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GOVERNMENT GEOTECHNICAL REPORT 

1.  General.   

The purpose of this report is to outline the results of a geotechnical study performed to 

help the National Transportation Safety Board (NTSB) evaluate the technical accuracy of 

the preliminary geotechnical assessment report provided by Bryant Consultants, 

Incorporated (BCI) regarding the possible cause of the gas pipeline explosion in Dallas, TX.  

The NTSB has requested the services of U.S. Army Corps of Engineers (USACE) for 

this study. This work is being performed as per the Inter/Intra-Agency Agreement Number 

9531BM19H0019 dated October 10, 2018 between NTSB and USACE. This agreement was 

modified on February 20, 2019 to change the technical point of contact and extend the period 

of performance to April 30, 2019. The scope of our work included reviewing the preliminary 

assessment report prepared by Bryant Consultants, Incorporated, performing borings to 

determine subsurface stratigraphy and collecting soil samples within the accident area, 

determining the characteristics of the soil samples and performing analyses to determine the 

shrink/swell potential of the soils. Figure 1 shows the accident block and the location of 

natural gas leaks.  
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2.  Subsurface Investigation.   

 

In line with the Scope of Work developed by the U.S. Army Corps of Engineers 

(USACE), Fort Worth District, three (3) borings were drilled for this assessment. One of the 

originally proposed borings (Boring B-3) could not be drilled due to the presence of existing 

utilities. The borings were drilled to depths of 20 feet below ground surface. The field 

investigation was performed using a Gus Pech 1300C truck-mounted drill rig and conventional 

drilling attachments. Test hole advancement and sample recovery was performed using 6-inch 

diameter short flight hollow stem augers, a nominal 3-inch diameter Shelby tube sampler, and a 

6-inch diameter drag bit. Samples recovered from the borings were sealed in airtight containers 

and taken to the laboratory of TEAM Consultants, Incorporated (Arlington, Texas) for testing. 

Boring locations are shown in Figure B-101. Results of the field investigation are shown in 

Logs of Borings (Appendix A).   

  

a. Groundwater Conditions.  Groundwater conditions were monitored during and upon 

completion of drilling operations. The borings were dry during the observation period. 

However, it should be noted that groundwater conditions are relative to the time of drilling, 

annual precipitation, and drainage conditions at the site.  

  

3.  Subsurface Conditions. 

  

General Geology.  Based on the Geological Atlas of Texas, Dallas Sheet, primary 

material underlying the accident block consists of Eagle Ford Shale Formation (Kef). Figure 2 

shows the location of the accident block. To the West of the block is the Fluviatile Terrace 

Deposits (Qt) and to the East of the block is the Austin Chalk Formation (Kau). Eagle Ford 

Shale Formation and the Austin Chalk Formation are of the Upper Cretaceous age whereas the 

Fluviatile Terrace Deposits are of the Pleistocene age.  
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Figure 2 Geology at the accident block (Geological Atlas of Texas, Dallas Sheet) 

  The Eagle Ford Shale Formation typically consists of shale, sandstone, and limestone 

interbedded with clay seams. Soils derived from the Eagle Ford Shale Formation are typically 

plastic clays exhibiting high shrink/swell potential with variations in moisture content. The 

Austin Chalk Formation consists of gray chalky limestone with some shale and partings. This 
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unit weathers to a light tan; it is typically overlain by a layer of residual, dark colored clay. 

The residual clays on top of the chalky limestone are highly expansive. Fluviatile Terrace 

deposits consist of gravel, sand, silt and clay.  

Subsurface conditions representative of the project site are shown on the logs of 

borings in Appendix A. The legend on the individual boring logs show materials as classified 

in the laboratory using procedures presented in ASTM D 2488. It should be noted that the 

actual interface between material types may be far more gradual or abrupt than presented; 

therefore, actual subsurface conditions in areas not sampled may differ from those predicted.   

 

4.  Testing. 

 

 Laboratory Testing.  Representative soil samples recovered from test holes were 

subjected to laboratory testing for identification, moisture content, grain-size distribution, 

Atterberg limits, density, and controlled expansion-consolidation. The accumulative test results 

are tabulated and presented in Appendix B. Results of identification and moisture content 

testing are shown on the boring logs, Appendix A. 

