the embankment and foundation materials;

Evaluate suitability of potential on-site borrow sources for embankment fill and backfill;

Seismic characterization of the site and estimates of seismic loading;

© g k> w N

Seepage and slope stability analyses for the existing embankment and proposed
modifications;

7. Geotechnical recommendations for the proposed principal spillway modification including
new conduit pipe and foundation support;

8. Geotechnical engineering analyses and recommendations for the proposed structures (i.e.,
principal spillway and RCC spillway), including bearing capacity, lateral earth pressures,
sliding friction, swell/heave, and settlement analyses;

9. Recommendations for internal drainage and filter compatibility analyses for proposed
aggregate drains/filters;

10. Geotechnical recommendations for design and construction including groundwater
management, temporary excavations, subgrade preparation; fill material specifications, and
fill placement and compaction criteria;.and

11. Preparation of this SMR.

AECOM
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1.4  Authorization

The work herein was completed by AECOM for the TSSWCB in accordance with the Statement
of Work described in Work Order No. 79017-1 and executed under the terms and conditions of
the existing Contract No. IDIQ-AECOM-2018-79017.

AECOM
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2.  Site Description

2.1 Dam Structure

The Plum Creek FRS No. 21 is located in Caldwell County, Texas about 5 miles north and 1 mile
east of downtown Lockhart. The site is located approximately 800 feet north of FM 1185 or about
1.3 miles east of the intersection of Highway 183 and FM 1185. The dam is situated on Dry Creek,
within the Plum Creek Watershed district. Access to the site is by private road off FM 1185. Within
the site, access to some areas is via pastures with none to marginal unimproved roads.

The dam was originally constructed in 1962 as a homogeneous earthen embankment. The dam
has a maximum height of 30 feet, a dam length of 2,982 feet, total storage of 3,283 acre-feet, and
is comprised of about 207,350 cubic yards of earth and rock fill. The dam is a homogeneous
earthfill embankment with no distinct zoning, and no existing internal filters or drainage measures.
The upstream and downstream slopes of the dam are inclined at 2.5H:1V, and an intermediate
toe berm extending to approximately 1/3 the height of the embankment is present on both slopes.
A minimum 12-ft wide cutoff trench, up to about 8 feet deep, was constructed under the crest of
the dam. The as-built embankment crest elevation is reported as EIl. 522.3*. Topographic survey
conducted by AECOM'’s subcontracted surveyor in early 2019 indicated the embankment crest
varies from approximately El. 520 to 523.

The vegetated earthen auxiliary spillway (ASW) is located around the left abutment and is 300
feet wide with a designed discharge of 8,512 cubic feet per second (cfs). The principal spillway
(PSW) consists of a drop inlet tower and 30-inch ID conduit pipe discharging to a rock riprap-lined
stilling basin. The as-built existing principal spillway has a crest elevation of 505.3 and a lower
port elevation of 500.4 (normal pool), while the auxiliary spillway crest elevation is reported as El.
517.0.

The proposed dam improvements will increase the embankment crest elevation to El. 527 (top of
compacted fill, and EIl. 528 for top of topsoil), requiring approximately 4 feet of new fill over much
of the embankment and up to 7 feet of new fill near the abutments. The existing ASW channel
will be abandoned, and fill height for the embankment closure section through the ASW will be
approximately 11 feet. A new RCC overtopping spillway will serve as the new ASW, and the crest
will be at El. 518.8 which is a raise of 1.8 feet from current conditions. The new PSW inlet structure
will have crest at El. 500.7 which is 4.6 feet lower than current conditions . Additionally, the new
PSW will also feature a low-flow port at EIl. 498.8, which will lower the normal pool elevation by
1.6 feet.

2.2 Geology

Detailed description of site geology is contained in the 2021 Gl Report. In summary, the project
site is located within the Blackland Prairies of the Gulf Coastal Plains physiographic region of
Texas. The region features low, rolling terrain with beds tilted south and east. The bedrock of
chalk and marls weather to a deep clay soil in this region (BEG, 1996).

Published geologic mapping indicates the site is underlain by Quaternary-age Leona high gravel
terrace deposits, clay of the Eocene-age Midway formation, and sand and clay of the Eocene-
age Wilcox formation. The Leona Formation is described as an alluvial deposit composed mostly
of dark brown clay with layers of gravel. The upper portion of the Wilcox and Midway Groups are
described as clay and sand strata derived from in-place weathering of the underlying parent
clayshale, shale, and weakly-cemented sandstone.

! The as-built elevations reported herein have been converted from NGVD29 to NAVD88 by adding +0.37 feet.

AECOM
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The project site is located within the proximity of two surface expression faults mapped
approximately 2,000 ft. southeast and approximately 1.25 miles northwest of the site, respectively.
While faults are generally not considered to be active in Central Texas, they are known transmit
groundwater and can contain fault gouge. While no faulting is specifically mapped at the project
site, the geologic contact between the Midway and Wilcox Groups is mapped generally coincident
with the position of Dry Creek, and may be representative of a bedrock fault concealed by the
overlying younger Leona formation (Balcones, 2021)..

2.3  Previous Geotechnical Studies

Previous geologic investigations and geotechnical studies conducted for the project are described
below.

2.3.1 Geologic Investigation (SCS 1961)

The original investigation for the design of dam was conducted by the NRCS predecessor Sail
Conservation Service (SCS) in 1961. A partial version of this Gl report was available to AECOM,
, which included the report text, tables, and Gl sheets with stick logs of the borings. The original
boring logs were not available. The 1961 Gl included soil borings drilled along the proposed dam
centerline, principal spillway, auxiliary spillway, stream channels, and borrow area located
upstream of the dam in the sediment pool area. The borings did not include in situ testing (e.g.
Standard Penetration Test [SPT]). The report characterized the geology of the site as the Wilcox
Group of Lower Tertiary age. Foundation materials encountered in the borings generally
consisted of an upper horizon of sandy fat clay (CH) underlain by slightly laminated sand and fat
clay (CH) with some gypsum. The underlying parent material was described as laminated sand
and shale. Exceptions included near-surface clayey sand (SC) materials encountered to the left
of the original creek alignment in a few borings, and a persistent thin (<5 feet thick) layer of clayey
gravel (GC) located to the right of the original creek alignment and present-day principal spillway.
The report recommended an embankment cutoff trench under the embankment centerline and
long the principal spillway alignment to intercept the more coarse-grained and pervious materials
near the surface and to fully-penetrate the GC layer right of the creek alignment. The report noted
high groundwater in the creek channel downstream of the dam and potential difficulty in
excavating materials, as well as potential difficultly for considerable fluctuations in groundwater
levels. The report also provided recommendations for embankment zoning, which included
placement of SC-CH, GC, and GC-CH materials in the shell or downstream section, and either
excluding materials with high gypsum concentration from the embankment or selectively placing
them in interior zones of the embankment above the sediment pool level. The report
recommended the high-plasticity clays from the borrow area could be used anywhere in the dam.
No additional internal drainage measures were recommended.

2.3.2 Soil Mechanics Report (SCS 1961)

The original SMR for the site was completed by NRCS on September 29, 1961. The report
contained results of laboratory testing on samples retrieved from the 1961 Gl, including gradation,
Atterberg limits, dispersion, and Proctor compaction. Index test results from the borings indicated
liquid limits (LL) between 34 and 76, plasticity index (PI) between 12 and 46, and fines content
exceeding 50%.

The SMR concluded that the clays had low dispersion potential, and CH materials should be
reserved for the interior portion of the embankment. The SMR specified recommended
embankment slopes of 2.5H:1V for a minimum safety factor of 1.5, with consideration of the
possibility of delayed embankment slides experienced in the same clay soil series located in a
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separate watershed. Recommended cutoff depths for the dam embankment ranged from 5 to 11
feet below original grade. Estimated settlement resulting from embankment construction was
predicted to be less than 2.4 feet at STA 28+00, but the report recommended an overbuild of 2.8
feet. Settlement under the principal spillway conduit was predicted to be less than 0.5 feet. No
internal drainage system was recommended.

2.3.3 Geologic Investigation (NRCS 2014)

A geologic investigation (Gl) was performed in 2014 by the NRCS to provide additional
geotechnical information for the existing auxiliary spillway. A complete GIR was not prepared as
part of the investigation; information made available to AECOM included a boring location plan,
boring logs, sample inventory sheet, and maps with geologic, soils, and topographic data. The
investigation consisted of seven (7) borings drilled along the inside edge of the ASW designated
as Hole Nos. 250 through 256 with depths ranging from 5.5 to 31 ft bgs. The locations are shown
on the Gl Plan in Appendix A. The borings were drilled using hollow stem auger methods, and
sampling consisted primarily of Shelby tubes.

The generalized stratigraphy encountered in the borings along the spillway alignment consisted
of a thin veneer of topsoil and about 2 to 8 feet of stiff silty lean clay (CL) to fat clay (CH) overlying
variable layers of soft to moderately soft claystone and siltstone to borehole termination depths.
The upper clay layers were described as highly weathered residuum of the parent
claystone/siltstone. The claystone and siltstone layers were reported to be thinly bedded to
laminated, slightly to very highly weathered, blocky, and were readily broken down to clay- and
silt-sized particles with manual pressure. Relatively thin alluvial soils consisting of silt to gravel
were encountered in the two borings nearest to the outlet channel (Hole 255 and 256), and a
sandstone seam was encountered in Hole 254. Field dispersion (crumb) tests indicated no
reaction in any of the samples.

2.3.4 Soil Mechanics Report (NRCS 2015)

An SMR was completed by the NRCS on June 22, 2015 using the data developed in the 2014 Gl
by NRCS. The purpose of the SMR was to provide recommendations for the headcut erodibility
index, Kn, of soil materials in the existing ASW for use in SITES analysis. The results were
ultimately incorporated into the dam assessment and rehabilitation alternatives analysis. The
evaluation did not address the existing embankment.

The report included results of laboratory testing performed by the NRCS Soil Mechanics
Laboratory Soil in Lincoln, NE on select soil and rock samples collected during the 2014 Gl.
Laboratory testing consisted of moisture, gradation, plasticity, natural unit weight, crumb, double
hydrometer, and unconfined compressive strength.

While the borings in 2015 study were located within the existing auxiliary spillway to be abandoned
and most were located relatively far from the existing embankment and proposed improvements
in the current study, the laboratory test results were considered as being generally representative
of the foundation materials at the site and the data were used to supplement purpose-specific
investigations for the current investigation.

Of particular relevance to the current investigation is Hole 251, which is located within the footprint
of the dam raise, and Holes 250 and 252 which are located upstream and downstream of the
embankment, respectively (see Appendix A). Based on the results of 14 unconfined
compression tests in these 3 borings, the undrained shear strength of foundation soils ranged
from about 878 to 6,005 psf and averaged 2,349 psf (slightly less than the overall average of
2,747 psf from 26 test samples from Holes 250 through 256). The strain at failure in each of the
compression tests was at or slightly above 5%. A slight decrease in shear strength with depth
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was noted in Holes 251, 252, and 254. The relatively undisturbed Shelby tube samples were
found to be somewhat dry with degree of saturation ranging from about 26 to 88% and averaged
63%.

Index test results from the borings were similar to earlier studies, and indicated LL ranging from
30 to 66 (average 50), Pl ranging from 14 to 45 (average 30), fines content ranging from 75 to
98%, and clay fraction ranging from 23 to 45%.

Dispersion testing generally indicated non-dispersive soils on the basis of double-hydrometer
testing, except for two samples with values of 31% (Hole 250) and 41% (Hole 254) which indicated
potentially dispersive soils. Most crumb tests also indicated low dispersion potential, with the
exception of 4 test results in Holes 250, 251, and 254.
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Geologic Investigation

Field Explorations

The project-specific Gl was conducted by AECOM’s subconsultant, Balcones. The field
investigation was conducted between November 25, 2018 and February 2, 2019. Balcones was
responsible for performing the drilling and sampling activities, borehole logging, piezometer
installation, packaging and transporting samples retrieved from the borings, preparing boring logs,
and preparing the GIR.

Locations of the borings are shown in the GIR. Boring locations are also shown on the Gl plan
sheet in the design drawings, which is provided in Appendix A. The general scope of the field Gl
performed by Balcones is summarized as follows:

Embankment Crest: Nine (9) borings designated as B-01 through B-09 were drilled on the
top of the dam. Borings were advanced to depths which ranged from 30 to 70 feet below
ground surface (bgs) using solid-stem auger drilling methods. Sampling consisted of
Standard Penetration Testing (SPT) and thin-walled Shelby tubes. Pocket penetrometer
testing was conducted on recovered tube samples. Stand-pipe piezometers were installed at
borings B-04P and B-06P for the purposes of monitoring the phreatic surface through the
dam.

Embankment Slopes: Six (6) hand auger borings designated as HA-01 through HA-06 were
drilled on the upstream and downstream embankment slopes. Borings were advanced to 5
feet bgs. Bag samples were collected at regular intervals. Dynamic Cone Penetration (DCP)
testing was also conducted in the hand auger borings to provide an approximate measure of
in-situ strength.

Downstream Toe: Five (5) borings designated as B-601 through B-605 were drilled along the
downstream toe of the dam. Borings were advanced to depths which ranged from 25 to 45
feet bgs using auger drilling methods. Sampling consisted of SPT) and thin-walled Shelby
tubes. Pocket penetrometer testing was conducted on recovered tube samples.

Proposed Downstream Channel: One (1) boring designated as B-606 was drilled
approximately 400 feet downstream of the dam centerline in the proposed auxiliary spillway
channel excavation. The boring was advanced to a depth of 20 feet bgs using auger drilling
methods. Sampling consisted of SPT and thin-walled Shelby tubes. Pocket penetrometer
testing was conducted on recovered tube samples.

Upstream Toe: Two (2) borings designated as B-301 and B-302 were drilled along the
upstream toe of the dam. Borings were advanced to 25 feet bgs using auger methods.
Sampling consisted of SPT and thin-walled Shelby tubes. Pocket penetrometer testing was
conducted on recovered tube samples.

Borrow Area #1: Four (4) borings were drilled in a potential borrow area in the reservoir on
the left bank of the normal operating pool, designated as B-101 through B-105. Planned
borings B-103 and B-106 were deleted from the investigation scope, as those were
determined to be too close to the existing dam limits. Borings were advanced to depths which
ranged from 8 to 10 feet using direct-push methods which allowed continuous sampling of
disturbed soil samples. From each boring, similar soil samples were packaged into 2 bulk
samples from specified depth intervals.

Borrow Area #2: Four (4) borings were drilled in a potential borrow area in the reservoir on
the right bank of the normal operating pool, designated as B-107 through B-110. Borings
were advanced to depths which ranged from 8 to 10 feet using direct-push methods which

AECOM

Plum 21_SMR_FINAL_2021.08.04_clean.docx 15



Soil Mechanics Report
Project reference: TSSWCB IDIQ-AECOM-2018-79017
Project number: 60586838

allowed continuous sampling of disturbed soil specimens. From each boring, similar soil
samples were packaged into 2 bulk samples from specified depth intervals.

3.1.1 Generalized Subsurface Conditions

A detailed discussion of the various soil and rock units encountered during the field investigation
is provided in the GIR (Balcones, 2021). In general, the findings were consistent with those of
previous investigations at the site. A brief overview of the generalized site stratigraphy
characterized in the GIR is summarized below.

It is noted that the GIR states that it was difficult to discern between the Midway and Wilcox
formations due to their general similarities, and so “Midway” was used as the default description
for residual soils and bedrock based on published geologic mapping. The exception is B-01 which
is located in an area mapped as the Wilcox formation, and thus the residuum/bedrock materials
were designated as such. Additionally, the GIR infers a possible north/south trending fault
between boring B-01 and other borings drilled for the project that may be responsible for the
mapped Wilcox/Midway contact.

1. Existing Embankment Fill: Medium stiff to hard, lean to fat clays with minor sand, silt, and/or
gravel content, and occasional calcareous nodules comprise the homogenous earthfill
embankment dam.

2. Valley Fill: Relatively thin layers of suspected fill materials in the lower alluvial valley
(hereafter “valley fill") consisting of soft to hard fat clays were encountered in some boreholes
located immediately upstream and downstream of the embankment, likely associated with
original dam construction.

3. Leona Gravel: Medium dense to dense, subangular to subrounded, alluvial-derived clayey
gravel of the Leona Formation was encountered in several borings upstream and
downstream of the embankment, located in the area between Dry Creek and the right
abutment. The lack of this unit in nearby embankment centerline borings suggests that the
Leona was likely removed during construction of the cutoff trench. Where encountered, the
Leona underlies a thin layer of fill and directly overlies the Midway Residuum.

4. Alluvium: Stiff to hard, alluvial fat clay with silt partings and seams, ferrous staining, and
calcareous inclusions, was encountered in several borings upstream and downstream of the
embankment, located in the area between Dry Creek and the left abutment. Alluvial gravelly
clay in boring B-603 represents an apparent transition from fine-grained Alluvium to coarse-
grained Leona formation. The lack of this unit in nearby embankment centerline borings
suggests that the Alluvium was likely removed during construction of the cutoff trench. Where
encountered, the Alluvium underlies a thin layer of fill and directly overlies the Midway
Residuum.

5. Midway Residuum: Stiff to hard, blocky, lean to fat clay with sand seams, silt partings, ferrous
staining, and occasional calcareous nodules and inclusions represents the residuum
weathered from the parent Midway formation. This material was encountered in most borings
throughout the site, except for B-01 which encountered Wilcox formation. The Midway
Residuum underlies either fill, Alluvium, or Leona units at the site, and directly overlies the
Midway Clayshale.

6. Midway Clayshale: Hard, fissile, laminated clayshale with sand and silt seams and partings
and variable degree of weathering represents the parent material of the Midway formation.
The material breaks down to a fat clay with manual pressure and/or water. This material was
encountered throughout most of the site; exceptions are B-09 and B-606 which terminated in
residuum, and B-01 which encountered Wilcox.
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7. Wilcox Residuum: Stiff to hard fat clay with sand seams and silt partings, ferrous staining,
and occasional cemented layers represents the residuum weathered from the parent Wilcox
formation. This material was encountered only in boring B-01, which is located along the
dam centerline in the outer edge of the existing earthen ASW, near the left abutment. The
material was present under a thin veneer of topsoil.

8. Wilcox Clayshale: Hard, fissile, laminated clayshale with silt seams and partings represents
the parent material of the Wilcox Formation. This material was encountered only in boring B-
01 in the existing ASW, directly underlying the residuum.

Subsurface profiles of the boring logs, including the field classification, pocket penetrometer
values, and SPT N-values, are illustrated on the Gl sheets in the design drawings. The profiles
are also provided in Appendix A.

Further discussion of the physical and engineering characteristics of these materials, including
laboratory test results, are provided in the following sections of this report.

3.1.2 Groundwater Observations

Groundwater observations are discussed in detail in the GIR. In general, most borings were dry
at the time of drilling and 24 hours after drilling. A brief summary of groundwater measurements
is provided below, which includes piezometer readings collected by AECOM in early 2020.

Stabilized (i.e., 24-hour) groundwater level in upstream boreholes B-301 and B-302 was
encountered at a depth of 5.9 ft bgs (El. 494.1) and 18.5 ft bgs (El. 481.6 ft), respectively.
Stabilized groundwater level in downstream borings B-601 and B-602 was encountered at depths
13.4 ft bgs (El. 487.3 ft) and 10.3 ft bgs (El. 484.7 ft).

Along the embankment centerline, measured groundwater depths in the two piezometers B-04P
and B-06P were 30.8 ft bgs (El. 495.2 ft) and 32.1 ft bgs (El. 492.9 ft), respectively, approximately
6 months after drilling in June 2019; note that these holes were dry at the time of drilling in
November 2018. Subsequent piezometer readings in February 2020 were similar, measuring EI.
491.8 and 492.3 in borings B-04P and B-06P, respectively. Stabilized groundwater level in B-01,
located in the proposed embankment extension at the existing auxiliary spillway, was at depth 12
ft bgs (El. 527.9 ft), possibly due to perched groundwater.

In Borrow Area #1, stabilized groundwater was encountered at 5.5 feet bgs (El. 495.3) in boring
B-102, and after drilling boring B-104 caved to 4.5 feet bgs (El. 498.2) which may be indicative of
groundwater and/or sandy seams. The observed groundwater and caved elevations in these two
borings and upstream boring B-301 were within a few feet of the reservoir normal pool level. None
of the other borings in Borrow Areas #1 or #2 encountered groundwater or experienced significant
caving.
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Table 3-1. Summary of Groundwater Measurements

At the Time of Drilling Delayed Readings* Piezometer Readings
Boring Depth Elev. Depth Elev. Depth Elev. (ft) \Il?VeSsEer(\f/t(;J‘S‘
B-01 2/26/19 12 503.9 2/27/19 --- -—- - ---
B0 |19 | - | ~ |1808| ~ | -~ | jiupo | sap | aove | agss
Boep |wpons | ~ | -~ |118018 | ~ | = | jiupo | ap7 | aspa | agss
B-301 | 11/27/18 | 18.9 481.2 | 11/28/18 5.9 494.1
B-302 | 11/29/18 11/30/18 18.5 485.3
B-601 11/27/18 -—- 11/28/18 134 487.3 -—-
B-602 | 11/27/18 11/28/18 10.3 484.7
B-102 | 11/26/18 11/28/18 55 495.3
Notes:
*Delayed readings were taken in open boreholes a minimum of 24 hours after the completion of drilling.
**Reservoir water surface elevation (WSE) estimated visually relative to known elevations on the PSW inlet tower,
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4, Laboratory Investigation

4.1 Overview

Soil and rock samples recovered from the borings were labeled, packaged, and transported by
Balcones to their geotechnical laboratory in Austin, Texas for further classification and testing.
Following review of the draft boring logs prepared by Balcones, AECOM prepared a laboratory
test assignment sheet listing the samples to be tested. The assignment sheet specified the
number and types of tests, as well the testing parameters for advanced testing methods.

Based on the test assignments, Balcones packaged the selected test samples and delivered them
to the NRCS-Texas State Geologist for transport to the NRCS Soil Mechanics laboratory in
Lincoln, Nebraska. The majority of laboratory testing for this project was conducted by the NRCS
Soil Mechanics laboratory. Laboratory summary Table B.1, as well as individual data sheets, are
provided in Appendix B. Discussion of the testing program is provided in the following sections.

The remainder of the samples were retained at Balcones’ laboratory and index testing was
performed. Testing by Balcones included moisture content on the remaining samples, and soil
classification tests consisting of Atterberg limit tests and partial grain-size analyses for the hand-
auger boring samples. These results are presented on the boring logs in the 2019 GIR, and
included on the laboratory summary Table B.1 in Appendix B.

In April 2020, Balcones transport several of the remaining samples to the laboratory of TRI-
Environmental, Inc. (TRI) in Austin, Texas at AECOM'’s request. These samples were subjected
to soluble sulfate content testing to further evaluate suitability of lime treatment for on-site soils.
In July 2021, several borrow area samples were shipped from the NRCS lab to Balcones for
supplemental soluble sulfate testing, which was performed by Arias & Associates (Arias) at their
Austin, Texas laboratory. The sulfate test results are provided in Appendix B, and are discussed
in the following sections.

4.2 Borrow Source Testing

Bulk samples of similar strata from potential on-site borrow areas and required excavation areas
were composited to obtain sufficient sample volume for engineering properties testing on
remolded samples. Two composite samples were produced for each of Borrow Area #1 (COMP-
1 and COMP-2) and Borrow Area #2 (COMP-3 and COMP-4). Additional composite samples
were produced to represent the required excavation materials for the RCC spillway (COMP-5 and
COMP-6) and PSW (COMP-7). The borrow areas are shown on the Gl Plan Sheet in Appendix
A. The samples were composited to represent a generalized upper and lower stratum identified
in the borings. A summary is provided in the following section.

42.1 COMP-1

The COMP-1 sample was composited from the upper O to 4 feet in borings B-101 through B-105
in Borrow Area #1. The in-situ material in this interval was described in the field as light gray to
dark grayish brown to light brown to dark brown to reddish brown, soft to very stiff, moist, fat clay
(CH) with sand, silt, calcareous pockets, and organics. The in-situ pocket penetrometer values
ranged from 0.75 to 4.0 tsf; the lower values indicate potential disturbancef/fill from previous site
grading operations.

This composite sample is from the nearest source on-site of borrow, and may be preferred due to
relatively short haul distance. Due to shallow depths, this sample is also considered to be the
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most readily accessible from an excavation standpoint. For these reasons, a significant number
of advanced laboratory testing was performed on this sample.

4.2.2 COMP-2

The COMP-2 sample was composited from the depth intervals of 4 to 10 feet bgs in borings B-
101 through B-104, and 5.5 to 10 feet bgs in boring B-105 in Borrow Area #1. The in-situ material
in this interval was described in the field as tan and gray to light gray, stiff to hard, moist, blocky
fat clay (CH) with sand, silt seams and partings, and calcareous pockets. Some scattered gravel,
some ferrous staining, and occasionally blocky structure were observed. The in-situ pocket
penetrometer values ranged from 0.75 to 4.5+ tsf. The material is generally representative of the
Midway Residuum. The relatively lower pocket penetrometer values found in B-102 are likely
associated with the relatively shallow groundwater encountered at this location (i.e., 24-hour
groundwater level of 5.5 feet bgs ).

This composite sample is from the nearest source of borrow, but will be somewhat less readily
accessible than COMP-1 materials due to the deeper excavation depths and possibility of
encountering groundwater at B-102 and/or other boring locations. Based on proximity to the dam,
advanced laboratory testing was performed on this sample.

4.2.3 COMP-3

The COMP-3 sample was composited from the upper 0 to 3 feet in borings B-107 through B-110
in Borrow Area #2. The in-situ material in this interval was described in the field as dark brown to
grayish brown to light brown, soft to very stiff, moist, fat clay (CH) with sand, small gravel,
calcareous nodules, and organics. The in-situ pocket penetrometer values ranged from 0.5 to 4.0
tsf, the lowest of which were at B-109.

This composite sample is from the most distant source of on-site borrow, and may be less
desirable due to longer haul distance and possible need for haul road improvement. However,
advanced laboratory testing was performed on this sample in the event that additional material is
needed.

4.2.4 COMP-4

The COMP-4 sample was composited from depth interval of 3 to 8 feet bgs in borings B-107
through B-110 in Borrow Area #2. The in-situ material in this interval was described in the field
as tan and gray to light brownish gray and dark gray to grayish brown, very stiff to hard, fat clay
(CH) with sand, silt seams and partings, calcareous pockets, ferrous staining. The material
exhibited blocky structure below about 5 feet bgs. The in-situ pocket penetrometer values ranged
from 1.75 to 4.5 tsf. The material is generally representative of the Midway Residuum, but the
lower pocket penetrometer values (primarily from B-110) may be indicative of disturbanceffill
associated with previous grading operations.

This composite sample is from the most distant source of on-site borrow, and may be less
desirable due to longer haul distance, possible need for haul road improvement, and depth below
ground surface. Consequently, advanced testing on this composite sample was relatively limited
as compared to the other 3 borrow area composite samples.

4.2.5 COMP-5

The COMP-5 sample was intended to represent materials in the required embankment excavation
for construction of the new RCC spillway crest and chute structures. The COMP-5 sample was
composited from depth intervals of 10 to 12 feet bgs in boring B-04 and 7.5 to 14 feet bgs in boring
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B-05. Materials in these depth intervals were described on the boring logs as existing
Embankment Fill consisting of light brown sandy lean clay with scattered gravel and organics to
light brown, tan, and gray fat clay with sand and silt seams, calcareous nodules, and small gravel.
Possible re-use of these excavated materials as fill will be desirable from the perspective of
materials handling and to limit waste.

4.2.6 COMP-6

The COMP-6 sample was intended to represent materials in the required downstream toe
excavation for construction of the new RCC spillway stilling basin. The COMP-6 sample was
composited from depth intervals of 13.5 to 15.5 feet bgs in boring B-603 and 20 to 21 feet bgs in
boring B-604. Materials in these depth intervals were described on the borings logs brown and
gray as fat clay of the Midway Residuum with ferrous staining, calcareous inclusions, and silt
partings and seams. Possible re-use of these excavated materials as fill will be desirable from the
perspective of materials handling and to limit waste.

4.2.7 COMP-7

The COMP-7 sample was intended to represent materials in the required downstream toe
excavation for construction of the new PSW impact basin. The COMP-7 sample was composited
from the depth interval of 15 to 19 feet bgs in boring B-602. Materials in this depth interval were
described on the borings logs as tan and gray fat clay of the Midway Residuum with ferrous
staining, calcareous inclusions, and silt partings and seams. Possible re-use of these excavated
materials as fill will be desirable from the perspective of materials handling and to limit waste.

4.3 Summary of Testing and Results

Testing performed for this project included index properties (moisture, unit weight, gradation,
plasticity, and specific gravity), dispersion (crumb and hydrometer), one-dimensional
consolidation, strength, and constant-volume swell testing. Strength testing included unconfined
compression (UC), unconsolidated-undrained triaxial (UU), consolidated-undrained triaxial (CU)
with pore pressure measurement, and consolidated-drained direct shear (CDDS).

A summary of tests performed for each stratum is provided in the Table 4-1. Discussion of test
methods and specific tests results are presented in the following sections. A tabulated summary
of all index, dispersion, and undrained shear strength test results is provided as Table B.1 of
Appendix B, which includes test data from the Balcones, NRCS, TRI, and Arias laboratories.
Individual laboratory test data sheets are included in Appendix B.
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Table 4-1. Summary of Tests Performed by Stratum

Stratum or Location @ Index Dispersion Swell |Consol. Strength

Hydraulic

Cond-

Embankment Fill

ucC, Uy, Civ

uctivity

Sulfates

\Valley Fill

uC, Uu

Alluvium

uu, CIv’

Leona Formation

Midway Residuum

uu, Civ’

Midway Clayshale

uC, CDDS, CIU®

Wilcox Residuum

Sulfates

\Wilcox Clayshale

Borrow Area #1 (COMP-
1)

XXX | X[ X | X [X|X|X

XXX |X X [X[X[X|X

Clu’, uu

Proctor, Chemical,

Lime Series

Borrow Area #1 (COMP-
2)

x

x

Clu’, uu

Proctor, Chemical,

Lime Series

Borrow Area #2 (COMP-
3)

x

x

Proctor, Chemical,

Lime Series

Borrow Area #2 (COMP-
4)

Proctor, Chemical,

Lime Series

Required RCC Spillway
Excavation -
Embankment (COMP-5)

Lime Series

Required RCC Spillway
Excavation -

Lime Series

Foundation (COMP-6)

Required PSW | X
Excavation -
Foundation (COMP-7)
Notes:

1. See text for location and depth intervals of composite samples.
2. CIU testing could not be completed on Clayshale samples due to brittle nature of material.

Lime Series

4.3.1 Index Testing

4.3.1.1 Natural Moisture Content and Unit Weight

Natural moisture content tests (ASTM D2216) were performed on the majority of collected soil
samples. Natural moisture contents performed by Balcones’ laboratory are tabulated at the
sample depth on the boring logs in the 2019 GIR. Moisture content tests performed by the NRCS
laboratory are provided in Appendix B. Both data sets are summarized in Table B.1 in Appendix
B.

Natural unit weight tests (ASTM D2937) were performed on the undisturbed soil samples
subjected to advanced testing, as well as select intervals of relatively undisturbed samples in
each geologic stratum to characterize in-situ unit weight. Natural moisture content and unit weight
tests were also performed on clayshale samples subjected to strength testing. A summary of the
results for each geologic stratum are presented and discussed in Section 5.2.
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4.3.1.2 Specific Gravity

Specific gravity testing (ASTM D854) was performed on the majority of collected soil samples.
Test results are provided in Appendix B. Results indicate the specific gravity of the materials
tested ranges from 2.62 to 2.82, with the majority of values between 2.68 and 2.75.

4.3.1.3 Atterberg Limits

Atterberg Limits testing (ASTM D4318) was performed on representative soil and rock samples
from each geologic stratum to measure the liquid limit (LL), plastic limit (PL), and plasticity index
(PI), and to determine the USCS soil classification of each fine-grained sample tested. Tested
samples of clayshale were disaggregated to a soil-like consistency prior to conducting the tests.

Test results for the hand auger borings are tabulated on the boring logs in the 2019 GIR, and
summarized in Table B.1. The other test results are provided in Table B.1 and Appendix B. A
summary of the results for each geologic stratum are presented and discussed in Section 5.2.

4.3.1.4 Gradation

Grain-size distribution (ASTM D422) of the various soil and rock materials were investigated by
the determination of the percent of soil passing the noted sieves by washing or sieving.
Hydrometer tests were performed on minus #200-sieve material from selected soil samples to
determine the clay-size fraction. Tested samples of clayshale were disaggregated to a soil-like
consistency prior to conducting the tests.

Test results for the hand auger borings are tabulated on the boring logs in the 2019 GIR, and
summarized in Table B.1. The other test results are provided in Table B.1 and Appendix B. A
summary of the results for each geologic stratum are presented and discussed in Section 5.2.

4.3.2 Dispersion Testing

4.3.2.1 Crumb

To evaluate the potential dispersive characteristics of site soils, crumb dispersion tests (ASTM
D6572) on fragments of discrete soil samples obtained from the borings. The test is performed
by immersing a small fragment (crumb) of soil, at the natural moisture content, into about 150 ml
of distilled water. After a few minutes, the sample is viewed and graded based on the colloidal
suspension. Grades are summarized and interpreted as follows:

e Grade 1: No Reaction (Nondispersive)

e Grade 2: Slight Reaction (Intermediate)

e Grade 3: Moderate Reaction (Dispersive)

e Grade 4: Severe Reaction Highly Dispersive (Highly Dispersive)

It is noted that the crumb test is generally used a screening test to identify potentially dispersive
soils, and is generally not relied upon exclusively for evaluating dispersion potential. Results are
supplemented with more reliable test methods such as double-hydrometer or pinhole testing.

The test results are provided in Appendix B. A summary of the results for each geologic stratum
are presented and discussed in Section 5.2.
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4.3.2.2 Double-Hydrometer

The double-hydrometer test (ASTM D4221 and ASTM D8928) was performed to further evaluate
the dispersive characteristics of the soil. The test is performed on both a natural soil specimen
and a specimen artificially dispersed by sodium hexametaphosphate and thorough agitation. The
result is reported as a percent dispersion, defined as the percent finer than 0.005 mm without
dispersant to that with dispersant. The interpretation of the results is as follows:

e < 30% Dispersion: Nondispersive

o 30 -60 % Dispersion: Intermediate, more testing required

e > 60% Dispersion: Dispersive

The test results are provided in Appendix B. A summary of the results for each geologic stratum
are presented and discussed in Section 5.2.

4.3.3 Moisture-Density Relationship (Proctor Compaction)

Standard Proctor compaction testing (ASTM D698, Method A) was performed to evaluate
moisture-density relationships for the borrow composite samples. Results are provided in Table
4-2. Note that composite samples from Borrow Area #1 classified as lean clay (CL) as compared
to field classifications of fat clay (CH).

Table 4-2. Summary of Moisture-Density Relationship Test Results

Borin Top Bottom Fines Maximum Optimum
D 9 Depth  Depth Stratum USCS | Content LL PI Gs Dry Unit Moisture
(ft) (ft) (%) Weight (pcf) Content (%)

Comp-1 0 4 Borrow #1 CL 80 43 25 2.70 107.0 18.0
Comp-2 | 4/5.5* 10 Borrow #1 CL 67 39 23 2.72 1115 155
Comp-3 0 3 Borrow #2 CH 76 50 31 2.70 102.0 20.0
Comp-4 3 8 Borrow #2 CH 91 57 37 2.74 101.5 21.0

*Top depth was 5.5 ft for B-105 portion of composite sample.

4.3.4 Swell / Collapse Testing

Testing of relatively undisturbed thin-walled tube samples and remolded bulk samples was
performed to evaluate the swell or collapse potential of select soil samples. The tests were
conducted as constant-volume swell tests to estimate swell pressure (ASTM D4546, Method B).
An additional unloading cycle was included to evaluate percent swell at various confining
pressures less than the swell pressure (ASTM D2435). Specifically, the procedure included
loading test specimens to the initial confining pressure (nominal 250 psf) and inundated with
water. The load was progressively increased as required to prevent swelling from occurring.
Upon reaching the swell pressure (i.e. confining pressure at which zero swell occurs), the load
was incrementally reduced and the corresponding percent swell was measured at each step load.
Results of the test are reported as maximum percent swell at the lowest confining pressure, and
swell pressure at the highest confining pressure.

