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where 0=specific gravity of shale, k=permeability, and b=porosity; note that p is the equivalent pressure of the darcy flow, and this is just a reflection of the fact that the darcy flow is a pressure-driven flow. equation ( 4.4 ) is the darcy flow in shale. the pressure-driven flow in the cracks is similar to darcy flow, as can be seen from the similarity of the flow equations in the first two equations in ( 4.3 ) and ( 4.4 ).
first we write the pressure-driven flow in the two cracks as, and similarly, where u1=vertical velocity, u2=vertical velocity, and u3=vertical velocity in the direction of the cracks. next we write the horizontal darcy flow in the cracks as, and similarly, where u4=horizontal velocity. the flow in the two cracks is related to the hydraulic head, as illustrated in fig. 4.4. a shallow aquifer is an aquifer that is not sufficiently
permeable to allow substantial flow from the water table. such an aquifer is usually characterised by a subsurface rock layer, called a seal layer, that prevents flow of groundwater into the aquifer. if an aquifer is confined, so that it cannot flow into the seal layer, then the pressure increases and the hydraulic head increases towards the top of the aquifer. this is the principal reason for the use of well casings for

underground fluid storage. however, in some circumstances, an aquifer may not be completely confined and may instead be an unconfined aquifer. the hydraulic head is still defined as the elevation difference between two points, but these points are now located in the aquifer (not in the seal layer). the hydraulic head is called the confining head of the aquifer, and the position of the head is defined as the
confining head depth .
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the unsaturated zone is divided into two subzones: the unsaturated zone below the water table and the unsaturated zone above the water table. the water table is the boundary between the saturated zone and the unsaturated zone. because the unsaturated zone above the water table is above the level of the surface water bodies,
only this zone is affected by surface water. in modflow, the unsaturated zone above the water table is used to model the effect of surface water on groundwater. in modflow, the water table is the surface that represents the level at which the water in the unsaturated zone can move freely. in fact, the modflow unsaturated zone is

not a physical surface but a zone where the velocity of the groundwater is zero. this means that the groundwater in the unsaturated zone cannot move downward unless it is forced to move by a pressure gradient or a gravity gradient. the land surface is divided into the land surface boundary and the overlying surface-water
boundary. the land surface boundary is the boundary between the ground and the surface. the overlying surface-water boundary is the boundary between the land surface and any surface-water bodies. the unsaturated zone beneath the overlying surface-water boundary is divided into the unsaturated zone below the overlying

surface-water boundary and the unsaturated zone above the overlying surface-water boundary. the overlying surface-water boundary is the boundary between the land surface and the surface-water bodies. 5ec8ef588b
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