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Table 19. Results of a steady-state calibration Sensitivity Analysis of ground-water-flow in the Rio Cobre and Rio Minho-Milk River 
basins, Jamaica. 

 
Aquifer and hydrologic 
characteristic varied 

 

Hydrologic 
value 

simulated 

Percent 
Change 

Root mean square errors between 
measured and calculated heads for 
steady-state conditions (RMSE) 

    
WHITE LIMESTONE AQUIFER  
Calibration of ground-water-flow component of the 
model 

   

    
     Calibrated net aquifer recharge 454.37 +25 6.83 
          (millimeters per year) 399.85 +10 615 
 363.50 0 5.82 
 327.15 -10 6.48 
 272.65 -25 Model does not converge 
    
Calibrated horizontal hydraulic conductivity    
          (meters per day)    
 77 +10 5.96 
          Zone 1 77 +10 5.96 
          Zone 2 66 +10 5.96 
          Zone 3 36.3 +10 5.96 
          Zone 4 530.2 +10 5.96 
          Zone 5 27.5 +10 5.96 
          Zone 6 27.5 +10 5.96 
          Zone 7 44 +10 5.96 
          Zone 8 530.2 +10 5.96 
          Zone 9 44 +10 5.96 
          Zone 10 44 +10 5.96 
          Zone 15 33 +10 5.96 
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Table 19 Cont’d. Results of a steady-state calibration Sensitivity Analysis of ground-water-flow in the Rio Cobre and Rio Minho-
Milk River basins, Jamaica. 

 
Aquifer and hydrologic 
characteristic varied 

 

Hydrologic 
value 

simulated 

Percent 
Change 

Root mean square errors between 
measured and calculated heads for 
steady-state conditions (RMSE) 

    
WHITE LIMESTONE AQUIFER  
Calibration of ground-water-flow component of the 
model 

   

    
Calibrated horizontal hydraulic conductivity    
          (meters per day)    
    
          Zone 1 70 0 5.82 
          Zone 2 70 0 5.82 
          Zone 3 60 0 5.82 
          Zone 4 33 0 5.82 
          Zone 5 482 0 5.82 
          Zone 6 25 0 5.82 
          Zone 7 40 0 5.82 
          Zone 8 482 0 5.82 
          Zone 9 40 0 5.82 
          Zone 10 40 0 5.82 
          Zone 15 30 0 5.82 
    

          Zone 1 63 -10 6.11 
          Zone 2 63 -10 6.11 
          Zone 3 54 -10 6.11 
          Zone 4 27 -10 6.11 
          Zone 5 433.8 -10 6.11 
          Zone 6 22.5 -10 6.11 
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Table 19 Cont’d. Results of a steady-state calibration Sensitivity Analysis of ground-water-flow in the Rio Cobre and Rio Minho-
Milk river basins, Jamaica, West Indies. 

 
 
 

Aquifer and hydrologic 
characteristic varied 

 

Hydrologic 
value 

simulated 

Percent 
Change 

Root mean square errors between 
measured and calculated heads for 
steady-state conditions (RMSE) 

    
WHITE LIMESTONE AQUIFER  
Calibration of ground-water-flow component of the 
model 

   

    
Calibrated horizontal hydraulic conductivity    
          (meters per day)    
    
          Zone 7 36 -10 6.11 
          Zone 8 433.8 -10 6.11 
          Zone 9 36 -10 6.11 
          Zone 10 36 -10 6.11 
          Zone 15 27 -10 6.11 
    
ALLUVIAL AQUIFER    
              
          Zone 11 33 +10 5.96 
          Zone 12 44 +10 5.96 
          Zone 13 110 +10 5.96 
          Zone 14 110 +10 5.96 
              
          Zone 11 40 0 5.82 
          Zone 12 30 0 5.82 
          Zone 13 100 0 5.82 
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Table 19 Cont’d. Results of a steady-state calibration sensitivity analysis of ground-water-flow in the Rio Cobre and Rio Minho-Milk 
river basins, Jamaica, West Indies. 