Remolded bulk samples were compacted to target 95% of maximum dry density (MDD) at
optimum moisture content (OMC) per ASTM D698. The target density and moisture content
represent the unfavorable range of a typical embankment compaction specification with respect
to swell potential (i.e., dry).
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The test results are provided in Appendix B and summarized in Table 4-3. In general, the swell
test results were variable, but swell pressures and percent-swell were correlated. The swell
pressures ranged from 472 to 5,760 psf, but most of the results were between 1,000 and 2,000
psf. Final percent swell at the minimum confining pressure ranged from 0.02 to 3.32%, but was
typically between 0.5 and 1.5%. The two highest swell pressure values recorded were 5,760 psf
for one embankment sample (B-07, 15-17.5 feet) and 5,540 psf for one residuum sample (B-604,
20-21 feet), both exhibiting greater than 3% swell. No strong correlation was evident between
index properties (LL, PI, or CF) and swell potential. However, from test results available, samples
with swell pressure greater than 2,000 psf and percent swell greater than 1.25% at 250 psf
confining pressure all had the following characteristics:

e LL2=250
e PI>30
e CF>30%

Based on the test results, the Embankment Fill and the Midway Residuum range from low-
expansive to highly expansive. Therefore, expansive soils mitigation will be needed for the
project, particularly for lightly-loaded structures that are more susceptible to shrink/swell
movements.

Table 4-3. Summary of Swell/Collapse Test Results

Swelling Est.

: Top Bott. Swell %Swell .
ol Depth Depth Stratum i Pressure  at 6=250 S s
ID (ft) (f) (%) (psf) of @ Index, SYEL
Psh p Csc ® (%) @
B-05 7.5 10 Embankment CL 48 27 27 1,538 +0.68 0.011 +1.9
B-05 15 17.5 Embankment CH 82 | 55 53 1,716 +1.12 0.016 +1.1
B-06P 15 17.5 Embankment CL 46 | 23 22 472 No swell 0.005 +0.4
B-07 10 12 Embankment CL 46 24 23 1,074 +0.37 0.013 +1.8
B-07 15 17.5 Embankment CH 52 32 32 5,760 +3.02 0.023 +5.5
B-301 18 20 Midway Residuum CL 47 | 24 27 1,850 +0.74 0.011 +2.0
B-601 10 12.5 Midway Residuum CH 52 | 32 35 802 No swell 0.006 +0.7
B-601 19 20.5 Midway Residuum CH 58 | 35 33 1,250 +0.40 0.011 +1.6
B-602 15 17 Midway Residuum CH 57 | 34 31 1,942 +1.08 0.014 +2.6
B-603 15.5 17.5 Midway Residuum CH 65 41 41 2,440 +1.06 0.015 +2.7
B-604 20 21 Midway Residuum CH 68 43 40 5,540 +3.10 0.024 +5.7
Comp-1 0 4 Borrow #1 CL 43 25 35 1,828 +0.94 0.014 +2.5
Comp-3 0 3 Borrow #2 CH 50 | 31 41 2,020 No swell 0.019 +2.1
Notes:
1) Constant-volume procedure.
2) Maximum swell at 250 psf vertical confining pressure following incremental unloading from swell pressure.
3) Swelling strain index is the slope of the unloading curve, Cse = (g2 - €1) / log(p2/p1)
4) Estimated swell at 20 psf vertical confining pressure based on Cse.

4.3.5 One Dimensional Consolidation

One-dimensional consolidation tests (ASTM D2435) were performed on relatively undisturbed
samples and remolded bulk samples. In this test method, a soil specimen is restrained laterally
and axially drained while subjected to applied vertical loadings. A seating stress of 100 psf is
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applied and the sample is inundated. Additional load is placed on the sample to maintain a
constant volume and to determine the swell pressure. Once the sample stabilizes (does not
change in height), the sample is loaded/unloaded incrementally to obtain the virgin compression
and rebound curves. The stress where the sample changes from rebound compression to virgin
compression is referred to as the preconsolidation pressure (P’c), which represents the maximum
stress to which the soil has previously been subject (geologic timeframe). Following loading and
unloading increments, measurements are made of the change in the specimen height and the
data are used to determine the relationship between applied stress and void ratio.

The test samples were about 2 inches in diameter and 0.75 inches in height. Test samples were
either trimmed from relatively undisturbed Shelby tubes, or remolded from bulk samples to target
compaction of 95% of MDD at moisture content +3% of OMC per ASTM D698. The target density
and moisture content represent the unfavorable range of a typical embankment compaction
specification with respect to consolidation (i.e., wet and low density). Laboratory test results are
provided in Appendix B and are summarized in Table 4-4.

The consolidation test data was analyzed using both the Casagrande (1936) and Boone (2010)
graphical methods to estimate the overconsolidation ratio (OCR). The methods gave reasonably
good agreement, with OCR ranging from 1.9 to 8.8 using the Casagrande Method and 1.7 to 8.8
using the Boone Method. Test results on undisturbed samples yielded an estimated OCR greater
than 3.0 and P’c greater than 5,000 psf, with the exception of the test result on sample B-601
from 10-12.5 feet which had an OCR of 1.3 to 1.7 and P’c of 1,800 to 2,300 psf, respectively,
depending on interpretation method Compression index (Cc) for these materials was between
0.10 and 0.24, and Recompression index (Cr) was between 0.020 and 0.035. Test results on
remolded samples of proposed borrow material had a minimum P’c of 3,000 psf, Cc between 0.22
and 0.26, and Cr of 0.023 in both cases.

Test results on undisturbed samples indicate the existing embankment and natural materials are
moderately to highly overconsolidated and are not overly susceptible to settlement for the
anticipated structure loading. Test results suggest well-compacted proposed borrow material
(minimum 95% MDD of Standard Proctor) will be moderately overconsolidated, and remain within
the recompression range for applied stresses less than 3,000 psf. Settlement calculations for
proposed structures are included in later sections of this report.
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Table 4-4. Summary of Consolidation Test Results

. Top  Bottom \ P'c (psf)
:?Donng Depth  Depth Stratum USCS Cc [ A
(ft) (ft) (B CG Boone

B-05 15 17.5 | Embankment | CH | 0.24 | 0032 | 1,968 | 6200 | 6,100 3.2 3.1 0.90

B-06P | 7.5 10 | Embankment | CL | 0.16 | 0026 | 1,046 | 9,200 | 9,200 8.8 8.8 0.62

B-06P | 15 175 | Embankment | CL | 0.18 | 0035 | 1,968 | 6,000 | 6,000 3.0 3.0 0.75

g)-o7 15 175 | Embankment | CH | 0.16 | 0.027 | 1,968 | 10,600 | 8,900 5.4 45 0.61

B-301 18 20 Midway cL 012 | 0017 | 1,526 | 9,000 8,400 5.9 5.5 0.66
Residuum

B-601 10 12.5 Midway CH | 024 | 0025 | 1,353 | 1,800 2,300 1.3 1.7 0.88
Residuum

B-601 18 19 Midway CH | 014 | 0029 | 1,963 | 12,000 | 11,200 | 6.1 5.7 0.64
Residuum

B-601 19 20.5 Midway CH 0.10 | 0.021 | 2,023 | 9,800 8,700 48 43 0.76
Residuum

B-602 15 17 Midway CH | 015 | 0020 | 1,594 | 5,600 5,150 35 32 0.72
Residuum

B-603 | 155 | 17.5 Midway CH | 015 | 0031 | 1,624 | 8,200 9,800 5.0 6.0 0.77
Residuum

B-604 | 20 21 Midway CH | 014 | 0023 | 2,084 | 9,800 | 8,600 47 41 0.73
Residuum

(13?32"'”' 0 4 Borrow#1 | CL | 022 | 0023 | 1,968 | 3,000 — | 066

g%“p' 0 3 Borrow#2 | CH | 026 | 0023 | 1,046 | 3,000 — | 073

Notes:

1) Abbreviations:
a) Cc - Compression index (void ratio basis)
b) Cr - Recompression index (void ratio basis)
c) o'v— Estimated in situ effectives overburden pressures based on estimated long-term groundwater levels
d) P’c - Estimated preconsolidation pressure
e) CG - Casagrande method
f)  OCR - Estimated overconsolidation ratio
g) €0 - Initial void ratio
2) Swelled 2.2% at end of unloading beyond initial sample height.
3) Swelled 0.5% at end of unloading beyond initial sample height.
4) Compacted to 95% of maximum dry density at optimum moisture content per ASTM D698. Swell pressure of 1,650 psf during
inundation phase of test (constant-volume).
5) Compacted to 95% of maximum dry density at optimum moisture content per ASTM D698. Swell pressure of 1,870 psf during
inundation phase of test (constant-volume).

4.3.6 Consolidated-Undrained Triaxial Compression

In the isotopically consolidated-undrained (CIU’) triaxial compression test (ASTM D4767), a 2.8-
inch diameter by 5.5-inch long specimen is loaded into a triaxial test chamber, seated, and
backpressure saturated. Pore water pressure measurements are made until the sample is
saturated (zero air voids). Following backpressure saturation, the sample is subjected to a
selected confining pressure and allowed to consolidate. Once the sample sufficiently
consolidates, the sample is sheared, and pore water pressures are measured. The load applied
(stress) and the sample deformation (strain) is measured.

For a conventional multi-specimen shear test, a separate sample sheared to failure for each
confining pressure. From the resulting stress vs. strain and pore water measurements at three
different confining pressures, the following strength parameters can be deduced: total stress
friction angle (¢u), effective stress friction angle (¢’), total stress cohesion intercept (cu), and
effective stress cohesion intercept (¢’). Note that in some cases, insufficient sample quantity was
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available to provide 3 confining stresses, in which case the resulting strength envelopes were
based on 2 confining stress.

The CIU’ triaxial test results are included in Appendix B and summarized in Table 4-5. The
reported ¢ and ¢ values were obtained from the Mohr-Coulomb slope intercept data reduction
technique. Further discussion of results is provided in Section 5.2.

4.3.7 Consolidated-Drained Direct Shear

Consolidated-drained direct shear (CDDS) testing (ASTM D3080) was performed on relatively
undisturbed samples of the Midway clayshale. The test samples are trimmed to 2.5-inch diameter
and 1.0-inch in height, and consolidated to a specified effective normal stress. After primary
consolidation is complete, the sample is sheared in a horizontal direction to a maximum
displacement of 0.3 inches. The shear strain rate is based on consolidation rate, and is assumed
to be slow enough to inhibit excess pore water pressure during shear. Drainage is allowed through
both the top and bottom of the sample. From each Shelby tube sample, three (3) individual
samples were tested at different effective normal stresses to obtain a strength envelope. Based
on the post-peak shear stress at 0.3 inches of horizontal displacement, the Mohr-Coulomb slope
intercept data reduction techniques was used to fit an effective stress (drained) shear strength
envelope. The interpreted effective friction angle and cohesion intercept (¢’, ¢’) are provided in
Table 4-5. Laboratory test results, including data sheets and displacement curves, are provided
in Appendix B.

Table 4-5. Summary of Shear Test Results

No Total Stress (CU- Effective Stress (CD-
Top Bottom : Envelope) Envelope)
Test Type Norm.
Depth  Depth  Stratum e o Stress . Friction ! Friction
(ft) (ft) [ ] Cohesion, Cohesion, .
Pts Cu (psf) Angle, C' (psf) Angle, ¢
$u (deg) (L))
B-05 30 | 325 | Embankment| CL | 45 ciu 3pts 631 185 485 27.1
(undisturbed)
civ
B-07 17.5 19.5 | Embankment | CH 65 (undisturbed) 2 pts 171 22.7 132 29.2
B-301 . CL- | 40- ciu’
@ 4 10 Alluvium CH 51 | (undisturbed) 2 pts 908 10.3 763 19.5
Midway clu
B-08 35.0 375 Residuum CL 47 (undisturbed) 3 pts 84 20.4 36 30.3
Midway clu
B-603 155 175 Residuum CH 65 (undisturbed) 2 pts 201 28.4 88 35.3
Midway CDDS
B-602 25.0 26.0 Clayshale CH 62 (undisturbed) 3 pts 346 35.4
Midway CDDS
B-603 | 30.0 31.0 Clayshale CH 66 (undisturbed) 3 pts 624 24.2
Midway CDDS
B-604 30.0 31.0 Clayshale CH 65 (undisturbed) 3 pts 181 325
Comp- Borrow Area civ
1 0 4 #1 CL 43 (remolded) 3 pts 275 14.7 140 275
Comp- Borrow Area civ
2 4 10 #1 CL 39 (remolded) 3 pts 288 13.8 202 24.2
Notes:
1) Shear envelope was estimated based on samples tested from 3 shelby tubes. The sample tested at the lowest
normal stress had an anomalously high shear strength and was neglected in developing the shear envelope.
2) The reported effective stress envelope for consolidated-drained direct shear is post-peak strength (i.e., 0.3
inches of shear displacement).
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4.3.8 Undrained Shear Strength

Unconsolidated-Undrained Triaxial Compression (ASTM D2850) or Unconfined Compression
(ASTM D2166) tests were performed on relatively undisturbed Shelby tube samples of cohesive
soils to obtain estimates of undrained shear strength (Su). The effective confining pressure
applied to UU test samples was generally equal to the estimated in-situ effective overburden
pressure based on estimated groundwater levels. The reported values of Su are taken as one-
half of the unconfined compressive strength in UC tests, or one-half the maximum deviator stress
for UU tests. Results are summarized in Table B.1 of Appendix B, and laboratory data sheets
are provided in Appendix B.

Tests were performed on samples of most of the various geologic strata encountered, and
generally indicate stiff to hard soils. Two UC test results in the near-surface samples of
Embankment Fill and Fill had peak Su less than 1,300 psf, while the remainder of test samples
had peak Su between about 2,000 and 11,000 psf.

4.3.9 Hydraulic Conductivity

Hydraulic conductivity testing (ASTM D5084) was performed on two remolded borrow samples.
Specimen saturation is achieved through back pressuring at a low effective confining stress. The
specimen was isotopically consolidated after saturation. Once the specimen was consolidated to
the assigned stress, a gradient was applied from the bottom to the top drainage boundary and
volume of flow was recorded over time and the hydraulic conductivity calculated. The results are
presented in Appendix B and summarized in the table below.

Results indicate the proposed borrow materials are of relatively low hydraulic conductivity, and
should be suitable for relatively impervious zones of the proposed earthen embankment fill.

Table 4-6. Hydraulic Conductivity Test Results

Effective Confining Hydraulic Conductivity

Stratum USCS

Pressure (psf) (cm/s)
Comp-1 0 4 Borrow #1 CL 1,000 4.6E-08
Comp-2 4/5.5*% 10 Borrow #1 CH 1,000 1.5E-07

*Top depth was 5.5 ft for B-105 portion of composite sample.

4.3.10 Lime Series Testing

Lime series testing (ASTM D4318-MOD and D6276) was conducted on bulk composite samples
from the proposed borrow areas. The testing included mixing natural bulk soil samples with lime
at different percentages by weight ranging from 1% to 6%, and measuring the change in PI. The
change in pH was also measured for COMP-1, COMP-2, and COMP-5 through COMP-7 samples
(note the pH results for COMP-5 through COMP-7 were not available at the time of this report).
The purpose of the testing is to identify the lime application rate required to reduce the shrink/swell
properties of expansive soils below an established threshold (e.g., typically Pl less than 15 to 20).
The design lime application rate should also produce a stable pH of typically at least 12.4 for long-
term durability according to the Eades and Grim test method (ASTM D6276). Lime treatment can
also used to reduce the dispersion potential of dispersive clay soils.

The lime series testing indicates that the soil Pl can be reduced to 15 or less with a lime application
rate of between 1 and 3% for the composite samples from the borrow area. This is based on
natural Pl between 25 and 37. Lime application rates of between 2 and 4% were adequate to
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reduce the PI to 15 or less for composite samples representative of materials in required
excavations for the new PSW and RCC spillway, which had natural PI ranging from 26 to 40.
Soils with higher natural Pl would be expected to require additional lime to reach a Pl of 15 or
less. Non-plastic behavior was noted in COMP-2 when the lime application rate was greater than
4%. The pH of lime-treated samples was found to be stable at around 12.5 and 12.6 for COMP-
1 and COMP-2, respectively, at application rates of 3% and 4%. While pH was not measured on
samples treated with less than 3% lime, results suggest that it is possible a stable pH > 12.4 could
be obtained in COMP-1 and COMP-2 at lime application rates less than 3%. The results are
provided in Appendix B and summarized in Table 4-7.

Table 4-7. Summary of Lime Series Testing

Borin Depth (feet) Soil Properties at specified Lime Application Percentage by Weight*
D 9 Stratum USCS
Top Bott. Property Natural 1% 2% 3% 4% 5% 6%
LL 43 45 43 41 41 41 41
Comp-1 0 4 Borrow #1 CL Pl 25 15 9 9 8 7 7
pH - - - 125 125 | 125 | 125
LL 39 39 39 39 NP NP NP
Comp-2 zétg 10 Borrow #1 CL PI 23 10 7 7 NP NP NP
pH - - - 12.5 12.6 | 126 | 12.6
LL 50 50 48 46 46
Comp-3 0 3 Borrow #2 CH
Pl 31 17 12 9 7
LL 57 57 54 52 -
Comp-4 3 8 Borrow #2 CH
Pl 37 24 15 12 -
75t | 125t0 RCC Spillway LL 45 45 45
Comp-5 | T 14 | Embank. E cL
mbank. EXcav. Pl 26 - i 9 - - 8
135 | 155t | RCC Spillway LL 62 60 58 | - | 57
Comp-6 | 1520 | 21 Fndn. E CH
0 nan. Excav. PI 40 17 14 12
LL 54 54 54 | - 52
Comp-7 | 15 19 PSéN Fndn. CH
xcav. PI 34 15 12 7

*Bolded values indicates lowest tested lime application rate which produces PI < 15.

4.3.11 Analytical Testing

Analytical testing was performed to provide information on chemical compatibility of soils for lime
treatment, and to assess corrosion potential of various embankment and natural soils at the site
to buried metal and/or concrete. The tests performed by the NRCS laboratory included total
soluble salts on bulk composite samples from the borrow areas. Soluble sulfates testing (ASTM
D516/C1580) was performed by TRI-Environmental on several samples of existing Embankment
Fill, Residuum, and Clayshale within depth intervals of required excavation for the proposed
overtopping spillway. Supplemental soluble sulfates testing (Tex-145-E Part 1) was performed by
Arias Associates on bulk samples from Borrow Areas #1 and #2, including both composite bulk
samples and bulk samples from discrete depth intervals of individual borings. The results are
provided in Appendix B and summarized in Table 4-8.

The presence of soluble sulfate salts in soils treated with calcium-based additives (e.g., lime or
Portland cement) can be problematic. In excessive concentrations, the sulfate reacts adversely
with calcium, water, and alumina in the clay to form the mineral ettringite. The formation of
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ettringite causes substantial volume increase (swelling) of 2 to 2.5 times its initial volume, and
can cause significant heaving and distress to adjacent structures, a process commonly referred
to as “sulfate-induced heave”. Soluble sulfates are generally not problematic at concentrations
less than 3,000 ppm. At concentrations between 3,000 and 5,000 ppm, special precautions are
needed to reduce the risk of sulfate-induced heave (extended mellowing time, additional water,
etc.). Sulfate concentrations greater than 5,000 ppm are considered high risk for sulfate-induced
heave, and multiple applications of lime and mellowing periods are typically required (NLA, 2004).
The Texas Department of Transportation (TXxDOT) does not permit lime treatment of soils with
sulfate concentration exceeding 7,000 ppm (TxDOT, 2014).

The presence of relatively high measured soluble sulfate content (greater than 200 ppm) may be
corrosive to buried metal and concrete (FHWA, 2010). Test results indicate sulfate content ranges
from 88 to 5,600 ppm, with six of sixteen results greater than 2,000 ppm. Based on the sulfate
test results, the sulfate exposure is classified as ranging from “negligible” (<150 ppm) to “severe”
(1,500-10,000 ppm) according to ACI 350 Table 4.3.1. The ACI 350 recommends no restriction
on cement type for “negligible” and Type V cement for “severe” sulfate exposure. Considering
the elevated sulfates contents and variable distribution in site soils, the use of sulfate-resistant
cement is recommended for concrete to mitigate sulfate degradation.

Soluble sulfate testing on existing Embankment Fill materials in the vicinity of the proposed RCC
overtopping spillway indicate a concentration range of 300 to 900 ppm (average 660 ppm), which
is considered suitable for lime treatment with low risk of sulfate-induced heave. Limited sulfate
testing of the native Residuum and Clayshale at the downstream toe in the vicinity of the proposed
ASW stilling basin yielded elevated sulfate concentrations ranging from 3,500 to 5,600 ppm
(average 4,667 ppm). The elevated sulfate content of the Residuum and Clayshale is within the
allowable range for lime treatment near structures according to TxDOT, but special precautions
(multiple applications, extended mellowing time, etc.) will be needed to reduce the risk of sulfate-
induced heave. Soluble sulfate testing performed on samples from Borrow Areas #1 and #2
yielded sulfate concentrations ranging from 88 to 3,396 ppm (average 1,337 ppm), with 5 of 8
tests yielding concentrations below 2,000 ppm. No pattern was evident regarding the trend in
sulfate distribution in the borrow area. In general, the sulfate concentrations of borrow area soils
are sufficiently low to permit lime treatment with low-risk of sulfate-induced heave. However, one
of the test results was above the 3,000 ppm TxDOT threshold as requiring special precautions,
and indicates that other untested samples could have elevated sulfate concentrations. Therefore,
considering the high-hazard nature of this dam and potentially significant adverse effects of
sulfate-induced heave on spillway structures, special precautions (multiple applications, extended
mellowing, etc.) are suggested for lime treatment of borrow area soils.

Due to the inherent variability of soils and sometimes erratic distribution of sulfate concentrations
in natural materials, a robust construction quality assurance and quality control (QA/QC) testing
program and additional pre-construction testing by the Contractor is recommended if lime
treatment is implemented for this project, particularly for lime-treated soils to be placed in contact
with concrete and RCC structures.
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Table 4-8. Summary of Chemical Compatibility Testing

Project number: 60586838

Soluble
Boring ID D-%:B?h D?acp))tttr? Iz;t) Stratum ;:T?SI (Spté)lumt;!*(i S(t:)l;‘)e:;«;s
Comp-1 0 4 Borrow #1 CL 5,000 [0.5%] 6.9 2,542
Comp-2 | 4/5.5* 10 Borrow #1 cL 4,000 [0.4%] 7.4 1,300
B-105 0 3 Borrow #1 cL 88
B-105 4 10 Borrow #1 cL 806
Comp-3 0 3 Borrow #2 CH 8,000 [0.8%)] 7.2 2,268
Comp-4 3 8 Borrow #2 CH 24,000 [2.4%] 7.2 3,396
B-110 0 3 Borrow #2 CH - 146
B-110 3 8 Borrow #2 CH 148
B-05 10.0 12.0 Embankment Fill CL/CH 700
B-06 12.0 14.0 Embankment Fill CL/CH 800
B-07 12.0 14.0 Embankment Fill CL/CH 900
HA-01 3.0 4.0 Embankment Fill CH --- 600
HA-02 3.0 4.0 Embankment Fill CL/CH --- 300
B-602 13.0 15.0 Residuum CH 3,500
B-603 18.0 19.0 Residuum CH 5,600
B-604 24.5 26.0 Clayshale CH - 4,900
*Top depth was 5.5 ft for B-105 portion of composite sample.
**Converted from % to parts-per-million (ppm) using conversion factor of 10,000.
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5. Site Characterization

5.1 Characterization of Analysis Sections

5.1.1 Embankment Section Reaches

For the purposes of engineering analysis, the dam embankment was divided into generalized
reaches of similar proposed cross-section geometry and subsurface stratigraphy. The various
reaches are described below with respect to the embankment centerline stationing, which is
illustrated in the GI Plan sheet in Appendix A.

5.1.1.1 Reach A: New Embankment Closure Section — Left Abutment (STA 4+00 to 9+00)

Improvements for this reach include construction of a new embankment section across the
existing earthen auxiliary spillway to be abandoned.

Based on boring B-01, foundation conditions along the embankment centerline consist of about
20 feet of stiff to hard Wilcox Residuum underlain by at least 10 feet of hard Wilcox Clayshale.
The 24-hour groundwater level was 5.9 feet bgs (El. 510), but may be associated with perched
groundwater based on the normal pool elevation. Based on the existing ground surface elevation
of about El. 516 and proposed embankment crest elevation of El. 527 (top of compacted fill
excluding additional 12 inches of topsoil), the maximum fill height for the new embankment is
approximately 12 feet.

Previous (2014) NRCS Hole No. 251 within the proposed embankment footprint indicates 3 feet
of clay overlying 17.5 feet of soft to very soft claystone, followed by 8 feet of soft to very soft
siltstone overlying at least 3 feet of claystone. Based on material descriptions, the
claystone/siltstone layers are believed to be largely equivalent to the residuum and clayshale
described units described in the current borings. Similar conditions were noted in upstream and
downstream NRCS Hole Nos. 250 and 252, respectively.

5.1.1.2 Reach B: Embankment Raise — Left Abutment to PSW (STA 9+00 to 16+00)

Improvements for this reach include a downstream raise of the existing embankment to proposed
crest elevation El. 527 (top of compacted fill excluding additional 12 inches of topsoil) between
the left abutment and PSW. Downstream slopes will be 3H:1V.

The existing Embankment Fill is 30 to 35 feet thick, and consists of stiff to hard clay based on
borings B-02 and B-03. Foundation conditions under the embankment centerline consist of about
7 to 13 feet of hard Midway Residuum underlain by at least 7 to 10 feet of hard Midway Clayshale.
Based on existing crest elevation which ranges from about El. 523 to 525, the proposed maximum
thickness of new embankment fill is about 4 feet.

Downstream ground surface elevation varies from about El. 516 to 495, for a proposed maximum
dam height of about 32.3 feet. Based on boring B-601, foundation conditions consist of 6 feet of
stiff Valley Fill underlain by 4 feet of stiff to hard Alluvium, followed by 13 feet of Midway Residuum
underlain by at least 3 feet of Midway Clayshale. The 24-hour groundwater level was at depth of
13.4 feet (El. 487.3).

Based on B-301, upstream foundation conditions consist of 4 feet of medium stiff Valley Fill
underlain by 6 feet of stiff to hard Alluvium, followed by 12 feet of stiff to hard Midway Residuum
and at least 4 feet of hard Midway Clayshale. The 24-hour groundwater was measured at depth
18.5 feet (El. 481.6), but long-term readings are expected to be higher and closely associated
with the elevation of the normal pool.
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5.1.1.3 Reach C: New Embankment — PSW Replacement (STA 16+00 to 19+30)

Improvements for this reach include excavating a notch through the existing embankment to
install the replacement principal spillway (PS), and then re-constructing the embankment to the
proposed crest elevation El. 527 (top of compacted fill excluding additional 12 inches of topsoil)
with 3H:1V downstream slope.

The existing Embankment Fill is 35 to 45 feet thick, and consists of stiff to hard clay based on
boring B-04P. Foundation conditions under the embankment centerline consist of about 13 feet
of hard Midway Residuum underlain by at least 7 feet of hard Midway Clayshale. Based on
existing crest elevation of about El. 526, the proposed maximum thickness of new embankment
fill is less than 1.5 feet. The phreatic surface in the embankment was measured at depth of 30.8
feet (El. 495.2).

Downstream ground surface elevation varies from about El. 495 to 489, for a proposed maximum
dam height of about 38.3 feet. Based on boring B-602, foundation conditions consist of 5 feet of
stiff Valley Fill underlain by 5 feet of stiff to hard Alluvium, followed by 11 feet of stiff to hard Midway
Residuum underlain by at least 14 feet of hard Midway Clayshale. The 24-hour groundwater level
was at depth of 10.3 feet (El. 484.7), but long-term groundwater has been assumed to be
approximately EI. 488.

No borings were drilled on the upstream side of this reach, but surface elevations are expected
to be similar to the downstream side. Foundation conditions are anticipated to be generally similar
to that of Reach B.

5.1.1.4 Reach D: Overtopping Spillway — Left Portion of New RCC Spillway (STA 19+30 to
22+00)

Improvements for this reach include excavating approximately 7 feet into the existing
embankment to El. 516, and then constructing an RCC overtopping with crest elevation of El.
519. The ASW will consist of a roller-compacted concrete (RCC) chute with RCC training walls
on either side, which will accommodate the adjacent earthen embankment crest elevation raise
to El. 527 (top of compacted fill excluding additional 12 inches of topsoil) with 3H:1V downstream
slopes. The downstream toe will be excavated approximately 9 to 14 feet deep to El. 485.9 to
construct the RCC stilling basin with top-of-slab finish grade of El. 488.9.

The existing Embankment Fill is 45 to 35 feet thick, and consists of stiff to hard clay based on
boring B-05. Foundation conditions under the embankment centerline consist of about 18 feet of
hard Midway Residuum underlain by at least 7 feet of hard Midway Clayshale. Based on
piezometer readings from adjacent B-04P and B-06P, the phreatic surface in the embankment is
likely to be at depth of between 31 and 32 feet (El. 495 to 493).

Existing downstream ground surface elevation varies from about El. 495 to 500. Proposed finish
elevation inside the stilling basin is El. 490, for a proposed maximum dam height of about 29 feet
inside the RCC chute. Based on boring B-603, foundation conditions consist of 7 feet of very stiff
to hard Valley Fill underlain by 5 feet of very stiff Alluvium/clayey Leona Formation, followed by
10 feet of stiff to hard Midway Residuum underlain by at least 23 feet of Midway Clayshale.
Groundwater was not encountered in B-603, but long-term level has been estimated to be at
approximately EI. 488.

No borings were drilled on the upstream side for this reach, but it is anticipated that surface
elevations and foundation conditions are similar to those on the downstream side (i.e., Valley Fill
overlying Alluvium followed by Residuum overlying Clayshale).
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5.1.1.5 Reach E: Overtopping Spillway — Right Portion of New RCC Spillway (STA 22+00 to
23+00)

Proposed improvements for this reach are the same as Reach D.

The existing Embankment Fill is 35 to 30 feet thick, and consists of very stiff to hard clay based
on boring B-06. Foundation conditions under the embankment centerline consist of about 7.5
feet of very stiff to hard Midway Residuum underlain by at least 22.5 feet of hard Midway
Clayshale.

Existing downstream ground surface elevation varies from about El. 500 to 502. Proposed finish
elevation inside the stilling basin is El. 490, for a proposed maximum dam height of about 29 feet
inside the RCC chute. Based on boring B-604, foundation conditions consist of 3 feet of soft
Valley Fill underlain by 2 feet of medium dense gravelly Leona Formation, followed by 17 feet of
stiff to hard Midway Residuum underlain by at least 23 feet of Midway Clayshale. Groundwater
was not encountered in B-604, but long-term level is estimated to be at approximately EI. 488.

No borings were drilled on the upstream side for this reach, but it is anticipated that surface
elevations and foundation conditions are similar to that on the downstream side (i.e., Fill overlying
Leona Formation followed by Residuum overlying Clayshale).

5.1.1.6 Reach F: Embankment Raise — Right of New RCC Spillway (STA 23+00 to 33+00)

Improvements for this reach include a downstream raise of the existing embankment to proposed
crest elevation El. 527 (top of compacted fill) between the new RCC spillway and right abutment.
Downstream slopes will be 3H:1V.

The existing Embankment Fill is 32 to 34 feet thick, and consists of very stiff to hard clay based
on borings B-07 and B-08. Foundation conditions under the embankment centerline consist of
about 13 to 7 feet of very stiff to hard Midway Residuum underlain by at least 15 to 10 feet of hard
Midway Clayshale. Based on existing crest elevation which ranges from about El. 525 to 526,
the proposed maximum thickness of new embankment fill is less than 2.5 feet.

Downstream ground surface elevation varies from about El. 503 to 497, for a proposed maximum
dam height of about 30.3 feet. Based on boring B-605, foundation conditions consist of 4 feet of
stiff Valley Fill underlain by 4 feet of medium dense Leona Formation, followed by at least 17 feet
of Midway Residuum. Groundwater was not encountered in the boring, but long-term groundwater
is estimated to be at approximately El. 488.

Based on B-302, upstream foundation conditions consist of 2 feet of soft Valley Fill underlain by
6 feet of medium dense to dense Leona Formation, followed by 16 feet of stiff to hard Midway
Residuum and at least 1 foot of hard Midway Clayshale. Groundwater was not encountered in
the boring, but long-term groundwater has been assumed to be similar to the normal pool level.

5.1.1.7 Reach G: New Embankment Extension — Right Abutment (STA 33+00 to 40+00)

Improvements for this reach include construction of a new embankment section and extension of
the right abutment to accommodate the embankment crest raise.

The existing Embankment Fill is 30 to 35 feet thick, and consists of stiff to hard clay based on
borings B-02 and B-03. Foundation conditions under the embankment centerline consist of about
7 to 13 feet of hard Midway Residuum underlain by at least 7 to 10 feet of hard Midway Clayshale.
Based on existing crest elevation which ranges from about El. 523 to 525, the proposed maximum
thickness of new embankment fill is about 4 feet.
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Based on boring B-09, the existing Embankment Fill is about 15 feet thick, and consists of stiff to
hard clay. Foundation conditions along the embankment centerline consist of about 13 feet of
hard Midway Residuum. Groundwater was not encountered. Based on the existing ground
surface elevation of about El. 523 to 524 and proposed embankment crest elevation of El. 527
(top of compacted fill), the maximum new embankment fill height is approximately of 4 feet.

5.1.2 Principal Spillway Alignment

The new PSW alignment centerline will be located at STA. 17+35 as indicated on the Gl Plan
Sheetin Appendix A. The various components of the PSW and respective subsurface conditions
are described below.

5.1.2.1 Inlet Tower

A new upstream inlet tower will be constructed at the upstream toe of the embankment. The
tower will be supported on a 12.5-foot by 18.5-foot shallow foundation with bearing surface at
about El. 487 (approximately 10 feet below existing grade). Foundation embedment will be
approximately 5.5 feet below the lowest surrounding finished grade (approximately El. 492.5).
Based on preliminary structural design calculations, the maximum gross bearing pressure is 1,530
psf.

Based on boring B-301, the anticipated bearing stratum for the proposed foundation is the stiff to
hard Midway Residuum beginning at El. 490. However, depending on the slope of the
Alluvium/Residuum contact on the upstream side of the dam, the stiff to hard Alluvium may instead
serve as the bearing stratum. Long-term groundwater surface will be above the ground surface,
associated with proposed normal pool elevation (El. 498.8).

5.1.2.2 Conduit Pipe

A new 42-inch Inside Diameter (ID) conduit pipe approximately 225 feet in length will be
constructed by open cut methods through the base of the dam, and be will covered with up to 35
feet of new embankment fill. Invert elevation will vary from about El. 486 to 489. A concrete cradle
will be provided under the pipe.

Subsurface conditions are represented by Embankment Reach C. Portions of the conduit pipe
are expected to be below the long-term groundwater table.

5.1.2.3 Impact Basin

A new impact basin will be constructed at the downstream toe of the embankment at the PSW
outlet. The impact basin will be supported on a 17.67-foot by 23.17-foot shallow foundation with
bearing surface at about El. 482.5 (approximately 12.5 feet below existing grade). The existing
grade will be lowered within the footprint of the impact basin, and the impact basin will retain
surrounding soil with wingwalls and a headwall. Foundation embedment will be approximately 3
feet below the lowest surrounding finished grade. Maximum gross bearing pressure is 2,310 psf
based on preliminary structural design calculations.

Subsurface conditions are represented by the downstream section of Embankment Reach C. The
bearing stratum for the proposed foundation is anticipated to be the stiff to hard Midway Residuum
beginning at EIl. 485. Long-term groundwater elevation is estimated to be at approximately El.
488, about 5.5 feet above the foundation bearing surface.
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5.1.3 RCC Overtopping Auxiliary Spillway Alignment

The new RCC overtopping ASW alignment will be located between dam centerline STA. 19+28
and 22+52 (centerline at STA 20+90), as indicated on the Gl Plan Sheet in Appendix A. The
various components of the RCC spillway and respective subsurface conditions are described
below.

5.1.3.1 RCC Crest Structure

The proposed crest structure will be founded on top of the existing embankment, and measures
324 feet wide by 51.2 feet long parallel to and perpendicular to the dam alignment, respectively.
The crest weir will be constructed entirely from RCC. The proposed crest slab invert elevation is
El. 518.9. The RCC crest interior slab width will be 300 feet, and the RCC slab will be 3 feet thick
with a bearing elevation of El. 515.9 (approximately 6.5 feet below existing ground surface).

Training walls on both sides of the crest chute will be RCC gravity-type retaining structures. Each
training wall will be a maximum of 13 feet tall with a retained height of 12 feet and base width of
12 feet. Foundation embedment will be approximately 3 feet below the lowest surrounding
finished grade. The maximum bearing pressure from the crest structure will be immediately below
the inside edge of the training walls due to lateral earth pressures and eccentric loading from the
retained embankment fill. Based on updated structural design calculations provided by the design
team (July 2021 via email), the gross bearing pressure distribution across the wall base is a
maximum of 2,431 psf and minimum of 1,048 psf for usual conditions (i.e., saturated soil, no uplift
or hydrostatic pressure). For unusual conditions (i.e., saturated soils, uplift under spillway, and
no spillway flow), the maximum gross bearing pressure increases to 2,858 psf.

Subsurface conditions will be a mixture of Embankment Reaches D and E. The bearing stratum
for the foundation will be the existing Embankment Fill.

