










 Categoria
 Top Downloads




Entrar
Registrar
Recobrar











Pesquisar












	
Categoria

	
Top Downloads

	
	
Entrar

	
Registrar







Pesquisar











	
Home

	IEEE-PES Paper 

 IEEE-PES Paper 


June 13, 2017 | Autor: Gary Young | Categoria: Remote Sensing, Geographic Information Systems (GIS) 



 BAIXAR PDF 



 Share
 Embed



 Denunciar este link














Descrição do Produto


1



GPR Mapping to Avoid Utility Conflicts Prior to Construction of the M-29 Transmission Line J. P. Mooney, Jr., J .D. Ciampa, G. N. Young, A. R. Kressner, J. Carbonara



Abstract-- Subsurface construction for utility installation and repair in urban environments presents many unique challenges. One of the most significant is the identification and location of existing underground utilities that may interfere with construction activities. The objective of this project was to establish that non–invasive subsurface imaging with multichannel ground penetrating radar (GPR) is a viable method to map underground utilities, influence design and planning, and reduce the need for costly and disruptive test pits. ConEd via its consultants carried out a multi-channel GPR survey along approximately five miles of the planned route of the M-29 transmission line in Yonkers, NY as a demonstration of this capability. The GPR survey verified many of the existing utilities along the M-29 alignment as well as finding numerous unknown utilities that conflicted significantly with the planned construction, resulting in potential project cost savings that far exceed the cost of the GPR work itself. Index Terms—Construction industry, design methodology, geophysics, geophysical measurements, geophysical tomography, planning, power transmission, routing, underground object detection, utility programs.



I. NOMENCLATURE GPR – ground penetrating radar GPR Trace – data recorded at one location (one-dimensional sounding) GPR Scan – data cross-section built from multiple traces across a site (two-dimensional image) 3D GPR Image – data “cube” built from multiple scans (threedimensional image of the subsurface) II. INTRODUCTION Subsurface construction associated with utility repair and installation in urban environments presents many unique challenges. One of the most significant challenges is the identification and location of existing underground utilities that may interfere with construction activities. A thorough and This project was entirely funded by Con Edison. J. P. Mooney is with Con Edison, New York, NY 10003 USA (email: [email protected]). J. D. Ciampa is with Spectra Subsurface Imaging, Latham, NY 12110 USA (e-mail: [email protected]). G. N. Young is with Underground Imaging Technologies, Inc., Latham, NY 12110 USA (email: [email protected]). A. R. Kressner is with Con Edison, New York, NY, 10003 USA (email: [email protected]). J. Carbonara is with Con Edison, New York, NY 10003 USA (email: [email protected]).



accurate understanding of the existing infrastructure during design and construction can greatly improve overall project efficiency, cost, as well as health and safety. Specific project benefits that accrue from developing good quality subsurface utility maps are listed below [3]. 1) Reduce delays caused by utility cuts and relocates. 2) Reduce costs due to conflict redesign and change orders. 3) Minimize customer loss of service due to utility cuts. 4) Augment test pitting and elimination of many test pits. 5) Reduce travel delays by the motoring public during construction. 6) Minimize the chance of health, safety and environmental damage. 7) Improve public opinion of project owner as a responsible provider of public services. Obtaining information on the existing underground infrastructure from known records is often difficult and the records are commonly incomplete, particularly in urban environments. Factors contributing to this dilemma are: the age and density of the infrastructure systems; utilities that are owned by multiple private sector companies or public agencies; a lack of “as built” drawings and historical maps; undocumented modifications; poor record keeping; and the lack of a central “clearinghouse” or single entity responsible for accurate mapping and record keeping. These types of problems resulted in over 120,000 utility strikes nation wide in 2007 [1]. A technology is needed for locating and mapping utilities before design and construction to help alleviate these problems. This paper suggests the use of non–invasive geophysical methods, such as GPR, as a cost–effective means to develop more complete maps of the underground infrastructure prior to the engineering design phase of a project. Implementing this approach will lead to better project designs and avoidance of utility strikes during construction. III. GPR TECHNOLOGY A. Fundamental Principles GPR utilizes high frequency electromagnetic waves that are imparted to the ground by a transmitting antenna. Some of the energy of these waves reflects back toward the surface off boundaries between subsurface materials that have differing electrical properties. The boundaries may be associated with either geologic features or buried man-made objects. When the reflections return to the surface they are detected by a
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receiving antenna [2]. The antenna and associated electronics are tuned to “listen” for a certain length of time to allow reflections from the various depths to return to the surface. The data produced at each location where this measurement is done is called a “trace.” When multiple GPR traces are measured along a path on the surface of the ground a vertical two-dimensional crosssection or “scan” of the ground is produced. Targets of interest are determined by interpreting the reflection geometries that are produced in the scans. Depending upon the layering and geometry of natural earth materials or buried man-made objects, two primary types of reflection geometries are commonly observed in GPR scans. Most utility targets produce a very distinctive hyperbolic reflection, while larger objects and earth materials produce reflections that mimic the shape of the target, such as a planar reflection for a horizontal soil boundary. Figure 1 illustrates the reflection response that is characteristic of a small “point target” such as a utility pipe when it is crossed perpendicular to its length [2]. Because the



