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samples came from three of the boring holes in the auxiliary spillway. The index properties of
all the submitted samples are summarized on Form SCS-ENG-354 in Attachment 1. The
undisturbed sample characteristics and photos are included in Attachment 2.

The depth to water along the downstream toe at the time of the investigation varied four-feet
from 614.35 feet elevation to 610.25 feet elevation, and was within one and one-half feet from
the downstream embankment toe surface at station 15+10.

The as-built drawings for this structure identified a zoned construction earth embankment with
two zones of fill material. The center zone of fat clay (CH) was sole sourced from the auxiliary
spillway borrow and was to be compacted to 85 percent of Maximum dry density according to
the Modified Proctor ASTM D1557 Method A. The exterior upstream and downstream zones
were to be claystone sole sourced from the auxiliary spillway borrow and were to be compacted
by method specification. The laboratory test data listed in the as-built drawings are as listed in
the following table:

Embankment | Average Depth, | USCS Laboratory Test Data
Zone No. Feet ASTM Test Curve | Max. | Optimum
From To Number Method No. Dry
lor2 0 5 CH 1557 A 1 117.5 14
2 5 8 Claystone 1557 A 2 116.0 14.5
2 9 grade | Claystone 1557 A

Zone 1 was identified as the central core and extended from the cutoff trench on approximately a
one to one side slope to the top of the embankment dam.

Also, the upstream side slope of this structure was repaired five-years after construction.
Apparently the 2.5 to 1 side slope was not stable with the pool fluctuating above 620 fect
elevation and the upstream face of the dam of the dam was reinforced with eighteen inches of
rock riprap. The gradation was specified as W forty (40) pounds rock riprap with the
maximum gradation being four hundred (400) pounds. The upstream berm was also lowered
two-feet to 618 feet elevation and was reduced to a ten-foot width with the material removed to
accommodate the rock riprap wasted upstream to further flatten the side slope. The rock riprap
extended up the slope to elevation 630.5 feet elevation. This elevation placed it eight (8) feet
below the auxiliary spillway crest of 638.5 feet elevation.

SOIL MECHANICS TESTING

Index Properties and Classification

Index data, classification based on the Unified Soil Classification System (USCS), dispersion
data, and compaction test results are summarized in tabular form in Attachment 1. Undisturbed
sample characteristics are summarized in Attachment 2 for the undisturbed samples.
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Sample F10-1409/ Field Sample 301.1, from the principal spillway pipe outlet basin, classifies as
fat clay (CH) according to the Unified Soil Classification System (USCS). It consists of 54
percent clay, 45 percent silt, and 1 percent sand. This sample is highly plastic with a Liquid
Limit (LL) value of 77 and Plasticity Index (PI) of 53.

Sample F10-1410/ Field Sample 803.1, from the downstream toe at approximately station 15+88,
classifies as fat clay (CH) according to the Unified Soil Classification System (USCS). It
consists of 43 percent clay, 44 percent silt, and 13 percent sand. This sample is highly plastic
with a Liquid Limit (LL) value of 52 and Plasticity Index (PI) of 30.

Sample F10-1411/ Field Sample 802.1, from the downstream toe at approximately station 14+70,
classifies as fat clay (CH) according to the Unified Soil Classification System (USCS). It
consists of 47 percent clay, 47 percent silt, and 6 percent sand. This sample is highly plastic with
a Liquid Limit (LL) value of 59 and Plasticity Index (PI) of 43.

The remaining soil samples were from the nearside radius toe of the auxiliary spillway. When
they were sampled it was not known if the existing auxiliary spillway was going to be expanded
and this data was needed for possible SITES analysis. The auxiliary spillway samples were all
classified as fat clay (CH) soil.

Index properties of the samples are shown in Attachment 1 on form SCS-ENG-354 and are
summarized in the table below.

