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Based upon the index testing the existing auxiliary spillway grade has the following 
profile: 
 

Borehole Location Surficial soil 

250 CH 

251 CL 

252 CL 

253 CH 

254 CL 

255 CL 

256 CH 

 
In addition, review of the boring logs indicate that the siltstone/claystone contact occurs 
at the following approximate elevation within each borehole.     
 

Borehole Elevation (ft) 

B-250 516.5 

B-251 517.8 

B-252 506.4 

B-253 499.4 

B-254 496.8 

B-255 491.3 

B-256 
Siltstone/claystone not 

encountered 
 

 
Furthermore, although soil surveys provide a generalized indication of the soils that may 
be encountered at a site, they can assist in borehole placement.  The Web Soil Survey 
identified two soil series within the auxiliary spillway:  Crockett and Crockett Sandy 
Loam.  The Web Soil Survey classifies these soils, per the Unified Soil Classification 
system (USCS) as lean clay (CL) and inelastic silt (ML).  The boreholes were only 
advanced within the Crockett soil series (CL).  A soil survey map of the spillway is 
provided as Figure 3.   
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The full complement of the samples’ index properties are provided as Attachment 1, 
Form NRCS-ENG-354.  
 
Dispersion Tests 
 
Crumb and Double Hydrometer (ASTM D6572 and D4221) tests were performed on 
each of the samples.  A crumb test result of 1 indicates that dispersion is not present or 
is minimal, but a result of 3 or 4 is an indicator that the clays are dispersive.   
 
The Crumb sometimes provides a negative indication of dispersion for dispersive clays, 
so the Double Hydrometer test is utilized as a validation of the Crumb Test result.  
Double Hydrometer results less than about 60 indicate that dispersion is not a problem.   
 
Most samples’ Crumb Test results were a 1 or 2, for both the one and four hour 
readings, with an associated low double hydrometer reading.  The following sample test 
results were mixed and could be an indication of dispersive soils.     
 

Ft. Worth 
Lab 

Sample 
No. 

Field 
Sample 

No. 

Depth  

(ft) 

Crumb Test 
Result  

(1 hr/4hr) 

Double 
Hydrometer 

(%) 

342 250.1 5.0 – 7.5 2 / 3 31 

346 251.3 5.0 – 7.5 2 / 3 18 

347 251.4 7.5 – 10.0 3 / 4 24 

361 254.1 5.0 – 7.5 3 / 4 41 

 
 
Unconfined Compressive Strength (qu) 
 
The Unconfined Compressive Strength test (UCC) (ASTM D2166) was performed on 21 
samples at the Lincoln SML.  The samples were sheared at their natural moisture 
content and associated saturation level.  The samples were also sheared at their 
extruded diameters which allowed for any remnant parent material structure such as 
fractures to impact the results of the test.  That is the UCC is a conservative estimate of 
compressive and shear strength.     
 
ASTM D2166-13 requires a height-to-diameter ratio (H/D) of 2 to 2.5; however, some of 
the samples did not meet the H/D requirement.  The strengths from samples with an 



Plum Creek No. 21 – Job No. 7564 
Caldwell County, TX 

 Unconfined Compression – Headcut Erodibility Index (Kh) 4 
 
 

 
 

H/D ratio less than 2.0 were not included in the table below.  Additionally these samples 
are denoted by an asterisk (*) in Attachment 1.  The results of the unconfined 
compressive strength tests are provided in the table below: 
 

Ft. Worth 
Lab 

Sample 
No. 

Field 
Sample 

No. 

USCS Depth  

(ft) 

Natural 
Moisture 
Content 

(%) 

Dry Unit 
Weight 

(pcf) 

Percent 
Saturation  

(%) 

qu  

(psf) 

343 250.2 CH 10.0-12.5 25.0 94.4 84 4,015 

345 251.2 CL 2.5-5.0 13.1 108 62 12,110* 

348 251.5 CH 10.0-12.5 20.7 101 81 6,268 

349 251.6 CH 12.5-15.0 18.0 96.9 65 1,947 

351 251.8 CH 20.0-22.5 22.1 93.3 72 3,347 

355 252.2 CH 5.0-7.5 18.4 97.8 68 8,732 

357 252.4 CL 15.0-17.5 16.4 90.0 50 1,598 

361 254.1 CL 5.0-5.9 11.7 106 53 9,222 

361B 254.1 -- 5.9-6.55 12.6 110 64 9,501 

362 254.2 CL 15.0-17.5 18.9 95.9 67 5,177 

364 255.2 CL 10.0-12.5 22.0 101 88 6,656 

365 256.1 CH 3.0-5.5 19.6 97.9 72 6,349 

* Sample 345 maxed out the load cell before failing.  
 
