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▬ Characterize voids beneath concrete 
chute spillway.
‐ Estimate horizontal and vertical extents of 

voids beneath spillway.

‐ Characterize spillway foundation soils.

‐ Develop hypothesis for void formation.

‐ Prepare recommendations for interim 
repairs.

1. Purpose
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The Dam
▬ 57-ft-high earthen embankment dam

▬ Constructed 1948 · repaired after flood damages in 1966 · 
spillway replacement completed in 1986

▬ Primary municipal water supply source

▬ High-hazard classification (NM DSB)

▬ ~9 sq mi drainage basin

The Spillway
▬ Reinforced concrete slab, 6–18 in. thick

▬ Primary + auxiliary spillway sections

▬ No upstream/downstream seepage cutoffs

▬ Lateral underdrain pipes (4-in PVC)

2. Background and Project Setting

Crest Elev. 7,657 ft  |  163.7 ac-ft storage  |  265-ft crest 
length
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2. Background and Project Setting
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3. How It Started: Void Discovery

Voids discovered

Open voids found beneath 
spillway slab during routine 

maintenance activities

GPR Survey

Ground penetrating radar 
conducted over entire spillway 

surface

Verification Coring

7 concrete cores drilled at GPR 
anomaly zones and control 

locations

Lab Results

Geotechnical index and 
corrosivity testing on recovered 

soil samples

Workshop

Project team meeting to 
develop interim repair 

recommendations
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Geophysical Investigation: GPR Method
▬ Dual-frequency GPR system (400 & 800 MHz)

▬ 800 MHz: high-res shallow slab detail

▬ 400 MHz: deeper sub-slab penetration

▬ RTK GPS for sub-foot scan positioning

▬ 1-ft scan line spacing across full spillway

▬ 1-inch data sample interval along each line

▬ Processing: scanline QC, time-zero correction, 
amplitude gaining

▬ Volumetric depth slicing & Hilbert transform

4. Spillway Condition Assessment

Output Delivered
Rebar layout · Slab thickness map · Significant & minor void 
anomaly polygons (GIS)
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Geophysical Investigation: GPR Method
4. Spillway Condition Assessment
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Mapping Summary
▬ Large continuous void zone along spillway 

centerline

▬ Significant anomalies extend left of centerline

▬ Minor anomalies concentrated on right side

▬ Anomaly zone spans nearly full spillway length

▬ GIS polygons exported for design use

4. Spillway Condition Assessment
SIGNIFICANT ANOMALY  

Void-like GPR reflections: signal reverberation
& multiple strong diffractors

MINOR ANOMALY  

Elevated base-of-slab amplitudes; possible
thin slab decoupling or moisture variation
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Verification Coring

▬ 7 cores total — 5 anomaly zones + 2 
controls

▬ 4-inch diameter cores through slab
▬ Tape measure sounded void from each 

core hole

▬ Void extent measured in all 4 directions

▬ Soil sampled where voids confirmed

4. Spillway Condition Assessment
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Verification Coring
4. Spillway Condition Assessment

Core
Slab 

Thickness 
(in)

Void 
Depth 

(ft)

Upstrea
m (ft)

Downstrea
m (ft)

Left 
(ft)

Right 
(ft)

Notes

C-1 13 0.9 >25 >25 12 2 Perforated drain — no filter backfill; active flow path

C-2 ★ 12 — — — — — CONTROL — no void (crest)

C-3 10 3.0 6 8 2 3 Active seepage below slab observed

C-4 6 3.5 6 9 9 3 Thinnest slab; deepest void

C-5 10 0.7 6 12 2 2 Soil sample collected (SC)

C-6 9 0.7 4 3 5 5 Soil sample collected (CL)

C-7 ★ 8 — — — — —
CONTROL — no void; +4 in/min water rise (toe 

pressure)
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Verification Coring

4. Spillway Condition Assessment

Active Seepage at Mid-Chute (C-3 & 4)

Clear water flowing through void space beneath slab — visible during coring, not attributable to drilling water.

Positive Hydrostatic Pressure at Toe (C-7)

No void present, but water rose in core hole at ~4 in/min — indicating pressurized water beneath slab near the toe.

Unfiltered Lateral Drain Exits

4-in perforated PVC drains suspended within void space at C-1. No filter backfill around pipe perforations. Direct 
pathway for fines migration.

No Seepage Cutoffs

Slab joints and edges provide unobstructed inflow paths. No waterstops, cutoffs, or effective seepage barriers 
observed.

