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Due to the absence of a public sewer 
system, liquid waste is routinely discharged 
into boreholesboreholes or household cesspitshousehold cesspits .

polluted polluted cave waters

When the health of the caves deterioratesdeteriorates , 
the condition of the island’s ecosystems and 
freshwater lenses are threatenedthreatened .



&'��������'���������
�
���(�)������
�� �
��

���	�
�� ��
	
��(��
��'�������*�

+��,�����
�� ��
��
����	�
��(
�������
��-.���	�
��

+��,�/)���
0

����� 	
�
�	�
�

�������(
&�����/�
)���



- 11 tidal cave springstidal cave springs were located and studied between March and August 2007.
- The investigation was conducted by measuring both the flow volume (physical)
and water quality (chemical/biological) passing through the cave networks. 
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Flow Velocity (x, y, z)

Flow Speed
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1. consider a flow entering a long straight pipe
2. the wall friction slows down the flow and causes a viscous layer
3. further downstream, the flow profile ceases to change with axial

position and it is said to be fully developed.

Flow direction

pipe wall

Entering flow with an almost 
“flat” profile.

Fully developed flow will 
stay in this “shape” as long 
as the conditions are 
unchanged. (e.g. reminds 
laminar)

entrance
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Fully developed flow is governed by the continuity (1) and momentum equations (2).

(1)

(2)

With some assumptions and simplification, the mess above become this 
“innocent looking” equation for fully developed duct flow:



The two 2nd order partial 
derivatives on velocity u, which is 
also called “Laplacian Equation”. 
The source of all pains. 

To understand the pain of fluid dynamics, here is a brief explanation of the 
“innocent looking” equation. 

Notice there is no du/dx term, 
meaning the flow will “look” the 
same along the x-axis.

viscosity (thickness) 
of the fluid

Pressure gradient, 
which is the “push”
of the flow.

GOOD NEWS!
We don’t have to worry 
about the pressure 
gradient or the viscosity, 
since they are constant 
along the duct.



- Now, we need to solve for u.
- The equation is solvable if the duct’s cross section is simple and regular. 

For example, the velocity profile of the flow in a circular duct is given by the 
equation below, where ro is the radius of the pipe, and r is the variable.



Cripplegate

Good:
The velocity profile 
equation for a circular duct 
is simple. 

Bad:
However, in real world, 
most caves are NOT 
circular.



Joyce’s Dock North

Solve                                                    again with rectangular boundary condition.



By setting up a rectangular boundary condition for 
the developed flow equation, the solution is…

0.61 cm/s
0.13 cm/s

0.81 cm/s

0 cm/s



Flow rate

where u is the profile equation for rectangular (equation 3)

Integrate equation (4) and get the equation for flow rate:

(4)

(5)



0.240.1642.028.07.1Cripplegate

0.070.071.61.50.9Gazebo

0.080.1070.098.013.1Burchall's Cove

0.060.130.41.00.6Leamington

0.260.2860.068.010.2Red Bay Cave

0.230.0551.011.010.8Joyce's Dock North

0.200.256.16.71.8Tucker's Town Dock

0.070.101150.01960.025.5Green Bay Cave

m/sm/sm3m3m2

Average Outflow 
Speed

Average 
Inflow Speed

Outflow 
VolumeInflow VolumeCross Section Area
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Tucker’s Town Dock
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outflow inflow

inflow outflow



Joyce’s Dock North 
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inflow outflow

inflow outflow



��
����	�
��
����	�




Thank you.

The End




