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1. Introduction 

1.1 Project Overview 
The Plum Creek Watershed Floodwater Retarding Structure (FRS) No. 2 is currently sponsored 
by Caldwell-Travis Soil and Water Conservation District (SWCD), Hays County Soil and Water 
Conservation District (SWCD), and Plum Creek Conservation District. The Texas State Soil and 
Water Conservation Board (TSSWCB) is assisting the sponsors with rehabilitation of the dam. 

Since construction of the Plum Creek Floodwater Retarding Structure (FRS) No. 2 (Plum Creek 
2) in 1968, residential and commercial structures, major highways, and utilities have been 
constructed downstream of and in the immediate vicinity 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 Texas State Soil and Water Conservation Board (TSSWCB) 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 is to conduct 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 FRS No. 2 is intended to mitigate identified dam safety 
deficiencies associated with the dam’s reclassification as a high hazard dam. The proposed 
modifications include the following major components: 
 
• Raising the existing vegetated auxiliary spillway crest by 1.15 feet to Elevation (El.) 659.8; 

• Widening the existing vegetated auxiliary spillway from 150 feet to 250 feet; 

• Constructing a new 200-foot-wide overtopping roller-compacted concrete (RCC) spillway with 
crest at El. 658.6; 

• Abandoning the existing principal spillway inlet and 24-inch diameter conduit; 

• Replacing the existing principal spillway with a new 48-inch diameter conduit, inlet riser with 
crest at El. 645.4, and impact basin at the outlet;  

• Installing rock riprap wave protection on the upstream embankment slope; and 

• Maintaining the embankment crest at El. 662.8 (top of compacted earthfill which excludes 
additional height of topsoil) with nominal raise in areas that have experienced settling. 

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 scope of work included a site-specific field Geologic Investigation (GI), preparation of a 
Geologic Investigation Report (GIR), and preparation of a Soil Mechanics Report (SMR).  

The primary objective of the GI was to collect geotechnical information about the existing earthen 
embankment, foundation materials, groundwater conditions, subgrade conditions for proposed 
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structures (new overtopping RCC spillway and new PSW), and potential borrow sources for use 
in rehabilitation planning and design. The GIR was prepared by AECOM and is provided under 
separate cover (AECOM, 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;  

2. Analysis and interpretation of laboratory data; 
3. Geotechnical characterization of the embankment and foundation materials; 
4. Seepage and slope stability analyses for the existing embankment and proposed 

modifications; 
5. Seismic site characterization and analysis of the site; 
6. Geotechnical recommendations for the proposed principal spillway modification including 

new conduit pipe and foundation support;  
7. 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; 

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

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

10. Preparation of this SMR. 
Specific objectives of the laboratory investigation described in this SMR were characterization of 
the index properties, dispersion potential, shear strength, hydraulic conductivity, and volume-
change potential for existing embankment and foundation materials. Additionally, materials in 
proposed excavations and designated borrow areas were evaluated to determine the suitability 
of on-site soils as a borrow source for the proposed embankment raise.  

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. 
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2. Site Description 

2.1 Dam Structure 
The Plum Creek FRS No. 2 is located in Hays County, Texas about 1.5 mile east of downtown 
Kyle. The site is located approximately 0.75 miles east of the intersection of IH-35 and Center 
Street and 1.75 miles south of the intersection of IH-35 and Bunton Rd. The dam is situated on 
Plum Creek, within the Plum Creek Watershed. Access to the site is through the main entrance 
of Lake Kyle Park, on 700 Lehman Rd., Kyle, TX. Within the site, access to some areas is via 
pastures with non to marginal unimproved roads. A vicinity map of the site is provided in Figure 
1. 

The dam was originally constructed in 1968 as a low hazard (class “a”), zoned earthen 
embankment for the purposes of watershed protection and flood prevention. The FRS No. 2 has 
a maximum height of 38 feet, length of 2,588 feet, maximum storage capacity of 1,034 acre-feet, 
and is comprised of about 128,030 cubic yards of earth and rock fill.  

The dam is a zoned earthen embankment with a 14-foot wide crest. The as-built drawings show 
the upstream and downstream slopes of the dam were constructed at an inclination of 2.5H:1V 
(horizontal:vertical).  Topographic survey performed in late 2019 by AECOM’s subcontracted 
surveyor (CP&Y) indicate the existing embankment slopes are flatter than shown on the as-builts, 
with an upstream slope inclination of about 3H:1V and downstream slope ranging from about 
2.7H:1V to 3H:1V. The as-builts indicate two material zones were used in the embankment, 
designated as Zone 1 and Zone 2 as described as follows: 

• Zone 1 materials were designated for the embankment core and cutoff trench and were 
prescribed to consist of non-calcareous, silty clays (CH) obtained from the on-site borrow 
area located in the present-day reservoir. 

• Zone 2 materials were designated the upstream and downstream embankment slopes 
(shell zones). These materials were described as either silty fat clays (CH) from the 
designated borrow area, or non-calcareous, silty, clayey sand (SC) obtained from required 
excavations for the ASW channel. 

 A 12-foot-wide local berm is present on the upstream slope at El. 647.1 feet and a 20-foot-wide 
crossing berm with crest at El. 635.0 is present at the downstream toe over the PSW conduit. A 
minimum 12-ft wide cutoff trench, up to about 7 feet deep, was constructed under the crest of the 
dam.  The as-built embankment crest elevation (top of dam including topsoil) is reported as El. 
663.81. Topographic survey conducted by CP&Y in late 2019 indicates the embankment crest 
varies from approximately El. 661.2 feet to El. 662.4 feet.  

A vegetated earthen auxiliary spillway (ASW) is present at the left abutment  and is 150 feet wide 
with a designed discharge of 658.5 cubic feet per second (cfs). The principal spillway (PSW) 
consists of an approximately 13-feet tall concrete inlet structure and 210 feet of 24-inch inner 
diameter (ID) prestressed, concrete lined, steel conduit pipe discharging to a stilling basin. The 
PSW pipe is furnished with a series of five concrete anti-seep collars spaced at 200 feet center-
to-center. The as-built existing principal spillway has a crest elevation of 649.1 feet and a lower 
port elevation of 640.4 feet (normal pool), while the auxiliary spillway crest elevation is reported 
as  El. 658.9 feet. 

 
1 The original as-built vertical datum was assumed to be the National Geodetic Vertical Datum of 1929 (NGVD29). The difference in 
elevation between NGVD29 and NAVD88 in the vicinity of FRS No. 2 is approximately 0.388 foot. Elevations reported herein have 
been converted from NGVD29 to NAVD88 by adding +0.388 foot. 
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The proposed dam improvements will increase the effective embankment crest elevation to El. 
662.8 feet, requiring less than 1 foot of new embankment fill over much of the embankment. An 
additional proposed 12 inches of topsoil will result in an overall top of embankment at El. 663.8. 
Additionally, the vegetated ASW crest will be raised 0.9 feet to El. 659.8 feet, and the new RCC 
spillway will have crest at El. 658.6 feet. The existing PSW conduit will be abandoned in place by 
grouting, with demolition of the existing inlet tower. The crest elevation of the proposed rehab 
PSW inlet tower will be El. 645.4, with a low-flow port inlet at El. 640.4 and sluice gate at El. 633.2. 

2.2 Geology 
Detailed description of site geology is contained in the 2021 GIR. 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 Upper Cretaceous 
bedrock of chalk and marls weather to a deep clay soil in this region (Wermund, 1996). 
 
Published geologic mapping indicates the site is primarily underlain by Cretaceous-age Pecan 
Gap Chalk, termed “Kpg”. Cretaceous-age Austin Chalk (Kau) and Leona high gravel terrace 
deposits of Quaternary age are also mapped within a few miles of the project site.  
 
The Pecan Gap Chalk is described as a medium gray, chalky, or marly formation with calcium 
carbonate content ranging from about 25 to over 75 percent (Young, 1977). The formation is 
composed of chalk in its lower part and chalky marl in its upper portion. Bedrock of this formation 
weathers to light gray and white, have thicknesses of approximately 200 feet (Proctor et al., 1974) 
in the vicinity of this site, and grades laterally in select locations to marl. Near the surface, due to 
weathering, the Pecan Gap becomes a highly plastic, fat clay with significant potential for vertical 
movement as a result of changes in moisture content. 
 
The project site is located within the proximity of two surface expression faults, the Kyle fault and 
the San Marcos Springs fault mapped approximately 0.8 miles west and approximately 1.5 miles 
east 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. Although no faulting is 
mapped or identified during current or previous geologic investigations the project site, inactive 
bedrock faults could potentially be concealed by alluvium and other younger river terrace 
deposits. It should also be noted that the geologic contact between the Pecan Gap Chalk and the 
Austin Chalk is marked by the Kyle fault (DeCook, 1963) just west of the project site. 

2.3 Previous Geological and Geotechnical Studies 
The findings from previous site investigations conducted at the project site are described in the 
GIR (AECOM 2021), and listed below: 
 
• Geologic Investigation Report (SCS, 1967a) 

• Soil Mechanics Report (SCS, 1967b) 

• Dam Assessment Report (NRCS, 2010) 
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3. Geologic Investigation 

3.1 Field Explorations 
The project-specific field GI was conducted by AECOM between December 2019 and January 
2020. Supplemental investigations associated with the proposed RCC spillway and outlet channel 
took place in September and October 2020. Details of the field investigation and results are 
provided in the GIR (AECOM 2021). Locations of the borings are shown in Figure 2. The general 
scope of the field GI Phase I is summarized as follows:  
 
• Embankment Crest: Six (6) borings designated as 8-19 through 12-19 and 15-19 were drilled 

on the top of the dam. Stand-pipe piezometers were installed at borings 9-19 and 11-19 for 
the purposes of monitoring the phreatic surface through the dam. Two (2) additional borings, 
designated 13-20 and 14-20, were drilled during the supplemental investigation in the 
proposed location of the proposed RCC spillway. These borings were intended to further 
characterize foundation conditions under the RCC spillway slab and walls, assess material 
variability, and obtain samples for additional laboratory testing. 

• Embankment Slopes: Two (2) hand auger borings designated as 1301-19 and 1302-19 were 
drilled near the existing PSW alignment on the relatively steep embankment slope faces 
where drill rig access was not feasible. Five (5) additional borings, designated 1701-20 
through 1705-20, were drilled on the upstream and downstream embankment slopes near 
the proposed location of the new RCC spillway.  

• Downstream Toe: Five (5) borings designated as 601-19 through 605-19 were drilled along 
the downstream toe of the dam. Two (2) additional borings, designated 702-20 and 703-20, 
were drilled during the supplemental investigation in the proposed location of the new RCC 
spillway. 

• Upstream Toe:  One (1) test boring, designated as 701-20, was drilled near the upstream 
toe of the dam. The purpose of this boring was to characterize upstream foundation 
conditions for embankment slope stability evaluation at the proposed RCC spillway location.  

• Principal Spillway: Two (2) test borings (304-19 and 305-19) were drilled alongside the 
existing PSW alignment near the proposed PSW alignment. Boring 304-19 was located on 
the local berm on the upstream embankment slope, while 305-19 was drilled at the 
downstream toe.  

• Borrow Area: Six (6) test borings designated as 101-19 through 106-19 were completed in a 
potential on-site borrow area located on the left bank of the reservoir upstream of the dam 
embankment. 

• Proposed Outlet Channel:  Two (2) borings designated 401-20 and 402-20 were drilled within 
the proposed outlet channel alignment downstream of the dam between the end of the 
proposed stilling basin for the new RCC spillway and the existing creek.  The borings were 
intended to characterize channel erodibility, and suitability of materials in the required 
excavation for use as embankment fill borrow source.  

• Existing Auxiliary Spillway: Ten (10) hollow-stem auger borings designated as 201-19 
through 210-19 were drilled within the limits of the existing auxiliary spillway. The purpose of 
these borings was to allow for characterization of the subsurface at the present location of 
the auxiliary spillway with the intent of developing estimates of headcut erodibility indices 
for SITES analysis. To develop estimates of the SITES analysis input parameters, 
representative samples of each geologic stratum were subjected to index testing, 
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dispersion testing, natural density, and unconfined compression testing on relatively 
undisturbed field extruded push tubes and laboratory extruded Shelby tube samples. 

3.2 Surface Conditions 
Findings of a limited geologic visual reconnaissance of the site in March 2020 are provided in 
the GIR (AECOM 2021). The dam appeared to be in relatively good condition, with no visual 
evidence of slope instability or seepage. However, grass was relatively high over most of the 
site, and it was difficult to observe ground surface on the embankment slopes. Additionally, there 
was some apparent wave erosion causing over-steepening of the upstream slope near the 
waterline, and some erosion under the cradle of the PSW conduit.  

3.3 Generalized Subsurface Conditions  
A detailed discussion of the various soil and rock units encountered during the field investigation 
is provided in the 2021 GIR. In general, the findings were consistent with those of previous 
investigations at the site. The GIR noted that it was difficult to discern between natural and man-
made fill deposits in some cases due to the general similarity in appearance and physical 
properties. There was also some uncertainty on the depositional origin of the “Alluvium” layer due 
to conflicting interpretations provided in the literature. 

A brief overview of the generalized site stratigraphy characterized in the GIR is summarized in 
the following sections. Further discussion of the physical and engineering characteristics of these 
materials, including results of laboratory index and engineering properties testing, are provided in 
later sections of this report. 

3.3.1 Embankment Fill   
Compacted Embankment Fill materials ranging from 8 to 40 feet thick were encountered in each 
of the borings drilled along the dam crest centerline and on the upstream and downstream slopes 
of the embankment.  The color and materials characteristics of the Embankment Fill varied 
considerably, which was likely associated with the geologic origin of borrow sources used as fill 
material (i.e., residual or alluvial).   
The intervals of Embankment Fill classified in the field as fat clay (CH) were typically described 
as dark brown, black, or dark gray in color, with occasional tan to gray mottling.  These intervals 
were typically moist to slightly moist, and generally stiff to hard in consistency.  The material was 
observed to contain trace to some organics, trace fine subangular to rounded gravel typically 
about ¼ to ½ inch in diameter, and trace calcareous nodules and shell fragments. 
The intervals of Embankment Fill identified as medium-plastic clay (CL-CH), silty lean clay (CL), 
or clayey silt (ML) were typically light gray, light brown, tan, and/or orange in color with occasional 
iron oxidation staining.  These intervals were typically dry to moist, very stiff to hard in consistency, 
and in some cases chalky and/or friable.  The materials contained trace to some fine to coarse 
gravel, trace to abundant calcareous nodules and calcite crystals, and typically had a strong 
reaction to hydrochloric acid (HCl).   
Embankment Fill encountered in the upstream and downstream slopes of the embankment was 
largely similar to that encountered along the centerline, indicating that similar materials were 
used to construct both the core and shell zones of the dam. 

3.3.2 Downstream Fill 
Suspected Downstream Fill materials up to about 8 feet thick were encountered in boring 305-19, 
which was drilled on the PSW crossing berm at the downstream toe. According to the GIR, the 



Soil Mechanics Report Draft  
 

  
Project reference: TSSWCB IDIQ-AECOM-2018-79017 

Project number: 60615067 
 

 
      
TSSWCB_Plum2_SMR_FINAL_2021.07.02_clean.docx 

AECOM 
14 

 

left-most extent of fill likely extends left of 305-19 to at least the designated “waste area” limits 
shown on the as-built drawings, which are located in the old channel alignment near Sta. 23+00 
and corresponds to the left-most extent of the crossing berm. The right-most extent of the 
Downstream Fill likely occurs near Sta. 28+00 at the right-most extent of the crossing berm.  While 
boring 603-19 was drilled within these station limits, it appears to have been drilled just 
downstream of the fill area based on visual characteristics of the material and examination of 
topographic data. 
The Downstream Fill was classified in the field as a fat clay (CH) and medium-plastic clay (CL-
CH).  It was described as very stiff to hard, moist to dry, with trace to some subangular fine to 
coarse gravel up to 1.5 inches in diameter.  Trace to some organic matter was also present.  

3.3.3 Alluvium 
The Alluvium at this site was identified as a relatively thin, dark brown clayey layer present 
across much of the project area ranging from about 2 to 8 feet in thickness (where present). 
Alluvium appeared to have been encountered in borings at the proposed borrow area, the ASW 
channel, the upstream and downstream toe, and proposed outlet channel borings for the RCC 
spillway.  As indicated in the as-built drawings, the Alluvium appears to have been removed from 
under the embankment centerline to construct the cutoff trench. 

The Alluvium was classified in the field as a high-plasticity fat clay (CH).  It was described as 
dark brown, brown, and/or black in color, and typically moist, and stiff to very hard.  The Alluvium 
contained trace to abundant organics, trace to some fine to coarse subrounded to subangular 
gravel, calcareous nodules and inclusions, iron oxidation staining, and trace shell fragments.     

3.3.4 Residuum 
Residuum of the parent Pecan Gap Chalk formation was encountered in each boring drilled for 
the project, except most of the embankment slope borings. Based on visual appearance and 
physical characteristics, the Residuum was subdivided into two general types for convenience:  
the Low Plasticity Residuum (LPR), and the Medium to High Plasticity Residuum (MPR). 

The LPR was classified in the field as a low-plasticity, silty to sandy lean clay (CL) and clayey 
silt (CL-ML), with some instances of non-plastic silty sand (SM) in the ASW borings.  It was 
typically described as light gray, gray, light brown, or tan in color with fine to coarse sand and 
gravel. The LPR was dry to moist, hard, and friable with abundant calcareous material and had 
a strong reaction to HCl.   The LPR was primarily encountered in the upper elevations of ASW 
borings between about EL. 645 and 655 with a maximum thickness of about 10 feet.  Near the 
dam embankment, the LPR was encountered in both upstream borings and upstream borrow 
area borings, and downstream toe borings located near the left abutment and the right 
abutment.  The thickness ranged from about 4 feet in the borrow area to nearly 20 feet at the 
abutments. 

The MPR was classified in the field primarily as medium- to highly plastic, lean to fat clay (CL-
CH) and fat clay (CH).  It was typically described as tan and/or light gray in color, and became 
increasingly more gray with depth in the less-weathered intervals.  The MPR was moist and 
very stiff to hard in consistency, and became increasingly dry and hard with depth. The 
weathered upper zones contained trace fine gravel, iron oxidation staining, calcareous 
inclusions, gypsum crystals, occasional shell fossil imprints, and trace black specks interpreted 
as manganese oxide.  Reaction with hydrochloric acid ranged from slight to strong, indicating 
appreciable calcareous content of the clays consistent with published information of the Pecan 
Gap Chalk formation.  With depth, the Residuum became increasingly blocky in structure, with 
instances of very narrow to closed near-vertical fissures that were in some cases oriented in 
multiple directions (i.e., similar to orthogonal joint sets in rock). 
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3.3.5 Shale 
Bedrock consisting of moderately- to highly-weathered, calcareous shale with occasional chalky 
marl layers and partings was encountered below the Residuum. The shale was described as light 
gray to white in color, dry, extremely weak to weak, fine grained, fissile, and friable with strong 
reaction to HCl.  Occasional pyrite and gypsum crystals were noted. Based on published data 
and sample appearance, the bedrock was judged to be part of the Pecan Gap Chalk formation 
because of the presence of abundant calcite in the clay matrix and the light gray to white color, 
both characteristic weathering features of this formation (Barnes, 1979). 

3.3.6 Groundwater Observations 

Groundwater observations are discussed in detail in the 2021 GIR. In general, most borings were 
dry at the time of drilling and 24 hours after drilling.  

Groundwater was encountered at the time of drilling in two (2) of the borings drilled on the 
embankment crest centerline (8-19 and 11-19) at elevations ranging from El. 643.7 to El. 633.7. 
Borings 9-19 and 11-19 were completed as piezometers, and a series of groundwater readings 
were collected between January and October 2020.  Both piezometers were screened across the 
Embankment Fill / Residuum interface, with 9-19 completed in Residuum and 11-19 completed in 
shale.  While 9-19 was dry during and after drilling, piezometer readings have varied considerably 
with each subsequent piezometer measurement, ranging from 14.9 feet bgs in August (El. 647.5) 
to 32.8 feet in March (El. 629.6).  The source of the high variability is unclear. Readings in 
piezometer 11-19 dropped nearly 20 feet lower than the groundwater measurement at the time of 
drilling, but has steadily risen from 46.1 feet bgs (El. 615.1) to 21.0 feet bgs (El. 630.3) which is 
within a few feet of the initial reading.  The results of the 11-19 piezometer  suggest a relatively 
low hydraulic conductivity. 

Groundwater was not encountered at the time of drilling in any of the downstream toe borings.  
Delayed readings in boring 601-19 encountered static groundwater at a depth of 11.3 feet bgs 
(El. 638.4), which was similar to the adjacent embankment piezometer 9-19 readings which had 
ranged from about El. 630 to 647.  While delayed readings in the other open boreholes were dry, 
sidewall caving was encountered in most of the open boreholes at depths ranging from 13.8 to 
22 feet bgs (about El. 613 to 642).  Boring 702-20 was completed as a piezometer in October 
2020.  While the boring was dry during drilling, the water level in the piezometer 3 days after 
drilling was measured at a depth of 27.5 feet bgs (El. 620.3).   

The groundwater table was not encountered at the time of drilling the ASW borings, but 
groundwater was encountered at the end of drilling activities in boring 209-19 at  21.4 feet bgs 
(El. 626.9). Delayed groundwater readings in open boreholes detected groundwater in several  
borings at elevations ranging from about El. 622 (8.9 feet bgs) at the downstream end of the 
ASW channel to El. 646.7 (23.1 feet bgs) at the outside edge of the ASW channel just 
downstream of the control section.  Sidewall caving was noted during delayed readings in a 
number of the open holes at depths ranging from 12.2 to 22 feet bgs.   
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4. Laboratory Investigation  

4.1 General Approach 
Soil samples recovered from the borings were labeled, packaged, and transported by AECOM 
to the geotechnical laboratory of TRI Environmental, Inc. (TRI) in Austin, Texas for storage and 
testing. Following review of the draft boring logs prepared by the AECOM field representative, 
laboratory testing assignments on selected samples were developed by AECOM and provided 
to TRI to begin testing. 

Laboratory testing was conducted on selected soil samples obtained from the borings primarily 
to characterize existing embankment and foundation materials, and included both index testing 
and engineering properties testing. In general, engineering properties testing was reserved for 
relatively undisturbed ST samples which were sealed in the field and extruded in the laboratory. 
Due to concerns of possible samples disturbance, the field-extruded PT samples were generally 
subjected to index testing only.  However, in cases where a limited number of ST samples were 
available in a particular stratum or boring location, some of the PT samples were subjected for 
unit weight, simple strength testing (i.e. unconfined compression), and/or swell testing (i.e. swell 
pressure only). 

Laboratory testing was conducted on remolded bulk samples from potential borrow sources to 
evaluate suitability as embankment fill, and to obtain estimates of engineering properties. 
Composite bulk samples were also produced from samples of embankment in the location of 
required excavation for the proposed RCC spillway. Further discussion of borrow source testing, 
and the overall testing program, is provided in the following sections.  

4.2 Borrow Source Testing 

4.2.1 On-Site Borrow Area  

A potential borrow area located on the left bank of the reservoir upstream of the embankment was 
investigated for suitability as a source for earthfill. The borings encountered 2 to 4 feet of Alluvium 
described as fat clay (CH).  The underlying Residuum consisted of 3 to 5 feet of LPR  described 
as calcareous silty clay (CL-ML), underlain by MPR described as medium-plasticity clay (CL-CH).   

Index testing was performed on natural samples obtained through the planned excavation depth 
interval in borings 101-19 through 106-19 to confirm field classifications and measure index 
properties. Bulk samples were collected from auger cuttings from various depth intervals within 
the proposed excavation.  In order to evaluate engineering properties of this potential borrow 
source, composite samples were produced from the bulk samples to represent the uppermost two 
strata as follows: 

• COMP-100A: 

─ Boring 101-19:    Bulk-1:  0 to 5 feet bgs (Alluvium)   

─ Boring 103-19:   Bulk-1:  0 to 5 feet bgs (Alluvium) 

─ Boring 104-19:   Bulk-1:  0 to 6 feet bgs (Alluvium)   

─ Boring 105-19:   Bulk-1:  0 to 5 feet bgs (Alluvium) 

─ Boring 106-19:   Bulk-1:  0 to 2.5 feet bgs (Alluvium) 

• COMP-100B: 
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─ Boring 101-19:   Bulk-2:  5 to 10 feet bgs (LPR) 

─ Boring 104-19:    Bulk-2:  6 to 7.5 feet bgs (LPR) 
 

4.2.2 Excavation for Proposed Outlet Channel and RCC Stilling Basin 

Required excavations for the proposed outlet channel and RCC spillway stilling basin located 
downstream of the dam are being considered as potential borrow source for earthfill. The depth 
of excavation for the outlet channel varies from about 3 to 4 feet bgs. The bottom of the proposed 
stilling basin slab and underdrain is approximately 11 to 12 feet bgs at the downstream toe. 

Within the proposed excavation depth interval, about 4 to 6 feet of Alluvium was encountered 
overlying Residuum. The Alluvium was described in the field as dark brown, moist, very stiff to 
hard fat clay with gravel (CH) and gravelly fat clay (CH).  The underlying Residuum was consistent 
with the MPR characterization and was described as orange, brown, and/or gray medium-
plasticity clay (CL-CH). 

Index testing was performed on natural samples obtained through the planned excavation depth 
interval in borings 401-20, 402-20, 601-19, 702-20, and 703-20 to confirm field classifications and 
measure index properties. Bulk samples were collected from auger cuttings from various depth 
intervals within the proposed excavation.  In order to evaluate engineering properties of this 
potential borrow source, a composite sample were produced from the bulk samples to represent 
the uppermost two strata as follows: 

• COMP-400A 

─ Boring 401-20: Bulk-1 and Bulk-2:  0 to 5 feet bgs (Alluvium) 

─ Boring 402-20: Bulk-1 and Bulk-2:  0 to 5 feet bgs (Alluvium) 

4.2.3 Excavation for Proposed RCC Crest and Chute Structures 

Required excavations for the proposed RCC crest structure and upper portions of the RCC chute 
structure (on the embankment slope) are being considered as potential borrow source for earthfill. 
The depth of excavation for the RCC crest structure and underdrain ranges from about 3 to 9 feet 
bgs, and approximately 6 to 8 feet bgs for the RCC chute structure and underdrain.   

Required excavations for the RCC crest structure and PSW replacement will encounter the Zone 
1 (core) and Zone 2 (shell) Embankment Fill as shown on the as-builts.  As discussed previously, 
visual classification of samples recovered from the borings indicated no appreciable difference in 
physical characteristics or soil types between the two embankment zones.  Within the proposed 
excavation depth interval, these materials were largely described in the field as fat clay (CH) and 
medium plasticity clay (CL-CH), with minor amount of lean clay (CL) and silt (ML).  

Excavations for the portion of the RCC chute structure on the downstream slope will encounter 
Embankment Fill (Zone 2), which was described in the field as fat clay (CH) and medium-plasticity 
clay (CL-CH) with some lean clay (CL).  For the portion located downstream of the existing toe, 
below-grade excavation for the RCC chute structure will encounter natural foundation soils 
(Alluvium and Residuum) which were described in the field as fat clay (CH), lean clay (CL), and 
silty clay (CL-ML). 

For the RCC crest structure and upper portion of the RCC chute structure, index testing was 
performed on natural samples obtained in the planned excavation depth interval from borings 9-
19, 13-20, 14-20, and 1701-20 through 1705-20 to confirm field classifications and measure index 
properties. In order to evaluate engineering properties of this potential borrow source, a bulk 
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sample was composited from auger cuttings collected from various depth intervals within the 
proposed excavation as follows: 

• COMP-1700A: 

─ Boring 1701-20:   0 to 4.5 feet bgs (Embankment Zone 2) 

─ Boring 1702-20:   0 to 4 feet bgs (Embankment Zone 2) 

─ Boring 1703-20:   0 to 6 feet bgs (Embankment Zone 2) 

─ Boring 1704-20:   0 to 8 feet bgs (Embankment Zone 2) 
For the lower portion of the RCC chute structure (to be excavated downstream of the 
embankment toe), sampling and testing described performed within the excavation interval 
described in Section 4.2.2 is applicable. 

4.2.4 Excavations for Proposed PSW Replacement 

Required excavations for abandonment of the existing PSW and installation of the new PSW 
are being considered as potential sources of earthfill.  The depth of required excavation for 
abandonment of the PSW is a maximum of about 9 feet bgs on the upstream and downstream 
sides of the embankment. The required excavation to construct the new PSW is a maximum of 
about 32 feet below the embankment crest and will require a full temporary breach of the dam. 
Required excavations for installation of the new PSW will primarily encounter the Zone 1 (core) 
and Zone 2 (shell) Embankment Fill as shown on the as-builts. There was no appreciable 
differences in these materials based on borings drilled for this project, and were largely 
described in the field as fat clay (CH) and medium plasticity clay (CL-CH), with minor amount of 
lean clay (CL) and silt (ML).  Required excavations for abandonment of the existing PSW will 
primarily encounter Zone 2 (shell) Embankment materials. Below about El. 635± at both 
locations, required excavations may encounter Downstream Fill and native foundation materials 
(Alluvium and Residuum) which were described in the field as fat clay (CH) and lean to fat clay 
(CL-CH). 
Index testing was performed on natural samples obtained in the planned excavation depth 
intervals from nearby borings 11-19, 304-19, 305-19, 603-19, 1301-19, and 1302-19 to confirm 
field classifications and measure index properties.  

4.2.5 Excavation for ASW Widening 

Proposed widening of the ASW channel will include required excavation of the existing right 
training dike and the left end of the dam embankment.  Based on boring 8-19 drilled through the 
embankment centerline, it is anticipated that existing fill materials comprising the training dike 
and embankment consist of fat clay (CH).  
The ASW widening will also include excavation of about 3 to 5 feet of the native overburden 
soils located to the right of the existing channel limits.  Based on nearby borings drilled as part 
of the original design investigation (borehole nos. 51, 52, 252, 254, and 256) and for the current 
rehabilitation project (601-19 and 208-19 through 210-19), the planned excavations are 
expected to encounter predominantly Alluvium consisting of fat clay (CH) with lesser amounts of 
underlying Residuum consisting of lean to fat clay (CL, CL-CH).   
Index testing was performed on natural samples obtained in the planned excavation depth 
intervals from borings cited above to confirm field classifications and measure index properties. 
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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, standard and double hydrometers), 
chemical/corrosion properties, and engineering properties. Engineering properties testing 
included volume change (consolidation and/or swell), shear strength, and hydraulic conductivity. 
Strength testing included unconfined compression (UC), unconsolidated-undrained triaxial 
compression (UU), isotropically consolidated-undrained triaxial compression (CIU’) 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 is included in the following sections. 