% Passing % Passing
Field As-
Lab Sample Sample 2 Microns Received

Number Number (0.002mm) #200 Sieve LL Pl USCS w, (%)
F10-1399 201.1 48 100 58 36 CH 16.4
F10-1400 201.2 54 100 70 46 CH 20.7
F10-1401 201.3 59 100 63 41 CH 22.6
F10-1402 202.1 54 100 70 47 CH 21.5
F10-1403 202.2 54 100 70 47 CH 22.4
F10-1404 202.3 35 100 68 45 CH 21.9
F10-1405 202.4 59 100 59 36 CH 22.1
F10-1406 202.5 36 96 64 40 CH 21.3
F10-1407 203.1 62 97 69 42 CH 22.3
F10-1408 203.2 52 100 63 39 CH 27.5
F10-1409 301.1 54 99 77 53 CH 28.6
F10-1410 803.1 43 87 52 30 CH 22.9
F10-1411 802.1 47 94 59 43 CH 28.0
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A. SHEAR STRENGTH

Historical soil test data from the Plum Creek Watershed was utilized due to the lack of soil data
for the embankment fill. This historical data supplemented the triaxial shear test data for the
foundation, as shown in Attachment 3.

B. CONSOLIDATION

Due to the lack of soil data for the embankment fill and foundation, historical soil testing data
from the Plum Creek Watershed was utilized to estimate a total settlement of 0.3 feet for the
extension of the embankment dam through the existing auxiliary spillway to approximately five
feet above existing grade. Due to the overburden removed to install the auxiliary spillway this
would apply to the inside radius of the auxiliary spillway and to a lesser degree as the
embankment extends east of this point. The only other embankment work that has been
identified is the removal of a section of the embankment dam near station 13+40 to 15+40
approximately five feet high and replacing it with a reinforced concrete labyrinth weir, and
extending the embankment dam through the existing auxiliary spillway. None of this work
should have an impact on the consolidation of the existing foundation other than the retaining
walls at the ends of the labyrinth weir and the foundation of the new principal spillway intake
structure. Preliminary calculations and historical Plum Creek Watershed data is presented in
Attachment 4.

C. DISPERSION

Double hydrometer and crumb tests were performed on the soil samples with significant clay
content. Double hydrometer results of about 60 or higher and crumb ratings of 3 or 4 indicate
that clay particles may have dispersive characteristics. The clay portion of the soil samples
from this site that have been tested do not have dispersive clay characteristics.

Il\;?ll:n?)zl:ple % Dispersion Crumb
F10-1399 S v
F10-1400 1 o
F10-1401 - o
F10-1402 6 o
F10-1403 S '
F10-1404 S '
F10-1405 1 v
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F10-1406 1 1/1
F10-1407 13 1/1
F10-1408 7 1/1
F14-1409 7 1/1
F14-1410 6 1/1
F14-1411 6 1/1
ENGINEERING ANALYSIS

A. SETTLEMENT

There are no current plans to raise the top of dam or flatten the upstream or downstream slopes;
therefore, no settlement determination other than the extension through the auxiliary spillway
needs to be considered.

It has been NRCS experience that a significant portion of the overall settlement and much of the
settlement expected in the earthfill occurs during construction.

B. SEEPAGE

No seepage has been documented in the existing structure and is unlikely to exceed the
established phreatic surface for the pool of 620 feet elevation. No embankment soil samples
were submitted, but the downstream samples and temporary downstream bore holes indicate
that the foundation is moist. Fracturing in the clay stone foundation materials are more likely to
convey water than seepage through the compacted embankment. A downstream toe drain is
planned for this rehabilitation.

Gradation of the proposed drainage materials is governed by the National Engineering
Handbook (NEH) Part 633, Chapter 26, Gradation Design of Sand and Gravel Filters. All of
the soil test data indicates that the soil will be classified as Category 1 with more than 85
percent passing the # 200 sieve per this standard.

