FIRECRACKERS FOR SH

ALLOW SEISMIC SURVEYS

J. H: CRINER', Engineer
U.S. Geological Survey,
Nashville, Tennessee

INTRODUCTION |
The seismic method of determining bedrock anl
formational-contact depths and density of the matellads
s still one of the most reliable and widely used methods
known. However, the high cost of surveying small area;
was prohibitive in many instances until the advent (S)
the portable “Seismic timer.” One project of the U.S.
Geological Survey in Tennessee is a water-resources
study of such an area—too large to drill to bed%'ock
for sufficient control—and control was to be obtained
by use of the seismic timer. Failure to obtain accurate
results with the “Thumper” led to the use of fire-
crackers as a source of the shock wave.

THE PROBLEM

One of the problems of this project was to obtain
sufficient control by seismic surveying to delineate and

1 The author believes that when writing for publication one should
consider most people in professions other than his own to be lay
readers. So, with this in mind, pen in hand, and, at times, tongue
in cheek this paper was written. A paper of similar content was
orally presented by the author at the Geological Society of America
Conference in Nashville, Tenn. April 8-10, 1965.

map the bedrock surface. Bedtl*ock €rops out g
prows of some of the low hills in the long
Trace Creek Basin, Humphreys County, Tenne33ee .
genera}ly deepens toward the creek to about 30' feﬂd
below land surface in the ce?ntral valley. S‘-leurfaEt
«gorges” (breaks or depressions) in the bedrock ce
much as 300 feet wide and ranging from 4¢ o nrmt:s
than 100 feet deep, presumably extend acrosg the Trace
Creek valley. The gorges are believed to phe aligneg
with the tributaries to Trace Creek, although there
may not be a gorge for every stream entering th,
creek. The bedrock gorges have no surface eXPTession
and are filled with layered silt, siltstone, clay, sang
gravel, and chert of Mississippian age. d

lOng the

It is believed that some water in Trace Creek and
in the shallow or water-table aquifer moves downwarq
through the permeable material in the bedrock gorges,
enters a deeper aquifer, and at some places probahy
moves laterally out of the basin area. The problem of
locating the gorges and apparent areas of water Jogs
by seismic surveying led to the modification of the ip.
strument and surveying method after several fajge
answers were obtained with the “Thumper.”
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A TYPICAL "THUMPER"

SEISMIC SURVEY, PLOT OF RESULTANT DATA, AND DEPTH TO BEDROCK CQMPUTATIONS.

Figure 1
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s SURVEYING WITH THE “THUMPER”

ggIsMI n operation is simple. An electronic
uThumP?IS' the central part of the instrument.
: 91-9; equiPPEd with a timer-starter switch,
meT, shock wave at a point on the ground
jsused 100 timer with the same blow. Two geophones
” start re used, a'ternately, to stop t'he timer—
ally 2 tops the timer when it receives a suffi-

fhe geoP one Sshock Generally, several sledgehammer
cently he T 10-foot interval along a survey line are
a determine the shock-wave travel-time

point to each geophom?. %n arithmetic plot
|-time Versus distance indicates shock-wave
the subsurface materials from which depth
tional contacts can be computed (figure 1).

to formd arve Vs, indicates the velocity of the shock
The ﬁ;—st ;allower material and indirectly the density
wave 1D Sbel’ial- V. is the velocity in the second or
of the 1m:er of more dense material. The depth to the
S::fﬁ 1:§er can be computed by the formula shown on

figure 1.
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Lines te pe surveyed with the “']?humper” were
selected at several locations in the project area where

ound- and surface-water sections were to be meas-
iied and where geology and topograp.hY are favorable
for possible bedrock gorges. Surveying was §tarted
and, at best, three men rotating the hammering at
10-foot intervals and 10 blows per point could cover
about 1,000 feet per day. In two weeks we had almost
completely incapacitated two engineers, three geologists,
two engineering aids, and a local day-laborer who lasted
four hours.

The data collected appeared to be valid and bedrock
determinations seemed reasonable, although shallower
than expected, but no gorges in the bedrock were in-
dicated by the seismic surveying. During and generally
following the seismic survey several holes were augered
to check the survey results, collect geologic information,
and construct observation wells in suitable holes in the
area. Augering proved that the seismic survey results
depicted only the water table and very shallow forma-
tional contacts, not the bedrock. All the data collected
were proven useless for determinations of bedrock-
depth. It 1s believed that the shock waves generated by
the sledgehammer blows were too weak to reach bed-
Tock in the area at depths greater than five feet.
Background “noise” caused by air, road, and rail traffic
t!lr.ough‘-‘ut the basin required a low instrument-sensi-
tvity setting and may have been partly the cause of
'Naccurate results. Whatever the cause, it was certain
that stronger shock waves would be necessary to
Complete a syccessful survey.

TRIAL AND Errogr SEARCH FOR A SHOCK SOURCE

imﬁz:?al other shock producing devices were tried,
cessfu]ngF-anChor"bc'lt‘ijECtile guns. None were suc-
then se Tireworks were considered, at first satl?lcally
end g riously when other methods failed, and in the
ge DpeaFed to be the best, reasonably safe method
Nerating a suitable shibek Vv
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St;l:.wever, anojche1: pr?blem had to be solved—that of

rung the seismic timer at the exact time of the
ﬁ_recracker explosion or start of the shock wave. The
timer-starting switch was taped to a heavy steel .plate
and the plate was placed over the firecracker before itz
was exploded. The first shot started the timer and the
shock created stopped the timer; however, the shot

apparently damaged the starting switch and further
tests were not made.

