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The phase II Soil Mechanics Report is a summary of the test results from the site investigations 
to date. This report supplements the previous work presented in the Phase I Soil Mechanics 
Rep011, dated July 21 5

\ 2014, and presents additional data gathered. 

An additional fourteen undisturbed Shelby tube samples were submitted from the Plum Creek 
Site 6 embankment dam for soil mechanics testing. Nine of the undisturbed Shelby tube samples 
were taken from the longitudinal centerline of the existing embankment, four from the principal 
spillway alignment, and one from the downstream toe near the auxiliary spillway. 

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 along with 
photos of the extruded soil samples. Also, a borehole location map as developed by NRCS 
Texas Geologist, Bryan Moffatt, is in shown in Attachment 3. 

Embankment 

Three bore holes were advanced 56 to 60 feet deep along the longitudinal centerline of the 
existing embankment structure. The nine undisturbed Shelby tube samples for the embankment 
and foundation provided seventeen soil samples for testing (Fl4 - 94(2), F14-95, Fl4-96, f 14-
97(2), Fl4-98, Fl4-99, Fl4-100, Fl4-101A(2), Fl4-101B, Fl4-101C(2), F14-102A(2), and F14-
I 02B). There was very little variation in the classification of the soil samples tested with the vast 
majority classifying as fat clay (CH). The Plasticity Index varied from 24 to 49 and the Liquid 
Limit varied from 45 to 72. One sample classified as lean clay (CL), two samples classified as 
gravelly fat clay, and the remainder of the samples classified as fat clay (CH). 
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Principal Spillway 
 
One bore hole was advanced 26 feet along the centerline of the proposed principal spillway pipe.  
Four undisturbed Shelby tube samples for the principal spillway alignment provided eight soil 
samples (F14-104A(2), F14-104B(2), F14-105(2), F14-106, F14-107) for testing.  These soil 
samples also demonstrated very little variation in their classification as predominately fat clay 
(CH) with plasticity index variation of 28 to 46 and liquid limits from 52 to 64.  Two samples 
classified as a fat clay with sand (CH), one as sandy fat clay (CH), and the remainder classified 
as fat clay (CH).     
 
Borrow 
 
No borrow from the embankment section where the labyrinth weir will be placed has been tested 
to date.  This data will be needed to specify the compaction requirements including the optimum 
moisture content and the percentage of the maximum dry density.  
 
Shear Strength Testing 
 

Triaxial shear tests with pore pressure measurement data along with unconsolidated undrained 
shear test data of the in-place existing embankment, downstream toe, and proposed principal 
spillway alignment are shown below and in Attachment 4. 
 

The selection of failure criteria that was used included both maximum stress ratio and selected 
points for the triaxial shear tests with pore pressure measurement.  The selection of the failure 
criteria that was used included both less than ten percent strain and selected points for the 
unconsolidated undrained shear tests. 
 
 
 

 
 
 
 
 
 

Sample No. 
γd      

# / ft3 
w sat   

% 
USCS LL PI 

CU' UU 

Field Lab φ deg. c (# / ft2) φ' deg. c' (# / ft2) φ deg. c (# / ft2) 

1.1 14-94 102.7 22.4 CH 63 44 23 155 28 130 0 1440 

2.1 14-97 103.5 21.5 CH 56 40 22.5 195 28 165 0 950 

3.1 14-101A 100.9 23.3 CH 58 42 21 185 25 110 0 1140 

3.1 14-102A 100.2 24.6 CH 72 49 28 325 44 0 0 1455 

304.2 14-104A 106.7 20.9 CH 52 35 20 375 28 165 0 1625 

304.3 14-105 98.5 26.4 CH 64 46 20 320 28 80 0 1020 



 Phase II Soil Mechanics Report – Plum Creek Site 6, TX – Job No. 7420 3 
 

 
 

