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1.0 INTRODUCTION 

During 1990 and 1991, the U. S. Army Corps of Engineers conducted a cone 
penetrometer investigation at Operable Unit 1 (OU1) , the Oil and Solvent Disposal 
Pits Area of the Naval Air Station (NAS) , Jacksonville (see Figures 1-1, 1-2, and 
1-3). This study identified a resistant layer exhibiting resistance of 
approximately 11,000 psi, which was tentatively identified as a compacted 
clay/shale, which acts as a confining unit within the shallow aquifer. The depth 
to this layer, as determined from cone penetrometer data, ranged from 40 feet to 
greater than 55 feet below land surface l

. As a portion of the continuing 
investigation, Geraghty & Miller recommended a seismic refraction survey to 
profile the top of the compacted clay/shale horizon, because of the importance 
of this layer in potentially impeding the downward migration of contaminants into 
the underlying aquifer. They made assumptions regarding the seismic properties 
of the compacted clay/shale layer and the overlying strata and recommended that 
the survey be implemented first as a seismic refraction test study to determine 
the effectiveness of this technique in this application. If the results of the 
test study were positive, an expanded program would be completed. The 
assumptions made regarding the seismic properties of the geologic units 
underlying the Oil and Solvent Disposal Pits Area seemed reasonable to ABB-ES 
given the available information, as did the phased approach which was 
recommended. 

Accordingly, ABB-ES implemented a seismic refraction survey on March 3, 1991. 
Field activities at the Oil and Solvent Disposal Pits Area took place between 
March 3 and March 6, 1992. 

IGeraghty & Miller, Inc., September 1991, Remedial Investigation/Feasibility 
Study Work Plan for OUI, Oil and Solvents Disposal Pits Area: 13-0019-IRPP Vol. 
No.5, RI/FSWP-OU1, PSCS26/27. 
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2.0 PERSONNEL 

Personnel involved in the field activities for ABB-ES include Richard Allen, 
Principal Geophysicist; Charles Goodwin, Scientist; Thomas Winslow, Technician; 
and Patrick Craine, Technician. R. Allen is responsible for the data processing 
and interpretation. Kathy Lukasawiecz was the ABB-ES Field Operations Leader 
(FOL) during the field investigation. 
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3.0 FIELD PROGRAM 

A Geometrics ES24l5F Seismograph was used during the field investigation along 
with either 800-foot-long seismic spread cables with (nominal) 40-foot spacing 
between geophones or 400 foot-long seismic spread cables with (nominal) 20-foot 
spacing between geophones. The seismic refraction test study consisted of a 
total of 5 seismic traverses (Lines 1 through 5, Figure 3-1) and a total of 4,000 
lineal feet of refraction profiling. A field decision was made to locate 
traverses for the seismic refraction test study coincident with traverses 
proposed for the refraction production program recommended in the Work Plan. In 
this way, if the test study results were positive, it would be unnecessary to 
then begin with the proposed production traverse lines, but to merely continue 
with that program. Seismic lines 1, 2, and 4 had spread lengths of 800 feet and 
geophone spacings of 40 feet, whereas Lines 3 and 5 had spread lengths of 400 
feet and geophone spacings of 20 feet.2 Appendix A has more information on the 
seismic refraction technique. 

The energy source selected for this study was dynamite (class "A" explosive), as 
it was felt that for the long spread lengths that would be required, other less 
energetic sources would not be adequate. A licensed blaster from IRECO, Inc., 
of Ocala, Florida, was contracted for to provide blasting services and to 
transport and store explosives. The specific explosives products used were 
POWERMITE™ (l~ pound per stick) and INSTADET™ (No.8, l2-ft leads) electrically 
detonated blasting caps. Explosive charges varied from 5/16 to 5/B pound and 
were placed in 4 to 4~-foot auger-driven holes and stemmed with natural materials 
or crushed stone. No safety-related incidents occurred during the field 
investigation. 

