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What is Submarine Groundwater Discharge (SGD)?

any flow of water out across the sea floor

Burnett et al, 2006



Why study SGD?
Nutrients are transported from land to sea via SGD pathway
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Why the Philippines?

Locations of published studies that have reported SGD estimates 

Paralytic shellfish poisoningParalytic shellfish poisoning
2000 cases2000 cases

>100 human deaths>100 human deaths
(1983(1983--2002)2002)

Mass mortality of milkfish in Bolinao, 
Pangasinan due to HABs - 02 Feb 2002

(Relox and Bajarias, 2002)
Fish Kill due to Harmful Algal Blooms (HABs)

Pyrodinium bahamense
var. compressum

Furio et al, _



Selected study 
area and regional 

setting

Bounds:
14o24’0.6” –

14o32’49.06” N 
and 120o29’36.5”
– 120o39’48.6” E

Why this area?Why this area?

Radon transect

Manual seepage meters

Taniguchi et al, 2008



Objective
Understand the hydrogeologic factors that influence 

the SGD flux

Image from Dr. Fernando Siringan presentation 
material on SGD

Fieldwork (21-22 July 2009)
Papaya River, Bataan  Mariveles, Bataan  

PESA Dam  



topography

Value
780 - 1,398

564 - 779

411 - 563

277 - 410

162 - 276

63 - 161

1 - 62

Elevation (m)

rivers rainfall extraction wells

3087 - 3698

2250 - 2958

1512 - 2219

907 - 1479

0 - 740

Q (m3/d)

Modified from Almero, 1988 in Payot et al, 2005

Geological 
Map

Type
1

2

3

4

5

6

7

geology
!( Core Logs Location

Intercalated lava flows and 
pyroclastic materials

Holocene alluvial deposits

Lahar deposits

Weakly consolidated 
pyroclastic rocks
Shallow intrusive bodies

Moderately consolidated
sedimentary rocks

Weakly consolidated sediments

Pyroclastic Deposits



Created x-section logs from bore hole data

ClaysClays

Source: Siringan and Ringor, undated

Isopach Map of 
Muddy Sediment

Seismic reflection profile 
across the bay mouth



Conceptual profile x

x’

3D Geology Model in 
PMWIN

Assigned hydraulic parameters
Symbol Description Kh m/d Data Source

Qv Fractured lava flows and 
intercalated pyroclastic

1 Literature 
Review

Qvp Volcaniclastics – Breccia and 
agglomerate interclated with tuff

4 Pump tests

Qal Quaternary Alluvium 4 Pump tests

Interpreted 
Clay layers

1 Surface soil 0.01 Literature 
review

2 Buried soil profiles, 
tuffaceous  clay, ash 

layers

0.001

3 Shallow sea mud 0.1

Specific Storage for transient model: 
Ss = 0.00002 (pump tests)

Anisotropy=10 
(assigned for all layers)
Porosity=0.25  clays=0.1



Sea level

Data Source: NAMRIA data from Geological Oceans Lab, MSI

1956                                                         1956                                                         1980                                                    1980                                                    20052005

YEARYEAR

Model Parameters
Model Area: 9.6 x 15.5 km

Cell size: 100m

Number of model layers: 48

Top: 400m Bottom: -150m

Boundary conditions:

• No flow at N and S edge of model 
area

• Hydrostatic pressure at land and sea

15.515.515.5
9.69.69.6

Modeling Environment: PMWIN
Computer Code: MOCDENS3DMOCDENS3D
Modifications to MOCDENS3D code:  1) Print only specific stress period; 
2) Constant Concentration (35000mgCl) in the sea part



Scenario 1 (base case)
• Part 1 (model spin-up)

– 150 years (to reach 
equilibrium)

• monthly variation
• no wells

• Part 2
– 100 years, 1856 – 1956

• with wells (Qwell/2)
• Top sea (-0.6m bmsl)

• Part 3 
– 50 years, 1956 – 2005

• With full wells
• Sea level rise

Model Results – Monthly SGD Flux



Model Results –
SGD flux yr average

Why the difference?

1) Difference in area coverage1) Difference in area coverage

2) SGD = fwSGD + rSGD2) SGD = fwSGD + rSGD

fwSGDfwSGD
rSGDrSGD

modelmodel measuredmeasured

Model results vs. Radon measurements



Sensitivity Analysis

SGD Flux Results m3 d-1 m-1

SGD Flux Results % difference

-81%            7%            -5%            -17%

Scenario 1 (base case) Scenario 2 (no clay case)



Conclusions and Perspectives

• Model results are consistent with the measured rates
• This is the first 3D approach to represent SGD systems 

(to our knowledge)
• Even with minimal amount of field data significant 

results can still be obtained from models 

• Continue sensitivity analysis of hydraulic parameters
• Finish climate modeling (ENSO and sea level rise effect)
• Nutrient modeling (reactive transport)

In the future…
For policy makers and coastal managers
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Thank you for your attention!

Extra slides for possible 
questions