C-4: Active seepage flowing downstream through void
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Soil Characterization & Laboratory Testing

4. Spillway Condition Assessment

Soil Classification

SC / CL

Clayey Sand & Lean Clay
(USCS Classification)

Dispersivity (Crumb Test)

Non-Dispersive

Grade 1 — does not create turbid
colloid-laden water on wetting

Plasticity Index

14–16%

Moderate plasticity
(LL 35–38, PL 20–22)

Corrosion Concern

None

pH 7.7–8.0 · Sulfates 10 mg/kg
Chlorides 162 mg/kg — no special design needed
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5. Interpretation and Interim Repair Workshop
Loss of Support

• Large slab panels 
unsupported across 
continuous void zone

• Bending capacity 
reduced where slab 
contact with 
foundation is lost

• C-4 slab only 6 in thick 
above 3.5-ft void

• High-velocity flow 
during spill events 
creates uplift demand

Unprotected Seepage Exits

• Perforated laterals 
create direct sub-slab 
flow paths

• No filters at drain 
outlets — fines mobile 
under gradient

• No cutoffs to interrupt 
under-slab flow

• No waterstops limiting 
flow at joints

Failure Progression

• Conditions satisfy 
initiation steps for 
hydraulic failure

• High-velocity 
sustained releases 
enlarge cavities

• Localized slab 
displacement or 
blowout possible

• Extreme case: spillway 
breach threatening 
dam safety

If left unmitigated under severe spill conditions, these defects could progress to spillway breach and threaten dam safety.
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5. Interpretation and Interim Repair Workshop

Permeable CLSM
 RECOMMENDED

Flows into complex void geometry; mix design targets 
granular-equivalent permeability. Paired with filtered 
weep drains as controlled seepage exit.

  Best for connected, irregular voids; 
maintains drainage path
✘  QC required; vent paths needed; 
cannot re-fill future voids

Sand Backfill
✘ NOT RECOMMENDED

Low material cost but cannot travel far from injection 
points into complex voids. Full placement requires 
slab demolition and compaction in horizontal lifts.

  Low cost; simple logistics
✘  Cannot address void geometry; 
requires slab removal

Mass Concrete
 LIMITED / BOUNDED 

ZONES ONLY

High stiffness acceptable in tightly bounded locations 
only. Low-permeability mass traps water, raises uplift, 
and redirects seepage to unprotected exits.

  High bearing stiffness in small 
bounded zones
✘  Traps water; increases uplift; 
continued erosion risk

Polyurethane 
Resin/Foam

 ADJUNCT USE ONLY

Best used as pre-treatment — seals active leaks and 
isolates drain pipes before cementitious filling. 
Closed-cell expansion creates sealed pockets if used 
alone.

  Seals active leaks; injects through 
small ports; adjustable gel time
✘  Not suitable as primary fill; can lift 
slab; low long-term stiffness

Design criteria: Restore bearing while maintaining filtered seepage path · Avoid sealed uplift pockets · 
Constructible beneath existing thin slab
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5. Interpretation and Interim Repair Workshop
Recommended Interim Repair Strategy

PRIMARY: Permeable CLSM + Filtered Weep Drains
Permeable CLSM fills connected voids and restores bearing. Filtered weep holes provide controlled seepage exit, reduce fines 
transport, and prevent under-slab pore pressure development.

1

Void Filling

Introduce permeable 
CLSM downstream-to-
upstream with vent 
paths; stage to prevent 
air/water trapping

2
Filtered Relief 

Features

Weep drains drilled 
through slab with 
graded filters or 
screened inlets at 
controlled spacings

3

Restoration

Abandon existing 
lateral drains in-place 
and restore concrete 
surfaces

Interim repairs are intended to be durable — not permanent — while long-term spillway replacement is designed and constructed.
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6. Key Takeaways

01
GPR + Coring = Proven Partnership — 
GPR efficiently mapped the entire spillway surface — identifying void zones non-destructively. Targeted coring 
confirmed GPR anomalies with 100% hit rate on significant zones.

02
Voids Were Extensive & Hydraulically Active — 
80–90 ft of continuous under-slab voiding along centerline, up to 3.5 ft deep, with active seepage and positive 
hydrostatic pressure — conditions ripe for hydraulic failure.

03
Unfiltered Exits Drive Erosion — 
Perforated lateral drains without filter backfill and absence of seepage cutoffs are the primary mechanisms sustaining 
void growth under spill conditions.

04
Repair Must Address Drainage — Not Just Fill — 

Permeable CLSM restores bearing while maintaining drainage. Sealing voids without controlled exits creates uplift 
and unprotected seepage exits — potentially worsening the problem.

05
Dam Safety Urgency — 

High-hazard classification means any spillway deficiency has life-safety implications. Interim repairs should be 
designed as durable while long-term replacement proceeds.



listen. think. deliver.
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