5.1.3.2 RCC Chute Structure

The proposed RCC chute structure will transmit flow from the crest structure to the proposed
stilling basin at the downstream toe of the embankment. The proposed chute is 87 feet in length
and 324 feet in width (300-foot interior width). The finished surface will be parallel to the
surrounding finished grade of the downstream embankment slopes inclined at 3.0H:1V. The
bottom of the RCC slab and foundation will be within about +1 foot of current grade on the existing
downstream slope face, but will extend deeper on the proposed cut section below the existing toe
of the dam.

Similar to the crest structure, RCC training walls will be provided on both sides of the RCC stepped
chute slab. Maximum wall height for the chute structure is 11.5 feet with a retained height of 10.5
to 11 feet and base width of 12 feet. The maximum foundation bearing pressures for the stepped
chute will occur immediately below the inside edges of the training walls. Based on updated
structural design calculations provided by the design team (July 2021 via email), the gross bearing
pressure distribution across the wall base at the middle of the chute structure is a maximum of
1,429 psf and minimum of 1,174 psf for usual conditions (i.e., saturated soil, no uplift or hydrostatic
pressure). For unusual conditions (i.e., saturated soils, uplift under spillway, and no spillway flow),
the maximum gross bearing pressure increases to 1,685 psf.

Subsurface conditions will be a mixture of Embankment Reaches D and E. The primary bearing
stratum for the foundation is anticipated to be the existing Embankment Fill, but will transition
through various foundation units below the existing downstream toe including Valley Fill, Alluvium,
Leona Formation, and Residuum. Groundwater may be encountered when excavating below the
existing downstream toe of the dam; estimated groundwater level for design purposes is El. 488.
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Seepage inflows could be substantial if the gravelly Leona formation is encountered below the
groundwater table.

5.1.3.3 RCC Sitilling Basin

The proposed RCC stilling basin structure will be located at the downstream toe of the dam and
dissipate water flow energy from the overtopping stepped chute. The stilling basin measures 324
feet wide (300-foot interior width) by 24 feet long parallel to and perpendicular to the dam
alignment, respectively. The stilling basin will be constructed entirely from RCC. The proposed
RCC slab invert elevation is El. 488.9 on the interior chute area. The RCC stilling basin slab will
be 3 feet thick with a bearing elevation of El. 485.9 (approximately 10 to 12 feet below existing
grade).

Training walls on both sides of the stilling basin will be RCC gravity-type retaining structures. Each
training wall will have a maximum height of 18 feet, retained height of 11.5 feet, and base width
of 12 feet. Foundation embedment will be approximately 3 feet below the lowest surrounding
finished grade. The maximum bearing pressure from the crest weir will be immediately below the
inside edge training walls due to lateral earth pressures and eccentric loading. Based on
preliminary structural design calculations, the maximum gross bearing pressure distribution
across the footing is a maximum of 2,858 psf and minimum of 2,362 psf for usual conditions (i.e.,
saturated soil, no uplift or hydrostatic pressure). For unusual conditions (i.e., saturated soils, uplift
under spillway, and no spillway flow), the maximum gross bearing pressure increases to 3,658
psf.

Subsurface conditions will be a mixture of Embankment Reaches D and E. The bearing stratum
for the foundation is anticipated to be primarily Residuum. The long-term groundwater elevation
is estimated to be at approximately El. 488, about 2.1 feet above the foundation bearing surface.

5.2 Material Characterization

5.2.1 Embankment Fill

The existing Embankment Fill was generally described on the boring logs as tan and gray, gray
and brown, light to dark brown, or reddish tan; dry to moist; medium stiff to hard fat clay with
trace to some sand, silt, and/or gravel, scattered organics, and occasional calcareous nodules
and pockets of dark gray fat clay. One exception was the upper 20 feet in B-04P described as
light brown, sandy lean clay. The maximum thickness of Embankment Fill, including the cutoff
trench, is approximately 44 feet. Three SPT N-values ranged from 11 to 20 blows-per-foot (bpf).
Pocket penetrometer values ranged from 0.75 to 4.5+ tons-per-square-foot (tsf), with values
less than 1.0 tsf only recorded in the upper 2 feet of B-05 and most values greater than 3.0 tsf.
The consistency was relatively uniform across borings drilled on the embankment crest, and
was observed to be relatively independent of depth.

Results of laboratory index testing indicate that the Embankment Fill generally classifies as
moderately plastic sandy lean clay (CL) to clay with sand, with occasional zones of sandy fat
clay (CH) to fat clay mostly in the lower portions of the embankment. The measured LL ranges
from 42 to 64, PI ranges from 23 to 40, fines content ranges from 67 to 94%, clay fraction
ranges from 22 to 43%, and gravel content ranges from 0 to 10%. The total unit weight ranges
from 116.5 to 131.0 pcf, and the moisture content is generally within —2 to +3% of the PL. Index
properties results are presented in Table 5-1.
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Dispersion Potential

Atotal of 11 crumb tests and 2 double-hydrometer tests were performed on existing
Embankment Fill, which are presented inTable 5-1. Test results indicate the Embankment Fill is
non-dispersive, with Crumb Grades of 1 or 2 and dispersion less than 11%.

Shear Strength Properties

Shear strength testing performed on the Embankment Fill included 2 UC, 5 UU, and 1 CU
triaxial tests. Results presented previously in Section 4 indicate the Embankment Fill behaves
as a cohesive material during shearing with defined short-term and long-term strength
properties.

In general, measured values of Su for Embankment Fill were found to be relatively independent
of depth / confining stress. The lowest Su value of 1,260 psf was from a UC test in the upper
12.5 feet; strain at failure was 2.7%. The Su values from UU tests, conducted on samples
between depths of 12 and 37.5 feet, were between 2,192 and 5,265 psf (average 4,578 psf); the
lowest value was obtained in a sample from the embankment cutoff trench. Shear behavior in
the UU tests was mostly strain-hardening, with strain at failure ranging from 9.8 to 18.1%. For
the purposes of engineering analysis, reduced values of Su were used in design, which were
selected based on the shear strength developed at an axial strain of about 3 to 6% based on the
specific stress-strain curves. The strain-limited Su values ranged from 1,533 to 4,541 psf (3,033
psf average).

One conventional CIU’ triaxial shear test was conducted on a sample of Embankment Fill at a
depth of 30 feet bgs, as discussed previously. The resulting total stress and effective stress
envelopes were considered to be reasonable. As a check, the interpreted ¢’ value was found to
be similar to estimates of the fully-softened value based on correlations with liquid limit and clay-
size fraction (Stark and Hussain, 2013; Stark and Gamez, 2014). Thus, the results of the CIU’
triaxial test were adopted for design.

Swell/Collapse Properties

Results of 5 swell tests presented previously indicate the Embankment Fill exhibits variable
swelling behavior ranging from non-expansive to highly expansive. Maximum swell at 250 psf
effective confining pressure ranged from 0.0 to 3.02% (1.04% average), and swell pressure
ranged from 472 to 5,760 psf (2,112 psf average). Consequently, structures founded on
Embankment Fill may be subject to shrink/swell movements associated with fluctuations in soil
moisture content.

Consolidation Properties

Results of 4 consolidation tests presented previously indicate the Embankment Fill is
moderately overconsolidated with an OCR between 2.9 and 7.3 (average 4.5) using the
Casagrande method, and between 2.7 and 5.9 (average 3.7) using the Boone method. The
highest OCR value was obtained in the upper 10 feet of the embankment (possibly associated
with desiccation), while the other 3 values were obtained at depth interval of 15 to 17.5 feet (i.e.,
approximately the foundation bearing elevation of the proposed auxiliary spillway RCC crest
weir). The average OCR value from the deeper tests was 3.5 and 2.9 using Casagrande and
Boone methods, respectively. The interpreted values of Cc ranged from 0.16 to 0.24 (average
0.19), while values of Cr ranged from 0.010 to 0.035 (average 0.022). The results were
considered to be reasonable based on relative stiffness of the soils as indicated by laboratory
strength and in-situ testing.
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Table 5-1. Analysis of Laboratory Test Results for Embankment Fill

Min. Test Max. Test Standard Number
Deviation of Tests

Parameter Average
Value Value 9

Classification and Index Properties
Field USCS CL, CH
Lab USCS CL, CH
Liquid Limit, LL 42 82 51 8.6 33
Plasticity Index, PI 19 55 30 7.2 33
Plastic Limit, PL 16 27 21 25 33

Physical Properties
Natural Water Content, WC (%) 11.9 31.0 19.9 4.5 124
Natural Dry Unit Weight, DD (pcf) 89.8 114.9 102.9 6.5 34
Natural Total Unit Weight, TD (pcf) 107.1 132.5 123.3 6.4 34
Specific Gravity, Gs 2.62 2.82 271 0.03 34
Void Ratio, e0 0.48 0.88 0.65 0.11 34
Degree of Saturation, S (%) 52 100 84 12.6 34
Liquidity Index, LI -0.35 0.11 -0.01 0.09 32
Gradation
Clay Fraction, CF (%) @ 20.0 53.0 32.7 7.7 29
Fines Content (%) @ 60.0 100.0 85.0 8.8 33
Sand Content (%) 0.0 27.0 13.2 6.8 32
Gravel Content (%) 0.0 21.0 1.7 4.5 32
Dispersion
Crumb Test Gril Gr3 Gr1-2 27
Double Hydrometer 2.0 66.0 13.7 17.1 13
Shear Strength
Undrained Shear Strength, Su (psf) 1,260 5,620 3,768 1,563 10
Compressibility
Overconsolidation Ratio, OCR 3.0 8.8 5.0 2.7 4
Compression Index, Cc 0.16 0.24 0.19 0.04 4
Recompression Index, Cr 0.026 0.035 0.030 0.004 4
Coeff. of Consol., cv — Comp. (in?/sec) 1.0E-06 1.5E-04 4.7E-05 4
Coeff. of Consol., cv — Recomp. (in%/sec) 4.3E-03 9.3E-03 6.3E-03 4
Hydraulic Conductivity
Hydraulic Conductivity, k (cm/s) 0
Swell

Swell Index, Cs (from consol tests) 0.04 0.11 0.06 0.03 4
Swelling Strain Index, Cse (from swell tests) 0.005 0.023 0.012 0.007 5
Percent Swell at 250 psf Vertical Load (%) No swell 3.0 1.3 1.2 5
Swell Pressure (psf) 472 5,760 2,112 2,095 5
Notes:

1) Percent by weight finer than 0.002 mm (clay fraction)

2) Percent by weight finer than the #200 sieve (silt and clay fraction)
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5.2.2 Valley Fill

Relatively thin layers of suspected fill material in the valley bottom encountered at the ground
surface upstream and downstream of the embankment. These materials were described on the
boring logs as light to dark brown, tan, or gray; moist to very moist; soft to medium stiff fat clays
to sandy fat clays with trace to some silt, sand, and/or gravel, organics, and occasional
calcareous nodules. The thickness ranged from 2 to 4 feet on the upstream side, and 3to 7
feet on the downstream side.

Upstream of the embankment in borings B-301 and B-302, the pocket penetrometer values
ranged from 0.5 to 2.5 tsf. Values less than 1.0 tsf were only recoded in the upper 2 feet of B-
302. Downstream of the embankment in borings B-601 through B-606, the pocket penetrometer
values ranged from 0.25 to 4.5+ tsf. Values less than 1.25 tsf were only recorded in the upper 2
feet of B-604. No SPT samples were collected in the Valley Fill.

Results of laboratory index testing indicate that the Valley Fill generally classifies as sandy fat
and lean clays (CH, CL). The measured LL ranges from 27 to 53, Pl ranges from 11 to 33, fines
content ranges from 60 to 88%, and clay fraction ranges from 18 to 35%. Based on limited
testing, the total unit weight ranges from 126.9 to 127.9 pcf, and the moisture content is about
+2 to +2.5% of the PL. Index test results are provided in Table 5-2.

Dispersion Potential

Atotal of 5 crumb tests and 2 double-hydrometer tests were performed on the Valley Fill, which
are presented in Table 5-2. While 3 of the crumb results indicate the Valley Fill may be
dispersive, double hydrometer test results on 2 of these samples indicate generally non-
dispersive fill with dispersion less than 27%.

Shear Strength Properties

One UC test was performed on a sample from the upstream side of the dam in boring B-301 at
a depth of 2 to 4 feet. The resulting Su was 1,157 psf with strain at failure of 9.7%. One UU test
was performed downstream of the dam at a depth of 5 to 6.5 feet in material that could not be
distinguished between Valley Fill or Alluvium, but yielded an Su of 1,796 psf at failure strain of
18.0%.

In general, the relatively lower Su of the Valley Fill does not pose significant issues because
many of the proposed structure foundations bear below this unit, and its shallow thickness is
amenable to overexcavate/replace (discussed later in Section 8). No CU testing was performed
on the Fill, but total and effective stress envelopes were assumed to be similar to that of the
Embankment Fill for analysis purpose.

Swell/Collapse Properties

No swell testing was performed on the Valley Fill, but based on the slightly higher sand content
and slightly lower PI value relative to the Embankment Fill, this material would generally be
expected to exhibit non-expansive to slightly expansive behavior. However, based on the typical
heterogeneity of fill materials, this material should also be considered as potentially expansive.

Consolidation Properties

No consolidation testing was performed on the Valley Fill, but based on the results of laboratory
strength and in-situ testing, this material is expected to be slightly to moderately overconsolidated

AECOM
Plum 21_SMR_FINAL_2021.08.04_clean.docx 41



Soil Mechanics Report

Project reference: TSSWCB IDIQ-AECOM-2018-79017
Project number: 60586838

and exhibit long-term consolidation properties less favorable than the Embankment Fill. Similar
to the shear strength considerations discussed above, compressibility of the Valley Fill does not
pose significant design issues because proposed structure foundations bear below this unit.
Settlement of embankment raise sections may be influenced by these materials, but to a relatively
small degree since the Valley Fill is relatively thin and the embankment raise is not particularly
sensitive to settlement (see further discussion in Section 8).

Hydraulic Conductivity

No hydraulic conductivity testing was performed on the Valley Fill, but based on the gradation and
index properties, the material is expected to behave as relatively low permeability with properties
similar to Embankment Fill.
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Table 5-2. Analysis of Laboratory Test Results for Valley Fill

Min Test Max Test Standard Number
Deviation of Tests

Parameter Average
Value Value 9

Classification and Index Properties

Field USCS CL, CH
Lab USCS CL, CH
Liquid Limit, LL 27 53 42 9.0 6
Plasticity Index, PI 11 33 24 7.8 6
Plastic Limit, PL 16 21 18 21 6
Physical Properties
Natural Water Content, WC (%) 14.0 26.0 20.6 3.4 15
Natural Dry Unit Weight, DD (pcf) 104.3 114.9 108.4 4.0 5
Natural Total Unit Weight, TD (pcf) 123.6 131.4 128.2 2.9 5
Specific Gravity, Gs 2.65 2.70 2.68 0.02 6
Void Ratio, e0 0.44 0.59 0.54 0.06 5
Degree of Saturation, S (%) 83.7 94.5 90.6 5.0 5
Liquidity Index, LI -0.15 0.24 0.06 0.13 6
Gradation
Clay Fraction, CF (%) @ 18.0 35.0 28.7 6.2 6
Fines Content (%) @ 60.0 88.0 70.7 10.3 6
Sand Content (%) 12.0 40.0 29.3 10.3 6
Gravel Content (%) 0.0 0.0 0.0 0.0 6
Dispersion
Crumb Test Gril Gr4 Gr2 6
Double Hydrometer 10.0 27.0
Shear Strength
Undrained Shear Strength, Su (psf) 1,157 1,796 2

Compressibility
Overconsolidation Ratio, OCR

Compression Index, Cc

Recompression Index, Cr

Coeff. of Consol., cv — Comp. (in?/sec)

ojlo|o|o|oO

Coeff. of Consol., cv — Recomp. (in?/sec)

Hydraulic Conductivity

Hydraulic Conductivity, k (cm/s) — —

o

Swell

Swell Index, Cs (from consol tests)

Swelling Strain Index, Cse (from swell tests)
Percent Swell at 250 psf Vertical Load (%)

Swell Pressure (psf)

Notes:
1) Percent by weight finer than 0.002 mm (clay fraction)
2) Percent by weight finer than the #200 sieve (silt and clay fraction)

oO|o|O0|O
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5.2.3 Alluvium

Alluvium was generally described on the boring logs as light brown, tan, and gray; slightly moist
to moist; stiff to hard fat clay with silt seams and partings, ferrous staining, and calcareous
inclusions. Upstream of the embankment in boring B-301, pocket penetrometer values ranged
from 2.75 to 4.5 tons-per-square-foot (tsf). Downstream of the embankment in borings B-601
through B-606, the pocket penetrometer values ranged from 0.25 to 4.5+ tsf, with values less
than 1.25 tsf only recorded in the upper 2 feet of B-604. No SPT samples were obtained in this
material.

Results of laboratory index testing indicate that the Alluvium generally classifies as moderately
plastic, sandy lean to fat clays (CL, CH). The measured LL ranges from 39 to 51, PI ranges from
24 to 32, fines content ranges from 65 to 81%, clay fraction ranges from 30 to 36%, and
negligible gravel content. The total unit weight ranges from 124.0 to 131.4 pcf, and the moisture
content is generally within —3 to +3% of the PL. A summary of index properties is provided in
Table 5-3.

Dispersion Potential

A total of 4 crumb tests and 4 double-hydrometer tests were performed on the Alluvium, which
are presented inTable 5-3. While the crumb test results indicate the Alluvium may be dispersive,
only 1 double hydrometer test result indicates dispersive material with a dispersion of 61%.
Pinhole testing may be warranted for this material to confirm dispersion potential.

Shear Strength Properties

One UU test was performed on the downstream side of the dam in boring B-602 at a depth of 5
to 7 feet. The resulting Su was 3,639 psf with strain at failure of 5.1%. One UU test was
performed downstream of the dam at a depth of 5 to 6.5 feet in material that could not be
distinguished between possible Fill or Alluvium, but yielded an Su of 1,796 psf at failure strain of
18.0%.

One CU test was performed to evaluate total stress and effective stress shear strength envelopes.
The sample interval was taken from 4 to 10 feet (3 different samples) in B-301, as presented
earlier. However, the shear strength from the sample tested at the lowest normal stress was
significantly higher than other points, and thus the final envelope was based on only 2 points. The
results were considered to be somewhat inconclusive, because the envelope exhibits a higher
cohesion intercept and lower friction angle than would be expected of moderately-plastic clay for
both total and effective stress envelopes. Consequently, conservative total and effective stress
envelopes were adopted for this material based on the CU test envelope, correlations with index
properties, and CU test envelopes on other materials considering a representative range of
normal stresses.

Consolidation Properties

No consolidation testing was performed on the Alluvium, but based on the results of laboratory
strength and in-situ testing, this material is expected to be potentially compressible and exhibit
long-term consolidation behavior. The Alluvium is expected to be moderately overconsolidated,
with consolidation properties similar to but slightly less favorable than that of the Residuum.
Additional discussion is provided in Section 8.
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Swell/Collapse Properties

No swell tests were performed on the Alluvium. However, based on the fines content and the
similarity of index properties to other materials that exhibit expansive behavior, the Alluvium
should be treated as potentially expansive (similar to Embankment Fill).

Hydraulic Conductivity

No hydraulic conductivity testing was performed on the Alluvium, but based on the gradation and
index properties, the material is expected to behave as relatively low permeability with properties
similar to Residuum.
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Table 5-3. Analysis of Laboratory Test Results for Alluvium

Parameter

Min Test
Value

Max Test

Standard Number
Deviation of Tests

Average

Value

Plum 21_SMR_FINAL_2021.08.04_clean.docx

Classification and Index Properties
Field USCS CL, CH
Lab USCS CL, CH
Liquid Limit, LL 39 51 44 5.7 4
Plasticity Index, PI 24 32 28 4.1
Plastic Limit, PL 15 19 17 1.7 4

Physical Properties
Natural Water Content, WC (%) 14.1 22.0 17.5 2.6 6
Natural Dry Unit Weight, DD (pcf) 101.8 115.5 109.6 6.0 4
Natural Total Unit Weight, TD (pcf) 124.2 131.8 128.4 3.9 4
Specific Gravity, Gs 2.68 2.75 2.72 0.03 4
Void Ratio, e0 0.48 0.67 0.55 0.09 4
Degree of Saturation, S (%) 79.0 91.6 85.0 6.5 4
Liquidity Index, LI -0.10 0.09 0.02 0.08 4
Gradation
Clay Fraction, CF (%) @ 30.0 36.0 32.8 3.2 4
Fines Content (%) @ 65.0 81.0 73.3 6.6 4
Sand Content (%) 19.0 35.0 26.8 6.6 4
Gravel Content (%) 0.0 0.0 0.0 0.0 4
Dispersion
Crumb Test Gr3 Gr4 Gr4
Double Hydrometer 5.0 61.0 21.8 26.3
Shear Strength
Undrained Shear Strength, Su (psf) 3,638 3,638 1
Compressibility
Overconsolidation Ratio, OCR 0
Compression Index, Cc 0
Recompression Index, Cr 0
Coeff. of Consol., cv — Comp. (in?/sec) 0
Coeff. of Consol., cv — Recomp. (in%/sec) 0
Hydraulic Conductivity
Hydraulic Conductivity, k (cm/s) 0
Swell

Swell Index, Cs (from consol tests) 0
Swelling Strain Index, Cse (from swell tests) 0
Percent Swell at 250 psf Vertical Load (%) 0
Swell Pressure (psf) 0
Notes:

1) Percent by weight finer than 0.002 mm (clay fraction)

2) Percent by weight finer than the #200 sieve (silt and clay fraction)
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5.2.4 Leona Formation

The Leona Formation was generally described on the boring logs as variable in color (tan, brown,
dark brown, grayish or reddish brown, and/or red), wet, medium dense to dense, subangular to
subrounded clayey gravel with occasional sand and clay pockets. In a few instances, it was
described as stiff to very stiff gravelly fat clay with sand and calcareous nodules and pockets, and
subangular to subrounded gravel fraction.

The SPT N-values in this material ranged from 20 to 36 bpf. No Shelby tubes were collected in
this unit, and no pocket penetrometer tests were performed.

Results of laboratory index testing indicate that the Leona generally classifies as clayey gravel
(GC) with one sample testing as fat clay with sand (CH). The measured LL ranges from 46 to
58, PI ranges from 28 to 36, fines content ranges from 14 to 26% with one sample at 84%, clay
fraction ranges from 8 to 14% with one samples at 42%, and gravel content ranging from 49 to
64% with ones samples at 0%. The moisture content of the Leona Formation is typically less
than about 10%, and liquidity index is less than -0.20. A summary of index properties is provided
in Table 5-4.

Dispersion Potential

Two crumb tests were performed on the Leona Formation, and both indicated the material as non-
dispersive. A summary is provided in Table 5-4.

Engineering Properties

No advanced engineering tests were performed on the Leona. However, considering the
relatively low fines content on most samples (generally less than about 25%) and relatively high
N-values, this material is expected to largely behave as a cohesionless soil with relatively high
strength, low compressibility, low swell potential, and moderate to high permeability.
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Table 5-4. Analysis of Laboratory Test Results for Leona Formation

Parameter

Min Test
Value

Max Test

Number
of Tests

Standard
Deviation

Average

Value

Plum 21_SMR_FINAL_2021.08.04_clean.docx

Classification and Index Properties
Field USCS GC, CH
Lab USCS GC, CH
Liquid Limit, LL 46 58 54 4.5
Plasticity Index, PI 28 36 33 3.2 5
Plastic Limit, PL 18 22 20 1.7 5

Physical Properties
Natural Water Content, WC (%) 7.6 13.1 9.4 1.8 8
Natural Dry Unit Weight, DD (pcf) 117.4 124.9 2
Natural Total Unit Weight, TD (pcf) 132.8 137.4 2
Specific Gravity, Gs 2.70 2.73 2
Void Ratio, e0 0.35 0.45 2
Degree of Saturation, S (%) 77.4 79.3 2
Liquidity Index, LI -0.38 -0.20 -0.32 0.07 5
Gradation
Clay Fraction, CF (%) @ 8.0 42.0 16.0 12.9 6
Fines Content (%) @ 14.0 84.0 31.7 26.0 6
Sand Content (%) 12.0 29.0 22.2 6.7 6
Gravel Content (%) 0.0 64.0 46.2 23.3 6
Dispersion
Crumb Test Gril Gr1l 2
Double Hydrometer (%) 0
Shear Strength
Undrained Shear Strength, Su (psf) 0
Compressibility
Overconsolidation Ratio, OCR 0
Compression Index, Cc 0
Recompression Index, Cr 0
Coeff. of Consol., cv — Comp. (in%/sec) 0
Coeff. of Consol., cv — Recomp. (in%/sec) 0
Hydraulic Conductivity
Hydraulic Conductivity, k (cm/s) 0
Swell

Swell Index, Cs (from consol tests) 0
Swelling Strain Index, Cse (from swell tests) 0
Percent Swell at 250 psf Vertical Load (%) 0
Swell Pressure (psf) 0
Notes:

1) Percent by weight finer than 0.002 mm (clay fraction)

2) Percent by weight finer than the #200 sieve (silt and clay fraction)
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5.2.5 Residuum

Both Midway Residuum and Wilcox Residuum were encountered in the borings, but due to the
prevalence of the Midway and the similarities between the two materials, these units are
generally considered as “Residuum” for the purposes of this analysis. Residuum was generally
described on the boring logs as tan, brown, and/or gray; dry to moist; blocky; stiff to hard fat clay
(occasionally sandy fat clay) with sand and silt partings and seams, ferrous staining, and
calcareous inclusions.

The SPT N-values generally ranged from 9 to 37 bpf with one test of 50/2” in B-01 (cemented
zone). Values less than 10 bpf were encountered in B-09, and values greater than 20 bpf were
encountered in the deepest portions of B-05 and B-606. Pocket penetrometer values ranged
from 1.5 to 4.5+ tsf; the majority of values were greater than 4.0 tsf, and the lowest values
generally encountered in borings along the embankment centerline.

Results of laboratory index testing indicate that the Residuum generally classifies as sandy fat
clay (CH) to fat clay with sand, and fewer instances of sandy lean clay (CL). The measured LL
ranges from 43 to 77 (typically about 60 to 70), Pl ranges from 26 to 50 (typically about 35 to
45), fines content ranges from 73 to 100%, clay fraction ranges from 31 to 51%, and gravel
content ranges from 0 to 20% (typically 0%). The total unit weight ranges from 115.1 to 126.6
pcf, and the moisture content is generally within -2 to +3% of the PL. Index properties are
summarized in Table 5-5.

Dispersion Potential

Dispersion testing included 19 crumb tests and 10 double-hydrometer tests. Crumb tests
indicated the material as non-dispersive (Grade 1 or 2). One hydrometer test had a result of 33%
dispersion, but all others were less than 30% indicating low dispersion potential. Results are
summarized in Table 5-5.

Shear Strength

Based on the results of 11 UU tests, the measured values of Su were between 1,948 and 8,464
psf (average 4,636 psf). Strain at failure ranged from 3.1 to 12.5%. For the purposes of
engineering analysis, reduced values of Su were considered in design, which were selected
based on the shear strength developed at an axial strain of about 3 to 6% based on the specific
stress-strain curves. The strain-limited Su values were generally similar to the peak Su values.

One CU test was performed to evaluate total stress and effective stress shear strength envelopes.
The sample interval was 15.5 to 17.5 feet in B-603, as presented earlier. Due to limited quantity
of testable sample from the tube, the strength envelope was based on only 2 normal stress points.
The results were considered to be somewhat inconclusive, because the envelope exhibits a lower
cohesion intercept and higher friction angle than would be expected of a fat clay material for both
total and effective stress envelopes, and were significantly different form the strength envelopes
for the Alluvium which was relatively more sandy and less plastic. Consequently, conservative
total and effective stress envelopes were adopted for this material based on the CU test envelope,
correlations with index properties, and CU test envelopes on other materials considering a
representative range of normal stresses.

Swell/Collapse Properties
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Result of 6 swell tests presented previously indicate the Residuum exhibits non-expansive to
expansive soil behavior. Maximum swell at 250 psf effective confining pressure ranged from 0.0
to 3.10% (1.06% average), and swell pressure ranged from 802 to 5,540 psf (2,304 psf

average). Consequently, structures founded on this material may be subject to shrink/swell
movements associated with fluctuations in soil moisture content.

Consolidation Properties

Result of 6 consolidation tests presented previously indicate the Residuum is moderately
overconsolidated with an OCR generally between 3.5 and 6.2 (average 4.8) using the
Casagrande method, and between 2.9 and 6.0 (average 4.4) using the Boone method. One
exception was the sample from boring B-601 at 10-12.5 feet, which had an average OCR of
about 1.5 and average P’c of about 2,050 psf. One of the tests was performed in the upstream
toe boring B-301 at depth of 18 to 20 feet bgs, while all the remaining tests were performed on
samples from downstream toe borings and at depths between 10 and 21 feet bgs (i.e., within
about 10 feet below the foundation bearing elevations for the proposed principal spillway impact
basin and auxiliary spillway RCC stilling basin). The OCR was similar on both the upstream and
downstream sides of the dam. The values of Cc ranged from 0.10 to 0.24 (average 0.15), and
the Cr values which ranged from 0.010 to 0.031 (0.024).

Hydraulic Conductivity Properties

No hydraulic conductivity testing was performed on the Residuum, but based on the gradation
and index properties, the material is expected to behave as relatively low permeability with
properties similar to Alluvium.
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Table 5-5. Analysis of Laboratory Test Results for Residuum

Parameter

Min Test

Value

Max Test

Number
of Tests

Standard
Deviation

Average

Value

Plum 21_SMR_FINAL_2021.08.04_clean.docx

Classification and Index Properties
Field USCS CH
Lab USCS CH, CL
Liquid Limit, LL 43 77 59 8.7 30
Plasticity Index, PI 24 50 36 6.7 30
Plastic Limit, PL 17 27 23 25 30

Physical Properties
Natural Water Content, WC (%) 16.0 324 23.6 35 62
Natural Dry Unit Weight, DD (pcf) 89.3 114.2 97..7 5.6 32
Natural Total Unit Weight, TD (pcf) 111.8 133.7 121.1 4.5 32
Specific Gravity, Gs 2.63 2.79 2.72 0.03 32
Void Ratio, e0 0.48 0.91 0.74 0.10 32
Degree of Saturation, S (%) 67.5 97.8 88.6 8.0 32
Liquidity Index, LI -0.17 0.43 0.02 0.11 29
Gradation
Clay Fraction, CF (%) @ 26.0 51.0 36.6 6.5 30
Fines Content (%) @ 73.0 100.0 90.9 7.5 30
Sand Content (%) 0.0 24.0 7.5 6.0 30
Gravel Content (%) 0.0 20.0 1.6 4.6 30
Dispersion
Crumb Test Gril Gr2 Grl-2 28
Double Hydrometer (%) 2.0 33.0 13.1 8.7 17
Shear Strength
Undrained Shear Strength, Su (psf) 1,948 8,461 4,844 1,728 16
Compressibility
Overconsolidation Ratio, OCR 1.3 6.1 4.4 15 7
Compression Index, Cc 0.10 0.24 0.15 0.04 7
Recompression Index, Cr 0.017 0.031 0.024 0.005 7
Coeff. of Consol., cv — Comp. (in%/sec) 4.7E-05 4.8E-04 7
Coeff. of Consol., cv — Recomp. (in%/sec) 3.6E-03 6.1E-02 7
Hydraulic Conductivity
Hydraulic Conductivity, k (cm/s) 0
Swell

Swell Index, Cs (from consol tests) 0.035 0.055 0.047 0.007 6
Swelling Strain Index, Cse (from swell tests) 0.006 0.024 0.014 0.006 6
Percent Swell at 250 psf Vertical Load (%) None 3.10 1.22 --- 6
Swell Pressure (psf) 802 5,540 2,304 1,684 6
Notes:

1) Percent by weight finer than 0.002 mm (clay fraction)

2) Percent by weight finer than the #200 sieve (silt and clay fraction)
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5.2.6 Clayshale

Both Midway Clayshale and Wilcox Clayshale were encountered in the borings, but due to the
prevalence of the Midway and the similarities between the two materials, these units are
generally considered as “Clayshale” for the purposes of this analysis. The Clayshale was
described on the borings logs as gray to dark gray, dry to moist, hard, weathered, laminated and
fissile clayshale with light gray silt seams and partings.

The SPT N-values in the Clayshale ranged from 26 bpf to 50/1”, with most values between 30
and 45 bpf. Pocket penetrometer values ranged from 3.5 to 4.5+ tsf, with most values of 4.5+
tsf.

Mechanically disaggregated samples of the Clayshale were subjected to index testing, which is
summarized in Table 5-6. The disaggregated samples classified as fat clay (CH) with LL and PI
values similar to the Resdiuum. Natural total unit weights ranged from 94.3 to 124.8 pcf, and
natural moisture contents are on the order of 2 to 5% less than the PL.

Shear Strength

Atotal of 5 UC tests were performed on the Clayshale to estimate compressive strength and
undrained shear strength. The resulting Su values were between 1,984 and 10,596 psf, with
most values greater than 5,000 psf. Shear behavior in the UC tests had a fairly well-defined
peak, with strain at failure ranging from 3.3 to 6.5%.

In general, the shear strength of the Clayshale was judged to be sufficiently high so as to not
control the design. Effective stress strength parameters were considered to be similar to the
Residuum with higher cohesion.

Other Engineering Properties

No additional engineering properties testing was performed on the Clayshale, as it is located well
below the proposed bearing elevation of most structures, and swelling properties were considered
to be irrelevant. The material was judged to be relatively incompressible for the purposes of
consolidation analysis. The hydraulic conductivity was judged to be similar to Residuum for
analysis purposes.
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Table 5-6. Analysis of Laboratory Test Results for Clayshale

Parameter

Min Test
Value

Value

Max Test

Average

Standard
Deviation

Number
of Tests

Plum 21_SMR_FINAL_2021.08.04_clean.docx

Classification and Index Properties
Field USCS CH
Lab USCS CH
Liquid Limit, LL 54 67 63 4.2 11
Plasticity Index, PI 33 41 38 25 11
Plastic Limit, PL 21 29 25 2.2 11

Physical Properties
Natural Water Content, WC (%) 13.0 25.0 21.9 2.1 39
Natural Dry Unit Weight, DD (pcf) 90.4 103.0 97.5 3.8 11
Natural Total Unit Weight, TD (pcf) 108.2 125.0 118.7 5.0 11
Specific Gravity, Gs 2.70 2.77 2.74 0.02 11
Void Ratio, e0 0.67 0.86 0.76 0.06 11
Degree of Saturation, S (%) 61.6 89.0 79.4 8.5 11
Liquidity Index, LI -0.17 -0.03 -0.09 0.04 11
Gradation
Clay Fraction, CF (%) @ 32.0 43.0 38.5 3.3 11
Fines Content (%) @ 85.0 100.0 96.9 4.6 11
Sand Content (%) 0.0 15.0 3.1 4.6 11
Gravel Content (%) 0.0 0.0 0.0 0.0 11
Dispersion
Crumb Test Gril Gr2 Gr1l 8
Double Hydrometer (%) 9.0 9.0
Shear Strength
Undrained Shear Strength, Su (psf) 1,984 10,595 7,303 3,187 6
Compressibility
Overconsolidation Ratio, OCR 0
Compression Index, Cc 0
Recompression Index, Cr 0
Coeff. of Consol., cv — Comp. (in%/sec) 0
Coeff. of Consol., cv — Recomp. (in%/sec) 0
Hydraulic Conductivity
Hydraulic Conductivity, k (cm/s) (from consol.) 0
Swell

Swell Index, Cs (from consol tests) 0
Swelling Strain Index, Cse (from swell tests) 0
Percent Swell at 250 psf Vertical Load (%) 0
Swell Pressure (psf) 0
Notes:

1) Percent by weight finer than 0.002 mm (clay fraction)

2) Percent by weight finer than the #200 sieve (silt and clay fraction)
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5.3 Borrow Materials Characterization

Potential on-site borrow material sources include Borrow Areas #1 and #2 in the reservoir area,
as well as areas of planned excavation including the proposed downstream alignment of the
auxiliary spillway channel (e.g. B-606) and excavations into the embankment and downstream
toe. Discussion of these sources is provided below.

5.3.1 Borrow Area #1

Borrow Area #1 is located relatively close to the proposed dam improvements, within about 300
to 650 feet upstream of the left side of the embankment. Composite, remolded bulk samples
were prepared from depth intervals of 0 to 4 feet (COMP-1), and from either 4 or 5.5 to 10 feet
depth (COMP-2). Both samples classified as lean clays (CL) with PI less than 25.

Based on index test results the COMP-1 had LL of 43, Pl of 25, fines content of 80%, clay content
of 35%, and negligible gravel. The COMP-2 had LL of 39, Pl of 23, fines content of 67%, clay
content of 30%, and negligible gravel. The samples were found to be non-dispersive on the basis
of crumb and double-hydrometer testing. The results of two supplemental Atterberg limits tests
on the upper soil layer representative of COMP-1 were LL=44 and 45 and PI=27 and 28 (borings
B-102 and B-104). The results of two supplemental Atterberg limits tests on the lower soil layer
representative of COMP-2 were LL=35 and 42 and PI=21 and 27.

