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Chiriqui Grande Phase II Oil Terminal Panama

• Participants

o Owner: Petroterminal de Panamá S.A.

o Main contractor: CBI Americas Ltd

o Specialist geotechnical contractor: Rodio Swissboring – Grupo Rodio Kronsa (GFWA in WA)

• Construction of 5 crude oil tanks

o Diameter = 76.2 m

o Height = 20.4 m

o Product storage height: 18.9 m

o Roof system:

� Internal :floating

� External: cone type
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Project Layout & Tender Stage Site Investigation
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Tender Stage Site Investigation: 8 SPTs & 35 CPTs
PANAMA - CHIRIQUI GRANDE PHASE II

SPTs MR-1 to MR-6 and HBC1 & HBC6
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Design Criteria

• Ring wall foundation total settlement ≤ to 200 mm

• Centre to edge dishing settlement ≤ to 150 mm

• Out of plane settlement ≤ 10 mm in an arc distance of 24.4 m.

• Net allowable bearing ≥ 200 kPa with SF= 3
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Design & Construction Approach in Phase II 

• Rather than making simplistic design assumptions:

o back analyse the results of Phase I

o derive Phase II design

• Construction techniques same as Phase I (PVD, SC, PL) but:

o Wet Top Feed Stone Column method rather than Dry Bottom Feed

o PVD spacing 0.91 m  (from 1.22 m in PI; i.e 80% increase in PVD)

o PVD depth: up to 28 m

o Stone columns spacing: 2.44 m triangular 

o Stone columns diameter: 1.06 m (replacement ratio= 17.1%)

o Preload height: 13 to 14 m (285 kPa)

o Preloading placement duration: 3-4 weeks

o Preloading period from placement completion: 7-9 weeks

o Treatment diameter/ tank: 95 m
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Ground Improvement Works
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Instrumentation & Monitoring
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PZ-B & PZ-C

PZ-A 

Stone columns Wick drains

Pore pressure cells

• Each tank:

o 8 settlement plates on shell, 1 at centre

o 3 pore pressure transducers in line along a diameter

� -16 m RL (PVD & SC)

� -23 m RL (PVD only)

o 3 Inclinometers (only in T-503 & T-505)

o 3 total earth pressure cells located on (2) stone columns & in 

(1) in between (only in T-505 & T-507)
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Tank 506: Preloading settlement & EPP monitoring

PANAMA - CHIRIQUI GRANDE PHASE II

TK506 SETTLEMENT, LOAD & EXCESS PORE PRESSURE vs TIME
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Tank 503: Preloading settlement & EPP monitoring

PANAMA - CHIRIQUI GRANDE PHASE II

TK503 SETTLEMENT, LOAD & EXCESS PORE PRESSURE vs TIME
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Tank 506: Hyperbolic Analysis
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Tentative Back Analysis & Creep Prediction 

 

503 504 505 506 507 Averages

Treatment base elevation (m) -27.0 -26.5 -27.0 -27.0 -26.5 -26.8

Demucking base elevation (m) -3.5 -4.0 -3.5 -4.0 -6.2 -4.2

310 kPa 292 kPa 286 kPa 300 kPa 294 kPa 296.4

Oedometric + lateral under 

preload (ult.settlements 

hyperbolic method)

1.63 1.97 1.92 2.07 1.74 1.86

Settlement at end of preloading 

(centre)
1.55 1.78 1.77 2.05 1.62 1.75

Settlement at end of preloading (edge) 1.28 1.32 1.24 1.50 1.33 1.33

Settlement ratio (edge/centre) 0.83 0.74 0.70 0.73 0.82 0.76

Time elapsed since installation

of half of the preload
76 days 70 days 61 days 73 days 71 days 70 days

From settlements 95% 90% 92% 99% 91% 94%

From pore pressures 96% 96% 90% 91% 90% 93%

Primary 

consolidation 

prediction

Settlements

Degree of 

consolidation 

achieved

Tank #     

Geometry

Preload intensity

� Less settlements for T-503 due to better ground conditions

� Settlements at the edges: 70 - 83% settlements at the centre

� Degree of consolidation: 90 - 96% (settlement or excess pore water pressure)



Geotechnics of Soft Soils 14 November 2014

www.gfwa.com.au

Back Analysis

The sandier and the stiffer the upper layer, the smaller the overall

settlements (the soft layer “C” was relatively homogeneous)
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Back Analysis

The ratio of edge to centre settlements increases with the lateral

expansion intensity “R”
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Back Analysis

The sandier the upper layer, the larger the improvement of the virgin

ground around the stone columns (20% at T-505 and T-506 to 126%

at T-503)
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Estimated Future Settlements

Estimated re-compression + 50 year creep settlements: 16 - 20 cm in centre of tanks

Estimated dishing settlements ≤ 6 cm

Estimated re-compression during hydrotest: 4 to 5 cm

Actual settlement during: 3.5 to 5.7 cm

TK501 to TK507 - HYDRAULIC TESTS
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TK502 creep rate: 10cm/ log cycle

TK501 creep rate: 13cm/ log cycle

TK503 creep rate: 0.4cm/ log cycle

TK505 creep rate: 3.1cm/ log cycle

TK504 creep rate: 3.7cm/ log cycle

TK507 creep rate: 4.1cm/ log cycle

TK506 creep rate: 2.4cm/ log cycle

• 4 to 5 days to reach full load

• 4 to 5 days under full load

• 4 to 5 days to empty the tank.
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Aerial View of Site
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Geotechnical Specialist Contractors
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