Table 4-1 Summary of Tests Performed by Stratum  

Stratum or 
Location (1) 

Index Dispersion Corrosion Lime 
Treat 

Swell Consol. Strength Perm. Proctor 

Embankment Fill X X X  X X UC, UU, CIU’, 
CDDS 

X  

Downstream Fill X X X    UU   

Alluvium X X X  X  UU, CDDS   

Residuum X X   X X UC, UU, CIU’ X  

Shale X X     UC   

Borrow Area X X X X X X CIU’, UU, UC X X 

Excavation for 
Outlet Channel & 
RCC Stilling Basin  

X X X X X    X 

Excavation for 
RCC Crest & 
Chute Structure 

X X X X X  UC  X 

Excavation for 
ASW Widening 

X         

 

4.4 Index Testing  
Index properties testing was conducted to measure physical properties of the materials and to 
confirm field soil classifications. Index tests include the following: 

• Natural moisture content (ASTM D2216) 

• Natural unit weight (ASTM D7263) 

• Specific gravity (ASTM D854) 

• Atterberg limits (ASTM D4318) 

• #200 wash (ASTM D1140) 

• Sieve analysis (ASTM D422 / D6913) 

• Sieve analysis with hydrometer (ASTM D422 / D7928) 
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A tabulated summary of index test results is provided as Table A.1 of Appendix A. Individual 
laboratory test data sheets are included in Appendix A. The results of index testing are also 
included on the boring logs in the GIR; however, it is noted that the soil classifications on the 
borings logs are based on field classifications consistent with NRCS standard practice, and were 
not modified by the laboratory-based classifications.  A comparison of the field classifications and 
lab classifications is provided in Table A.1. 

4.5 Dispersion Testing 

4.5.1 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: 

• Grade 1: No Reaction (Nondispersive) 

• Grade 2: Slight Reaction (Intermediate) 

• Grade 3: Moderate Reaction (Dispersive) 

• 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 results from 13 of 17 crumb tests performed in the existing ASW channel were Grade 1 
classification.  The remaining results were Grade 2 (three samples), with one case of Grade 3 
(sample depth 22.5 to 24.5 in boring 203-19).  Each of the 12 crumb tests on samples of 
foundation soils downstream of the dam were Grade 1.  The results from 16 of 17 crumb tests on 
Embankment Fill were Grade 1, with one Grade 2 results on the upstream slope.  Each of the 
seven (7) crumb tests in the borrow area were Grade 1.  These results suggest the soils at this 
site are likely to be non-dispersive to intermediate. Results are provided in Appendix A.  

4.5.2 Double-Hydrometer 

The double-hydrometer test (ASTM D4221 and ASTM D7928) 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 hexametaphospate and thorough 
agitation. The result is reported as a percent dispersion, defined as the percent finer than 0.002 
mm without dispersant to that with dispersant. The interpretation of the results is as follows:  

• < 30% Dispersion:  Nondispersive 

• 30 – 60 % Dispersion:  Intermediate, more testing required 

• > 60% Dispersion:  Dispersive 
Results of three double-hydrometer tests performed on Embankment Fill with crumb Grade 1 
and 2 each measured 0% dispersion.  Results of four double-hydrometer tests in the ASW 
samples were 10% (crumb test Grade 1), 14% (crumb test Grade 1), 15% (crumb test Grade 2), 
and 48% (crumb test Grade 2) dispersion. Results of one double-hydrometer test performed on 
MPR at the RCC spillway was 23% dispersion (crumb test Grade 1). The results of three 
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double-hydrometer tests at the downstream toe near the principal spillway were 7%, 11% and 
23% dispersion (each with crumb test Grade 1). Testing from the original SMR (SCS 1984b) 
indicated similar results, with three tests each yielding less than 21% dispersion. These results 
suggest the materials are largely non-dispersive with occasional layers that may exhibit slightly 
dispersive characteristics. Test results are provided in Appendix A.   

4.6 Moisture-Density Relationship (Proctor Compaction) 
Standard Proctor compaction testing (ASTM D698, Method A) was performed to evaluate 
moisture-density relationships for the potential borrow sources.  Specific gravity testing (ASTM 
D854) was also performed on each sample tested for moisture-density.  Results are provided in 
Table 4-2.  

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

Boring 
ID 

Top 
Depth 

(ft) 

Bottom 
Depth 

(ft) 
Stratum USCS 

Fines 
Content 

(%) 
LL PI 

Specific 
Gravity, 

Gs 

Maximum 
Dry Unit 
Weight, 

MDD (pcf) (1) 

Optimum 
Moisture 
Content, 

OMC (%) (1) 

COMP-
100A 0 2.5 to 6 

Borrow 
(Borrow Area 

Upper Zone A) 
CH 89.3 58 37 2.62 99.0 22.0 

COMP-
100B 5 to 6 7.5 to 

10 

Borrow 
(Borrow Area 
Mid Zone B) 

CL 75.2 43 26 2.77 115.1 14.4 

COMP-
400A 0 5 

Borrow 
(Excavation for 

RCC Outlet 
Channel)  

CH 85.8 59 33 2.60 93.9 22.3 

COMP-
1700A 0 4 to 8 

Excavation for 
RCC Crest / 

Chute  
CH 94.1 64 43 2.60 95.1 24.4 

Notes: 
(1) Standard Proctor compaction energy (ASTM D698). 

 

4.7 One Dimensional Consolidation 
One-dimensional consolidation tests (ASTM D2435) were performed on relatively undisturbed ST 
samples to assess stress history and consolidation characteristics of site soils.  During the test, 
soil specimens are laterally restrained and axially drained while subjected to applied vertical 
loadings. In preparation for testing, soil specimens are trimmed to approximately 2 inches in 
diameter and 0.75 inches in height.  A vertical seating load of about 100 psf is applied, and the 
sample is inundated with water.  The applied vertical load is progressively adjusted to prevent 
sample swelling upon inundation until reaching the “swell pressure” (i.e., the confining pressure 
at which no soil swelling occurs).  The load is then incrementally increased in doubling increments 
to measure changes in void ratio with applied loading (i.e., compression), allowing time for load-
settlement equilibration at each load increment. A plot of void ratio versus the log of applied stress 
is then prepared, which can be used to graphically estimate the preconsolidation pressure (P’c), 
which is defined as the maximum stress to which the soil has previously been subjected over a 
geologic timeframe. The slope of the void ratio-stress curve at applied loads less than P’c is 
termed the recompression index (Cr), and the slope at applied loads greater than the P’c is termed 
the compression index (Cc). Settlements at applied loads greater the P’c are significantly greater 
than loads less than P’c. 

Consolidation tests performed for this project also included an unload-reload cycle to obtain an 
improved estimate of the soil recompression curve. This included initially loading the sample to 
16,000 psf, unloading incrementally to 4,000 psf, and then reloading to the maximum 64,000 psf 
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load. The sample was then incrementally unloaded back to the initial seating load and the test 
completed. Stresses selected for the unload-reload cycle were based on initial loading beyond 
the estimated P’c, and then unloading to a value above the estimated swell pressure.  

Consolidation test data were analyzed by TRI using the Casagrande graphical method to estimate 
the values of P’c, Cc, and Cr. The overconsolidation ratio (OCR) was estimated by AECOM based 
on estimated in-situ effective stress at the sample depth. Test results are summarized in Table 
4-3. Test results on undisturbed samples indicate the fill and natural materials are moderately to 
highly overconsolidated and are not susceptible to significant settlement for the anticipated 
structure loading. Settlement analyses for proposed structures are included in later sections of 
this report (see Sections 8.1 and 8.2.2).  

Table 4-3 Summary of Consolidation Test Results 

Boring 
ID 

Top 
Depth  

(ft) 

Bottom 
Depth 

(ft) 
Stratum USCS LL PI Cc Cr 

σ'v  
(psf) (2) 

 

P'c  
(psf) 

 

OCR 
 e0 

9-19 8 10 Embankment 
Core CH 74 50 0.083 0.027 1,125 13,700 12.2 0.588 

9-19 23 25 MPR CH 50 29 0.122 0.036 2,500 8,700 3.5 0.658 

13-20 6 8 Embankment 
Core CH 61 41 0.145 0.027 875 11,400 13.0 0.601 

601-19 3.5 5.5 LPR CH 64 35 0.163 0.011 540 19,700 36 0.633 

601-19 13 15 LPR CH 67 44 0.124 0.025 1,536 17,900 11.7 0.670 

603-19 8 10 MPR CL/CH 62 40 0.129 0.036 1,125 16,200 14.4 0.624 
Notes: 
1) Abbreviations: 

a) Cc – Compression index (void ratio basis) 
b) Cr – Recompression index (void ratio basis) 
c) σ'v – Estimated in-situ effective overburden pressures at mid-layer depth based on estimated long-term groundwater levels 
d) P’c – Estimated preconsolidation pressure 
e) CG – Casagrande method 
f) OCR – Estimated overconsolidation ratio 
g) e0 – Initial void ratio 
h) LL – Liquid Limt 
i) PI – Plasticity Index 

2) Calculated at average sample depth assuming static groundwater at 15.4, 11.0, 11.7, and 14.9 feet bgs in borings 9-19, 13-20, 
601-19, and 603-19, respectively, with average unit weight of 125 pcf. 

 

4.8 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 obtain the swell pressure (ASTM D4546 Method B).  
Specifically, the procedure included loading test specimens to the initial confining pressure 
(nominal 120 psf) and inundating with water. The load was progressively increased as required 
to prevent swelling from occurring.  

For some tests, an additional unloading cycle was included to evaluate percent swell at various 
confining pressures less than the swell pressure (ASTM D2435).  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. 
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Swelling behavior was observed in each of the test samples. The test results on relatively 
undisturbed samples indicate widely variable swell results, with measured swell pressures 
ranging from moderate (674 psf) to high (6,388 psf).  Most tests yielded swell pressures between 
1,000 and 3,000 psf.  No trend was evident between soil index properties and swell pressure or 
swelling strain index.  The estimated degree of saturation of tested samples ranged from about 
69 to 99%.  

Remolded bulk samples were compacted to 95% of maximum dry density (MDD) at varying 
moisture contents of 0, +2, or +4% relative to optimum moisture content (OMC) as determined by 
ASTM D698.  Results indicate swell pressure decreases with increasing compaction moisture 
content.  Measured swell pressures ranged from low (184 psf) to moderate (1,294 psf), with the 
lowest swell pressure measured on the CL sample compacted at the highest moisture content, 
and highest swell pressure measured on the CH sample compacted at the lowest moisture 
content.   

Swell test results indicate that most site soils are moderately to highly expansive.  The 
measured swell pressures in many cases exceed the design bearing pressure of various 
proposed structures, which indicate that foundation heave and settlement may occur in 
response to wetting and drying cycles of the subgrade.  Expansive soil backfills may also exert 
large swelling pressures on walls and other buried structures.  Therefore, expansive soil 
mitigation measures will need to be included in the design of foundations, retaining walls, and 
buried conduits for this project.  Results and associated index properties of tested samples are 
summarized below in Table 4-4.  
 
Table 4-4 Summary of Swell/Collapse Test Results  

Boring 
ID 

Top 
Depth  

(ft) 

Bott. 
Depth 

(ft) 
Stratum 

Test 
Type 

(1) 
USCS LL PI CF 

(%) 

Swell 
Pressure 
(psf) [2] 

%Swell 
at σmin 
psf (3) 

Swelling 
Strain 
Index, 
Csε (4) 

Est. 
Free 
Swell 
(%) (5) 

9-19 0 2 Embank. Core SP CH 65 41 58.1 1,354 --- --- --- 

9-19 4 6 Embank. Core SP CH 68 43 46.4 2,762 --- --- --- 

9-19 8 10 Embank. Core SPU CH 74 50 --- 2,517 3.67 0.037 7.83 

“ “ “ “ IC “ “ “ --- 6,338 --- 0.035 --- 

9-19 13 15 Embank. Core SP CH 60 34 48.5 841 --- --- --- 

9-19 23 25 MPR IC CH 50 29 --- 2,521 --- 0.034 --- 

9-19 28 30 MPR SP CH 73 48 48.5 2,955 --- --- --- 

13-20 2 4 Embank. Core SP CH 64 37 -- 2,262 --- --- --- 

13-20 6 8 Embank. Core SPU CH 61 41 --- 1,637 1.02 0.013 2.44 

13-20 “ “ “ IC “ “ “ --- 2,666 --- 0.034  

13-20 18 20 MPR SP CH 52 34 --- 1,154 --- --- --- 

14-20 18 20 Embank. Core SP CH 58 38 --- 1,040 --- --- --- 

601-19 0 2 Alluvium SP CH 79 46 64.3 2,175 --- --- --- 

601-19 4 6 LPR SPU CH 64 35 --- 5,121 3.87 0.029 7.02 

601-19 “ “ “ IC “ “ “ “ 3,364 --- --- --- 

601-19 6 8 LPR SP CL 31 15 38.1 674 --- --- --- 

601-19 13 15 LPR SPU CH 67 44 --- 1,578 1.82 0.023 4.30 

601-19 “ “ “ IC “ “ “ “ 3,373 --- --- --- 

601-19 18 20 LPR SP CH 77 54 66.2 3,282 --- --- --- 

603-19 8 10 MPR IC CH 62 40 --- 5,200 --- 0.045 --- 
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603-19 13 15 MPR SP CL 29 14 68.1 2,826 --- --- --- 

702-20 13 15 MPR SP CH 73 40 47.4 1,163 --- --- --- 

702-20 23 25 MPR SP CH 66 44 --- 810 --- --- --- 

703-20 18 20 MPR SP CH 61 39 --- 1,530 --- --- --- 
COMP-
100A 0 2.5 to 

6  
Borrow-Upper 
(+0.2% OMC) SP CH 58 37 61.3 875 --- --- --- 

“ “ “ Borrow-Upper  
(+4.3% OMC) SP “ “ “ “ 346 --- --- --- 

COMP-
100B 5 to 6 7.5 to 

10 
Borrow-Middle 
(+0.0% OMC) SP CL 43 26 43.0 532 --- --- --- 

“ “ “ Borrow-Middle 
(+2.0% OMC) SP “ “ “ “ 327 --- --- --- 

“ “ “ Borrow-Middle 
(+4.0% OMC) SP “ “ “ “ 184 --- --- --- 

COMP-
400A 0 5 RCC Outlet 

(+0.0% OMC) SP CH 59 33 61.5 1,294 --- --- --- 

“ “ “ RCC Outlet 
(+4.0% OMC) SP “ “ “ “ 614 --- --- --- 

COMP-
1700A 0 4 to 8 Embank. Shell 

(+0.0% OMC) SPU CH 64 43 42.9 746 0.99 0.011 3.16 

Notes: 
1) Test Type: “IC” = Incremental Consolidation; “SP” = Swell Pressure only; “SPU” = Swell pressure with staged 

unloading 
2) Constant-volume procedure. 
3) Maximum swell at test minimum vertical confining pressure (typ. 80 to 100 psf) following incremental unloading from 

the swell pressure. 
4) Swelling strain index is the slope of the unloading curve, Csε = (ε2 - ε1) / log(p2/p1) 
5) Estimated swell at 20 psf vertical confining pressure based on Csε. 
 

4.9 Shear Strength Testing 

4.9.1 Undrained Shear Strength 

Unconsolidated-Undrained (UU) Triaxial Compression (ASTM D2850) or Unconfined 
Compression (UC) (ASTM D2166) tests were performed to obtain estimates of undrained shear 
strength (Su). In the UU test, the sample is loaded into a triaxial test chamber, the drainage lines 
are closed, a confining pressure is applied, and the sample is sheared to failure in compression. 
In the UC test, the sample is loaded into a simple load frame with no confining pressure or controls 
on drainage, and then sheared to failure in compression. The reported values of Su are taken as 
one-half of the unconfined compressive strength in unconfined compression tests, or one-half the 
maximum deviator stress for UU tests.  

The UU and UC testing was performed on relatively undisturbed ST samples of existing fill and 
natural foundation soils. The effective confining pressure applied to UU test samples was 
generally equal to the estimated in-situ effective overburden pressure based on estimated static 
groundwater levels. Tests were performed on samples of most of the various geologic strata 
encountered.  

The UU and UC test results on relatively undisturbed samples indicate very stiff to hard cohesive 
materials, confirming the results of field pocket penetrometer and SPT testing. For natural 
samples tested in the existing ASW channel, the results  of 17 UC tests had peak Su values 
ranging from about 3,100 to more than 7,800 psf, with typical values between about 3,000 and 
5,000 psf.  The results of 4 UU/UC tests performed on existing embankment fill produced Su 
values ranging from 3,300 to 8,500 psf.  The results of 14 UU/UC tests performed on natural 
foundation soils near the dam embankment  (i.e., downstream fill, residuum, alluvium, and shale) 
produced Su values ranging from about 4,800 to 13,800 psf. 
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UU and UC testing was also performed on remolded bulk samples from potential borrow sources 
compacted to about 95% of maximum dry density (MDD) at varying moisture contents of either 
0% or +4% above optimum moisture content (OMC) per ASTM D698.  The value of Su decreased 
substantially with increasing moisture; the lean clay sample COMP-100B decreased from 2,160 
to 1,123 psf and fat clay sample COMP-1700A decreased from 1,771 to 634 psf at compaction 
moisture of 0% and +4%, respectively.  Results are provided in Appendix A.   

Table 4-5 Summary of Undrained Shear Strength Test Results  

Boring 
ID 

Top 
Depth  

(ft) 

Bott. 
Depth 

(ft) 
Stratum Lab 

USCS LL PI 
Pass 
#200 
(%) 

Test 
Type (1) 

Confining 
Pressure 

(psf) 

Strain 
at 

Failure 
(%) 

Su 
(psf) 

Su/p 
Ratio 

9-19 8 10.0 Embank. Core CH 74 50 97.5 UC 0 4.9 8,554 --- 

9-19 23 25.0 MPR CH 50 29 86.4 UC 0 9.5 4,824 --- 

13-20 6 8.0 Embank. Core CH 61 41 89.5 UU 432 15.0 3,312 7.7 

13-20 18 20.0 MPR CH 52 34 99.2 UU 1,440 15.0 3,168 2.2 

14-20 2 4.0 Embank. Core CH 53 33 --- UC 0 5.9 5,789 --- 

14-20 18 20.0 Embank. Core CH 58 38 80.9 UU 1,440 10.2 3,384 2.4 

304-19 28 30.0 LPR CH 60 39 96.1 UU 1,872 5.6 6,998 3.7 

305-19 4 6.0 D.S. Fill CL 48 27 89.4 UU 432 9.0 13,824 32.0 

601-19 3.5 5.5 LPR CH 64 35 96.2 UC 0 5.2 6,869 --- 

601-19 13 15.0 LPR CH 67 44 97.1 UC 0 8.6 4,666 --- 

603-19 8 10.0 MPR CH 62 40 95.0 UU 1,008 5.6 10,858 10.8 

701-20 2 4.0 LPR CH 51 31 --- UC 0 15.0 7,992 --- 

701-20 23 25.0 Shale CH 66 44 --- UC 0 8.2 4,104 --- 

702-20 2 4.0 Alluvium CH 66 44 --- UC 0 4.5 13,478 --- 

702-20 13 15.0 MPR CH 73 40 98.3 UU 720 15.0 3,341 4.6 

703-20 3.5 5.5 LPR CL 44 26 --- UC 0 12.4 12,586 --- 

703-20 18 20.0 MPR CH 61 39 --- UU 1,008 7.8 5,789 5.74 

703-20 27.5 29.5 Shale CH 65 42 --- UC 0 9.2 12,298 --- 
COMP-
100B 5 to 6 7.5 to 

10 
Borrow-Layer B 
(+0.0% OMC) (2) CL 43 26 75.2 UU 288 12.5 2,160 7.50 

“ “ “ Borrow-Layer B 
(+4.0% OMC) (2) “ “ “ “ UU 288 15.0 1,123 3.90 

COMP-
1700A 0  4 to 8 Embank. Shell 

(+0.0% OMC) (2) CH 64 43 94.1 UC 0 13.0 1,771 --- 

“ “ “ Embank. Shell 
(+4.0% OMC) (2) “ “ “ “ UC 0 15.0 634 --- 

201-19 2.0 4.0 LPR CL 41 26 79.9 UC 0 7.6 4,378 --- 

201-19 13.0 15.0 MPR CH 60 31 98 UC 0 15.0 3,269 --- 

202-19 2.0 4.0 LPR CL 24 9 81.3 UC 0 5.2 6,437 --- 

202-19 8.0 10.0 LPR ML 48 20 67 UC 0 10.7 3,211 --- 

204-19 2.0 4.0 LPR CL 25 8 69.2 UC 0 3.0 4,378 --- 

204-19 13.0 15.0 MPR CH 50 28 97.8 UC 0 8.4 3,917 --- 

205-19 8.0 10.0 MPR CH 54 30 98.1 UC 0 15.0 4,550 --- 

206-19 8.0 10.0 MPR CH 67 43 97.9 UC 0 6.7 3,802 --- 

206-19 18.0 20.0 MPR CH 57 34 99.1 UC 0 11.7 3,643 --- 

207-19 2.0 4.0 Alluvium SC 33 16 46.2 UC 0 7.0 5,270 --- 
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207-19 18.0 20.0 MPR CH 55 29 98.9 UC 0 8.0 4,766 --- 

208-19 2.0 4.0 LPR CL 29 16 80.7 UC 0 3.8 3,125 --- 

208-19 13.0 15.0 MPR CH 59 36 87.8 UC 0 7.2 5,544 --- 

209-19 6.0 8.0 MPR CH 61 39 98.9 UC 0 9.0 4,248 --- 

209-19 18.0 20.0 MPR CH 62 40 96.7 UC 0 6.9 5,990 --- 

210-19 8.0 10.0 MPR CH 60 38 96.9 UC 0 13.6 7,819 --- 

210-19 18.0 20.0 MPR MH 52 23 98.1 UC 0 5.4 4,781 --- 

Notes: 
1) Test Type: “UC” = Unconfined Compression, “UU” = Unconsolidated-Undrained Triaxial 
2) Remolded moisture content relative to Optimum Moisture Content (OMC).  Samples remolded to 95% of 

maximum dry density per ASTM D698. 
 

4.9.2 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 adequate consolidation is attained, 
the sample is sheared and pore water pressures are measured. The load applied (stress) and the 
sample deformation (strain) are measured.  

For a conventional multi-specimen shear test, individual specimens are sheared to failure for each 
applied confining pressure. From the resulting stress, strain, and pore water measurements at 
three different confining pressures, the following strength parameters can be deduced: total stress 
friction angle (ϕu), effective stress friction angle (ϕ’), total stress cohesion intercept (cu), and 
effective stress cohesion intercept (c’).  Estimates of these parameters were developed by TRI 
based on various failure criteria including maximum principal stress difference (σ1-σ3)max and 
maximum principal stress ratio (σ1/σ3)max considering both Mohr-Coulomb and modified Mohr-
Coulomb (“p-q”) diagrams as shown in the Appendix A data sheets.   

The CIU’ testing was performed on relatively undisturbed ST samples of existing embankment fill 
and natural foundation soils.  

The testing was also performed on remolded bulk samples from potential borrow sources 
compacted to about 95% of maximum dry density at a moisture content about +4% of optimum 
(ASTM D698).  

The CIU’ triaxial test results are included in Appendix A and summarized in Table 4-6. 

4.9.3 Consolidated-Drained Direct Shear 

Consolidated-drained direct shear (CDDS) testing (ASTM D3080) was performed on relatively 
undisturbed samples. Test samples are trimmed to 2.5-inch diameter and 1.0-inch in height and 
consolidated to a specified effective normal stress. Following consolidation, the sample is sheared 
in a horizontal direction to a maximum displacement of 0.25 inches. The shear strain rate is based 
on the consolidation rate and is assumed to be slow enough to inhibit the development of excess 
pore water pressure within the specimen being tested. Drainage is allowed through both the top 
and bottom of the sample.  

For each test, three (3) individual samples were tested at different effective normal stresses to 
obtain a strength envelope. The Mohr-Coulomb slope intercept data reduction techniques was 
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used to fit an effective stress (drained) shear strength envelope to data points for both the peak 
shear stress and the post-peak shear stress at 0.25 inches of horizontal displacement. The 
interpreted effective friction angle and cohesion intercept (ϕ’, c’) for both the peak and post-peak 
envelopes are provided in Table 4-7.  

The CDDS testing was performed on relatively undisturbed ST samples, and was generally 
reserved for samples in which too little sample was recovered in the Shelby tube to allow CIU’ 
testing with 3 test specimens from the same tube. Detailed laboratory results, including data 
sheets and displacement curves, are included in Appendix A. 
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Table 4-6 Summary of CIU’ Triaxial Shear Test Results from Current Study 

Boring 
ID 

Depth (ft) 

Stratum Test 
Type (1)  USCS 

Avg. 
WC 
(%) 

Avg. 
DD 

(pcf) 
LL PI FC 

(%) 
CF 
(%) 

Total Stress  
(CU-Envelope)(2) 

Effective Stress  
(CD-Envelope) (2) 

Top Bottom Cu 
(psf) 

ϕu 
(deg) 

C' 
(psf) ϕ' (deg) 

11-19 18 20 Embankment Core (Zone 1) U,C CH 18.2 116.8 55 36 82.8 --- 1,166 12.5 821 16.9 

305-19  18 20 MPR U,C CH 19.8 105.6 60 35 95.5 --- 778 30.2 0 (3) 40 (3) 
COMP-
100B 5 to 6 7.5 to 

10 Borrow-Layer B (LPR) R,C CL 17.4 109.0 43 26 75.2 43.0 835 16.7 432 24.4 

Notes: 
1) Test type: 

a. U – Relatively undisturbed sample (Shelby tube) at natural density and moisture content. 
b. N – Remolded to natural density at natural moisture content. 
c. R – Remolded to 95% maximum dry density at moisture content +3% of optimum per ASTM D698. 
d. C – Conventional multi-specimen shear test. Each specimen sheared to failure at one confining stress value. 
e. MS – Multi-stage shear testing on single specimen.  Shearing at lower normal stresses limited to ~3% strain. Sheared to failure at highest tested normal 

stress. 
2) Failure defined with respect to Peak Principal Stress Difference (σ1-σ3)max.  Refer to Appendix A data sheets for failure according to Peak Principal Stress Ratio 

(σ1/σ3)max. 
3) Secant friction angle reported for each of the 3 test specimens for this sample due to variable shear behavior and poor fit for linear regression of of Mohr-Coulomb 

envelope. 
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Table 4-7 Summary of CDDS Test Results from Current Study 

Boring 
ID 

Depth (ft) 

Stratum Test Type 
(1) USCS 

Avg. 
WC 
(%) 

Avg. 
DD 

(pcf) 
LL PI FC 

(%) 
CF 
(%) 

Peak Envelope Post-Peak Envelope 
(2) 

Top Bottom Cohesion, 
C (psf) 

Friction 
Angle, ϕ 

(deg) 

Cohesion, 
C (psf) 

Friction 
Angle, ϕ 

(deg) 

304-19 6 8 Embankment (Zone 1) U CH 24.3 98.9 76 55 91.0 - 662 16.8 619 15.2 

304-19 18 20 Alluvium U CH 20 101.3 80 59 97.5 - 374 23.0 173 22.3 
Notes: 
1) Test type: 

a. U – Relatively undisturbed sample (shelby tube) at natural density and moisture content. 
b. N – Undisturbed samples  molded to natural density at natural moisture content.  
c. R – Remolded to 95% maximum dry density at moisture content +3% of optimum per ASTM D698. 
d. C – Multi-specimen shear test. Each specimen sheared to failure at one confining stress value. 
e. MS – Multi-stage shear testing on single specimen.  Shearing at lower normal stresses limited to ~3% strain. Sheared to failure at highest tested normal 

stress. 
2) Post-peak envelope corresponds to 0.25" shear displacement.  
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4.9.4 Hydraulic Conductivity 

Hydraulic conductivity testing (ASTM D5084) was performed on relatively undisturbed ST 
samples and remolded bulk samples from the on-site borrow area. In order to achieve a specified 
saturation, back pressure is applied to the sample at a low effective confining stress. 
Subsequently, the specimen is isotropically consolidated to an assigned stress and a gradient is 
applied from the bottom to the top drainage boundary. Volume of flow is recorded for the duration 
of the test and the hydraulic conductivity is then calculated.  

Results of the hydraulic conductivity tests completed are presented in Appendix A and are 
summarized in Table 4-8. 

Table 4-8. Hydraulic Conductivity Test Results 

Boring 
ID 

Top 
Depth  

(ft) 

Bottom 
Depth 

(ft) 
Stratum USCS LL PI FC 

(%) 

Test 
Type 

(1) 

Effective 
Confining 
Pressure 

(psf) 

Hydraulic 
Conductivity 

(cm/s) 

11-19 38 40 MPR CH 73 48 94.3 U 720 7.8E-09 

701-20 6 8 LPR CH 57 38 --- U 432 1.2E-06 

304-19 28 30 LPR CH 60 39 96.1 U 1,872 1.9E-09 
COMP-
100B 5 to 6 7.5 to 10 Borrow-Layer 

B (LPR) CL 43 26 75.2 R 720 6.6E-06 

Notes: 
1) Test type: 

a. U – Relatively undisturbed sample (shelby tube) at natural density and moisture content. 
b. N – Undisturbed samples  molded to natural density at natural moisture content.   
c. R – Remolded to 95% maximum dry density at moisture content +0% of optimum per ASTM 

D698. 
 

 

4.10 Chemical Compatibility 

4.10.1 Corrosivity Testing 

Chemical compatibility testing was performed to assess soil corrosion hazard to buried metal and 
concrete.  Chemical compatibility testing included the following: 

• Organic content (ASTM D2974) 

• pH analysis (ASTM D4972) 

• Electrical resistivity (ASTM G57) 

• Soluble Sulfates (ASTM C1580/D516) 

• Soluble Chlorides (ASTM D512) 
Results of the corrosivity testing are provided in Table 4-9.   

Soluble chloride content greater than about 500 ppm are generally considered to be corrosive to 
buried metal, but test results measured chloride contents between 180 and 300 ppm and should 
not be of concern.  With respect to electrical resistivity, soils are considered to be “corrosive” to 
buried metal in the range of 700 to 2,000 ohm-cm, although there are several intermediate grades 



Soil Mechanics Report Draft  
 

  
Project reference: TSSWCB IDIQ-AECOM-2018-79017 

Project number: 60615067 
 

 
      
TSSWCB_Plum2_SMR_FINAL_2021.07.02_clean.docx 

AECOM 
31 

 

(Elias et al., 2001).  The measured resistivity values range from 370 to 1,210 ohm-cm, and 
suggest that buried metal will be subject to corrosive conditions.   

The presence of high soluble sulfate content (greater than about 200 ppm) may be corrosive to 
buried metal and concrete (FHWA, 2010). The results of 41 sulfate tests on various soil units 
yielded sulfate contents ranging from 300 to 17,700 ppm, with 8 results greater than 7,000 ppm.  
Results are variable across the soil units encountered at the site, with the highest measured 
results obtained on samples of the existing Embankment Shell and MPR.  For each soil unit 
tested, at least one test yielded sulfate content greater than 1,500 ppm, and all but the 
Embankment Core material had had one test with sulfate content 7,000 ppm or more . 

