
Assessing Effects of Intraborehole Flow in Deep 
Monitoring Wells on Estimates of Aquifer Salinity Profiles



Problem and Research Objectives 

Regulation of groundwater withdrawals at some aquifer locations in Hawai‘i is based 
principally on salinity-versus-depth profiles from adjacent deep-monitoring wells. Salinity 
profiles are being used to monitor the midpoint of the transition zone between freshwater and 
saltwater as a proxy to track the thickness of the overlying freshwater lens (Meyer and Presley 
2001; Gingerich and Voss 2005). 

This information is being used by the Hawai‘i Commission on Water Resource Management 
for sustainable-yield estimates utilizing the RAM2 model (Mink 1980; Mink 1981; Liu 2006; 
Liu 2008). Salinity profiles are being used, as well, for calibrating regional density-dependent 
groundwater-flow models (Souza and Voss 1987; Oki, Souza et al. 1996). These models 
provide insights into groundwater availability under different recharge-and-withdrawal 
scenarios (Oki 2005; Gingerich 2009). 

Borehole geophysical logging in Hawai‘i has shown some evidence of subtle vertical borehole 
flow in some cases (Paillet and Hess 1995; Paillet, Williams et al. 2002). Because of possible 
borehole-flow effects, salinity profiles from deep-monitor wells may not accurately reflect the 
salinity distribution in the surrounding aquifer with changing depth. 

The definitive questions then become: “Is this subtle borehole flow sufficient to invalidate the 
depth-salinity profiles that are being observed?” Or: “Is the borehole flow great enough that 
the observed salinity profile in the borehole is substantially different from that in the adjacent 
aquifer?” 

A final question concerns the use of and management intent for these deep-monitoring wells: 
“Are salinity profiles from deep-monitoring wells sufficiently invalid that they cannot be used 
to monitor long-term changes in the adjacent aquifers over time periods ranging from years 
to decades?” 

“Years-to-decades” is currently the anticipated timescale in response to pumping for saltwater 
intrusion into the aquifers in Hawai‘i  (Visher and Mink 1964). Thus far this topic has not 
been comprehensively addressed in published literature.  

The objective of this research is to evaluate the potential for vertical borehole flow in deep-
monitor wells that may result in inaccurate or misleading information being used for 
groundwater management in Hawai‘i. 

Methodology 

Two approaches will be used: 1) evaluating and summarizing existing work to date, and 2) 
consulting with experts in borehole geophysical logging to design a strategy for further 
fieldwork. 

Case Studies —Field data and studies in Hawai‘i on borehole flow by Paillet and Hess (1995) 
and Paillet et al. (2002) will be reviewed. Existing geophysical logs and salinity profiles will be 
inspected for evidence of vertical flow and profile disturbance. Some deep-monitor wells are 
currently suspected of having such significant borehole flow that salinity profiles from these 
wells are probably invalid measurements of the salinity distribution in the adjacent aquifers. 



 

 
One indicator of possible vertical borehole flow sometimes evident in salinity profiles is a 
step-like change in electrical-conductivity data. These “kinks” are evident where significant 
quantities of water may be either entering or exiting the uncased part of the borehole. Salinity 
profiles frequently show multiple step-like changes in electrical conductivity. This makes it 
difficult to accurately determine the principal direction of borehole flow and whether or not 
the measured conductivity accurately estimates the salinity in the adjacent aquifer (Oki and 
Presley 2008). 
 
On the island of O‘ahu, Hawai‘i, there is a classic case where a fully-open deep-monitor well 
has been sited too close to large-capacity water-supply wells. At this site the drawdown from 
the pumping wells appears to draw brackish water up the bore of the monitor well. For wells 
away from obvious pumping disturbances much less evidence for salinity-profile disturbance 
exists.  
 
In a second example vertical borehole flow is likely to occur in a deep-monitoring well which 
taps a degraded irrigation-return groundwater layer. A well fitting this description is located 
at the discharge end of the central O‘ahu flow system where upward vertical-head gradients 
are expected. A deep-monitor well in this area has lower nitrate than surrounding shallower 
observation wells and this may indicate upward flow of “fresher” water from intermediate 
depths. Considerable chemical and tracer data are available for the deep-monitor well which, 
if carefully evaluated, may provide insights into quantifying the amount of vertical borehole 
flow. The possible presence of seasonal effects currently “hidden” in the data in existing 
salinity logs will be examined by differentiating log data from various dates to see if 
differences follow the expected trend. 
 