soil type through which the waves must pass [4]. Sandy soils pass GPR signals readily while clay rich soils and soils that are highly electrically conductive can severely attenuate the GPR signals such that insufficient depth of penetration is attained to reach utility target depths. The system used for this project was developed specifically to take a high density of readings for the purpose of constructing 3D images of the subsurface [5], [6]. Fig. 3 is a 3D image of utilities mapped on Nepperhan Avenue on the M29 project.



Fig. 3. Example of data and interpreted targets from a 3D GPR image on the M-29 Project. Blue is water, red is electric and green is sewer.



Fig. 1. Schematic GPR signature of a utility target.



GPR signal travels laterally as well as vertically away from the antenna in roughly a conical shape, reflections from point targets begin returning to the antenna before it is directly over the object as depicted in the Fig. 1. Similarly the antenna will also detect the object after moving past it. The oblique segments travel a longer path compared to those from directly over the target, forming the “legs” of the hyperbola in the scan. A “point target” GPR signature is mathematically a hyperbola.



Fig.2. Schematic GPR signature of a planar feature.



Fig. 2 illustrates the reflection response produced from a layered sequence. In this example, planar reflections are produced from generally horizontal interfaces of materials. The shape of the planar reflection pattern will mimic the shape of the underlying natural strata or constructed layers. GPR is capable of mapping both metallic and non-metallic targets. The limitations of GPR are mainly associated with the



B. GPR Instrumentation The depth of penetration and ability to detect targets of a particular size are dependent on the frequency of the electromagnetic waves used. GPR antennas are available in a range of frequencies that can be matched to the particular application. As shown in Table 1, commercially available antennas range from a low frequency of less than 100 MHz to a high of 2600 MHz. A lower frequency antenna provides deeper penetration; however, its ability to detect or resolve subsurface features is less than that of a higher frequency antenna since the lower frequencies have a longer wavelength in the ground. TABLE 1 FREQUENCY AND PENETRATION DEPTH OF COMMONLY USED GPR ANTENNAS [2]



Depth Range (approximate)



Antenna Choice



0-1.5 ft 0-0.5 m



1600 MHz



Structural Concrete, Roadways, Bridge Decks



0-3 ft 0-1 m



900 MHz



Concrete, Shallow Soils, Archaeology



0-12 ft 0-4 m



400 MHz



Shallow Geology, Utilities, UST's, Archaeology



0-25 ft 0-9 m



200 MHz



Geology, Environmental, Utilities, Archaeology



0-90 ft 0-30 m



100 MHz



Geologic Profiling



Greater than 90 ft or 30 m



MLF (80, 40, 32, 20, 16 MHz)



Geologic Profiling



Appropriate Application
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Fig. 4. GPR system in use on M-29.