Traverses were laid out with a compass and cloth tape and marked in the field 
with blaze orange pin flags. The separation between individual shot holes along 
each seismic spread varied slightly from traverse to traverse, but generally was 
100 feet for the shorter spread cables (20 foot geophone separation) and 200 feet 
for the longer spread cables (40 foot geophone separation). Off-end shots were 
used frequently to effect even deeper penetration than that afforded by the 400-
and BOO-foot spread lengths utilized during the study. 

Seismic data were evaluated daily and processed at the site with SIPT2 software, 
an upgraded version of SIPTl, which was released as Open-File Report B7-103-A,B 
by the U.S. Geological Survey. This software is distributed and supported by 
Rimrock Geophysics, Inc., 12372 W. Louisiana Avenue, Lakewood, Colorada 80228. 

2Each seismic spread consists of two separate spread cables with 12 geophone 
takeouts. Where the primary geophone separation is 40 feet, the geophone 
separation decreases to 20 feet at either end of each spread cable. Where the 
primary geophone separation is 20 feet, the separation decreases to 10 feet at 
either end. Appendix A contains a diagram of the spread geometry. 
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The true thickness and continuity of the compacted clay/shale layer was unknown 
prior to the start of the seismic refraction survey. ABB-ES realized that if the 
layer was not sufficiently thick with respect to its depth of burial, it would 
not be detectable with seismic refraction. In addition, ABB-ES realized that the 
effectiveness of a seismic refraction survey depends on a sufficient velocity 
contrast between the overlying layers and the target refractor (in this case, the 
compacted clay/shale). Assumptions regarding the velocity contrasts which may 
exist between the various seismic layers were made by Geraghty & Miller (G&M), 
and those assumptions seemed reasonable for planning purposes. G&M assumed that 
the upper three feet of surficial soils would have a seismic velocity of 2,000 
feet per second (ft/sec) called V1 , while the remainder of the surficial material 
would have a velocity of 5,000 ft/sec (V2). The velocity of the resistant layer 
was estimated at 9,000 ft/sec (V3 ). However, if in actuality, V2 is higher, say 
6,500 ft/sec and V3 is lower, say 7,500 ft/sec, then the velocity contrast is 
probably insufficient to accurately profile the deeper resistant layer. The 
actual velocity values of the various layers were to be determined during the 
seismic refraction test study portion of the field program. 

SERN10.0U1 
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4.0 RESULTS 

The results of the seismic survey are presented as seismic profiles, Figures 4-1 
through 4-5. A portion of the computer output from the SIPT2 data processing is 
included in Appendix B. Appendix C includes computer plots (not interpreted) of 
the time-distance graphs for the seismic data. Appendix D contains copies of 
original seismograms for each of the seven seismic spreads completed during this 
work. 

In these profiles, two seismic layers are defined: the upper surficial layer 
(Layer #1) varies in thickness from approximately 4 to 19 feet and has a seismic 
velocity value that varies from approximately 1,000 ft/sec to 2,300 ft/sec 
(called V1); and the deeper layer (Layer #2) is of undefined thickness and has 
a seismic velocity value that varies from 5,000 to about 5,900 ft/sec. Layer #2 
exceeds a thickness of 200 feet, if one assumes that the velocity of the next 
(deeper) seismic layer (Layer #3) is 9,000 ft/sec. There is no consistent 
indication from the seismic data of the presence of Layer #3 in the depth range 
from approximately 40 to 150 feet. Included in Appendix C are examples of 
various thickness/velocity scenarios illustrating how the time-distance graphs 
would have appeared had the resistant layer been present as a refractor. 

As noted above, the seismic velocity value of Layer #2 varies from approximately 
5,000 ft/sec to 5,900 ft/sec. The seismic velocity for Layer #2 appears to 
increase slightly as a function of depth, a phenomena that one would predict for 
older Coastal Plain sediments (in this case Miocene/Pliocene) where there is no 
widespread calcareous cementation. 

We conclude that if the compacted clay/shale layer (Layer #3) is present, then 
either (1) the compacted layer is not thick enough to be detected as a refractor 
or (2) the layer has insufficient velocity contrast, relative to its overlying 
layer to be detected and accurately mapped as a refractor. 