Shear testing on both composite samples included UU and CU trixial. The UU results were similar,
with Su between 1,555 and 1,715 psf. The total and effective strength envelopes from CU test
results, presently earlier, were also similar and were judged to be reasonable. Samples for
strength testing were remolded to target 95% of maximum dry density (MDD) at +3% of optimum
moisture content (OMC) per ASTM D698 to represent the least favorable range of a typical
embankment compaction specification with respect to shear strength.

Consolidation testing was performed on COMP-1 only. The sample was remolded to same target
density and moisture content (“wet”) as the shear test samples. The estimated P’c was 3,000 psf,
and Cc and Cr were 0.23 and 0.037, respectively. The sample was remolded to target 95% of
MDD at +3% of OMC per ASTM D698.

Hydraulic conductivity testing was performed on both composite samples. Results were similar,
between 1.5x107and 4.6x108. The sample was remolded to a target 95% MDD at 0% OMC per
ASTM D698 to represent the least favorable range of a typical embankment compaction
specification with respect to hydraulic conductivity.

One swell test conducted on COMP-1 only indicates potential expansive soil properties (swell
pressure of 2,000 psf with 0.94% maximum swell at 250 psf confining pressure). The sample was
remolded to target 95% of MDD at 0% of OMC per ASTM D698.

5.3.2 Borrow Area #2

Borrow Area #2 is located relatively farther from the dam improvements, within about 800 to 1,300
feet upstream of the right side of the embankment but with a longer haul distance. Composite,
remolded bulk samples was prepared from depth interval 0 to 3 feet (COMP-3), and from 3 to 8
feet (COMP-4). Both samples classified as sandy fat clays (CH) to clays with sand.

Based on index test results the COMP-3 had LL of 50, PI of 31, fines content of 76%, clay content
of 41%, and negligible gravel. The COMP-4 had LL of 57, Pl of 37, fines content of 91%, clay

AECOM
Plum 21_SMR_FINAL_2021.08.04_clean.docx 54



Soil Mechanics Report
Project reference: TSSWCB IDIQ-AECOM-2018-79017
Project number: 60586838

content of 54%, and negligible gravel. The samples were found to be non-dispersive on the basis
of crumb and double-hydrometer testing. The results of two supplemental Atterberg limits tests
on the upper soil layer representative of COMP-3 were LL=60 and 51 and PI1=38 and 33 (borings
B-107 and B-109). The results of two supplemental Atterberg limits tests on the lower soil layer
representative of COMP-4 were LL=69 and 68 and PI=46 and 46.

Consolidation testing was performed on COMP-3 only. The sample was remolded to same target
density and moisture content (“wet”) as the shear test samples. The estimated P’c was 3,000 psf,
and Cc and Cr were 0.26 and 0.050, respectively. The sample was remolded to target 95% of
MDD at +3% of OMC per ASTM D698.

One swell test on COMP-3 indicated non-expansive properties (0% swell at 250 psf confining
pressure), but these clays are of relatively high plasticity and testing of additional samples could
indicate swell potential. The sample was remolded to target 95% of MDD at 0% of OMC per ASTM
D698.

5.3.3 Downstream RCC Outlet Channel Area

Materials within the required excavation for construction of the proposed RCC auxiliary spillway
outlet channel downstream of the spillway was also evaluated as a potential borrow source.
Planned excavation depth for the outlet channel is a maximum of about 5 feet bgs. Boring B-606
was drilled in the proposed outlet channel, and encountered sandy lean clay (CL) in the upper 6
feet, and fat clay (CH) from depths of 6 to 20 feet bgs. The upper layer considered for potential
borrow had measured LL=43-44 and PI1=26-27. Below a depth of 6 feet, the measured LL=59
and PI1=36.

No engineering properties testing was performed on remolded samples from this area, but
properties from the upper 6 feet of this area are expected to be similar to that of Borrow Area #1
based on the general similarity of index properties.

5.3.4 Excavation for RCC Overtopping Spillway

Materials within the required excavation for construction of the overtopping RCC auxiliary spillway
into existing embankment and foundation materials at the downstream toe was evaluated as a a
potential source of borrow. Excavations in these areas are likely to encounter existing
Embankment Fill, Valley Fill, Alluvium, Leona Formation, and Residuum. Index and engineering
properties of these materials in natural state are described in previous sections.

No engineering properties testing was performed on remolded samples of these materials, but
are expected to be similar to engineering properties of the Borrow Area #1 and #2 materials based
on the general similarity of index properties. Specifically, the intervals of Embankment Fill, Valley
Fill, and Alluvium would be most similar to Borrow Area #1 samples, while the Residuum would
be most similar to Borrow Area #2 samples.

5.3.5 Excavation for PSW Replacement

Required excavations for abandonment of the existing PSW and installation of the new PSW was
evaluated as a potential borrow source. The planned excavations are expected to encounter
primarily existing Embankment Fill, with anticipated Valley Fill and native foundation materials
(Alluvium and Residuum) below about El. 499+. Index and engineering properties of these
materials in natural state are described in previous sections. Testing was not performed on
remolded samples of these materials, but borrow material from these sources would be expected
to have somewhat similar engineering properties of the Borrow Area #1 and #2 materials.
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6. Seismic Analysis

6.1 NRCS Seismic Screening Procedure

Seismic site characterization was performed according to the guidance in the most recent NRCS
TR-210-60 (2019). The document specifies that conventional seismic analysis be evaluated for
sites with PGA equal to or greater than 0.07g for the seismic event associated with the dam'’s
consequence of seismic failure (conservatively taken as the dam'’s hazard potential classification
herein). Since this dam has been upgraded to high hazard, the 0.5% in 50 year earthquake event
(10,000-year return period) is appropriate for design-level evaluations. Based on a de-aggregation
of seismic hazard using the online USGS National Seismic Hazards Mapping Tool, the PGA for
this 10,000-year event is 0.058g for the top of competent rock. The PGA was adjusted for site
class assuming Site Class D based on SPT N-values in the upper 100 feet of below the dam and
corresponding site coefficient Fpga Of 1.6 (sites with top of rock PGA less than 0.1, per ASCE 7-
10), which yields a design PGApesign = PGA X Fpga = 0.09g.

Based on the relatively low seismicity of the site and distance from mapped faults and faults
systems, and the relative stiffness and cohesive nature of site soils, the risks of seismic hazards
such as liquefaction, cyclic strain softening, and fault-rupture are considered to be negligible.
While the PGAbesign exceeds the referenced 0.07g cited in the TR-210-60, the document also has
a provision which waives the requirement for seismic analysis of “well-built” embankment dams
with limited potential loss of strength at sites with PGApesign less than 0.2g. The TR-210- 60 defines
“well-built” embankments as those constructed from well-compacted earth or rock fill, founded on
rock or dense soil (particularly clay) foundations, with adequate static factors of safety, with
seepage control and free-board, and constructed under controlled conditions.

Based on review of historical design information, the results of this field investigation, and the
geotechnical analyses contained herein, AECOM believes that the dam meets the criteria for well-
built embankment dams based on the following factors:

1. As-built drawings specify modern compaction criteria for the embankment, and results of
field (SPT, pocket penetrometer) and laboratory strength tests (UC, UU, CIU") confirm
relatively stiff cohesive soils indicative of well-compacted fill;

2. Embankment foundation consists of stiff to hard alluvial and residual clay, medium dense to
dense clayey gravel, and clayshale which are not subject to significant strength loss during
earthquake loading;

3.  While no seepage control is currently provided in the dam, no observed seepage has been
reported to date and the rehabilitation design will include seepage control in the form of
filter diaphragms around the existing PSW conduit to be abandoned in-place and around
the new PSW conduit and a new toe drain;

4. The original design included embankment freeboard of 17 feet for normal pool (PSW crest)
and 5.3 feet for flood pool (ASW crest) conditions, and freeboard will increase as part of the
proposed rehabilitation;

5. Calculated static slope stability factors of safety in the original design documents and the
current rehab project are above minimum values, and there is no documented evidence of
prior slope instability; and

6. The dam was designed by NRCS predecessor (SCS) and presumably built under controlled
conditions with appropriate oversight.
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Therefore, further seismic evaluation is not required per NRCS criteria.

6.2 TCEQ Seismic Screening Procedure

Site seismicity was also evaluated with respect to guidelines provided by Texas Commission on
Environmental Quality, Design & Construction Guidelines for Dams in Texas (2009). The guidance
states that seismic evaluations of dam stability must be conducted for high- and significant-hazard
dams near “seismically active” faults, which are defined as faults recognized by and included in
the USGS Quaternary Fault and Fold Database. Based on AECOM's review of the USGS
database, the nearest active fault zone is the Gulf-margin normal faults system located more than
30 miles to the east of the site. This system is considered as “latest Quaternary” (active within the
last 15,000 years) and consists of a compilation of humerous individual unmapped faults. The
faults are decoupled from the underlying crust, and assigned as Class B structures due to their
low seismicity (Wheeler, 1999). Based on this information and the discussion in Section 6.1,
AECOM judges that seismic stability is not required per TCEQ screening guidelines.

6.3 Conclusions

Based on the relatively low seismicity of the site and distance from recently-active faults and faults
systems, detailed investigation and evaluation of seismic hazard is not required for the project
site. Based on this information, and the relative stiffness and cohesive nature of site soils, the
risks of seismic hazards such as liquefaction, cyclic softening, and fault-rupture are considered to
be negligible and no further analysis is needed.
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7. Embankment Seepage and Stability Analysis

7.1 Analysis Sections

Seepage and slope stability analyses were performed to evaluate the proposed improvements for
compliance with the current NRCS TR-210-60 requirements for earth embankment dams.

Three embankment sections were selected for analysis as follows:

e Reach C (i.e., PSW replacement), with specific cross-section at embankment centerline STA
17+35, was evaluated because it represents a full-height reconstruction of the embankment
using on-site borrow material.

e Reach D (i.e., the left portion of the proposed RCC overtopping spillway), with specific cross-
section at embankment centerline STA 19+30, was deemed to be a critical section because
it corresponds to the maximum height of the embankment within the spillway footprint, and
the deepest depth of Clayshale. This section is also located in close proximity to the original
creek alignment. In addition to modelling the overtopping spillway section, this section was
also used to conservatively model the earthen embankment raise immediately adjacent to
the left side of the spillway.

e ReachE (i.e., the right portion of the proposed RCC overtopping spillway), with specific cross-
section at embankment centerline STA 22+50, was evaluated to model the effects of the
gravelly Leona Formation materials which may be present within the planned excavation for
the right side of the RCC ASW stilling basin. The focus is to evaluate potential seepage
through the Leona Formation (consisting largely of GC materials) and possible related effects
on design/construction.

Embankment piezometers B-04P and B-05P were used to calibrate the analysis model phreatic
surfaces to the measured static groundwater levels. Description of the analyses procedures, as
well as presentation and discussion of results, are providing in the following sections.

7.2 Seepage Analysis

7.2.1 Design Criteria

The current version of NRCS TR-210-60 requires that the effects of seepage be evaluated for all
dams. This evaluation must consider potential embankment and foundation seepage-related
failure modes, includes the potential for internal erosion, erosive flow along defects, internal
instability, and uplift pressures to damage the embankment, its foundation, and appurtenant
structures. The TR-210-60 provides the following design criteria related to seepage:

1. Design seepage reduction measures to limit seepage and embankment saturation as
necessary to address seepage failure modes, provide adequate static and dynamic stability,
and limit water loss to the extent required by project function.

2. Minimum factor of safety (FOS) = 4.0 for vertical exit gradients at sites with cohesionless
soils at the downstream toe;

Minimum FOS = 3.0 for a blanket-aquifer condition in soil using effective stress methods;

Include a filter diaphragm around any structure extending through the embankment to the
downstream slope (e.g., conduit pipes);

AECOM
Plum 21_SMR_FINAL_2021.08.04_clean.docx 58



Soil Mechanics Report
Project reference: TSSWCB IDIQ-AECOM-2018-79017
Project number: 60586838

5. Include filtration and drainage features for all significant and high hazard embankment
dams unless the designers establish rationale for less filter and drain protection for
rehabilitation of existing embankments; and

6. Provide seepage integrity for all reservoir stages up to the freeboard hydrograph water
surface.

Criteria #2 and #3 only apply to sections where the gravelly Leona Formation are present, which
may be covered by relatively thin impervious blanket materials. To satisfy Criteria #4 and #5, this
project will require a filter diaphragm around the proposed PSW conduit and internal drainage
layers, respectively. Criteria #1 and #6 are inherent to the seepage and stability evaluations
described in the following sections of this report. Depending on structure complexity, the TR-210-
60 allows the use of qualitative methods, analytical methods, graphical methods, and/or numerical
methods to evaluate seepage effects.

7.2.2 Methodology

Steady-state seepage analyses were performed using numerical methods to estimate the phreatic
conditions within the embankment and internal pore water pressures for use in slope stability
computations. Additionally, the seepage analyses were conducted to estimate seepage flow
volumes for the sizing of the internal drainage system(s). Potential for through-seepage was
examined based on position of the calculated phreatic surface.

The general analysis conditions that were considered are described as follows:

o  Existing conditions: A steady-state seepage analysis was performed for existing conditions
to calibrate the material parameters using known reservoir elevation and limited piezometer
readings at various points in time. This analysis considered a reservoir surface equal to the
existing normal pool (El. 498.8), and a downstream water level based on 24-hour readings
from borings (El. 485). The material parameters were iteratively adjusted until the phreatic
surface through the embankment centerline approximated by the model was similar to the
groundwater levels measured in piezometer B-04P and B-06P during similar reservoir levels
(on the order of EIl. 493 to 496).

e Proposed Normal Pool: A steady-state seepage analysis was performed for the proposed
embankment raise section, including the proposed internal drainage elements (i.e., toe drain
for embankment raise section and RCC chute underdrain for overtopping ASW section, see
Section 9), with the reservoir at the proposed PSW crest elevation (El. 498.8). This analysis
was used to establish the design phreatic surface for steady-state slope stability analyses,
and post-drawdown surface for rapid drawdown analyses (see Section 7.3.3).

e Proposed Flood Pool: A steady-state seepage analysis was performed for the proposed
embankment raise section, including the proposed internal drainage elements, with the
reservoir at the proposed ASW crest elevation (El. 518.9). This conservative case was
analyzed primarily for drain sizing, and to evaluate potential for seepage issues during an
extended flood pool condition. This resulting phreatic surface was also considered in rapid
drawdown slope stability analyses (see discussion in Section 7.3.3).

e Proposed FBH Pool: A steady-state seepage analysis was performed for the proposed
embankment raise section, including the proposed internal drainage elements, with the
reservoir at the proposed Freeboard Hydrograph (FBH) pool level (El. 526.6). This very
conservative case was used primarily for drain sizing, and the resulting hypothetical phreatic
surface was also considered as a simulated uplift pressure applied to saturated material
zones for the flood surcharge slope stability analyses (see discussion in Section 7.3.3).
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7.2.3 Model Setup and Boundary Conditions

The computer program SEEP/W by Geo-Slope International (Geostudio 2020, , Version
10.2.2.20559) was used to perform the steady-state seepage analyses. SEEP/W utilizes a two-
dimensional finite element method to compute seepage flow and piezometric head. A finite
element mesh was generated for the proposed embankment and existing foundation considering
global element sizes of 2.5 feet within the embankment and near-surface materials, and 5 to 10
feet size in other areas of the model.

In order to limit boundary effects, the modelled foundation materials were extended horizontally
approximately 1,000 feet from the upstream dam toe and 600 feet from the downstream toe. The
analysis assumed the foundation overburden soils were laterally continuous throughout the
reservoir, but this assumption could not be confirmed from available data. The Clayshale stratum
included in the model was extended down to EIl. 400 (i.e., approximately 60 feet thick).

On the upstream ground surface of the model, a total head boundary condition equal to the
elevation of the corresponding reservoir level was applied. Similarly, a total head boundary
condition was applied to the downstream vertical edge of the model equal to the assumed far-
field groundwater level (El. 485). A no-flow boundary was applied to the left vertical edge and
bottom of the model. A potential seepage face was applied to the downstream slope of the
embankment and ground surface. In analyses with the proposed toe drain, an outlet pipe was
modeled as a point at the location of the toe drain pipe with a zero-pressure-head boundary
condition. Similarly, for analyses with the proposed RCC ASW chute underdrain, an outlet pipe
was modeled as a point with zero-pressure-head boundary at the elevation of the stilling basin
invert (El. 483.9)

7.2.4 Selected Seepage Parameters

Material parameters for the seepage analysis were developed based on the results of laboratory
hydraulic conductivity testing, and published correlations with soil type. Selected material
properties include the saturated vertical hydraulic conductivity (kv) and the anisotropy ratio (kn/kv)
which is used to calculate the saturated horizontal hydraulic conductivity (kn). These parameters
are provided in Table 7-1. As discussed in Sections 4 and 5, two permeability tests were
performed on remolded samples of borrow material for the future embankment fill. The saturated
hydraulic conductivity for the other subsurface materials, and anisotropy ratios for all materials,
were estimated using published values and correlations based on soil types and index properties.

Material input parameters for the SEEP/W model are provided in Table 7-2. For materials that
are partially saturated and/or will not remain saturated, the “saturated / unsaturated” model was
used for seepage modelling. The “saturated only” model was used only for soils that will always
remain below the phreatic surface. The saturated/unsaturated model require 2 functions:
hydraulic conductivity function and volumetric water content function. The hydraulic conductivity
function describes how the hydraulic conductivity varies with changes in suction (i.e. negative
pore-water pressure) present in unsaturated soils. The volumetric water content function
describes how the suction varies with changes in water content in the soil. Unsaturated functions
for hydraulic conductivity and volumetric water content were based on SEEP/W default
relationships.
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Table 7-1. Selected Design Material Properties

Material Properties

USCSs Kv Kh
Material

(cm/sec) (cm/sec)
Existing Embankment CL, CH 1.0E-07 5 5.0E-07
Leona Gravel GC 2.0E-04 10 2.0E-03
Residuum/Alluvium CL, CH 1.0E-06 4 4.0E-06
Bedrock (Clayshale) 1.0E-06 4 4.0E-06
New Earth Fill CH 1.0E-07 5 5.0E-07
Filter Drain - 1.0E-03 1 1.0E-03
Rock Riprap 1.0E-01 1 1.0E-01
RCC - 1.0E-07 1 1.0E-07

Table 7-2. Selected Design SEEP/W Input Parameters

SEEP/W Input Parameters

Ksat = Kh Ksat = Kh ; . . .
W EEE] Model Type R“’;t'cr’] fl)/lv @ @V\('l)sat S WAS
(feet/day) (feet/sec) Kv/K (psf/psf) Function Function
Existing Sandy .
Embankment Sat./Unsat. | 0.00142 | 1.60E-08 0.2 1.00E-06 043 | gy Clay/Silt
Leona Gravel Sat. / Unsat. 5.6693 6.60E-05 0.1 100E-09 | o023 | Cravely Glacial Till
Clay (Compacted)
Residuum/Alluvium | Sat./Unsat. | 00113 | 1.30E-07 0.25 1.00E-06 | 0.43 Sﬁ;”gé v Clay/Silt
Bedrock Sat. Only 00113 | 1.30E-07 0.25 5.00E-07 | 025
(Clayshale)
. Sandy .
New Earth Fill Sat. / Unsat. 0.00142 1.60E-08 0.2 5.00E-06 0.45 ; Clay/Silt
Silty Clay
Filter Drain Sat. / Unsat. 2.8346 3.30E-05 1 5.00E-06 0.35 Sand Sand
Rock Riprap Sat. Only 283.4646 | 3.30E-03 1 5.00E-06 0.25
RCC Sat./Unsat. | 0.000283 | 3.30E-09 1 5.00E-06 | 0.35 Sandy Clay/Silt
Silty Clay
Notes:

1. 6w = Saturated Volumetric Water Content = Porosity x Degree of Saturation

2. M, = Coefficient of Volume Compressibility = | / Modulus of Elasticity

3. Unsaturated functions for volumetric water content and hydraulic conductivity based on default SEEP/W relationships.

7.2.5 Results and Discussion

Steady-state seepage analysis results were primarily used to estimate the location of the phreatic
surface for use in the steady-state slope stability models. Examination of the predicted phreatic
surface and associated exit gradients do not indicate seepage problems for existing or proposed
conditions. Specifically, the phreatic surfaces do not daylight above the embankment toe and/or
on the embankment slope, calculated factors of safety for exit gradients are well above 3.0 (even
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for conservative FBH case), and calculated slope stability factors of safety for exit gradients are
well above 3.0 (even for conservative FBH case), and calculated slope stability (discussed in
Section 7.3) are not adversely affected by phreatic surface. Examination of vertical exit gradients
at the toe do not appear problematic for existing or proposed conditions, and will be further
improved due to the presence of proposed internal drainage elements for both embankment raise
(toe drain) and overtopping spillway (RCC underdrain) sections. Graphical output for the seepage
analyses are included in Appendix E.

Estimated inflow rates into the various internal drainage elements, based on the seepage
analysis, are summarized below in Table 7-3. In general, the estimated inflow rates are relatively
low for both the toe drain and RCC underdrain elements, even for the conservative assumption
of a steady-state FBH reservoir level (about 0.6 gpm for the worst case section with the Leona
Formation gravel modeled in Reach E). Drain pipe sizing calculations were performed for both
the toe drain and RCC underdrain based on the worst case results from the Reach E analysis,
and are included in Appendix E. The calculations indicate that conventional 6-inch diameter drain
pipes flowing 25% full provide a factor of safety well in excess of 10 for flow capacity. Therefore,
6-inch diameter drain pipes surrounded by two-stage aggregate filter is expected to be sufficient
to adequately convey seepage inflows.

For the proposed filter diaphragm planned for the new PSW conduit (Reach C), the estimated
inflow for strip drain sizing is less than 0.1 gpm for the conservative FBH steady-state phreatic
surface based on the 117-LF length indicated in the design drawings.

Table 7-3 Selected Design Material Properties

Proposed Toe Drain Proposed RCC Underdrain
(Embankment Raise Section) @ (Overtopping Spillway Section) ?

Cross-

. Phreatic Surface : - 7
Section Unit Flux per LF Total Toe Drain Unit Flux per LF Total Toe Drain Flow
of Dam Length Flow Rate (gpm) of Dam Length P —
(fé/day/LF) @ (f¥/day/LF) op
Reach C Normal Pool (PSW crest) 0.015 0.025 n/a n/a
“ Flood Pool (ASW crest) 0.019 0.031 n/a n/a
FBH 0.027 0.046 n/a n/a
Reach D Normal Pool (PSW crest) 0.025 0.026 0.010 0.015
" Flood Pool (ASW crest) 0.077 0.080 0.047 0.074
“ FBH 0.093 0.097 0.008 0.124
Reach E Normal Pool (PSW crest) 0.010 0.038 0.017 0.026
Flood Pool (ASW crest) 0.105 0.403 0.093 0.146
“ FBH 0.140 0.538 0.127 0.199
Notes:
1) Length of proposed toe drain is 322 LF left of new PSW (Reach C), 200 LF between new PSW and new ASW (Reach D),
and 738 LF right of new ASW (Reach E).
2) Length of proposed RCC underdrain is 300 LF along dam axis. The full length of 300 LF was used for both Reach D and
Reach E for comparison purposes.
3) Conversion: 7.48 gal=1CF
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7.3  Slope Stability Analysis

7.3.1 Design Criteria

Design criteria for slope stability is provided in the current version of the NRCS TR-210-60. The
criteria require analysis of the following loading conditions for the proposed dam modification:

¢ End of Construction;

e Steady-State Seepage;

o Flood Surcharge;

e Rapid Drawdown; and

e Dynamic stability (if applicable).

The required factors of safety for each condition are provided later in this section (see Section
7.3.5). Based on the discussion provided in Section 6, no further consideration of dynamic
stability (i.e., seismic loading) is required.

7.3.2 Model Development

AECOM performed slope stability analyses using the software SLOPE/W by Geo-Slope
International (GeoStudio 2020, Version 10.2.2.20559). The limit-equilibrium program allows use
of Spencer’s method of slices, a method that satisfies all conditions of equilibrium.

Analyses were conducted for the same three cross-sections evaluated in the seepage analysis.
Slope stability analyses were conducted for existing conditions to calibrate the models, and for
the proposed embankment raise conditions to estimate the Factor of Safety (FOS) for the various
loading conditions required by the current version of the NRCS TR-210-60.

7.3.3 Analysis Cases

7.3.3.1 End of Construction

For the end-of-construction conditions (EOC), stability of the proposed final dam section was
calculated conservatively assuming no dewatering of the reservoir. The phreatic surface was
estimated based on the steady-state seepage phreatic surface developed at the existing normal
pool level (El. 498.8 feet). Unconsolidated-undrained (UU) strengths were used to model slow-
draining new earthfill and existing materials in accordance with TR-210-60 guidance. Free-
draining materials were modeled using consolidated-drained (CD) strengths.

7.3.3.2 Steady-State Seepage

For steady-state seepage conditions, the phreatic surface corresponding to the proposed highest
normal pool elevation (i.e., proposed PSW crest of EIl. 498.8) was used. Per current TR-210-60
guidance, effective stress CD shear strength envelopes were assigned to modeled materials. For
the proposed RCC Overtopping Spillway Section, an external nonuniform vertical surcharge with
a maximum pressure of 2,800 psf was applied to the top of the embankment to simulate static
loading associated with the proposed RCC crest structure training walls. It is noted that this is a
conservative analysis procedure, considering that the actual bearing pressure from the training
walls acts over a limited area (i.e., 12-foot width along the embankment centerline) while the
bearing pressure associated with the much larger RCC crest slab (i.e., 300-foot width along the
embankment centerline) is generally less than 500 psf and due to slab self-weight only.
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7.3.3.3 Flood Surcharge

For flood surcharge conditions, the embankment and foundation materials were divided into
saturated and unsaturated embankment zones based on an estimated steady-state phreatic
surface corresponding to the proposed normal pool level (El. 498.8). While the current TR-210-
60 does not provide specific analytical guidance for this case, AECOM adopted an approach
similar to the steady-state seepage case in the prior (2005) version of the TR-210-60 modified for
the flood surcharge condition. In this modified approach, saturated materials were subjected to
pore pressures associated with a hypothetical steady-state phreatic surface developed at the
proposed FBH pool level (El. 526.6) to simulate uplift pressures associated with the highest
possible flood pool level. The FBH phreatic surface was not applied to unsaturated material zones
(i.e. above the normal pool phreatic surface), due to the unlikelihood that an elevated phreatic
surface could develop over the relatively short duration of a flood event. This approach is
conservative, because while desiccated near-surface soils on the upstream slope may become
saturated during such an event, the limited duration of elevated pool level is unlikely to produce
a wetting front that penetrates a significant distance into the embankment. This is particularly
likely given that this homogenous embankment dam consists of compacted, moderate- to high-
plasticity clay with modest slopes and no history of through-seepage or evident embankment
cracking. Consequently, there is expected to be no appreciable effect on embankment saturation
associated with the FBH flood pool.

Slow-draining material zones were assigned a bi-linear strength envelope corresponding to the
lower of the CD and consolidated-undrained (CU) strength envelopes. Free-draining soil zones
were modeled with CD strengths. For the RCC Overtopping Spillway Section, a nonuniform
vertical surcharge with a maximum pressure of 2,800 psf was applied to the top of the
embankment.

7.3.3.4 Rapid Drawdown

The current NRCS TR-210-60 requires rapid drawdown be assessed from the highest normal
pool level to the lowest gated or ungated outlet. For this site, the highest normal pool will be the
proposed PSW inlet riser crest elevation (El. 498.8), and the lowest outlet is the proposed PSW
conduit with invert El. 488.7 at the inlet riser. Given the limited amount of drawdown (e.g. 10.1
feet), a more conservative case was analyzed to check rapid drawdown conditions associated
with a reservoir drawdown from the proposed ASW pool level (El. 518.9) to the normal pool level
(El. 498.8).

For the proposed RCC Overtopping Spillway Section only, the analysis incorporated an external
nonuniform vertical surcharge with maximum pressure of 2,800 psf that was applied to the top of
the embankment to simulate static loading associated with the proposed RCC crest structure.

Rapid drawdown analyses were conducted according to the NRCS procedure using a 1-stage
analysis. In that analysis, slow-draining saturated material zones are assigned a bi-linear strength
envelope corresponding to the lower of the CU and CD strength envelopes per TR-210-60
guidance. Free-draining materials, and materials above the phreatic surface, are assigned CD
strength parameters. The phreatic surface used in the rapid drawdown stability analysis was
developed considering a reservoir drawdown as described above: the ASW pool phreatic surface
was used within the embankment, but the phreatic surface was lowered to be coincident with the
ground surface of the upstream embankment slope above the PSW crest level. As a check, rapid
drawdown evaluation was also conducted according to the 3-stage method as presented by
Duncan, Wright, and Wong (1990). Two steady-state seepage phreatic surfaces are incorporated
into the analysis: pre-drawdown and post-drawdown. Both the CU and CD envelopes are
evaluated in the 3-stage analysis. The method has been shown to reasonably predict instability
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conditions for several case histories, and has indicated that other methods tend to over-predict
the occurrence of slope instability.

7.3.4 Material Parameters

Design unit weights and selected total stress and effective stress strength envelopes are provided
in Table 7-4. These values were developed from the results of laboratory strength tests,
correlations with in-situ tests and index properties, and/or engineering judgment based on
experience with similar materials. For each geologic unit with available CIU’ or CDDS shear test
results, the CD strength envelopes from individual CIU’ tests were compared on a plot of shear
stress versus effective normal stress. The values of ¢’ and ¢’ used for design were selected to
produce a CD envelope that plotted near the middle of the individual CIU’ results. A similar
procedure was used for the CU strength envelopes. Plots are provided in Appendix F.

The resulting NRCS bilinear strength envelopes are provided in Table 7-5. Selected strengths
for unconsolidated-undrained conditions (Su) were developed based on the results of UU and UC
testing, supplemented by correlations with pocket penetrometer and SPT N-values. Plots of Su
versus depth and elevations are provided in Appendices C and F, and selected design values
are provided in Table 7-6.

Table 7-4. Selected Material Parameters

Total Unit Effective Stress Total Stress
Material Weight (CD Envelope) (CU Envelope)
(pcf) ¢ (ps  ¢'(deg)  cu (psf)  du (deg)

Embankment Fill (existing) CL, CH 123 250 28 450 20
Residuum / Alluvium CL, CH 120 200 26 300 20
Leona Formation GC 135 50 35
Clayshale 120 500 26
New Embankment CL, CH 125 250 26 350 16
Filter Drain SP, GP 120 0 33
Rock Riprap 110 0 40
RCC 145 200 45

Table 7-5. NRCS Bilinear Strength Envelopes for Flood Surcharge and Rapid Drawdown

Initial Envelope Bi-Linear Envelope Bi-Lingar Envelope
for Flood Surcharge  for Rapid Drawdown
Material

o G G o G
Embankment (existing) CL, CH 250 28 1,192 24 1,192 20
Residuum / Alluvium CL, CH 200 26 808 23 808 20
Leona Formation GC 50 35
Clayshale CH 500 26
New Embankment CL, CH 250 26 498 21 498 16
Filter Drain SP, GP 0 33
Rock Riprap 0 40
RCC 200 45
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Table 7-6. Unconsolidated Undrained Shear Strengths

Undrained Shear

Material Strength, Su (psf)
Embankment Fill (existing) CL, CH 2,000
Residuum / Alluvium CL, CH 1,800
Leona Formation GC
Clayshale CH 5,000
New Embankment CL, CH 1,500
Filter Drain SP, GP ---
Rock Riprap
RCC

7.3.5 Analysis Results

A summary of calculated slope stability FOS is provided in the series of tables below. For
information purposes, calculated steady-state seepage FOS values for existing conditions are
provided in Table 7-7 through Table 7-12. Graphical model output is provided in Appendix F.
Given the proposed 3H:1V downstream embankment slopes, the calculated factors of safety meet

or exceed the NRCS criteria at each analyzed cross-section.

Table 7-7. Slope Stability Results — Existing Conditions

Minimum

Figure

Section Loading Condition Slope

__FOS

Calculated
FOS

___ Reference |

| ReachC | Steady-State Seepage Downstream 15 2.1 F.1
Reach D Steady-State Seepage Downstream 15 2.1 F.8
Reach E Steady-State Seepage Downstream 15 2.3 F.21

Table 7-8. Slope Stability Results — Embankment Raise Section (Reach C)

Loading Condition

Minimum
FOS

Calculated
FOS

Appendix Figure
Reference

End of Construction (Deep) Upstream 1.4 3.2 F,2
End of Construction (Deep) Downstream 1.4 2.8 F.3
Steady-State Seepage Downstream 15 1.9 F.4
Rapid Drawdown (NRCS) Upstream 1.2 15 F.5
Rapid Drawdown (3-stage) Upstream 1.2 1.9 F.6
Flood Surcharge Downstream 1.4 1.7 F.7

Table 7-9. Slope Stability Results — Embankment Raise Section (Reach D)

Minimum Calculated Appendix Figure
Loading Condition Slope FOS FOS Reference
End of Construction (Deep) Downstream 1.4 29 F.9
End of Construction (Deep) Upstream 1.4 3.1 F.10
Steady-State Seepage Downstream 15 2.3 F.11
Rapid Drawdown (NRCS) Upstream 1.2 1.7 F.12
Rapid Drawdown (3-stage) Upstream 1.2 2.1 F.13
Flood Surcharge Downstream 14 2.0 F.14
AECOM
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Table 7-10. Slope Stability Results — Overtopping Spillway Section (Reach D)

Loading Condition M'Egnsu A CaI'(::(u)Igted Ap%eer;ceilrérllzégeure
End of Construction (Deep) Downstream 1.4 1.9 F.15
End of Construction (Deep) Upstream 1.4 2.2 F.16
Steady-State Seepage Downstream 1.5 1.6 F.17
Rapid Drawdown (NRCS) Upstream 1.2 15 F.18
Rapid Drawdown (3-stage) Upstream 1.2 2.0 F.19
Flood Surcharge Downstream 1.4 15 F.20

Table 7-11. Slope Stability Results — Embankment Raise Section (Reach E)

Minimum Calculated Appendix Figure
Loading Condition FOS FOS Reference
End of Construction (Deep) Upstream 1.4 3.7 F.22
End of Construction (Deep) Downstream 1.4 35 F.23
Steady-State Seepage Downstream 15 2.4 F.24
Rapid Drawdown (NRCS) Upstream 1.2 1.8 F.25
Rapid Drawdown (3-stage) Upstream 1.2 2.1 F.26
Flood Surcharge Downstream 1.4 2.2 F.27

Table 7-12. Slope Stability Results — Overtopping Spillway Section (Reach E)

Loading Condition M',’}g‘s“m Ca'g(“)'g‘ed Ap%eer;g'r’érfége“'e
End of Construction (Deep) Upstream 1.4 25 F.28
End of Construction (Deep) Downstream 1.4 2.0 F.29
Steady-State Seepage Downstream 1.5 1.6 F.30
Rapid Drawdown (NRCS) Upstream 1.2 15 F.31
Rapid Drawdown (3-stage) Upstream 1.2 1.9 F.32
Flood Surcharge Downstream 14 15 F.33
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8. Embankment and Foundation Design

8.1 Embankment Settlement

Estimates of settlement associated with the proposed embankment raise were developed to
evaluate need for potential overbuild and assess potential for differential settlement on the
existing and proposed PSW conduit pipe. Selected consolidation parameters for analysis are
provided in Table 8-1.

Settlement analyses were conducted using software program Settle3D by RocScience. The first
settlement analysis was conducted to consider only the settlement of foundation materials under
the embankment fill in the area of the proposed PSW conduit. Analyses were conducted to
estimate total settlement in foundation materials (i.e., below ground surface EIl. 495%), and
settlement only in the foundation soils below the existing PSW conduit to examine potential
differential settlement risk (i.e., below El. 487+). This analysis modeled a flat existing ground
surface (due to limitations of the program), and a two-stage settlement analysis was performed.
The first stage modeled the existing embankment as a non-uniform distributed load to estimate
ground settlement associated with the original construction. The second stage modeled the
proposed finish grade as a non-uniform distributed load to estimate hypothetical settlement
disregarding the existing embankment. The difference in calculated settlement at each analysis
point was considered to be the potential new consolidation settlement associated with the dam
raise. The maximum fill-induced consolidation settlement under the existing PSW pipe alignment
was estimated to range from about 0.25 to 1.0 inches, with the maximum settlement occurring
under the embankment downstream midslope. A plot of estimated settlement along the conduit
profile is provided in Appendix G.

The second analysis conducted was to estimate the required overbuild needed to maintain a post-
settlement minimum crest elevation. This analysis modeled a flat existing ground surface with
the existing embankment materials modeled as “inverted” below the ground surface (due to
limitations of the program). The proposed embankment raise was modeled as a non-uniform
distributed load equal to the proposed height increase at various points on the embankment
multiplied by the estimated unit weight of the embankment. The analysis indicates that the
maximum estimated settlement of existing embankment / foundation materials occurs just
downstream of the proposed embankment crest where the new fill height is the highest,
corresponding to a fill height of about 14 feet and an estimated settlement of 3.1 inches (i.e., up
to about 2.1 inches of settlement occurring in existing embankment fill). Self-weight consolidation
of the new fill is expected to be on the order of about 1.0% of the fill height (i.e. about 1.6 inches),
for a combined settlement total of about 4.7 inches. Consequently, AECOM recommends the new
embankment fill include an overbuild of 6 inches (0.5) feet to compensate for potential settlement.