C. SLOPE STABILITY

Slope stability analysis was evaluated using GeoStudio Slope W software and the Spenser
method. Because the foundation beneath the dam has been loaded for forty-eight years and the
compacted earth fill is not being significantly loaded to develop pore pressure within the fill,
the effective shear values were utilized in the end of construction analysis, and are essentially
the same analysis as the downstream steady state.
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The existing embankment was built with a county road near the downstream toe and adjacent to
the principal spillway pipe outlet basin. This area was identified as the weak link in the slope
stability analysis prior to any appropriate vehicle loading has been considered. This
rehabilitation area of the dam should be given further consideration prior to final design.

The bi-linear shear strength parameters used for the slope stability analysis is presented in
Attachment 6. The graphical summaries of the slope trails for the four TR-60 slope stability
criteria are included as Attachment 7.

D. SEISMIC

Data for choosing the design Peak Ground Acceleration (PGA) and earthquake was based on
the de-aggregation of seismic hazard from the 2008 version of the USGS National Seismic
Hazards Mapping Project. A PGA of 0.076g was selected to analyze the site. The value of
0.076g is for the surface of competent rock. The PGA will need to be amplified based on the
properties of the foundation soils at the base of the dam as more soil data will be necessary and
will be obtained following phase II investigation. This will necessitate more analysis due to this
being a high hazard structure and exceeding the 0.07 g threshold for low to moderate
earthquakes. Comparison of the soil test data and the Seed Chart for soils likely liquefiable
soils liquefiable soils do not appear to be prevalent at this site.

The yield acceleration PGA was calculated with GeoSlope Slope W software as 0.185 for the
PHA of 0.076 g.

Based on the information summarized in the following bulleted points, the site will probably
experience minimal deformation, but the site does not satisfy all the criteria to consider the
seismic analysis complete.

The peak horizontal acceleration at the base of the embankment is less than 0.30 g. This site
has a predicted peak horizontal acceleration of 0.076 g.

The embankment dam and foundation materials are not subject to liquefaction and do not
include loose or collapsible soils or sensitive clays. The embankment dam and foundation
materials consist of cohesive clays and claystone and according to the plotted liquid limit versus
plasticity index and Seed chart as presented in Attachment 8 will not be subject to liquefaction
or collapse.

The dam is well built and compacted to at least 95 percent of ASTM D698 maximum dry
density, or to a relative density greater than 70 percent. The as-built drawings indicate that the
core of the existing embankment dam was constructed to 90 percent of the modified Proctor
ASTM 1557 Method A maximum dry density. This will have to be verified with further soil
testing.

The static factors of safety for all potential upstream and downstream failure surfaces involving
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loss of crest elevation (excluding shallow surficial slides) are greater than 1.5 under loading
and pore-pressure conditions immediately prior to the earthquake. Factors of safety for the
slope stability trials are all greater than 2.0 for non-seismic loading.

The phreatic surface is below the downstream face of the dam. There are currently no
indications of the phreatic surface in the dam and the anticipated surface after years of service
with water at the permanent pool level should be below the surface of the downstream slope.

Freeboard at the normal water surface should be more than 25 percent of the embankment
height. Top of dam elevation is 643.4 feet and the principal spillway intake structure crest
elevation is 626.4 feet for a total freeboard of 17.0 feet during sunny day conditions. The total
height of the dam is 40 feet and therefore the freeboard is over 40 percent.

Damage to appurtenant structures from limited embankment deformation would not lead to dam
failure. This has yet to be determined for the planned new structures.

The static factors of safety for all potential upstream and downstream failure surfaces involving
loss of crest elevation are greater than 2.0 under pre-earthquake conditions.

PROPERTIES OF THE BORROW

No borrow from the embankment section where the labyrinth weir will be placed has been tested
to date. The as-built drawings for this structure indicated that the borrow for the existing
embankment was to be compacted to 85 percent of Maximum dry density according to the
Modified Proctor ASTM D1557 Method A at 14 percent optimum moisture and a target of 117.5
pounds per cubic foot. These compaction values are at odds to the soil that has been tested from
the auxiliary spillway which are classified as fat clay (CH) soil.