 
 
 

Aquifer and hydrologic 
characteristic varied 

 

Hydrologic 
value 

simulated 

Percent 
Change 

Root mean square errors between 
measured and calculated heads for 
steady-state conditions (RMSE) 

    
ALLUVIAL AQUIFER  
Calibration of ground-water-flow component of the    
 model 

   

    
          Zone 14 100 0 5.82 
    
    
          Zone 11 27 -10 6.11 
          Zone 12 36 -10 6.11 
          Zone 13 90 -10 6.11 
          Zone 14 90 -10 6.11 
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Table 19 Cont’d. Results of a steady-state calibration sensitivity analysis of ground-water-flow in the Rio Cobre and Rio Minho-Milk 
river basins, West Indies, Jamaica. 

 
 
 

Aquifer and hydrologic 
characteristic varied 

 

Hydrologic 
value 

simulated 

Percent 
Change 

Root mean square errors between 
measured and calculated heads for 
steady-state conditions (RMSE) 

    
Hydraulic Conductivity at General Head Boundary    
         (meters per day)    
    
          Zone 1 77 +10 6.15 
          Zone 2 66 +10 6.15 
          Zone 3 77 +10 6.15 
    
    
Hydraulic Conductivity at General Head Boundary    
         (meters per day)    
    
          Zone 1 70 0 5.82 
          Zone 2 60 0 5.82 
          Zone 3 70 0 5.82 
    
    
Hydraulic Conductivity at General Head Boundary    
         (meters per day)    
    
          Zone 1 63 -10 6.12 
          Zone 2 54 -10 6.12 
          Zone 3 63 -10 6.12 
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Figure 5.11 Histogram of calibrated residuals of the difference in calculated versus observed heads in the White Limestone aquifer of              

the Rio Cobre and Rio Minho-Milk river basins – sensitivity analysis showing the results of a 10% (+) increase in 
horizontal hydraulic conductivity in (m/d).  
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Figure 5.12. Histogram of calibrated residuals of the difference in calculated versus observed heads in the White Limestone 

aquifer of the Rio Cobre and Rio Minho-Milk river basins – sensitivity analysis showing the results of a 10% (-) 
decrease in horizontal hydraulic conductivity in (m/d).
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Figure 5.13. Histogram of calibrated residuals of the difference in calculated versus observed heads in the White Limestone 

aquifer of the Rio Cobre and Rio Minho-Milk river basins – sensitivity analysis showing the results of a 10% (+) 
increase in hydraulic conductivity along the general-head boundary (m/d).
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Figure 5.14. Histogram of calibrated residuals of the difference in calculated versus observed heads in the White Limestone 

aquifer of the Rio Cobre and Rio Minho-Milk river basins – sensitivity analysis showing the results of a 10% (+) 
decrease in net recharge (mm/yr).
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Figure 5.15. Histogram of calibrated residuals of the difference in calculated versus observed heads in the White Limestone 

aquifer of the Rio Cobre and Rio Minho-Milk river basins – sensitivity analysis showing the results of a 10% (-) 
decrease in net recharge (mm/yr). 
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 Additional Data Needs and Model limitations  
 

 Steady-state simulations do not represent changes in the flow system over time. 

Annual, seasonal components of flow in response to fluctuations in evapotranspiration 

and streamflow relate to climatic changes. Some of the data requirements needed to apply 

the finite-difference numerical analysis are still incomplete. Future investigations need to 

include a broader data base. The hydrologic analysis of the data limitations includes the 

lack of information on stream flow seepage for major tributaries of the Rio Cobre: Rio 

Magno, Rio Pedro, and Rio D’Oro. Other information required to improve future 

modeling studies are: 1) additional water level information in the upper Rio Minho-Milk 

River basins, 2) the hydraulic head along the northern boundary, and 3) the movement of 

the saltwater/freshwater interface (related to decrease in recharge and possibly 

withdrawal from wells). 

 
Transmissivity values reported for the alluvial and White Limestone aquifers 

appear to be extremely high and may be due to two reasons: 1) If the well is not open to 

the entire thickness of the aquifer, then early-time drawdown data may reflect the 

transmissivity of the only that section of the aquifer that the well is screened in and 2) the 

specific-capacity data from wells are possibly reflecting only the transmissivity of the 

near surface permeable karst zones. In addition, the construction of karst well 

hydrographs would be extremely helpful in determining the aquifer hydraulic properties 

of the near surface karst region of the White Limestone aquifer particularly in regions 

that are dissected by the faults. 
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The lack of calibration of some well observation points (e.g. Nutshell Corehole 

may be caused mainly by errors in datum for referenced points. In addition, there are a 

few areas where the hydraulic heads are reported as 20 – 30 meters higher than the 

surrounding head values. Logistically, these do not appear to be hydraulic highs, but 

rather the result of improper measurement or recording water levels in those particular 

areas.  
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 CONCLUSIONS 

An investigation was undertaken to better understand the hydrogeologic 

framework of the Rio Cobre and Rio Minho Basins, Jamaica, West Indies. A quasi three-

dimensional finite-difference groundwater flow model was used to conceptualize flow 

conditions and establish a hydrogeologic budget of the region.  