The dry densities of the samples were obtained by measuring the dimensions of the 
UCC slugs and moisture content, prior to testing.  The saturation level of the UCC 
samples ranged from 25.7% to 87.8% with an average of 63.2%.  It is worth noting that 
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the Plum Creek 21 samples were considerably drier than samples from previous Kh 
investigations (Upper Brushy 32, Lower Brushy 20, Williams 3) which had saturation 
levels greater than 80%.   
 
Additionally, UCC testing could not be performed on the following samples due to the 
accompanying reason: 
 

Field Sample Nos. Reason 

250.1 
In order to extrude sample, tube was cut multiple times.  
Resulting sample was not large enough to perform shear 
test. 

251.1 
Sample consisted of mainly topsoil and a shear sample could 
not be obtained. 

251.6 
In order to extrude sample, tube was cut multiple times.  
Resulting sample was not large enough to perform shear 
test. 

251.9 Sample fell apart after extrusion.   

253.1 
In order to extrude sample, tube was cut multiple times.  
Resulting sample crumbled upon extrusion.   

 
CONCLUSIONS AND RECOMMENDATIONS 

 
The following are conclusions regarding the results of the testing: 
 

1. The Web Soil Survey identified the soil within the existing auxiliary spillway 
predominantly as CL (Crockett soil series); however, it also noted the potential 
presence of a ML in the outside curve of the spillway. 

a. Boreholes were not advanced along the outside edge of the spillway and 
the presence of an ML could not be determined. 

b. CLs and MLs possess different erosion resistance characteristics.   

   
2. The Crumb and Double Hydrometer testing identified most samples as being 

non-dispersive. 

a. Mixed test results were obtained in the surficial soils at Boreholes 250, 
251, and 254. 

b. These soils may possess dispersive characteristics that would influence 
headcut erodibility.   
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Figures: 

Figure 1 – Site Map 
Figure 2 – Borehole Locations 
Figure 3 – Soils Map 

 

Attachments: 

1. Form NRCS-ENG-354, Soil Mechanics Laboratory Test Data, 2 sheets 
2. Undisturbed Sample Characteristics, 12 sheets 
3. Unconfined Compression Test Reports, 21 sheets 

 
cc:   John Hrebik, Design Engineer, NRCS, Temple, TX 
 Stephen Reinsch, Co-Director, NDCSMC, NRCS, Lincoln, NE 
        Noller Herbert, Director, CED, NRCS, Washington, DC 
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Figure 1 – Site Map 

Plum Creek No. 21 
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Figure 2 – Borehole Locations 
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Figure 3 – Soil Map 

(CL) 

(ML) 
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NRCS-ENG-354
Rev. Feb 2006
File Code ENG-210-22

U.S. Department of Agriculture
Natural Resources Conservation Service

Soil Mechanics Laboratory Data

Sheet _1__ of _2__

Job No.

9/12/14 TX WF-07

Plum Creek No. 21

7564

Caldwell Co.

Location and Description

F14 26 36 43 63 75 89 98 99 99 100 50 31 CH <0.5 22.1  31 2 3 2.73

 31 43 60 79 90 - - - - 100 52 33 CH <0.5 25.0 94.4 84.0 26 1 1 2.75

 38 49 55 71 82 - - - - 100 45 26 CL <0.5 6.3  12 1 1 2.73

 33 41 49 63 73 85 97 98 99 100 45 25 CL <0.5 13.1 108 61.6 15 1 2 2.72

 27 34 42 64 78 99 100 42 20 CL <0.5 12.8 88.6 37.8 18 2 3 2.73

 31 42 55 74 92 - - - - 100 52 32 CH <0.5 17.6 91.6 55.2 24 3 4 2.75

 37 52 69 83 92 - - - - 100 60 38 CH <0.5 20.7 101 81.4 21 1 1 2.76

 37 50 69 85 93 - - - - 100 63 41 CH <0.5 18.0 96.9 64.5 20 1 2 2.74

 32 42 60 80 91 - - - - 100 51 29 CH <0.5 14.0 93.1 45.5 12 1 1 2.76

 41 56 75 92 98 - - - - 100 63 41 CH <0.5 22.1 93.3 71.9 18 1 1 2.76

 24 35 52 67 81 - - - - 100 46 25 CL <0.5 15.7  17 1 1 2.78

 23 33 50 79 91 - - - - 100 48 24 CL 1.0 16.6 97.9 62.0 12 1 1 2.70

 24 31 44 65 78 - - - - 100 30 14 CL <0.5 8.2 89.6 25.7 16 1 1 2.64
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Dispersion 

1"
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mm
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38.1
mm

3"
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mm

2.5' - 
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343

0.02
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Sand
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mm
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0.05
mm

#200
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mm
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mm

Undist.