The results of the seismic survey compare well with actual subsurface conditions 
observed in the field at OU1. Split-spoon soil boring lithology information 
recorded during monitoring well and soil boring drilling operations confirmed the 
presence of a 1 to 6-foot thick, dense, dolomite, or dolosilt unit at depths of 
between 25 to 45 feet below land surface at OU1. This dense unit does not appear 
to be contiguous across the site and grades from a silty clay, to a clayey silt 
and into a silty, sandy dolomite. These dolomitic sediments found at the base 
of the Surficial Aquifer overlie very similar silts and sands that comprise the 
upper portion of the Hawthorn Group. 
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General 

The seismic refraction profiling method is an indirect means of determining the 
thickness and velocity values of the various seismic layers underlying a site. 
There is often a direct correlation between geologic strata and the layers 
defined during a seismic refraction investigation. 

The basis for the interpretation of data is the amount of time required for sonic 
waves, generated at a point source, to travel through the earth to a series of 
sensitive listening devices placed along the ground surface. These devices are 
called geophones, or seismometers. Geophones are placed at known intervals along 
a straight line on the ground surface and connected by special multi-conductor 
cables to the seismograph. The cables are called seismic spread cables and the 
array of geophones and cables is called a seismic spread (Figure A-I). The 
seismograph is the device that records the sonic wave arrivals from an energy 
source along the seismic spread, acquiring separate data for each geophone 
position. 

The seismic waves detected in a seismic refraction survey and used for depth 
calculations and the identification of materials are liP" (compressional) waves. 
This wave travels through earth materials as a series of compressions and 
rarefactions (not unlike the waves produced by throwing a pebble onto a pond). 
Just as sunlight bends when it passes through a glass prism (refraction), so 
sound waves bend as they travel deeper into the earth through the various layers 
of soil and rock. Because they are bent, they eventually return to the surface 
as refracted seismic waves. If one carefully measures the transit times between 
the energy source and each geophone, one can interpret subsurface structure. The 
thickness and velocity values of various soil and rock layers can be computed. 
In the same manner, seismologists have learned about the interior of the earth 
by carefully measuring the arrival of seismic waves generated by distant 
earthquakes. 

Field Procedure for Data Acquisition 

Seismic spread cables, which have pre-measured shotpoint and geophone locations, 
are positioned along the lines of investigation. The geophones, which generally 
have a spiked base to provide good ground contact, are positioned at their 
measured locations. Seismic energy (the sonic waves) are produced with either 
a weight impact (sledge hammer) or small buried charges of explosives. If 
explosives are necessary, shotholes are prepared, in this case with a gas-driven 
power auger and 2-inch 0.0. auger flight with a hardened drive bit, to insure 
good ground coupling. The blaster tamps the explosives tightly into the shothole 
and notes the depth and amount of explosives in each shothole. 

Seismograms are obtained using a portable signal enhancement seismograph. This 
instrument records the wave arrivals from the energy source along the seismic 
spread, acquiring separate data for each geophone position. Timing lines across 
the entire recording allow direct reading of wave arrivals to an accuracy of one 
millisecond. The signal enhancement capability refers to the ability of the 
instrument to record the seismic waves from several impacts (or explosions), add 
them electronically, and retain this data in its internal digital memory for 
later processing and interpretation. The enhanced signal improves data quality 
and greatly simplifies interpretation. 
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Generally, the field party will obtain several recordings (seismograms) along 
each seismic spread. Seismograms are generated with the energy source at each 
end, and others may be obtained by energy generation in the middle, and at other 
positions along an individual seismic spread as necessary. 

Continuous profiling is accomplished by having an end shotpoint of one seismic 
spread coincident with an end or intermediate position shot point of the 
succeeding spread. The length of each spread is determined by the required depth 
of penetration. Seismic spreads of varying lengths can be used in a study; the 
deeper the required penetration, the longer the spread must be. 