The final test employed the dynamite-cap exploder
and a small low-power electrical detonator or cap,
called a squib. The squib normally is used to ignite
fireworks displays and it was believed that it would
function equally as well to explode firecrackers. Fur-
thermore, it is reported to be safe, requiring no more
care in handling than an ordinary match. Testing
proved that the instrument exploder would fire the
squib and start the timer simultaneously.

FIELD SURVEYING TESTS

About 50 charges were prepared for the first survey
line of a field test. These charges were made of M-80
salutes by removing the fuses and inserting a squib
in each (figure 2). Collodion, fingernail polish, glue,

80 firecracker for seismic
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A MODIFIED "THUMPER" SURVEY USING EXPLOSIVES AND ONE GEOPHONE, A PLOT OF THF RESULTANT DATA,
AND SAMPLE COMPUTATIONS OF DEPTH TO PROGRESSIVELY DENSE MATERIALS.

Figure 3

armed salute; the number of salutes generally depend-
ing on the distance from a geophone. One squib will
explode as many firecrackers as may be taped together.

An east-west survey line was selected near an ob-
servation well that had been augered to bedrock. The
survey was conducted in the manner outlined in the
instrument manual for the sledgehammer method, with
one exception. Distances between shots were generally
greater than the distance interval for the sledge-
hammer method. Two geophones were used, one at
each end of the survey line. The length of the line was
limited mainly by the available footage of coaxial cable
necessary for geophone connections to the timer. Fire-
crackers were placed in holes in the ground punched
with a crowbar and loose material was tamped in the
hole over them; care was used to prevent damage to
the squib leads extending out of the hole. On com-
pletion of the east-west survey line bedrock was com-
puted to be 64 feet at a point 200 feet east of the
observation well. The augered depth to bedrock at the
observation well is 63 feet.

This method, using two geophones, was not entirely
satisfactory because considerable time was spent in
laying down 500 feet or more of heavy 2-conductor
coaxial cable between the geophones. Extra lengths of
coaxial cable at about $0.50 per foot could run the
cost of a survey to the prohibitive level,

The next survey line (figure 3) was conducted by
using one geophone connected to the timer with only
15 feet of coaxial cable and about 1,000 feet of very
inexpensive lightweight twin-conductor thermostat cable
connected to the exploder. The other end of the light-
weight cable was connected to the charges as surveying
progressed from 10 to about 900 feet from the geo-
phone. This modification greatly accelerated surveying
speed, precluded the need for expensive coaxial cable
except for one short geophone lead, and reduced the
weight and bulk of equipment to be moved along a
continuing survey line or to another location.

CONCLUSIONS AND SUGGESTIONS

The results of the forementioned tests indicate that
the firecracker method of seismic surveying with a
mo.diﬁed “Thumper” provides more reliable data, re-
quires less manpower, is faster, and will survey greater
depths than is possible with the sledgehammer method.
The explosives used are moderately safe, although ex-
treme care was (and should be) exercised while hand-
ling all explosives. Further modification to the single
geophone method appears to be another distinet ad-
vantage because of the reduction in weight to be
moved and elimination of the necessity for moving to

the opposite end of the survey line until charges are
fired.
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st about $3.00 per hundred and disadvantage ; thi .
mw. Larger orders placed be o i

‘l'_"e Mb(,ut $25.00 pembably would afford considerable
qﬂlbs a f’ctureI'S P
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i ismi i luded
ings seismic surveying was cone
¢ ed.af(t:?;ck or seismic timer is started by
electronlcd preak,” normally open or norma:lly
ﬂ!‘_t ple «make anopening of a closed switch or closing
35:::1 switch- Ti‘:h connected to the st?.rter out_let on
d&m open S?will start the seismic timer. This dis-
of ipstrumen following suggested procedure. _If the
e led to the onductor cable is connected directly
c..h;tweizht Nouu:‘l:et of the seismic tim_er and the otlfer
the starter of fine-gauge wire Whlc‘h has been in-
tods to & looP cker, then the explosion of the fire-
enrted in 3 firecrs , fine wire, acting as a switch
o ill break the . oy
er Wi d creating a shock wave at the
crad{ timer, an b
to start the dynamite-cap exploder and the squi
o time. Th:eded Once the timer is started only the
would not be T & i-t. The firecracker, of course, would
geophonee‘;‘i"tlysa I;uming fuse instead of a squib, which
explod ; t $0.25 per shot. The one
::)ulf afford a saving of about $ pe

‘ The usefulness of the several other portable seismic
Instruments on the market probably can be enhanced
by the use of firecrackers, At least one other instry-
ment appears to he ideally suited to their use, although
it was not actually tested. Tt is also recognized that
there are probably better methods of Preparing charges

sed here. Emphasis was placed on com-

pleting the Survey, not on finding a better firecracker
or less expensive detonator.

It is hoped that enough interest has been generated
to start a development movement that will eventually
make your portable seismic surveying instrument a
more valuable geophysical tool.
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