NO00207.AR.002556
NAS JACKSONVILLE
5090.3a

SAMPLING EVENT REPORT NUMBER 10 FOR GEOPHYSICAL SURVEY AT OPERATING
UNIT 1 (OU1) NAS JACKSONVILLE FL
7/1/1992
ABB ENVIRONMENTAL




SAMPLING EVENT REPORT NUMBER 10

GEOPHYSICAL SURVEY
OPERATING UNIT NO. 1
NAVAL INSTALLATION RESTORATION PROGRAM
JACKSONVILLE NAVAL AIR STATION
JACKSONVILLE, FLORIDA

CONTRACT TASK ORDER No. 040
NAVY CLEAN - DISTRICT 1
Contract No. N62467-89-D-0317

July 1992

Submitted by:

ABB Environmental Services Inc.
2590 Executive Center Circle, East
Tallahassee, Florida 32301



TABLE OF CONTENTS

Sampling Event Report Number 10

Section Title Page No.
1.0 INTRODUCTION . 1-1
2.0 PERSONNEL 2-1
3.0 FIELD PROGRAM 3-1
4.0 RESULTS 4-1
APPENDICES

A: Seismic Refraction Technique

B: Computer Output, SIPT2 Data Processing

C-1: Time-Distance Graphs, Seismic Lines 1-5

C-2: Synthetic Time-Distance Graphs: Variable Velocity for Layer #3,

Variable Thickness for Layer #2
D: Copies of Original Seismogram Data

SERN10.0U1
MVL.F05.07.92



Figure

LIST OF FIGURES

Sampling Event Report Number 10

Title

Page No.

1-1

Location of OUl, 0il and Solvents Disposal Pits Area,
PSC-26 and PSC-27

1-2 Disposal Pits Area Including PSC-26, O0ld Main Registered
Area and PSC-27, Former PCB Storage Area e e

1-3 Location of Former Disposal Pits

3-1 Seismic Survey Traverse Locations .

4-1 Seismic Refraction Survey .

4-2 Seismic Refraction Survey .

4-3  Seismic Refraction Survey .

4-4  Seismic Refraction Survey .

4-5 Seismic Refraction Survey .

A-1 Seismic Refraction Technique

SERN10.0U1

MVL.F05.07.92 i

1-2

1-3

1-4

3-2

4-2

4-3

4-4

4-5

4-6

A-2



1.0 INTRODUCTION

During 1990 and 1991, the U.S. Army Corps of Engineers conducted a cone
penetrometer investigation at Operable Unit 1 (OUl), the 0il 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!. 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 0il 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 0il and Solvent Disposal Pits Area took place between

March 3 and March 6, 1992,

1Geraghty & Miller, Inc., September 1991, Remedial Investigation/Feasibility
Study Work Plan for OUl, Oil and Solvents Disposal Pits Area: 13-0019-IRPP Vol.
No. 5, RI/FSWP-0Ul, 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 ES2415F 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. 1In
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.? 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™ (1% pound per stick) and INSTADET™ (No. 8, 12-ft leads) electrically
detonated blasting caps. Explosive charges varied from 5/16 to 5/8 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 800-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 87-103-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.

Each 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.

1
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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 V,, while the remainder of the surficial material
would have a velocity of 5,000 ft/sec (V,). The velocity of the resistant layer
was estimated at 9,000 ft/sec (V3). However, if in actuality, V, is higher, say
6,500 ft/sec and V, 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.
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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 V,); 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 abové, 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 OUl. 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 OUl. 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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APPENDIX A

Seismic Refraction Technique



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-1). 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 "P" (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.D. 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.

SERN10.0U1
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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, a U.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-1.

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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APPENDIX B

Computer Output - SIPT2 Data Processing
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SLIGHIC LINE &, NAUAL AIR STATION, JACKSONUILLE, QUL, CHILD STREET SITE

5 Time-Distance Plot -- Raw data with no corrections applied
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SLISHIE LINE 2, HAUAL AIK STATION, JACKGOWVILLE, OUL, CHILD STREET SITE
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SUISHIC LIND 3, WAVAL AIR STATION JACKSOWVILLE, U1, CHILD STRLET SITE
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SLISMIC LINL #, AWML plic GTHTION JACKSONVILLE, OU1, CHILD STRZET SITE

S T1se-Distance Flot ~-- Raw data with no corrections applied
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SCICHIG LING 4, NAUAL ATR STATION IACKSONVILLE, OUY, CHILD STREET SITE
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SEISMIC LINE 5A, MAVAL AIR STATION JACKSONVILLE, OUI, CHILD STREET SITE
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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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APPENDIX D

Copies of Original Seismogram Data
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