AECOM recommends the connection between the new and existing PSW pipe be designed to
accommodate the stated potential differential settlement of about 1 inch. The designer should
also check to confirm that the pipe joints under the existing embankment can safely tolerate the
additional settlement due to the added fill.

Settlement estimates for each of the proposed spillway structures are discussed in Section 8.2.5.
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Table 8-1. Selected Consolidation Parameters for Settlement Analysis

Min. Minimum

Material OCR  P'c(psf)

Cc Cv (inz/sec)

E)‘Rgt?r:‘;me”t Fill - 123 | 065 | 30 | 3000 | 020 | 0030 | -- | 1E-6t0o9E-3
Valley Fill/ Alluvium 128 | 055 | 30 | 3000 | 020 | 0030 | - | 1E-6t09E-3
Residuum 120 | 075 | 40 | 3000 | 015 | 0024 | - | 4E5to6E-2
Clayshale 120 | 078 | 80 | 3000 | 015 | 0024 | -- | 4E-5t06E-2
New Embankment Fill 125 0.70 2.0 3,000 0.24 0.023 ---
New Lime-Treated Fill 120 0.80 2.0 3,000 0.12 0.012
Notes:

3. Abbreviations legend:
1) y - Total Moist Unit Weight
2) eo — Initial Void Ratio;
3) OCR - Overconsolidation Ratio (applies to zones where the P’c is greater than minimum value);
4) P’c— Maximum Past Pressure (minimum value accounts for near-surface desiccated “crust”);
5) Cc— Compression Index from e-log(p) curve;
6) Cr— Recompression Index from e-log(p) curve
7) Es— Elastic Modulus for immediate settlement (not used)
8) Cv — Coefficient of consolidation

Table 8-2. Settlement Results for Proposed PSW Conduit Due to Embankment Raise

Analysis Location Approximate Fill Subgrade Consplidation
Thickness (feet) Settlement (inch)
Existing U/S Toe 2 0.5
Existing U/S Midslope 5 0.8
Existing U/S Crest Cut 2 0.3
Proposed U/S Crest 7 0.3
Proposed D/S Crest 13 0.4
Proposed D/S Midslope 11 0.9
Existing D/S Toe 11 0.9
Proposed D/S Toe 0 0.4
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Table 8-3. Settlement Analysis Results for Proposed Embankment Crest Raise

Proposed Embankment Raise Analysis Section Embankment Reconstruction at New PSW Section
Analysis Approx. Fill Self- Total Approx. Fill Self- Total
L )t/ New Fill CEiesl, Weight Surface New Fill ST, Weight Surface
ocation : Settlement : Settlement
Thickness (inch) ® Compress  Settlement = Thickness (inch) ® Compress = Settlement
(feet) (inch) @ (inch) (feet) (inch) @ (inch)
Existing U/S
Toe 2 1.0 0.2 1.2 2 0.5 0.2 0.7
Existing U/S 5 1.2 0.6 18 16 0.8 1.9 2.7
Midslope
Existing U/S
Crest Cut2 0.7 0.0 0.7 25 .0.3 3.0 3.0
Proposed U/S
Crest 7 0.9 0.8 1.7 27 0.3 3.2 35
Proposed D/S 13 1.4 16 3.0 27 0.4 3.2 3.6
Crest
Proposed D/S
Midslope 11 1.5 1.3 2.8 16 0.9 1.9 2.8
Existing D/S
Toe 11 1.4 1.3 2.7 11 0.9 1.3 2.2
Propased D/S 0 0.8 0.0 0.8 0 0.4 0.0 0.4
oe
Notes:
1. Consolidation settlement of existing embankment and foundation materials.
2. Self-weight compression of new embankment fill assumed as 1% of the fill height.
3. Consolidation settlement of existing foundation materials below the planned breach excavation for construction of the new
PSW conduit.

8.2 Foundation Design Analyses

Preliminary results of geotechnical analysis for foundations of the various proposed structures are
provided in the following sections. The recommended parameters for foundation design assume
that foundation subgrade preparation will be consistent with requirements presented in the
Section 8.3.

8.2.1 Expansive Soils

8.2.1.1 Risk and Mitigation Options

As discussed previously, laboratory swell test results indicate that on-site soils range from low-
expansive to highly expansive (see Section 4.3.4). This includes both existing Embankment Fill
and Midway Residuum upon which the proposed overtopping RCC spillway will be founded.
Consequently, lightly loaded structures (e.g. overtopping RCC spillway chute) may be susceptible
to shrink/swell movements and related distress. In general, mitigation options may include one or
more of the following:

¢ Overexcavation of expansive soils to a specified depth below the foundation grade, and
replacement with non-expansive materials. The intent of such an approach is to reduce the
thickness of expansive soils, and to use the non-expansive material's self-weight to
counteract swelling. Possible replacement materials include imported non-expansive borrow,
additional RCC thickness, lime-treated on-site soils, and/or moisture-conditioned on-site
soils.
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e Anchored slabs designed to resist swelling pressures and related uplift. This type of system
would include grouted soil or rock anchors connected to the slab at uniform pattern spacing
and bonded in materials below the zone of seasonal moisture fluctuation. The slab would be
designed to span between anchors and resist shear and flexural loads resulting from the
swelling pressure. A composite slab with reinforced concrete and RCC would likely be
required to provide adequate flexural and shear resistance.

For this project, AECOM has assumed overexcavation/replacement is the preferred mitigation
approach. Accordingly, preliminary subgrade preparation recommendations utilizing this
approach are provided specific to each proposed structure in Table 9-2. If an anchored slab is
preferred for one or more proposed structures, supplemental designed recommendations can be
provided in a subsequent revision of this report.

Expansive soils should also not be used as backfill against retaining walls, as the expansive soils
can generate significant additional lateral pressures due to swelling. Special attention is needed
to internal drains/underdrain design to minimize the amount of excess moisture accessible to
expansive soils that could exacerbate swelling (see Section 9).

8.2.1.2 Expansive Soil Heave Analysis Procedure

Results of laboratory swell tests were used to estimate the range of potential vertical heave that
the various structures may experience due to expansive soil shrink/swell movement. The analysis
was conducted as a “reverse consolidation” analysis which considered the swelling response of
the soils and compared it to the effective stresses under the proposed foundations with depth.
The effective stress at a given depth was based on the sustained foundation pressure, self-weight
of overlying soil layers, and pore water pressures due to groundwater. The simplified 2-1 stress
distribution method was used to estimate the foundation load-induced stress increase versus
depth below the footing base. For a given soil layer, no heave occurs when the effective stress
is greater than the swell pressure (SP) estimated from laboratory swell tests. At effective stresses
less than the SP, the magnitude of swell in the given soil layer is estimated according to the
swelling strain index, Cse (i.e., the slope of the strain vs. log-pressure curve from laboratory swell
tests). The total heave is the summation of calculated swell in each layer below the foundation
base.

For the purposes of this analysis, heave was assumed to occur only within the “active zone” (i.e.,
the zone of seasonal moisture fluctuation) which is commonly taken as the upper 15 feet below
finished ground surface in Central Texas. For several structures, a reduced active zone thickness
was considered appropriate based on estimated minimum groundwater elevation. Heave
calculations for the PSW inlet tower, which will be founded on subgrade materials that are
currently saturated by the reservoir pool and will remain below the proposed permanent pool,
considered a reduced active zone thickness of 8 feet to account for temporary reservoir drawdown
and potential subgrade drying associated with the construction phase.

Based on the variability in swell test results in the existing Embankment Fill, Residuum, and
proposed Borrow materials, each proposed structure was evaluated based on individual swell test
results from the corresponding bearing stratum (as opposed to assigning swell properties from
each test to specific depth intervals). This approach was believed to better reflect variability and
uncertainty in the estimated magnitude of expansive soil heave. Additionally, the analyses
assumed a minimum 2-foot overexcavation/replacement with non-expansive soils under the base
of each structure foundation.
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8.2.1.3 Heave Analysis Results and Recommendations

The results of the heave analysis using site-specific laboratory swell data, as well as options for
potential non-expansive fill materials to be used in the overexcavation / replacement zones, are
summarized in Table 8-2. Calculations are provided in Appendix K.

Calculated total heave for the RCC training walls ranged from 0 to 0.7 inches, which is expected
to be tolerable. However, calculated total heave for the RCC chute on the embankment and in the
stilling basin ranged from 0 to 3 inches, which may exceed tolerable limits. The range of calculated
total heave for the principal spillway impact basin and inlet tower were 0 to 1.2 and 0 to 2.1 inches,
respectively, which may also exceed tolerable limits. These results indicate the need for expansive
soils mitigation discussed above.

Overexcavation and replacement with non-expansive fill is believed to be a feasible option for
addressing potential expansive soil heave and related distress on proposed spillway structures.
The required depth of overexcavation/replacement depends on the sustained bearing pressure
of the structure, expansive properties of the subgrade, and tolerable total and differential heave
specific to each structure. No specific design criteria regarding tolerable heave was available at
the time of this report. Consequently, analyses were repeated considering varying depths of
overexcavation/replacement to achieve maximum total heave of a) 1 inch or less; b) 1.5 inch or
less; and c) 2 inch or less for all individual laboratory test results.

The results of this analysis are summarized in Table 8-2, which also includes recommendations
for non-expansive fill material. It is noted that that the two worst-case swell test samples (one in
Embankment Fill and one in Residuum) control the results of the heave analysis. Based on the
results of the other 11 swell tests, a relatively minor overexcavation / replacement depth of 2 feet
or less is adequate to limit vertical to 1 inch or less. This comparison is illustrated in the
calculations and tables contained in Appendix K.

The magnitude of differential heave is more difficult to estimate, but is commonly assumed to be
about one-half (1/2) the total heave over a distance of about 30 to 50 feet. Larger values of
differential movement are possible at abutting structures, particularly where a lightly-loaded
structure is expected to heave and a heavily-loaded structure is expected to settle.

Table 8-4. Required Overexcavation/Replacement Depths to Limit Total Heave

Estimated Remove / Replace
Depths (feet) required to Limit
Total Heave to Specified Amount

2 inch 1.5 inch 1inch

Recommended Non-
Expansive Replacement
‘ Material

Assumed Active

Proposed Structure Zone Depth
(feet)

ASW RCC Chute — Import embankment fill, lime-

CE::ZZ?/QT&(Z? 15 3 5 8 treated site soils, or RCC
ASW RCC Chute — 15 6 85 10 Import embankment fill, lime-
Stilling Basin ’ treated site soils, or RCC
ASW RCC Walls — Import embankment fill, lime
(1) (€)) ! -
/Esrlnot;)aenskment Crest 15 none 1 5 treated site soils, or RCC
ASW RCC Walls — Import embankment fill, lime-
@ @ '
Stilling Basin 15 none none 2 treated site soils, or RCC
. Import embankment fill, lime-
(1) (€)) )
PSW Impact Basin 15 none 1 6 treated site soils, or RCC
PSW Inlet Tower 8 none® 10 2 Import embankment fill, lime-

treated site soils, or flexbase

Notes:
@ Minimum 2 feet is recommended for all structures regardless of estimated and tolerable heave.
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8.2.2 Lateral Earth Pressures

The principal spillway inlet tower, impact basin, and training walls of the proposed RCC
overtopping spillway structures will be subjected to lateral earth pressures. Due to the need to
provide hydraulic barrier around the outside of the overtopping ASW , low-permeability soil
materials will be required as wall backfill for sections of the ASW RCC training walls located
upstream of the existing downstream embankment crest. Inclusion of an underdrain system in
this area is not recommended due to the risk of developing a hydraulic connection between the
reservoir and the wall drainage system, which could otherwise lead to excessive hydraulic
gradient and seepage pressures via shortened seepage path through the dam. Accordingly, the
recommended embankment fill material specifications should be consistent with those specified
in Section 10. Because wall underdrains cannot be provided in these areas, design lateral earth
pressures will need to account for hydrostatic pressures. Further, the back side of the training
walls should be battered slightly to allow proper compaction of the fine-grained backfill materials
to reduce the risk of a preferential seepage path alongside the wall.

For portions of the RCC spillway training walls located downstream of the existing downstream
embankment crest (i.e., including the training walls on the embankment slopes and in stilling
basin), an aggregate chimney drain is permissible to provide wall drainage, if required.
Recommendations for the wall drainage is provided in Section 9.

For design, compacted embankment fill should consider a moist total unit weight of 127 pcf, and
saturated total unit weight of 131 pcf. A drained friction angle of 25 degrees is recommended for
embankment fill materials based on results of shear strength tests on undisturbed embankment
samples, shear tests on remolded samples from on-site borrow sources, and published
correlations with Atterberg limits and clay fraction. Calculations for lateral earth pressures are
provided in Appendix H. The resulting earth pressure coefficients are summarized as follows:

e Active earth pressure coefficient, Ka = 0.41 (horizontal backfill)
e Active earth pressure coefficient, Ka = 0.55 (3H:1V sloping backfill)
e At-rest earth pressure coefficient, Ko = 0.58 (horizontal backfill)
e At-rest earth pressure coefficient, Ko = 0.76 (3H:1V sloping backfill)
o Passive earth pressure coefficient, Kp = 2.46  (horizontal backfill)

In cases where the design groundwater level is above the bottom of the wall, hydrostatic
pressures should be included in lateral pressure calculations. Design groundwater levels are
provided for each structure in Table 9-2.

8.2.3 Sliding Resistance

For resistance against lateral loads, the recommended ultimate coefficient of sliding friction
between the base of the concrete foundation and subgrade is 0.35. This is based on a design
internal friction angle of 25 degrees for subgrade soils, and the assumption that the interface
friction between the soil and concrete/RCC is 75% of the internal shear strength of the soil, i.e.,
0.75tan(¢’).

The coefficient of sliding friction can be increased to that of the soil's internal strength if shear
keys are provided to preclude a slip plane from forming between the soil and foundation. In this
case, the ultimate coefficient of sliding friction is recommended as 0.47.

AECOM
Plum 21_SMR_FINAL_2021.08.04_clean.docx 73



Soil Mechanics Report
Project reference: TSSWCB IDIQ-AECOM-2018-79017
Project number: 60586838

A minimum factor of safety of 1.5 should be applied to the calculated ultimate sliding resistance
based on buoyant unit weights.

8.2.4 Bearing Capacity

Allowable bearing capacity was calculated for each proposed structures according to the
equations for general bearing capacity theory considering both undrained (short-term) and
drained (long-term) strength parameters of the various subgrade materials presented previously
in Section 7.3.4. Material parameters for lime-treated clay and flexbase planned within the
various overexcavation and replacement zones are summarized below. Strength parameters of
flexbase are based on prior experience. Strength parameters of lime-treated clay are
conservative estimates based on literature values and typical laboratory results from other project
in Central Texas furnished by NRCS. The undrained strength lime-treated clay is based on a
specified unconfined compressive strength (UCS) of 50 psi (7,200 psf) and assumption of
cu=UCS/2, and the drained strength cohesion is based on 10% of the UCS with no appreciable
change to the friction angle of the natural material.

e Lime-treated clay:

— Undrained Strength: yt = 120 pcf, cu=3,600 psf, pu=0 degrees.
—  Drained Strength: yt = 120 pcf, c’=360 psf, ¢’=25 degrees.
o Flexbase (drained strength only): yt = 135 pcf, ¢'=0 psf, $'=35 degrees.

Allowable bearing capacity was based on a factor of safety of 3.0 against general shear.

In general, the calculated allowable bearing pressures meet or exceed the design maximum
bearing pressures. One exception is the RCC stilling basin wall foundations, in which case the
existing Residuum and/or untreated clay embankment fill does not provide adequate bearing
capacity based on proposed maximum design pressures. Adequate bearing capacity can be
achieved for the RCC stilling basin if the planned 8-foot thick overexcavation/replacement zone
under the proposed RCC stilling basin training walls consists of lime-treated clay or well-graded
structural fill, which will allow stresses to dissipate to acceptable levels at the top of the Residuum.

The results are summarized in Table 8-3. Calculations are provided in Appendix I.

8.2.5 Settlement

Foundation settlement for each of the proposed structures was estimated according to Terzaghi’s
theory of one-dimensional consolidation. Settlement calculations were based on the net stress
increase above the existing in situ effective stress associated with design maximum gross bearing
pressure at the proposed footing depth. Stress distribution with depth into the subsurface layers
was calculated according to Boussinesq's equations based on the design footing dimensions and
net stress increase at the base of the foundations.

In general, estimated settlement is less than 1 inch for most of the proposed structures, which is
generally within tolerable limits. However, for the proposed training walls on the downstream
embankment slope, which will be founded with little embedment below existing ground surface,
settlement was estimated to be about 2 inches, which will require mitigation measures (i.e.,
subgrade removal and replacement on the order of 2 to 4 feet) to limit settlement to tolerable
levels.

The results are summarized in Table 8-3. Calculations are provided in Appendix J.
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8.2.6 Hydrostatic Uplift

The foundations for several structures will bear below the estimated groundwater table.
Consequently, these foundations will be subject to hydrostatic uplift forces. In the event that factor
of safety against uplift for the foundation (i.e., the ratio of sustained downward forces to hydrostatic
uplift force) is less than 1.5, uplift mitigation will be required. Uplift mitigation may include
extending the slab laterally to provide additional downward forces from soil overburden, thickening
the slab to increase downward forces, and/or using grouted soil or rock anchors to restrain the
slab from uplift (similar to approach for expansive soils). In particular, this may be an issue for the
RCC chute in the stilling basin structure.

Recommended groundwater levels to be used in hydrostatic uplift calculations are provided in
Table 8-3. These values indicate hydrostatic differential of about 2.1 feet at the proposed ASW
stilling basin, and about 5.5 feet at the proposed PSW impact basin. The recommended
groundwater elevation for the proposed ASW crest walls and PSW inlet tower were assumed to
be equal to the reservoir level associated with the proposed ASW crest.

8.2.7 Foundation Design Recommendations Summary

A summary of the geotechnical design parameters and calculation results discussed in this
section is provided in the table below.

AECOM
Plum 21_SMR_FINAL_2021.08.04_clean.docx 75



Soil Mechanics Report
Project reference: TSSWCB IDIQ-AECOM-2018-79017
Project number: 60586838

Table 8-5. Summary of Foundation Design Analysis Results

Location Structure Foundation Minimum. Overexcavation| Foundation Design Design  Allowable Calc'd. Calc'd.
Bearing / Replacement Bearing Groundwater Bearing Bearing Max. Total ~Expansive
Depth | Replacement Depth Below! Elev. Pressuzre Capac;ty Sgttlemint Soil
Below Material Existing (ft) | for Buoyancy (psf) @ (psf) @ (inch) ¥ .Heave
(ft NAVD88) M (inch) 4G
RCC RCC Training Walls (Crest) El. 515.8 5 Import (U/S), 0.0-9.2 | El 518.8 (U/S) 2,812 2,85000 [ 1,1 -1.8M | 0.0-1.40
IAuxiliary Lime Treat (D/S) El. 490 (D/S)
Spillway RCC Training Walls (D/S Slope) Varies 5 Lime-Treat | 2 above to El. 490 1,429 2,850 | 0.4-1.7D | 0.0-0.77
(new) 12 below
RCC Training Walls (Stilling Basin) El. 485.8 8 Lime Treat 12.0 El. 488 3,658 4,000® 1.6® 0.0 - 0.9®
RCC Chute Slab (On Embankment) Varies 8 Lime Treat 2 above to El. 490 450 OK Negligible 0.0-15
12 below
RCC Chute Slab (Stilling Basin) El. 485.8 8 Lime Treat 10-12 El. 488 450 OK Negligible 0.0-1.6
Principal PSW Impact Basin El. 482.5 2 Flexbase 3.0 El. 488 2,310 3,000 0.5 00-14
Spillway | PSW Inlet Tower El. 487.0 2 Flexbase 11.5 El. 518.8 1,530 2,500 0.6 00-14
(new) Conduit Pipe El. 486-489 | Varies Import Varies Varies (518.8- n/a n/a 1.0 Negligible
488)
Notes:

@ Design groundwater for bearing capacity and settlement differs in some cases.

@ Per structural calcs provided by AECOM design team, reported as the maximum of either usual or unusual loading case.

@  Based on FOS=3 for against general shear failure for static loading. Reported value is lower of drained vs. undrained strengths considering the weakest soil layer
underlying the structure. In some cases, the reported bearing capacity has been reduced to meet settlement and/or slope stability criteria.

@ Settlement and heave analyzed for design bearing pressure instead of allowable bearing pressure (where provided). Includes settlement within new overexcavation /
replacement fill and underlying subgrade materials.

®)  Based on analysis of each individual swell test result applied to various structures’ loading and geometry.

®  Slope stability was analyzed with 2,800 psf per structural calcs and factors of safety are adequate, but needs to be re-checked if design bearing pressures will increase
above 2,900 psf.

(M Results reflect minimum 5-foot thick overexcavation under the slab and replacement with lime-treated clay.

®)  Results reflect minimum 8-foot thick overexcavation under the slab and replacement with lime-treated clay.
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8.3 Foundation Subgrade Preparation

8.3.1 RCC Auxiliary Spillway Structures

Recommendations for subgrade preparation for the RCC spillway chute slab and walls on the
include over-excavating below the proposed bottom-of-slab elevation and replacing with non-
expansive fill. Natural imported fill is recommended in the upstream section to serve as a
hydraulic barrier, and lime-treated fill is recommended elsewhere to provide improve bearing
capacity. The required minimum depths of overexcavation below the bottom of the RCC slab is
shown in Table 8-2. Excavated materials may be stockpiled and tested to confirm they will be
suitable for re-use as compacted earthfill elsewhere on the site (see Section 10.2).

The subgrade should be excavated to the planned elevation, and be inspected by a qualified
representative of the Engineer as specified in Section 11.5.1. The representative of the Engineer
may require additional overexcavation to remove unsuitable materials. Prior to receiving fill
material, the subgrade should be scarified, moisture conditioned, and recompacted as specified
in Section 11.5.2. Fill placement and compaction should be in accordance with recommendations
in Section 10.4. The finished subgrade surface for foundation construction should be maintained
throughout construction prior to concrete placement, and should be periodically moistened during
dry periods and protected from erosion and ponding during wet periods to maintain the target
compaction moisture content. A final inspection of the subgrade by a qualified representative of
the Engineer is recommended immediately prior to RCC placement.

For the RCC crest structure and stilling basin (i.e., flat areas), an alternative to continued moisture
maintenance of the finished embankment surface would be construction of a lean concrete seal
slab (mud mat), which would serve to maintain soil moisture and reduce rutting. The seal slab
would also provide a uniform working surface for the crest foundation construction. If used, the
seal slab should be placed shortly after completing the embankment surface (i.e., within 1 to 2
days or less). This approach would likely require inclusion of a construction joint at the interface
between the RCC crest weir and RCC chute to accommodate differing foundation support.
Additionally, the foundation slab should be provided with a cutoff extending through the mud mat
to interrupt the relatively smooth material interface.

In locations where earth fill (embankment fill) will be placed directly onto the prepared sloping
subgrade, horizontal benched excavations each less than 1 feet in height and at least 2 feet in
width cut into the downstream slope face to preclude development of preferential slip planes at
the materials interface. The subgrade surface of the benches should be inspected by a qualified
professional as specified in Section 11.5.1. Prior to receiving fill material, the prepared subgrade
should be scarified, moisture conditioned, and recompacted as specified in Section 11.5.2.
Benched excavations are not required for subgrade areas to receive drainfill.

The excavated subgrade on the left half of the stilling basin is expected to be Residuum, while
Clayshale is likely to be exposed on the right half of the basin. Based on the field and laboratory
strength tests, the upper portion of the Clayshale within this depth interval is likely soft enough to
be prepared as a soil-like subgrade. Differential foundation support is not expected to be
problematic due to the relatively stiff consistency of the Residuum, as well as the 8-foot thick
overexcavation and replacement zone at this location which should attenuate differential
settlements.

Groundwater seepage may be encountered in the excavations for the lower portion of the RCC
chute structure and stilling basin. Dewatering should be employed by the Contractor to maintain
dry excavation as recommended in Section 11.3.
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8.3.2 PSW Inlet Tower

The existing location for the proposed PSW inlet tower is currently submerged by the reservoir
pool, and borings could not be drilled in close proximity to this planned structure. Consequently,
inspection of the subgrade by a qualified geotechnical engineer or engineering geologist will be
critical to assure a suitable foundation bearing stratum.

Recommendations for subgrade preparation for the PSW inlet tower include over-excavating
below the proposed bottom-of-slab elevation and replacing with compacted flexbase fill materials.
The minimum required depth of overexcavation below the bottom of the reinforced concrete slab
is shown in Table 8-2. The overexcavation may need to be deepened at the direction of the field
engineer/geologist to remove soft/compressible materials that could not be identified during the
field GI. Excavated materials may be stockpiled and tested to confirm they will be suitable for re-
use as compacted earthfill elsewhere on the site (see Section 10.2).

The subgrade should be excavated to the planned elevation, and be inspected by a qualified
representative of the Engineer as specified in Section 11.5.1. The representative may require
additional overexcavation to remove unsuitable materials. Prior to receiving fill material, the
subgrade should be scarified, moisture conditioned, and recompacted as specified in Section
11.5.2. Fill placement and compaction should be in accordance with recommendations in Section
10.4. The finished subgrade surface for foundation construction should be maintained throughout
construction prior to concrete placement, and should be periodically moistened during dry periods
and protected from erosion and ponding during wet periods to maintain the target compaction
moisture content. A final inspection of the subgrade by a qualified representative of the Engineer
is recommended immediately prior to rebar and concrete placement.

Groundwater seepage may be encountered in the excavation. Dewatering should be employed
by the Contractor to maintain dry excavation as recommended in Section 12.3.

8.3.3 Conduit Pipe

New sections of PSW conduit pipe should be placed onto an unreinforced concrete pipe cradle,
cast up to the spring line of the pipe. The pipe cradle addresses the difficulty of compacting fill
under the haunches of the pipe, which could otherwise lead to loosened soil zones or voids
creating preferential seepage paths and presenting risk for internal piping erosion. Design of the
PSW conduit joints/connections should account for potential consolidation settlements discussed
in Section 8.1 and Section 8.2.

The subgrade should be excavated to the planned elevation, and be inspected by a qualified
professional as specified in Section 11.5.1. The representative of the Engineer may require
additional overexcavation to remove unsuitable materials. Where final grading indicates less the
10 feet of cover soil (i.e. near both ends of the pipe), overexcavation / replacement with non-
expansive fill to a depth of at least 2 feet below the bottom of the pipe cradle should be
performed. Excavated materials may be stockpiled and tested to confirm they will be suitable for
re-use as compacted earthfill elsewhere on the site (see Section 10.2).

Prior to receiving fill material, the subgrade should be scarified, moisture conditioned, and
recompacted as specified in Section 9.3. Placement and compaction of any required fill should
be in accordance with recommendations in Section 10.4. The finished subgrade surface for
foundation construction should be maintained throughout construction prior to concrete
placement, and should be periodically moistened during dry periods and protected from erosion
and ponding during wet periods to maintain the target compaction moisture content. A final
inspection of the subgrade by a qualified representative of the Engineer is recommended
immediately prior to rebar and concrete placement.
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Groundwater seepage may be encountered in the excavation. Dewatering should be employed
by the Contractor to maintain dry excavation as recommended in Section 11.3.A filter diaphragm
is required around the conduit pipe (see Section 9.3).

8.3.4 PSW Impact Basin

Recommendations for subgrade preparation for the PSW impact basin includes over-excavating
below the proposed bottom-of-slab elevation and replacing with flexbase fill materials. The
minimum required depth of overexcavation below the bottom of the reinforced concrete slab is
shown in Table 8-2. Excavated materials may be stockpiled and tested to confirm they will be
suitable for re-use as compacted earthfill elsewhere on the site (see Section 10.2).

The subgrade should be excavated to the planned elevation, and be inspected by a qualified
representative of the Engineer as specified in Section 11.5.1. The representative may require
additional overexcavation to remove unsuitable materials. Prior to receiving fill material, the
subgrade should be scarified, moisture conditioned, and recompacted as specified in Section
11.5.2. Fill placement and compaction should be in accordance with recommendations in Section
10.4. The finished subgrade surface for foundation construction should be maintained throughout
construction prior to concrete placement, and should be periodically moistened during dry periods
and protected from erosion and ponding during wet periods to maintain the target compaction
moisture content. A final inspection of the subgrade by a qualified representative of the Engineer
is recommended immediately prior to rebar and concrete placement.

Groundwater seepage may be encountered in the excavation. Dewatering should be employed
by the Contractor to maintain dry excavation as recommended in Section 11.3.
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9. Internal Drainage Design

Internal drainage is intended to intercept potential seepage along preferential pathways (e.qg., lift
boundaries or more pervious layers) within the embankment. In the event that the flood pool raise
generates a seepage front within the embankment, internal drainage would serve to increase
slope stability in earthen embankment sections by lowering the phreatic surface. Additionally,
internal drainage will reduce hydrostatic lateral pressures and uplift forces acting on proposed
structures. Internal drainage elements included in the design are discussed below.

9.1 Filter Compatibility

Filter compatibility analyses were conducted to estimate the necessary gradations for filter
materials associated with the proposed construction. Filter compatibility between drainage layers
and surrounding materials is essential to reduce the risk of particle migration (piping), maintain
particle segregation, and to not restrict seepage flows.

Filter compatibility for the existing embankment and foundation materials was checked according
to NEH Part 633, Chapter 26 Gradation Design of Sand and Gravel Filters (NRCS 2017). Base
soil materials were considered as non-dispersive based on the vast majority of laboratory crumb
and double-hydrometer testing. The detailed filter compatibility analysis and results are provided
in Appendix L.

Results of the filter compatibility analysis indicate ASTM C-33 Fine Aggregate (a standardized
commercial gradation commonly available) is suitable as fine filter material when placed in contact
with Alluvium, Valley Fill, Leona Formation, and Borrow materials. However, ASTM C-33 Fine
Aggregate is slightly coarser than the design filter band for the Embankment Fill and Residuum
materials. This is primarily attributed to the relatively small dgs particle sizes of these materials.
For constructability reasons, a single fine filter gradation that meets filter compatibility criteria for
each of base soil materials is recommended. The recommended fine filter gradation for design is
a modified version of the ASTM C-33 Fine Aggregate with an adjusted coarse band, and is shown
in Table 9-1.

Filter compatibility analyses indicate that standard ASTM C-33 No. 89 aggregate will serve as a
suitable coarse filter material, and is recommended for design. Based on NRCS criteria, the
maximum slot/perforation size for drainpipes should be the less of d85/2 or d50 of the surrounding
aggregate. Considering the fine side band of ASTM C-33 No. 89 aggregate, the recommended
maximum perforation/slot size for drain pipes included within the Coarse Filter material is 3.9 mm
(0.15 inches). Perforated/slotted drain pipe should not be placed in contact with other materials.

Table 9-1. Recommended Fine Filter Gradation

Recommended Gradation of Fine

SSI(iazvee Sliazirt(lr?:?n) Filter for Design — Percent Finer
Coarse Band Fine Band

3/8” 9.5 100

#4 4.75 95

#8 2.36 80 100

#16 1.18 50 85

#30 0.6 35 60

#50 0.3 20 30
#100 0.15 0 10
#200 0.074 0 3
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9.2 Embankment Toe Drain

The existing embankment does not have a toe drain. The proposed embankment raise section
of the dam will include installation of a toe drain under the proposed the downstream toe to provide
seepage control. According to the design drawings, approximately 322 LF of toe drain is planned
to be installed left of the proposed PSW alignment (i.e., STA 14+00 to 17+22), and approximately
738 LF of toe drain right of the proposed overtopping ASW alignment (i.e., STA 22+62 to 30+00).
No toe drain will be included under the new ASW, which will be furnished with its own underdrain
system (see Section 9.4).

A third section of toe drain is planned for the approximately 200 LF section of embankment
between the proposed PSW and ASW (i.e., STA 17+35 to 19+28), through which the alignment
of existing PSW conduit to be abandoned crosses. Coordination will be needed between
abandonment of the existing PSW conduit and layout of the new toe drain.

The minimum thickness of the toe drain should be 3 feet in any direction. The embankment toe
drain should consist of a two-stage filter and drain pipe. The drain pipe should be minimum 6-
inch diameter, slotted Schedule 80 PVC piping surrounded by a layer of coarse aggregate on all
sides. Fine aggregate should be placed between the coarse aggregate and surrounding
subgrade/fill materials. Drain pipe slots should be placed at the 3, 6, 9, and 12 o’clock positions.
The bottom of PVC piping should extend at least 6 inches above the bottom of the strip drain
aggregate. Piping should discharge at locations where flow volumes can be easily monitored
(e.g., headwall or sidewalls of the PSW outlet structure, riprap slopes at ASW stilling basin).
Gradations for the fine and coarse aggregate are provided in Section 9.1.

Based on current and historic borings at the site, an approximately 3- to 8-foot thick layer of the
Leona Formation is likely to be present right of the original stream channel at the downstream toe
of the dam between varying elevations of El. 490 to El. 510. Although seepage modeling did not
indicate significant flow volumes through this layer, there exists a potential for seepage through
this relatively coarse-grained unit. Based on the proposed design grades for the toe drain, it is
expected to be feasible to adjust the elevation of the toe drain to intercept the Leona Formation
to provide seepage collection and conveyance. This is particularly important where excavation
for the toe drain completely cuts through the relatively thin Leona Formation and interrupts
potential seepage flow paths. The upper and lower limits of the Fine filter aggregate should be
adjusted to intercept the full height of the gravelly Leona Formation soils to provide a filtered exit
for seepage and seepage collection and conveyance to provide hydrostatic pressure relief. .

9.3 PSW Filter Diaphragm

A filter diaphragm is required around the existing PSW to be abandoned in-place, and the new
PSW conduit to control seepage flow and prevent a piping condition from developing. The
following is recommended for filter diaphragm design:

1. Design of filter diaphragms should be in accordance with the latest version of the NEH Part
628, Chapter 45, Filter Diaphragms (NRCS, 2007).

Filter diaphragm materials should consist of fine aggregate (see Section 10.6).

Filter diaphragm should be located downstream of the embankment crest centerline, and
maintain a minimum cover of 2 feet of embankment material in all directions.

4. Top of filter diaphragm should extend to the normal pool elevation, or to a height of 3 times
the diameter of the principal spillway conduit above the top of the principal spillway conduit,
whichever is higher. Minimum 2-foot cover of embankment material should be maintained in
all directions.
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5. Foundation soils are expected to exhibit low compressibility due to presence of generally
stiff to hard clays. Accordingly, the bottom of the filter diaphragm should extend at least 2
feet below the bottom of the principal spillway conduit’s installation trench.

6. The filter diaphragm should extend laterally from the outer edges of the principal spillway
conduit by at least 3 times the diameter of the principal spillway conduit.

7. The thickness of the filter diaphragm should be a minimum of 3 feet in all directions.

Strip drains should be provided to drain off seepage that collects in the filter diaphragm. Strip
drains should extend from the filter diaphragm and discharge into the proposed PSW stilling basin.
The following is recommended for strip drain design:

1. Strip drain materials should consist of fine aggregate (see Section 9.1).
2. Strip drains should be a minimum of 2-foot width in all directions.

3. Strip drains should be graded to drain by gravity towards stilling basin structure (minimum
1% grade).

4. Minimum 6-inch diameter, slotted Schedule 80 PVC piping should be provided in each strip
drain surrounded by a layer of coarse aggregate on all sides. Slots should be placed at the
3, 6,9, and 12 o’clock positions. The bottom of PVC piping should extend at least 6 inches
above the bottom of the strip drain aggregate. Piping should outlet through the headwall or
sidewalls of the principal spillway outlet structure at locations where flow volumes can be
easily monitored.

5. Ductile iron pipe should be used at the end section of the strip drains to protect against
damage in the riprap lined stilling basin. The ductile iron pipe should protrude slightly from
face of the riprap slopes such that flows can be measured and monitored.

Note that the existing PSW conduit to be abandoned has a series of concrete anti-seep collars,
but does not have a filter diaphragm/collar. Because both ends of the conduit will be removed (2
sections on upstream side, and 3 sections on the downstream side) and backfilled with a minimum
5-foot thick cover of relatively low-permeability embankment fill, a filter diaphragm is not needed
for existing PSW conduit.

9.4 Underdrain for RCC Spillway

A continuous underdrain providing both filtering and drainage functions will be included under the
RCC spillway. The underdrain will consist of a continuous aggregate blanket with transverse
perforated collection pipes at regular vertical intervals (no greater than 10 feet). The collection
pipes will connect to near-horizontal weep-holes consisting of solid PVC pipe laterals discharging
through the RCC surface will be constructed at regular horizontal spacing to drain seepage that
could accumulate within the underdrain. The underdrain will be constructed over the full height
of the exposed slope face, and should terminate at the invert of the stilling basin to allow free
drainage and prevent accumulation of water below the stilling basin to minimize effect of
expansive soils.