Results of laboratory testing performed on samples obtained from the site are presented 

graphically in Appendix B as follows: Plasticity characteristics are shown on Plate 1, Plasticity 

Chart. Moisture content values of representative samples are shown with respect to depth on 

Plate 2. Atterberg limits test results are shown with respect to depth on Plate 3. Dry density 

values of representative undisturbed samples and their corresponding moisture contents are 

shown with respect to depth on Plate 4.   

 

(1) Controlled Expansion-Consolidation Testing and Swell Pressure 

Testing.  Controlled expansion-consolidation (CEC) testing was performed on eight specimens 

of high plasticity (CH) clay and one specimen of low plasticity (CL) clay collected at the site. 

The high plasticity (CH) clay overburden specimens were collected at depths ranging between 
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2 to 15 feet. Liquid limits (LL) measured from representative samples of the high plasticity 

clays vary between 51 and 64, plastic limits (PL) vary between 18 and 25 with plasticity 

indices (PI) between 32 and 41. The moisture content is equal to and up to 3 percent higher 

than the plastic limit. An expansion pressure (Pexp) of approximately 0.75 tons per square foot 

(tsf) to 1.5 tsf was recorded during CEC testing of the high plasticity clay specimens. Based on 

CEC test results, and the considerations discussed above, the high plasticity clay specimens 

have a moderate to high expansion potential (Cs = 0.04 to 0.06) and a moderate to high 

consolidation potential (Cc = 0.15 to 0.22) at present moisture contents. 

Controlled expansion-consolidation testing was performed on one specimen of the low 

plasticity clay at depth of 18 to 20 feet. LL measured from representative samples of the low 

plasticity clays were 45 and 46, PL was 18, with PI of 27 and 28. The moisture content is 2 

percent higher than the plastic limit.  An expansion pressure (Pexp) of approximately 1.0 tsf was 

recorded during CEC testing of the low plasticity clay specimen. Based on CEC test results, 

the low plasticity clay specimen has moderate expansion potential (Cs = 0.04) and a moderate 

consolidation potential (Cc = 0.15) at present moisture content. Controlled expansion-

consolidation test results are presented in Appendix C at the end of this report. 

Controlled expansion-consolidation test results are summarized below. 

Pexp= Swell Pressure in tons per square foot; Po= Overburden Pressure in tons per square foot 

Cs= Swell Index; Cc= Compression Index 

Boring 
Number 

Depth 
(feet) 

Liquid 
Limit 

Plasticity 
Index  

Pexp (tsf) Pexp/Po Cs Cc 
Soil 
Type 

B-1 2.0 63 39 0.75 4.0 0.06 0.19 CH  

B-1 8.0 55 33 1.0 1.8 0.05 0.18 CH  

B-2 2.0 61 36 1.0 5.4 0.06 0.22 CH  

B-2 4.0 57 36 1.0 3.2 0.05 0.19 CH  

B-2 13.0 60 40 1.5 1.7 0.05 0.15 CH  

B-4 1.0 64 40 1.5 12.0 0.06 0.22 CH  

B-4 5.0 61 39 1.0 2.7 0.06 0.19 CH  

B-4 8.0 52 32 1.0 1.8 0.04 0.16 CH  

B-4 18.0 45 27 1.0 0.8 0.04 0.15 CL  
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5.  Discussions.   

 

The surficial soils encountered in the borings are high plasticity clays.  Swell potential 

significantly increases as subgrade moisture content increases. Based on TxDOT test method 

TEX-124-E which uses Atterberg limits values and in situ moisture content, we estimate a 

potential vertical rise (PVR) in the range of 1-¾ to 2-½ inches. Our estimate assumes a zone of 

influence of 15.0 feet below ground surface. PVR in the range of 2-½ to 3.0 inches is estimated 

assuming a dry soil moisture condition. 

As mentioned previously in the general geology section of this report, the accident 

block is located in an area underlain by the Eagle Ford Shale Formation. Fluviatile Terrace 

deposits are located to the west and Austin Chalk Formation is located to the east of the Eagle 

Ford Formation. Soils derived from the Eagle Ford Shale Formation and the residual soils on 

top of the Austin Chalk Formation are high plasticity clays. These clays shrink on drying and 

swell when provided access to water. This shrink/swell movement causes a lot of distress to the 

structures constructed on top or within these formations.  