ENGINEERING ANALYSIS 
 

The structure dimensions and elevations were provided by the as-built drawings and the abstract 
from the Supplemental Watershed Plan for the Environmental Assessment.  The data provided is 
summarized in the following table: 
 
 

Description Elevation Width Side Slope – 
Upstream 

Side Slope – 
Downstream 

Top of Dam – Proposed 643.4 14 2.5 2.5 
Auxiliary Spillway 637.8    
Normal Pool  620.0    
Lowest Gated Outlet 612.65    
 
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. Fracturing in the clay stone 
foundation materials are more likely to convey water than seepage through the existing 
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.  Permeability testing for undisturbed samples 
was accomplished for soil Samples F14-101C and F14-104B and indicated higher permeability 
than would typically be expected for soil classified as fat clay at the in-place densities and 
moisture content.  See Attachment 5 for the setup parameters and test data associated with these 
tests and the results are listed below. 
 

Lab Sample 
Number 

Degree of 
Compaction 

% Max. 

Test w % 
Ref. to 
Opt. 

Percent 
Sat. % 

k Value 
cm/sec 

k Value 
ft/day 

F14- 101C 94.9 0.0 68 8.75 x 10-6 2.48 x 10-2 
F14- 104B 101.7 0.0 63 2.76 x 10-6 7.82 x 10-3 

 
The proposed filter and drainfill foundation system along the downstream toe of the existing 
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 fine filter material will need to be monitored closely due to the fine texture of the adjacent 
soils.  Also, the high percentage of the clay portion of the soil will necessitate that a gradation 
will need to be manufactured similar to Texas Quality Products # 4 Industrial for the fine filter 
material and ASTM C-33 Coarse Aggregate # 89 for the coarse filter material.  It is also noted 
that these material gradations will also necessitate some additional adjustments to meet the finer 
portion of the required gradations in order to meet the NEH Part 633, Chaper 26 standards. 

 
 



Phase II Soil Mechanics Report - Plum Creek Site 6, TX - Job No. 7420 4 

Compaction 

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

If you would like to discuss this report or if you need to request further testing, please contact me 
at (817) 509-3204. 

Steven Garner, P.E. 
Civil Engineer 
NRCS, Fort Worth, TX 

Attachments: 

Ph?ie&~ 
Head, Fort Worth SML 
NRCS, Fort Worth, TX 

1. NRCS-ENG-354, Soil Mechanics Laboratory Test Data, 5 sheets 
2. Undisturbed Sample Characteristics and Photos, 30 sheets 
3. Borehole Location Map, 1 sheet 
4. Shear Strength Soil Test Data, 30 sheets 
5. Permeability Test Data, 9 sheets 

cc: (electronically distributed) 

John Hrebik, State Design Engineer, NRCS, Temple, TX 
Shawn Higgins, Design Engineer, NRCS, Temple, TX 
Stephen Reinsch, Co-Director, NDCSMC, NRCS, Lincoln, NE 
Noller Herbert, Director, CED, NRCS, Washington, DC 



Attachment 1  

NRCS-ENG-354, Soil Mechanics Laboratory Test Data, 5 sheets 
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Job No.

6/5/14 TX WF-07

Plum Creek Site 6

7420

Hays Co.