Strategy for Further Fieldwork—Results of the case studies above will be used to design a 
strategy for fieldwork on O‘ahu, Hawai‘i. 
 
Separately, it is likely that new data logging will be proposed for the Waiehu deep-monitor 
well in the ‘Iao Valley area of the island of Maui, Hawai‘i. This well is particularly important 
to the management of ongoing pumping activities at this location as, under the sustainable-
yield concept, the midpoint of the transition zone in the salinity profile of this deep-monitor 
shows a steady rise over the last three decades. 
 
Geophysical specialists in borehole logging will be asked to propose methods not to simply 
demonstrate that there is borehole flow but to definitively answer the critical question: Can it 
be demonstrated that, in certain cases, the borehole-salinity reference profile differs 
substantially from the adjacent aquifer-salinity profile? 
 
Proposed strategies may include induction tools that “look outside” the borehole and into the 
formation (Keys 1990). The use of such tools would require adequate measurements of 
formation porosity and of the bulk resistivity of the solid-basalt matrix and the application of 
Archie’s Law. It would be essential that the geophysical logging methodology be able to 
differentiate between resistivity measured for the fluid and that measured for the 
surrounding formation. 
 
Other deep-monitor wells on various Hawaiian islands may also be proposed for additional 
work. Approaches may include salinity profiling under ambient and pumped conditions or 
repeat profiling at seasonal intervals (to take advantage of naturally-imposed vertical-head 
gradients). 



 

 
One example of a naturally-imposed vertical-head gradient is the seven-foot rise in the 
regional water table on O‘ahu that has accompanied a recent recharge event after five dry 
years. Repeat sampling data may be accessed through ongoing logging programs of the 
Hawai‘i Commission on Water Resource Management and county water department records. 
 
Challenges—Local stakeholders believe that salinity profiles from open boreholes are a 
reasonable indicator of adjacent aquifer salinity. Well owners may not be enthusiastic in their 
support of uncompensated geophysical research in their wells considering unexpected high 
costs associated with rehabilitating any wells damaged by logging tools. 
 
Finally, valuable information can be obtained through a network of short-screened or point-
piezometer measurements to define vertical-head gradients or the true-salinity distribution in 
the adjacent aquifer. High costs, however, would limit such efforts—especially for wells 
exceeding a depth of one thousand feet. 
 
 
 
Preliminary Findings and Significance 
 
Step-like changes in conductivity are evident in almost all available salinity profiles. A 
regional trend, supported by basin-wide groundwater-flow dynamics, is prominent as major 
downward flow components that occur in recharge areas and major upward flow components 
that are seen in discharge areas towards the coast. Several salinity profiles in deep-monitor 
wells indicate large kinks as signs of vertical borehole flow. The largest deviation from 
theoretical aquifer salinity occurs in deep-monitor wells located in area extending from east 
Pearl Harbor to Kalihi on O‘ahu. However no significant correlation exists between proximity 
to pumping centers and the magnitude of kinks in the profiles. 
 
Is the vertical borehole flow so great that salinity-profile data are invalid measurements of 
adjacent aquifer salinity? We can not answer this yet for all deep-monitor wells but, in 
tracking for the midpoint of the transition zone between freshwater and saltwater, the 
Beretania deep-monitor well case study shows depth displacements caused either by 
barometric pressure and tidal fluctuations or by nearby withdrawal from pumping centers to 
be inconsequential. 
 
The 1 mS/cm concentration is indicative for the top of the transition zone between freshwater 
and saltwater. Contrary to the midpoint, several salinity profiles indicate 100 to 400 ft depth 
displacements of the 1 mS/cm concentration in deep-monitor wells near pumping centers. 
 
In many cases studied in this project, poor quality control of salinity profiles is hindering data 
interpretation. It can be concluded, however, that this continuing research is an important 
step towards assessing the significance of the problem. 
 
Should the results from this project indicate significant unreliability of the salinity-profile 
data from deep-monitoring wells in determining adjacent aquifer salinity, local stakeholders 
are likely to become more interested in funding further fieldwork. 
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