The borings were drilled in March during the colder months. So, the soils encountered 

at the site were moist and the moisture content was equal to and up to 3 percent higher than the 

plastic limit of the soil. The swell pressure recorded in the soil samples tested ranged between 

0.75 tons per square foot (tsf) to 1.5 tsf. Drier high plasticity soils exert very high swell 

pressures (5 to 6 tsf) when provided access to water and prevented from swelling. The ratio of 

the swell pressure to overburden pressure (Pexp/Po) of high plasticity clays at this site ranged 

from 1.7 to 12 indicating a moderate to very high swell potential. 

Structures and pipes founded within highly expansive soils as well as in different 

geological formations experience differential movements when variable moisture conditions are 

present in the soils supporting the structures or pipes. Clays are impermeable and water cannot 

easily flow through them whereas sands and gravels are permeable and provide easy access for 

water to permeate. Granular backfill around the pipes also provide a medium through which 
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water flows easily. There may be localized areas where water may stagnate within these 

granular backfill and cause heave. This localized heave will cause differential movement 

between this area and the area not provided access to water. There may also be low areas where 

water is ponding causing localized heave. During summer, the highly plastic clays shrink. This 

cyclic shrink /swell movement exerts a lot of forces on the joints and pipe connections. The 

magnitude of the force is directly proportional to the plasticity of the soil and the variability of 

the moisture content within the soil. Construction in the vicinity of the buried pipes may also 

provide access to water in the soils supporting the pipes.  

 

6.  Conclusions. 

 
BCI’s report asserts there are two different geologic formations, the Eagle Ford and 

Austin Chalk, underlying the accident site. USACE, Fort Worth District disagrees that there are 

two different geologic formations underlying the accident site.  Based on the site-specific 

borings, drilled as part of the USACE subsurface investigation, there is only one geologic 

formation, the Eagle Ford Shale, underlying the accident site. Furthermore, based on the lab 

test results, the plasticity characteristics and swell potential of the subsurface materials within 

the accident block are highly uniform.   
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BORING LOCATIONS & LOGS OF BORINGS
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LABORATORY TESTING DATA PLOTS 











APPENDIX C 

LABORATORY TESTING DATA 





Sample

Boring Sample Depth Visual Description & Percent Passing Sieve

No. No. (ft.) Unified Soil Classification (ASTM D-2487/2488) #4 #10 #20 #40 #60 #80 #100 #200

B-1 ST-1 2-4 Gray fat clay CH 99.6 97.4 96.0 95.2 94.4 93.3 92.1 88.2

A 2-4 Gray fat clay CH --- --- --- --- --- --- --- ---

B 4-8 Light brown fat clay CH --- --- --- --- --- --- --- ---

ST-2 8-10 Tan and gray fat clay CH 99.4 98.0 97.0 96.5 95.9 95.2 94.4 92.0

C 8-13 Tan and gray fat clay CH --- --- --- --- --- --- --- ---

D 13-17.1 Tan and gray fat clay CH --- --- --- --- --- --- --- ---

E 17.1-17.9 Tan and gray lean clay with sand CL --- --- --- --- --- --- --- ---

F 18-20 Tan silty sand SM 99.8 99.7 99.4 98.7 95.5 88.9 68.4 24.3

B-2 ST-1 2-4 Gray and dark brown fat clay CH 100 99.6 99.2 98.9 98.4 97.6 96.7 94.3