Location and Description

F10 48 63 86 96 100 58 36 CH 16.4 1.55 61.2 5 1 1 2.65

 54 76 96 99 100 70 46 CH 20.7 1.73 97.8 1 1 1 2.73

 59 72 92 97 100 63 41 CH <.5 22.6  11 1 1 2.72

 54 68 93 100 100 70 47 CH 21.5 1.65 89.2 6 1 1 2.74

 54 73 91 99 100 70 47 CH 22.4 1.64 92.0 5 1 1 2.73

 35 75 96 100 100 68 45 CH 21.9 1.67 94.7 5 1 1 2.72

 59 73 93 98 100 59 36 CH 2.5 22.1  11 1 1 2.76

 36 69 83 94 96 100 64 40 CH 21.3 1.65 87.9 1 1 1 2.75

 62 78 94 96 97 - - - - 100 69 42 CH <.5 22.3  13 1 1 2.72

 52 73 93 98 100 63 39 CH 2.7 27.5  7 1 1 2.75

 54 56 93 96 99 100 77 53 CH 28.6 1.53 99.1 7 1 1 2.74

 43 63 82 86 87 100 52 30 CH 22.9 1.62 93.8 6 1 1 2.68

 47 66 90 92 94 100 59 43 CH 28.0 1.51 96.4 6 1 1 2.69
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Grain Size Distribution Expressed as Percent Finer by Dry Weight
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Sand

1/2"
12.7
mm

Inside cut AS              
Approx. Sta. 5+00

0.05
mm

#200
0.074
mm

3/8"
9.525
mm

#60
0.250
mm

Depth (ft)

0.005
mm

Sample 
Type

Gravel

Inside cut AS              
Approx. Sta. 6+50

0-2

1402 202.1
Inside cut AS              

Approx. Sta. 6+50
5-7

1400
Inside cut AS              

Approx. Sta. 5+00
10-11

Undist.

1401 201.3 Small

Undist.

1404 202.3
Inside cut AS              

Approx. Sta. 6+50
15-16 Undist.

1403 202.2 10-11

Small

1406 202.5
Inside cut AS              

Approx. Sta. 6+50
20-
20.5

Undist.

1405 202.4
Inside cut AS              

Approx. Sta. 6+50
19-20

1408 203.2
Inside cut AS              

Approx. Sta. 8+00
24-25 Small

1407 203.1
Inside cut AS              

Approx. Sta. 8+00

14-16

17-19

Undist.
Outlet Basin Left DS     
Approx. Sta. 15+00         

CL Dam

Small

Undist.

1409 301.1

Undist.

1410 803.1
D. S. Berm                

Approx. Sta. 15+88
7-9.5

1411 802.1
D. S. Berm                

Approx. Sta. 14+70
7-8.5

1399 201.1 Undist.

Undist.

Inside cut AS              
Approx. Sta. 5+00

30-35

201.2
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Location and Description
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0.02
mm

L.L.

Sand

1/2"
12.7
mm

0.05
mm

#200
0.074
mm

3/8"
9.525
mm

#60
0.250
mm

Depth (ft)

0.005
mm

Sample 
Type

Gravel

F14 49 72 89 100 59 35 CH <.5 23.3 1.52 82.0 22 1 1 2.68

22.9 1.59

 53 73 89 93 95 - - - - 100 72 44 CH 0.8 25.3 1.59 97.8 11 1 1 2.70

 49 69 91 95 97 - - - - 100 62 34 CH <.5 19.7 1.62 81.8 12 1 1 2.66

 48 70 89 95 98 - - - - 100 54 31 CH <.5 21.8 1.67 96.7 21 1 1 2.68

 38 48 58 63 69 74 75 76 76 77 83 91 97 100 64 36 CH <.5 31.1 1.40 94.2 10 1 1 2.60

 51 69 89 98 98 - - - - 100 65 35 CH 0.6 21.1 1.72 103.6 9 1 1 2.65

1.66

49 67 88 95 98 - - - - 100 61 33 CH <.5 18.9 1.73 92.3 9 1 1 2.68

 49 68 87 92 94 - - - - 100 57 35 CH <.5 24.5 1.60 96.1 24 1 1 2.70

 43 67 87 93 96 - - - - 100 45 24 CL <.5 22.8  15 1 1 2.67

 49 68 87 98 100 57 34 CH <.5 23.6 1.55 86.1 19 1 1 2.69

 58 73 91 93 94 - - - - 100 69 40 CH 3.8 26.4 1.56 99.7 4 1 1 2.66

 38 54 61 70 73 73 74 74 75 77 78 84 87 92 95 96 96 62 37 CH 0.6 23.5 1.62 95.8 7 1 1 2.69

 48 65 77 89 91 - - - - 100 56 31 CH <.5 22.8 1.57 87.6 12 1 1 2.65

102B 3.2 Centerline TOD, Sta
40.1 - 

41
Undist.

101B 3.1 Centerline TOD, Sta
22 - 
22.3

Undist.