A. SHEAR STRENGTH
The shear strength data for the borrow from approximately station 15+40 to station 13+40
along the centerline of the dam including the over excavation for the labyrinth weir is unknown
at this time. Further soil investigation and soil testing data is needed and for this report the
historical soil testing data from the Plum Creek Watershed was utilized in the interim.

B. COMPACTION

No Standard Proctor density test, ASTM-D698 Method A (minus #4 material), were performed
for any of the soil samples tested. Currently there is no soil testing data that corroborates with
the as-built drawing compaction specifications.

C. DISPERSION

Double hydrometer and crumb tests were performed for each of the samples, with results
summarized in the following table. Double Hydrometer test results less than about 60 indicate
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that dispersion is not a problem, and these results did not vary and were all very low. Crumb test
results of 1 indicate that dispersion is not present or is minimal, but results of 3 or 4 are positive
indicators that clays are dispersive.

SLOPE STABILITY ANALYSIS
The cross section at the principal spillway was utilized in the current slope stability analysis as it
was perceived as the largest embankment fill section and extends downstream in the steepest

slope through County Road 157 and the outlet basin.

No slope stability issues were identified either upstream or downstream

Design Condition Notes Factor of Req. Factor | Meets
Safety of Safety
EOC Pool Elev 620.0 2.4 1.4 J
URD | Pool Elev 638.5 to Elev 613.0 2.6 1.2 J
DSS Pool Elev 626.5 2.3 1.5 J
Seismic Pool Elev 626.5 1.8 1.1 J

CONCLUSIONS AND RECOMMENDATIONS

The proposed improvements to this site will not cause significant additional loading to either the
foundation or embankment materials.

The proposed drainfill foundation drain system along the back toe of the embankment will need
to be prepared to base soil category 1 according to the National Engineering Handbook, Part 633,
Chapter 26, Gradation Design of Sand and Gravel Filters.

The proposed borrow from the excavation to place the labyrinth weir still needs to be sampled
and tested to determine the ASTM D698 compaction recommendations. The proposed principal
spillway intake structure foundation should also be investigated prior to contracting for
construction to determine the extent of the foundation improvements.

This site is in the Blackland Prairie physiographic area with high plasticity clays that have
plasticity indexes above 40 and potential for shrink swell characteristics which make them
susceptible to desiccation cracking. Therefore, it will be important to provide adequate topsoil
cover for any work on the embankment section of the dam and the outlets of the auxiliary and
principal spillways.