Based on the sulfate test results, the sulfate exposure is classified as “moderate” (150-1,500 ppm) 
to “very severe” (>10,000 ppm) according to ACI 350 Table 4.3.1.  The ACI 350 recommends Type 
II cement for “moderate”, Type V cement for “severe”, and Type V cement plus pozzolan for “very 
severe” sulfate exposure.  Considering the high measured sulfates contents and variable 
distribution in site soils, the use of sulfate-resistant cement (e.g. Type V) is recommended for 
concrete and RCC to mitigate sulfate degradation, and consideration should be given to the 
addition of pozzolan. 

The sulfate contents may also be problematic if chemical amendment of expansive soils is 
considered at this site. 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 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 extended mellowing periods are 
typically required (NLA, 2004). The Texas Department of Transportation (TxDOT) does not permit 
lime treatment of soils with sulfate concentration exceeding 7,000 ppm (TxDOT, 2014). 

High organic contents may be associated with increased compressibility and lower shear strength.  
Measured organic contents range from 2.6 to 6.7% in the surficial Alluvium, and 1.1 to 5.2% in 
the Residuum.  According to the organic classification system proposed by Huang et al. (2009), 
neither of these units would be considered an “organic” soil:  the Residuum would be generally 
classified as “mineral soil” (0 to 3% organics) and the Alluvium would generally be classified 
“mineral soil with organic matter” (3 to 15% organics).  Thus, the measured organic contents are 
not expected to significantly affect engineering properties (e.g. compressibility or shear strength) 
compared to similar clay soils free of organics.  However, high organic contents (more than about 
1 to 2 percent) can be problematic for lime treatment of high plasticity clays. Soils with high organic 
content may require additional lime and/or special construction procedures to obtain a stable 
treated soil mass, and typically have less strength gain than non-organic soils (NLA, 2004).   

Further discussion of sulfates and organic content test results as they related to lime treatability 
is provided in the next section. 
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Table 4-9 Summary of Chemical Compatibility Testing 

Boring ID 
Top 

Depth  
(ft) 

Bottom 
Depth 

(ft) 
Stratum USCS 

Organic 
Content 

(%) 
pH (1) 

Electrical 
Resistivity 
(ohm-cm) 

Soluble 
Chlorides 
(ppm) (2) 

Soluble 
Sulfates 
(ppm) (2) 

9-19 0 2 Embankment Core CH --- 8.03 --- --- 300 

9-19 4 6 Embankment Core CH --- 7.68 --- --- 400 

9-19 13 15 Embankment Core CH --- 7.92 --- --- 1,300 

9-19 28 30 MPR CH --- 7.90 --- --- 600 

101-19 2 3.5 Alluvium CH 4.0 --- --- --- 1,500 

101-19 4 4.3 Alluvium CH --- --- --- --- 700 

102-19 0 2 Alluvium CH 4.3 --- --- --- 500 

102-19 4 6 LPR SC --- --- --- --- 900 

102-19 8 10 MPR CH --- --- --- --- 1,400 

103-19 0 2 Alluvium CH --- --- --- --- 4,300 

103-19 6 7.5 LPR CL --- --- --- --- 2,000 

104-19 0 2 Alluvium CH 6.7 --- --- --- 5,900 

104-19 4 6 LPR CH --- --- --- --- 7,900 

104-19 8 8.3 LPR CH --- --- --- --- 10,600 

105-19 0 2 Alluvium CH 3.2 --- --- --- 800 

105-19 2 3.5 Alluvium CH* 2.6 --- --- --- --- 

105-19 6 7.5 LPR CH --- --- --- --- 8,900 

106-19 0 2 Alluvium CL --- --- --- --- 1,400 

106-19 4 4.3 LPR CH 5.2 --- --- --- 700 

401-20 0 2 Alluvium CH --- --- --- --- 500 

401-20 6 8 MPR CH --- --- --- --- 6,700 

401-20 13 15 MPR CH --- --- --- --- 600 

402-20 0 2 Alluvium CH 3.9 --- --- --- --- 

402-20 2 4 Alluvium CH --- --- --- --- 600 

402-20 6 8 MPR CH --- --- --- --- 17,700 

402-20 8 10 MPR CH --- --- --- --- 900 

601-19 0 2 Alluvium CH 4.7 8.08 --- --- 500 

601-19 6 8 LPR CL 1.4 8.29 --- --- 700 

601-19 8 9.5 LPR CL-ML 1.1 --- --- --- --- 

601-19 18 20 LPR CH --- 7.92 --- --- 800 

603-19 0 2 Alluvium CH --- --- --- --- 500 

603-19 4 6 LPR CH --- --- --- --- 600 

603-19 13 15 MPR CL --- --- --- --- 10,900 

1701-20 0 1.5 Embank. Shell CL --- --- --- --- 900 

1701-20 6 8 Embank. Shell CH --- --- --- --- 8,000 

1702-20 0 2 Embank. Shell CH --- --- --- --- 500 

1703-20 2 4 Embank. Shell CH --- --- --- --- 900 

1704-20 0 2.5 Embank. Shell CH --- --- --- --- 700 

1704-20 4 5 Embank. Shell CH --- --- --- --- 8,200 
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1704-20 9 10 Alluvium CH --- --- --- --- 2,300 
COMP-
100A 0 2.5 to 6 Borrow-Layer A 

(Alluvium) CH 5.2 8.02 370 300 7,000 

COMP-
100B 5 to 6 7.5 to 

10 
Borrow-Layer B 

(LPR) CL 3.8 8.27 660 300 2,000 

COMP-
400A 0 5 Borrow-RCC Outlet CH 5.0 8.04 1,210 180 2,700 

COMP-
1700A 0 4 to 8 Embank. Shell CH --- 7.80 500 300 4,200 

Notes: 
(1) Results reported with respect to H2O method.  For results from CaCl2 method, see lab data sheets. 
(2) Converted from % to parts-per-million (ppm) using conversion factor of 10,000. 
(3) USCS with ‘*’ indicates field classification. 

 

4.10.2 Lime Series Testing 

Lime treatability testing was performed on samples of high plasticity clay materials located in 
potential on-site borrow sources to evaluate the feasibility of lime treatment to reduce the plasticity 
and expansive characteristics of these materials to allow for use as embankment fill and structure 
backfill. 

Lime series testing according to the Eades and Grimm method (ASTM D4972) was conducted on 
bulk composite samples collected from the existing embankment slopes, proposed on-site borrow 
area, and required excavation for the RCC spillway outlet channel. The testing included mixing 
natural bulk soil samples with lime at different percentages by weight (1%, 2%, 3%, 4%, 5%, 6%, 
7%, and 8%), and measuring the change in pH. The change in Atterberg Limits (LL, PL, PI) of the 
lime-treated soil was also measured according to Texas Department of Transportation (TXDOT) 
Test Method Tex-112-E, Admixing Lime to Reduce Plasticity Index of Soils at 2%, 4%, 6%, and 
8% lime application rates by weight.  A mellowing time of 24 hours following lime introduction to 
the soil is specified in the Tex-112-E method.  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 PI less than 15 to 20 or other performance criteria), and to 
produce a stable pH of typically at least 12.4 for durability.  Lime treatment can also used to reduce 
the dispersion potential of dispersive clay soils. 

Lime series test results on a composite sample of the existing Embankment Fill mixed from the 
downstream and upstream slopes of the dam (COMP-1700A) found that lime-treated samples 
achieved a stable pH≥12.4 at lime application rates of about 4% and greater.  Lime application of 
greater than 2% was able to reduce the PI<15, and the lime-treated mixture retained plastic soil 
behavior at lime application rates up to 8% (PI=11).   

Lime treatability testing was performed on two composite samples of Alluvium, one obtained from 
the borrow area (COMP-100A) and one from the proposed RCC spillway outlet channel 
excavation (COMP-400A).  Despite the modest plasticity of these soils, lime series testing 
indicated relatively high lime application rates of 8% were required to obtain a stable pH≥12.4, 
presumably due to the high organic content.  While lime application of only 2% was adequate to 
reduce PI<15, the soils became non-plastic (NP) at the 8% application rate.  Non-plastic soil 
behavior is not desirable in dam applications, and using reduced lime application rates to maintain 
plastic soil behavior may not produce the desired irreversible lime reaction.   

Based on variable and high sulfate content test results discussed in the previous section, lime 
treatment of existing Embankment Fill is considered too risky for implementation at this site.  
Similarly, lime treatment of the Residuum (MPR and LPR) is judged too risky based on variable 
and high sulfate content test results.  While the Alluvium was initially considered as a better 
candidate for lime treatment based on initial test results indicating relatively low sulfate contents, 
the combination of a few elevated sulfate contents based on additional testing, the elevated 
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organic content and related demand for high lime application rate to obtain chemically stable 
mixture, and the non-plastic behavior obtained at required lime application rates, the Alluvium is 
ultimately judged as too risky for lime treatment.  Therefore, lime treatment of the on-site soils is 
not recommended.  Specific reasons for excluding these materials from consideration for lime 
treatment are as follows: 

1. Visual distinction between high-sulfate and low-sulfate soils was not possible.  
2. Eight (8) of the 41 sulfates tests (20%) indicated sulfate content of 7,000 to 17,000 ppm, 

which exceed the upper threshold of 7,000 ppm for lime treatment according to TXDOT.  
While some roadway stabilization cases studies in Texas have demonstrated successful 
lime treatment of soils with sulfates > 30,000 ppm using special procedures and testing, the 
higher consequences of failure for a dam project warrant a higher degree of caution with 
lime treatment (particularly near structures). 

3. Most sulfate test results were in the “intermediate” range (3,000 – 8,000 ppm), and lime 
treatment of such materials requires special procedures according to TxDOT.  Proper 
treatment of such materials typically requires two or more applications of lime, extending 
mellowing times, and periodic testing of sulfate content over time during the mellowing 
period to ensure the lime/sulfate reaction proceeds to completion before 
placement/compaction. Such activities would be conducted in the mixing area prior to 
placement in proposed fill areas.   

4. The additional time, materials, testing, and QA/QC oversight required for successful lime 
treatment adds significant complexity and cost to the project.  

5. As discussed in Section 4.10.1, potential sulfate-induced heave resulting from inadequate 
QA/QC, inadequate construction methods, and/or material variability for lime-treated soils in 
contact with the proposed RCC spillway could produce serious adverse structural 
performance (e.g., cracking, differential movement) which can lead to other potential dam 
failure mechanisms (e.g., internal erosion, scour, structural instability).  Thus, the risk of 
sulfate-induced heave in lime-treated on-site soils under/adjacent to proposed structures 
was considered unacceptable, and alternative methods of expansive soil mitigation should 
be considered (see discussion in Section 8.2.1). 

Results obtained to date are summarized in Table 4-10.  
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Table 4-10 Summary of Lime Series Testing 

Boring / 
Sample 

ID 

Top 
Depth  

(ft) 

Bottom 
Depth (ft) Stratum USCS Organics 

(%) 
Sulfates 
(ppm) 

Soil Properties at specified Lime Application Percentage by Weight 

Property Natural 2% 3% 4% 5% 6% 7% 8% 

COMP-
100A 0 5 Borrow (Upper 

Borrow Zone) CH 5.2 7,000 

LL 58 44 --- 41 --- 42 --- 41 

PI 37 11 --- 8 --- 8 --- NP 

pH 8.02 11.69 12.00 12.22 12.32 12.31 12.33 12.45 

COMP-
400A 0 5 

Borrow (RCC 
Spillway Outlet 

Channel) 
CH 5.0 2,700 

LL 59 46 --- 46 --- 45 --- 47 

PI 33 8 --- 7 --- 7 --- NP 

pH 8.04 11.95 12.06 12.17 12.29 12.32 12.37 12.44 

COMP-
1700A 0 4, to 8 Embankment 

Fill (Zone 2) CH --- 4,200 

LL 64 46 --- 44 --- 47 --- 46 

PI 43 14 --- 11 --- 12 --- 11 

pH 7.80 11.99 12.25 12.41 12.50 12.59 12.60 12.62 
Notes: 

(1) Bolded values indicate properties at the minimum lime percentage to produce a stable pH≥12.4 per Eades & Grimm method (ASTM D4972). 
(2) NP = Non-plastic 
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5. Material Characterization 
The following sections pertain to characterization of in-situ embankment and foundation 
materials present near the dam embankment, and characterization of potential borrow source 
materials.  Characterization of in-situ materials in the ASW channel for the purposes of 
erodibility and SITES parameters is included under separate cover in the GIR (AECOM 2021). 

5.1 Embankment Fill 
The Embankment Fill was classified in the field as predominantly fat clay (CH) and medium-
plasticity lean to fat clay (CL-CH), with some intervals of lean clay (CL) and occasional clayey 
silt (ML).  Laboratory-based USCS classifications from the current investigation generally 
confirm the field classifications described in the GIR.  Field pocket penetrometer test results 
ranged from 1.0 to 4.5+ tsf (average 3.9 tsf) in the Embankment Core (Zone 1), and 1.5 to 4.5+ 
(average 2.8 tsf) in the Embankment Shell (Zone 2). Based on the SPT hammer calibration 
report in the GIR, the field SPT N-values corrected to 60% hammer efficiency (N60) ranged from 
11 to 33 blows-per-foot (bpf) with an average of 21 bpf in the Zone 1 core, and two values in the 
upstream Zone 2 shell were 11 and 13 bpf. 
 
The laboratory test results from the original SMR (SCS 1967b) were considered for analysis 
purposes in conjunction with the available data from the current investigation.  Based on review 
of the original SMR for the project (SCS 1967b), laboratory classifications of the proposed borrow 
sources for embankment fill were as follows: 

 

• Emergency Spillway Excavations (designated for the Zone 2 shell):  Clayey Sand (SC) to 
Sandy Lean Clay (CL) with LL= 28, PI = 13, and fines content = 48 to 64%.  

• Borrow Area (designated for the Zone 1 core and/or Zone 2 shell):  Fat Clay (CH) with LL= 
52 to 56, PI = 32 to 34, and fines content = 77 to 90%. 

 
While the original SMR and as-built drawings specified lower-plasticity sandy clays / clayey 
sands (CL, SC) be placed in the Zone 2 shell and higher-plasticity clays (CH) be reserved for 
the Zone 1 core/cutoff trench, samples collected during the current investigation indicate that 
the shell and core zones consist of largely similar materials.  The current GIR considered it likely 
that insufficient CL/SC borrow material was available to construct the recommended zoning, 
and much of the Zone 2 shell was constructed from medium to high plasticity clays (CL-CH, 
CH).  
 
Laboratory index testing on samples of the Zone 1 core from the embankment centerline 
borings yielded classifications of primarily CH with some CL intervals.  The range of test results 
were LL = 34 to 74 (average 58), PI = 20 to 50 (average 36), fines content = 68 to 98% (average 
86%), and clay fraction = 29 to 58% (average 45%). The gravel content ranged from 0 to 4% 
(average 3%), and sand content ranged from 6 to 28 (average 15%). 
 
Laboratory index testing on samples of the Zone 2 shell from the embankment slope borings 
yielded classifications of CH and one sample with CL.  The range of test results were LL = 34 to 
76 (average 58), PI =19 to 55 (average 38), fines content = 89 to 98% (average 93%), and clay 
fraction = 43 to 66% (average 56%).  The gravel content ranged from 0 to 1%, and sand content 
ranged from 3 to 11 (average 6%). 
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Based on the foregoing, the properties of the Zone 1 core and Zone 2 shell are expected to be 
similar. The results of other laboratory testing, and opinions regarding anticipated material 
behavior, are summarized below: 
 
• Dispersion Potential: Based on the results of most crumb and double-hydrometer tests 

performed on the embankment fill material and natural soils in other areas of the site, the 
Embankment Fill is judged to be non-dispersive. 

• Corrosivity:  Laboratory test results indicate the presence of elevated soluble sulfate 
contents which will require sulfate-resistant cement for proposed concrete and RCC 
structures.  Corrosivity to buried metal is also expected to be high based on limited 
resistivity testing. 

• Hydraulic Conductivity: Based on the observed groundwater levels at the site, intact 
portions of the embankment core and cutoff trench are expected to be relatively impervious.  
However, as noted previously, highly variable piezometer readings at 9-19 indicates some 
localized pervious zones and/or defects could be present near the interface between the 
existing embankment slope and the underlying natural foundation soils. 

• Compressibility: The results of field testing and laboratory strength tests (SPT, pocket 
penetrometer, UU, UC) and laboratory consolidation tests suggest the embankment is well 
compacted with low to moderate compressibility.  These materials are expected to exhibit 
minor long-term consolidation (recompression) in response to loading associated with new 
fill and structure foundations based on the clayey nature of the materials and results of 2 
consolidation tests which indicate P’c > 11,000 psf (OCR > 12).  

• Expansive Shrink/Swell: Based on the relatively high PI values and results of laboratory 
swell testing (swell pressures = 746 to 2,762 psf), moderate to highly expansive soil 
shrink/swell behavior may be expected for structures constructed in the existing 
Embankment Fill. 

• Shear Strength: The results of field testing (SPT, pocket penetrometer) and laboratory 
strength testing (UU, UC) indicate stiff to hard cohesive soil with relatively high Su values.  
The clayey composition of the embankment fill and the results of laboratory shear testing 
(UU, UC, CDDS, and CIU’) indicate the embankment fill will exhibit distinct drained and 
undrained shear behavior in response to loading, and unique shear strength envelopes for 
UU, CD, and CU loading conditions are appropriate.  

5.2 Downstream Fill 
Suspected Downstream Fill materials up to about 8 feet thick were encountered in boring 305-19 
at the downstream toe in the vicinity of the existing PSW outlet and original creek alignment. The 
Downstream Fill was classified in the field as fat clay (CH) to medium-plasticity clay (CL-CH) with 
gravel and organics that was dark brown to tan and light gray in color. Field pocket penetrometer 
testing gave two values of 4.5+ tsf, and a single N60 value was 45 bpf. 
 
Laboratory index testing on two samples of the Downstream Fill yielded USCS classifications of 
CH and CL.  The range of test results were LL = 48 and 71, PI = 27 and 48, fines content = 89 
and 93, and clay fraction = 57%.  Based on a single sieve analysis, the gravel content was 1% 
and sand content was 6%. 
 
Based on the index test results and limited engineering properties testing, the properties of this 
material are similar to the Embankment Fill. The visual descriptions of the Downstream Fill 
suggest a likely alluvial source, based on similarity in appearance to Alluvium.  
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The results of other laboratory testing, and opinions regarding anticipated material behavior, are 
summarized below: 
 
• Dispersion Potential: Based on a single crumb test on this material (Grade 1) and the 

results of most crumb and double-hydrometer tests performed in other areas of the site, the 
Downstream Fill material is judged to be non-dispersive, similar to the Embankment Fill. 

• Corrosivity:  No testing corrosivity testing was performed on this material, but instances of 
observed gypsum in the residual materials and corrosivity test results on other materials 
suggest the Downstream Fill is likely corrosive to buried metal and concrete.   

• Hydraulic Conductivity: Based on the clayey nature of this material, it is expected to have 
relatively low permeability. However, the combination of its relatively high plasticity and 
proximity to the ground surface suggests this material may be susceptible to shrink/swell 
behavior and associated shrinkage cracks, potentially increasing the hydraulic conductivity 
through such secondary features. 

• Compressibility: The results of field testing (SPT, pocket penetrometer) and a single 
laboratory UU test suggest this material is well compacted with low to moderate 
compressibility. Minor long-term consolidation (recompression) in response to fill and/or 
structure loading is expected based on the clayey nature of the materials and results of 
consolidation tests on other materials. 

• Expansive Shrink/Swell: Based on the relatively high PI values and swell tests performed 
on other materials at the site, moderate expansive soil shrink/swell behavior may be 
expected for structures constructed on the Downstream Fill. 

• Shear Strength: The results of field testing (SPT, pocket penetrometer) and a single UU test 
(Su > 13,000 psf) indicate stiff to hard cohesive soil with relatively high Su values. The 
Downstream Fill is expected to exhibit distinct drained and undrained shear behavior in 
response to loading, and shear strengths are expected to be similar to Embankment Fill.  

5.3 Alluvium 
Natural Alluvium foundation soils generally described as dark brown fat clay (CH) and measuring 
approximately 4 to 8 feet thick were encountered at the downstream toe and upstream toe of the 
dam. Alluvium was also encountered in borrow areas and in the ASW, but the descriptions in this 
section focus on the properties of Alluvium near the dam embankment. Field pocket penetrometer 
test results on samples of Alluvium at the upstream and downstream toe of the dam ranged from 
3.0 to 4.5+ tsf (average 3.9 tsf). The N60 values ranged from 16 to 35 bpf (average 25 bpf). 
 
Results of laboratory index testing on 7 samples of Alluvium near the upstream/downstream toe 
of the dam each yielded USCS classification of CH.  The measured ranges were LL = 52 to 82 
(average 70), PI = 35 to 62 (average 48), fines content = 76 to 98% (average 90%), and clay 
fraction = 53 to 64% (average 57%). The gravel content ranged from 0 to 20% (average 4%), and 
sand content ranged from 4 to 12% (average 8%). 
 
The results of other laboratory testing, and opinions regarding anticipated material behavior, is 
summarized below: 
 
• Dispersion Potential: Based on the results of 7 crumb tests on this material (all Grade 1), 

this material is judged to be non-dispersive.  

• Corrosivity: Laboratory test results indicate the presence of elevated soluble sulfate 
contents which will require sulfate-resistant cement for proposed concrete and RCC 
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structures in contact with Alluvium.  Corrosivity to buried metal is also expected to be high 
based on test results in other materials at the site.   

• Hydraulic Conductivity: Based on the clayey nature of this material, it is expected to have 
relatively low permeability. However, the combination of its relatively high plasticity and 
proximity to the ground surface suggests this material may be susceptible to shrink/swell 
behavior and associated shrinkage cracks, potentially increasing the hydraulic conductivity 
through such secondary features. 

• Compressibility: The results of field testing (SPT, pocket penetrometer) suggest this 
material is relatively stiff with low to moderate compressibility.  The Alluvium is expected to 
exhibit minor long-term consolidation (recompression) based on the clayey nature of the 
materials and results of consolidation tests on other materials with similar strength values. 

• Expansive Shrink/Swell: Based on the relatively high PI values and results of one laboratory 
swell test (swell pressure = 2,175 psf), highly expansive soil shrink/swell behavior may be 
expected for structures constructed on the Alluvium. 

• Shear Strength: The results of field testing (SPT, pocket penetrometer) and a single UU test 
(Su > 13,000 psf) indicate generally stiff to hard cohesive soil with relatively high Su values.  
The clayey composition of the Alluvium and the results of laboratory shear testing (UU and 
CDDS) indicate this material will exhibit distinct drained and undrained shear behavior in 
response to loading, and unique shear strength envelopes for UU, CD, and CU loading 
conditions are appropriate.  

5.4 Residuum 
Residuum of the Pecan Gap Formation was encountered in each boring drilled for this project 
underlying either Alluvium (where not removed by previous grading) or various fill materials, 
except in most of the embankment slope borings which did not extend deep enough to reach this 
interface. The Residuum was subdivided into an upper calcareous and friable LPR described as 
mostly lean clay (CL) and silty clay (CL-ML), and a lower MPR described as fat clay (CH) and 
medium-plasticity clay (CL-CH).  The extent of the LPR and MPR was laterally discontinuous, and 
vertical depth interval varied substantially between borings. The LPR was generally encountered 
in the higher-elevation areas of the alluvial valley near the right abutment, near the left half of the 
dam embankment, and in the ASW at the left abutment.   
 
Total thickness of Residuum ranged from about 14 to 22 feet, but was as little as 11 feet in the 
vicinity of the original creek alignment. Field pocket penetrometer tests results ranged from 2.5 to 
4.5+ tsf (average 4.3 tsf), and the N60 values ranged from 19 to 93 bpf (average 33 bpf), with no 
appreciable difference in the range of values measured for the LPR and MPR. 
 
Results of laboratory index testing on 9 samples of LPR obtained from under and adjacent to the 
dam embankment yielded USCS classifications of primarily CH with some CL intervals.   
Measured ranges were LL = 31 to 77 (average 57), PI = 15 to 54 (average 36), and fines content 
= 80% to 99% (average 93%).  Two sieve/hydrometer tests yielded clay fraction = 38 to 62%,   
gravel content = 0%, and sand content = 1.5 and 20%.  The difference in field classifications (low-
plasticity clay and silty clay) versus the laboratory classifications (medium- to high-plasticity clay) 
for the LPR near the dam suggests that variations in moisture, silt, sand, and calcareous content 
in this material can make it difficult to estimate the plasticity based on visual-manual methods 
alone, and that more highly-plastic layers may be present within the lower-plasticity unit overall.  
For comparison, laboratory-based classifications of LPR samples in the ASW channel included 
lean clay (CL), silt (ML), and silty sand (SM), and laboratory-based classifications of LPR in the 
on-site borrow area included lean clay (CL), clayey sand (SC), and fat clay (CH). 
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The laboratory classifications of the MPR included fat clay (CH) and one instance of lean clay 
(CL).  The measured ranges were of LL = 29 to 75 (average 63), PI = 14 to 52 (average 41), and 
fines content = 69 to 99% (average 93%).  Three sieve/hydrometers test yielded clay fraction = 
47 to 68% (average 55%), gravel content = 0%, and sand content = 2 to 4% (average 3%).   
 
The laboratory index test results on the LPR and MPR near the dam embankment were 
generally similar, and suggest that these materials can generally be considered as a single 
“residuum” unit for the purposes of engineering analysis.  The results of other laboratory testing, 
and opinions regarding anticipated material behavior, are summarized below: 
 
• Dispersion Potential: The results of 6 crumb tests on samples of Residuum from near the 

dam embankment were each Grade 1, suggesting this material is largely non-dispersive.  
Results of 16 crumb tests on Residuum in the ASW channel borings generally indicated 
similar results, but two samples in the upper 10 feet bgs recorded Grade 2 (with 
corresponding double-hydrometer results of 15 and 48% dispersion) and one sample at 22 
feet bgs recorded Grade 3 (no double-hydrometer available).  Therefore, while the 
Residuum may contain some isolated slightly dispersive layers, the material is judged to be 
primarily non-dispersive for engineering purposes.  

• Corrosivity: Laboratory test results indicate the presence of elevated soluble sulfate 
contents which will require sulfate-resistant cement for proposed concrete and RCC 
structures in contact with Residuum.  Corrosivity to buried metal is expected based on test 
results on other materials at the site. Visible calcareous material was noted in the LPR.   

• Hydraulic Conductivity: Based on the high fines and clay content, intact zones of the 
Residuum not modified by faulting/fractures/shrinkage cracks would be expected to be 
relatively impervious. However, based on observed near-vertical fissures in Shelby tube 
samples and general blocky structure of the Residuum, this unit likely has secondary 
permeability along discontinuities that is somewhat greater than that of intact material. 
Results of three laboratory hydraulic conductivity tests were 1.9E-09, 7.8E-09, and 1.2E-06 
cm/s, the highest value of which may be reflective of secondary permeability.  In general, 
the LPR is expected to have slightly higher permeability than the MPR due to the typical low 
plasticity and occurrences of sandy layers within the generally clayey unit. 

• Compressibility: The results of field testing (SPT, pocket penetrometer), laboratory strength 
tests (UU, UC), and laboratory consolidation tests suggest this material is relatively hard 
with low compressibility. The Residuum is expected to exhibit minor long-term consolidation 
(recompression) based on the clayey nature of the materials and results of 4 consolidation 
tests which indicate P’c > 8,700 psf (OCR = 3.5 to 36+).  

• Expansive Shrink/Swell: Based on the moderate to high PI values and results of laboratory 
swell testing for the Residuum, the LPR is expected to have low to highly expansive soil 
shrink/swell behavior (swell pressure = 674 to 3,373 psf) and the MPR is expected to have 
moderate to highly expansive shrink/swell behavior (swell pressure = 910 to 5,200 psf) for 
structures constructed on these materials. 

• Shear Strength: The results of field testing (SPT, pocket penetrometer) and 10 laboratory 
UU/UC tests (Su = 3,168 to 12,586 psf) on Residuum indicate stiff to hard cohesive soil with 
relatively high Su values.  The clayey composition of the Residuum and the results of 
laboratory shear testing (UU/UC and CIU’) indicate this material will exhibit distinct drained 
and undrained shear behavior in response to loading, and unique shear strength envelopes 
for UU, CD, and CU loading conditions are appropriate.   
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5.5 Shale 
Moderately- to highly-weathered, extremely weak to weak calcareous shale was encountered in 
the deeper borings underlying Residuum throughout most of the site. The shale was generally 
described in the field as light gray to white, fissile, and friable. Field testing yielded several pocket 
penetrometer values of 4.5+ tsf, and the N60 values ranged from 43 to 100 bpf. 
 
Results of laboratory index testing on 3 disaggregated samples of Shale obtained from under and 
adjacent to the dam embankment yielded USCS classifications of CH.  The range of test results 
were LL = 65 to 96 (average 76), and PI = 42 to 69 (average 52).  A single sieve analysis test 
yielded fines content = 69%, gravel content = 0.5%, and sand content = 30%. The results of other 
laboratory testing, and opinions regarding anticipated material behavior, are summarized below: 
 
• Dispersion Potential: No test results have been performed on this material but given its 

depth below the dam and surrounding grade (more than 10 feet below the cutoff trench), 
dispersion in this material is not a concern.  

• Corrosivity: No tests were performed on the shale, but instances of observed gypsum and 
high sulfate results in the residuum suggest elevated soluble sulfate contents may be 
present in the shale.   

• Hydraulic Conductivity: Based on the hard, clayey consistency of the shale, intact zones not 
modified by faulting/fractures would be expected to be relatively impervious. However, 
based on the general fissile structure of the shale, the secondary permeability may be 
higher than laboratory test results may suggest. 

• Compressibility: The results of field testing (SPT, pocket penetrometer) suggest this 
material is highly overconsolidated with very low compressibility. It is unlikely that significant 
settlements will be developed in this material in response to applied surface loading.    

• Expansive Shrink/Swell: Based on the high PI of the shale, moderate to highly expansive 
soil shrink/swell behavior may be expected for structures constructed on the shale. 
However, given the depth of these materials below surface, expansive nature of the shale 
will not be a concern. 

• Shear Strength: The results of field strength tests (pocket penetrometer, SPT) and 2 
laboratory UC tests (Su = 4,100 to 12,300 psf) indicate hard cohesive soil / very weak rock. 
Based on the clayey composition of the shale, it may exhibit distinct drained and undrained 
shear behavior in response to loading. Based on the depth of this material and relatively 
higher strength, it is not expected to control stability. 