The RCC chute underdrain should consist of a fine aggregate layer placed onto the prepared
subgrade, and a coarse aggregate layer between the fine aggregate and RCC. The inclusion of
a layer of coarse filter directly under the RCC slab is recommended to provide filter protection
against subgrade piping and/or scour through cracks which may develop through the unreinforced
RCC slab. A cover of coarse aggregate should be provided around all PVC piping. The underdrain
will be designed to satisfy filter compatibility requirements and sized for estimated seepage flows.
Gradation design for fine and coarse aggregates is provided in Section 9.1.
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The underdrain should not be located upstream of the proposed embankment crest centerline in
order to preclude development of a shortened seepage path from the reservoir into the
underdrain. Thus, the underdrain should begin near the downstream end of the proposed RCC
crest structure, and continue downstream under the RCC chute structure. To provide uniform
bearing surface, the full underdrain thickness should be provided below the entire plan footprint
of both the RCC slab and RCC walls. The outside edges of the underdrain fill should slope
downward from the back of the wall footings at a 1H:1V slope or flatter away from the footing as
needed for constructability in order to allow for suitable stress distribution of footing pressures.

The selected termination point of the underdrain at the downstream end of the chute structure
should be carefully considered. If the underdrain extends under the below-grade RCC stilling
basin slab, it may allow seepage/infiltration to accumulate (i.e., “bath tub” effect) and access the
expansive clay soils below the RCC stilling basin which may cause soil swelling and related
heave. As discussed previously, the recommended 8-foot thickness of overexcavation /
replacement below the stilling basin slab (which includes the approximately 3-foot thick aggregate
underdrain), will provide a proposed 5-foot thick layer of non-expansive clayey soil between the
underdrain and the potentially-expansive subgrade soils. This 5-foot thick non-expansive clayey
layer will provide a low-permeability barrier which will reduce the rate of seepage from the
underdrain into the underlying expansive soils, thereby reducing the risk of moisture-induced
swelling. On this basis, installing the underdrain below the RCC stilling basin slab may be an
appropriate means for reducing hydrostatic uplift on the stilling basin slab due to spillway flows
and/or fluctuating shallow groundwater.

However, if higher-permeability soils are used in the overexcavation / replacement fill, or if the
thickness of the overexcavation / replacement is reduced to less than 8 feet, the risk of
seepage/infiltration to the underlying expansive soils is significantly increased. In such case,
consideration should be given to terminating the underdrain at the invert of the stilling basin to
allow free drainage and prevent accumulation of water below the stilling basin to minimize effect
of expansive soils. If this option is selected, the lack of an underdrain system will increase
hydrostatic uplift on the stilling basin slab. Hydrostatic uplift will need to be counteracted by either
adding additional thickness (i.e., weight) to the RCC slab, or by providing soil/rock anchors in the
stilling basin slab.

Based on consultation with the design team, no underdrain system will be provided under the
stilling basin for this project. This is intended to limit the amount of seepage/infiltration that can
access the expansive clay units below the stilling basin foundation, thereby limiting potential
swelling and related heave. The structural design team has found that sufficient resistance to
hydrostratic uplift is provided by the self-weight of the RCC slab. Note that the absence of an
underdrain under the stilling basin will remove filter protection provided by the fine and coarse
filter materials in the event that a fully-penetrating crack develops through the unreinforced RCC
slab. Therefore, itis recommended that a filter-compatible non-woven geotextile be placed under
the entire RCC stilling basin slab and lower portions of the RCC chute structure without an
underdrain to reduce the risk of piping erosion of underlying subgrade through potential cracks in
the RCC.

9.5 Chimney Drain for RCC Training Walls

Similar to the underdrain for the RCC spillway, it is recommended that no wall drainage system
be provided for the sections of the ASW RCC training walls which are located upstream of the
existing downstream embankment crest. This is intended to limit the potential for a hydraulic
connection between the reservoir and the RCC chute underdrain system, which could otherwise
lead to excessive hydraulic gradient and seepage pressures via shortened seepage path through
the dam.
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However, for portions of the RCC spillway training walls located downstream of the existing
downstream embankment crest (including the embankment slopes and stilling basin walls), an
aggregate chimney drain may be provided behind the exterior training walls to provide wall
drainage. The chimney drain will serve to drain off accumulated infiltration behind the walls,
reduce lateral hydrostatic pressures, and will be easier to properly compact with lightweight
equipment behind the wall. The chimney drain should be at least 2 feet thick and consist of a
coarse aggregate drain against the back of the wall, surrounded by a fine aggregate filter
compatible with embankment fill. A minimum 2-foot thick cap of compacted embankment fill
should be placed above the chimney drain to minimize surface water infiltration. Gradation design
of the fine and coarse filter material is provided in Section 9.1. A slotted or perforated underdrain
pipe within the coarse aggregate layer may be used to discharge seepage to the stilling basin.

9.6 Seepage Design Considerations for RCC Spillway Walls

The upstream portions of the RCC spillway crest structure will be in direct contact with the
reservoir pool during spillway flow events. Because the RCC training walls extend through the
full cross-section of the embankment, the walls should be designed to minimize the risk of
developing preferential seepage path(s) at the interface with adjacent embankment fill.
Preferential seepages paths can develop in zones of poorly-compacted backfill adjacent to the
walls. Shrinkage of backfill away from the wall following compaction can also result in the
development of preferential seepage paths.

One method to reduce the risk of seepage at the wall/backfill interface is to batter the back side
of the RCC walls for the crest structure. This allows each lift of embankment fill to be compacted
directly above and across the RCC-soil interface of the prior lift, assuring good compaction against
the back of the wall. This also reduces the risk of shrinkage of the backfill away from the wall,
which is more likely to develop for non-battered walls. However, battered RCC walls generally
require formwork, and can be more difficult to construct. From a seepage control standpoint,
battered walls would not be necessary for downstream sections of the RCC spillway (i.e., chute
structure and stilling basin).

If vertical (non-battered) RCC walls are preferred for the spillway, a filter diaphragm is
recommended due to the higher degree of difficulty in compacting backfill against a vertical
interface, and the greater likelihood of backfill shrinkage away from the wall. The filter diaphragm
is intended to intercept and filter potential preferential seepage paths that may develop along the
RCC-backfill interface. Similar to the design of filter diaphragms for PSW conduits, the filter
diaphragm for the RCC spillway walls should be oriented parallel to the embankment crest with a
minimum thickness of 3 feet, and located downstream of the proposed embankment crest
centerline. The filter diaphragm should be installed in an excavated trench extending below and
laterally beyond the limits of mass-grading excavations and backfill according to the guidance in
NEH Part 628, Chapter 45, Filter Diaphragms (NRCS, 2007). A minimum 2-foot thick “cap” of low
permeability embankment fill should be placed above the top of the filter diaphragm to limit surface
water infiltration and erosion.
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10. Borrow Sources and Fill Zoning

10.1 Embankment Fill Zoning

In general, lower-plasticity materials should be used for embankment fill placed under and
adjacent to proposed structures (i.e., RCC spillway and PSW structures) to reduce the risk of soll
swelling and related adverse affects on structures. Note that natural high-plasticity clay soils
placed as compacted embankment fill often experience shrink/swell behavior and long-term
softening in response to cycles of wetting and drying, which can lead to desiccation cracking
and/or wet-weather slides years after construction. Accordingly, the material zoning should also
place lower-plasticity materials in the exterior zones of embankment fill. Higher-plasticity
materials should be reserved for interior zones of the dam embankment fill and other less-critical
fill zones (e.g., backfills and earthfill berms downstream of the dam).

Lime-treated earthfill from on-site sources is also proposed in some areas adjacent/under
structures to provide high-strength, non-expansive, and relatively low permeability fill material to
optimize usage of available high-plasticity clay borrow.

Recommended fill zoning is provided in Table 10-1. Geotechnical engineering analyses contained
herein assume the material requirements for proposed embankment fill will meet those provided
in Table 10-1.

10.2 Embankment Fill Material Specifications

Based on the results of field borrow investigation, suitable on-site materials for embankment fill
will consist of USCS designations CL or CH with at least 50% fines (i.e., material passing the No.
200 sieve by weight) and less than 20% gravel (i.e., material retained on the No. 4 sieve by
weight). Imported fill materials with USCS designations of CL or SC and at least 40% fines and
less than 20% gravel are recommended near some structures to provide a non-expansive, low-
permeabilty hydraulic barrier. Lime-treated fill materials from on-site sources are also included in
the proposed embankment fill zoning.

The fill should be free of debris, vegetation, or other deleterious materials, and oversize particles
(defined later) . All fill materials should be non-dispersive. Non-dispersive soils are considered to
be those which have a percent dispersion less than 40% in the double-hydrometer test (ASTM
D4221), and ND1 or ND2 per pinhole test (ASTM D4647). Crumb testing (ASTM D6572) should
be performed to screen for potentially dispersive sails.

Fill materials placed under or adjacent to structures should also be non-expansive. Non-
expansive soils are considered to be those which experience less than 1% swell at a confining
pressure of 250 psf according to ASTM D4546, Method B (One-Dimensional Swell/Collapse)
when remolded to at least 95% maximum dry density (MDD) at optimum moisture content (OMC)
according to ASTM D698.

A higher degree of compaction is also required under structure foundations to provide adequate
bearing capacity. Placement moisture contents should be above optimum to limit the potential for
wetting-induced swell near structures, and to provide low-permeability characteristics of the fill.

Recommended material properties for the various fill zones are provided in Table 10-1.
Discussion of recommended borrow sources to supply the required volumes of the various earthfill
materials are provided in the following sections.
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10.3 Borrow Source Recommendations

Two dedicated on-site borrow areas, denoted as Borrow Area #1 and #2, were investigated at the
left and right banks of the normal operating pool, respectively. Areas of required excavation for
construction of proposed improvements were also evaluated as potential borrow sources.
Discussion is provided below.

10.3.1 Borrow Area #1

Borrow Area #1 is located relatively close to the proposed dam improvements, within about 300
to 650 ft upstream of the left side of the embankment. Two generalized strata were encountered:
an upper sandy lean clay (CL) from about 0 to 4 feet bgs, and a lower sandy lean clay (CL) from
about 4 to 10 feet bgs. The upper layer had measured LL=43-45 and PI=25-28, and lower layer
had LL=35-42 and PI=21-27. Soluble sulfate content ranged from 88 to 2,542 ppm with similar
variability in both layers. Based on the relatively low plasticity of the Borrow Area #1 materials,
they been designated for use in exterior zones of the proposed embankment fill.

The plasticity of the Borrow Area #1 materials is higher than recommended for placement
under/adjacent to the RCC auxiliary spillway. Therefore, these materials should be placed outside
the footprint of the RCC structures, and placement will be restricted to minimum horizontal clear
distance of no less than the wall height or 5 feet (whichever is greater) from the retained side of
RCC walls.

While the laboratory testing indicates lime treatment of the Borrow Area #1 materials is feasible
to reduce plasticity and allow placement directly under/adjacent to the RCC spillway, this should
not be performed in order to optimize usage of this available natural low-plasticity borrow source.

10.3.2 Borrow Area #2

Borrow Area #2 is located relatively farther from the dam improvements, within about 800 to 1,300
ft upstream of the right side of the embankment but with a longer haul distance. Two generalized
strata were encountered: an upper layer of Alluvium classified as sandy fat clay (CH) from about
0 to 3 feet bgs, and a lower layer of Residuum classified as fat clay (CH) from about 3 to 8 feet
bgs. The upper layer had measured LL=50-60 and PI=31-38, and lower layer had LL=57-69 and
P1=37-46. Soluble sulfate content ranged from 146 to 3,396 ppm with similar variability in both
layers.

Based on the moderate to high plasticity of the Borrow Area #2 materials, the upper layer is
recommended for use in interior zones of the embankment fill to be protected from seasonal
wetting/drying. The natural plasticity of the upper layer is higher than recommended for placement
under/adjacent to the RCC auxiliary spillway. Therefore, unless amended by lime treatment, these
materials should be placed outside the footprint of the RCC structures, and placement should be
restricted to minimum horizontal clear distance of no less than the wall height or 5 feet (whichever
is greater) from the retained side of RCC walls.

The plasticity of the lower layer from Borrow Area #2 is too high to allow placement in the
embankment without lime treatment. The laboratory testing indicates lime treatment of the Borrow
Area #2 materials (both upper and lower layers) is feasible to reduce plasticity and allow
placement directly under/adjacent to the RCC spillway. In order to optimize available borrow
usage, the lower layer of Borrow Area #2 should be lime-treated and placed adjacent to the RCC
spillway walls in the downstream portions of the embankment. If required, the lower layer of
Borrow Area #2 may be lime-treated and used in interior and/or exterior zones of the embankment
to provide additional source of low-plasticity on-site borrow material. A minimum lime application
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rate of 4% by dry weight of soil and 7-day mellowing period has been incorporated into the project
specifications for the Borrow Area #2 lower layer materials.

10.3.3 Excavation for Principal Spillway Replacement

Materials within the required excavation limits for abandonment of the existing PSW and
construction of the proposed new PSW were evaluated as potential sources of borrow.
Excavations will primarily encounter existing Embankment Fill above about El. 495, below which
various foundation materials will be encountered (with the exception of the embankment cutoff
trench location which extends deeper).

Based on laboratory testing on samples from borings drilled on the dam embankment near the
existing and proposed PSW alignments (B-04, B-05, HA-01, and HA-04), the existing
Embankment Fill material within the proposed excavation limits generally has LL=42-52 and
P1=24-28, with the exception of two sample outliers (i.e., LL=82 and PI=55 in the central zone of
the embankment, and LL=70 and PI=44 in the outer zone of topsoil). Measured soluble sulfate
content range from 600 to 700 ppm. Based on the relatively low plasticity of the existing
Embankment Fill materials in this location, they should be prioritized for use in exterior zones of
the proposed embankment fill. Surplus volumes of this material may be used in interior zones of
the proposed embankment fill. While the laboratory testing indicates lime treatment of existing
Embankment Fill located in the area of the PSW replacement is feasible to reduce plasticity,
available data suggests this should not be necessary and should not be performed in order to
optimize usage of this natural low- to moderate-plasticity borrow source.

Based on laboratory testing on samples from borings drilled at the downstream toe of the dam
near the proposed PSW replacement (B-602 and B-603), the foundation materials are expected
to include 5 to 7 feet of Valley Fill underlain by about 5 feet of Alluvium (B-602) or 5 feet of Leona
formation gravels (B-603). An additional 5 to 7 feet of underlying Residuum is anticipated within
the planned maximum excavation depth of 17 feet bgs (incorporating foundation overexcavation
requirements discussed later for the inlet riser and impact basin). The following fill zoning has
been recommended for these foundation materials:

e The upper 7 to 10 feet of foundation materials (Valley Fill and Alluvium) have moderate
plasticity (LL=39-55 and P1=24-33) and have been designated for use in interior zones of the
proposed embankment fill. It is noted that in general, the composition of fill materials and
alluvium tend to be somewhat variable (particularly if construction of the Valley Fill was not
well-controlled), and should need to be closely monitored by quality control and quality
assurance personnel for visual changes and tested accordingly during construction.

e The gravelly Leona formation materials encountered in B-603 from 7 to 12 feet bgs should
be excluded from the new fill due to a high proportion of gravel- and cobble-sized fragments
and relatively high Pls, and should be placed in designated on-site waste areas.

¢ The underlying Residuum encountered at about 10 to 12 feet bgs has relatively high plasticity
(LL=51-65 and P1=28-41), and results of two soluble sulfates content tests were 3,500 and
5,600 ppm. These materials should be designated for interior zones of the proposed
embankment fill. While the laboratory testing indicates that lime treatment of the Residuum
from the depth intervals considered at this location is feasible to reduce plasticity, lime
treatment is not currently recommended due to the elevated sulfates and the relatively limited
volume of materials from this location (roughly 2,000 CY).

10.3.4 Downstream RCC Outlet Channel Excavation

Materials within the required excavation limits for construction of the proposed RCC auxiliary
spillway outlet channel was also evaluated as a potential borrow source. Planned excavation
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depth for the outlet channel is a maximum of about 5 feet bgs. Boring B-606 was drilled in the
proposed outlet channel, and encountered suspected fill materials generally classified as sandy
lean clay (CL) in the upper 6 feet, and Residuum classified as fat clay (CH) from depths of 6 to
20 feet bgs. The upper layer fill considered for borrow had measured LL=43-44 and P1=26-27.
Below a depth of 6 feet, the measured LL=59 and PI=36.

Based on the relatively low plasticity of the materials within the proposed RCC outlet channel
excavation (upper 6 feet), they are recommended for use in exterior zones of the embankment
fill. If excavations are required to extend deeper into the underlying high-plasticity residual clays,
those materials should be placed in interior zones of the embankment or in other less critical fill
areas.

10.3.5 Excavation for Overtopping RCC Auxiliary Spillway

Materials within the required excavation limits for construction of the proposed overtopping RCC
auxiliary spillway were evaluated as a potential source of borrow. Excavations for the RCC Crest
Structure and upper portion of the RCC Chute Structure will encounter existing embankment fill,
while excavations for the lower portion of the RCC Chute Structure and Stilling Basin will
encounter various foundation materials.

Based on borings drilled on the dam embankment near the proposed RCC auxiliary spillway (B-
05 through B-07, HA-01, HA-02, and HA-04 through HA-06), the existing embankment fill material
within the proposed excavation limits generally has LL=46-52 and P1=25-28, with the exception
of two sample outliers as noted in Section 2.4.5.4 (i.e., LL=82 and PI=55 in the central zone of
the embankment, and LL=70 and PI=44 in the outer zone of topsoil) (i.e., LL=82 and PI=55 in the
central zone of the embankment, and LL=70 and PI1=44 in the outer zone of topsoil). Measured
soluble sulfate content ranges from 300 to 900 ppm. Based on proximity to the proposed RCC
auxiliary spillway and favorable results of laboratory lime series and sulfates content testing, these
materials are recommended for lime-treatment and placement under and/or adjacent to the RCC
spillway structures. A minimum lime application rate of 4% by dry weight of soil and 7-day
mellowing period is recommended for these materials.

Based on borings drilled at the downstream toe of the dam near the proposed RCC auxiliary
spillway (B-603 and B-604), the foundation materials are expected to include 3 to 7 feet of Valley
Fill underlain by 2 to 5 feet of Leona formation gravels/clays, and further underlain by Residuum
to planned maximum excavation depth of 19 feet bgs (incorporating foundation overexcavation
requirements discussed later). The following fill zoning has been designated for these foundation
materials:

e The upper 3 to 7 feet of foundation materials (Valley Fill) have moderate plasticity (LL=53-55
and PI=33-35) and have been designated for use in interior zones of the proposed
embankment fill. It is noted that in general, the composition of fill materials and alluvium tend
to be somewhat variable (particularly if construction of the Valley Fill was not well-controlled),
and should need to be closely monitored by quality control and quality assurance personnel
for visual changes and tested accordingly during construction.

e The Leona formation gravels should be excluded from potential fill due to a large proportion
of gravel- and cobble-sized fragments and relatively high Pls, and should be placed in
designated on-site waste areas.

e The underlying Residuum encountered at about 5 to 10 feet bgs in this area had relatively
high plasticity (LL=63-65 and P1=41-43), with a single elevated soluble sulfate measurement
of 5,600 ppm (an additional elevated sulfate measurement of 4,900 ppm was obtained in the
parent Clayshale at this location). While the laboratory testing indicates that lime treatment
of the Residuum from the depth intervals considered at this location is feasible to reduce
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plasticity, lime treatment is not currently planned due to the relatively high measured sulfate
concentration and relatively limited number of tests which present an increased risk of sulfate-
induced heave if placed under/adjacent to structures. Consequently, the Residuum
encountered in excavations for the RCC chute and stilling basin structures has been reserved
for placement in less critical areas of the required fill such as the training berms for the RCC
outlet channel, and required backfill for abandonment of the existing PSW plunge pool and
outlet channel located nearby.

Lime treatment of the Residuum from this location may be permitted to provide an additional
source of low-plasticity fill in the exterior and/or interior zones of the embankment fill (away from
structures due to elevated sulfates) if available quantities of low-plasticity natural material is
insufficient. If Residuum from excavations for the RCC chute/stilling basin structures are used for
this purpose, a minimum lime application rate of 4% by dry weight of soil and minimum 7-day
mellowing period is required for lime-treated Residuum.

10.4 Embankment Placement Criteria

The fill should be placed in loose lifts not exceeding 9 inches thick, and moisture conditioned and
compacted with reference to ASTM D698 (Standard Proctor) to meet the requirements of Table
8-5. The surface of each lift should be roughened prior to placement of subsequent lifts to promote
inter-lift bonding and preclude development of preferential seepage paths or planes of weakness.

Fill materials placed within a horizontal distance of 3 feet from structures, or the first 3 feet placed
on top of buried structures, should be compacted with lightweight equipment to avoid damage to
structures.

10.5 Flexbase Specifications and Placement Criteria

Overexcavation and replacement with compacted flexbase materials is recommended below the
foundations for the PSW Inlet Tower and Impact Basin. Flexbase should consist of a well-graded,
crushed aggregate material meeting the requirements of TxDOT Item 247, Type A, Grade 1-2.
The flexbase should be placed in maximum 9-inch loose lifts and compacted to a minimum of
100% of maximum dry density at a moisture content £2% of optimum moisture according to
Standard Proctor energy (ASTM D698). Flexbase should be sourced from a commercial
aggregate supplier approved by TxDOT.

Where the final embankment cover on the new PSW conduit pipe is less than 10 feet, a minimum
of 2 feet of overexcavation and replacement is required. Flexbase is permissible as replacement
below the conduit pipe in these zones but should be isolated to the upstream toe and downstream
toe of the dam (i.e. within about 20 feet). Flexbase should not be used as bedding under the
conduit pipe because it would serve as a preferential seepage path. Alternatively, non-expansive
embankment fill may also be used in the overexcavation/replacement zone under the PSW
conduit pipe.

Flexbase should be isolated from adjacent filter materials using non-woven geotextile to preclude
issues with filter incompatibility between these materials (e.g., potential clogging of filter layers).
Additionally, a non-woven geotextile separation layer should be provided between the flexbase
and clayey embankment/foundation soils at the PSW Impact Basin to preclude filter
incompatibility issues (e.g., fines migration) associated with planned drain outlets and potential
seepage path outlets into the creek channel at this location.
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10.6 Filter Material Specifications and Placement Criteria

Fine and coarse filter materials should meet the gradations specified in Section 8.4.1 and the
requirements of ASTM C-33. Fine and coarse filter materials should be sourced from an approved
commercial supplier.

Fine filter materials should be compacted to 65 to 70% relative density, or a minimum of 98% of
maximum dry density from one-point Standard Proctor testing (ASTM D698) on an oven-dried
sample. To ensure repeatability, the reference maximum density should be based on the average
of three (3) one-point Proctor tests. In order to prevent bulking, fine filter materials will require
near saturation (water applied immediately in front of a vibratory roller) during field compaction.
The fine filter materials should not be contaminated by fines from the surrounding embankment
fill or foundation materials.

Coarse filter materials should be compacted to 65 to 70% relative density. Given the difficulty in
compaction testing clean coarse aggregate materials, suitable compaction may be achieved by
specifying a minimum number of passes by the compaction equipment. At minimum, compaction
should consist of no less than four (4) overlapping passes by a vibratory roller or more until no
further densification is observed. A field test section is recommended to confirm whether
additional passes should be required during compaction.

10.7 Lime Treatment

Lime treatment is recommended to reduce shrink-swell potential for fill material from on-site
borrow sources and required excavations adjacent and under the proposed RCC spillway. Due
to the relatively high bearing pressures of the stilling basin walls, lime-treated earthfill is required
to provide adequate bearing capacity.

Based on preliminary laboratory lime series testing on bulk composite samples, a lime application
rate of 1-4% may be adequate to reduce the PI to 15 or less. For planning purposes, AECOM
recommends a minimum lime application rate of 4% by dry weight for quicklime or 5% by dry
weight for hydrated lime for this project. Preconstruction and/or construction phase testing of
lime-treated soils from designated borrow sources is suggested to confirm the minimum lime
application rate produces the required compressive strength of the lime-treated soil.

Laboratory testing indicates elevated sulfate concentrations (i.e., 3,000 to 7,000 ppm) may be
present in some of the native soil materials at the site. In accordance with recommendations in
TXDOT 2014 Standard Specifications for Construction, an extended mellowing time of 7 days is
recommended for lime-treated earthfill prior to placement, as opposed to the standard 3-day
mellowing period as required by NRCS standard specifications for lime-treated earthfill. Soils with
sulfate concentration greater than 7,000 ppm should not be used for lime-treated earthfill.

Routine confirmatory laboratory testing should be performed as part of the quality control testing
program for both untreated soils proposed for lime treatment, and lime-treated soils. Laboratory
quality control testing should confirm the following for lime-treated earthfill:

e Reduction in Pl < 15;
Stable pH of 212.4;

Unconfined compressive strength of 25 psi or greater (7 day);

Unconfined compressive strength of 50 psi or greater (28 day); and
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e Reduction in soluble sulfate concentration to less than 3,000 ppm after mellowing period and
prior to placement.
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Table 10-1. Recommended Zoning and Criteria for Earth Fill

Material
Type

Proposed Fill Materials

Description

Placement Location

Required USCS
Group Symbol

(See Note 5)

Required
Atterberg Limits

LL

Pl

Percent
Finer
than No.
200
Sieve
(%)

Max.
Particle
Size
(See
Note 5)

Maximum
Uncompacted
Lift Thickness

Fill Material Requirements

Specified
Compactio
n Class

Crumb Test

(See Note 7)

Pinhole
Dispersion

Density Test

Field Moisture .
Required

Relative

Compaction

(RELY, Method (%)

No.

Compaction
Moisture
Limits
(xOptimum)

A | Imported Fil (Asdéicﬁgttéol)mc Spillway CL, SC <45 | 7-20 | >40 2" 9" A Gradelor2 | ND1orND2 | D698 A 95-100 | OPT | +4%
B Imported Fill | Ynder RCC Spillway CL, SC <45 | 7-20 > 40 2" o A Grade 1 or 2 ND1 or ND2 | D698 A 98 min. | OPT | +4%
(See Note 2)
Cc | onsiteFill | EXterior Zone of Embankment CL,CH,SC | <55 | 10-30 | >40 3" 9" A Gradelor2 | NDLorND2 | D698 | A 95-100 | OPT | +4%
(See Notes 3 and 4)
D On-Site Fill | Interior Zone of Embankment CH, CL <60 | 10-40 | >50 2" 9" A Grade Lor2 | ND1orND2 | D698 A 95-100 | OPT | +4%
(See Notes 3)
Berms for RCC Outlet Channel,
E On-Site Fill | Backfill for Existing PSW Plunge CH, CL <65 | 10-50 > 40 3" 9" A Grade 1 or 2 ND1 or ND2 | D698 A 95 -100 OPT | +4%
Pool and Downstream Channel
Lime- | Agdjacent to RCC Spillwa
F Treated On- | /. priway (See Note 6) <55 | 7-15 > 50 2" 9" A Grade 1or2 | ND1orND2 | D698 A 95-100 | OPT | +4%
- (See Note 1)
Site Fill
Lime- Under RCC Spillway .
G Treated On- (See Note 6) <55 7-15 >50 2" 9" A Grade 1 or2 ND1 or ND2 | D698 A 98 min. OPT | +4%
g (See Note 2)
Site Fill
H Lime- Exterior Zone of Embankment
. Treated On- (See Note 6) <55 7-15 > 50 2" 9" A Grade 1 or2 ND1 or ND2 | D698 A 95 - 100 OPT | +4%
(optional) Site Fill (See Notes 3, 4, and 8)
Notes:
1. Applies to fill zones located within a horizontal distance equal to the wall height (1H) from the retained-side face of proposed spillway walls.
2. Applies to fill zones located under and within 2-foot horizontal distance of the RCC spillway structures footprint as shown on the drawings.
3. Applies to fill zones located a distance greater than 1H from the retained-side face of wall structures.
4. Applies to fill zones located in the outer 5 feet (vertical) of the embankment. Minimum lift placement width of 10 feet (horizontal).
5. All materials should have no greater than 20% gravel (i.e., percent coarser than the US No. 4 sieve by weight). Soils of the Leona formation which classify as clayey gravel (GC) and typically contain oversize particles are
not suitable for use as embankment fill.
6. Required Atterberg limits refer to material after modification by lime treatment.
7. Earthfills and backfills to be compacted by hand tamping or with manually-directed power tampers or plate vibrators behind walls should be placed in layers not exceeding 4 inches in thickness before compaction, and
maximum allowable particle size for such material should be 2 inches. Each layer should be carefully bonded to the preceding layer.
8. Material Type H is an optional contingency for supplemental borrow volume if actual available volume for Material Type C and/or Material D is less than expected.
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Table 10-2. Borrow Source Recommendations for Earth Fill

Proposed Fill Materials Material Source Information Fill Volumes
Typical Depths . . Available
Material o . . (feet) . : Description and USCS bizEBUTEel (MBI (PrepEes Al Required
Description Placement Location Material Source Applicable Borings by Area .
Type Group Symbol Pass Material (CY)
Bottom (A9 Y%
#200 (CY)
A Imported Fill | Adjacent to RCC Spillway Off-site Borrow Area n/a 1,800
B Imported Fill Under RCC Spillway Off-site Borrow Area n/a --- --- --- --- --- 11,746
(See Note 2)
Borrow Area 1 (Upper) 1 4 ?(')150%:’&/'13_21’ B-104,B- | Ajluvium (CL) 43 - 45 25-28 80 19,622
_ Borrow Area 1 (Lower) 4 10 B-101, B-102, B-104, B- | posiduum (CL) 35-42 21-27 67 39,244
o Exterior Zone of Embankment 105, COMP-2
c On-Site Fil (See Notes 3 and 4) PSW Embankment E ti B-04P, B-05, HA-01, HA 90.867 88,950
(soe NOTe g;] ment Excavation 1 39 oa o TR T | Embank Fill (CL, CH) | 42-52¢ | 24-28% | 67-100 | 20,000
i Fill (CL,CH),
RCC Outlet Channel Excavation 1 5 B-606 Residuum (CL,CH) 43 - 44 26 - 27 71-76 12,000
ZSBZVNEOTebg;]kme”t Excavation 1 39 | 04P BOS HAOL A | Embank Fil (L, CH) | 42-52¢ | 24-28* | 67-100 | 2,000
PSW Downstream Toe Excavation 1 101 | B-602,B-603 (F(LJL'()(:L’CH)’ Allovium 129 55 | 24-33 | 65-88 | 2,000
. . Interior Zone of Embankment
D On-Site Fill | (5ee Notes 3) PSW Downstream Toe Excavation 1103 tg 17 B-602, B-603 Resid. (CL,CH) 51-65 | 28-41 | 87-94 2,000 23,768 | 22,150
RCC Downstream Toe Excavation 1 |25t06.5 | B-603, B-604 (F(':'L()CH)' Alluvium 53.55 | 33-35 | 84-88 | 5375
Borrow Area 2 (Upper) 1 3 ?i%oénggi B-109,B- | Ajiyvium (CH) 50-60 | 31-38 76 12,393
Berms for RCC Outlet Channel, .
E On-Site Fill | Backfill for Existing PSW Plunge E&iviﬁ’i'(')"é"ay Downstream Toe f;% 19 | B-603, B-604 Residuum (CH) 62-65 | 40-43 | 93-100 | 16,125 | 16,125 | 8,000
Pool and Downstream Channel '
. B-107, B-108, B-109, B- .
= Lgnn(?g;tr:alzticleld Adjacent to RCC Spillway Borrow Area 2 (Lower) 3 8 110, COMP-4 Residuum (CH) 57 -69 37-46 91 7,745 7,745 1,800
Other Areas (See Note 1)
. B-05, B-06, B-07, HA-01,
Lime-Treated . RCC Spillway Embankment 1 | 4t014 |HA02, HA04 HA-05, | Embank. Fill (CL, CH) | 45-52% | 25-28+ | 81-95 | 13,000 | 13,000 | 11,746
G g Under RCC Spillway Excavation
On-Site Fill HA-06
Other Areas (See Note 1)
H Lime-Treated . Borrow Area 2 (Lower) 3 8 B-107, B-108, B-109, B- | pogiguum (CH) 57 - 69 37-46 91 23,236 23,236
(optional) | On-Site Fill Exterior Zone of Embankment 110, COMP-4
P Other Areas (See Note 1)
Total: 174,741 135,235

Notes:

1. Borrow sources for Materials F and G are interchangeable. If supplemental volume of lime-treated soils is required, lime-treated borrow from other on-site areas may be acceptable if sulfates meet

project criteria.

2. Prioritize borrow source for Material C.
3. *- Reported range excludes two sample outliers: Embankment Core (LL=82, PI1=55, and Pass #200 = 100%) and Embankment Shell/Topsoil (LL=70, Pl=44, and Pass #200 = 95%).
4. ** - Reported ranged excludes one sample outlier: Embankment Shell/Topsoil (LL=70, PI=44, and Pass #200 = 95%).
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11. Construction Considerations

11.1 Clearing and Grubbing

Before site grading and excavating, existing vegetation, topsoil, and any debris should be cleared
and disposed of outside the construction limits. The clearing and grubbing depths are generally 6
inches unless organic soils or tree roots are encountered. Where concentrations of organic soils
and tree roots are found, deeper clearing may be required. The geotechnical engineer may be
consulted to provide additional recommendations for removal of deeper organics, if encountered.
Topsoil and debris should not be incorporated into any engineered fill.

11.2 Excavations

11.2.1 Excavation Potential

Planned excavations should proceed without difficulty using modern earth-moving equipment,
and can be classified as “common” excavation for bidding purposes per NRCS Construction
Specification 21. Within the planned depths of excavation, common excavation classification also
applies to the upper portion of the Clayshale.

11.2.2 Temporary Excavation Slopes

Temporary excavations are the sole responsibility of the Contractor. All temporary excavations
should comply with OSHA guidelines. In no case shall excavations into the dam embankment
exceed an inclination of 2H:1V (and preferably 3H:1V or flatter). The downstream side of
Excavations that cannot be sloped to a stable configuration will require shoring. All shoring
designs, and any excavations deeper than 20 feet, should be designed by a Professional Civil
Engineer licensed in the State of Texas. The Contractor’'s submittals related to temporary
excavation should be formally reviewed and approved by the Engineer of Record prior to the start
of construction.

As noted in previous sections, temporary overexcavation / replacement at the downstream toe is
required to mitigate expansive soil movements. Maximum permissible slope angles flatter than
those dictated by OSHA guidelines may be required as part of the project design. The contract
documents may also set additional requirements for the contractor’s design related to temporary
excavations (e.g., reservoir operations and flood routing, construction sequence, duration for
open excavation, weather considerations, backfill tie-in, etc.).

11.3 Groundwater Control and Dewatering

Groundwater may be encountered in excavations required for construction of the PSW
replacement, RCC auxiliary spillway stilling basin and lower portion of the RCC chute structure,
and/or upstream borrow area excavations. Temporary dewatering is an important consideration
for construction of the proposed PSW impact basin and RCC stilling basin, which will be founded
near or below the groundwater levels measured during the field investigation in borings B-601
and B-602. The possible presence of the gravelly Leona Formation within the proposed
excavations to the right of the existing creek channel may generate appreciable groundwater
inflows which will need to be managed during construction. Therefore, construction dewatering
by the Contractor is anticipated for this project, and dewatering requirements should be
incorporated into the project specifications.
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The reservoir level should be lowered to the maximum extent possible prior to construction to
reduce the required magnitude of dewatering at the downstream toe. Groundwater controls will
be necessary for the entire duration of the earthwork operation until constructed internal drains
have proper outlets. Groundwater levels should be maintained at least 2 feet below the proposed
excavation bottom for trafficability and stability. Temporary dewatering is the responsibility of the
Contractor.

Groundwater levels can fluctuate depending on rainfall, changes in reservoir level, runoff
conditions, and other factors. The Contractor should verify groundwater conditions before
construction. The Contractor should prepare and submit a dewatering plan for review as part of
the contract documents.

11.4 RCC Construction Considerations

The RCC should be constructed in horizontal lifts, including the steps of the chute structure.

Consideration may be given to including contraction joints in the RCC slab to control crack
development. If included, each contraction joint should include an underlayment of geosynthetic
filter fabric with apparent opening size (AOS) compatible with the underlying soil and/or drainfill
materials.

For the RCC Crest structure, continuous reinforced concrete turn-down keys should be cast into
the slab on the upstream end of the crest weir to provide under-seepage cutoff. The turn-down
keys should be constructed in an excavated trench that extends at least 1 foot deeper than the
surrounding excavation limits, if possible. The turn-down keys may require steel reinforcement
to prevent crack development, and waterstops may be needed at joints.

If extension of the turn-down key into undisturbed material below planned overecavation /
replacement zone is not feasible, an embankment key trench should be constructed to penetrate
2 feet below the surrounding subgrade elevation to provide seepage cutoff along the excavated
subgrade/fill interface.

