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The equil)!llent utilized during this field trip was the SIR sy~tea-a vi.th 
~icroprocessor* the ADT!..~ SR.-3004K graphic recorder, ~nd the ADTEX DT-60QO 
ta~e recorder. Daring r.alibration expari•ent, both the 80 aud 120 '!.f'Cl .,. 
antenn:is were used. 'Iowever the 120?iH 'lntenns with the ~f?del 705DA · 

!: transceiver provided th• best bala.uce of probi~g depth and rosolutiou, and was 
pref erred for field work. 'nle scannin~ time in the conttol unit wss 1.50 
nanos~cond~; the scannin~ rat~ was 25.5 ~cans/aec. The equipFJaent ~peratP-1 
tl@ll. 
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ACTIVITIES 

The GPR unit traTellad from Chester to Frackville, Pennsylvania on the morning 
of January 6, 1986. 'nle equip111.ent was calibrated and teated on the Lazarski 
RAMP site in northwaberland County during the afternoon of January 6, 1996. 
On January 7 field testing was completed at the Lazerski Site. Multiple 
transect• were completed with the GPR 011 January 8, 1986 at the Zakowski Site 
in Luzerne County and the Rogers Site in Lackawanna County. Exploratory work 
waa completed at the Lackawanna County CoB1iasioner Site during the lllOrning of 
January 9, 1986. The unit returned to Chester during the afternoon of 
January 9, 1996. 

RESULTS 

The continuous spatial measurements of the GPR. appear to afford significant 
benefits when applied to the eTaluation of RAMP sites. This atudy repreaeuted 
the first attespt by SCS personnel to use GPR techniques to detect and 
delineate shallow •ine cavities. 

The probing depth of the radar is related to the conductivity of the earthen 
m.sterial. Admittedly, the physical and aineralogical properties of 
sedimentary rocks and in particular, coal and abale, restrict the depth of 
penetration. However. in the areas inYeatigated, depths of 10 to 20 feet were 
c011110nly and routinely attained throuih soil and predoainantly sandstone 
bedrock. While satisfactory for this inYestigation, the reatricted probing 
depth of the GPR. may be a limitation for deeper investigations. 

During this initial attempt to define and delineate sining cavities, it was, 
at times, difficult to identify the graphic signatures of these features. 
Improved interpretations come with experience. However, several cavities were 
identified as well as zones of highly fractured bedrock. These features have 
been identified on the graphic record of this field study. 

The area investigated posed several problelllS to the interpreter. Cavities and 
tunnels are most easily identified in earthen materials when the mediwa is 
relatively hota0geneous, the features are relatively large, and the boundary 
conditions are strongly contrasting. It is easier to define a cavity in a 
massive, bomogenous rock than it is in a thinly bedded, contorted or highly 
folded rock. In the study areas, multiple reflections from beddi~~ and 
fracture pl~nes confused interpretatlons and masked the location of some 
possible cavities. 

'nle cavity taust be of substantial size to create a favorable size to depth 
ratio. Aa a general rule, the deeper the feature, the larger its size •ust be 
in order for it to be discerned by the radar. This is related to the 
expanding arc of radiation &nd the dissipation of the radar's energy with 
increasing depth. Stl&.ller cavities which may be discernable at shallow depths 
are often undectable at deeper depths. 
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The cavity must be electromagnetically contrasting. Generally, the contrast 
between rock and an air filled cavity ia great. However, the caYity uy be 
partially filled with earthen materials and have boundariee that are too 
transitional or too weakly expressed for the radar to discern. The cavity may 
have highly irregular walls which conplieates the radar image and make 
inter~retations difficult. 

Conventional drilling 11ethods, the •classic approach", are expen~ive and 
provide absolute information only at the probing site. Drilling sites are 
limited in number, widely spaced, and provide data on an exceedingly small 
area !'llld volume of earthen materials. 'nle continuous measurements of the GPR 
can help to overcome the limitations impoaed by conventional drilling aethods. 
The ground-penetrating radar ia aany tiDles faster, provides high resolution 
graphic pictures of subsurface conditions, provides greater coverage per unit 
cost, and is less likely to miss a cavity. Vith the radar, site aa9es911letlt 
can be performed before expensive drilling operations. Reviewing the graphic 
profile, a •inillUlll number of drilling sites can be selected to provide the 
maximum aaount of infortaation. ltisk can be reduced as.radar ima~ery will 
yield a greater overview of the site and increased levels of confidence. 

A coaplete record of the gr~phic profiles with explanatory remarks h•a been 
returned to Bruce A. Benton, geologist, under a separate cover letter. Xind 
regards to you and your staff for thia opportunity to explore another possible 
application of the GPR.. 

James A. Doolittle 
Soil Specialist (GPR) 

cc: 
A. Itolland, 'Director 
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