Interpretation 

The data are interpreted by first accurately measuring the individual transit 
times at each geophone position, then constructing a graph of these times versus 
their distance from the energy source. The geophysicist then determines by 
inspection of the time-distance graphs the number of subsurface seismic layers 
present. For this work, the travel time arrivals, shot hole and geophone 
locations were input into SIPT2, aU. S. Geological Survey software program 
distributed by Rimrock Geophysics, Inc., Lakewood, co. for processing. The 
results of the data processing are presented in the body of the text. 

Interpretation could also have been done manually by drawing straight line 
segments of best fit onto the time distance graphs, each layer being represented 
by a line of different slope. The inverse of the slope of each line is the 
(apparent) velocity value for each layer. The distance from the origin (location 
of the energy source) of the "crossover point" between two layers is proportional 
to the thickness of the overlying layer. A wavefront diagram and corresponding 
time-distance plot are shown on Figure A-I. 

The identification of various materials can be made with a knowledge of seismic 
velocity values based on other engineering studies, and on correlations with 
various test borings taken near seismic lines. 
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A 18 +2 + 2 580. 

A D I : + 600. 
A 19 2 2+ 2 + 620. 

A 20 1 2 660. 

A 21 + R 700. 

A22 21 2 2 + + 740. 
A 23 1 + 2 + 7+ 2 2 + 760. 
A 24 2 + 2 2 2 + 780. 

E t BOO. 
1---------+---------1---------1------1-----+----+-----+-----+------1----1 
(I 25 SO 75 100 125 150 175 200 225 250 

• 



S[lSMIC U'lE 1. I1IWAL ~IR STATION J(ICKSOI1VlLLE, OUl, CHILD STREET SITE 
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3LlSMIC l IIII " HAI)AL flIR STATlQN, JACrSONVILLE, QUI, CHILD STREET sm 

Tile-DIstance Plot -- Raw data with no corrections applied 

r e 
e 0 P T I • e (mIllIseconds) 

• 25 50 75 100 125 150 175 200 225 250 
+---------+---------+---------t---------+---------t---------t-----+---------t--------t---------+ 

A + : + + + + + O. 
I 2 + I 2 2 + t 2 2 + +2 20. 

2 + 2 + +2 2 2 2 2 40. 
2 + 2 2 2 + 2 2 + 60. 

+ 22 2 + + 2 2 + + 2 100. 

+2 2+ +2 + 2 140. 

I + 2 + 2 2 + + 2 2 + IBO. 

B + : : + 200. 
22 2+ 2 + 220. 

+ 2 +2 + 2 260. 

A 9 22 2 2t +2 + • 300. 

A 10 +2 + 2+ +2 2 1 340. 
A II 2 2+ +2 +2 2 I 360. 
A 12 2 + 2 21 2 3BO. 

A C I : I .. : 1 400. 
A 13 I 22 ~ + + 420. 
A 14 2 2 2 :+ + 2 440. 
A IS + 2 2 + 2 + +2 460. 

• A 16 1 2 2 2+ 2 2 + 500. 

AI7 2+ + 2 540. 

A IB + 2 2 580 • 
.. 

A o + : + • : I 600. 
A 19 2 2 2 620. 

A 20 +2 2 + 2 1 1 2 660. 

A 21 II 700. 

A 22 +2 I 21 2 I 740. 
A 23 21 2 + 2 2 2 I 760. 
A 24 2+ 2 21 7BO. 

E 1 BOO. 
+---------+---------1---------1---------+---------1------t-------I---------I---------+------I 

25 50 75 100 125 ISO 175 200 225 250 

• 



'{ISMIC Lliit :, IIAVAl AIR STATION, JACK30tlVIllE, OU1, CHILO STREET SITE 

Elevation (feet) 
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S[ISMIC 1Ilil 3A, IIAVAL AI, STATlOIl JACVSOIlVILLE, OUI, CHILD STPEET SITE 

h!e-Olstance Plot -- Paw data with no correctIons applIed 

r e 

• e 0 P 

25 50 75 100 125 ISO liS 200 225 250 
+---------+---------+---------+---------+---------+--------+--------+---------+--------+--------+ 

A + I 2 + + 2 2 + 2 O. 
2 2 + + 2 2 + 2 20. 
2 +2 2 + 2 30. 
2 + 2+ t 2 +2 50. 