11.5 Geotechnical Instrumentation

11.5.1 Piezometers

Installation of open-well (stand-pipe) piezometers is recommended to permit future measurement
of piezometric levels within the embankment and near the toe of the dam. The purposes of the
piezometers are to: 1) confirm design assumptions for phreatic surface and stability analysis; 2)
monitor uplift pressures on the new spillway structure; and 3) monitor fluctuations in phreatic
surface over time that could be indicative of possible adverse dam performance.

Each piezometer will be furnished as a nested piezometer with two isolated screened intervals
tipped in either Embankment Fill or Alluvium/Residuum depending on location. Two (2)
piezometers should be installed on the crest of the dam near the outside edge of each side of the
RCC spillway crest structure. Two (2) additional piezometers should be installed at the toe of the
dam immediately adjacent to the outside edge of each side of the RCC stilling basin. Proposed
piezometer screen intervals and tip depths will be specified as part of the design package.
Piezometers should be constructed and monitored daily for at least 3 weeks prior to raising the
reservoir normal pool above existing conditions.

Based on planned excavation grading, the existing piezometers at borings B-04P and B-06P will
likely need to be decommissioned as part of the construction contract to accommodate the
planned improvements.
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11.5.2 Reservoir Staff Gauge

AECOM recommends the proposed dam rehabilitation include installation of a reservoir staff
gauge(s) to permit accurate measurements of reservoir level. This will allow future comparison
of reservoir level versus piezometric levels surface to better understand the response of the
phreatic surface to changes in reservoir level. If feasible, an automated reservoir stage recorder
could be included in the construction.

11.5.3 Survey Monitoring Points

Installation of survey monitoring points is recommended to monitor structure settlement and/or
heave movement over time. The survey monitoring points should be established on the RCC
overtopping spillway structures (including on both the walls and chute slabs for the crest structure,
chute structure, and stilling basin), on the PSW inlet tower, and on the PSW impact basin
Monitoring points should be established, and initial readings taken, at least 2 weeks prior to
backfilling against the training walls and reservoir filling. Monitoring points should be surveyed
weekly until the substantial completion of construction and initial filling of the reservoir, after which
point readings should continue for at least 2 months. Frequency of readings may be reduced if
no significant movement is observed. Follow-up readings conducted at 6 and 12 months following
substantial completion are suggested. Subsequent readings should be conducted are part of
routine dam safety inspections, typically every 1 to 2 years.

11.6 Construction Quality Assurance and Quality Control

11.6.1 Subgrade Inspections

A qualified geotechnical engineer or engineering geologist (Field Representative) should inspect
foundation subgrades to confirm bearing strata are consistent with the design assumptions stated
herein. This includes subgrades associated with the foundations for the proposed RCC auxiliary
spillway (crest weir, stepped chute, stilling basin); proposed principal spillway (inlet tower, conduit
pipe, impact basin); downstream toe of the earth fill embankment raise, and planned embankment
cutoff trench excavations for embankment extension towards the left and right abutments..

The Field Representative should observe the excavated subgrade for these areas to verify
potentially compressible soils are not present. Before the start of construction of structures or
placement of fill, the subgrade should be proof-rolled with a minimum of six complete passes of
a minimum of 10-ton (static) vibratory roller or equivalent. If pockets of unsuitable materials
encountered in this process cannot be satisfactorily compacted at the subgrade, these soils
should be removed and replaced with embankment fill or other material approved by the
geotechnical engineer, and compacted as recommended in Section 11.2. The contractor should
be prepared to provide a small excavator for shallow test pits. The finished subgrade should be
clean and free of unsuitable materials (trash, organics, wood, and other degradable or deleterious
materials).

Particular attention should be paid to identifying and removing the gravelly Leona formation if
exposed in excavations to minimize seepage conveyance under the dam that may adversely
affect planned structures.

11.6.2 Subgrade Compaction

Following excavation to the lowest subgrade elevation and inspection/proof-rolling activities are
completed, the subgrade should be compacted prior to placement of fill or structure foundations.
The cut subgrade surface should be graded level, scarified to a minimum depth of 6 inches, and
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moisture conditioned to between optimum and +4% of optimum moisture according toe ASTM
D698 (Standard Proctor).

Subgrades underlying the footprint of proposed structures and within 5 feet horizontal distance of
foundations should be recompacted to at least 98% of maximum dry density in accordance with
ASTM D698. Subgrades outside these areas (e.g., proposed embankment raise section) should
be recompacted to at least 95% of maximum dry density in accordance with ASTM D698.

The moisture content of the prepared subgrade should be regularly maintained by the Contractor
until subsequent placement of directly overlying fill material or structures.

11.6.3 Instrumentation Installation

A qualified engineer or geologist should be present full-time during the installation of piezometers
to log soils encountered, record groundwater observations, and document well materials and
depths. Piezometer installation should be conducted under the direction of a licensed
Professional Engineer.

Survey monitoring points should be installed and surveyed by a licensed Professional Land
Surveyor. The data should be periodically reviewed and interpreted by a licensed Professional
Engineer.

11.6.4 Fill Placement and Testing

Each lift of compacted fill should be tested to confirm it has the specified moisture and compaction.
One moisture/density verification test should be performed for every compacted lift at a rate of 1
per 10,000 SF of compacted area or every 500 LF per lift of dam embankment, whichever requires
most testing. For smaller areas, a minimum of three verification tests should be provided for every
lift. Subsequent lifts should not be placed until the exposed lift has the specified moisture and
density. Lifts failing to meet the moisture and density requirements should be reworked to meet
the required specifications.

Sampling of the as-placed fill material should be performed periodically to confirm the consistency
of material from borrow sources meets the range of acceptable index properties provided in
Section 10. Sampling and testing should occur at the following minimum frequencies:

* LL, PI, Minus #200: 1 test per 2,500 CY; and
» Crumb test: 1 test per 2,500 CY.
* Pinhole test: 1 test per 10,000 CY Foundation
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12. Limitations

This report was prepared by AECOM using the degree of care and skill ordinarily exercised under
similar circumstances by responsible engineers and geologists practicing in the same general
location. No other warranty or representation, either expressed or implied, is made as to the
findings and professional advice in this report.

The opinions, conclusions, and recommendations contained in this report are based on the field
observations and subsurface explorations, laboratory tests, and present understanding of the
proposed improvements. The findings in this report are believed to describe site conditions to the
extent practical given the scope of the investigation. However, this investigation, like all such
investigations, can directly explore subsurface conditions only at the boring locations within the
site. Soil and geologic conditions can vary greatly between or beyond the exploration sites, and
different conditions may be found during subsequent investigations or project construction.

The conclusions and recommendations contained herein are based in part upon information
provided by others (including our subcontractors) and upon the assumption that all relevant
information has been provided by those parties from whom it has been requested and that such
information is accurate. Information provided to AECOM has not been independently verified by
AECOM, unless otherwise stated.

There is no intention that this report addresses any environmental issues (for example,
environmentally-affected soil or groundwater, or historic site uses) related to this site. Such
evaluations are outside the scope of this work and should be addressed in separate studies. In
the event that changes are made to the nature, design, or location of the proposed construction
layout or design criteria, the conclusions and recommendations presented herein should not be
considered valid, unless AECOM has reviewed the changes and addresses their impact to the
recommendations provided.
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Appendix A Geologic Investigation Profiles
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Sample Information

Top Bottom
Boring ID  Depth ~ Depth

Sample ID Interpreted Stratum

(ft)

(f)

Field
Classify

Lab
USCS

WC (%)

Gravel
WD (pcf) Content

(%)

Soil Index

Sand
Content

(%)

Fines
Content

(%)

Clay
Content

(%)

Test Type

No.

Norm.
Stress

Pts

UU-Triaxial or UCS

sig3 (psf) ef (%) Su (psf) Cu (psf) ¢u (deg) C'(psf) ¢'(deg) Test Hydro

Project Reference: TSSWCB IDIQ-AECOM-2018-79017
Project Number: 60586838

Shear Strength

Dispersion Proctor Chemical

Total Stress Effective Stress

Other Tests

Performed

Crumb Double

Soluble Sulfates Chlorides
Salts (%) (J10) (ppm)

Pinhole
Grade

Resistivity

0,
Ddmax (pcf)  wopt (%) pPH (ohm-cm)

Grade

(%)

B-1 0.0 2.0 - Residuum (Wilcox) CL 28.0

B-1 2.0 4.0 696 Residuum (Wilcox) CH CH 26.1 95.9 120.9 0 8 92 28 53 23 30 2.69 UC 1pt 0 4.67 1,761 2 28
B-1 5.0 7.5 697 Residuum (Wilcox) CH CL 23.7 91.3 112.9 0 15 85 26 49 20 29 2.71 3 27
B-1 8.0 10.0 - Residuum (Wilcox) CH 25.0

B-1 10.0 10.5 - Residuum (Wilcox) CH

B-1 11.5 14.0 - Residuum (Wilcox) CH

B-1 15.0 17.0 698 Residuum (Wilcox) CH CL 22.4 99.9 122.3 0 27 73 28 44 24 20 2.73 UuU 1pt 714 10.1 2,586 1

B-1 17.5 20.0 699 Residuum (Wilcox) CH CH 27.4 95.1 121.2 0 14 86 31 50 21 29 2.70 1

B-1 20.0 22.5 700 Clayshale Shale CH 24.8 97.0 121.1 0 13 87 35 57 22 35 2.69 1

B-1 23.0 25.0 701 Clayshale Shale CH 21.8 92.0 112.1 0 6 94 33 53 22 31 2.70 UuU 1pt 1,437 5.07 2,736 1

B-1 28.0 30.0 - Clayshale Shale 17.0

B-2 0 2 - Embankment CH 13.0

B-2 2 4 - Embankment CH 15.0

B-2 5.0 7.5 702 Embankment CH CH 20.0 | 108.0] 129.6 0 15 85 33 50 20 30 2.82 2 10
B-2 8.0 10.0 703 Embankment CH CL 18.5 | 107.9] 1279 0 19 81 32 44 18 26 2.70 uUC 1pt 0 11.67 2,687 2 12
B-2 10.0 12.0 - Embankment CH 16.0

B-2 13.0 15.0 - Embankment CH 16.0

B-2 15.0 17.5 704 Embankment CH CL 19.3 | 109.5] 130.6 7 16 77 30 48 20 28 2.68 3 5
B-2 18.0 20.0 705 Core Trench CH CH 18.0 |109.8| 129.6 0 15 85 39 50 20 30 2.67 2 9
B-2 20.0 22.0 706A Core Trench CH CH 0 15 85 38 52 20 32 1

B-2 22.0 22.5 706B Residuum (Midway) CH CL 0 15 85 26 49 22 27 2 24
B-2 23.0 25.0 707 Residuum (Midway) CH CH 20.0 93.2 111.8 0 8 92 28 52 21 31 2.68 S]V) 1 pt 1,436 7.14 4,802 2 9
B-2 28.0 30.0 708 Residuum (Midway) CH CH 19.4 95.1 113.5 0 7 93 35 61 23 38 2.67 UuU 1pt 2,159 6.16 6,349 2 7
B-2 30.0 325 709 Clayshale Shale CH 19.7 90.4 108.2 0 15 85 32 54 21 33 2.70 1

B-2 33.0 35.0 - Clayshale Shale 13.0

B-2 37.0 37.5 - Clayshale Shale

B-3 0.0 2.0 - Embankment CH 16.0

B-3 2.0 4.0 710 Embankment CH CH 18.7 96.9 115.0 0 13 87 28 56 19 37 2.69 3 66
B-3 5.0 7.5 711 Embankment CH CL 18.9 99.7 118.5 0 9 91 20 42 23 19 2.71 2 28
B-3 8.0 10.0 - Embankment CH 12.0

B-3 10.0 10.5 712A Embankment CH CH 20.3 ] 102.6 | 123.4 0 14 86 45 57 21 36 2.67 2 8
B-3 10.5 12.5 712B Embankment CH CH 19.3 89.8 107.1 0 13 87 33 52 21 31 2.70 1

B-3 13.0 15.0 - Embankment CH 16.0

B-3 15.0 17.0 713 Embankment CH CL 18.0 | 107.0 | 126.3 0 27 73 38 47 18 29 2.62 UuU 1pt 720 12.1 5,223 2 3
B-3 18.0 20.0 - Embankment CH

B-3 20.0 22.0 714 Embankment CH CL 17.0 |112.0| 131.0 82 35 46 18 28 2.68 9]V) 1 pt 1,439 6.14 5,620 1

B-3 22.5 25.0 715 Embankment CH CL 21.6 97.1 118.1 0 8 92 24 46 21 25 2.69 1

B-3 28.0 30.0 716 Core Trench CH CL 19.4 |108.2| 129.2 21 19 60 27 49 20 29 2.67 2 10
B-3 33.0 35.0 717 Residuum (Midway) CH CH 22.3 |101.0] 123.5 0 12 88 28 52 22 30 2.70 9]V) 1 pt 2,159 4.63 5,269 2 12
B-3 35.0 37.5 718 Residuum (Midway) CH CH 24.7 98.6 123.0 0 8 92 32 53 21 32 2.70 1

B-3 43.0 45.0 719 Clayshale Shale CH 22.9 99.6 122.4 0 5 95 37 64 25 39 2.71 S]V) 1 pt 2,880 3.21 7,795 1

B-3 48.0 50.0 - Clayshale Shale 19.0

B-3 50.0 51.5 - Clayshale Shale 21.0

B-04P 0.0 2.0 - Embankment CL 14.0

B-04P 2.0 4.0 - Embankment CL 19.0

B-04P 4.0 6.0 - Embankment CL 17.0

B-04P 6.0 8.5 247 Embankment CL 21.2 94.9 115.0 2.70

B-04P 8.5 10.0 - Embankment CL 19.0

B-04P 10.0 12.5 248 Embankment CL CL 20.8 94.3 113.9 0 12 88 29 46 22 24 2.70 UC 1 pt 0 2.67 1,260 1

B-04P 13.0 15.0 - Embankment CL 22.0

B-04P 18.0 20.0 - Embankment CH 16.0

B-04P 20.0 22.5 249 Embankment CH CL 16.5 |102.4| 119.3 0 22 78 34 42 16 26 2.73 9]V) 1 pt 2,588 18.1 5,265 1

B-04P 22.5 24.0 - Embankment CH 18.0

B-04P 28.0 30.0 - Embankment CH 17.0

B-04P 33.0 35.0 - Core Trench CH 21.0

B-04P 35.0 37.5 250 Core Trench CH CL 19.9 |108.6 | 130.2 0 25 75 34 43 17 26 2.72 UuU 1pt 4,461 175 2,366 1

B-04P 375 39.5 - Residuum (Midway) CH 26.0

B-04P 43.0 45.5 251 Residuum (Midway) CH CH 240 |101.8] 126.2 0 14 86 34 55 21 34 2.72 9]V) 1 pt 5,324 4.35 7,037 2 24
B-04P 48.0 50.0 - Residuum (Midway) CH 23.0

B-04P 53.0 55.0 252 Clayshale Shale CH 21.9 94.9 115.7 0 0 100 37 60 23 37 2.73 UC 1 pt 0 6.33 9,284

B-04P 60.0 61.5 Clayshale Shale 21.0

B-05 0.0 2.0 - Embankment CH 16.0

B-05 2.0 4.0 - Embankment CH 22.0

B-05 4.0 6.0 - Embankment CH 12.0

B-05 7.5 10.0 253 Embankment CH CL 18.3 99.2 117.4 0 8 92 27 48 21 27 2.70 1 SW
B-05 10.0 12.0 - Embankment CH 17.0 700
B-05 12.0 14.0 254 Embankment CH CL 19.8 |102.4 | 122.7 0 6 94 28 46 22 24 2.72 S]V) 1pt 1,580 9.83 4,797 1

B-05 15.0 17.5 255 Embankment CH CH 29.9 91.1 118.3 0 0 100 53 82 27 55 2.72 2 12 CON, SW
B-05 17.5 19.5 - Embankment CH 20.0

B-05 20.0 22.0 256 Embankment CH 215 |104.9]| 127.5 2.71

B-05 22.0 23.5 - Embankment CH 20.0

B-05 24.0 25.0 - Embankment CH 16.0

B-05 28.0 30.0 - Embankment CH 22.0

B-05 30.0 32.5 257 Embankment CH CL 21.6 |104.7 | 127.3 10 23 67 27 45 19 26 2.70 Cclv' 3 pts - - - 631 18.5 485 27.1 2 11
B-05 32.5 34.5 - Embankment CH 18.0

B-05 38.0 40.0 - Embankment CH 19.0

B-05 43.0 45.0 - Embankment CH 27.0

B-05 45.0 47.5 258 Residuum (Midway) CH 32.4 89.3 118.2 2.73

B-05 48.5 50.0 - Residuum (Midway) CH 24.0

B-05 53.5 55.0 - Residuum (Midway) CH 24.0

B-05 57.5 59.0 - Residuum (Midway) CH 23.0

B-05 63.5 65.0 - Clayshale Shale 22.0
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Shear Strength
Sample Information Soil Index - . Dispersion
No. UU-Triaxial or UCS Total Stress Effective Stress
N Othefzr Tes;s
Top Bottom Field Lab DD Gravel Sand Fines Clay Test Type Stress Crumb  Double Sulfates FEriofme
Boring ID  Depth Depth ~ Sample ID Interpreted Stratum Classify USCS WC (%) (pch WD (pcf) Content Content Content Content Pts sig3 (psf) ef (%) Su (psf) Cu (psf) ¢u (deg) C'(psf) ¢'(deg) Test Hydro Ddmax (pcf)  wopt (%) (Ppm)
(ft) (ft) (%) (%) (%) (%) Grade (%)
B-05 68.5 70.0 - Clayshale Shale 21.0
B-06P 0.0 2.0 - Embankment CH 13.0
B-06P 2.0 4.0 - Embankment CH 22.0
B-06P 4.0 6.0 - Embankment CH 14.0
B-06P 7.5 10.0 259 Embankment CH CL 19.8 |104.9 | 125.7 0 13 87 26 45 20 25 2.72 1 CON
B-06P 10.0 12.0 - Embankment CH 17.0
B-06P 12.0 14.0 - Embankment CH 21.0 800
B-06P 15.0 17.5 260 Embankment CH CL 24.4 92.4 114.9 0 7 93 22 46 23 23 2.75 1 CON, SW
B-06P 18.0 20.0 - Embankment CH 28.0
B-06P 20.0 22.5 261 Embankment CH CH 26.4 95.5 120.7 0 6 94 43 64 24 40 2.73 UuU 1pt 2,589 18.1 2,191 1
B-06P 23.0 25.0 - Embankment CH 19.0
B-06P 28.0 30.0 - Embankment CH 17.0
B-06P 33.0 35.0 - Embankment CH 19.0
B-06P 38.0 40.0 - Core Trench CH 21.0
B-06P 40.0 42.5 262 Residuum (Midway) CH CL 20.6 | 104.9| 126.5 0 22 78 38 49 18 31 2.72 UuU 1pt 5,033 | 13.53 1,948 2 2
B-06P 43.0 45.0 - Residuum (Midway) CH 27.0
B-06P 45.0 47.0 263 Residuum (Midway) CH 28.8 89.9 115.8 2.75
B-06P 47.0 48.5 - Clayshale Shale 25.0
B-06P 53.0 55.0 - Clayshale Shale 21.0
B-06P 58.0 59.5 - Clayshale Shale 22.0
B-06P 63.5 65.0 - Clayshale Shale 23.0
B-06P 68.5 70.0 - Clayshale Shale 24.0
B-07 0.0 2.0 - Embankment CH 12.0
B-07 2.0 4.0 - Embankment CH 17.0
B-07 4.0 5.0 - Embankment CH 13.0
B-07 5.0 6.5 - Embankment CH 15.0
B-07 7.5 10.0 264 Embankment CH CL 18.7 | 1055] 125.2 0 7 93 27 45 21 24 2.73 1
B-07 10.0 12.0 265 Embankment CH CL 13.6 98.9 112.4 8 5 87 23 46 22 24 2.71 SW
B-07 12.0 14.0 - Embankment CH 17.0 900
B-07 15.0 17.5 266 Embankment CH CH 19.2 |109.3] 130.3 8 17 75 32 52 20 32 2.76 CON, SW
B-07 17.5 19.5 720 Embankment CH CH 20.3 ] 102.7 | 1235 0 6 94 43 65 24 41 2.70 CIU' 2 pts - - - 171 22.7 132 29.2 2 2
B-07 20.0 22.5 267 Embankment CH CH 20.8 ] 103.6 | 125.1 0 24 76 41 51 18 33 2.70 UuU 1pt 2,591 15.2 3,445 1
B-07 22.5 24.5 - Embankment CH 24.0
B-07 28.0 30.0 - Embankment CH 26.0
B-07 30.0 32.5 268 Residuum (Midway) CH 27.2 96.1 122.2 2.75
B-07 32.5 34.5 - Residuum (Midway) CH 20.0
B-07 35.0 37.5 269 Residuum (Midway) CH CH 25.7 96.1 120.8 0 4 96 47 67 24 43 2.73 UuU 1pt 4,460 9.69 3,511 1
B-07 37.5 39.5 - Residuum (Midway) CH 25.0
B-07 43.0 45.0 - Residuum (Midway) CH 25.0
B-07 48.0 50.0 - Clayshale Shale 21.0
B-07 53.5 55.0 - Clayshale Shale 24.0
B-07 58.5 60.0 - Clayshale Shale 22.0
B-08 0.0 2.0 - Embankment CH 22.0
B-08 2.0 4.0 - Embankment CH 16.0
B-08 4.0 5.0 - Embankment CH 12.0
B-08 5.0 7.5 270 Embankment CH 15.3 |1149] 1325 2.72
B-08 7.5 9.5 - Embankment CH 19.0
B-08 13.0 15.0 - Embankment CH 15.0
B-08 15.0 17.5 271 Embankment CH CL 19.4 ]108.0] 129.0 0 14 86 37 48 18 30 2.68 UuU 1pt 2,015 17.3 4,826 2 2
B-08 18.0 20.0 - Embankment CH 18.0
B-08 20.0 22.5 272 Embankment CH 28.9 94.9 122.3 2.74
B-08 23.0 25.0 - Embankment CH 18.0
B-08 28.0 30.0 - Embankment CH 19.0
B-08 30.0 32.5 273 Embankment CH 20.9 ] 107.4 | 129.8 2.69
B-08 32.5 34.5 721 Residuum (Midway) CH CH 16.2 [113.1] 1314 0 9 91 41 63 23 40 2.71 1
B-08 35.0 37.5 274 Residuum (Midway) CH CL 29.8 90.6 117.6 14 4 82 39 47 17 30 2.70 CIU' 3 pts - - - 84 20.4 36 30.3
B-08 375 39.5 - Residuum (Midway) CH 28.0
B-08 43.0 45.0 - Clayshale Shale 23.0
B-08 48.5 50.0 - Clayshale Shale 24.0
B-09 0.0 1.0 - Embankment CH 16.0
B-09 1.0 2.0 - Embankment CH 21.0
B-09 2.0 3.0 - Embankment CH 18.0
B-09 3.0 4.0 - Embankment CH 12.0
B-09 4.0 5.0 - Embankment CH 13.0
B-09 5.0 7.5 275 Embankment CH 119 |109.2 | 122.2 2.71
B-09 7.5 9.5 - Embankment CH 16.0
B-09 9.5 11.0 - Embankment CH 15.0
B-09 13.0 15.0 - Embankment CH 15.0
B-09 15.0 16.5 - Residuum (Midway) CH 16.0
B-09 18.0 20.0 276 Residuum (Midway) CH CH 27.8 92.4 118.1 0 0 100 51 77 27 50 2.72 UuU 1pt 2,301 7.38 3,032 1
B-09 20.0 22.0 - Residuum (Midway) CH 27.0
B-09 23.0 25.0 - Residuum (Midway) CH 22.0
B-09 28.0 30.0 - Residuum (Midway) CH 23.0
B-301 0.0 2.0 - Fill CH 24.0
B-301 2.0 4.0 277 Fill CH CL 18.5 |104.3 | 123.6 0 25 75 28 36 16 20 2.65 UC 1pt 0 9.33 1,157 3 10
B-301 4.0 6.0 278 Alluvium CL CL 14.1 | 1155 131.8 0 26 74 36 47 17 30 2.75 disregard 4 5
B-301 6.0 8.0 279 Alluvium CH CL 16.7 |108.0] 126.0 0 27 73 30 40 16 24 2.73 CIU' 2 pts - - - 908 10.3 763 19.5 4 9
B-301 8.0 10.0 280 Alluvium CH CH 22.0 ]101.8| 124.2 0 19 81 35 51 19 32 2.72 4 61
B-301 13.5 15.0 281 Residuum (Midway) CH CH 27.3 96.8 123.2 0 0 100 43 73 25 48 2.75 2 33
B-301 18.0 20.0 282 Residuum (Midway) CH CL 25.9 94.9 119.5 5 8 87 27 47 23 24 2.73 CON, SW
B-301 23.5 25.0 - Clayshale CH 24.0
Plum 21 _Lab Summary Table 2021.07.25.xlIsx AECOM



Soil Mechanics Report Project Reference: TSSWCB IDIQ-AECOM-2018-79017
Project Number: 60586838

Shear Strength
Sample Information Soil Index . . Dispersion Proctor Chemical
No. UU-Triaxial or UCS Total Stress Effective Stress
- ?Dthefzr Tes;s
: erforme
Top sotiom Field Lab Sravel Sand FINes Clay S SUESS R Pinhole Resistivity Soluble Sulfates Chlorides
Boring ID  Depth Depth ~ Sample ID Interpreted Stratum Classify USCS WC (%) (pch WD (pcf) Content Content Content Content Pts sig3 (psf) ef (%) Su (psf) Cu (psf) ¢u (deg) C'(psf) ¢'(deg) Test Hydro Grade Ddmax (pcf)  wopt (%) pH (ohm-cm) Salts (%) (Ppm) Ppm)
(ft) (ft) (%) (%) (%) (%) Grade (%)
B-302 0.0 2.0 - Fill CH 19.0
B-302 2.0 3.5 - Leona GC 8.0
B-302 4.0 5.5 283 Leona GC GC 8.3 49 27 24 14 58 22 36
B-302 5.5 7.0 284 Leona GC GC 8.4 53 29 18 9 46 18 28
B-302 8.0 10.0 - Residuum (Midway) CH 28.0
B-302 13.0 15.0 285 Residuum (Midway) CH CH 25.3 98.6 | 123.5 9 10 81 39 68 26 42 2.72 UuU 1pt 1,146 2.06 4,058 2 7
B-302 18.0 20.0 286 Residuum (Midway) CH CH 25.1 98.0 122.6 20 7 73 31 66 25 41 2.71 1
B-302 22.0 23.5 - Residuum (Midway) CH 28.0
B-302 23.5 25.0 - Clayshale CH 24.0
B-601 0.0 2.5 - Fill CL 24.0
B-601 2.5 3.5 287A Fill CL CL 26.0 0 40 60 26 42 21 21 2.69 1
B-601 3.5 5.0 287B Fill CL CL 14.4 1149 ] 131.4 0 39 61 18 27 16 11 2.65 3
B-601 5.0 6.5 288 Fill CH CL 19.7 | 106.8| 127.8 0 31 69 33 47 18 29 2.67 UuU 1pt 719 18 1,796 4 27
B-601 7.5 10.0 - Alluvium CH 18.0
B-601 10.0 12.5 289 Residuum (Midway) CH CH 22.6 95.5 117.1 0 13 87 35 52 20 32 2.73 2 24 CON, SW
B-601 12.5 14.5 - Residuum (Midway) CH 23.0
B-601 18.0 19.0 722 Residuum (Midway) CH CH 19.8 99.8 | 119.6 0 7 93 33 54 22 32 2.63 2 3 CON
B-601 19.0 20.5 290 Residuum (Midway) CH CH 24.3 92.6 | 115.1 0 2 98 33 58 23 35 2.73 uu 1 pt 1,866 10.3 3,552 2 19 CON, SW
B-601 24.0 26.0 - Clayshale CH 24.0
B-602 0.0 2.5 - Fill CH 22.0
B-602 2.5 5.0 - Fill CH 21.0
B-602 5.0 7.0 291 Alluvium CH CL 16.4 |113.0]| 1315 0 35 65 30 39 15 24 2.68 uu 1 pt 719 13.5 3,638 3 12
B-602 7.5 10.0 - Alluvium CH 18.0
B-602 10.0 11.5 - Residuum (Midway) CH 19.0
B-602 13.5 15.0 - Residuum (Midway) CH 24.0 3,500
B-602 15.0 17.0 292 Residuum (Midway) CH CH 26.2 96.1 | 121.3 0 6 94 31 57 23 34 2.72 UuU 1pt 1,581 125 3,444 2 10 CON, SW
B-602 17.5 19.0 723 Residuum (Midway) CH CH 19.3 |101.0] 120.5 0 13 87 28 51 23 28 2.77 Uu 1pt 1,436 2.62 6,049 1
B-602 23.0 24.0 293 Clayshale Shale CH 20.1 96.1 115.4 0 2 98 34 57 23 34 2.74 2 9
B-602 25.0 26.0 294 Clayshale Shale CH 21.9 99.9 | 121.8 0 3 97 39 62 25 37 2.74 CDDS 3 pt - - - - - 346 35.4
B-602 28.5 30.0 - Clayshale Shale 18.0
B-602 33.5 35.0 - Clayshale Shale 21.0
B-603 0.0 2.5 - Fill CH 23.0
B-603 2.5 5.0 295 Fill CH CH 19.8 107.4 | 128.7 0 12 88 35 53 20 33 2.70 2
B-603 5.0 6.5 - Fill CH 14.0
B-603 7.5 8.5 296 Leona CH CH 13.1 117.4 ] 132.8 0 16 84 42 55 20 35 2.73 1
B-603 10.0 11.5 - Leona CH 10.0
B-603 13.5 15.5 724 Residuum (Midway) CH CH 23.2 96.4 | 118.8 0 7 93 42 64 25 39 2.66 719 8.24 4,039 2 12
B-603 15.5 17.5 297 Residuum (Midway) CL CH 27.8 94.9 121.3 0 6 94 41 65 24 41 2.72 CIU' 2 pts 201 28.4 88 35.3 2 13 CON, SW
B-603 18.0 19.0 - Residuum (Midway) CL 24.0 5,600
B-603 20.0 21.0 298 Residuum (Midway) CL CH 24.8 98.0 | 122.3 0 1 99 36 62 24 38 2.72 UuU 1pt 1,866 4.54 6,628 2 6
B-603 22.0 23.5 - Clayshale Shale 23.0
B-603 24.0 25.0 299 Clayshale Shale CH 20.7 103.0 | 124.3 0 0 100 41 66 26 40 2.75 UcC 1 pt 0 4.67 10,596 1
B-603 30.0 31.0 300 Clayshale Shale CH 22.7 96.1 | 117.9 0 2 98 41 66 29 37 2.74 CDDS 3 pt - - - - - 624 24.2
B-603 33.5 35.0 - Clayshale Shale 23.0
B-603 38.0 39.0 301 Clayshale Shale CH 22.0 99.9 121.9 0 0 100 41 67 26 41 2.75 UcC 1 pt 0 3.33 5,160 1
B-603 43.5 45.0 - Clayshale Shale 24.0
B-604 0.0 2.5 - Fill CL 23.0
B-604 2.5 4.0 302 Leona GC GC 9.5 51 23 26 13 55 20 35
B-604 5.0 6.5 - Residuum (Midway) CH 19.0
B-604 7.5 9.0 303 Residuum (Midway) CH CH 23.7 99.9 | 123.6 0 7 93 43 64 24 40 2.79 1
B-604 10.0 12.0 - Residuum (Midway) CH 22.0
B-604 15.0 16.0 304 Residuum (Midway) CH CH 21.8 98.6 | 120.1 0 0 100 41 63 24 39 2.68 uu 1 pt 1,580 4.9 8,461 2 8
B-604 18.0 19.0 - Residuum (Midway) CH 22.0
B-604 20.0 21.0 305 Residuum (Midway) CH CH 22.0 98.0 | 119.6 0 2 98 40 68 25 43 2.73 1 CON, SW
B-604 23.0 24.5 306 Clayshale Shale CH 21.9 94.3 115.0 0 0 100 40 66 26 40 2.76 UcC 1 pt 0 5.36 1,984 1
B-604 24.5 26.0 - Clayshale Shale 24.0 4,900
B-604 28.0 29.5 - Clayshale Shale 22.0
B-604 30.0 31.0 307 Clayshale Shale CH 23.0 96.1 118.2 0 7 93 39 65 27 38 2.75 CDDS 3 pt - - - - - 181 32.5 1
B-604 34.0 35.0 - Clayshale Shale 22.0
B-604 39.0 40.0 308 Clayshale Shale CH 22.1 1024 125.0 0 0 100 43 65 27 38 2.77 ucC 1pt 0 3.83 9,003 1
B-604 43.5 45.0 - Clayshale Shale 21.0
B-605 0.0 2.5 309 Leona CH/GC GC 10.0 1249 | 137.4 64 12 24 10 55 22 33 2.70 1
B-605 5.0 6.5 310 Leona GC 7.6 60 26 14 8
B-605 8.5 10.0 - Residuum (Midway) CH 22.0
B-605 10.0 11.5 311 Residuum (Midway) CH CH 24.2 98.0 121.7 0 0 100 42 68 24 44 2.68 Uy 1 pt 1,290 3.11 5,499 1
B-605 13.0 14.5 - Residuum (Midway) CH 21.0
B-605 18.0 20.0 - Residuum (Midway) CH 26.0
B-605 20.0 22.0 312 Residuum (Midway) CH CH 30.1 91.1 118.5 0 2 98 47 71 26 45 2.71 ]8) 1 pt 1,872 4.61 3,821 1
B-605 23.0 25.0 - Residuum (Midway) CH 24.0
B-606 0.0 2.0 - Fill CH 22.0
B-606 2.0 4.0 313 Fill CH CL 19.3 |108.6 | 129.6 0 29 71 32 44 17 27 2.70 1
B-606 4.0 6.0 314 Residuum (Midway) CH CL 17.1 114.2 | 133.7 0 24 76 34 43 17 26 2.71 1
B-606 6.0 8.0 - Residuum (Midway) CH 18.0
B-606 8.0 10.0 315 Residuum (Midway) CH CH 22.1 11011 | 1234 0 6 94 34 59 23 36 2.73 1 10
B-606 13.5 15.0 - Residuum (Midway) CH 20.0
B-606 18.0 20.0 - Residuum (Midway) CH 21.0
HA-01 0 1 - Embankment CH 24.0
HA-01 1 2 - Embankment CH 22.0
HA-01 2 3 - Embankment CH 23.0
HA-01 3 4 - Embankment CH 25.0
HA-01 4 5 - Embankment CH CH 27.0 0 5 95 52 24 28 600

Plum 21 _Lab Summary Table 2021.07.25.xlIsx AECOM
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Project Reference: TSSWCB IDIQ-AECOM-2018-79017
Project Number: 60586838

Shear Strength
Sample Information Soil Index - . Dispersion Proctor Chemical
N UU-Triaxial or UCS Total Stress Effective Stress
No:)r.n Other Tests
. Test T . Performed
Top sotiom Field Lab DD Sand Fines Clay = SUESS D Pinhole Resistivi Soluble Sulfates Chlorides
Boring ID  Depth Depth Interpreted Stratum Classify USCS WC (%) (pch WD (pcf) Content Content Content Content LL PL Pts sig3 (psf) ef (%) Su (psf) Cu (psf) ¢u (deg) C'(psf) ¢'(deg) Test Hydro Grade Ddmax (pcf)  wopt (%) pH (ohm-cmt;l Salts (%) (Ppm) Ppm)
@® ® - %) ) (%) Grade (%) B o
HA-02 0 1 Embankment CH 20.0
HA-02 1 2 Embankment CH 24.0
HA-02 2 3 Embankment CH 31.0
HA-02 3 4 Embankment CH 23.0
HA-02 4 5 Embankment CH 21.0
HA-03 0 1 Embankment CH 20.0
HA-03 1 2 Embankment CH 24.0
HA-03 2 3 Embankment CH 31.0
HA-03 3 4 Embankment CH 23.0
HA-03 4 5 Embankment CH 21.0
HA-04 0 1 Embankment CH CH 29.0 5 95 70 26 44
HA-04 1 2 Embankment CH 23.0
HA-04 2 3 Embankment CH 25.0
HA-04 3 4 Embankment CH 28.0
HA-04 4 5 Embankment CH 29.0
HA-05 0 1 Embankment CH 20.0
HA-05 1 2 Embankment CH CL 22.0 19 81 46 21 25
HA-05 2 3 Embankment CH 25.0
HA-05 3 4 Embankment CH 27.0
HA-05 4 5 Embankment CH 27.0
HA-06 0 1 Embankment CH 18.0
HA-06 1 2 Embankment CH 23.0
HA-06 2 3 Embankment CH 29.0
HA-06 3 4 Embankment CH 23.0 300
HA-06 4 5 Embankment CH CL 23.0 14 85 48 23 25
CH CL 18.6 101.4 ] 120.2 20 80 35 43 18 25 2.70 CIU' 3 pts - - - 275 14.7 140 27.5 14 107 18 6.9 0.5 2,542 CON, SW, HC
(0'-4' of B-101, B-102, B-104, and 204 |102.0] 122.8 uu 1 pt 1,007 10 1,633
COMP-1 Borrow #1 . :
B-105) row 20.4 | 102.0] 122.8 uu Tpt | 2015 | 10 | 1,777 | 1555 | 25
20.8 102.0 | 123.2 ]8) 1 pt 4,032 10 1,788
I I
CH CL 20.2 106.0 | 127.4 33 67 30 39 16 23 2.72 CIU' 3 pts - - - 288 13.8 202 24.2 26 111.5 15.5 7.4 0.4 1,300 HC
comp.p | (410 of B-101, B-102, and B- Borrow &1 18.4 [106.0| 1255 uu 1pt | 1007 | 10 | 1871
104 & 5.5'-10' of B-105) 18.0 |106.0| 125.1 uu 1 pt 2,015 10 2,153 1,714 4.6
18.0 106.0 | 125.1 Uy 1 pt 4,031 10 2,161
I I
COMP-3 [(0'-3' of B-107, B-108, B-109, B- Borrow #2 CH CH 19.9 96.9 | 116.2 24 76 41 50 19 31 2.70 9 102 20 7.2 0.8 2,268 CON, SW
I I
COMP-4 |[(3'-8' of B-107, B-108, B-109, and Borrow #2 CH CH 9 91 54 57 20 37 2.74 15 101.5 21 7.2 2.4 3,396
I [
comp-s | (10-125%0f BE)%A)" 7514701 B | b d Embak. Excav. cL 45 | 19 | 26
I I
13.5-15.5' of B-603, 20'-21' of B-
comp-6 | ° 504 ° Req'd Found. Excav. CH 62 | 22 | 40
I [
COMP-7 [(15'-19' of B-602) Reqg'd Found. Excav. CH 54 20 34
B-101 0.0 4.0 Borrow #1 CH
B-101 4.0 10.0 Borrow #1 CH
B-102 0.0 4.0 Borrow #1 CH 44 17 27
B-102 4.0 10.0 Borrow #1 CH 35 14 21
B-104 0.0 4.0 Borrow #1 CH 45 17 28
B-104 4.0 10.0 Borrow #1 CH 42 15 27
B-105 1.0 5.5 Borrow #1 CH 88
B-105 5.5 10.0 Borrow #1 CH 806
B-107 0.0 3.0 Borrow #2 CH 60 22 38
B-107 3.0 10.0 Borrow #2 CH 69 23 46
B-108 0.0 3.0 Borrow #2 CH
B-108 3.0 10.0 Borrow #2 CH
B-109 0.0 4.0 Borrow #2 CH 51 18 33
B-109 4.0 10.0 Borrow #2 CH 68 22 46
B-110 0.0 3.0 Borrow #2 CH 146
B-110 3.0 8.0 Borrow #2 CH 148
Abbreviations:
USCS - Unified Soil Classification System LL - Liquid limit Sig3 -  Effective consolidation pressure Ddmax - Maximum dry density per ASTM D698
WC - Moisture Content PI- Plasticity Index ef(%) - Strain at failure wopt(%) -  Optimum moisture content per ASTM D698
DD - Dry Unit Weight PL - Plastic Limit Su - Undrained shear strength CON - One dimensiontal Incremental Consolidatoin
WD - Moist Unit Weight Gs - Specific Gravity cu - Total stress cohesion intercept SW - One dimensional Swell
%Gravel - Gravel content (percent coarser than the US No. 4 sieve by weight) Test Type UC - Unconfined Compression du - Total stress angle of internal friction HC - Hydraulic Conductivity

%Sand -  Sand content (percent finer than the US No. 4 sieve and coarser than the US No. 200 sieve by weight)
FC - Fines content (percent finer than the US No. 200 sieve by weight, i.e. silt and clay fraction)
%Clay - Clay content (percent finer than 0.002 mm)

Plum 21 _Lab Summary Table 2021.07.25.xlIsx

UU - Unconsolidated-Undrained Triaxial Compression
CIU' - Isotropically Consolidated-Undrained Triaxial Compression with pore pressure measurements o'-
CDDS - Consolidated-drained direct shear

c' -

Effective stress cohesion intercept
Effective stress angle of internal friction
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Soil Mechanics Report Project Reference: TSSWCB IDIQ-AECOM-2018-79017
Project Number: 60586838

Shear Strength

Sample Information Soil Index - . Dispersion Proctor Chemical

No. UU-Triaxial or UCS Total Stress Effective Stress

Norm.