5.6 Borrow Source Evaluation 

5.6.1 Borrow Area 

An on-site borrow area located on the left bank of the reservoir and upstream of the dam 
embankment is planned to serve as the primary source of borrow material for embankment 
construction.  The GI encountered clayey materials which may be suitable for use as earthfill 
material, and the generalized stratigraphy includes: 
 
• Upper Zone (Layer A):  The upper 2 to 4 feet consisting of Alluvium field classified as CH; 

• Middle Zone (Layer B):  A 3 to 5 feet thick layer of calcareous LPR field classified as CL-ML 
encountered at depths of 2 to 4 feet bgs;  and 
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• Lower Zone (Layer C):  MPR field classified as CH and CL-CH was encountered at depths 
of about 8 feet bgs to borehole termination at 10 feet bgs (absent at boring 101-19).   

Results of laboratory index testing on 8 samples of Layer A yielded lab classifications of CH.  The 
range of test results were LL = 40 to 90 (average 64), PI = 21 to 63 (average 42), fines content = 
78 to 95% (average 90%), and clay fraction = 37 to 61% (average 49%). Sieve analysis on two 
samples indicated gravel content of 1 to 2%, and sand content of 10 to 20%.  Results of 5 crumb 
tests each indicated Grade 1.  Results of 8 soluble sulfate tests ranged from 500 to 7,000 ppm 
(average 2,732 ppm). 
 
Results of laboratory index testing on 8 samples of Layer B yielded lab classifications of CL, CH, 
and SC.  The range of test results were LL = 32 to 69 (average 45 with most values <55), PI = 19 
to 46 (average 29 with most values <33), and fines content = 19 to 96% (average 65%).  Results 
of two sieve analysis tests were clay fraction = 43%, gravel content = 3 to 4%, and sand content 
= 21%. Results of 4 crumb tests each indicated Grade 1.  Results of 7 soluble sulfate tests ranged 
from 700 to 10,600 ppm (average 4,714 ppm). 
 
Results of laboratory index testing on 1 sample of Layer C yielded lab classification of CH.  The 
measured values were LL = 65, PI = 45, and fines content = 99%.  No dispersion testing was 
performed, but this material is expected to be non-dispersive based on tests on similar soils at 
the site.  One soluble sulfate test yielded concentration of 1,400 ppm. 
 
As discussed in Section 4, lime treatment is not recommended for Layers A, B, or C due to 
elevated soluble sulfate contents and/or organic contents in these materials. 
 
Layers A and B were encountered generally above the normal reservoir level and should be 
accessible without the need for dewatering or extended drying times follow excavation. However, 
the relatively dry natural moisture contents (generally about 2 to 13% below the plastic limit) 
suggest that a significant amount of water will need to be added during construction to achieve 
recommended above-optimum compaction moisture content. 
 
Based on the relatively high PI of Layers A and C, the Layer A and C materials should generally 
be used in less critical locations of required fill away from the dam embankment such as the ASW 
crest raise, ASW training dikes, and training dikes for the RCC spillway outlet channel. If 
necessary, these borrow materials may be reserved for interior portions of proposed embankment 
fills. This will help to protect from seasonal wetting and drying cycles that can cause shrink/swell 
movements and subsequent loss of strength, which can lead to potential shallow wet-weather 
slides. Additionally, these materials generally should not be placed under or adjacent to structures 
due to potential shrink/swell behavior, and risk of increased earth pressures due to swelling.   
 
In general, the Layer B materials have low to moderate plasticity, and are not subject to significant 
strength loss resulting from seasonal wetting/drying.  The typically low to moderate PI values and 
results of remolded swell tests indicate low to moderate risk of expansive behavior, but occasional 
layers of fat clay could be more expansive. Vertical mixing of the Layer B materials in the borrow 
area should serve to remove isolated layers of fat clays, sands, and silts and provide a 
homogeneous fill material. The Layer B materials should be suitable for selective placement in 
outer zones of the embankment (with appropriate topsoil/vegetative covering) to provide 
protective cover for more highly-plastic soils placed in interior zones of the embankment.  Due to 
occasional layers of higher-plasticity material, Layer B should not be used as backfill for 
structures. 
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5.6.2 Excavation for Proposed Outlet Channel and RCC Stilling Basin 

Required excavations for the proposed outlet channel and RCC stilling basin (as well as the lower 
portion of the RCC chute located downstream of the existing embankment toe) are expected to 
produce cohesive materials that may be suitable for earthfill.  The upper 4 to 6 feet consists of 
Alluvium (gravelly CH) underlain by MPR (CH, CL-CH) to at least 20 feet bgs.  Planned 
excavations will be entirely within Alluvium and are not anticipated to encountered underlying 
Residuum. 

Results of laboratory index testing on 6 samples of Alluvium in the proposed excavations yielded 
lab classifications of CH.  The range of test results were LL = 58 to 82 (average 69), PI = 33 to 62 
(average 46), and fines content = 76 to 93% (average 88%).  Results of four sieve analyses and 
two hydrometer tests gave clay fraction = 62 and 64%, gravel content = 1 to 20% (average 7%), 
and sand content = 4 to 10% (average 6%). Results of 5 crumb tests each indicated Grade 1.  
Results of 4 soluble sulfate tests ranged from 700 to 2,700 ppm (average 1,075 ppm). 
 
Based on the relatively high PI of Layers A and C, the Layer A and C materials should generally 
be used in less critical locations of required fill away from the dam embankment such as the ASW 
crest raise, ASW training dikes, and training dikes for the RCC spillway outlet channel. If 
necessary, these borrow materials may be reserved for interior portions of proposed embankment 
fills. This will help to protect from seasonal wetting and drying cycles that can cause shrink/swell 
movements and subsequent loss of strength, which can lead to potential shallow wet-weather 
slides. Additionally, these materials generally should not be placed under of adjacent to structures 
due to potential shrink/swell behavior, and risk of increased earth pressures due to swelling.  As 
discussed in Section 4, lime treatment is not recommended for this material due to elevated 
soluble sulfate contents and organic contents in these materials. 
 
Proposed excavations in the channel area are well above the anticipated groundwater levels, but 
delayed groundwater was measured at El. 638 (about 11 feet bgs) in boring 601-19 near the 
proposed RCC stilling basin excavation.  Consequently, temporary construction dewatering 
should be anticipated for the stilling basin excavation..   

5.6.3 Excavation for Proposed RCC Crest and Chute Structures 

Required excavations for the proposed RCC crest structure and upper portions of the RCC chute 
structure (on the embankment slope) may produce cohesive materials suitable for earthfill.  
Materials within the proposed excavation consist of existing Zones 1 and 2 Embankment Fill.  No 
practical difference was identified between the Zone 1 and Zone 2 materials (consist of CH and 
CL-CH with minor CL and ML). 

Based on the relatively high PI of the Embankment Fill, these borrow materials should generally 
be reserved for interior portions of embankment fills and away from proposed structures.  The 
may also be used in less critical locations of required fill away from the dam embankment such 
as the ASW crest raise, ASW training dikes, and training dikes for the RCC spillway outlet channel. 

Proposed excavations into the existing embankment are generally above the anticipated 
groundwater levels in this location, and temporary construction dewatering should not be 
necessary.  

5.6.4 Excavations for PSW Replacement 

Required excavations for abandonment of the existing PSW and installation of the new PSW will 
produce cohesive materials potentially suitable for earthfill.  The planned excavations are 
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expected to encounter primarily existing Embankment Fill, with anticipated Downstream Fill and 
native foundation materials (Alluvium and Residuum) below about El. 635±. 

Based on the relatively high PI of the various fill and foundation materials in this area, these 
borrow materials were reserved for use in less critical areas of proposed earthfill such as the 
ASW channel, ASW training berms, and RCC spillway outlet channel berms.   

Proposed excavations into the existing embankment are generally above the anticipated 
groundwater levels in this location.  However, excavations below about El. 640± on the 
upstream side of the embankment will be below normal pool level, and groundwater levels as 
high as El. 630 have been measured in piezometer 11-19 located on the embankment crest.  
Therefore, drawdown of the reservoir and temporary dewatering during construction should be 
anticipated.  

5.6.5 Excavation for Proposed ASW Widening 

Required excavations for the proposed ASW widening may produce cohesive materials suitable 
for earthfill. Anticipated materials include existing Embankment Fill comprising the right training 
dike and the left end of the dam embankment, and native foundation materials (Alluvium and 
Residuum) located to the right of the existing channel limits. 
 
Based on the wide range in PI of these potential borrow materials, they should generally be 
reserved for interior portions of embankment fills and away from proposed structures.  These 
materials may also be used in less critical locations of required fill away from the dam 
embankment such as the the ASW crest raise, ASW training dikes, and training dikes for the RCC 
spillway outlet channel. Proposed excavations into the existing embankment are generally above 
the anticipated groundwater levels in this location, and dewatering should not be necessary. 
Proposed excavations into the existing embankment are above the anticipated groundwater levels 
in this location, and dewatering should not be necessary.  

5.6.6 Imported Fill 

Laboratory testing indicates the plasticity of the on-site materials is not reliably low enough to 
provide suitable non-expansive subgrade/backfill for proposed overtopping RCC spillway, and 
lime-treatment of the on-site fat clays is not practical due to elevated sulfate and organic contents. 
Consequently, the need for an off-site borrow source of imported non-expansive, low-plasticity 
clay or clayey sand with a minimum fines content (i.e., about 40%) should be anticipated for this 
project. 
 
Additionally, imported granular fill will be required for filter/drainage materials because no on-site 
source is available.  Discussion of proposed filter/drainage materials is provided in Section 8.4. 
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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 0.055g 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 PGADesign = PGA x FPGA = 0.088g.  
 
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 PGADesign 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 PGADesign 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 alluvium and residual clays which is 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;   

4. The original design included embankment freeboard of 14.7 feet for normal pool (PSW 
crest) and 4.9 feet for flood pool (ASW crest) conditions, and there are no significant 
changes planned as part of the 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 and presumably built under controlled 
conditions with appropriate oversight.  

Therefore,  further seismic evaluation is not required per NRCS criteria.   
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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 
45 miles east of the site. This system is considered as “latest Quaternary” (active within the last 
15,000 years) and consists of a compilation of numerous 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 
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.  

Two cross-sections were selected for analysis:   

1. Dam centerline Station (Sta.) 18+50:  this section represents the location of the proposed 
RCC spillway. Design geometries analyzed at this cross section included the existing 
conditions, the proposed RCC spillway section, and the proposed embankment crest 
modification. 

2. Dam centerline Section Sta. 23+50: this section represents the maximum height of the dam 
located near the original creek centerline, and is relatively close to the existing PSW (STA. 
24+30) and proposed new PSW (STA. 25+00). Design geometries analyzed at this cross 
section included the existing conditions, proposed embankment crest modification, and the 
adjacent proposed embankment reconstruction following open-cut construction of the new 
PSW conduit.  

Embankment piezometers were available at both stations to aid in calibrating the analysis model 
phreatic surface  to the measured groundwater levels. However, it is noted that the variability in 
readings for piezometer 9-19 near Sta. 18+50 did not allow for calibration. 
Description of the analyses procedures, as well as presentation and discussion of results, are 
providing in the following sections. 

7.1 Seepage Analysis 

7.1.1 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; 

3. Minimum FOS = 3.0 for a blanket-aquifer condition in soil using effective stress methods; 
4. Include a filter diaphragm around any structure extending through the embankment to the 

downstream slope (e.g., conduit pipes); 
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 do not only apply at this site because of the absence of pervious coarse-
grained materials and/or 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 
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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.  

7.1.2 Design Considerations 

Seepage considerations are crucial in dam rehabilitation projects, particularly due to the risk of 
soil particle migration and internal erosion (“piping”) which are inherent concerns in soil 
embankment dams. Un-mitigated piping can lead to dam failure. 

No historic through-seepage or under-seepage has been reported at this site.  The downstream 
areas of the dam were relatively dry at the time of AECOM’s field investigation, with no observed 
instances of ponding water or probable seepage areas.  Limited groundwater was encountered 
in the borings during drilling, and recharge of the piezometers installed was relatively slow.  
Measured groundwater levels are well below the ground surface elevation, and are not cause for 
concern.  

Anomalous fluctuations in groundwater levels have been recorded in embankment centerline 
piezometer 9-19 near the proposed RCC spillway, with successive readings varying between 
about 14.9 to 32.8 feet bgs (El. 629.6 to El. 647.5). However, because the upstream toe of the 
dam near piezometer 9-19 has ground surface elevation significantly higher than the reservoir 
normal pool, it is unlikely that these anomalous readings are associated with fluctuation of the 
reservoir levels.  As stated in the GIR (AECOM 2021), the fluctuations could be associated with 
cross-valley surface water flows and/or perched groundwater following storm events and 
originating from the higher ground near the left abutment.  Continued readings in piezometer 9-
19 and 702-20 (and possibly instrumenting both with automatic water level data loggers) may aid 
in further characterizing groundwater at this location.  However, these observations are not cause 
for concern from a design perspective, since a full-height underdrain will be provided under the 
RCC spillway at this location. 

Plum Creek 2 does not have any existing internal drainage measures.  As stated in the GIR 
(AECOM 2021), installation of a new internal drainage system along the downstream slope/toe of 
the embankment (e.g. toe drain or chimney drain) does not seem to be a necessary part of the 
rehabilitation based on the following factors: 

• No evidence of historic seepage or instability; 

• The proposed rehabilitation will not include significant embankment crest raise or 
downstream slope flattening;  fill on the dam will largely be restricted to re-shaping the crest 
with thin (<2 feet) fill added to low areas, and thus the embankment prism will largely 
remain unchanged; 

• The normal pool is planned to be lowered slightly, and only a slight increase (1 to 2 feet) in 
the ASW crest elevation is planned. 

Consequently, AECOM has assumed that no internal drainage (i.e., toe drain or chimney drain) 
will be included as part of the dam rehabilitation for Plum Creek 2.  However, localized internal 
filter/drainage systems specific to the existing and proposed PSWs (i.e. filter diaphragm) and the 
proposed RCC spillway (i.e., underdrain) will be necessary to reduce risk of seepage problems, 
and should be included as part of the rehabilitation. 

7.1.3 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 
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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. 

Detailed discussion of the seepage analysis procedures and results are provided in Appendix 
B.  A summary of the general analysis conditions that were considered are described as follows: 

• 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.. 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. 

• Proposed Normal Pool: A steady-state seepage analysis was performed for the proposed 
embankment raise section, with the reservoir at the proposed PSW crest elevation. 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 7.2). 

• Proposed Flood Pool: A steady-state seepage analysis was performed for the proposed 
embankment raise section, with the reservoir at the proposed ASW crest elevation. 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 
7.2). 

• Proposed 75% PMH Pool: A steady-state seepage analysis was performed for the 
proposed embankment raise section, with the reservoir at the proposed TCEQ 75% 
Probable Maximum Flood (PMF) pool level.  For the purposes of geotechnical analysis, the 
75% PMF was considered to be equivalent to the proposed Freeboard Hydrograph (FBH) 
pool level cited in NRCS TR-210-60 which must be evaluated for the flood surcharge 
stability condition. 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 7.2) 

7.1.4 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 
materials. In order to limit boundary effects, the modelled foundation materials were extended 
horizontally approximately 1,000 feet from the upstream and downstream dam toe.  

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. A no-flow boundary was applied to the upstream vertical edge and bottom 
of the model. A potential seepage face was applied to the downstream slope of the embankment 
and ground surface. In the analyses for the proposed overtopping RCC spillway, the drain pipe 
for the spillway underdrain was modeled as a point at the location of the pipe outlet with a zero-
pressure-head boundary condition.  
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7.1.5 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 (kh/kv) 
which is used to calculate the saturated horizontal hydraulic conductivity (kh). Detailed description 
of selection of design seepage parameters is provided in Appendix B. These parameters are 
provided in Table 7-1.  Note that due to similarities between the Alluvium and the Downstream 
Fill, the Downstream Fill was not modeled separately.  

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 (HCF) and volumetric water content function (VWC). 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. 

Table 7-1 Selected Design Material Properties 

Material USCS Kv (cm/sec) Ratio 
Kh/Kv Kh (cm/sec) 

Embankment Fill - Zone 1 CL, CH 2.01E-08 5 1.01E-07 

Embankment Fill – Zone 2 CL, CH 2.01E-07 5 1.01E-06 

Proposed Embankment Fill CL, CH 1.38E-07 4 5.53E-07 

Alluvium/Downstream Fill CH 5.03E-06 2 1.01E-05 

Residuum CL, CH 1.51E-06 3.33 5.03E-06 

Shale --- 2.01E-07 5 1.01E-06 

Riprap ---- 1.11E+00 1 1.11E+00 

Filter Drain SP,GP 1.00E-03 2 5.03E-03 

RCC n/a 1.00E-01 1 1.01E-07 
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Table 7-2 Selected Design SEEP/W Input Parameters 

Material Model Type 
Ksat = Kh Ratio 

Kv/Kh 
Mv 

(psf/psf)(2) 
Θw-

sat (1) 
HCF-

Function 
VWC-

Function (feet/sec) 

Embankment Fill 
- Zone 1 Sat. / Unsat. 3.30E-09 0.2 1.00E-06 0.50 Clay Clay 

Embankment Fill 
– Zone 2 Sat. / Unsat. 3.30E-08 0.2 1.00E-06 0.50 Clay Clay 

Proposed 
Embankment Fill Sat. / Unsat. 1.815E-08 0.25 1.00E-06 0.50 Clay Clay 

Alluvium / 
Downstream Fill Sat. / Unsat. 3.30E-07 0.5 1.00E-06 0.50 Clay Clay 

Residuum Sat. / Unsat. 1.65E-07 0.3 1.00E-06 0.50 Clay Clay 

Shale Sat. Only 3.30E-08 0.2 1.00E-06 0.50 --- --- 

Riprap Sat. / Unsat. 3.65E-02 1 1.00E-03 0.25 Gravel Gravel 

Filter Drain Sat. / Unsat. 1.65E-04 0.5 5.00E-06 0.35 Sand Sand 

RCC Sat. / Unsat. 3.3E-09 1 1.00E-06 0.10 Sand Sand 
Notes: 
1.  θw = Saturated Volumetric Water Content = Porosity x Degree of Saturation 
2.  Mv = Coefficient of Volume Compressibility = I / Modulus of Elasticity 
3.  Unsaturated functions for volumetric water content and hydraulic conductivity based on default SEEP/W relationships.  

 

7.1.6 Results and Discussion 

Steady-state seepage analysis results indicate acceptable seepage performance for proposed 
conditions.  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 for the conservative 75% PMF case), and 
calculated slope stability factors of safety (discussed in Section 7.2) are not adversely affected 
by the phreatic surface. Graphical output for the seepage analyses are included in Appendix C.  

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 the RCC underdrain (less than 0.1 gpm), even for the conservative assumption of a steady-
state reservoir level at the 75% PMF flood pool. Calculations indicate conventional 6-inch 
diameter perforated drain pipes surrounded by a two-stage aggregate filter are expected to be 
sufficient to adequately convey seepage inflows with a factor of safety greater than 10.  Drain 
capacity sizing calculations are provided in Appendix C. 

Table 7-3 Estimated Seepage Flow Rates for Drain Sizing 

Cross-Section Phreatic Surface 

Proposed RCC Underdrain 
(Overtopping Spillway Section) (1) 

Unit Flux per LF of Dam 
Length (ft3/day/LF) 

Total Toe Drain Flow Rate 
(gpm) (2) 

STA. 18+50 
 
 

Normal Pool (PSW crest)  --- n/a 

Flood Pool (ASW crest) 0.0472 0.0525 

Flood Pool (75% PMF) 0.0511 0.0567 

Notes: 
1) Length of proposed RCC underdrain is 214 LF along dam axis.  
2) Conversion:  7.48 gal = 1 CF. Conversion from 1 gpm = 192.5134 CF/day. 
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7.2 Slope Stability Analysis 

7.2.1 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; 

• Steady-State Seepage; 

• Flood Surcharge; 

• Rapid Drawdown; and 

• Dynamic stability (if applicable). 
The required factors of safety for each condition are provided later in this section (see Section 
7.2).  

7.2.2 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.  

7.2.3 Analysis Cases 

7.2.3.1 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. 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. 

7.2.3.2 Steady-State Seepage 

For steady-state seepage conditions, the phreatic surface corresponding to the proposed highest 
normal pool elevation (i.e., proposed PSW crest) was used. Per current TR-210-60 guidance, 
effective stress CD shear strength envelopes were assigned to modeled materials. For the 
proposed RCC Spillway Section, an external uniform vertical surcharge pressure was applied to 
the top of the embankment to simulate static loading associated with the proposed RCC crest 
structure.  The surcharge pressure was iteratively adjusted until the minimum FOS of 1.5 was 
achieved (see discussion in Section 7.2.5). 

7.2.3.3 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 
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surface corresponding to the proposed normal pool level. 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 
75% PMF pool level to simulate uplift pressures associated with the highest possible flood pool 
level. The 75% PMF 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 section. This is particularly likely given that 
this homogenous embankment dam consists of well-compacted, moderate- to high-plasticity clay 
with modest slopes (about 2.7H:1V to 3H:1V based on 2020 topographic survey) 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 75% PMF 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 Spillway Section, the uniform vertical surcharge 
pressure obtained from the steady state analysis was applied to the top of the embankment. 

7.2.3.4 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. 645.5), and the lowest outlet is the proposed PSW 
conduit with invert El. 632.2 at the inlet riser. Given the limited amount of drawdown (e.g. 13.1 
feet), a more conservative case was also analyzed to check rapid drawdown conditions 
associated with a reservoir drawdown from the proposed ASW pool level (El. 659.8) to the normal 
pool level (El. 645.5).  

For the proposed RCC Spillway Section only, the analysis incorporated an external uniform 
vertical surcharge pressure equal to the maximum value calculated from the steady-state 
analysis.  

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 
conditions for several case histories, and has indicated that other methods tend to over-predict 
the occurrence of slope instability. 



Soil Mechanics Report Draft  
 

  
Project reference: TSSWCB IDIQ-AECOM-2018-79017 

Project number: 60615067 
 

 
      
TSSWCB_Plum2_SMR_FINAL_2021.07.02_clean.docx 

AECOM 
54 

 

7.2.3.5 Dynamic Stabilty 

Based on the discussion provided in Section 6, no further consideration of dynamic stability (i.e., 
seismic loading) is required. Therefore, dynamic stability calculations were not performed as part 
of this study. 

7.2.4 Material Parameters 

Design unit weights and selected total stress and effective stress strength envelopes were 
conservatively developed from correlations with in-situ tests and index properties, results of shear 
tests on similar soils from other nearby projects, and/or engineering judgment based on 
experience with similar materials. Details regarding the selection of material parameters are 
provided in Appendix B. The slope stability material parameters selected by AECOM for design 
are provided in Table 7-4. 

The resulting NRCS bilinear composite strength envelopes required for analysis of rapid 
drawdown and flood surcharge are provided in Table 7-5.  

Table 7-4. Selected Material Parameters 

Material USCS 
Total Unit 
Weight  
(pcf) 

UU Strength Effective Stress  
(CD Envelope) 

Total Stress  
(CU Envelope) 

Su (psf) c’  (psf) ϕ ' (deg) cu  (psf) ϕ u  
(deg) 

Embankment Fill – 
Zone 1 CL, CH 125 1,200 100 23 400 15 

Embankment Fill – 
Zone 2 CL, CH 125 1,200 100 23 400 15 

Proposed 
Embankment CL, CH 125 1,200 100 23 400 15 

Alluvium / 
Downstream Fill  CH 123 1,500 100 23 400 15 

Residuum CL, CH 126 1,500 100 23 400 15 

Shale CH 130 3,000 300 23 400 15 

Filter Drain --- 120 --- 0 33 --- --- 

Rock Riprap --- 110 --- 0 35 --- --- 

RCC  145 --- 100 45   
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Table 7-5. NRCS Bilinear Strength Envelopes for Flood Surcharge and Rapid Drawdown 

Material USCS 

Initial Envelope Bi-Linear Envelope 
for Flood Surcharge 

Bi-Linear Envelope for 
Rapid Drawdown 

c 
(psf) 

ϕ 1 
(deg) σn (psf) ϕ2-FBH 

(deg) σn (psf) ϕ 2-RDD 

(deg) 

Embankment Fill – 
Zone 1 CL, CH 100 23 1,917 15 1,917 15 

Embankment Fill – 
Zone 2 CL, CH 100 23 1,917 15 1,917 15 

Proposed 
Embankment CL, CH 100 23 1,917 15 1,917 15 

Alluvium / 
Downstream Fill  CH 100 23 1,917 15 1,917 15 

Residuum CL, CH 100 23 1,917 15 1,917 15 

Shale CH 300 23 639 15 639 15 

Filter Drain SP, GP 0 33 --- --- --- --- 

Rock Riprap --- 0 35 --- --- --- --- 

RCC CL, CH 100 45 --- --- --- --- 
 

7.2.5 Analysis Results 

A summary of calculated slope stability factor of safety (FOS) relative to minimum required FOS 
values are provided in the series of tables below. Detailed discussion of results and graphical 
model output is provided in Appendix D.  

Based on the existing and proposed embankment geometry, the calculated FOS generally meet 
or exceed the NRCS criteria at each analyzed cross-section, with the noted exception of the rapid 
drawdown case at Sta. 23+50 according to the conservative NRCS single-stage method.  
However, when using the more common 3-stage rapid drawdown procedure, the calculated FOS 
values are well in excess of the minimum 1.2.  Additionally, the actual inclination of the upstream 
slope based on 2020 topographic survey (3H:1V) is flatter than modeled in the stability analysis 
(2.5H:1V), so the stability analysis results are conservative.  Therefore, acceptable embankment 
performance is anticipated during rapid drawdown conditions and no mitigation measures are 
recommended. 

It is noted that the RCC spillway analysis section FOS values are reported for an applied uniform 
bearing pressure of 1,530 psf to represent the RCC crest structure.  This value is well in excess 
of the average bearing pressure across the 200-foot wide crest structure, and adequate 
performance is expected. 
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Table 7-6. Slope Stability Results – STA. 18+50 – Embankment Crest Modification 

Loading Condition 

Calculated FOS Minimum 
FOS  Downstream 

Slope 
Upstream 

Slope 
End of Construction (Shallow) 5.3 5.6 1.3 
End of Construction (Deep) 4.2 4.3 1.4 
Steady-State Seepage 1.7 --- 1.5 
Rapid Drawdown – ASW to PSW (NRCS Method) --- 1.2 1.2 
Rapid Drawdown – ASW to PSW (3-stage Method) --- 1.9 1.2 
Rapid Drawdown – PSW to Lowest Outlet (NRCS Method) --- 1.9 1.2 
Rapid Drawdown – PSW to Lowest Outlet (3-stage Method) --- 1.9 1.2 
Flood Surcharge (75% PMF / FBH) 1.7 --- 1.4 

 
Table 7-7. Slope Stability Results – STA. 18+50 – RCC Spillway Section 

Loading Condition 

Calculated FOS (1) Minimum 
FOS  Downstream 

Slope 
Upstream 

Slope 
End of Construction (Shallow) 1.9 3.7 1.3 
End of Construction (Deep) 2.5 3.2 1.4 
Steady-State Seepage 1.5 --- 1.5 
Rapid Drawdown – ASW to PSW (NRCS Method) --- 1.2 1.2 
Rapid Drawdown – ASW to PSW (3-stage Method) --- 1.6 1.2 
Rapid Drawdown – PSW to Lowest Outlet (NRCS Method) --- 1.7 1.2 
Rapid Drawdown – PSW to Lowest Outlet (3-stage Method) --- 1.7 1.2 
Flood Surcharge (75% PMF / FBH) 1.5 --- 1.4 
Notes: 
(1) Calculated based on 1,530 psf uniform bearing pressure over footprint of RCC crest structure. 

 
 
Table 7-8. Slope Stability Results – STA. 23+50 – Embankment Crest Modification 

Loading Condition 

Calculated FOS Minimum 
FOS Downstream 

Slope 
Upstream 

Slope 
End of Construction (Shallow) 3.2 3.1 1.3 
End of Construction (Deep) 2.5 3.0 1.4 
Steady-State Seepage 1.5 --- 1.5 
Rapid Drawdown – ASW to PSW (NRCS Method) --- 1.1* 1.2 
Rapid Drawdown – ASW to PSW (3-stage Method) --- 1.5 1.2 
Rapid Drawdown – PSW to Lowest Outlet (NRCS Method) --- 1.1* 1.2 
Rapid Drawdown – PSW to Lowest Outlet (3-stage Method) --- 1.4 1.2 
Flood Surcharge (75% PMF / FBH) 1.4 --- 1.4 
Notes: 
* - See discussion in text Section 7.2.5. 
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Table 7-9. Slope Stability Results – STA. 23+50 – Embankment Reconstruction at New PSW 

Loading Condition 

Calculated FOS Minimum 
FOS Downstream 

Slope 
Upstream 

Slope 
End of Construction (Shallow) 3.2 2.9 1.3 
End of Construction (Deep) 2.6 2.8 1.4 
Steady-State Seepage 1.6 --- 1.5 
Rapid Drawdown – ASW to PSW (NRCS Method) --- 1.1* 1.2 
Rapid Drawdown – ASW to PSW (3-stage Method) --- 1.4 1.2 
Rapid Drawdown – PSW to Lowest Outlet (NRCS Method) --- 1.1* 1.2 
Rapid Drawdown – PSW to Lowest Outlet (3-stage Method) --- 1.3 1.2 
Flood Surcharge (75% PMF / FBH) 1.4 --- 1.4 
Notes: 
* - See discussion in text Section 7.2.5. 
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8. Embankment and Foundation Design 

8.1 Embankment Settlement  

8.1.1 Dam Embankment  

The Plum Creek 2 rehabilitation will not include a raise of the embankment crest or flattening of 
either the upstream or downstream slopes, and thus the embankment prism will remain largely 
unchanged by the rehabilitation.  Except for the areas of the new PSW and RCC spillway, 
modification of the existing embankment will be limited to minor amounts of new fill to level the 
embankment crest, and possibly some minor cut/fill grading to smooth the embankment slopes. 
Consequently, anticipated settlement of the embankment is minor to negligible. 

Construction of the proposed new PSW structures will require a full breach excavation of the dam 
embankment.  Preliminary design grades indicate the excavation will extend to a minimum El. 
631, which is approximately 31 feet below the existing embankment crest.  Following installation 
of the PSW, the embankment will be reconstructed back  to current grade using embankment fill.  
While negligible settlement is expected in the underlying foundation soils, self-weight 
consolidation of the new 31-foot thick clay fill needs to be considered to evaluate the need for 
overbuild at the crest.  Assuming self-weight consolidation of the new compacted fill is about 1% 
of the fill height, total settlement at the re-constructed crest is estimated to be about 4 inches.  It 
is expected that a fraction of this settlement will occur during construction, possibly 25 to 50 
percent due to the unsaturated condition of the material.  Based on uncertainty regarding 
construction duration and the time rate of settlement, an embankment crest overbuild of 6 inches 
is recommended at the proposed PSW installation.         