2+ 2 2 + + 2 2 70. 
22 2 2 + 90. 

7 2+2 2 2 + 2 110. 
B 2 t 2 2 2 + 2 130. 

2 + 2 150. 
A 10 2 2 +2 2 + 2 170. 
A 11 + 2 2 2 + 2 180. 
A 12 8 + 2 + +2 200. 
A 13 1 22+ t 2 2 210. 
A 14 2 n + +2 2 + 220. 
A 15 2 2 2+ 2 2 + 230. 
A 16 2 2 2 2+ 2 250. 
A 17 2 + 2 + 2 2 + 2 270. 
A 18 2+ 2 + 2 2 + 290. 
A 19 22 22 + 2 310. 
A 20 2+ 2 + + 330. 
A 21 2 + 2 +2 2 t 2 t 350. 
A22 2 2 2+ 2 + 370. 
A 23 2 2+ 2 380. 
A 24 C + 2 2 + +2 400. 
A 25 t I 22 + +22 410. 
A 26 2 2 2+ + D ~20. 

• A 27 2 2+ +2 2 ~30 • 
A 28 2 + 2 2 2 2 450. 
A 29 2 + 2 +2 2 t 2 m. 
A 30 2+ 2 + 2 2 + 2 + 490. 
A 31 22 22 2 + 510. 

A 32 2+ 2 22 + 2 530. 

A 33 2 + 2 + 2 2 + +2 550. 

A 34 2 2 + 2 2+ + 2 570. 

A 35 + 2 2 +2 2 580. 
A 36 o + I 2 2 GOO. 
A 37 I 22+ + 2 610. 

A 38 2 22+ + 2 620. 

A 39 + 2 2+ 2 + 630. 
A 40 + 2 +2 2 + 650. 
A 41 2+ 2 + 2 2 + 670. 
A 42 +2 2 2 2 + 690. 
A 43 + 22 2 2 710. 
A 44 +2 2 2 + +2 + 130. 
A 45 2+ ? + 2 + + 2 + 750. 
A 46 2 2 + 2 2 770. 
A 47 + 2 + 2 2 780. 
A 48 E + 2 + +2 2 + 800. 

+---------+---------+---------+---------t--------t-------+--------+--------+--------+--------+ 
0 25 50 75 100 125 150 175 200 225 250 

• 



SrISMIC L1tlC 3.1. IIAVfll m STATION ,IAC¥SOIIVILLE. OUI. CHILD mm SITE 

Elevation (feet) 
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SLISMIL LlIIL ~, NHVHL l'Ii- :;THIION JA(,'oOiIVILLl, OUI, CHILD STREET SITE 

li.e-Dlstance Flot -- ~a~ data wIth no corrections applIed 

r e S 
e 0 P Tim e (mIllIseconds) 

• 25 50 75 100 125 ISO 175 200 225 250 
+---------+---------+---------+---------+---------+---------+---------t-----t---------t-------t 

A B + : t t o. 
A + + 2 + 2 + 20. 

2+ 2 + 2+ 2 40. 
+2 2+ +2 2 t 2 60. 

I 2 + 2 100. 

+ 2 + 2 140. 

R + 2 + 180. 

+ 2 +2 + 2 220. 

+2 +2 260. 

A 9 +2 2 + 2 + 2 + 2 + 300. 

A 10 2 + 2+ 2 340. 
A 11 2 + 2 2 2 2 360. 
A 12 + 2 2 + 22 380. 

C + : t; I; 400. 
A 13 +2 2 + 2 420. 
AI4 2 + 2 + 2 + + 4W. 
A 15 2 + 2 + I 2 2 I 2+ 460. 

• A 16 +2 500. 

A17 +2 2 + 2 540. 

A 18 22 t 22 + 580. 

A 19 2+ t 2 2 + 620. 

A 20 + 2 I 2 + 2 660. 

A 21 +2 2 + 2+ 2 + 700. 

