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Executive Summary

Subsurface uncertainty is one of the highest drivers of unplanned risk in major infrastructure
programs—from voids and variable strata to buried utilities and unexpected groundwater behavior.
While boreholes are essential, they are point measurements and can miss critical anomalies between
locations. Advanced geophysical surveys provide non-destructive, scalable coverage that improves
confidence in design assumptions, reduces change orders, and supports defensible decision-making.

1. The limitations of traditional boreholes
Boreholes and in-situ tests remain foundational for parameter derivation and laboratory testing.
However, relying on boreholes alone can leave high-impact unknowns unobserved until construction.

• Spatial gaps: Boreholes are point measurements; even dense programs leave uncertainty
between locations.

• Representation and recovery: Disturbance, core loss, and sampling challenges can obscure
defects in fractured rock, loose soils, or uncontrolled fill.

• Utility and access constraints: Urban and brownfield environments often restrict drilling precisely
where risk is highest.

• Scale, time, and cost: Drilling programs scale linearly with area and can become
schedule■critical on large footprints and long corridors.

• Safety and environmental risk: Drilling can intersect contamination, pressurized groundwater, or
voids—raising HSE exposure and permitting burden.

2. Applications of GPR, Seismic Refraction, and ERT

2.1 Ground Penetrating Radar (GPR)

GPR transmits electromagnetic pulses and records reflections from boundaries with differing dielectric
properties. It is best suited for shallow, high-resolution imaging when ground conductivity allows.

• Common applications: buried utility mapping, shallow void detection, pavement/subbase
profiling, structural scanning (rebar/ducts).

• Strengths: rapid coverage; high resolution at shallow depths.



The Critical Role of Advanced Geophysical Surveys in Major Infrastructure Projects Page 2

• Constraints: reduced penetration in conductive soils (e.g., clays/saline conditions); interpretation
requires calibration and expertise.

2.2 Seismic Refraction

Seismic refraction uses travel times of refracted waves to estimate layer velocities and depths. It is
effective for profiling bedrock depth, stiffness contrasts, and weathering profiles along alignments.

• Common applications: depth to competent strata, rippability assessment, low■velocity
(weak/fractured) zones, corridor transitions.

• Strengths: practical for deeper profiling than GPR; strong for bedrock characterization along long
alignments.

• Constraints: limitations in certain velocity inversions (“hidden layers”); requires careful survey
design and noise control.

2.3 Electrical Resistivity Tomography (ERT)

ERT injects current and measures potential differences to infer subsurface resistivity. It is particularly
valuable for moisture/groundwater mapping, seepage pathways, and material contrasts.

• Common applications: groundwater/saturation mapping, karst/cavity screening (site-dependent
signatures), uncontrolled fill delineation, dam/embankment seepage investigation.

• Strengths: sensitivity to moisture and material contrasts; scalable depth with appropriate array
design.

• Constraints: non-unique signatures require context; cultural noise and electrode contact
conditions can influence results.

2.4 Integrated method strategy

For major projects, geophysics is most effective when integrated with ground truth and a defined
decision workflow:

• Screening: Rapid GPR/ERT along corridors and footprints; selective seismic lines for bedrock and
stiffness contrasts.

• Targeting: Concentrate boreholes and trial pits where geophysics indicates anomalies or critical
transitions.

• Design support: Refine the ground model and uncertainty bands before final design and tender.

• Verification: Where applicable, perform post-treatment verification scans (e.g., after grouting) to
confirm outcomes.

3. Compliance with international standards (e.g., ASTM)
Government agencies and consultants require geophysical outputs that are auditable and defensible.
Aligning work with recognized standards strengthens procurement confidence and reduces dispute
risk.
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• Planning and method statements: survey objectives, coverage, equipment selection, and
limitations.

• Calibration and QA/QC: equipment checks, repeat lines, noise control, acceptance criteria.

• Traceability: coordinate systems, survey control, data chain-of-custody, and transparent
processing steps.

• Reporting: clear presentation of anomalies, confidence levels, and correlation with
boreholes/trenching where available.

Applicable ASTM practices vary by method and context. A standards-aligned framework should specify
which practices are being followed, how deviations are handled, and how results are validated against
site conditions.

4. Cost–benefit of early detection of subsurface anomalies
Subsurface surprises often surface during excavation, piling, utility relocation, or dewatering—when the
cost of change is highest. Early detection shifts discovery to the design stage, where mitigations are
cheaper and schedules are flexible.

• Reduced change orders: fewer late design revisions and scope changes.

• Fewer stoppages: avoided utility strikes, void collapses, and emergency remediation.

• Optimized design: reduced overdesign driven by uncertainty; better tender pricing and quantities.

• Improved safety: lower risk of incidents associated with unknown voids, utilities, or unstable
ground.

Conclusion

Advanced geophysical surveys provide the continuous lens between boreholes. When integrated early,
GPR, seismic refraction, and ERT reduce uncertainty, improve design confidence, and support
accountable delivery of major infrastructure under tight safety and schedule constraints.