8.1.2 Training Dikes 

Preliminary design drawings indicate that construction of training dikes (berms) will be required 
to contain flows on both sides of the proposed ASW channel widening and right side of the 
proposed outlet channel for the RCC spillway.  Training dikes are expected to be on the order of 
5 to 8 feet in height with crest width of about 12 feet and 3H:1V sideslopes.  Estimates of 
settlement associated with the proposed training dikes were developed to evaluate need for 
potential overbuild.  Selected consolidation parameters for analysis are provided in Table 8-1.  

Settlement analyses were conducted according to Terzaghi’s one-dimensional theory of 
consolidation using a spreadsheet developed by AECOM. The analysis modeled the proposed 
dike geometry as a non-uniform distributed load of infinite length to estimate consolidation 
settlement in the underlying foundations soils.  The  distribution of surface stresses with depth 
was estimated according to Boussinesq’s equations which incorporate the theory of elasticity. 

Results of the settlement analysis indicate that the estimated maximum fill-induced consolidation 
settlement in foundation soils under the training dikes for the ASW and RCC spillway is about 1.8 
and 1.5 inches, respectively. Given the relatively minor amount of estimated settlement, overbuild 
of the training dikes is likely not required.   

Analysis input parameters, calculations, and results are provided in Appendix G.   

Settlement estimates for each of the proposed PSW and RCC spillway structures are discussed 
later in Section 8.2. 
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Table 8-1. Selected Consolidation Parameters for Embankment Settlement Analysis  

Material γ (pcf) e0 Min. 
OCR 

Minimum 
P’c (psf) Cc Cr Es (ksf) Cv (ft2/day) 

Exist. Embankment Fill  125 0.60 2.0 4,000 0.20 0.030 --- 1E-03 
Alluvium/DS Fill 123 0.65 2.0 4,000 0.20 0.030 --- 1E-02 
Residuum 126 0.60 2.0 4,000 0.20 0.030 --- 1E-02 
Shale 130 0.50 --- 4,000 --- --- --- --- 
New Embankment Fill 125 0.65 2.0 3,000 0.20 0.020 --- 1E-03 
Notes: 

1. Abbreviations legend: 
1) γ – Total Moist Unit Weight 
2) e0 – 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 
8) Cv – Coefficient of consolidation 

 

8.2 Foundation Design Analyses 
Geotechnical analyses and recommendations for proposed spillway structure foundations are 
provided in the following sections. Specifically, these include the proposed PSW structures (Inlet 
Tower, Impact Basin, and Conduit pipe) and the proposed RCC spillway structures (Crest 
Structure, Chute Structure, and Stilling Basin). 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 

Based on the results of laboratory testing discussed previously and AECOM’s experience with 
similar structures at other sites in similar geology, the existing embankment fill and foundation 
materials range from slightly to highly expansive.  Expansive soils experience shrink/swell 
movements in response to seasonal wetting and drying cycles.  When restrained from movement, 
expansive soils can exert high swelling pressure on adjacent structures.  In cases where the 
weight of the structure is less than the swell pressure of the soil, excessive total/differential 
movement may occur.  Excessive movement and/or increased loading associated with swelling 
(e.g. walls) may lead to structure distress.   

The site soils are expected to range from slightly expansive to highly expansive.  The LPR 
materials and zones of Embankment Fill constructed from LPR, with USCS classification such as 
CL-ML, CL, ML, and SC and with PI < 20, are expected to have low to moderate swell potential.  
Moderate to high swell potential is expected for the Embankment Fill, Downstream Fill, Alluvium, 
and MPR with USCS classifications such as CH, CL-CH, and SC with PI > 20. Consequently, 
proposed structures (particularly the lightly-loaded slab for the overtopping RCC spillway) founded 
on these materials may be susceptible to excessive shrink/swell movements and related distress. 
In general, mitigation options may include one or more of the following: 
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• 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. Typical low-permeability replacement materials include imported non-
expansive cohesive borrow material, additional RCC thickness, lime-treated high-plasticity 
soils from on-site borrow sources, and/or moisture-conditioned low-plasticity soils from on-
site soils.  In areas where underlying soils are not required to serve as a low-permeability 
hydraulic barrier (e.g., below the PSW inlet tower, PSW impact basin, and RCC spillway 
stilling basin), engineered structural fill consisting of well-graded crushed aggregate such as 
flexbase may be suitable replacement material.  

• 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, it has been assumed that overexcavation/replacement is preferable mitigation 
approach for its relative simplicity. This is also based on the anticipated low anchor bond strength 
of site soils and significant depth to strata with higher bond strength, increased complexity and 
specialty construction associated with anchored systems, and additional quality assurance and 
quality control (QA/QC) measures required during construction. Accordingly, preliminary 
subgrade preparation recommendations utilizing this approach are provided specific to each 
proposed structure in the following sections. 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 when restrained from swelling. Additionally, 
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 discussion in Section 
8.4). 

8.2.1.2 Expansive Soil Heave Analysis Procedure 

The clayey, moderately- to highly-plastic soils at the site have been identified as potentially 
expansive.  In general, soil swell cannot occur when the effective vertical confining pressure is 
equal to or greater than the swell pressure of the soil.  However, at vertical confining pressures 
less than the swell pressure, the soils can be expected to shrink/swell in response to moisture 
content changes, resulting in cycles of vertical heave (i.e., swell from wetting) and settlement (i.e., 
shrinkage from drying) at the ground surface.  The shrink/swell movement can be problematic for 
overlying structures supported on shallow foundations.   

Heave analyses were conducted to develop estimates of potential vertical heave (in inches) for 
proposed structures supported on shallow foundations (i.e., RCC spillway and PSW structures).  
As presented earlier in this report, results of laboratory swell tests were used to estimate swell 
pressure, and constant-volume swell tests with an unloading phase were used to estimate the 
percent swell at confining stresses less than the swell pressure. 

The heave analyses were performed analogous to a “reverse-consolidation” process, whereby 
the foundation soils are sub-divided into layers and volume change (swelling) is assumed to occur 
in layers where the effective stress is less than the measured swell pressure. The effective stress 
is a function of the soil self-weight, pore water pressure from groundwater, and the sustained 
foundation load (the simplified 2:1 load dissipation with depth was assumed). Swelling in each 



Soil Mechanics Report Draft  
 

  
Project reference: TSSWCB IDIQ-AECOM-2018-79017 

Project number: 60615067 
 

 
      
TSSWCB_Plum2_SMR_FINAL_2021.07.02_clean.docx 

AECOM 
61 

 

soil layer is calculated based on the swelling strain index, Csε which is defined as the linear slope 
of the strain vs. log-pressure curve from each swell test. The total heave is the summation of 
calculated swell in each layer below the foundation base. 

Heave is assumed to only occur within the “active zone” (i.e., zone of seasonal moisture 
fluctuation), which is generally assumed to be the upper 15 feet below lowest surrounding finished 
grade, which is common practice in Central Texas. In order to capture the variability of the swell 
test results, each structure was evaluated based on individual swell test results applied to the 
entire subgrade separately (as opposed to assigning swell properties from each test to specific 
depth intervals in a single analysis).  The analyses for the RCC spillway assumed a minimum 2-
foot overexcavation / replacement with non-expansive soils under the base of each structure 
foundation to account for the proposed underdrain system. 

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 short-term subgrade drying associated 
with the construction phase followed by a restoration of the reservoir pool. 

Where the calculated heave was judged to be excessive, the analyses were repeated assuming  
additional overexcavation / replacement with non-expansive soils under the base of each 
structure foundation. The analyses were performed to obtain estimates of the thickness of 
overexcavation / replacement required to limit total heave to 1 inch or less and 1.5 inches or less.   

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 H. 

The results of the analyses indicate that the estimated heave for each structure varies 
considerably depending on which swell test results were considered.  For the RCC spillway 
walls and 3-foot thick RCC slab, estimated heave ranges from negligible to nearly 3 inches 
without expansive soil mitigation (typically 1 to 2 inches for walls and about 2 inches for the 
slab).  Estimated heave for the PSW structures ranged from about 2 to 3 inches without 
expansive soil mitigation, but the results are based on a single swell test.  The results suggest 
that there is significant risk that expansive soil heave will exceed the tolerable limits for a 
number of the structures analyzed, and confirm the need for overexcavation/replacement to limit 
heave to tolerable levels.   

In order to limit total heave to tolerable levels (considered to be about 1.5 inches or less based 
on discussions with structural engineers), a uniform overexcavation / replacement depth of 
about 7 feet below the bottom-of-slab elevation is suggested for the RCC crest structure, chute 
structure, and stilling basin. Additionally, overexcavation / replacement depths of 2 feet and 6 
feet below the proposed bottom-of-slab elevation are recommended for the PSW inlet tower and 
PSW impact basin foundations, respectively.  The shallower depth recommended for the inlet 
tower is because the footing will be permanently submerged, limiting the long-term potential for 
changes in subgrade moisture content (and thus shrink/swell behavior). 

The magnitude of differential heave is more difficult to estimate, but is commonly assumed to be 
approximately 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 (i.e., 
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at the RCC wall / slab interface).  Structures with relatively higher sustained design bearing 
pressures aid to counteract expansive swelling forces from subgrade soils.      

Most of the proposed PSW conduit will be buried under a significant thickness of embankment 
fill, which will provide resistance to counteract subgrade shrink/swell movements. However, near 
the ends of the pipe, cover soil thickness may not be adequate to counteract expansive soil 
swelling. Where final grading design provides less than 10 feet of soil cover on the conduit, a 
minimum overexcavation of 2 feet below the cradle and replacement with non-expansive 
compacted fill should be performed.  

Recommendations based on the analysis results are summarized in Table 8-3.  

Table 8-2. Summary of Heave Analyses 

Proposed 
Structure Foundation 

Assumed 
Active Zone 
Depth (feet 
below finish 

grade) 

Range of 
Calculated 

Total 
Heave 

(inches) 
with No 

Mitigation 

Range of Calculated 
Remove / Replace 

Depths (feet) 
required to Limit 
Total Heave to 

Specified Amount 

Potential Non-Expansive 
Replacement Material 

1.5 inch 1 inch 
RCC Crest 
Structure  

RCC Walls 15 0.1 to 2.0 2 to 3 2 to 3 Import Embankment Fill, 
Filter Material, or RCC RCC Slab 15 0.5 to 2.2 2 to 7 2 to 6 

RCC Chute 
Structure 

RCC Walls 15 0 to 0.9 2 2 Import Embankment Fill, 
Filter Material, or RCC RCC Slab 15 0 to 2.2 2 to 7 2 to 6 

RCC Stilling 
Basin Structure 

RCC Walls 15 0 to 1.7 2 to 7 2 to 4 Import Embankment Fill, 
Filter Material, or RCC RCC Slab 15 0.8 to 2.9 2 to 9 2 to 7 

PSW Structure 

Inlet Tower 8 2.8 4 2 Flexbase 
Impact Basin 15 2.4 8 6 Flexbase 

Conduit 15 (see text) (see text) (see 
text) 

Flexbase(2), Import 
Embankment fill 

Notes: 
(1)  Minimum 2 feet is recommended for all structures regardless of estimated and tolerable heave. 
(2)  Flexbase only permitted in downstream and upstream 20 feet of conduit; continuous flexbase placement under 
conduit would produce undesirable preferential seepage path through the embankment foundation and should not 
be performed. 
 

   

8.2.2 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 increase 
in stress 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. 

Analyses were performed using estimated consolidation parameters (Table 8-1) based on results 
of consolidation tests, correlations with field and laboratory test data, and results of consolidation 
tests from other projects sites in Central Texas with similar geology.   

Estimated settlement for each of the proposed structures analyzed is less than 1.5 inches, which 
is generally within tolerable limits for shallow foundations. Note that for the Inlet Tower and Impact 
Basin, settlement analyses assume a minimum of 2 feet of overexcavation below the footing 
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bearing elevation and replacement with compacted, well-graded, crushed aggregate flexible base 
(flexbase) material to limit settlement to tolerable levels.  

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

8.2.3 Bearing Capacity 

Allowable bearing capacity was calculated for each of the 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. Allowable bearing 
capacity was based on a factor of safety of 3.0 against general shear.  

Actual design bearing pressures for the structures are not finalized at this time, but based on 
experience with similar projects, the calculated allowable bearing pressures likely meet or exceed 
the design maximum bearing pressures. The results are summarized in Table 8-3. Calculations 
are provided in Appendix H. 

8.2.4 Hydrostatic Uplift 

The foundations for several structures will bear near or below the estimated groundwater table. 
Consequently, these foundations will be subject to hydrostatic uplift forces. In the event that the 
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 for normal conditions, 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 option for expansive soils).  

Recommended groundwater levels to be used in hydrostatic uplift calculations are provided in 
Table 8-3. The table provides recommended “typical” groundwater values during normal 
operation of the dam, as well as “maximum” values during ASW activation flows.  A slightly lower 
factor of safety may be acceptable during extreme operating conditions. 

8.2.5 Lateral Earth Pressures 

The proposed PSW structures (inlet tower, impact basin, and conduit pipe) and training walls of 
the RCC spillway structures (crest structure, chute structure, and stilling basin)  will be subjected 
to lateral earth pressures.   

Due to the need to provide a hydraulic barrier around the outside of the overtopping RCC spillway, 
low-permeability embankment fill materials will be required as wall backfill for sections of the RCC 
spillway training walls located upstream of the existing embankment crest. Inclusion of an 
underdrain system upstream of the crest 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 11.2. 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 embankment 
crest (i.e., including the training walls for the chute structure and stilling basin), a fine aggregate 
chimney drain is permissible to provide wall drainage. Recommendations for the wall drainage is 
provided in Section 8.4. 
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For design, compacted embankment fill (assuming imported low-plasticity soil with USCS 
designation CL or SC) should consider a moist total unit weight of 126 pcf, and saturated total 
unit weight of 128 pcf. A drained friction angle of 25 degrees is recommended for embankment fill 
materials based on results of shear strength tests, and published correlations with Atterberg limits 
and clay fraction. Calculations for lateral earth pressures are provided in Appendix I. The 
resulting earth pressure coefficients are summarized as follows: 

• Active earth pressure coefficient, KA = 0.41 (horizontal backfill) 

• Active earth pressure coefficient, KA = 0.55 (3H:1V sloping backfill) 

• At-rest earth pressure coefficient, K0 = 0.58 (horizontal backfill) 

• At-rest earth pressure coefficient, K0 = 0.76 (3H:1V sloping backfill) 

• 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 8-3. 

8.2.6 Sliding Resistance 

Resistance to lateral loads is provided by the frictional resistance between the base of the 
concrete/RCC foundation and underlying soil subgrade, and is represented as the ultimate 
coefficient of sliding friction (μ).  Recommended values of μ specific to each structure is 
provided in Table 8-3. 

The recommended values assume that the interface friction between the soil and concrete (or 
soil and RCC) is 75% of the internal shear strength of the soil, i.e., 0.75*tan(ϕ’).  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 foundation and underlying soil.  
However, the value of μ at the concrete/soil interface should be compared against the interface 
friction between any improved soil and weaker natural subgrade below the foundation, and the 
smaller of the two values should be used. Calculations for sliding resistance parameters are 
provided in Appendix I. 

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

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.  
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Table 8-3. Summary of Foundation Design Analysis Results and Recommendations 

Location Structure 

Foundation Bearing 
Level 

Footing 
Dimension, 
B x L (feet) 

Bearing 
Stratum 

Min. 
Overex / 
Replace 
Depth 
Below 

Footing 
(feet) 

Proposed Fill Materials (1) Friction Angle, ϕ’ 
(deg)  

Subgrade Ultimate Coeff. of 
Sliding Friction, μ (3) Backfill Unit 

Weight (pcf) Design 
Bearing 

Pressure 
(psf) (4) 

Allowable 
Bearing 
Capacity 
(psf) (5) 

Calc’d. 
Max. Total 
Settlement 

(inch) (6) 

Calc’d. 
Expansive 

Soil 
Heave 

(inch) (7) 

Design GW for 
Buoyancy and 

Earth Pressures  
(ft NAVD88)  (8) Elev.  (ft 

NAVD88) 

 Depth 
Below 

Existing 
(ft) 

Under 
Structure 

Retained 
Zone 

Sub-
grade 

(2) 

Retain. 
Fill 

No 
Shear 
Key 

With 
Shear 
Key 

(Case 1) 

With 
Shear 
Key 

(Case 2) 

Moist  Sat. 

Proposed 
RCC Spillway 
–  Crest 
Structure 

RCC Walls  El. 655.5 3 to 7 11.33 x 30 Embankment 
Zone 1 and 

Zone 2  

8 
Import Import 

25 25 0.35 0.47 0.47 126 128 1,500 1,500 < 1.5 < 1.5 El. 640 (typ.) 
El. 658.6 (max.) 

RCC Chute 
Slab El. 655.5 3 to 7 30 x 190 8 

Import  Import  
25 --- 0.35 0.47 0.47 --- --- 500 OK < 1.5 < 1.5 El. 640 (typ.) 

El. 658.6 (max.) 

Proposed 
RCC Spillway 
–  Chute  
Structure 

RCC Walls 
Varies; 

El. 655.5 
to 638.7 

5 to 6.5 11.33 x 48 Embankment 
Zone 2, 

Alluvium, 
Residuum 

8 Drainfill Import 33 25 0.49 0.65 0.47 126 128 1,800 2,000 < 1.5 < 1.5 
Varies;  

El. 647-638 (typ.) 
El. 647-644 (max.) 

RCC Chute 
Slab 

Varies; 
El. 655.5 
to 638.7 

5 to 6.5 48 x 190 8 Drainfill Import 33 --- 0.49 0.65 0.47 --- --- 500 OK < 1.5 < 1.5 
Varies;  

El. 647-638 (typ.) 
El. 647-644 (max.) 

Proposed 
RCC Spillway 
–  Stilling 
Basin 

RCC Walls El. 638.7 10 11.33 x 24 
Residuum 

8 Import Import 25 25 0.35 0.47 0.47 126 128 2,000 2,000 < 1.5 < 1.5 El. 638 (typ.) 
El. 644 (max.) 

RCC Chute 
Slab El. 638.7 10 24 x 190 8 Import Import 25 --- 0.35 0.47 0.47 --- --- 500 OK < 1.5 < 1.5 El. 638 (typ.) 

El. 644 (max.) 

Proposed 
PSW 
Structures  

Impact 
Basin El. 626.5 8.5 to 6.6 19.6 x 

24.75 Residuum 5 Flexbase Import 32 25 0.47 0.62 0.42 126 128 2,000 2,500 < 1.5 < 1.5 El. 620 (typ.) 
El. 630 (max.) 

Inlet Tower El. 630 3 to 10 13.5 x 20.5 Residuum 3 Flexbase Import  32 25 0.47 0.62 0.42 126 128 1,500 2,000 < 1.5 < 1.5 El. 640 (typ.) 
El. 660 (max.) 

Conduit 
Pipe 

Varies; 
El. 631.5 

to 630 
5.7 to 33.8 5.8 x 166.0 Residuum See Note 

9 
See Note 

9 Import  23 25 0.32 0.42 0.42 126 128 n/a OK < 1.5 < 1.5 
Varies;  

El. 640-620 (typ.) 
El. 660-630 (max.) 

 Notes: 
1) Description of fill materials: 

a) Import:  Imported non-expansive, low plasticity clayey earth fill material meeting requirements of Table 8-5. 
b) Drainfill:  ASTM C-33 No. 8 or 89 aggregates placed and compacted according to the requirements of Section 8.4. 
c) Borrow:  Non-expansive, low plasticity clayey earth fill material obtained from on-site borrow area and/or required excavations and meeting requirements of  Table 8-5.  
d) Subgrade:  Existing in-situ subgrade materials prepared according to the requirements of Section 9.4. 
e) Flexbase:  Well-graded crushed aggregate material meeting requirements of Section 8.5. 

2) Subgrade material in direct contact with bottom of structure footing.   
3) Friction between cast-in-place concrete and prepared subgrade considering 75% of the internal friction angle of soil (i.e., 0.75*tanϕ’).  If shear keys are provided on foundations, the full soil friction of native subgrade may be used (i.e., 1.0*tanϕ’), shown as Case 1.  Sliding 

friction along interface of underlying weaker subgrade layer controls when shear keys fully-penetrate high quality fill layer under slab (shown as Case 2). 
4) Values not available at this time from project structural engineer;  estimated from experience with similar projects. 
5) Based on FOS=3 for against general shear failure for static loading. Reported as the lower of drained vs. undrained strengths.   Values limited by settlement and/or slope stability considerations in some cases.  
6) Analyzed for the larger of design bearing pressure or allowable bearing pressure. 
7) Analyzed for the lower of design bearing pressure or allowable bearing pressure. Estimated value with specified minimum overexcavation/replacement; larger values expected otherwise.  Estimate based on analysis of each individual swell test result applied to various 

structures’ loading and geometry. 
8) Recommend groundwater level for buoyancy and earth pressures may vary from that used in geotechnical design calculations (e.g., bearing capacity, settlement, heave, slope stability).  Reported as PSW crest elevation for PSW Inlet Tower. 
9) Where final grading specifies the conduit is buried under less than 10 feet of cover soil, overexcavate 2 feet below the pipe cradle and replace with non-expansive Imported Embankment Fill or Flexbase. 
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8.3 Foundation Subgrade Preparation and Inspection 

8.3.1 RCC Spillway – Crest Structure 

Recommendations for subgrade preparation for the RCC chute and walls on the crest of the 
embankment includes over-excavating 8 feet below the proposed bottom-of-slab elevation and 
replacing with non-expansive fill. The required depth of overexcavation is based on removing 
expansive soils to limit the estimated potential vertical heave to  tolerable levels (estimated to be 
1.5 inches). Excavated materials may be stockpiled and tested to confirm they will be suitable for 
re-use as compacted earth fill.  Materials found to be unsuitable due to high plasticity could 
possibly be lime treated to meet embankment fill specifications, or be used elsewhere as shown 
on the drawings.  

The subgrade should be inspected by a qualified professional as specified in Section 9.4. Prior 
to receiving fill material, the subgrade should be scarified, moisture conditioned, and recompacted 
as specified in Section 9.4. Fill placement and compaction should be in accordance with 
recommendations in Section 8.5. 

Continuous reinforced concrete turn-down keys should be cast into the RCC slab on both the 
upstream and downstream ends of the crest structure 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. 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 the overecavation / 
replacement zone is not feasible, an embankment key trench can be constructed to penetrate 2 
feet below the surrounding subgrade elevation to provide seepage cutoff along the subgrade/fill 
interface.   

8.3.2 RCC Spillway – Chute Structure 

Recommendations for subgrade preparation for the RCC chute and walls on the crest of the 
embankment includes over-excavating 8 feet below the proposed bottom-of-slab elevation and 
replacing with non-expansive fill. The required depth of overexcavation is based on removing 
expansive soils to limit the estimated potential vertical heave to tolerable levels (estimated to be 
1.5 inches).  Excavated materials may be stockpiled and tested to confirm they will be suitable for 
re-use as compacted earth fill.  Materials found to be unsuitable due to high plasticity could 
possibly be lime treated to meet embankment fill specifications, or be used elsewhere as shown 
on the drawings.  

In locations where earth fill (embankment fill) will be placed directly onto the prepared sloping 
subgrade surface, horizontal benched excavations each less than 1 feet in height and at least 2 
feet in width should be cut into the downstream slope face to preclude development of preferential 
slip planes at the materials interface.  Benched excavations are not required where aggregate 
drain fill will be placed directly onto the prepared subgrade. 

The subgrade should be inspected by a qualified professional as specified in Section 9.4. Prior 
to receiving fill material, the subgrade should be scarified, moisture conditioned, and recompacted 
as specified in Section 9.4. Fill placement and compaction should be in accordance with 
recommendations in Section 8.5. 
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8.3.3 RCC Spillway – Stilling Basin 

Recommendations for subgrade preparation for the RCC stilling basin at the downstream toe of 
the embankment includes over-excavating 8 feet below the proposed bottom-of-slab elevation 
and replacing with non-expansive fill. The required depth of overexcavation is based on removing 
expansive soils to limit the estimated potential vertical heave to  tolerable levels (estimated to be 
1.5 inches).  Excavated materials may be stockpiled and tested to confirm they will be suitable for 
re-use as compacted earth fill.  Materials found to be unsuitable due to high plasticity could 
possibly be lime treated to meet embankment fill specifications, or be used elsewhere as shown 
on the drawings. 

In order to counteract hydrostatic pressures and reduce the magnitude to swelling and potential 
for structure heave, mitigation measures may be required for the foundation of this structure. 
Options to address hydrostatic pressure may include over-excavating the subgrade materials and 
increasing the thickness of the RCC. Grouted soil/rock anchors may also be considered to provide 
uplift resistance on the RCC slab. These measures would also be effective in reducing expansive 
soil-related heave. For this project, it has been assumed that only overexcavation / replacement 
is preferable for the stilling basin structures.  

The subgrade should be inspected by a qualified professional as specified in Section 9.4. Prior 
to receiving fill material, the subgrade should be scarified, moisture conditioned, and recompacted 
as specified in Section 9.4. Fill placement and compaction should be in accordance with 
recommendations in Section 8.5. 

Groundwater seepage may be encountered in the excavation. Dewatering should be employed 
by the Contractor to maintain dry excavation as recommended in Section 9.3. 

8.3.4 PSW Inlet Tower 

The 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.   

Subgrade preparation for the PSW inlet tower will include over-excavating a minimum depth of 2 
feet below the proposed footing level and replacement with compacted flexbase material. to 
mitigate risk of expansive soil-related swelling and heave (see Section 10.1.3). The purpose is 
to remove soft surficial soils to reduce settlement, mitigate risk of expansive soil-related swelling 
and heave, and increase friction along the subgrade/footing interface. This overexcavation depth 
may need to be extended based on field observations during construction to remove 
soft/compressible materials that could not be identified during the field GI. Excavated materials 
may be stockpiled and tested for re-use suitability.  

The subgrade should be excavated to planned subgrade elevation and be inspected by a qualified 
professional as specified in Section 9.4. Prior to receiving fill material, the subgrade should be 
scarified, moisture conditioned, and recompacted as specified in Section 9.4.  

Groundwater seepage may be encountered in the excavation, even after reservoir drawdown.  
Dewatering should be employed by the Contractor to maintain dry excavation as recommended 
in Section 9.3. 

8.3.5 PSW 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 
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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. A filter 
diaphragm is required around the conduit pipe (see Section 8.4). Design of the PSW conduit 
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 9.4. Prior to receiving fill material, the subgrade should be 
scarified, moisture conditioned, and recompacted as specified in Section 9.3.  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.   

Groundwater seepage may be encountered in the excavation. Dewatering should be employed 
by the Contractor to maintain dry excavation as recommended in Section 9.3.   

8.3.6 PSW Impact Basin 

Recommendations for subgrade preparation for the PSW impact basin includes over-excavating 
below the proposed bottom-of-slab elevation at least 2 feet and replacing with flexbase fill. 
Excavated materials may be stockpiled and tested to confirm they will be suitable for re-use as 
compacted earth fill.  

The subgrade should be inspected by a qualified professional as specified in Section 9.4. Prior 
to receiving fill material, the subgrade should be scarified, moisture conditioned, and recompacted 
as specified in Section 9.4. Fill placement should be in accordance with recommendations in 
Section 8.5. 

Groundwater seepage may be encountered in the excavation. Dewatering should be employed 
by the Contractor to maintain dry excavation as recommended in Section 19.3. 
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8.4 Internal Drainage Design 
Internal drainage material are intended to intercept potential seepage along preferential pathways 
(e.g., lift boundaries, more pervious layers, cracks/fissures) within the embankment and/or 
foundation materials. Properly designed internal drainage materials filter seepage without 
restricting seepage flows and prevent particle migration. Internal drainage measures may also 
serve to improve 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. 

8.4.1 Filter Compatibility 

Filter compatibility analyses were conducted to estimate the necessary gradations for internal 
drainage/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 calculations and results 
are provided in Appendix J.  

Results of the filter compatibility analysis indicate ASTM C-33 Fine Aggregate (a standardized 
commercial gradation commonly available) is not suitable as Fine Filter material based on the 
gradations of the existing soil materials near the dam and proposed on-site borrow sources. While 
the fine gradation band of the ASTM C-33 Fine Aggregate falls within the design filter limits, the 
coarse gradation band is coarser than the design filter limits for each of the base soil materials 
considered. This is primarily attributed to the relatively small d85 particle sizes of the clayey on-
site materials. Therefore, a non-standard gradation is recommended for design of the Fine Filter 
materials is shown in Table 8-3.  

Filter compatibility analyses indicate that non-standard gradation is also required for Coarse 
Filter materials.  The non-standard gradation is recommended for design of the Coarse Filter 
materials is shown in Table 8-4.. 

The filter compatibility analysis results indicate the slotted/perforated drainpipes installed in an 
envelope of Coarse Filter materials should have a maximum slot/perforation size of 1 mm (0.04 
inches).  Slotted/perforated drainpipes should not be installed in contact with Fine Filter, 
embankment fill, or other materials. 
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Table 8-4. Recommended Fine Filter Gradation 

Sieve 
Size 

Particle 
Size (mm) 

Recommended Gradation of Fine Filter – 
Percent Finer by Weight 

Coarse Band Fine Band 
3/8” 9.5 100 --- 
#4 4.75 100 --- 
#8 2.36 90 100 

#16 1.18 65 100 
#30 0.6 45 90 
#50 0.3 45 93 
#100 0.15 7 40 
#200 0.074 0 3 

 

Table 8-5. Recommended Coarse Filter Gradation 

Sieve 
Size 

Particle 
Size (mm) 

Recommended Gradation of Coarse Filter 
for Design – Percent Finer 

Coarse Band Fine Band 
2 in. 50 100 --- 
1 in. 25 90 100 
½ in. 12.7 75 100 
3/8” 9.5 65 100 
#4 4.75 45 90 

#10 2 20 65 
#18 1 3 50 
#40 0.425 0 25 
#100 0.15 0 8 
#200 0.074 0 5 

 

8.4.2 Embankment Toe Drain 

The existing embankment does not have a toe drain.  Based on lack of historic seepage problems, 
and the fact that the geometry of the embankment prism will not be modified as part of the dam 
rehabilitation, AECOM believes that installation of a new toe drain is not required.  

8.4.3 Proposed Filter Diaphragm – Existing and Proposed PSWs 

A filter diaphragm is required around the new PSW conduit to control seepage flow and prevent 
a piping condition from developing.   

Additionally, it is recommended that the abandonment of the existing PSW also included a new 
filter diaphragm.  This recommendation is based on the fact that the current abandonment 
strategy is to leave the existing conduit pipe in place under the dam, and that the conduit was 
constructed with problematic concrete anti-seep collars and no existing filter diaphragm. 

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).  

2. Filter diaphragm materials should consist of Fine Filter (see Table 8-3). 
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3. Filter diaphragm should be located downstream of the embankment crest centerline, and 
maintain a minimum cover of 2 feet of embankment fill 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 fill material should be 
maintained in all directions. 