A 22 2 + 2 + 2 + 2 2 + 740. 
A 23 2 2+ 2 + 2 2+ 760. 
A 24 + I 22 780. 

o + 800. 
+---------+---------t---------t---------t---------t------+----+--------t-------t-------+ 

25 50 75 100 125 ISO 175 200 225 250 

• 



S[IcIIlC lIN!: 4, IIHI)AL ~IP STATIOII IACK80Nl)ILLE, DUI, CHILO STREET sm 

Elevation (feet) 

-IBO -160 -140 -120 -100 -BO -60 -20 20 
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SllSHI, LItl[ SA, tlAVAl ~ik STATIOtl ,IAGilSONVIllE, OUI, CHilD STREET SITE 

T lOe-Distance Plot -- Raw data WI th no corrections applied 

r e 
e 0 T i • e (~IIIiseconds) 

• IS 30 45 60 75 90 105 120 135 150 
+---------+---------+---------+---------+---------+----+--------+--------+---------+-------+ 

A + I 2 + + 2 2 + 2+ O. 
2 2 2 2 2 + 20. 
2 2 2 2 30. 

I 2 2 + + 2 SO. 
I 2 +2 2 +2 + 2 70. 

2 2 + • 2 • 2+ 90. 
2 2 + + 2 110. 

2 + 2 + + 2 + 2 130. 

A 2 + +2 2 +2 150. 

A 10 + + 2 + 2 2+ 2 170. 
A 11 B + 2 +2 2 + 2+ 195. 

A 12 + 1 2 2 + 2 • ISO. 
A 13 + 2 2 210. 

AH + 2 +2 2 2 220. 

~ 15 2+ 2 +2 + 2 + 2 230. 

A 16 + 2 + +2 250. 

A 17 2 +2 2 + 2+ 270. 

A 18 2 +2 2 + 2 + 290. 
A 19 2 2 + 310. 
A 20 + +2 +2 2 + 2 330. 
A 21 + 2 2. 2 2 350. 
A22 2+ 2 + 2 + 2 + 370. 
A 23 2+ + 2 2 + 380. 
A 24 r • I + 2 + 2 2 + 400. 
A 25 +2 2 22 410. 
A 26 I n + 2 2 420. 
A 27 +2 2 + 2 2 430. 

• A 28 + 2 2+ 2 2 2 + 450. 
A 29 2 + 2 + 2+ 2+ +2 470. 
A 30 2 2 2 4SO. 
A 31 +2 2 + 22 + 510. 
A 32 2+ 2 + + 2 2 + 2+ 530. 
A 33 t 2 + 2+ 2+ + 2 550. 
A 34 + 2 2 2 + +2 + 570. 
A 35 I 2 +2 2 + 2 + 580. 
A 36 o + I + + 22 + 2 2 + 600. 
A 37 + +2 2 + 2+ 610. 
4 38 +2 2 2 + 2 + + 2 620. 
11 39 + 2 2 + 2 + 2 + 2 + 630. 
A 40 2 2 2 2 2 + 650. 

A 41 2 2 +2 + 2 2 670. 

A 42 22 + 2 + 690. 
A 43 2 + 2 + 2+ 2 710. 
A 44 2 + + 2 2 730. 
A45 + 2 2+ + 2 + 2 + 2 + 750. 
A 46 +2 + 2 2 + 2+ 770. 
A 47 2 + + 2 2 2+ fA 780. 
A 48 E + 1 + + 2 2 2+ +1 BOO. 

+---------+---------+---------+---------+------+----+--------+---------+------+------+ 
0 15 30 45 60 75 SO lOS 120 135 150 

• 



SEISMIC LItlE SA. NAVAL AIR STATION JACKSONVILLE, OUl, CHILD SlREET SITE 

Elevation (feet) 
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APPENDIX C-1 

• Time-Distance Graphs, Seismic Lines 1-5 

• 
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APPENDIX C-2 

Synthetic Time-Distance Graphs: Variable Velocity for Layer #3, 

Variable Thickness for Layer #2 
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