344 251.1 Undist.

0.005
mm

Sample 
Type

5' - 
7.5'

345 251.2
Approx. 14+05 CL AS 115' 

left

Undist.

347 251.4
Approx. 14+05 CL AS 115' 

left
7.5' - 
10'

Undist.

346 251.3
5'  

7.5'
Approx. 14+05 CL AS 115' 

left

Undist.

349 251.6
Approx. 14+05 CL AS 115' 

left
12.5' - 

15'
Undist.

348 251.5
Approx. 14+05 CL AS 115' 

left
10' - 
12.5'

351 251.8
Approx. 14+05 CL AS 115' 

left
20' - 
22.5'

Undist.

350 251.7
Approx. 14+05 CL AS 115' 

left

25' - 
26.5'

15' - 
17.5'

Undist.
Approx. 14+05 CL AS 115' 

left

Undist.

Undist.

352 251.9

Undist.

353 251.10
Approx. 14+05 CL AS 115' 

left
30' - 
31'

354 252.1
Approx. 16+04 CL AS118' 

Left
0' - 
2.5'

Approx. 14+05 CL AS 115' 
left

0' - 
2.5'

250.2 Approx. 10+85 CL AS 21' left
10' - 
12.5'

4,015

342 250.1 Undist.

Undist.
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U.S. Department of Agriculture
Natural Resources Conservation Service

Soil Mechanics Laboratory Data

Sheet _2__ of _2__

Job No.

9/12/14 TX WF-07

Plum Creek No. 21

7564

Caldwell Co.

Location and Description
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0.42
mm

#4
4.76
mm
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25.4
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Limits

P.I.1 1/2"
38.1
mm

3"
76.2
mm

0.02
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L.L.

Sand

1/2"
12.7
mm

0.05
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#200
0.074
mm
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9.525
mm

0.005
mm
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Type

Gravel
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 45 57 78 92 95 - - - - 100 66 45 CH 1.2 18.4 97.8 67.6 9 1 2 2.74

 42 59 79 92 96 - - - - 100 66 43 CH <0.5 22.2 92.6 71.7 32 2 2 2.74

 23 34 50 80 92 - - - - 100 46 25 CL <0.5 16.4 90 50.3 35 2 2 2.72

 25 35 45 63 78 - - - - 100 45 24 CL 0.5 18.1 94.3 61.7 16 1 1 2.72

 36 49 49 92 98 - - - - 100 59 37 CH <0.5 17.0  20 1 2 2.71

 29 42 53 77 86 - - - - 100 52 30 CH 1.5 19.1 97.1 68.7 12 1 1 2.74

 25 32 42 53 66 73 96 99 100 35 19 CL <0.5 11.7 106 52.7 41 3 4 2.71

12.6 110.2 63.9 2.71

 31 42 54 78 87 - - - - 100 49 28 CL 2.1 18.9 95.9 66.5 14 1 1 2.73

 25 36 48 78 89 - - - - 100 47 24 CL <0.5 20.2 98.2 73.6 33 2 2 2.77

 31 39 52 77 87 - - - - 100 49 27 CL <0.5 22.0 101 87.8 15 2 2 2.74

 37 48 65 85 91 - - - - 100 56 35 CH <0.5 19.6 97.9 72.4 23 1 1 2.73

355 252.2
Approx. 16+04 CL AS118' 

Left
5' - 
7.5'

Undist.

356 252.3
Approx. 16+04 CL AS118' 

Left
10' - 
12.5'

Undist.

Small

358 252.5
Approx. 16+04 CL AS118' 

Left
25' - 
26'

Undist.

357 252.4
Approx. 16+04 CL AS118' 

Left
15' - 
17.5'

Small

360 253.2
Approx. 18+04 CL AS120' 

Left
20'- 
22'

Small

359 253.1
Approx. 18+04 CL AS120' 

Left
10' - 
12.5'

Small

362 254.2
Approx. 20+03 CL AS117' 

Left
15' - 
17.5'

Small

361 254.1
Approx. 20+03 CL AS117' 

Left
5' - 
7.5'

Small

364 255.2
Approx. 22+03 CL AS 116' 

Left
10' - 
12.5'

Small

363 255.1
Approx. 22+03 CL AS 116' 

Left
5' - 
7.5'

Small

365 256.1
Approx. 22+04 CL AS 117' 

Left
3' - 
5.5'

3,640*

1,598

8,732

6,656

6,349

2,498*

8,837*

9,222

5,177

3,908*

9,501
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Undisturbed Sample Characteristics 
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Attachment 3 

Unconfined Compressive Strength Test Results (qu) 
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