Subsurface imaging of utilities is most commonly performed with 200 to 500 MHz antennas. This frequency range can provide a maximum penetration depth of 2.5 m or more in favorable soils. Utility mapping for the M-29 project was performed with a multi-channel system that utilizes 14 GPR transmitter/receiver antennas spaced at a distance of 10 cm apart (see Fig. 4). The antennas have a frequency of 400 MHz. The system deployment cart has the antennas mounted across a 1.6 m– wide swath. GPR scans from each antenna are collected every 2.54 cm as the unit is pulled across the surface. The instrument cart is pulled by hand, by an ATV-type vehicle or by a regular vehicle. This setup results in a 3D image with a trace every 25 cm2 or 4 million traces per hectare of coverage. By stacking swaths adjacent to each other any size area can be covered to produce a 3D image. The GPR data can be spatially related and correctly positioned with respect to local survey coordinates via a series of options including conventional surveying, use of robotic total station surveying equipment, or a differential GPS unit. The 3D GPR data are processed and analyzed by sophisticated computer software that also facilitates constructing the 3D images of the GPR scans. The value of obtaining these high density data images is in the detailed utility signatures that are produced. The incumbent difficulty with such data sets is that there is so much data to examine that new tools are required to effectively view, manipulate and extract target signatures. The tools used on the M-29 data set allowed the interpretation and manipulation of the data in various 2D and 3D views. The software also provides significant features and interpretation tools that improve the speed and accuracy of interpreting targets from the 3D images. IV. PRE-SURVEY PILOT TESTING A. Yonkers Pilot Test The GPR technology was pilot tested in the vicinity of a



proposed subsurface vault located in Yonkers. The objective of the survey was to identify the potential presence of subsurface utilities along the planned route of the transmission line and in the vicinity of the future vault. The GPR survey detected and mapped multiple features that were previously unknown and not present on any existing plans. Several of these previously unmapped features are within the proposed path of the new M-29 transmission line and will be impacted by construction of the M-29 line. Fig. 5 shows a 2D cross-section (scan) from this site. Several hyperbolic features indicating the presence of utilities are marked. Multiple subsurface features were detected at depths ranging from approximately 0.8 to 2.5 m beneath the surface. Fig. 6 shows the interpreted subsurface features in 3dimensional view. As shown on this figure, GPR identified numerous subsurface utilities that run parallel to the street and the proposed M-29 line. Based upon a review of existing maps only two utilities, a water line and electric line were known to exist prior to the GPR survey. GPR identified approximately 20 previously unmapped features. Prior to conducting the GPR survey it was known that the electrical line existed beneath the street. However, available drawings only identified the main portion of the electrical line running parallel to the street. The two curved segments that connect into an existing electrical vault and run perpendicular to the street were not previously mapped. One of these segments directly intersects the path of the proposed M-29 line, as shown on Fig. 6.



Fig. 5. Hyperbolic targets in a GPR scan from the Yonkers pilot test.



B. Manhattan Pilot Test The pilot in Manhattan resulted in a substantially similar outcome as did the Yonkers pilot test, except for one feature of interest that was not present in Yonkers. Fig. 7 shows a GPR depth slice; that is a horizontal slice through the 3D data set at 21 cm. The features depicted on the GPR image in the upper part of the figure are old trolley tracks that have been paved over and were previously unmapped. A contemporary photograph of construction of the trolley tracks is shown in the lower part of the figure.



4



Fig. 6. This shows a 3D model of mapped results of the GPR pilot survey in the Yonkers area. Green circles indicate utilities that were unknown before the GPR survey and that conflict with the installation of the M-29 transmission line.



interfere with the installation of the proposed M-29 Transmission Line. The GPR data was also reviewed to assess whether areas of shallow bedrock were present.



Fig. 7. GPR depth slice from 3D GPR image of buried trolley tracks in Manhattan on (top) with an historical photo of construction in the vicinity of the site (below).



V. M-29 TRANSMISSION LINE INSTALLATION PROJECT Following the pilot test surveys performed in Manhattan and Yonkers the GPR results were successfully confirmed by a test pit excavated by ConEd. After these positive results ConEd proceeded with GPR mapping along the entire alignment within the City of Yonkers beginning at the intersection of Riverdale Avenue and Ellsworth Avenue in the south, extending to the Sprain Brook Substation in the north. The Yonkers GPR survey covered a linear distance of approximately 8 km. The primary purpose of the GPR surveys was to locate existing subsurface utilities or other features that could