A 2-5.7 Dark gray fat clay CH --- --- --- --- --- --- --- ---

ST-2 4-6 Gray and dark gray fat clay CH 99.0 97.8 97.0 96.6 96.2 95.5 94.8 92.6

B 5.7-8 Light gray fat clay CH --- --- --- --- --- --- --- ---

ST-3 8-10 Tan and gray lean clay CL 99.9 99.6 98.7 97.9 97.1 96.4 95.6 93.6

C 8-11.3 Tan and gray fat clay CH --- --- --- --- --- --- --- ---

D 11.3-12.1 Tan lean clay with sand CL --- --- --- --- --- --- --- ---

ST-4 13-15 Tan and gray fat clay CH 100 100 99.8 99.6 99.2 98.7 98.2 96.5

E 13-18 Brown and gray fat clay CH --- --- --- --- --- --- --- ---

F 18-20 Brown and gray fat clay CH --- --- --- --- --- --- --- ---

B-4 A 1-5 Gray fat clay CH --- --- --- --- --- --- --- ---

ST-1 1-3 Gray and dark brown fat clay CH 98.9 98.0 96.8 96.1 95.2 94.0 92.6 88.9

ST-2 3-5 Gray and brown fat clay CH 100 99.1 98.1 97.3 96.4 95.1 93.8 90.3

ST-3 5-7 Brown and gray fat clay CH 98.3 95.7 94.5 93.5 92.6 91.5 90.7 87.6

B 5-7 Tan and gray fat clay CH --- --- --- --- --- --- --- ---

ST-4 8-10 Tan and gray fat clay CH 99.9 98.6 97.4 96.5 95.7 95.1 94.7 93.0

C 8-13 Tan and gray fat clay CH --- --- --- --- --- --- --- ---

ST-5 13-15 Brown and gray fat clay CH 100 100 100 99.9 99.7 99.4 99.1 97.4

D 13-18 Brown and tan fat clay CH --- --- --- --- --- --- --- ---

ST-6 18-20 Tan and gray lean clay CL 100 99.4 99.2 99.1 98.9 98.7 98.5 97.7

SUMMARY OF LABORATORY TEST RESULTS

LABORATORY TESTING SERVICES

NTSB Dallas Pipeline

Dallas, Texas

Page 1 of 2



Sample Moisture Unit Dry

Boring Sample Depth Visual Description & Content Weight

No. No. (ft.) Unified Soil Classification (ASTM D-2487/2488) (%) (pcf) LL PL PI Remarks

B-1 ST-1 2-4 Gray fat clay CH 25.3 99.6 63 24 39 (1)

A 2-4 Gray fat clay CH 26.4 --- --- --- ---

B 4-8 Light brown fat clay CH 25.0 --- --- --- ---

ST-2 8-10 Tan and gray fat clay CH 22.1 101.4 55 22 33 (1)

C 8-13 Tan and gray fat clay CH 23.9 --- --- --- ---

D 13-17.1 Tan and gray fat clay CH 26.6 --- --- --- ---

E 17.1-17.9 Tan and gray lean clay with sand CL 17.5 --- --- --- ---

F 18-20 Tan silty sand SM 9.6 ---

B-2 ST-1 2-4 Gray and dark brown fat clay CH 26.6 97.7 61 25 36 (1)

A 2-5.7 Dark gray fat clay CH 26.1 --- --- --- ---

ST-2 4-6 Gray and dark gray fat clay CH 21.7 103.0 57 21 36 (1)

B 5.7-8 Light gray fat clay CH 19.4 --- --- --- ---

ST-3 8-10 Tan and gray lean clay CL 17.8 --- 46 18 28

C 8-11.3 Tan and gray fat clay CH 20.8 --- --- --- ---

D 11.3-12.1 Tan lean clay with sand CL 14.7 --- --- --- ---

ST-4 13-15 Tan and gray fat clay CH 21.2 98.0 60 20 40 (1)

E 13-18 Brown and gray fat clay CH 23.3 --- --- --- ---

F 18-20 Brown and gray fat clay CH 21.4 --- --- --- ---

B-4 A 1-5 Gray fat clay CH 26.3 --- --- --- ---

ST-1 1-3 Gray and dark brown fat clay CH 25.8 98.1 64 24 40 (1)

ST-2 3-5 Gray and brown fat clay CH 26.0 --- 64 23 41

ST-3 5-7 Brown and gray fat clay CH 24.5 100.0 61 22 39 (1)

B 5-7 Tan and gray fat clay CH 22.7 --- --- --- ---

ST-4 8-10 Tan and gray fat clay CH 20.7 104.8 52 20 32 (1)

C 8-13 Tan and gray fat clay CH 22.7 --- --- --- ---

ST-5 13-15 Brown and gray fat clay CH 19.1 --- 51 18 33

D 13-18 Brown and tan fat clay CH 22.0 --- --- --- ---

ST-6 18-20 Tan and gray lean clay CL 19.8 105.7 45 18 27 (1)

(1) See attached "Laboratory Data Sheets" for Consolidation Test results.

Dallas, Texas

NTSB Dallas Pipeline

LABORATORY TESTING SERVICES

SUMMARY OF LABORATORY TEST RESULTS

Non-Plastic

Atterberg

Limits

Page 2 of 2


















































































































































