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 Filter (see Table 8-3). 
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. If required to provide sufficient flow capacity, minimum 6-inch diameter, slotted Schedule 80 

PVC piping should be provided in each strip drain surrounded by a layer of Coarse Filter 
(see Section 8.4.1) on all sides. Pipes with slotted perforations should have a minimum of 
two (2) rows of slots along the bottom half of the pipe separated by an arc of between 60 
and 125 degrees (i.e., one row between roughly the 4 and 5 o’clock positions and one row 
roughly between the 6 and 7 o’clock positions). Pipes with round perforations should have 
at least 4 rows of perforations, with the two lowest rows separated by an arc of between 60 
and 125 degrees. 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. 

8.4.4 Underdrain for RCC Spillway  

A continuous underdrain blanket providing both filtering and drainage functions will be included 
under the RCC spillway. The underdrain will be constructed over the full height of the exposed 
slope face. 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.  The laterals will be constructed at regular horizontal spacing to drain 
seepage that could accumulate within the underdrain and collection pipes. 

The RCC chute underdrain should consist of Fine Filter material placed onto the prepared 
subgrade, and overlain by a Coarse Filter layer extending to the base of the 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 
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RCC slab.  A cover of Coarse Filter material should be provided around all PVC piping. The 
underdrain should be designed to satisfy filter compatibility requirements and sized for estimated 
seepage flows. Gradation design for fine and coarse aggregates is provided in Section 8.4.1.  

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 clayey layer should 
provide an adequate low-permeability hydraulic barrier between the underdrain and the 
underlying expansive soils so as to limit seepage into the subgrade, 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, 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.  

8.4.5 Wall Drain – RCC Spillway 

Similar to the underdrain for the RCC spillway, it is recommended that no wall drainage system 
be provided for the sections of the RCC spillway walls which are located upstream of the proposed 
embankment crest centerline. This is intended to limit the potential for a hydraulic connection 
between the reservoir and the RCC wall underdrains, which could otherwise lead to excessive 
hydraulic gradient and seepage pressures via shortened seepage path through the dam.  

For RCC walls located downstream of the proposed crest centerline (i.e., the chute structure 
and stilling basin), 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 to 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 in 
any direction, and should consist of a vertical layer of Coarse Filter material against the back of 
the wall surrounded by Fine Filter material to prevent direct contact 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 into the chimney drain. Gradation design of the Fine 
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and Coarse Filter materials is provided in Section 8.4.1. A slotted or perforated underdrain pipe 
within the Coarse Filter layer may be included to discharge seepage to the stilling basin. 

8.4.6 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. 

8.5 Borrow Material Specification and Embankment Zoning   

8.5.1 Embankment Material Specifications  

Based on the results of field borrow investigation, suitable on-site materials for embankment fill 
will consist of USCS designations CL, SC, CL-ML, or CH with at least 40% 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). The fill should be free of debris, vegetation, or other deleterious materials, and 
particles larger than 3 inches in diameter. 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 soils. 

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. 
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8.5.2 Embankment Zoning  

In general, lower-plasticity materials should be reserved for the exterior zones of the 
embankment. Higher plasticity materials should be reserved for interior zones of the embankment 
to be protected from the effect of seasonal wetting and drying cycles, which can cause the 
development of shrinkage cracking and subsequent softening and strength loss. Recommended 
zoning and materials properties for interior and exterior fill zones are provided below in Table 8-5. 

Lower-plasticity materials are required for embankment fill placed under and adjacent to proposed 
structures (i.e. RCC spillway and PSW structures).  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. Engineering analyses contained herein assume 
the material requirements for proposed embankment fill will meet those provided in Table 8-5. 

8.5.3 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. 

The finished surface for foundation construction should be maintained throughout construction 
prior to RCC 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.  

For the RCC crest structure, an alternative to continued moisture maintenance of the finished 
embankment surface could 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 construction of the crest structure foundation. If used, the seal slab should be 
placed shortly after completing the embankment surface (i.e., 1 to 2 days). 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 and risk of preferential seepage path. 

8.5.4 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 
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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. 

8.5.5 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. 
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Table 8-6. Recommended Material Specifications and Placement Requirements for Earth Fill 

Proposed Earthfill Types Borrow Source Information Recommended Specifications for Earthfill Materials  

Material 
Type 

Placement 
Location Material Source Referenced Borings 

Typical Depths 
(feet bgs) 

Measured Range of 
Atterberg Limits 

Description and USCS  

Estimated Fill Volumes 
(CY) (5) USCS 

(5) LL PI 

Percent 
Passing 
No. 200 
Sieve 

Compaction 
Reference (6) 

Required 
Relative 

Compaction 
(% of MDD) 

Compaction 
Moisture 

Limits (%) Top Bottom LL PI Available Required 

A Adjacent to 
Structures (1) 

Off-Site Borrow Area 
(Import) --- --- --- --- --- --- --- 1,200 CL, SC, 

CL-ML < 45 7 - 20 40 min. ASTM D698, 
Method A 95 – 100  Opt. + 4 

B Under RCC 
Spillway (2) 

Off-Site Borrow Area 
(Import)  --- --- --- --- --- --- --- 7,700 CL, SC, 

CL-ML < 45 7 - 20 40 min. ASTM D698, 
Method A 98 min. Opt. + 4 

C Interior Zone of 
Embankment (3) 

Borrow Area (Layer B) 101-19 thru 106-19 4 8 35 – 51* 22 – 32* LPR (CL, SC, CL-ML, CH) 54,800 
3,500 CL, SC, 

CH < 60 10 - 35 40 min. ASTM D698, 
Method A 95 – 100  Opt. + 4 

Supplemental Off-Site 
Borrow Area --- --- --- --- --- --- ---- 

D Outer Zone of 
Embankment (3,4) 

Borrow Area (Layer B) 101-19 thru 106-19 4 8 35 – 51* 22 - 32* LPR (CL, SC, CL-ML, CH) (see 
Material C) 

20,100 CL, SC < 50 10 - 30 40 min. ASTM D698, 
Method A 95 – 100  Opt. + 4 

Supplemental Off-Site 
Borrow Area --- --- --- --- --- --- --- 

E 

Auxiliary Spillway 
Channel and 
Berms,  
RCC Spillway 
Outlet Channel 

Borrow Area (Layer C) 101-19 thru 106-19 8 10 51 – 65 33 – 45 MPR (CH) 27,400 

6,800 CH, CL 30 - 75 10 - 55 40 min. ASTM D698, 
Method A 95 – 100  Opt. + 4 

ASW Excavation 8-19, 201-19 thru 209-19 0 5 29 – 53 16 – 32 Alluvium, LPR, and 
Embankment (CL, CH) 8,900 

PSW Embankment 
Excavation 

11-19, 12-19, 304-19, 
1301-19, 1302-19 0 32 34 – 76 20 – 55 Embankment (CL, CH) 14,000 

PSW Downstream Toe 
Excavation 305-19, 603-19 0 11 48 – 71 27 – 48 Fill, Alluvium, and MPR 

(CH, CL) 2,000 

RCC Spillway Embankment 
Excavation 

9-19, 13-20, 14-20, 1701-
20 thru 1705-20 0 15 34 – 74 19 – 50  Embankment (CL, CH) 9,700 

RCC Downstream Toe 
Excavation 601-19, 702-20, 703-20 4 18 31 – 77 15 – 54 LPR and MPR (CL, CH) 7,500 

RCC Outlet Channel 
Excavation 401-20, 402-20 1 4 58 – 82  37 – 62 Alluvium (CH) 5,000 

Notes: 
1) Applies to earthfill zones located within a horizontal distance of 5 feet or the wall height (1H), whichever is larger, and 5 feet above and below structures.  Refer to section 8.5.4 for exceptions. 
2) Applies to earthfill zones within the footprint of the RCC crest foundation, RCC chute, impact basin, inlet tower, conduit pipe, and within 5-foot horizontal distance beyond the footprint.  Within a 20 foot horizontal distance from the final upstream slope face, only natural CL/SC 

soils should be permitted in this zone (no lime-treated soils) to reduce risk of brittle soil behavior / cracking. 
3) Applies to earthfills located a distance greater than 5 feet or the wall height (1H), whichever is greater, beyond structures. 
4) Applies to earthfill placed in the outer 5-ft (vertical) of the embankment. Minimum placement width of 10-ft (horizontal) for embankment reconstruction at the new principal spillway. 
5) Approximate volumes provided by AECOM civil design team (6/30/2021). 
6) All materials shall have no greater than 20% gravel (i.e., percent coarser than the us no. 4 sieve by weight).  Maximum particle size is 2 inches. 
7) Earthfills and backfills near structures to be compacted by hand tamping or with manually-directed power tampers or plate vibrators shall be placed in layers not exceeding 4 inches in thickness before compaction. Maximum allowable particle size for such material shall be 2 

inches. 
8) * – Excludes one outlier sample test results with LL=69 and PI=46 which is not considered to be representative. 
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8.6 Geotechnical Instrumentation 

8.6.1 Piezometers 

Installation of four (4) new open-well (stand-pipe) piezometers will be included in the design 
drawings 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 screened intervals tipped in  
Embankment Fill and/or Alluvium/Residuum depending on location. One (1) piezometer will be 
installed at the crest of the embankment on the outside edge of the RCC overtopping spillway to 
the right of the RCC chute. Two (2) additional piezometers will be installed at the toe of the dam 
immediately adjacent to the outside edge of the right and left walls of the RCC stilling basin. One 
(1) piezometer will be installed on the downstream toe of the dam and will be located adjacent to 
the proposed PSW impact 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. 

Additionally, the existing piezometer at borings 9-19 and 11-19 should be modified (or replaced) 
as part of the construction contract to accommodate the embankment crest modification and allow 
continued readings. The piezometer in boring 702-20 will be abandoned as part of construction 
of the proposed RCC spillway chute. 

8.6.2 Reservoir Staff Gauge 

AECOM understands the existing electronic reservoir stage recorder and rainfall gauge station is 
no longer functional, and had been difficult to operate and maintain in the past.    

AECOM recommends the proposed dam rehabilitation include installation of a manual-read 
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, the reservoir stage recorder and 
rainfall gauge could be repaired to provide supplemental data in between manual readings that 
may be valuable in evaluating hydraulic performance of the dam. 

8.6.3 Survey Monitoring Points 

AECOM recommends the installation of fifteen (15) survey monitoring points on the RCC spillway 
structures, and an additional five (5) survey monitoring points on the PSW spillway structures. 
Proposed location of proposed monitoring points will be included in the design drawings. The 
survey monitoring points will be established on the walls and slab of the RCC spillway structures 
(crest, chute, and stilling basin) and the PSW structures (inlet tower, impact basin) to monitor 
potential settlement and/or heave. Monitoring points should be established, and initial readings 
taken, within 7 days of structure installation and 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.  
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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.  
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9. Construction Considerations 

9.1 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. 

9.2 Excavations 

9.2.1 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 residuum of the Pecan Gap Chalk. 

9.2.2 Temporary Excavation Slopes 

Temporary excavations are the sole responsibility of the Contractor. All temporary excavations 
should comply with OSHA guidelines. Excavations into the dam embankment deeper than 4 feet 
should not exceed an inclination of 2H:1V. 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 excavation at the downstream toe is required to install 
PSW and RCC spillway structures and may encountered shallow groundwater. 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.). 

9.3 Groundwater Control and Dewatering 
Groundwater was encountered in several of the borings completed and will may be encountered 
in subgrade excavations planned for the construction of the proposed ASW and PSW structures 
at the downstream toe. Temporary dewatering is an important consideration for construction of 
the proposed RCC stilling basin, which will be founded near the groundwater levels measured 
during the field investigation in boring 601-19.  

The reservoir level should be lowered to the greatest extent possible prior to construction to 
reduce the 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. 
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Groundwater levels can fluctuate depending on rainfall, runoff conditions, and other factors. The 
proposed filter blanket grades will extend below the static groundwater levels measured in the 
boring at the time of drilling. 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. 

9.4 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. Each contraction joint should include an underlayment of geosynthetic filter fabric 
with apparent opening size (AOS) compatible with the granular underdrain materials.  

9.5 Construction Quality Assurance and Quality Control 

9.5.1 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); and downstream toe of the earth fill embankment raise.  

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 8. 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 gravelly strata if exposed in 
excavations to minimize seepage conveyance under the dam which may adversely affect planned 
structures. 

9.5.2 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 
moisture conditioned to between optimum and +4% of optimum moisture according to 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. 
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For subgrades to receive fill which are steeper than 5H:1V inclination, benched excavations into 
the subgrade will be required prior to fill placement in order to preclude the development of a 
preferential weak plane at the subgrade-fill interface. 

9.5.3 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. 

9.5.4 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 
the most testing. For smaller areas, a minimum of three moisture/density 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. 

Ongoing sampling from the borrow area and/or 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 8. Sampling and testing should occur at the 
following minimum frequencies: 

• LL, PI, and Minus #200:  1 test per 2,500 CY;  

• Crumb test:    1 test per 2,500 CY; 

• Standard Proctor:    1 test per 10,000 CY; and 

• Pinhole test:    1 test per 10,000 CY  
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10. 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 Laboratory Test Results 
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Laboratory Summary Table 
  



Plum Creek FRS No. 2 Dam Rehabilitation Table A1. Laboratory Testing Summary

Top 
Depth

Bottom 
Depth GS Elev. Top 

Elev.
Bottom 
Elev.

Field 
SPT N-
value

Pocket 
Pen. Wc γd γt

Est. 
Deg. of 

Sat

Assumed 
Gs Gravel Sand Pass 

#200
Pass 
2µm Crumb Double 

Hydro Pinhole MDD OMC Organic 
Content

pH 
(H20)

pH 
(CaCL2)

Resist. Chlorides Sulfates

feet feet NAVD88 NAVD88 NAVD88 (bpf) (tsf) (%) (pcf) (pcf) (%) (%) (%) (%) (%) (Gr) (%) (-) (pcf) (%) (%) (-) (-) (ohm-cm) (mg/kg) (mg/kg)
8-19 0 2.0 662.2 662.2 660.2 P-1 Embank. Core CH 4.50 17.5
8-19 2.5 4.0 662.2 659.7 658.2 SS-2 Embank. Core CH 20 13.6
8-19 4 6.0 662.2 658.2 656.2 P-3 Embank. Core CH,CL/CH 4.50 17.6
8-19 6.5 8.0 662.2 655.7 654.2 SS-4 Embank. Core CL/CH 4.50 11.5
8-19 8 10.0 662.2 654.2 652.2 P-5 MPR CL/CH 4.50 17.4
8-19 13 15.0 662.2 649.2 647.2 ST-6 MPR CL/CH 4.50 9.8
8-19 18.5 20.0 662.2 643.7 642.2 SS-7 MPR CL/CH 22 18.7
8-19 23.5 25.0 662.2 638.7 637.2 SS-8 MPR CL/CH 20 22.1
8-19 28.5 30.0 662.2 633.7 632.2 SS-9 MPR CL/CH 24 22.2

9-19 0 2.0 662.4 662.4 660.4 P-1 Embank. Core CH 4.00 CH 18.3 98.1 116.1 0.72 68.9 2.7 0 6 94 58.1 65 24 41 -0.14 1 8.03 300 SP
9-19 2 3.5 662.4 660.4 658.9 SS-2 Embank. Core ML 22 CL 9.7 89.8 40 20 20 -0.52
9-19 4 6.0 662.4 658.4 656.4 P-3 Embank. Core CL/CH 4.50 CH 16.7 104.9 122.4 0.61 74.4 2.7 2.3 11.8 85.9 46.4 68 25 43 -0.19 1 7.68 400 SP
9-19 6 7.5 662.4 656.4 654.9 SS-4 Embank. Core CL/CH 20 14.2
9-19 8 10.0 662.4 654.4 652.4 ST-5 Embank. Core CH 4.50 CH 20.1 106.8 128.3 0.58 94.0 2.7 97.5 74 24 50 -0.08 UC, Consol.
9-19 13 15.0 662.4 649.4 647.4 P-6 Embank. Core CL/CH 4.25 CH 20.5 97.9 118.0 0.72 76.8 2.7 3.2 16.2 80.6 48.5 60 26 34 -0.16 1 7.92 1,300 SP
9-19 18.5 20.0 662.4 643.9 642.4 SS-7 MPR CH 18 12.9
9-19 23 25.0 662.4 639.4 637.4 ST-8 MPR CH 4.50 CH 23 104.6 128.7 0.61 101.7 2.7 86.4 50 21 29 0.07 UC, Consol
9-19 28 30.0 662.4 634.4 632.4 P-9 MPR CH 4.50 CH 19.7 101.9 122.0 0.65 81.4 2.7 0 2.1 97.9 48.5 73 25 48 -0.11 1 7.9 600 SP
9-19 33.5 35.0 662.4 628.9 627.4 SS-10 MPR CH 28 21

10-19 0 2.0 662.2 662.2 660.2 P-1 Embank. Core CH 4.50 19.9
10-19 2 3.5 662.2 660.2 658.7 SS-2 Embank. Core ML 21 8.3
10-19 4 5.0 662.2 658.2 657.2 P-3A Embank. Core CH 4.50 12.6
10-19 5 6.0 662.2 657.2 656.2 P-3B Embank. Core CH 2.9
10-19 6 8.0 662.2 656.2 654.2 ST-4 Embank. Core CL 4.00 12.5
10-19 8 9.0 662.2 654.2 653.2 SS-5A Embank. Core CH 16 14.3
10-19 9 9.5 662.2 653.2 652.7 SS-5B Embank. Core CH 11
10-19 13 15.0 662.2 649.2 647.2 P-6 Embank. Core CH 4.00 25.3
10-19 18.5 20.0 662.2 643.7 642.2 SS-7 Embank. Core CH 12 11.7
10-19 23 25.0 662.2 639.2 637.2 ST-8 Embank. Core CH 4.00 14.4
10-19 28 30.0 662.2 634.2 632.2 P-9 MPR CH 4.50 23.7
10-19 33 35.0 662.2 629.2 627.2 ST-10 MPR CH 4.50 24.7
10-19 38.5 40.0 662.2 623.7 622.2 SS-11 MPR CH 17 21.5
10-19 43 45.0 662.2 619.2 617.2 P-12 MPR CL/CH 4.50 17.8

11-19 0 2 661.2 661.2 659.2 P-1 Embank. Core CH 4.00 16.8
11-19 2 3.5 661.2 659.2 657.7 SS-2 Embank. Core CH,CH/CL 10 8.5
11-19 4 6 661.2 657.2 655.2 ST-3 Embank. Core CH/CL 4.50 CL 10.0 117.3 129.0 0.44 61.9 2.7 4.3 27.6 68.1 29 34 14 20 -0.20 1 0
11-19 6 8 661.2 655.2 653.2 P-4 Embank. Core CH/CL,CH 4.50 14.7
11-19 8.5 10 661.2 652.7 651.2 SS-5 Embank. Core CH/CL,CH 10 13.3
11-19 13 15 661.2 648.2 646.2 P-6 Embank. Core CH 3.00 20.5
11-19 18 20 661.2 643.2 641.2 ST-7 Embank. Core CH 3.75 CH 9.2 116.8 127.5 0.44 56.1 2.7 82.8 55 19 36 -0.27 CIU'
11-19 23.5 25 661.2 637.7 636.2 SS-8 Embank. Core CH 12 19.8
11-19 28 30 661.2 633.2 631.2 P-9 Embank. Core CH/CL,CH 2.25 19.4
11-19 33.5 35 661.2 627.7 626.2 SS-10 Embank. Core CH/CL 12 17.3
11-19 38 40 661.2 623.2 621.2 ST-11 MPR CH/CL 4.50 CH 22.3 101.3 123.9 0.66 90.8 2.7 94.3 73 25 48 -0.06 HC
11-19 43 45 661.2 618.2 616.2 P-12 MPR CH/CL 4.50 16.6
11-19 48.5 50 661.2 612.7 611.2 SS-13 MPR CH/CL 34 16.3
11-19 53 53.5 661.2 608.2 607.7 ST-14 Shale Shale 5.6 140.1 147.9 0.20 74.6 2.7
11-19 53.5 55 661.2 607.7 606.2 SS-15 Shale Shale 100 2
11-19 58.5 60 661.2 602.7 601.2 SS-16 Shale Shale 100 1.1

12-19 0 2.0 662.4 662.4 660.4 P-1 Embank. Core CH 4.50 18.9
12-19 2 3.5 662.4 660.4 658.9 SS-2 Embank. Core CL/CH 25 12.7
12-19 4 6.0 662.4 658.4 656.4 P-3 Embank. Core CH 4.50 2.3
12-19 6 7.5 662.4 656.4 654.9 SS-4 Embank. Core CL/CH 18 10.5
12-19 8 10.0 662.4 654.4 652.4 ST-5 Embank. Core CL/CH 4.50 19.3
12-19 13 15.0 662.4 649.4 647.4 P-6 Embank. Core CL/CH 3.25 17
12-19 18.5 20.0 662.4 643.9 642.4 SS-7 Embank. Core CL/CH 8 19.9
12-19 23 25.0 662.4 639.4 637.4 ST-8 Embank. Core CL/CH 4.50 23.1
12-19 28 30.0 662.4 634.4 632.4 P-9 Embank. Core CL/CH 3.00 21.2
12-19 33 34.5 662.4 629.4 627.9 SS-10 Embank. Core CL/CH 20 21.1
12-19 38 40.0 662.4 624.4 622.4 ST-11 MPR CL/CH 4.50 23.9
12-19 43 45.0 662.4 619.4 617.4 P-12 MPR CL 4.50 18.2
12-19 48 50.0 662.4 614.4 612.4 ST-13 MPR CL 4.50 18.5
12-19 53 54.5 662.4 609.4 607.9 SS-14 Shale Shale 100 4.1
12-19 58.5 60.0 662.4 603.9 602.4 SS-15 Shale Shale 100 4.3

13-20 0 2.0 662.3 662.3 660.3 P-1 Embank. Core CH 4.50 17.3
13-20 2 4.0 662.3 660.3 658.3 ST-2 Embank. Core CH 4.00 CH 16.8 107.4 125.4 0.57 79.8 2.7 64 27 37 -0.28 SP
13-20 4 6.0 662.3 658.3 656.3 P-3 Embank. Core CH 4.00 19.9
13-20 6 8.0 662.3 656.3 654.3 ST-4 Embank. Core CH 2.00 CH 19.1 108.4 129.1 0.55 93.0 2.7 89.5 61 20 41 -0.02 UU, Consol.
13-20 8 9.5 662.3 654.3 652.8 SS-5 Embank. Core CH 11 23.3
13-20 13 15.0 662.3 649.3 647.3 P-6 Embank. Core CH 3.50 23.4
13-20 18 20.0 662.3 644.3 642.3 ST-7 MPR CH 3.00 CH 23.1 103.3 127.2 0.63 98.8 2.7 99.2 52 18 34 0.15 UU, SP
13-20 23.5 25.0 662.3 638.8 637.3 SS-x MPR CH 21
13-20 28 29.5 662.3 634.3 632.8 SS-8 MPR CH 28 23.7
13-20 33 35.0 662.3 629.3 627.3 ST-9 MPR CH 3.50 24.1
13-20 38 39.5 662.3 624.3 622.8 SS-10 MPR CH 32 20.2
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14-20 0 0.83 662.2 662.2 661.3 P-1A Embank. Core CH 4.50 16.3
14-20 0.83 2.0 662.2 661.3 660.2 P-1B Embank. Core CL
14-20 2 4.0 662.2 660.2 658.2 ST-2 Embank. Core CL 4.50 CH 15.3 108.4 125.0 0.55 74.5 2.7 53 20 33 -0.14 UC
14-20 4 6.0 662.2 658.2 656.2 P-3 Embank. Core CL 4.50 14.4
14-20 6 8.0 662.2 656.2 654.2 P-4 Embank. Core CL 4.00 12.3
14-20 8 9.5 662.2 654.2 652.7 SS-5 Embank. Core CH 17 22.1
14-20 13 13.8 662.2 649.2 648.3 P-6A Embank. Core CH 1.00 21.3
14-20 13.83 15.0 662.2 648.3 647.2 P-6B Embank. Core CH 2.00
14-20 18 20.0 662.2 644.2 642.2 ST-7 Embank. Core CH 1.50 CH 21 107.3 129.8 0.57 99.4 2.7 80.9 58 20 38 0.03 UC, SP
14-20 23 24.5 662.2 639.2 637.7 SS-8 MPR CH 23 14.7
14-20 28 30.0 662.2 634.2 632.2 ST-9 MPR CH 4.00 24.8
14-20 33 35.0 662.2 629.2 627.2 P-10 MPR CH 2.50 23.3
14-20 38 40.0 662.2 624.2 622.2 ST-11 MPR CH 2.50 24

15-19 0 1.5 662.4 662.4 660.9 P-1a Embank. Core CH 4.50 16.6
15-19 1.5 2.0 662.4 660.9 660.4 P-1b Embank. Core CL/CH
15-19 2 3.5 662.4 660.4 658.9 SS-2 Embank. Core CL/CH 16 9.1
15-19 4 6.0 662.4 658.4 656.4 P-3 Embank. Core CH,CL/CH 4.50 15.3
15-19 6 8.0 662.4 656.4 654.4 ST-4 Embank. Core CL/CH 4.50 14
15-19 8.5 10.0 662.4 653.9 652.4 SS-5 Embank. Core CL/CH 16 11.5
15-19 13 15.0 662.4 649.4 647.4 ST-6 Embank. Core CL/CH 4.50 19.3
15-19 18 20.0 662.4 644.4 642.4 P-7 Embank. Core CL/CH 18.6
15-19 23.5 25.0 662.4 638.9 637.4 SS-8 MPR CL/CH 22 17
15-19 28 30.0 662.4 634.4 632.4 ST-9 MPR CL/CH 4.50 19.2
15-19 33 35.0 662.4 629.4 627.4 P-10 MPR CL/CH 18.5
15-19 38 40.0 662.4 624.4 622.4 P-11 MPR CL/CH 12.3
15-19 43.5 45.0 662.4 618.9 617.4 SS-12 MPR CL/CH 70 20.6

101-19 0 2.0 652.0 652.0 650.0 P-1 Alluvium CH 3.25 22.1
101-19 2 3.5 652.0 650.0 648.5 SS-2 Alluvium CH 11 CH 14.6 90.6 69 21 48 -0.13 1 4.0 1,500
101-19 4 4.3 652.0 648.0 647.8 P-3a Alluvium CH CH 25.6 91.8 90 27 63 -0.02 1 700
101-19 4.29 6.0 652.0 647.8 646.0 P-3b LPR CL-ML 11.5
101-19 6 7.5 652.0 646.0 644.5 SS-4 LPR CL-ML 21 SC 6.2 33.3 39 19 20 -0.64 1
101-19 8 10.0 652.0 644.0 642.0 P-5 LPR CL-ML 4.25 12.4
101-19 0 5.0 652.0 652.0 647.0 B-1 Alluvium CH
101-19 5 10.0 652.0 647.0 642.0 B-2 LPR CL-ML

102-19 0 2.0 650.1 650.1 648.1 P-1 Alluvium CH 3 CH 18.4 89.9 59 22 37 -0.10 4.3 500
102-19 2 3.5 650.1 648.1 646.6 SS-2 LPR CL-ML 17 7.7
102-19 4 6.0 650.1 646.1 644.1 ST-3 LPR CL-ML 4.5 SC 7.1 128 137.1 0.32 60.6 2.7 47.5 35 13 22 -0.27 900
102-19 6 7.5 650.1 644.1 642.6 SS-4 LPR CL-ML 13 5
102-19 8 10.0 650.1 642.1 640.1 P-5 MPR CL/CH 3.75 CH 21.5 98.7 65 20 45 0.03 1,400
102-19 0 3.5 650.1 650.1 646.6 B-1 Alluvium CH,CL-ML
102-19 3.5 7.5 650.1 646.6 642.6 B-2 LPR CL-ML,CL/CH

103-19 0 2.0 647.1 647.1 645.1 P-1 Alluvium CH 3.25 CH 21.5 90.8 77 25 52 -0.07 1 4,300
103-19 2 3.5 647.1 645.1 643.6 SS-2 Alluvium CH 10 14.2
103-19 4 6.0 647.1 643.1 641.1 P-3 LPR CL-ML 4.5 15.9
103-19 6 7.5 647.1 641.1 639.6 SS-4 LPR CL-ML 24 CL 6.3 58.5 32 13 19 -0.35 1 2,000
103-19 8 10.0 647.1 639.1 637.1 P-5 MPR CL/CH 4.5 14
103-19 0 5.0 647.1 647.1 642.1 B-1 Alluvium CH
103-19 5 10.0 647.1 642.1 637.1 B-2 LPR/MPR CL-ML,CL/CH

104-19 0 2.0 651.3 651.3 649.3 P-1 Alluvium CH 3.25 CH 29.7 94.7 62 17 45 0.28 6.7 5,900
104-19 2 3.5 651.3 649.3 647.8 SS-2 Alluvium CH 31 14.9
104-19 4 6.0 651.3 647.3 645.3 P-3 LPR CL-ML 4.5 CH 14.9 95.7 51 19 32 -0.13 7,900
104-19 6 7.5 651.3 645.3 643.8 SS-4 LPR CL-ML 16 14.9
104-19 8 8.3 651.3 643.3 643.0 P-5a LPR CL/CH 4.25 CH 16.5 92.5 51 18 33 -0.05 10,600
104-19 8.25 10.0 651.3 643.0 641.3 P-5b MPR "
104-19 0 6.0 651.3 651.3 645.3 B-1 Alluvium CH
104-19 6 7.5 651.3 645.3 643.8 B-2 LPR CL-ML
104-19 7.5 10.0 651.3 643.8 641.3 B-3 MPR CL/CH

105-19 0 2.0 649.6 649.6 647.6 P-1 Alluvium CH 3 CH 16.5 92.1 59 23 36 -0.18 3.2 800
105-19 2 3.5 649.6 647.6 646.1 SS-2 Alluvium CH 16 9.5 2.6
105-19 4 6.0 649.6 645.6 643.6 P-3 LPR CL-ML 4.5 16.8
105-19 6 7.5 649.6 643.6 642.1 SS-4 LPR CL-ML 12 CH 12 91.2 52 19 33 -0.21 8,900
105-19 8 10.0 649.6 641.6 639.6 P-5 MPR CL/CH 4.25 21.9
105-19 0 5.0 649.6 649.6 644.6 B-1 Alluvium CH
105-19 5 10.0 649.6 644.6 639.6 B-2 LPR/MPR CL-ML,CL/CH