A. Data Collection and Methodology An overview map of the M-29 alignment survey with multi-channel GPR is shown in Fig. 8. The proposed alignment was marked in the field prior to the GPR survey to facilitate the proper location of the survey swaths. Maintenance and protection of traffic was provided by a professional subcontractor. The majority of GPR data collection was performed during the late evening and early morning hours (typically 10 pm to 6 am), to minimize traffic disruption. The GPR survey was performed on multiple days between June 28 and August 1, 2007, with a total of approximately 12 days in the field. The GPR system was pulled over the survey areas using a motor vehicle (mini-van). Standard land surveying equipment techniques were used to establish the location of the GPR transects and reference them to the survey control points provided in the site CAD map. In addition, the survey team utilized a Navcom 2040 GPS system to continuously track the position of the GPR equipment as data was collected (in areas of sufficient sky view). The GPS data was particularly valuable in locating the GPR survey paths along the curved portions of the M-29 alignment. GPS and GPR data are simultaneously recorded and were later merged and loaded into the interpretation software. Multi-channel GPR transects were collected in a 3.2 m wide mapping area, centered (to the extent practical) on the proposed M-29 line. Since each GPR transect represents simultaneous collection of data across an approximate width of 1.6 m, two adjacent passes were collected along the entire 8 km alignment. The GPR survey transects and detected subsurface features were then superimposed on CAD maps provided by ConEd as represented in Figs. 9-11.
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Fig. 8. M-29 project area surveyed with multi-channel GPR.



Additional data collection occurred in 14 vault areas, where a wider area (approximately 30 m by 12 m) was mapped. Furthermore, a single channel GPR antenna (200 or 270 MHz) was used to collect one pass along the entire Yonkers alignment to identify areas with potential shallow bedrock (not shown in this paper). Maximum penetration depth is about 5-8 m with these lower frequency single-channel antennas. B. Data Interpretation Prior to interpretation the GPR data was processed to remove interference from the air-earth interface and to enhance utility signatures by noise filtering and deconvolution of the transmitted wavelet signature from the GPR source antenna. Since the GPR reflections are recorded by their travel time into and back from the subsurface, depths were estimated based upon estimated electrical properties for the soil (based on experience). Numerous hyperbolic features were observed and mapped from the GPR survey data. Detected subsurface features were presented on 37 map sheets. In addition to mapping the subsurface utilities, the sheets also identify other subsurface features such as areas of dense rebar and trolley tracks. Fig. 9 presents a representative example of the GPR feature maps. In this figure, a series of previously unmapped utilities were identified running parallel to Riverdale Avenue near the intersection of Prospect Street. These unmapped features straddle the proposed M-29 alignment and continue over a significant distance at depths ranging from about 0.3 to 1.3 m. Because of the close proximity of these features to the M-29 installation (offset distance ~ 0.3 to 1 m), it is nearly certain that they will be encountered during construction operations. Long linear utilities which lie immediately adjacent to the proposed M-29 alignment present particular challenges to the contractor installing the new electrical line. Great care will need to be exercised for significant distances to avoid damage, or the alignment will have to be altered. GPR identification of



Fig. 9. CAD results from m-29 showing numerous targets including parallel conflicting utilities many of which were unknown prior to performing GPR. The gray area is the GPR coverage. The continuous red line is the alignment of the M-29 installation. Purple lines are utilities found with GPR.



these features may have prevented an accidental cut of these previously unknown utility lines. Fig. 10 shows excellent examples of multiple crossing utilities. The GPR features occur at depths of about 0.5 to 1.2 m below the surface and most of them correlate very well with previously identified utilities. However, it should be noted that the GPR survey did identify two additional features that were not previously mapped. The first occurs just to the north of a
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60 cm reinforced concrete sewer pipe, at depths of 0.76 to 0.84 m below the surface; the second is located just to the south of a 20 cm plastic gas line, at depths of 0.8 to 0.94 m below the surface. In addition to reviewing the data for the presence of potential subsurface utilities, the GPR images were evaluated for the presence of strong, planar reflections, which could be characteristic of geologic interfaces such as the top of



Table 2 provides a summary of the qualitative assessment of the GPR mapping results. As shown on this table, GPR provided a good to excellent match at 76% of the 45 test pit locations. A poor correlation was only observed at 6 locations, representing 13% of the test pits. The poor correlations could be due to site specific factors such as soil type, excessive moisture, or utility size or material. TABLE 2 SUMMARY OF FIELD VERIFICATION RESULTS



Excellent 18 40%



Fig. 10. Map showing an area of crossing utilities. The gray area is the GPR coverage. The continuous red line is the M-29 alignment. The red markers with purple numbers are utility picks with depths in feet.