DD Stress Crumb Double

WC (%) (pch WD (pcf) Content Content Content Content LL PL Pts sig3 (psf) ef (%) Su (psf) Cu (psf) ¢u (deg) C' (psf) ¢'(deg) Test Hydro
(%) (%) (%) (%) Grade (%)

Other Tests

Test Type Performed

Top Bottom Gravel Sand Fines Clay

Field Lab
Classify USCS

Pinhole Resistivity Soluble Sulfates Chlorides

I (0)
Boring ID  Depth Depth ~ Sample ID Interpreted Stratum Grade Ddmax (pcf)  wopt (%) pH (ohm-cm) Salts (%) (ppm) (ppm)

(ft) (ft)
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B.2 Atterberg Limits Plots

Plum 21_SMR_FINAL_2021.08.04_clean.docx
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Project number: 60586838
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B.3 NRCS Laboratory Report (December 2019)
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Natural
Resources
Conservation
Service

National Design,

Construction,
and Soil
Mechanics
Center

Lincoln Soil
Mechanics
Laboratory

512 S, 7th Street
Lincoln, NE
68508-2919

Phone:
402-437-5337

QS DA United States

——— Department of
Sl -orcune

Natural Resources Conservation Service

subject: ENG — Soil Mechanics — Texas (WHRB) Date:

Plum Creek Site 21, Caldwell County 0CT 18 2019
To:  Brian Wenberg File Code:  210-22
State Conservation Engineer JobNo.: 19-043WB &
NRCS, Temple, Texas 19-086WB
BACKGROUND

The soil mechanics tests requested for the samples submitted from the subject site have been
completed and the test results are summarized on the attached reporting form NRCS-ENG-354.
Sixty-Nine Shelby tube core samples, some of the samples had been previously extruded, and
sixteen disturbed samples were submitted to the NDCSMC- Lincoln Soil Mechanics Laboratory
for testing. The sixteen disturbed samples were combined into four large samples and soil
mechanics testing was performed on these combined samples. An additional 29 Shelby tube
core samples were submitted to the NDCSMC - Lincoln Soil Mechanics Laboratory at a later

date.

Tests performed on each of the samples included the following:

Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass
(ASTM D2216)

Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis (ASTM D6913)
Liquid Limit, Plastic Limit, and Plasticity Index of Soils (ASTM D4318)
Classification of Soils for Engineering Purposes - Unified Soil Classification System
(ASTM D2487)

Dispersive Characteristics of Clay Soil by Double Hydrometer (ASTM 4221)
Dispersive Characteristics of Clayey Soils by the Crumb Test (ASTM D6572)

Additional testing performed on select samples included the following:

Specific Gravity of Soil Solids by Water Pycnometer (ASTM D854)

Standard Test Methods for Laboratory Compaction Characteristics of Soil Using
Standard Effort (ASTM D698)

Unconfined Compressive Strength of Cohesive Soil (ASTM D2166)

Consolidated Undrained Triaxial Compression Test for Cohesive Soils (ASTM D4767)
Direct Shear Test of Soils Under Consolidated Drained Conditions (ASTM D3080)
One-Dimensional Consolidation Properties of Soils Using Incremental Loads (ASTM
D2435)

One-Dimensional Swell or Collapse of Soils (ASTM 4546C)

Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible
Wall Permeameter (ASTM D5084)

Laboratory Determination of Density (Unit Weight) of Soil Specimens (ASTM D7263)

Helping People Help the Land
An Equal Opportunity Provider and Employer



Plum Creek Site 21, TX Soil Mechanics Report 2

The laboratory tests are summarized on the attached NRCS-ENG-354. Also attached are the
shear test results, consolidation test results and the visual description and photos of the
undisturbed samples.

Further testing and analysis for this project was not requested. If you have any questions about
the test results or require any further testing or analysis for this project, please contact the
NDCSMC-Lincoln at 402-470-8915.

Prepared by: Concurred by: \
A 4@9 ‘ﬁ“")

RANDY R. MOSES, PE STEPHEN D. REINSCH, P.E.

Engineer, Soil Mechanics Laboratory Co-Director, NDCSMC, Soil Mechanics

Attachments:

1. Summary of Test Data, Form NRCS-ENG-354, 18 sheets

2. CU’ Triaxial Shear Tests, 7 tests, 179 sheets

3. UU Triaxial Shear Tests, 30 test, 169 sheets

4. Qu Shear Tests, 9 tests, 45 sheets

5. Consolidation Test Data, 11 tests, 216 sheets

6. Swell Test Data, 13 tests, 177 sheets

7. Direct Shear Data, 3 tests, 39 sheets

8. Undisturbed Sample Characteristics, Form NRCS-ENG-129, 98 sheets

9. Undisturbed Sample Photographs, 109 photos, 55 sheets

cc: (electronic distribution)



NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet _1__ of _13__
TEXAS Mechanical Analysis c Moisture-Density o .
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg | .S Relationships 2 © Special Tests
Limits 3 ] o Standard ‘5 %
(REGULATED) _ 51 e | s o Modified = =
Lab. | Liog Sample Fines Sand Gravel o £ o b » | Gs o
Sample |\ per| Location and Description Tvoe | Depth O 5 g Max > o | <#a Triaxial Shear
No. _ yp et % |cunve 3 E pH Testing
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 [ #10 | #4 | 3/8" | w2 [ 34" | 1* |1w2¢| 3 [LL[PL| & O | o Yo [Wo%| 2 & (Untreated Soils)
0.002 [ 0.005| 0.02 | 0.05 [0.074[0.105|0.250]| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 5 | pet. s
Caldwe” County mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm <
Comp Borrow LB 0-4 35| 37|48 | 72| 80 100 431251 CL| 2 | 14| 1 |107.0/18.0| 4.0 | 0.5]2.70| 6.9
1 B-101,102,104,&105
w/ 1% Lime 45 | 15
w/ 2% Lime 431 9
w/ 3% Lime 411 9 12.5
w/ 4% Lime 41| 8 12.5|Permeability (cm/sec)
w/ 5% Lime 41| 7 125 k=4.6x10"°
w/ 6% Lime 41| 7 12.5
Comp Borrow LB | 4-10 | 30| 35 (45| 61| 67| 78 (97| 99| 99 | 100 39|23|CL| 2 (26| 2 |111.5(15.5| 3.3 |04 (2.72| 7.4
2 B-101,102,104,&105
w/ 1% Lime 39| 10
w/ 2% Lime 39| 7
w/ 3% Lime 371 7 12.5
w/ 4% Lime — |NP 12.6|Permeability (cm/sec)
w/ 5% Lime — | NP 12.6| k=1.5x10"
w/ 6% Lime — | NP 12.6
Comp Borrow LB 0-3 (41| 45|56 | 73| 76 50| 31| CH| 1 9 [ 3 |102.0/20.0( 3.4 | 0.8 |2.70( 7.2
3 B-107,108,109, & 110
w/ 1% Lime 50 | 17
w/ 2% Lime 48 | 12
w/ 3% Lime 46| 9
w/ 4% Lime 46 | 7
Comp Borrow LB 3-8 54 |1 62| 75| 86| 91 100 571 37| CH| 1 (15| 4 |101.5(21.0| 4.2 | 2.4|2.74| 7.2
4 B-107,108,109, & 110
w/ 1% Lime 57 | 24
w/ 2% Lime 54| 15
w/ 3% Lime 52| 12

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 2 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) _ 51 e | s o Modified
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |\ per| Location and Description Type Depth 3) 5 E;)_ Max <HA | Wy,
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we% %
0.002 | 0.005| 0.02 | 0.05 | 0.074]0.105(0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525]| 12.7 |19.05| 25.4 | 38.1 | 76.2 5 ' p.c.f. p.c.f.
247 B-04P ST | 6-85 94.9 121.2(2.70
248 B-04P ST [10-12.51 29 | 30 | 56 | 85 | 88 100 461 24| CL| 1 94.3120.8|12.70
249 B-04P ST |20-225| 34| 35| 48| 73| 78 100 4226 CL| 1 102.4(16.5|2.73
250 B-04P ST [35-37.5/ 34| 35| 52| 68| 75 100 43126 | CL| 1 108.6119.9|2.72
251 B-04P ST |43-455| 34 | 37 | 49 | 78 | 86 100 5534 | CH| 2 | 24 101.8(24.0(2.72
252 B-04P ST [ 53-55 | 37| 47 ] 69| 94 | 100 60| 37 | CH 94.9121.9|12.73

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 3 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgiionjhigs Undislturbed Special Tests
Limits S X o Standar Sample Data
(REGULATED) , Sl 2| s o Modified
Lab. | Lo Ssample Fines Sand Gravel 2 E 7] Gs
Sample Number Location and Description Type Depth (@) o g Max <#4 Wy
No. %)
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38" | w2 | 34" | 1" |[1w2'] 3 |LL.[P.L E a) C;;ve Vo |Wo% Yo |we% %
0.002 [ 0.005| 0.02 | 0.05 [0.074|0.105|0.250 | 0.42 | 0.84 | 2.0 | 476 |9.525] 12.7 | 19.05| 25.4 | 38.1 | 76.2 5 ' p.cAf. p.cf.
19- Caldwe" County mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm
253 B-05 ST [75-10| 27 | 32| 54| 85| 92 100 48 27| CL| 1 102.4(20.0|2.70
254 B-05 ST [ 12-14| 28| 35| 56 | 86 | 94 100 46|24 | CL| 1 102.4119.8(2.72
255 B-05 ST [15-17.5| 53 | 68 | 94 | 100 82([55(CH| 2 | 12 91.1(29.9]|2.72
256 B-05 ST | 20-22 104.9(21.5|2.71
257 B-05 ST [30-325| 27 (28|42 | 59|67 |73 |77 | 78| 78| 78| 90| 94| 97 | 99 | 100 45126 | CL| 2 | 11 104.7121.6(2.70
258 B-05 ST [45-47.5 89.3 (32.412.73

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 4 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) _ S| 2] s o Modified
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |\ per| Location and Description Type Depth [S) 5 ‘g)_ Max <HA | Wy,
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 1 |1127| 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we% %
0.0020.005| 0.02 | 0.05 [0.074]0.105|0.250 0.42 | 0.84 | 2.0 | 476 [9.525| 12.7 | 19.05| 25.4 | 38.1 | 76.2 5 | opet. p.c.f.
19- Caldwe" County mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm
259 B-06P ST | 75-10| 26 | 29 | 48 | 80 | 87 100 451251 CL| 1 104.9119.8|2.72
260 B-06P ST [15-17.5| 22 | 28 | 47 | 87 | 93 100 46 (23| CL| 1 92.4 124.4|12.75
261 B-06P ST |20-225| 43 | 54 | 75| 92 | 94 100 64|40 | CH| 1 95.5126.4|2.73
262 B-06P ST [40-425| 38 | 41 | 54 | 73| 78 | 84 | 98 | 99 | 99 | 100 49 31| CL| 2 2 104.9(20.6(2.72
263 B-06P ST | 45-47 89.9 128.8|2.75
264 B-07 ST | 75-10| 27 | 30 | 53 | 87 | 93 100 45124 |1 CL | 1 105.5118.7|2.73

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 5 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg | .S Relationships Undisturbed Special Tests
Limits S X o Standard Sample Data
(REGULATED) S| 2] s o Modified
Lab. Field . o Sample Fines Sand Gravel 2 € 7 Gs
Sa’\rlr;ple Number| Location and Description Type Depth g 5 ;.)_ Max <HA | Wy,
' Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 |38 | w2r | 34 | 10 1220 3 [LL|PL[ 2 a Cﬁg’e Yo |Wo% Yo |we% %
0.002 | 0.005| 0.02 | 0.05 | 0.074]0.105(0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525]| 12.7 |19.05| 25.4 | 38.1 | 76.2 5 ' p.c.f. p.c.f.

265 B-07 ST | 10-12 | 23|30 (49| 79|87 9192 92]|92(92 |92 ]| 92| 92| 921|100 46 | 24 | CL 98.9 113.6(2.71

266 B-07 ST [15-175|1 32 (37| 51| 67| 7579888989 (90| 92| 95| 97 |100 52132 CH 109.3119.2|2.76

267 B-07 ST |20-225| 41 | 43 | 54 | 73 | 76 100 51 (33| CH| 1 103.6(20.8|2.70

268 B-07 ST |30-32.5 96.1|27.212.75

269 B-07 ST |35-37.5| 47 | 56 | 68 | 94 | 96 100 67 43| CH| 1 96.125.7|2.73

270 B-08 ST | 5-7.5 114.9115.3|12.72

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 6  of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg | .S Relationships Undisturbed Special Tests
Limits S X o Standard Sample Data
(REGULATED) S| 2] s o Modified
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.002 [ 0.005| 0.02 | 0.05 [0.074|0.105]|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | pef p.c.f
271 B-08 ST [15-175| 37 | 41 | 56 | 78 | 86 100 48| 30| CL| 2 2 108.0{19.4(2.68
272 B-08 ST [20-22.5 94.9128.9|12.74
273 B-08 ST (30-32.5 107.4(20.9|2.69
274 B-08 ST [35-375/ 39|46 | 67| 77| 82 (82| 8282|8282 |8 |83 89|90 (91|93 ]|100(47|30]| CL 90.6 129.812.70
275 B-09 ST | 5-75 109.2|11.9(2.71
276 B-09 ST [ 1820 | 51| 68 ] 90 | 98 | 100 77150 CH| 1 92.4127.8|12.72

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 7 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) clals - Modfied
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample | - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 1 |1127| 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.0020.005| 0.02 | 0.05 [0.074|0.105|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | pet p.c.f.
277 B-301 ST 2-4 28 |1 30| 43|68 ]| 75 100 3620 CL| 3 | 10 104.3(18.5|2.65
278 B-301 ST 4-6 36 (41 50| 68| 74 100 47130| CL| 4 5 115.5114.112.75
279 B-301 ST 6-8 30| 33 (41|61 73 100 401124 | CL| 4 9 108.0(16.7]|2.73
280 B-301 ST 8-10 | 35|41 | 54| 75| 81 100 511 32(CH| 4 | 61 101.8]22.0|2.72
281 B-301 ST [13.5-15( 43 | 54 | 80 | 99 | 100 7348 CH| 2 | 33 96.8 [27.3]|2.75
282 B-301 ST (1820|2731 |45 | 76|87 (91| 94| 94|95 95| 95| 95| 95| 96 | 100 47| 24| CL 94.9125.9|12.73

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 8 of 13
TEXAS Mechanical Analysis - Moisture-Density )
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg -% Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) _ S| 2] s o Modified
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.002 [ 0.005| 0.02 | 0.05 [0.074|0.105]|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | et p.c.f
283 B-302 ST | 455 |14(15]| 18| 24| 24| 25| 31|133|3(41|51|63]| 79| 88100 58 |36 | GC 8.3
284 B-302 ST | 5.5-7 9 10112116118 | 2127|2932 36| 47| 61| 68| 77| 89 (100 46 | 28 | GC 8.4
285 B-302 ST (1315|3950 6980|8182 |82]|83|83(83|91] 95| 98 |100 6842 CH| 2 7 98.6 [25.3]2.72
286 B-302 ST (1820|3133 |56 | 70|73 (74| 75| 76| 76| 76| 80| 86 66|41 CH| 1 98.0125.112.71
287A B-601 ST | 255 |26[28|35|54|60(82|98] 99| 99 |100 42121 | CL| 1 96.8 [25.0]2.69
287B B-601 ST | 255 |18 22|34 |53 |61 (73|97 ] 99 |100 27111 CL| 3 114.9114.412.65

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 9 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) _ S| 2] s o Modified
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.002 [ 0.005| 0.02 | 0.05 [0.074|0.105]|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | et p.c.f
288 B-601 ST | 5653337436369 (80(97 ] 99 |100 47129 | CL| 4 | 27 106.8(19.7|2.67
289 B-601 ST [10-12.5| 35| 38 | 52 | 80 | 87 100 52132 CH| 2 | 24 95.5122.612.73
290 B-601 ST [19-20.51 33 [ 43 | 65| 93 | 98 100 58 35(CH| 2 | 19 92.4 (24.412.73
291 B-602 ST 5-7 30 (3341|6165 74| 97 |100 39124 CL| 3 | 12 113.0/16.4|2.68
292 B-602 ST [ 15-17 | 31 (40| 58| 91| 94 100 57(34|(CH| 2 | 10 96.1 (26.2]|2.72
293 B-602 ST [ 23-24 | 34| 43| 65| 94| 98 100 57134 CH| 2 9 96.1(20.1|12.74

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 10 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) clals - Modfied
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.002|0.005| 0.02 | 0.05 [0.074]0.105|0.250 | 0.42 | 0.84 | 2.0 | 4.76 [9.525| 12.7 | 19.05| 25.4 | 38.1 | 76.2 < | et p.c.f
294 B-602 ST | 25-26 | 39| 51| 73| 94| 97 100 62| 37 | CH 99.9 |121.9|2.74
295 B-603 ST | 255 |35 (41| 56| 80| 88 100 53133 CH| 2 107.4119.8|2.70
296 B-603 ST |75-85| 42| 48| 63| 80 | 84 100 55135 CH| 1 117.4113.112.73
297 B-603 ST | 155- | 41| 48| 73| 92| 94 100 65141 CH| 2 13 94.9 |27.8|2.74
17.5
298 B-603 ST | 20-21 | 36|49 | 71| 96 | 99 100 62 38| CH| 2 6 98.0 |24.8(2.72
299 B-603 ST [ 2324|4156 ] 75| 99 (100 66 |40 CH| 1 103.0{20.7|2.75

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 11 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) clals - Modfied
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.0020.005| 0.02 | 0.05 [0.074|0.105|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | pet p.c.f.
300 B-603 ST [ 30-31| 41|54 |83] 95| 98 100 66 | 37 | CH 96.1 (22.7|12.74
301 B-603 ST [ 383941 (|55] 78| 99 (100 67141 CH| 1 99.9 122.012.75
302 B-604 ST | 254 |13(14 18| 25|26 28| 33|35|37(41|49|65| 75| 83| 94 |100 55| 35| GC 9.5
303 B-604 ST | 759 |43 ([53|68] 92| 93 100 64140 CH| 1 99.9123.7|12.79
304 B-604 ST | 15-16 | 41 | 53| 75| 94 | 100 63[39(CH| 2 8 98.6 (21.8]2.68
305 B-604 ST [ 20-21| 40| 53| 76| 98 | 98 100 68143 CH| 1 98.0122.012.73

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 12  of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits 3] X o Standar Sample Data
(REGULATED) _ S| 2] s o Modified
Lab. Field Sample Fines Sand Gravel @ E ® Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.002 [ 0.005| 0.02 | 0.05 [0.074|0.105]|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | et p.c.f
306 B-604 ST [23-245( 40 | 51| 75| 98 | 100 66 (40 (CH| 1 94.3 (21.9]|2.76
307 B-604 ST [ 3031|3948 | 69| 91| 93 100 65138 CH| 1 96.1|123.012.75
308 B-604 ST [ 39-40 | 43| 60| 82| 94 | 100 65(38(CH| 1 102.4(22.112.77
309 B-605 ST|025 10|12 |17 | 22| 24| 25|26 | 27| 27|29 36| 43| 50|57 |64]| 67 |100(55(33[(GC]| 1 124.9110.012.70
310 B-605 ST | 5-6.5 8 9 |11 |13 (14| 14|16 | 18| 21| 27| 40| 54 | 66 | 83 | 100 NES <#40 7.6
311 B-605 ST [10-11.5( 42 | 54 | 73 | 92 | 100 68 | 44 1 98.0124.212.68

Date Reported: Initials:




NRCS-ENG-354 U.S. Department of Agriculture Soil Mechanics Laboratory Data

Rev. June 2004 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 13 of 13
TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o S o Standar: Sample Data
(REGULATED) clals - Modfied
Lab. Field Ssample Fines Sand Gravel o £ 5 Gs
Sample |, - | Location and Description Type Depth O o g’_ Max <#4
No.
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38 | 12" | 34" | 17 |12 3 |LL.|P.L E a Cﬁg’e Yo |Wo% Yo |we%
0.0020.005| 0.02 | 0.05 [0.074|0.105|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 < | pet p.c.f.
312 B-605 ST [ 20-22 | 47 | 60| 82| 95| 98 100 71(45(CH]| 1 91.1(30.1]12.71
313 B-606 ST 2-4 3233|4565 71 100 441271 CL| 1 108.6119.3|2.70
314 B-606 ST 4-6 34| 35|45 | 65| 76 100 43126 | CL| 1 114.2(17.1]12.71
315 B-606 ST 8-10 | 34| 41|58 (94| 94 100 59136(CH| 1 10 101.1122.1|2.73

Date Reported: Initials:




NRCS-ENG-354

Rev. June 2004

File Code ENG-210-22

U.S. Department of Agriculture

Natural Resources Conservation Service

Soil Mechanics Laboratory Data

Sheet 1 of 5

TEXAS Mechanical Analysis - Moisture-Density ,
6/05/2019 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) = P - Modified

Lab. Field . o Sample Fines Sand Gravel 2 € Iz Gs

Sa,\rlr(;ple Number| Location and Description Type Depth g 5 g).)_ Max <Hh | Wey
' Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 |38 | w2r | 34 | 10 1220 3 [LL|PL[ 2 fa) Cﬁg’e Yo |Wo% Yo o|we% %
0.002 | 0.005| 0.02 | 0.05 | 0.074]0.105(0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525]| 12.7 |19.05| 25.4 | 38.1 | 76.2 5 ' p.c.f. p.c.f.

696 B-1 ST 2-4 28 | 32| 60| 8 | 92 100 53(30(CH| 2 | 28 95.9 (26.1]2.69

697 B-1 ST 5-7.5 26 | 30 | 46 | 73 | 85 100 491 29| CL| 3 | 27 91.3123.7|12.71

698 B-1 ST 15-17 | 28 | 31| 43| 63| 73 100 441 20| CL| 1 99.9 (22.412.73

699 B-1 ST | 175-20|1 31| 35| 48| 69 | 86 100 50129 CH| 1 95.1127.412.70

700 B-1 ST | 20-225]| 35| 41| 61 | 83| 87 100 57(35(CH]| 1 97.0 (24.8|2.69

701 B-1 ST 23-25 | 33140 60| 77 | 94 100 53131 (CH| 1 92.0121.8|2.70

Date Reported: Initials:




NRCS-ENG-354

Rev. June 2004

File Code ENG-210-22

U.S. Department of Agriculture
Natural Resources Conservation Service

Soil Mechanics Laboratory Data

Sheet 2 of 5

TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgiionjhigs Undislturbed Special Tests
Limits S o Standar Sample Data
(REGULATED) = P - Modiified
Lab. | .o _ o Ssample Fines Sand Gravel & E|l @ Gs
Sa’\rlw;ple Number Location and Description Type Depth g 5 g).a_ Max <#4 Wy
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | 38" | w2 [ 34 | 1v |112v| 3 [LL[PIL| & a C;;ve Yo [Wo% Yo |weo %
0.002 [ 0.005| 0.02 | 0.05 |0.074|0.105|0.250]| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 5 | pet p.cf.
19- Caldwe" County mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm
702 B-2 ST | 575 (33|39 |53]| 76| 85 100 50| 30| CH| 2 | 10 108.0/20.0|2.82
703 B-2 ST 8-10 32| 34|48 | 73| 81 100 4 126| CL| 2 | 12 107.9/18.5|2.70
704 B-2 ST | 15175130 | 36|48 | 71| 771859090 91| 91|93 (94|94 | 94|94 (94 |100|48|28(CL| 3 5 109.5(19.3(2.68
705 B-2 ST | 18-20 | 39 | 45| 58| 78 | 85 100 50| 30| CH| 2 9 109.8[18.0(2.67
706 B-2 A | ST | 20-225( 38| 43| 58| 78 | 85 100 52|32 |CH| 1
B-2 B 26 | 33| 48| 77| 85 100 49 |1 27| CL| 2 | 24
707 B-2 ST | 2325 (28| 33| 54| 84| 92 100 52 31| CH| 2 9 93.2 (20.0|2.68
Date Reported: Initials:




NRCS-ENG-354

Rev. June 2004

File Code ENG-210-22

U.S. Department of Agriculture

Natural Resources Conservation Service

Soil Mechanics Laboratory Data

Sheet 3 of 5

TEXAS Mechanical Analysis - Moisture-Density )
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg % Relgtionjhigs Undislturbed Special Tests
Limits o X o Standar Sample Data
(REGULATED) clals - Modified
Lab. Field . o Sample Fines Sand Gravel ‘_mﬁ g 2 Gs
Sa,\rlr(;ple Number| Location and Description Type Depth g 5 ;.)_ Max <HA | Wy,
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | a8 | w2r | 34 | 10 1220 3 [LL|PL[ 2 fa) Cﬁg’e Yo |Wo% Yo o|we% %
0.002 [0.005| 0.02 | 0.05 [0.074[0.105]|0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05| 25.4 | 38.1 | 76.2 5 | pet p.c.t.
708 B-2 ST | 28-30 | 35| 43| 68| 90 | 93 100 61| 38| CH| 2 7 95.1 (19.4|2.67
709 B-2 ST | 30-325| 32| 39| 57| 78| 85 100 54| 33| CH| 1 90.4 (19.7|2.70
710 B-3 ST 2-4 28 | 32| 52| 77 | 87 100 56| 37| CH| 3 | 66 96.9 (18.7]2.69
711 B-3 ST | 575 | 20| 25| 41| 82|91 100 42119 CL| 2 | 28 99.7 [18.9]|2.71
712 B-3 A | ST |10-125]| 45| 49 | 64 | 76 | 86 100 57|36 | CH| 2 8 102.6/20.3(2.67
B-3 B 33|40 | 53| 79 | 87 100 52| 31| CH| 1 89.8 (19.3|2.70
713 B-3 ST | 15-17 | 38| 40 | 54 | 67 | 73 100 47129 CL| 2 | 3 107.0/18.0(2.62
Date Reported: Initials:




NRCS-ENG-354

Rev. June 2004

File Code ENG-210-22

U.S. Department of Agriculture
Natural Resources Conservation Service

Soil Mechanics Laboratory Data

Sheet 4 of 5

TEXAS Mechanical Analysis - Moisture-Density )
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg | .S Relationships Undisturbed Special Tests
Limits 3 X o Standard Sample Data
(REGULATED) S| 2] s o Modified
Lab. Field . o Sample Fines Sand Gravel ‘_mﬁ g 2 Cs
Sa,\rlr(;ple Number| Location and Description Type Depth g 5 ;.)_ Max <HA | Wy,
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | a8 | w2r | 34 | 10 1220 3 [LL|PL[ 2 fa) Cﬁg’e Yo |Wo% Yo o|we% %
0.002|0.005] 0.02 | 0.05 | 0.074]0.105[0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525| 12.7 [19.05]| 25.4 | 38.1 | 76.2 5 ' p.c.f. p.c.f.
714 B-3 ST | 20-22 | 35| 36 | 48| 66 | 82 100 46 (28| CL| 1 112.0/17.0(2.68
715 B-3 ST | 225-25| 24 | 31| 48| 81| 92 100 46| 25| CL| 1 97.1(21.6]2.69
716 B-3 ST | 2830 | 27|31 (40| 54|60 (68| 75| 75|76| 77| 79| 81|86 | 87| 87 [100 49 (29| CL| 2 | 10 108.2|19.4(2.67
717 B-3 ST | 3335 | 28 33| 47| 80| 88 100 5230 CH| 2 | 12 101.0(22.3]2.70
718 B-3 ST [35-375| 32| 38| 54| 85| 92 100 5332 |CH| 1 98.6 [24.7]|2.70
719 B-3 ST | 4345 | 37 | 47| 71| 92| 95 100 64(39(CH| 1 99.6 [22.9]2.71
Date Reported: Initials:




NRCS-ENG-354

Rev. June 2004

File Code ENG-210-22
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TEXAS Mechanical Analysis - Moisture-Density ,
01/18/19 (WHRB) Grain Size Distribution Expressed as Percent Finer by Dry Weight Atterberg | .S Relationships Undisturbed Special Tests
Limits 3 X o Standard Sample Data
(REGULATED) S| 2] s o Modified
Lab. Field . o Sample Fines Sand Gravel & g D Gs
Sa,\rlr(;ple Number| Location and Description Type Depth g 5 ;.)_ Max <HA | Wy,
Plum Creek Site 21 ft. #200 | #140 | #60 | #40 | #20 | #10 | #4 | a8 | w2r | 34 | 10 1220 3 [LL|PL[ 2 fa) Cﬁg’e Yo |Wo% Yo o|we% %
0.002 | 0.005| 0.02 | 0.05 | 0.074]0.105(0.250| 0.42 | 0.84 | 2.0 | 4.76 |9.525]| 12.7 |19.05| 25.4 | 38.1 | 76.2 5 ' p.c.f. p.c.f.
720 B-7 ST |17.9-195/ 43 [ 51| 73| 92 | 94 100 65|41 | CH| 2 2 102.7|20.3(2.70
721 B-8 ST |32.5-34.5| 41| 52 | 73 | 90 | 91 100 63|40 CH| 1 113.1116.2|12.71
722 B-601 ST | 1819 | 33 (39| 54| 85| 93 100 54| 32| CH| 2 3 99.8 (19.8]2.63
723 B-602 ST | 175-19| 28 | 34 | 48 | 79 | 87 100 51128 CH| 1 101.0119.3|2.77
724 B-603 ST |13.5-155 42 [ 52 | 73 | 92 | 93 100 64|39 CH| 2 | 12 96.4 (23.2|2.66
Date Reported: Initials:
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NRCS Soil Mechanics Center

Lincoln, NE
Mohr Circle Program
SITENAME:  Plum Creek Site 21
STATE: TX
SAMPLE NO: 19-257

Total Strength Parameters:

4/16/2019
3:04 PM

Zero Cohesion:

PHI: 18.5 degrees 18.5 degrees |Slope y=
Failure Criterion: C: 631 psf 4.38 psi
O Maximum Dev. Stress Effective Strength Parameters:
Maximum Stress Ratio PHI': J# degrees 25.7 degrees |Slope y=
O Max. Pore Pressure ch: 4R psf 3.80 psi
O <= 10% Strain Stress path analysis from p-q plot:
O Selected Points PHI: 27.] degrees

C': 485 pst

(A1l inputed values in the chart are in psi)

CELL PRESSURE DEVIATOR STRESS PORE PRESSURE PERCENT STRAIN
AT FAILURE AT FAILURE (Optional Entry)
7 1717 2.56 1.92
14 27.51 5.74 2.41
28 37.21 10.96 2.12
¢ Total Stress ¢ Effective Stress Total = e o Effective

y =0.4817x + 3.7996

y = 0.3338x + 4.3802

R2=0.9719 R2 =(0.9752
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0 20 40 60 80 100 120
p’. psi
Symbol 0] A m
Sample No. 19-257 | 19-257 | 19-257
70 L ! L ll 1 J| L
" ) ‘ Test No. 1 2 3
I
g i ! . - [Depth 30-32.5'| 30-32.5' | 30-32.5"
B0=l 2= st g e o=t i Diameter, in 1.391 1.4 1.392
| ! !
j ! ; ; i Height, in 3.023 | 3.006 | 3.026
I E : S | Water Content, % 20.4 18.2 22.7
] SRR 2 (Y TR, T [P = =
- =Y ' : : ] £ | Dry Density, pcf 105.3 112.1 104.1
]
o R i ; : - Saturation, % 91.8 97.7 99.2
h&J 20 N ML ' ' ' L Void Ratio 0.601 | 0.503 | 0.619
g i _ | water Content, % 23.7 20.1 23.6
Q
o 2| Dry Density, pcf 102.9 109.3 103.
O 30—ff-f-tfom — |© :
2 : o | Saturation*, % 100.0 100.0 100.0
EJ i - | 2| Void Ratio 0.639 | 0542 | 0.637
20 s et TP = ®  Back Press., psi 100.3 100.1 100.1
I
| : : Ver. Eff. Cons. Stress, psi 6.663 13.94 27.88
1 1 i
: : ; Shear Strength, psi 20.19 20.11 20.15
10k wi il R = ™ [Strain ot Failure, % 18.1 18.3 | 13.1
i : : : i Strain Rate, %/min 0.06 0.08 0.06
i
0 e B-Value 0.00 0.00 0.00
0 5 10 15 20 Measured Specific Gravity 2.7 2.7 2.7
VERTICAL STRAIN, % Uiquid Limit L n o=
Plastic Limit -—- - —_——
Project: PLUM CREEK SITE 21 : ar | |
Location: TX i i E E : I! i
Project No.: 19-257 | . i : 2|
I I ] | I |
Boring No.: B-05 : e i |4 il
Sample Type: CORE : . I T R —

Description:

Remarks:

&= /ﬂax / Mim
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