Attachment 1

NRCS-ENG-354, Soil Mechanics Laboratory Test Data, 1 sheet



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

Rev. Feb 2006 Natural Resources Conservation Service
File Code ENG-210-22 Sheet 1 of _1__
Job No. 7420
Mechanical Analysis c = £ ) ; : i :
8/9/10 LR WF-07 Grain Size Distribution Expressed as Percent Finer by Dry Weight Atlf‘?rt?terg 2 < % '§ S Dispersion Moisture-Density
imits bl ©
Plum Creek Site 6 Fines sand Gravel "% &—)% 2 § = % _ ASTM D698 %
Lab. Sample |Field Sample 3 ) Q G G _
No. No. 7420 eptn | 52 o 2 % E E 2 %g Crumb Test § s M Ak;i)or:p pH
° > ~ [} o
Hays Co. Type #200 | #140 | #60 | #40 | #20 | #10  #4 | 358" 1/2' | 34" 1 |1yt 3 [LL | PL| 8 3 S [ S |83 & M(azf)yd Wo %
Locati 4 Descrinti 0.002  0.005 0.02 | 0.05 0.074[0.105 0.250| 0.42 084 | 2.0 | 476 |9.525| 127 19.05| 254 | 38.1 | 76.2 s 3 |2 Q T 1Hr|4Hr P
ocation an escription mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm mm Z
F10 Inside cut AS ) 48 | 63 | 86 | 96 | 100 58 | 36 | CH 164 (155612 | 5 1 1 2.65
. - Undist.
1399 201.1 Approx. Sta. 5+00 0-2 ndis
i 54 | 76 | 96 | 99 | 100 70 | 46 | CH 20.7 1173|978 | 1 1 1 2.73
1400 | 201.2 Inside cut AS 10-11 |Undist.
Approx. Sta. 5+00
Inside cut AS 59 | 72| 92 | 97 | 100 63 (41| CH <5 22.6 11 1 1 2.72
. - Small
1401 201.3 Approx. Sta. 5+00 30-35| Sma
i 54 | 68 | 93 | 100| 100 70 | 47 | CH 215 |165| 89.2 | 6 1 1 2.74
1402 | 2021 Inside cut AS 5-7 |Undist.
Approx. Sta. 6+50
Inside cut AS ) 54 | 731 91| 99 | 100 70 | 47 | CH 224 1164|920 | 5 1 1 2.73
. - Undist.
1403 202.2 Approx. Sta. 6+50 10-11 {Undis
i 35 | 75| 96 | 100| 100 68 | 45 CH 21.9 |1.67| 94.7 5 1 1 2.72
1404 | 202.3 Inside cut AS 15-16 |Undist.
Approx. Sta. 6+50
Inside cut AS 59 | 73 1 93 | 98 | 100 59 [ 36 | CH 2.5 22.1 11 1 1 2.76
. 19-20 | Small
1405 2024 Approx. Sta. 6+50 ma
Inside cut AS 20- ) 36 | 69 | 83| 94 | 96 100 64 | 40 | CH 21.3 |165| 879 | 1 1 1 2.75
202.5 Undist.
1406 Approx. Sta. 6+50 205 |9
Inside cut AS 62 | 78 | 94 | 96 | 97 - - - - 1100 69 | 42 | CH <5 22.3 13 1 1 2.72
203.1 17-19 | Small
1407 Approx. Sta. 8+00 ma
i 52 | 73 |1 93 | 98 | 100 63 | 39 CH 2.7 27.5 7 1 1 2.75
1408 | 203.2 Inside cut AS 24-25 | Small
Approx. Sta. 8+00
Outlet Basin Left DS | 54 | 56| 93|96 99 100 77 | 53 | cH 286 [153|991| 7 | 1 | 1 2.74
1409 301.1 Approx. Sta. 15+00 14-16 [Undist.
CL Dam
1410 803.1 D. S. Berm 795 | Undist 43 | 63 | 82 | 86 | 87 100 52 [ 30 | CH 229 |1.62| 938 | 6 1 1 2.68
' Approx. Sta. 15+88 720 [ndIst
1411 802.1 D. S. Berm 7.8.5 | Undist 47 | 66 | 90 [ 92 | 94 100 59 [ 43 | CH 28.0 1151|964 | 6 1 1 2.69
' Approx. Sta. 14+70 "G-o | Endist




Attachment 2

Undisturbed Sample Characteristics and Photos, 18 sheets

























































Attachment 3

Shear Strength Soil Test Data, 136 sheets



























































































































































































































































































































































































































Attachment 4

Foundation Consolidation Soil Test Data, 2 sheets



Attachment 5

Consolidation Estimate
Plum Creek, Site 6 - Job No. 7420

Summary of Basic Assumptions:

Section Analyzed Toe near PS
Depth of Compressible Foundation, feet: 15
Height of Embankment,feet: 5
Moist Unit Weight Embankment, pcf: 115
b Value Used, feet:
Total
Layer |Thickness] Po | AP | Po+AP Cc Cr Pc Rebound | Virgin Total [Settlement
Number feet psf | psf psf e0 psf sul su2 Su |Feet
1 5 860 575] 1,435] 0.799]0.246] 0.114] 9,500| 0.0140902] 0.0000|] 1.41% 0.07
2 10 860 |1,150] 2,010] 0.799]0.246]0.114] 9,500 | 0.0233638| 0.0000] 2.3% 0.23
Total Settlement 0.30
Taylor Estimate
3.0% 0.15
4.8% 0.48
[Total 0.63