bedrock. Identifying areas of shallow bedrock can be an important step in project planning and design. If identified prior to or during the design phase of a project, installation routes can be designed to avoid shallow bedrock and reduce the need for blasting or cutting. Additionally, knowing the locations of shallow bedrock along the installation route provides the contractor with a more accurate idea of what will be encountered during excavation. Several areas of strong, planar reflectors were identified and were shown on the submitted map sheets. VI. FIELD VERIFICATION A. Test Pitting In preparation for the M-29 installation activities, ConEd excavated 45 test pits at select locations in Yonkers. The distance between test pits is highly variable ranging from about 6 m to more than 450 m apart. Location information was obtained from field sketch maps provided by ConEd personnel, along with descriptions of the utilities detected in the test pits. ConEd did not survey the test pit locations. Qualitative evaluation was performed of the accuracy of the GPR utility mapping in comparison to the results actually observed in the test pits. Since the test pits were not surveyed a quantitative evaluation was not possible. In making this assessment, the evaluation considered the number of utilities detected their orientation and observed depths. The GPR results were qualitatively assigned a rating of excellent, good, fair or poor. An excellent rating was generally assigned if all features observed in the test pits were also located by GPR and the depths were approximately equivalent (within one foot).



Good 16 36%



Fair 5 11%



Poor 6 13%



Alternatively, the actual locations of the test pits may be somewhat different than as plotted on the GPR maps, since the test pit locations were taken from field sketches and should be considered approximate. Inspections of these six locations will be made during the M-29 installation to further evaluate the GPR correlation with actual subsurface conditions. At the remaining 5 locations, GPR provided generally accurate information on the presence and orientation of subsurface utilities. Overall the estimated depths were generally shallower in the GPR mapping compared to actual depths observed in the field. Since GPR data are recorded in the field based upon the travel time that it takes for the GPR wave to go into the ground and be reflected back to the surface, estimations of electromagnetic properties of the soil are necessary to calculate the depths of the features producing the reflections. The key property that must be determined is the dielectric constant, which controls GPR wave velocity [4]. For the M-29 project an estimated dielectric constant equal to 9 was used for the entire project since no other information was available. In reality, the dielectric constant will vary depending upon soil type and moisture content. During the actual M-29 installation, soil samples are being collected to further evaluate the actual dielectric properties of the soil at various locations. This ground truth data will be considered as a future component of surveys to provide a more accurate estimate of depths on projects. As summarized in Table 2, the GPR mapping provided a good to excellent correlation at the vast majority of locations that could be verified through available test pits. Unlike many other utility locating techniques, GPR was able to spatially map non-metal as well as metal utilities and also provided reasonably accurate depth information. These factors add to GPR’s value as an aid to design. B. M-29 Installation Observations During the course of the installation of the M-29 line in Yonkers, personnel will periodically be sent to visually inspect the subsurface utilities, describe subsurface conditions and collect representative soil samples. Construction is under way at this writing and the initial observations have already occurred. At intersection of Old Nepperhan Avenue and Saw Mill
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River Road trenching revealed four utilities in the area of interest ranging in depths from 0.4 m to 1.4 m below the surface. Utilities observed included a bank of multiple 10 cm PVC pipes of unknown use, a 30 cm clay tile telephone conduit, a 30 cm cast iron water line, and an 8 cm steel traffic signal line. Field personnel took detailed measurements of the locations where each utility intersected the trench wall. This information was then plotted on the GPR maps to show correlation between the field measurements and GPR results (Fig. 11). Correlation between GPR interpreted features and utilities observed in the test pit was very good with respect to utility location and orientation. Field measurements taken on the four utilities observed in the test pit corresponded to linear features of similar orientation on the GPR map. As noted in other test pits, GPR estimated depths to these utilities were shallower when compared to depths observed in the test pit. A more shallow interpretation is not unfavorable since it is “conservative” and should cause an excavating contractor to dig more carefully above the suspected utility. The GPR generated utility maps were not in use by the contractor on this excavation and it led to problems as described below. During the observation of these work activities, the clay telephone conduit was inadvertently damaged during the trenching operation and work was halted for approximately 3 to 4 hours while third-party personnel repaired the line. This incident provides an example of the unanticipated delays and increase to project cost that can result from accidental damage to existing infrastructure during construction activities. It is very possible that if the GPR maps were being used during the excavation process, this accidental utility cut may have been avoided. VII. BUSINESS CONSIDERATIONS A. Cost-Benefit and Risk Reduction Potential As discussed previously, subsurface construction in urban environments presents multiple technical and logistical challenges. Among these, interference from existing utilities