106-19 0 2.0 647.8 647.8 645.8 P-1 Alluvium CH 4.5 CL 11.4 2 20.3 77.7 36.6 40 19 21 -0.36 1 1,400
106-19 2 2.4 647.8 645.8 645.4 SS-2a LPR CL-ML 41 5.4
106-19 2.4 3.5 647.8 645.4 644.3 SS-2b LPR CL-ML
106-19 4 4.3 647.8 643.8 643.5 P-3a LPR CL-ML CH 21 3.4 21.1 75.5 42.6 69 23 46 -0.04 1 5.2 700
106-19 4.33 6.0 647.8 643.5 641.8 P-3b LPR CL-ML
106-19 6 7.5 647.8 641.8 640.3 SS-4 LPR CL-ML 29 2.9 18.7
106-19 8 10.0 647.8 639.8 637.8 P-5 MPR CL/CH 4.25 24.7
106-19 0 2.5 647.8 647.8 645.3 B-1 Alluvium CH
106-19 2.5 10.0 647.8 645.3 637.8 B-2 LPR/MPR CL-ML,CL/CH
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1301-19 0 2 648.5 648.5 646.5 G-1 Embank. Shell CH 1.75 CH 23.1 90.8 63 23 44 0.00 1
1301-19 2 4 648.5 646.5 644.5 G-2 Embank. Shell CH/CL 4.50 13.1 96.4 1
1301-19 4 6 648.5 644.5 642.5 G-3 Embank. Shell CH/CL 3.00 CH 14.9 0.2 2.9 96.9 66.2 51 17 34 -0.06 0
1301-19 6 8 648.5 642.5 640.5 G-4 Embank. Shell CH 1.75 20.6 0.5 6.8 93.0
1301-19 8 10 648.5 640.5 638.5 G-5 Embank. Shell CH 1.75 CH 20.2 91.1 63 18 45 0.05 1

1302-19 0 2 657.8 657.8 655.8 G-1 Embank. Shell CH 1.75 CH 18.9 0 6.2 93.8 49.3 51 19 32 0.00 2 0
1302-19 2 4 657.8 655.8 653.8 G-2 Embank. Shell CH/CL 3.00 CH 18.1 0 7.9 92.1 55 17 38 0.03
1302-19 4 6 657.8 653.8 651.8 G-3 Embank. Shell CH 4.50 CH 90.3 56 22 34 -0.65 1
1302-19 6 6.5 657.8 651.8 651.3 G-4 Embank. Shell CH 3.50 98.0

1701-20 0 1.5 657.9 657.9 656.4 G-1 Embank. Shell CH CL 9.3 34 15 19 -0.30 1 1,100
1701-20 1.5 2.5 657.9 656.4 655.4 G-2 Embank. Shell CL 19.8
1701-20 3.5 4.5 657.9 654.4 653.4 G-3 Embank. Shell CH 16.2
1701-20 6 8 657.9 651.9 649.9 G-4 Embank. Shell CL/CH CH 19.9 63 21 42 -0.03 1 8,000
1701-20 8 9 657.9 649.9 648.9 G-5 Embank. Shell CH 21.1
1701-20 9 10 657.9 648.9 647.9 G-6 Embank. Shell CH 23.2

1702-20 0 2 657.7 657.7 655.7 G-1 Embank. Shell CH CH 15.3 57 22 35 -0.19 1 500
1702-20 2 4 657.7 655.7 653.7 G-2 Embank. Shell CL 17.3

1703-20 0 2 653.7 653.7 651.7 G-1 Embank. Shell CH 18.3
1703-20 2 4 653.7 651.7 649.7 G-2 Embank. Shell CL/CH CH 19.1 56 20 36 -0.03 1 900
1703-20 4 6 653.7 649.7 647.7 G-3 Embank. Shell CL/CH 19

1704-20 0 2.5 653.6 653.6 651.1 G-1 Embank. Shell CH CH 17.9 0.4 10.5 89.1 59.1 51 18 33 0.00 1 700
1704-20 2.5 3 653.6 651.1 650.6 G-2 Embank. Shell CL/CH 18.8
1704-20 3 4 653.6 650.6 649.6 G-3 Embank. Shell CH 19.1
1704-20 4 5 653.6 649.6 648.6 G-4 Embank. Shell CH CH 20.7 67 24 43 -0.08 1 8,200
1704-20 5 6 653.6 648.6 647.6 G-5 Embank. Shell CL/CH 19.8
1704-20 6 7 653.6 647.6 646.6 G-6 Embank. Shell CL/CH 23.8
1704-20 7 8 653.6 646.6 645.6 G-7 Embank. Shell CL/CH
1704-20 8 9 653.6 645.6 644.6 G-8 Alluvium CL/CH 24.3
1704-20 9 10 653.6 644.6 643.6 G-9 Alluvium CH CH 18 0 11.5 88.5 56.4 52 17 35 0.03 1 2,300

1705-20 0 1 654.1 654.1 653.1 G-1a Embank. Shell CH 13.9
1705-20 2 4 654.1 652.1 650.1 G-1b Embank. Shell CH 23.2
1705-20 4 5 654.1 650.1 649.1 G-2a Embank. Shell CH 22
1705-20 5 6 654.1 649.1 648.1 G-2b Embank. Shell CL/CH 20.4
1705-20 6 8 654.1 648.1 646.1 G-3 Embank. Shell CL/CH 21.3
1705-20 8 10 654.1 646.1 644.1 G-4 Embank. Shell CL/CH 23.8

304-19 0 1.0 646.4 646.4 645.4 P-1A Embank. Shell CH,CL/CH 1.50 23.8 93.9 116.2 0.79 80.9 2.7 93.9
304-19 1 2.0 646.4 645.4 644.4 P-1B Embank. Shell " 18.4
304-19 2.5 3.5 646.4 643.9 642.9 SS-2c Embank. Shell CL/CH,CH 10 13.7
304-19 3.5 4.0 646.4 642.9 642.4 SS-2d Embank. Shell " 14.9
304-19 4 6.0 646.4 642.4 640.4 P-3 Embank. Shell CH,CL/CH 3.50 22.1 96.7 118.1 0.74 80.4 2.7 0.2 6.2 93.6 60.7
304-19 6 8.0 646.4 640.4 638.4 ST-4 Embank. Shell CL/CH 4.50 CH 16.8 105.2 122.9 0.60 75.3 2.7 91 76 21 55 -0.08 CDDS
304-19 8.5 10.0 646.4 637.9 636.4 SS-5 Embank. Shell CL/CH 8 20.0
304-19 13 15.0 646.4 633.4 631.4 P-6 Embank. Shell CL/CH 1.50 27.4 94.7 120.6 0.78 95.0 2.7 0.4 4.7 94.9 59.5
304-19 18 20.0 646.4 628.4 626.4 ST-7 Alluvium CH,CL/CH 3.00 CH 22.3 99.5 121.6 0.69 86.6 2.7 97.5 80 21 59 0.02 CDDS
304-19 23.5 25.0 646.4 622.9 621.4 SS-8 MPR CL/CH 13 20.0
304-19 28 30.0 646.4 618.4 616.4 ST-9 LPR CL-ML 4.50 CH 17.8 111.3 131.1 0.51 93.5 2.7 96.1 60 21 39 -0.08 UU, HC
304-19 33.5 35.0 646.4 612.9 611.4 SS-10 LPR CL-ML 44 15.0

305-19 0 2.0 635.1 635.1 633.1 P-1 D.S. Fill CH 4.50 CH 17.2 107.5 126.0 0.57 81.9 2.7 1.1 6.4 92.5 56.8 71 23 48 -0.12 1
305-19 2.5 4.0 635.1 632.6 631.1 SS-2 D.S. Fill CL/CH 34 5.1
305-19 4 6.0 635.1 631.1 629.1 ST-3 D.S. Fill CL/CH 4.50 CL 15.9 114.2 132.4 0.48 90.3 2.7 89.4 48 21 27 -0.19 UU
305-19 6 8.0 635.1 629.1 627.1 P-4 Alluvium CH 3.75 18.3
305-19 8.5 10.0 635.1 626.6 625.1 SS-5 Alluvium CH 12 17.9 0.3 7.9 91.8 54.6 1
305-19 13 15.0 635.1 622.1 620.1 P-6 MPR CH,CL/CH 3.75 24.4
305-19 18 20.0 635.1 617.1 615.1 ST-7 MPR CL/CH 4.50 CH 17.4 107.8 126.5 0.56 83.3 2.7 95.5 60 25 35 -0.22 CIU'
305-19 23.5 25.0 635.1 611.6 610.1 SS-8 Shale CL/CH 50/3.5" 11.5

401-20 0 2.0 648.0 648.0 646.0 P-1 Alluvium CH 3.50 CH 22.4 101.0 123.6 0.67 90.5 2.7 19.5 4.3 76.2 58 21 37 0.04 1 500
401-20 2 4.0 648.0 646.0 644.0 P-2 Alluvium CH 4.50 18.8 4.4 6.7 88.9
401-20 4 6.0 648.0 644.0 642.0 P-3 MPR CL/CH 4.50 16.9 89.9
401-20 6 8.0 648.0 642.0 640.0 P-4 MPR CL/CH 4.50 CH 16.8 115.5 134.9 0.46 98.9 2.7 92.1 73 23 50 -0.12 6,700
401-20 8 10.0 648.0 640.0 638.0 P-5 MPR CL/CH 4.50 20.4
401-20 13 15.0 648.0 635.0 633.0 P-6 MPR CL/CH 4.50 CH 23.8 98.3 75 24 51 0.00 600
401-20 18 20.0 648.0 630.0 628.0 P-7 MPR CL/CH 4.50 23.8
401-20 0 5.0 648.0 648.0 643.0 B-1 Alluvium CH
401-20 0 5.0 648.0 648.0 643.0 B-2 Alluvium CH
401-20 5 10.0 648.0 643.0 638.0 B-3 MPR CL/CH
401-20 5 10.0 648.0 643.0 638.0 B-4 MPR CL/CH
401-20 10 15.0 648.0 638.0 633.0 B-5 MPR CL/CH
401-20 10 15.0 648.0 638.0 633.0 B-6 MPR CL/CH
401-20 15 20.0 648.0 633.0 628.0 B-7 MPR CL/CH
401-20 15 20.0 648.0 633.0 628.0 B-8 MPR CL/CH

402-20 0 2.0 646.6 646.6 644.6 P-1 Alluvium CH 4.00 23.1 92.9 72 19 53 0.08 1 3.9
402-20 2 4.0 646.6 644.6 642.6 P-2 Alluvium CH 3.50 CH 20.3 93.4 82 20 62 0.00 600
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402-20 4 5.0 646.6 642.6 641.6 P-3A Alluvium CH 4.50 15.7
402-20 5 6.0 646.6 641.6 640.6 P-3B MPR CL/CH 4.50 15.5
402-20 6 8.0 646.6 640.6 638.6 P-4 MPR CL/CH 4.50 CH 17.2 95 67 19 48 -0.04 17,700
402-20 8 10.0 646.6 638.6 636.6 P-5 MPR CL/CH 4.50 CH 22.6 68.8 73 21 52 0.03 900
402-20 13 15.0 646.6 633.6 631.6 P-6 MPR CL/CH 4.50 24.2
402-20 18 20.0 646.6 628.6 626.6 P-7 MPR CL/CH 4.50 25.3
402-20 0 5.0 646.6 646.6 641.6 B-1 Alluvium CH
402-20 0 5.0 646.6 646.6 641.6 B-2 Alluvium CH
402-20 5 10.0 646.6 641.6 636.6 B-3 MPR CL/CH
402-20 5 10.0 646.6 641.6 636.6 B-4 MPR CL/CH
402-20 10 15.0 646.6 636.6 631.6 B-5 MPR CL/CH
402-20 10 15.0 646.6 636.6 631.6 B-6 MPR CL/CH
402-20 15 20.0 646.6 631.6 626.6 B-7 MPR CL/CH
402-20 15 20.0 646.6 631.6 626.6 B-8 MPR CL/CH

601-19 0 2.0 649.7 649.7 647.7 P-1 Alluvium CH 3.25 CH 17.6 96 112.9 0.76 62.9 2.7 0.9 5.7 93.4 64.3 79 33 46 -0.33 1 4.7 8.08 500 SP
601-19 2 3.5 649.7 647.7 646.2 SS-2 Alluvium CH 18 14.7
601-19 3.5 5.5 649.7 646.2 644.2 ST-3 LPR CL-ML 4.50 CH 20.7 102.4 123.6 0.65 86.6 2.7 96.2 64 29 35 -0.24 UC, Consol.
601-19 6 8.0 649.7 643.7 641.7 P-4 LPR CH,CL-ML 4.50 CL 10.6 116.6 129.0 0.44 64.3 2.7 0 19.8 80.2 38.1 31 16 15 -0.36 1 1.4 8.29 700 SP
601-19 8 9.5 649.7 641.7 640.2 SS-5 LPR CL-ML 16 1.1
601-19 13 15.0 649.7 636.7 634.7 ST-6 LPR CL-ML 4.50 CH 15.3 114.6 132.1 0.47 87.9 2.7 97.1 67 23 44 -0.18 UC, Consol.
601-19 18 20.0 649.7 631.7 629.7 P-7 LPR CL-ML 4.50 CH 17.6 106 124.7 0.59 80.6 2.7 0 1.5 98.5 66.2 77 23 54 -0.10 1 7.92 800 SP
601-19 23.5 25.0 649.7 626.2 624.7 SS-8 LPR CL-ML 21 20.4

602-19 0 2.0 642.7 642.7 640.7 P-1 Alluvium CH 4.50 15.8
602-19 2 3.5 642.7 640.7 639.2 SS-2 Alluvium CL-ML 17 12.6
602-19 4 6.0 642.7 638.7 636.7 P-3 Alluvium CH 4.50 18.9
602-19 6 8.0 642.7 636.7 634.7 ST-4 LPR CL-ML 4.50 17.3
602-19 8 9.5 642.7 634.7 633.2 SS-5 LPR CL-ML 22 17.5
602-19 13 15.0 642.7 629.7 627.7 ST-6 LPR CL-ML 4.50 20.6
602-19 18 20.0 642.7 624.7 622.7 P-7 LPR CL 19.4
602-19 23.5 25.0 642.7 619.2 617.7 SS-8 MPR CL/CH 30 17.6

603-19 0 2.0 634.9 634.9 632.9 P-1 Alluvium CH 4.50 CH 19 111.3 132.4 0.51 99.9 2.7 0 11.7 88.3 53.1 67 19 48 0.00 1 500
603-19 2 3.5 634.9 632.9 631.4 SS-2 Alluvium CH 26 12.9
603-19 4 6.0 634.9 630.9 628.9 P-3 LPR CL-ML 4.50 CH 21.7 99 120.5 0.70 83.5 2.7 87.9 62 21 41 0.02 1 600
603-19 6 7.5 634.9 628.9 627.4 SS-4 MPR CL/CH 27 14.2
603-19 8 10.0 634.9 626.9 624.9 ST-5 MPR CL/CH 4.50 CH 20.1 107.7 129.3 0.56 96.2 2.7 95 62 22 40 -0.05 UU, Consol.
603-19 13 15.0 634.9 621.9 619.9 P-6 MPR CL/CH 4.50 CL 20.3 99.1 119.2 0.70 78.3 2.7 0 4.2 95.8 68.1 29 15 14 0.38 1 10,900 SP
603-19 18.5 20.0 634.9 616.4 614.9 SS-7 MPR CL/CH 26 17.8
603-19 23.5 25.0 634.9 611.4 609.9 SS-8 Shale Shale 100 CH 4.2 0.5 30.2 69.3 96 27 69 -0.33

604-19 0 2 638.0 638.0 636.0 P-1 Alluvium CH 4.50 19.1
604-19 2 3.5 638.0 636.0 634.5 SS-2 Alluvium CH 17 8.4
604-19 4 6 638.0 634.0 632.0 ST-3 Alluvium CH 11
604-19 6 8 638.0 632.0 630.0 P-4 Alluvium CH 10.7
604-19 8.5 10 638.0 629.5 628.0 SS-5 MPR CH/CL 18 12.5
604-19 13.5 15 638.0 624.5 623.0 P-6 MPR CH/CL 4.50 19
604-19 18 20 638.0 620.0 618.0 P-7 MPR CH/CL 4.50 20
604-19 23.5 25 638.0 614.5 613.0 SS-8 Shale CH/CL 100 7.4

605-19 0 2.0 658.3 658.3 656.3 P-1 Alluvium CH 3.50 18.3
605-19 2 3.5 658.3 656.3 654.8 SS-2 Alluvium CH 18 11.7
605-19 4 6.0 658.3 654.3 652.3 ST-3 LPR CL 4.50 14.1
605-19 6 8.0 658.3 652.3 650.3 P-4 LPR CL 4.50 16.5
605-19 8 9.5 658.3 650.3 648.8 SS-5 LPR CL 22 14.8
605-19 13 15.0 658.3 645.3 643.3 ST-6 LPR CL 4.50 18.7
605-19 18 20.0 658.3 640.3 638.3 P-7 LPR CL 4.50 17.3
605-19 23.5 25.0 658.3 634.8 633.3 SS-8 LPR CL 28 18.4

701-20 0 2.0 648.7 648.7 646.7 P-1 Alluvium CH 4.00 22.1
701-20 2 4.0 648.7 646.7 644.7 ST-2 LPR ML/CL 4.50 CH 18.3 110.5 130.7 0.52 94.2 2.7 51 20 31 -0.05 UC
701-20 4 5.5 648.7 644.7 643.2 SS-3 LPR ML/CL 15 10.3
701-20 6 8.0 648.7 642.7 640.7 ST-4 LPR ML/CL 4.50 CH 11.2 124.8 138.8 0.35 86.4 2.7 57 19 38 -0.21 HC
701-20 8 10.0 648.7 640.7 638.7 P-5 LPR ML/CL 4.50 11.6
701-20 13 15.0 648.7 635.7 633.7 ST-6 MPR CH 4.00 25.4
701-20 18 19.5 648.7 630.7 629.2 SS-7 MPR CH 20 24.1
701-20 23 25.0 648.7 625.7 623.7 ST-8 Shale CH 4.50 CH 20.7 104.7 126.4 0.61 91.7 2.7 66 22 44 -0.03 UC
701-20 28 29.5 648.7 620.7 619.2 SS-9 Shale CH 63 18.4

702-20 0 2.0 647.8 647.8 645.8 P-1 Alluvium CH 3.50 22.5
702-20 2 4.0 647.8 645.8 643.8 ST-2 Alluvium CH 3.50 CH 15.7 113.5 131.3 0.48 87.5 2.7 66 22 44 -0.14 1 UC
702-20 4 6.0 647.8 643.8 641.8 P-3 Alluvium CL 4.00 18.8
702-20 6 8.0 647.8 641.8 639.8 ST-4 LPR CL 12.2
702-20 8 9.5 647.8 639.8 638.3 SS-5 LPR CL 20 16.6
702-20 13 15.0 647.8 634.8 632.8 ST-6 MPR CH 4.00 CH 23.3 103.6 127.7 0.63 100.5 2.7 0 1.7 98.3 47.4 73 33 40 -0.24 1 UU, SP
702-20 18 20.0 647.8 629.8 627.8 P-7 MPR CH 4.00 22.9
702-20 23 25.0 647.8 624.8 622.8 ST-8 MPR CL 4.00 CH 19.9 103.9 124.6 0.62 86.4 2.7 66 22 44 -0.05 SP
702-20 28 29.5 647.8 619.8 618.3 SS-9 Shale CH 36 18.7

703-20 0 2.0 646.3 646.3 644.3 P-1 Alluvium CH 4.50 16.9
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703-20 2 3.5 646.3 644.3 642.8 SS-2 Alluvium CH 21 16.1
703-20 3.5 5.5 646.3 642.8 640.8 ST-3 LPR ML/CL 4.50 CL 15.6 113.8 131.6 0.48 87.7 2.7 44 18 26 -0.09 UC
703-20 6 8.0 646.3 640.3 638.3 P-4 LPR ML/CL 4.50 11.8
703-20 8 10.0 646.3 638.3 636.3 ST-5 MPR CL/CH 3.50 14.3
703-20 13.5 15.0 646.3 632.8 631.3 SS-6 MPR CH 14 22.6
703-20 18 20.0 646.3 628.3 626.3 ST-7 MPR CH 4.50 CH 23.9 101.4 125.6 0.66 97.5 2.7 61 22 39 0.05 UU, SP
703-20 23 25.0 646.3 623.3 621.3 P-8 Shale CL/CH 4.50 21.3
703-20 27.5 29.5 646.3 618.8 616.8 ST-9 Shale CL/CH 4.50 CH 18.5 107.6 127.5 0.57 88.3 2.7 65 23 42 -0.11 UC

201-19 0.0 2.0 656.5 656.5 654.5 P-1 Alluvium CH,CL/CH 26.4
201-19 2.0 4.0 656.5 654.5 652.5 ST-2 LPR CL-ML 4.50 CL 11.8 122.5 136.9 0.38 84.9 2.7 0.5 19.6 79.9 37 41 15 26 -0.12 1 14 UC
201-19 4.5 6.0 656.5 652.0 650.5 SS-3 LPR SM 13 CL 12 93 23 14 9 -0.22
201-19 6.0 8.0 656.5 650.5 648.5 P-4 MPR CL/CH 4.50 19.7
201-19 8.0 9.5 656.5 648.5 647.0 SS-5 MPR CL/CH 13 23.5
201-19 13.0 15.0 656.5 643.5 641.5 ST-6 MPR CL/CH 4.50 CH 17.8 108.7 128.1 0.55 87.4 2.7 0 2 98 47.8 60 29 31 -0.36 1 - UC
201-19 18.0 20.0 656.5 638.5 636.5 P-7 MPR CL/CH 23.4
201-19 23.5 25.0 656.5 633.0 631.5 SS-8 MPR CH 22 21.7

202-19 0.0 2.0 656.9 656.9 654.9 P-1 Alluvium CH 4.00 21.5
202-19 2.0 4.0 656.9 654.9 652.9 ST-2 LPR CL 4.50 CL 11.4 120.8 134.6 0.39 78.0 2.7 0 18.7 81.3 27.2 24 15 9 -0.40 2 48 UC
202-19 4.5 6.0 656.9 652.4 650.9 SS-3 LPR ML 22 4.8
202-19 6.0 8.0 656.9 650.9 648.9 P-4 LPR ML CL 10.5 30 12 18 -0.08
202-19 8.0 10.0 656.9 648.9 646.9 ST-5 LPR ML 4.50 ML 16 118.1 137.0 0.43 101.3 2.7 3.4 29.6 67 37.2 48 28 20 -0.60 2 - UC
202-19 13.5 15.0 656.9 643.4 641.9 SS-6 MPR CH 13 20.4
202-19 18.0 20.0 656.9 638.9 636.9 P-7 MPR CH 4.50 CH 23.2 51 21 30 0.07
202-19 23.5 25.0 656.9 633.4 631.9 SS-8 MPR CH,CL 18 21.9

203-19 0.0 2.0 656.9 656.9 654.9 P-1 Alluvium CH 4.25 23.5
203-19 2.0 3.5 656.9 654.9 653.4 SS-2A LPR CL/CH 28 18.9
203-19 2.0 3.5 656.9 654.9 653.4 SS-2B LPR CL " 8.5
203-19 3.5 5.5 656.9 653.4 651.4 ST-3 LPR SM 4.50 CL 10.4 0 18.6 81.4 35.1 32 14 18 -0.20 1 -
203-19 6.0 8.0 656.9 650.9 648.9 P-4A LPR SM 1.50 7.1
203-19 6.0 8.0 656.9 650.9 648.9 P-4B LPR SM SM 8.7 113.4 123.3 0.49 48.4 2.7 34.8 18 11 7 -0.33
203-19 8.0 9.5 656.9 648.9 647.4 SS-5 LPR SM 20 SM 11 46.8 NP NP NP
203-19 13.0 15.0 656.9 643.9 641.9 P-6A LPR SM 4.50 10.8 66.9
203-19 13.0 15.0 656.9 643.9 641.9 P-6B MPR SM 4.50 21.1
203-19 18.5 20.0 656.9 638.4 636.9 SS-7 MPR SM 17 21.6 98.6
203-19 22.5 24.5 656.9 634.4 632.4 ST-8 MPR CH 4.50 CH 23.6 0 1.5 98.5 53 58 26 32 -0.08 3 -

204-19 0.0 2.0 651.3 651.3 649.3 P-1A Alluvium CH 4.50 23.3
204-19 0.0 2.0 651.3 651.3 649.3 P-1B LPR CL/CH 4.50 10.9
204-19 2.0 4.0 651.3 649.3 647.3 ST-2 LPR CL/CH 4.50 CL 8.1 116.3 125.7 0.45 48.7 2.7 1.5 29.3 69.2 36.3 25 17 8 -1.11 - UC
204-19 4.0 4.5 651.3 647.3 646.8 SS-3A MPR CL/CH 28 20.0
204-19 4.5 6.0 651.3 646.8 645.3 SS-3B MPR CL/CH " 6.8
204-19 6.0 8.0 651.3 645.3 643.3 P-4A MPR CL/CH 3.50 CH 22.4 68 22 46 0.01
204-19 6.0 8.0 651.3 645.3 643.3 P-4B MPR CL/CH 14.7
204-19 8.0 9.5 651.3 643.3 641.8 SS-5A MPR CL/CH 13 9.2
204-19 8.0 9.5 651.3 643.3 641.8 SS-5B MPR CL/CH " 19.5
204-19 13.0 15.0 651.3 638.3 636.3 ST-6 MPR CL/CH 4.50 CH 18.3 110.8 131.1 0.52 94.9 2.7 0 2.2 97.8 61 50 22 28 -0.13 1 - UC
204-19 18.0 20.0 651.3 633.3 631.3 P-7 MPR CL/CH 4.50 20.8
204-19 23.5 25.0 651.3 627.8 626.3 SS-8 MPR CL/CH 27

205-19 0.0 2.0 644.4 644.4 642.4 P-1 Alluvium CH 4.50 CH 23.1 53 21 32 0.07
205-19 2.0 3.5 644.4 642.4 640.9 SS-2 MPR CL/CH 21 11.7
205-19 3.5 5.5 644.4 640.9 638.9 P-3A MPR CL/CH 4.50 19.3
205-19 3.5 5.5 644.4 640.9 638.9 P-3B MPR CL/CH 16.9
205-19 6.0 7.5 644.4 638.4 636.9 SS-4 MPR CL/CH 17 19.2
205-19 8.0 10.0 644.4 636.4 634.4 ST-5 MPR CL/CH 4.50 CH 20.6 104.1 125.5 0.62 89.9 2.7 0 1.9 98.1 66.3 54 24 30 -0.11 1 - UC
205-19 13.5 15.5 644.4 630.9 628.9 P-6 MPR CL/CH 4.50 21.7
205-19 18.5 20.0 644.4 625.9 624.4 SS-7 MPR CL/CH 15 22.7
205-19 23.0 25.0 644.4 621.4 619.4 ST-8 MPR CL/CH 4.50 21.6

206-19 0.0 2.0 656.6 656.6 654.6 P-1 Alluvium CH 3.50 19.4
206-19 2.0 3.5 656.6 654.6 653.1 SS-2A LPR CL/CH 33 14.2
206-19 2.0 3.5 656.6 654.6 653.1 SS-2B LPR ML " CH 4.3 68 23 45 -0.42
206-19 2.0 3.5 656.6 654.6 653.1 SS-2C LPR CH " 5.2
206-19 4.0 6.0 656.6 652.6 650.6 P-3A LPR CH 19.7
206-19 4.0 6.0 656.6 652.6 650.6 P-3B LPR SM SM 8.9 127.9 139.3 0.32 75.7 2.7 17.7 NP NP NP
206-19 6.0 7.5 656.6 650.6 649.1 SS-4 LPR SM 35 5.8 23.5
206-19 8.0 10.0 656.6 648.6 646.6 ST-5 MPR CL/CH 4.50 CH 24.9 101.1 126.3 0.67 100.9 2.7 0 2.1 97.9 73.2 67 24 43 0.02 1 - UC
206-19 13.0 15.0 656.6 643.6 641.6 P-6 MPR CL/CH 4.50 23.5
206-19 18.0 20.0 656.6 638.6 636.6 ST-7 MPR CL/CH CH 22.5 103.1 126.3 0.63 95.8 2.7 0 0.9 99.1 65.6 57 23 34 -0.01 - UC
206-19 23.5 25.0 656.6 633.1 631.6 SS-8 MPR CL/CH 18 23.5

207-19 0.0 2.0 658.8 658.8 656.8 P-1 Alluvium CH 3.50 13.5
207-19 2.0 4.0 658.8 656.8 654.8 ST-2 Alluvium CH 4.50 SC 12.6 116.5 131.1 0.45 76.2 2.7 14.9 38.9 46.2 35.3 33 17 16 -0.28 2 15 UC
207-19 4.5 6.0 658.8 654.3 652.8 SS-3A LPR CH 26 21.3
207-19 4.5 6.0 658.8 654.3 652.8 SS-3B LPR ML " 6
207-19 6.0 8.0 658.8 652.8 650.8 P-4 LPR ML 4.50 CL 8.5 123.1 133.6 0.37 62.3 2.7 35 15 20 -0.33
207-19 8.0 9.5 658.8 650.8 649.3 SS-5 LPR CL-ML 17 CL 12.2 37 14 23 -0.08
207-19 13.0 15.0 658.8 645.8 643.8 P-6 MPR CL/CH 4.50 21



Plum Creek FRS No. 2 Dam Rehabilitation Table A1. Laboratory Testing Summary

Top 
Depth

Bottom 
Depth GS Elev. Top 

Elev.
Bottom 
Elev.