101C 3.1 Centerline TOD, Sta
20.7 - 

22
Undist.

94 1.1 Centerline TOD, Sta 15+40
15 - 
17

Undist.

95 1.2 Centerline TOD, Sta
45 - 
47

Undist.

Undist.

97 2.1 Centerline TOD, Sta 14+40
25 - 
27

Undist.

96 1.3 Centerline TOD, Sta
55 - 
56

Undist.

99 2.3 Centerline TOD, Sta
45 - 
47

Undist.

98 2.2 Centerline TOD, Sta
35 - 
37

Undist.

101A 3.1 Centerline TOD, Sta 13+40
22.3 - 

23

Undist.

100 2.4 Centerline TOD, Sta
55 - 
55.7

103 304.1 Downstream Toe, Sta 0 - 2

Undist.

102A 3.2 Centerline TOD, Sta
41 - 
41.7

Undist.
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0.02
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L.L.

Sand
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12.7
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0.05
mm
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0.074
mm

3/8"
9.525
mm

#60
0.250
mm

Depth (ft)

0.005
mm

Sample 
Type
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 36 45 59 63 67 68 70 72 73 74 82 89 96 100 50 28 CH 2.6 21.0 1.71 99.2 11 1 1 2.68

48 65 80 83 84 - - - - 100 52 29 CH <.5 22.3 1.58 87.8 5 1 1 2.64

 53 72 86 96 97 - - - - 100 60 37 CH 1.2 28.3 1.53 100.3 4 1 1 2.69

 49 67 89 94 97 - - - - 100 59 31 CH <.5 19.0 1.58 72.6 12 1 1 2.69

 48 67 86 94 97 - - - - 100 53 31 CH <.5 14.2 1.66 61.8 13 1 1 2.68

104 B 304.2 Downstream Toe, Sta
5.0 - 
5.8

Undist.

Undist.

Undist.

105 304.3 Downstream Toe, Sta
10 - 
12

104 A 304.2 Downstream Toe, Sta
6.0 - 
6.8

107 900.1 Downstream Toe, Sta
0 - 
2.5

Undist.

106 304.4 Downstream Toe, Sta
25 - 
26.4

Undist.
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TEXAS (WF-07)

Location and Description Depth

Plum Creek Site 6 ft.

14-   (Hays County)
1057 1.1 F14-94 Core 48 66 89 94 98 100 63 44 CH 1 102.7 22.4 2.71

  For CU'
wSat= 23.9

1058 2.1 F14-97 Core 47 65 87 92 94 100 56 40 CH 1 103.5 21.5 2.71
  For CU'

wSat= 23.4

1059 3.1 F14-101 A Core 50 64 86 92 96 100 58 42 CH 1 100.9 23.3 2.72
  For CU'

wSat= 25.1

1060 3.1 F14-101 C Core 94.9 22.5 2.71
  For Permeability k
  Back up to 101 A wSat= 28.9

1061 3.2 F14-102 A Core 70 91 100 72 49 CH 1 100.2 24.6 2.73
  For CU'

wSat= 25.7

 = 21.0
c = 185 psf       
' = 25.0
c' = 110 psf

CU'

 = 28.0
c = 325 psf       
' = 44.0
c' = 0 psf

Lab. 
Sample 

No.

Field 
Number

Sample 
Type

#60
0.250
mm

0.002
mm

0.005
mm

#140
0.105
mm

4/20/11 Atterberg 
Limits

P.I.