Fig. 11. Map showing the area where correlation was done between GPR and construction excavation. Blue and black boxes are two vintages of test pits



can significantly impact project costs, schedule, and public safety. A growing engineering practice in the US is to employ an engineering process known as Subsurface Utility Engineering (SUE). If performed according to the standard practice approved by the American Society of Civil Engineers (ASCE), SUE provides a material cost benefit to the utility owner as well as the general public. A well-publicized study done by Purdue University [3] shows that every dollar spent in pre-design or pre-construction SUE investigation yields an average cost savings of $4.62. Addressing conflicts before they are found during construction is a goal of SUE and of multi-channel GPR. The cost benefit ratio increases with information derived from SUE and the more information that is made available to the design engineer and the contractor the greater the certainty is that utility hits and other conflicts can be avoided. The data and procedures that embody appropriate levels of SUE deliverables are defined in the ASCE 38-02 standard practice [7]. The use of GPR is included as a one tool to provide subsurface utility data before the stage of test pitting or vacuum excavation. The test pits installed in the Yonkers portion of the M-29 project were completed for a cost of approximately $250,000 and provided information for a total linear distance of only 7 m for each test pit. The linear distance covered by all the test pits represents less then 4% of the entire 8 km alignment in Yonkers. The test pits cost approximately $480/m2 and it took approximately 45 field days to excavate and restore the sites. In contrast to this, the GPR survey was performed in 12 field days and continuous data were gathered along the entire alignment instead of only 4%. The cost to collect and interpret data for the entire project length was $190,000 or approximately $7.53/ m2. This relatively small expenditure provided information on 100% of the project area in Yonkers. To put the above numbers into perspective, the estimated engineering design cost for the Yonkers portion of the project was $950,000 and the estimated installation cost is $17 million. This estimated construction cost does not include change orders or other costs associated with the repair of damaged utilities. Based on prior experience by ConEd personnel and anecdotal information from other utility companies, inadvertent damage to existing utilities could result in claims for repair and loss of service of several hundred thousand dollars for a single incident. When health and safety are involved the damage claims can easily reach multi–millions of dollars. This is very significant since the total cost of the GPR evaluation was only about 1% of the overall project cost and the potential savings from it could far exceed the cost of the survey itself. B. Implementation Strategy Non-invasive mapping of utilities with multi- channel GPR is an innovative technology that has been tested through a series of demonstrations culminating in the complete survey of the Yonkers portion of the ConEd M-29 project. Results of this project are dramatic and indicate that it is both feasible
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and cost-effective to more broadly utilize this technology in the New York metropolitan area. While GPR mapping is broadly applicable, specific beneficial uses include substituting GPR for test pitting; use at manhole locations where large excavations or repair work is necessary and multiple utilities converge; use at intersections where it is anticipated that utilities are densely located but it is difficult to excavate test pits due to the disruption caused by traffic delays and lane closures. The following recommendations are provided for utility owners wishing to incorporate multi-channel GPR into standard procedures. 1) Education Education of company management and strategic technical leaders will give those individuals the opportunity to decide if this technology fits into their business needs. 2) Pilot Testing Selecting a small site for a pilot to build confidence by local staff is essential. Some sites have conditions that are different from ConEd’s experience and those must be considered. A pilot test can be used to work through issues before a major commitment is made. 3) Project Selection Ultimately project selection is the key factor. This new technology is fast and efficient for medium to large projects but may not be appropriate for smaller projects. A significant issue to be considered in selecting when to use this new technology is risk. Projects where the risk of designing or constructing in a complex environment is high due to potentially expensive conflicts are ideal candidates for application of multi-channel GPR technology. VIII. ACKNOWLEDGMENTS The authors gratefully acknowledge the contributions of D. Hanson, K. Sjostrom, and K Ryerson for their work on the processing and analysis of the data for this project. We also wish to acknowledge the fieldwork by D. Rutledge, S. DiBenedetto and J. Watson on field verification of the GPR data. The authors express our thanks to M. Grade and T. Walz for drafting figures. IX. REFERENCES [1] [2] [3]
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