 

The basins lie on the Clarendon Block, an area with a complex geologic history. 

The geologic history includes: 1) the intrusion of calcalkaline granites, 2) morphotectonic 

sedimentation, 3) three episodes of deformation by transpressional and transcurrent 

tectonics, 4) the deposition of a highly-permeable, ancient carbonate platform, and 5) the 

development of near surface karst oriented with the fault trend in the basins. The age of 

the rocks range from Late Cretaceous (Maastrichtian) to Recent.  

 
Several simplifying assumptions were made for the conceptualization and 

simulation of flow in the basins: 1) during the 1998 water year ground-water in the basins 

was considered at steady-state, 2) pumping does not significantly affect the level of 

hydraulic heads; therefore pumping wells are not simulated, 3) net recharge from 

precipitation varies spatially, 4) karstification and aquifer heterogeneity impact the 

distribution of hydraulic conductivity, 5) Darcy’s law is applicable to represent flow 

through the fractures and solutions openings in a karst region, 6) flow in the White 

Limestone aquifer occurs in the uppermost 650 m and vertical flow is assumed to be 

controlled by intervening units, 7) transpiration was not explicitly simulated in the model, 

rather a net recharge was used that accounted for losses due to evapotranspiration, and 8) 
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submarine discharge occurs from the aquifer along the coast where aquifers are 

connected to  the sea. However, this approach should not be considered as a final tool for 

interpretation of the simulation results of the basins.  

 

The ground-water flow model was based on hydraulic heads 1998 water year.  In 

summary the hydrologic investigation findings are as follows: 

 

1) The permeability of the South Coast fault and the high hydraulic conductivity 

value associated with the carbonate bank (482 m/d) in the Lower Rio Minho-

Milk River appear to control the gradient of the potentiometric surface in that 

region. 

2). Model calibrated hydraulic conductivity values ranged from 30 m/d to 110 

m/d for the alluvial layer (model layer 1) and 25 m/d to 480 m/d for the White 

Limestone aquifer  (model layer 2). 

3). Model calibrated aquifer recharge ranged from a minimum of zero mm/yr 

along the coast to 250 mm/yr for the irrigated plains to 385 mm/yr for the 

highland plateaus.  

4). Simulation of a general-head boundary along the northern model boundary of 

the study region suggests that there are two sources of recharge to the basins: 

a) net recharge from total precipitation and b) recharge from upland 

subsurface inflow along the boundary. 

5). Total discharge along the saltwater interface coastal boundary to the Caribbean 

Sea calculated from the MODFLOW (Zonebudget) is 1.981 x 106 m3/d and 
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does not agree with the total value of 4.72 x 105 m/d calculated from limited 

WRAJ data. 

6). The results of the simulation of the South Coast Fault and Zonebudget shows 

that the fault inhibits horizontal flow across the fault in the basins, but there is 

no inhibition of flow in the vertical direction. This supports the findings of 

recent hydrochemical investigations (Mullings et al., 1993) that show there is a 

migration of ions upward through the South Coast fault. 

7). A summary for the volumetric budget terms for the contribution to ground-

water flow components for 1998 hydrologic conditions simulated to be as 

follows:  

 

Net recharge (2.54 x 106m3/d), recharge from upland subsurface inflow (1.16 

x 106m3/d) and river infiltration (4.69 x 105m3/d).  Ground-water outflow 

terms are: river leakage, (1.70 x 106m3/d), and submarine discharge from the 

coastal boundary to the Caribbean Sea, (1.98 x 106m3/d).  The total calibrated 

ground-water flow was (3.70 x 106 m3/d).  

 

8). Calibrated stream vertical hydraulic conductivity is 0.0563 m/d and is within 

the range of values reported for various materials by Rosenshein et al., (1968). 

9) Based on the sensitivity analyses performed for this investigation it is 

apparent that the model is sensitive to changes in horizontal hydraulic 

conductivity and recharge, but least sensitive to streambed vertical hydraulic 

conductivity.   