Field 
SPT N-
value

Pocket 
Pen. Wc γd γt

Est. 
Deg. of 

Sat

Assumed 
Gs Gravel Sand Pass 

#200
Pass 
2µm Crumb Double 

Hydro Pinhole MDD OMC Organic 
Content

pH 
(H20)

pH 
(CaCL2)

Resist. Chlorides Sulfates

feet feet NAVD88 NAVD88 NAVD88 (bpf) (tsf) (%) (pcf) (pcf) (%) (%) (%) (%) (%) (Gr) (%) (-) (pcf) (%) (%) (-) (-) (ohm-cm) (mg/kg) (mg/kg)

Field Tests

LILL PL PI

Sieve/Hydrometer Dispersion ProctorLaboratory Index

Lab 
USCS

Est. 
e0

Gs

Sample Information

Stratum Field USCSBoring 
Number

Sample 
ID

Atterberg Limits

Other Tests 
Performed

Analytical

207-19 18.0 20.0 658.8 640.8 638.8 ST-7 MPR CL/CH 4.50 CH 22.1 104.9 128.0 0.61 98.4 2.7 0 1.1 98.9 64.8 55 26 29 -0.13 1 - UC
207-19 23.5 25.0 658.8 635.3 633.8 SS-8 MPR CH 20 21.2
207-19 28.0 30.0 658.8 630.8 628.8 P-9 MPR CH 4.50 21.4
207-19 33.0 35.0 658.8 625.8 623.8 ST-10 MPR CL/CH 4.50 20.3

208-19 0.0 2.0 654.8 654.8 652.8 P-1A Alluvium CH 4.00 22
208-19 0.0 2.0 654.8 654.8 652.8 P-1B LPR CL/CH 4.50 13.9
208-19 2.0 4.0 654.8 652.8 650.8 ST-2 LPR CL/CH 4.50 CL 10.2 113.6 125.3 0.48 57.0 2.7 0.2 19.1 80.7 37.9 29 13 16 -0.18 1 - UC
208-19 4.5 6.0 654.8 650.3 648.8 SS-3A LPR CH 25 15.4
208-19 4.5 6.0 654.8 650.3 648.8 SS-3B LPR CL/CH " 8.3
208-19 6.0 8.0 654.8 648.8 646.8 P-4 LPR s. CL 4.50 CL 13.8 117.2 133.4 0.44 85.2 2.7 75.8 39 15 24 -0.05
208-19 8.0 9.5 654.8 646.8 645.3 SS-5 LPR CL 20 CL 13.5 25 10 15 0.23
208-19 13.0 15.0 654.8 641.8 639.8 ST-6 MPR CL/CH 4.50 CH 21.1 103 124.8 0.64 89.6 2.7 1.6 10.6 87.8 42.4 59 23 36 -0.05 1 - UC
208-19 18.0 20.0 654.8 636.8 634.8 P-7 MPR CL/CH 4.50 20
208-19 23.5 24.0 654.8 631.3 630.8 SS-8A MPR CL/CH 23 19.2
208-19 24.0 25.0 654.8 630.8 629.8 SS-8B MPR CL/CH " 20.3

209-19 0.0 2.0 648.3 648.3 646.3 P-1A Alluvium CL/CH 3.50 25.3
209-19 0.0 2.0 648.3 648.3 646.3 P-1B LPR CL/CH 15.8
209-19 2.0 3.5 648.3 646.3 644.8 SS-2 LPR CL/CH 18 6.6
209-19 4.0 6.0 648.3 644.3 642.3 P-3A LPR CH 4.50 21.2
209-19 4.0 6.0 648.3 644.3 642.3 P-3B LPR CL/CH 17.5
209-19 6.0 8.0 648.3 642.3 640.3 ST-4 MPR CL/CH 4.50 CH 22 104.6 127.6 0.61 97.3 2.7 0 1.1 98.9 72.1 61 22 39 0.00 1 10 UC
209-19 8.0 9.5 648.3 640.3 638.8 SS-5 MPR CL/CH 14 20.2
209-19 13.0 15.0 648.3 635.3 633.3 P-6 MPR CL/CH 4.50 21.5
209-19 18.0 20.0 648.3 630.3 628.3 ST-7 MPR CL/CH 4.50 CH 21.7 106.1 129.1 0.59 99.7 2.7 0 3.3 96.7 60 62 22 40 -0.01 1 - UC
209-19 23.5 25.0 648.3 624.8 623.3 SS-8 MPR CL/CH 23 22.7

210-19 0.0 2.0 635.7 635.7 633.7 P-1 Alluvium CH 2.50 CH 20.3 107.6 129.4 0.57 96.9 2.7 71.8 53 21 32 -0.02
210-19 2.0 3.5 635.7 633.7 632.2 SS-2 Alluvium CH 15 4.50 28.2
210-19 4.0 6.0 635.7 631.7 629.7 P-3 Alluvium CH 4.50 15.2
210-19 6.0 8.0 635.7 629.7 627.7 P-4 MPR CL/CH 4.50 19.1
210-19 8.0 10.0 635.7 627.7 625.7 ST-5 MPR CL/CH 4.50 CH 17.8 112.4 132.4 0.50 96.3 2.7 0 3.1 96.9 65.2 60 22 38 -0.11 1 - UC
210-19 13.5 15.0 635.7 622.2 620.7 SS-6 MPR CL/CH 15 4.50 20.6
210-19 18.0 20.0 635.7 617.7 615.7 ST-7 MPR CL/CH 4.50 MH 22.4 103.8 127.0 0.62 97.1 2.7 0 1.9 98.1 57 52 29 23 -0.29 1 - UC
210-19 23.5 25.0 635.7 612.2 610.7 SS-8 MPR CL/CH 39 4.50 18.5

COMP-100A 0.0 2.5 to 6 varies varies varies Natural Alluvium CH - - CH 0% OMC 95% MDD 2.62 1.1 9.6 89.3 61.3 58 21 37 1 99.0 22.0 5.2 8.02 370 300 7,000 SP
COMP-100A " " " " " Natural " " +4% OMC 95% MDD SP
COMP-100A " " " " " 2%lime " " 44 33 11 11.69
COMP-100A " " " " " 3%lime " " 12.00
COMP-100A " " " " " 4%lime " " 41 33 8 12.22
COMP-100A " " " " " 5%lime " " 12.32
COMP-100A " " " " " 6%lime " " 42 34 8 12.31
COMP-100A " " " " " 7%lime " " 12.33
COMP-100A " " " " " 8%lime " " 41 34 NP 12.45

COMP-100B 5 to 6 7.5 to 10 varies varies varies Natural LPR CL-ML - - CL 0% OMC 95% MDD 2.77 3.8 21.0 75.2 43 43 17 26 1 115.1 14.4 3.8 8.27 660 300 2,000 HC, SP
COMP-100B " " " " " Natural " " +2% OMC 95% MDD UU, SP
COMP-100B " " " " " Natural " " +3% OMC 95% MDD CIU'
COMP-100B " " " " " Natural " " +4% OMC 95% MDD UU, SP

COMP-400A 0.0 5.0 varies varies varies Natural Alluvium CH - - CH 0% OMC 95% MDD 2.60 4.5 9.7 85.8 61.5 59 26 33 1 93.9 22.3 5.0 8.04 1,210 180 2,700 SP
COMP-400A " " " " " Natural " " +4% OMC 95% MDD SP
COMP-400A " " " " " 2%lime " " 46 38 8 11.95
COMP-400A " " " " " 3%lime " " 12.06
COMP-400A " " " " " 4%lime " " 46 39 7 12.17
COMP-400A " " " " " 5%lime " " 12.29
COMP-400A " " " " " 6%lime " " 45 38 7 12.32
COMP-400A " " " " " 7%lime " " 12.37
COMP-400A " " " " " 8%lime " " 47 NP NP 12.44

COMP-1700A 0 4 to 8 varies varies varies Natural Embank. Shell CL,CH - - CH 0% OMC 95% MDD 2.60 0.8 5.1 94.1 42.9 64 21 43 1 0 95.1 24.4 7.80 500 300 4,200 UC, SP
COMP-1700A " " " " " Natural " " +4% OMC 95% MDD UC
COMP-1700A " " " " " 2%lime " " 46 32 14 11.99
COMP-1700A " " " " " 3%lime " " 12.25
COMP-1700A " " " " " 4%lime " " 44 33 11 12.41
COMP-1700A " " " " " 5%lime " " 12.50
COMP-1700A " " " " " 6%lime " " 47 35 12 12.59
COMP-1700A " " " " " 7%lime " " 12.60
COMP-1700A " " " " " 8%lime " " 46 35 11 12.62

Notes:
1. Abbreviations:

LPR - Low Plasticity Residuum SP - Swell Pressure
MPR - Medium Plasticity Residuum Consol. - Incremental Consolidation

Wc - Natural Moisture Content HC - Hydraulic Conductivity
γd - Natural Dry Density UC - Unconfined Compression
γt - Natural Total (Moist) Density UU - Unconsolidated-Undrained Triaxial Shear

LL - Liquid Limit CIU' - Isotropically Consolidated-Undrained Triaxial Shear with Pore Pressure Measurements



Plum Creek FRS No. 2 Dam Rehabilitation Table A1. Laboratory Testing Summary

Top 
Depth

Bottom 
Depth GS Elev. Top 

Elev.
Bottom 
Elev.

Field 
SPT N-
value

Pocket 
Pen. Wc γd γt

Est. 
Deg. of 

Sat

Assumed 
Gs Gravel Sand Pass 

#200
Pass 
2µm Crumb Double 

Hydro Pinhole MDD OMC Organic 
Content

pH 
(H20)

pH 
(CaCL2)

Resist. Chlorides Sulfates

feet feet NAVD88 NAVD88 NAVD88 (bpf) (tsf) (%) (pcf) (pcf) (%) (%) (%) (%) (%) (Gr) (%) (-) (pcf) (%) (%) (-) (-) (ohm-cm) (mg/kg) (mg/kg)

Field Tests

LILL PL PI

Sieve/Hydrometer Dispersion ProctorLaboratory Index

Lab 
USCS

Est. 
e0

Gs

Sample Information

Stratum Field USCSBoring 
Number

Sample 
ID

Atterberg Limits

Other Tests 
Performed

Analytical

PL - Plastic Limit CDDS - Consolidated Drained Direct Shear
PI - Plasticity Index
LI - Liquidity Index

MDD - Maximum Dry Density
OMC - Optimum Moisture Content
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Client: TRI Log #:

Project:

Jeffrey A. Kuhn, Ph.D., P.E., 

Note: NL = No Liquid Limit; NP = No Plastic Limit

AECOM 53564

C
O

C
 

L
in

e
 #

Sample Identification

1

3/22/2021

Quality Review/Date

8-19 (8.0-10.0) P-5 Layer E

8-19 (13.0-15.0) ST-6

- Test Method

8-19 (0.0-2.0) P-1

2

60615067-1.4.14 Plum Creek 2 

7

3

5

13.6

17.6

11.5

17.4

9

8-19 (2.5-4.0) SS-2

8-19 (6.5-8.0) SS-4 Layer C

8-19 (4.0-6.0) P-3 Layer A

8-19 (18.5-20.0) SS-7

8-19 (23.5-25.0) SS-8

8-19 (28.5-30.0) SS-9

10

11

12 22.2

ASTM D2216

Moisture 

Content 

(%)

17.5

9.8

18.7

22.1
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Client: TRI Log #:

Project:

Jeffrey A. Kuhn, Ph.D., P.E., 

Note: NL = No Liquid Limit; NP = No Plastic Limit

AECOM 53565

C
O

C
 

L
in

e
 #

Sample Identification

3/22/2021

Quality Review/Date

- Test Method

2

60615067-1.4.14 Plum Creek 2 

89.8

4

5

9.7

14.2

19.6

Fines

(%)

ASTM D1140

9-19 (2.0-3.5) SS-2

9-19 (8.0-10.0) ST-5

9-19 (6.0-7.5) SS-4

Atterberg Limits

Plasticity Index

ASTM D4318, Method A : Multipoint

Liquid Limit Plastic Limit

40 20 20

- - - -

97.5 74 24 50

ASTM D2216 ASTM D7263

Dry Unit 

Weight (pcf)

-

-

-

Moisture 

Content 

(%)
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Client: TRI Log #:

Project:

Jeffrey A. Kuhn, Ph.D., P.E., 

Note: NL = No Liquid Limit; NP = No Plastic Limit

AECOM 53765

C
O

C
 

L
in

e
 #

Sample Identification

1

3/22/2021

Quality Review/Date

- Test Method

9-19 (18.5-20.0) SS-7

2

60615067-1.4.14 Plum Creek 2 

-

86.4

4

13.7

21.0

Fines

(%)

ASTM D1140

9-19 (23.0-25.0) ST-8

9-19 (33.5-35.0) SS-10

Atterberg Limits

Plasticity Index

-

ASTM D4318, Method A : Multipoint

- -

Liquid Limit Plastic Limit

50 21 29

- - - -

ASTM D2216 ASTM D7263

Dry Unit 

Weight (pcf)

-

-

-

Moisture 

Content 

(%)

12.9
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Client: TRI Log #:

Project:

Jeffrey A. Kuhn, Ph.D., P.E., 

(1) ND No Detection - Below Method Detection Limit (MDL)

(2) MDL The and sulfat MDL is volumetric. Results are mass per mass of dry soil. 

7.70400

300

7.68

[5 mg/l]* -

(H2O) (CaCl2)

ASTM  D516

pH
Sulfate

Content

(mg SO4/kg)

ASTM D4972 (method A)

-

8.03

9-19 (4.0-6.0) P-3

7.92

AECOM 53565

C
O

C
 

L
in

e
 #

Sample Identification

1

- Method Detection Limit (MDL)

3/22/2021

Quality Review/Date

- Test Method

9-19 (0.0-2.0) P-1

60615067-1.4.14 Plum Creek 2 

Analytical

3

6 9-19 (13.0-15.0) P-6 1,300 7.92 7.69
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Client: TRI Log #:

Project:

Jeffrey A. Kuhn, Ph.D., P.E., 

(1) ND No Detection - Below Method Detection Limit (MDL)

(2) MDL The sulfate MDL is volumetric. Results are mass per mass of dry soil. 

7.707.90600

[5 mg/l]* -

(H2O) (CaCl2)

ASTM  D516

pH
Sulfate

Content

(mg SO4/kg)

ASTM D4972 (method A)

-

Analytical

9-19 (28.0-30.0) P-9

AECOM 53765

C
O

C
 

L
in

e
 #

Sample Identification

- Method Detection Limit (MDL)

3/22/2021

Quality Review/Date

- Test Method

60615067-1.4.14 Plum Creek 2 

3
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Client: TRI Log #:

Project: Test Method: ASTM D6572-B

1

3

6

Jeffrey A. Kuhn, Ph.D., P.E., 

Moisture 

Content (%)

1

2 min 1 hr

1 1

N/A

9-19 (4.0-6.0) P-3 32.6 N/A 20.6 20.8 20.8 1

1

Grade 2, (Intermediate): Slight Reaction; A faint, barely visible colloidal suspension causes turbid water 

near or around the soil crumb surface.

Grade 3, (Dispersive): Moderate Reaction; an easily visible cloud of suspended clay colloids is seen around 

all of the soil crumb surface. The cloud may extend up to 10 mm ( ¾ in.) away from the soil crumb mass 

along the bottom of dish.

20.8

1

9-19 (13.0-15.0) P-6 26.7 N/A 20.6 20.8 1 1

Grade 4, (Highly Dispersive): Strong Reaction; a dense, profuse cloud of suspended clay colloids is seen 

around the entire bottom of dish. The soil crumb dispersion is so extensive that it is difficult to determine 

the interface of the original soil crumb . Often, the colloidal suspension is easily visible on the sides of the 

dish.

Grade 1, (Nondispersive): No Reaction; There is no turbid water created by colloids suspended in the water. 

All particles settle during the first hour.If the cloud is easily visible, assign Grade 3. If the cloud is faintly 

seen in only small area, assign Grade 1.

3/22/2021

Quality Review/Date

Crumb Test for Dispersibility of Clayey Soils

AECOM 53565

60615067-1.4.14 Plum Creek 2

Initial Adjusted

17.9

(°C)

Temp. Dispersive 

Classification

(1 hr)

1

Sample 

Identification

9-19 (0.0-2.0) P-1

2 min 1 hr 6 hr

Grade

1 1 120.6 20.8

6 hr

20.8
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Client: TRI Log #:

Project: Test Method: ASTM D6572-B

3

Jeffrey A. Kuhn, Ph.D., P.E., 

Grade 1, (Nondispersive): No Reaction; There is no turbid water created by colloids suspended in the water. 

All particles settle during the first hour.If the cloud is easily visible, assign Grade 3. If the cloud is faintly 

seen in only small area, assign Grade 1.

Grade 2, (Intermediate): Slight Reaction; A faint, barely visible colloidal suspension causes turbid water 

near or around the soil crumb surface.

Grade 3, (Dispersive): Moderate Reaction; an easily visible cloud of suspended clay colloids is seen around 

all of the soil crumb surface. The cloud may extend up to 10 mm ( ¾ in.) away from the soil crumb mass 

along the bottom of dish.

Grade 4, (Highly Dispersive): Strong Reaction; a dense, profuse cloud of suspended clay colloids is seen 

around the entire bottom of dish. The soil crumb dispersion is so extensive that it is difficult to determine 

the interface of the original soil crumb . Often, the colloidal suspension is easily visible on the sides of the 

dish.

Quality Review/Date

3/22/2021

9-19 (28.0-30.0) P-9

2 min 1 hr 6 hr

Grade

1 1 120.6 20.8

6 hr

20.8N/A

Moisture 

Content (%)

2 min 1 hr
21.9

(°C)

Temp. Dispersive 

Classification

(1 hr)

1

Crumb Test for Dispersibility of Clayey Soils

AECOM 53765

60615067-1.4.14 Plum Creek 2

Initial Adjusted

Sample 

Identification

Page 1 of 1



Client: TRI Log #:

Project:

Sample ID:               

58 -

Log-Linear Interpolation

(ASTM D4221)

Mechanical 

Sieve

ASTM D422-63

DX (mm), Log-Linear Interpolation

Cc

- -- -

Cu

0.0

6.0

- - 3.6E-03- - - -

Moisture Content (%) 

3 in. 76.2 100.0

Sieve Designation

2 in. 50.8

60615067-1.4.14 Plum Creek 2

9-19 (0.0-2.0) P-1

Particle 

Size Percent 

Passing

Particle 

Size Percent 

Passing

- mm mm mm

Gravel

Sand

Fines

Particle Size, Atterberg Limit, and USCS Analyses for Soils

AECOM 53565.1

0.030 78.8 - -

24

Dispersed
Vacuum with 

Agitation

Plastic Index 

(NL = No Liquid Limit, NP = No Plastic Limit)

Liquid Limit 65

Plastic Limit

- -

ASTM D422-63 ASTM D4221

41

Atterberg Limits 

ASTM D4318, Method A : Multipoint, Air Dried

Percent 

Passing

3/4 in. 19.0 100.0 0.006 64.3 - - - -

Fat clay (CH)

USCS Classification (ASTM D2487)100.0 0.020 72.6 - - - -

- -

1 in. 25.4 100.0 0.007 64.3 - - - -

1.5 in. 38.1

0.841 98.8

97.5 0.005 63.0 Maximum, Oven-Dry (pcf)

99.5 Particle 

Size

ASTM D4373

100.0 0.012 68.4 - -

-

Percent Dispersion

Analysis & Quality Review/Date

Jeffrey A. Kuhn, Ph.D, P.E. 3/22/2021
18.3

94.0

Silt (%)

(0.05-0.002 

mm)

3/8 in. 

10 30

USDA 

2.00

9.51

1/2 in. 12.7

No. 4 

No. 20 

No. 10 

Maximum, Wet (pcf)

100.0 0.001 57.8 - - - -

4.76

60

Sand (%)

- -

- -ASTM D4253-1A

58.1 0.002 - -

Percent 

Passing

- -

Percent 

Passing

Particle 

Size

ASTM D4254

100.0 0.003 58.3

ASTM D4253-1B

Organic Content (%) 

Carbonate Content (%) 

Minimum (pcf) 

- -

Clay (%)

50

- - 24.3

4.1

- -

Relative / Index Density

23.3
(< 0.002 mm)

58.4

100.0

(2.0-0.05 mm) 

ASTM D2216

ASTM D2974-C

No. 200 0.074 94.0

No. 40 

Clay

0.005 - -

N m,2µm,ndN m,2µm,d

No. 60 0.250

98.1 mm mm

No. 100 0.149

0.420

96.4 0.002
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Client: AECOM TRI Log No.: 53565.1

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D2435/D4546 Modified

Specimen: 9-19 (0.0-2.0) P-1

18.3

22.1

2.498

1.002

98.0

2.75

0.688

70.6

1354

3/22/2021

Specific Gravity (Assumed)

Initial Void Ratio, eo

Initial Degree of Saturation (%)

Swell Pressure (psf), Maximum Measured

Note: The undisturbed specimen was provided by the client. The specimen was trimmed using a trimming

turntable and mounted. The specimen was inundated with tap water during testing. A modified method was

performed in which the initial stage of ASTM D2435 testing was performed in which the normal load

required to prevent swelling is recorded. This value is being reported as the "Swell Pressure". Please note

that alternate methods to determine "Swell Pressure" in an oedometer are presented in ASTM D4546 and

thus this modified method could be considered a modification of both methods alike. A client-prescribed

seating stress pf 250 psf was utilized for testing.

Jeffrey A. Kuhn, Ph.D., P.E.,

Quality Review/Date

Initial Dry Unit Weight, go lbf/ft
3

Initial Specimen Water Content (%)

Final Specimen Water Content (%)

Specimen Diameter (in)

Initial Specimen Height (in)

Soil Specimen Properties

One-Dimensional Consolidation Properties of Soil 
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Client: TRI Log #:

Project:

Sample ID:               

46 -No. 200 0.074 85.9

No. 40 

Clay

0.005 - -

N m,2µm,ndN m,2µm,d

No. 60 0.250

92.6 mm mm

No. 100 0.149

0.420

89.7 0.002

100.0 0.003 50.5

ASTM D4253-1B

Organic Content (%) 

Carbonate Content (%) 

Minimum (pcf) 

- -

Clay (%)

50

- - 16.2

3.8

- -

Relative / Index Density

37.6
(< 0.002 mm)

48.6

97.7

(2.0-0.05 mm) 

ASTM D2216

ASTM D2974-C

ASTM D4253-1A

46.4 0.002 - -

Percent 

Passing

- -

Percent 

Passing

Particle 

Size

ASTM D4254

1/2 in. 12.7

No. 4 

No. 20 

No. 10 

Maximum, Wet (pcf)

99.2 0.001 41.8 - - - -

4.76

60

Sand (%)

- -

- -

100.0 0.012 66.2 - -

-

Percent Dispersion

Analysis & Quality Review/Date

Jeffrey A. Kuhn, Ph.D, P.E. 3/22/2021
13.8

85.9

Silt (%)

(0.05-0.002 

mm)

3/8 in. 

10 30

USDA 

2.00

9.51

0.841 93.9

91.4 0.005 56.4 Maximum, Oven-Dry (pcf)

95.4 Particle 

Size

ASTM D4373

3/4 in. 19.0 100.0 0.006 58.2 - - - -

Fat clay (CH)

USCS Classification (ASTM D2487)100.0 0.019 76.3 - - - -

- -

1 in. 25.4 100.0 0.008 62.3 - - - -

1.5 in. 38.1

Particle Size, Atterberg Limit, and USCS Analyses for Soils

AECOM 53565.3

0.030 80.4 - -

25

Dispersed
Vacuum with 

Agitation

Plastic Index 

(NL = No Liquid Limit, NP = No Plastic Limit)

Liquid Limit 68

Plastic Limit

- -

ASTM D422-63 ASTM D4221

43

Atterberg Limits 

ASTM D4318, Method A : Multipoint, Air Dried

Percent 

Passing

Sieve Designation

2 in. 50.8

60615067-1.4.14 Plum Creek 2

9-19 (4.0-6.0) P-3

Particle 

Size Percent 

Passing

Particle 

Size Percent 

Passing

- mm mm mm

Gravel

Sand

Fines

Log-Linear Interpolation

(ASTM D4221)

Mechanical 

Sieve

ASTM D422-63

DX (mm), Log-Linear Interpolation

Cc

- -- -

Cu

2.3

11.8

2.8E-03 6.8E-03- - - -

Moisture Content (%) 

3 in. 76.2 100.0
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Client: AECOM TRI Log No.: 53565.3

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D2435/D4546 Modified

Specimen: 9-19 (4.0-6.0) P-3

16.7

21.1

2.497

0.999

104.9

2.75

0.577

76.6

2762

3/22/2021

Specific Gravity (Assumed)

Initial Void Ratio, eo

Initial Degree of Saturation (%)

Swell Pressure (psf), Maximum Measured

Note: The undisturbed specimen was provided by the client. The specimen was trimmed using a trimming

turntable and mounted. The specimen was inundated with tap water during testing. A modified method was

performed in which the initial stage of ASTM D2435 testing was performed in which the normal load

required to prevent swelling is recorded. This value is being reported as the "Swell Pressure". Please note

that alternate methods to determine "Swell Pressure" in an oedometer are presented in ASTM D4546 and

thus this modified method could be considered a modification of both methods alike. A client-prescribed

seating stress pf 250 psf was utilized for testing.

Jeffrey A. Kuhn, Ph.D., P.E.,

Quality Review/Date

Initial Dry Unit Weight, go lbf/ft
3

Initial Specimen Water Content (%)

Final Specimen Water Content (%)

Specimen Diameter (in)

Initial Specimen Height (in)

Soil Specimen Properties

One-Dimensional Consolidation Properties of Soil 
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Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2

Sample ID: Test Date: ##### ASTM D2166

1.0 % / min

1

Do 2.78

 Ho 5.96

wo 20.1

gtotal 128.3

gdry 106.8

Sr 89.5

eo 0.61

Gs 2.75

118.9

4.9

118.9

0.0

59.4

Jeffrey A. Kuhn, Ph.D., P.E., 3/22/21

Specimen Condition at Time of Test

Intact

Specimen No.

Axial Strain at Failure (%)

Total Stresses at Failure 

Stresses at Failure

Unconfined Compressive Strength (psi)

Avg. Diameter (in)

Avg. Height (in)

Avg, Water Content (%)

Unconfined Compression Test Report

9-19 (8.0-10.0) ST-5 Test Method:

Strain Rate (%/min):

Type of Specimen:

Undrained Shear Strength, S u  (psi)

Bulk Density (pcf)

Dry Density (pcf)

Void Ratio

Assumed Specific Gravity

Saturation (%)

Major Principal Stress, σ1
 
(psi)

Minor Principal Stress, σ3
 
(psi)

3

Quality Review/Date
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Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D 2435, Method B

Specimen: 9-19 (8.0-10.0) ST-5

Stage s'v e Strain, e

19.2 (#) (psf) (-) (%) Log Time Root Time

24.7 1 6,338 0.588 0.0 - -

2.495 2 16,000 0.567 1.3 - -

1.001 3 8,000 0.575 0.8 - -

1.030 4 4,000 0.594 -0.4 - 3.5E-04

-0.029 5 8,000 0.586 0.1 2.4E-02 2.8E-02

104.1 6 16,000 0.569 1.2 1.4E-02 1.3E-02

101.2 7 32,000 0.544 2.8 2.2E-02 2.0E-02

2.75 8 64,000 0.504 5.3 - -

0.588 9 16,000 0.529 3.7 - -

0.633 10 4,000 0.577 0.7 - -

86.4 11 1,000 0.633 -2.9 - -

≈13700 12 - - - - -

6338 13 - - - - -

Min - 14 - - - - -

Max 0.083 15 - - - - -

Min 0.027

Max 0.056

3/22/2021

Final Differential Height (in)

Compression Index, Cc

Recompression Index, Cr

One-Dimensional Consolidation Properties of Soil 

Soil Specimen Properties

Initial Specimen Water Content (%)

Final Specimen Water Content (%)

Cv (ft
2
/day)

Specific Gravity (Assumed)

Initial Specimen Height (in)

Final Specimen Height (in)

Specimen Diameter (in)

Initial Dry Unit Weight, go lbf/ft
3

Initial Void Ratio, eo

Final Dry Unit Weight, gf lbf/ft
3

Final Void Ratio, ef

Jeffrey A. Kuhn, Ph.D., P.E.,

The intact sample was provided by the client. A specimen was trimmed using a trimming turntable and

mounted. The specimen was inundated with tap water during testing. Coefficient of Consolidation was

determined using the Log Time and Root Time Methods. Calculations include machine deflections measured

at each loading step. The preconsolidation pressure was determined using the Casagrande construction

technique.

Quality Review/Date

Initial Degree of Saturation (%)

Preconsolidation Pressure (psf)

Swell Pressure (psf), Maximum Measured
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Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D 2435, Method B

Specimen: 9-19 (8.0-10.0) ST-5

One-Dimensional Consolidation Properties of Soil 

Stage s'v log (s'v) e dlog (s'v) Stage s'v log (s'v) e dlog (s'v)

(#) (psf) log (psf) (-) de (#) (psf) log (psf) (-) de

1 6,338 3.80 0.590 - 11 1,000 3.00 0.633 -

2 16,000 4.20 0.567 0.059 12 - - - -

3 8,000 3.90 0.575 - 13 - - - -

4 4,000 3.60 0.594 - 14 - - - -

5 8,000 3.90 0.586 0.027 15 - - - -

6 16,000 4.20 0.569 0.056 16 - - - -

7 32,000 4.51 0.544 0.083 17 - - - -

8 64,000 4.81 0.504 0.132 18 - - - -

9 16,000 4.20 0.529 - 19 - - - -

10 4,000 3.60 0.577 - 20 - - - -

0.50 

0.55 

0.60 

0.65 

0.70 

100 1,000 10,000 100,000 

V
o

id
 R

a
ti

o
, 
e 

Vertical Effective Stress, s'v (psf) 

2 of 6



Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D 2435, Method B

Specimen: 9-19 (8.0-10.0) ST-5

One-Dimensional Consolidation Properties of Soil 
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Stage 1: Swell Pressure Measurement 
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Stage 2: 16000 psf 
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Stage 2: 16000 psf 
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Stage 3: 8000 psf 
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Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D 2435, Method B

Specimen: 9-19 (8.0-10.0) ST-5

One-Dimensional Consolidation Properties of Soil 
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Stage 4: 4000 psf 
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Stage 4: 4000 psf 
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Stage 5: 8000 psf 
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Stage 5: 8000 psf 
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Stage 6: 16000 psf 
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Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D 2435, Method B

Specimen: 9-19 (8.0-10.0) ST-5

One-Dimensional Consolidation Properties of Soil 
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Stage 7: 32000 psf 
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Stage 7: 32000 psf 
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Stage 8: 64000 psf 
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Stage 8: 64000 psf 
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Stage 9: 16000 psf 
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Client: AECOM TRI Log No.: 53565.5

Project: 60615067-1.4.14 Plum Creek 2 Test Method: ASTM D 2435, Method B

Specimen: 9-19 (8.0-10.0) ST-5

One-Dimensional Consolidation Properties of Soil 
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Stage 10: 4000 psf 
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Stage 11: 1000 psf 
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Client: TRI Log #:

Project: Test Method: ASTM D4546-B MOD

Specimen:

1.

2. In the specimen ring. 

3. Sign convention: (+) Compression/Collapse, (-) Expansion/Swell

4.

Stage Initial
1,2

Swell Pressure Measurement with Multistage Unloading

AECOM 53565.5

60615067-1.4.14 Plum Creek 2

9-19 (8.0-10.0) ST-5

Normal Stress (psf)
3,4

1,600

--- 27.4

-

1.010

- --

Height, h (in) 1.005 1.005

Diameter, d (in) 2.486

Water Content, w (%) 37.0

-

-

Dry Unit Weight (pcf) 92.7 -

Total Unit Weight (pcf) 126.9 - -

Void Ratio, e 0.851 0.851

-

De / Dlog(s)

0.903

Modification: The initial stage of ASTM D2435 testing was performed in which the normal load required to prevent

swelling is recorded. This value is being reported as the "Swell Pressure". Please note that alternate methods to

determine "Swell Pressure" in an oedometer are presented in ASTM D4546 and thus this modified method could be

considered a modification of both methods alike.  Following the measurement of the swell pressure the sample was

subsequently unloaded in stages.

The intact sample was provided by the client. A specimen was trimmed from the sample using a trimming turntable and

mounted.  Gs was assumed to be 2.75. Calculations include measured machine deflections.

Strain (%)
3,4

0.000 0.000 -2.807

Degree of Saturation, S (%) ≈100 -

0.860

Jeffrey A. Kuhn, Ph.D., P.E. 3/22/2021

Analysis & Quality Review/Date

Normal Stress (psf) 120 2,517

1.033 1.057 -

- 92.7 -
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- 126.9 -
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-- - -0.046 -0.071 -0.075
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