Fines Sand Gravel

Mechanical Analysis
Grain Size Distribution Expressed as Percent Finer by Dry Weight

0.02
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0.05
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3/8"
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12.7
mm

#200
0.074
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0.42
mm
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2.0
mm
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19.05
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1 1/2"
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UU = 0.0
c = 1440 psf

UU = 0.0
c = 950 psf

UU = 0.0
c = 1140 psf

D
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%

Curve 
No.

CU'

 = 23.0
c = 155 psf       
' = 28.0
c' = 130 psf

CU'

 = 22.5
c = 195 psf       
' = 28.0
c' = 165 psf

CU'

w0 % γd

p.c.f.
wN %

Moisture-Density 
Relationships
□ Standard
□ Modified

Max

γd

p.c.f.

Special Tests

UU = 0.0
c = 1455 psf

Permeability cm/s
8.7x10-6

Date Reported: _____________  Initials: _____________
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TEXAS (WF-07)

Location and Description Depth

Plum Creek Site 6 ft.

14-   (Hays County)
1062 304 F14-104 A Core 45 55 74 80 85 100 52 35 CH 1 106.7 20.9 2.71

  For CU'
wSat= 21.6

1063 304 F14-104 B Core 101.7 20.6 2.68
  For Permeability k
  Backup to 104 A wSat= 24.0

1064 304 F14-105 Core 52 66 84 92 97 100 64 46 CH 1 98.5 26.4 2.73
  For CU'

wSat= 26.7
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□ Standard
□ Modified
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Sample Data
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No.

Field 
Number
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Type
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L.L. P.I.
0.002
mm

0.005
mm

0.02
mm

1/2"
12.7
mm

0.05
mm

#200
0.074
mm

#140
0.105
mm

#60
0.250
mm

#40
0.42
mm

3/4"
19.05
mm

1"
25.4
mm

1 1/2"
38.1
mm

3"
76.2
mm

#20
0.84
mm

#10
2.0
mm

#4
4.76
mm

3/8"
9.525
mm

4/20/11 Mechanical Analysis
Grain Size Distribution Expressed as Percent Finer by Dry Weight

CU'

 = 20.0
c = 375 psf       
' = 28.0
c' = 165 psf

Max

γd

p.c.f.
w0 % γd

p.c.f.
wN %

UU = 0.0
c = 1625 psf

UU = 0.0
c = 1020 psf

CU'

 = 20.0
c = 320 psf       
' = 28.0
c' = 80 psf

Permeability cm/s
2.8x10-6

Date Reported: _____________  Initials: _____________



 

Attachment 2 

Undisturbed Sample Characteristics and Photos, 30 sheets 

 

 

 

 

 

 































































 

Attachment 3 

Borehole Location Map, 1 sheet 

 

 

 

 

 

 





 

Attachment 4 

Shear Strength Soil Test Data, 30 sheets 

 

 

 

 

 

 































































 

Attachment 5 

Permeability Test Data, 9 sheets 
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Soil Mechanics Laboratory Data
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TEXAS (WF-07)

Location and Description Depth

Plum Creek Site 6 ft.

14-   (Hays County)
1057 1.1 F14-94 Core 48 66 89 94 98 100 63 44 CH 1 102.7 22.4 2.71

  For CU'
wSat= 23.9

1058 2.1 F14-97 Core 47 65 87 92 94 100 56 40 CH 1 103.5 21.5 2.71
  For CU'

wSat= 23.4

1059 3.1 F14-101 A Core 50 64 86 92 96 100 58 42 CH 1 100.9 23.3 2.72
  For CU'

wSat= 25.1

1060 3.1 F14-101 C Core 94.9 22.5 2.71
  For Permeability k
  Back up to 101 A wSat= 28.9

1061 3.2 F14-102 A Core 70 91 100 72 49 CH 1 100.2 24.6 2.73
  For CU'

wSat= 25.7
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c = 185 psf       
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