Prepared by Fort Worth Soil Mechanics Lab
6/26/2014




#200
Site # | Sample # | Depth (ft) | USCS | 0.005 | 0.074 | LL PI G, 7d @ 7d € Ce C Po Pc 2K 4K 8K
5 1524 9 CH 77 100 82 51 | 278 | 158 | 26.3 | 1.55 [ 0.799 | 0.246 | 0.114 | 860 | 9500 | Sat @ 4500 1.5
8 1523 4 CH 64 95 62 32 | 265 | 137 | 31.8 | 128 | 1.07 | 0.341 | 0.067 | 420 | 4000 | 2.8 56 | 10.4
15 2845 11 CH 62 75 49 | 275 | 133 | 38 1.099 | 0.268 1250 | 5000
16 | F73-159 8 CH 48 63 84 55 | 2.66 | 1.58 | 29.7 | 141 [ 0881 | 26 | 0074 | 500 | 6000 | 0.4 | 1.81 | 45
20 1933 11 CH 66 87 55 | 277 | 127 | 409 | 1.24 | 1.237 | 0.327 1225 | 5000




Attachment 5

Water Elevation Data, 1 sheet



Plum Creek # 6 Water Level @ Downstream Toe
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Attachment 6

Bi-Linear Strength Parameters, 1 sheet



Summary of Bi-Linear Shear Parameters

Attachment 5

Non-Linear Envelope Calculation for SLOPE/W
Input for Downstream Steady Seepage and
Upstream Drawdown Conditions

Plum Creek, Site 6, TX

- Job No. 7420

P.S. 301.1 (10-1409)

P.S. 803.1 (10-1410)

Prepared by NDCSMC - Fort Worth Soil Mechanics Lab
6/10/2014

Total Stress ¢ 22 |deg. Total Stress ¢ 18 [deg.
Total Stress ¢ 335 |psf Total Stress ¢ 510 |psf

Effective Stress ¢ 30.5 [deg. Effective Stress ¢ 30 [deg.

Effective Stress c 315 |psf Effective Stress c 365 |psf
Composite for US DD FERC Envelope Composite for US DD FERC Envelope
Cohesion 315|/Cohesion 315] Cohesion 365(|Cohesion 365

Phi-1 30.5(Phi - 1 30.5 Phi-1 30.0[Phi - 1 30.0
Phi - 2 22.0[Phi - 2 26.3 Phi - 2 18.0|[Phi - 2 24.0
N @ xsct 108|IN @ xsct 108] N @ xsct 574{[N @ xsct 574
P.S. 802.1 (10-1411) Plum Watershed Avg
Total Stress ¢ deg. Total Stress ¢ 6.8 |deg.
Total Stress ¢ 400 |psf Total Stress ¢ 1400 |psf

Effective Stress ¢ deg. Effective Stress ¢ 9.5 |deg.

Effective Stress ¢ psf Effective Stress ¢ 1120 |psf
Composite for US DD FERC Envelope Composite for US DD FERC Envelope
Cohesion 0O|fCohesion OJCohesion 1,120([Cohesion 1,120

Phi - 1 0.0[[Phi - 1 0.0fPhi - 1 9.5|[Phi - 1 9.5
Phi - 2 0.0|Phi - 2 0.0JPhi - 2 6.8|[Phi - 2 8.2
N @ xsct #DIV/O! [N @ xsct #DIV/O! N @ xsct 5,821|[N @ xsct 5,821




Attachment 7

Graphical Summaries of Slope Stability Analysis, 4 sheets



Title: Plum Creek Site # 6, 7420, TX
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Title: Plum Creek Site # 6, 7420, TX
Description: DSS

Station Method: Spencer
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Title: Plum Creek Site # 6, 7420, TX
Description: Seismic pga

Method: Spencer

Horz Seismic Coef.: 0.07603
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Attachment 8

Seed Chart Plotting Plasticity Index versus Liquid Limit, 1 sheet
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