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Introduction 
 
The study concerns understanding the negative effects of climate change on the Waiahole Ditch 
System, high-level dike compartment tunnels and its associated regional distributive down-
gradient recharge that affects the sustainability of the Pearl Harbor basal aquifer. The research 
area encompasses the Waiahole Ditch System (Fig. 1) and the Pearl Harbor aquifer (Fig. 2). In 
their evaluation of these dike systems, Takasaki and Mink (1985) provide a historical framework 
of investigations into this phenomenon, with their estimate at the time, of 560 billion gallons of 
storage occurring within the primary recharge area of the Koolau Mountains—with no recharge 
estimate provided at the abutment to Pearl Harbor. Since the Pearl Harbor aquifer is heavily 
utilized by various entities, with major withdrawals by the Department of Defense and the 
Honolulu Board of Water Supply (HBWS), recognition of climate change associations may 
assist policy makers in determining appropriate groundwater adaptive strategies to meet those 
challenges.    
 
 
Problem and Research Objectives 
 
Reductions in recharge due to adverse climate change will affect the predominant base flow 
contributions from the Waiahole Ditch System development tunnels, re-kindling competition for 
this valuable resource among leeward and windward interests. Adverse climate change 
influences manifest by Waiahole Ditch discharge reductions will also have its associated impacts 
upon the groundwater flow from the high-level dike compartments to the Pearl Harbor basal 
lens. Demands upon the Pearl Harbor aquifer will continue to increase with pumpage from the 
renovated HBWS Ewa Shaft, and future development requirements for the Hoopili, Koa Ridge, 
and Waiawa residential projects, along with the increased home basing of military troops. The 
latter will require the extended utilization of groundwater resources from among present 
Department of Defense sources—Waiawa Shaft, Red Hill Shaft, and the Halawa Shaft. Climate 
change effects on the groundwater flow regime, from dike compartments to basal lens, will 
escalate many competing demands. A greater understanding of the relationship among the 
windward high-level groundwater body and the Pearl Harbor basal lens would directly address 
these future concerns. 
 
This study evaluates the relationship among the high-level windward dike compartment systems 
and the groundwater basal system of the Pearl Harbor aquifer. The hydrologic mechanisms of the 
movement of high-level groundwater to the basal lens are governed by two theoretical 
principles—laminar flow Darcy theory within the high-level dike compartments, and the 
Ghyben-Herzberg theory within the Pearl Harbor basal lens. Shallow index monitor wells in the 
basal lens (Fig. 2) would indicate the earliest temporal responses to groundwater movement—
specifically direct recharge, originating from dike compartments 
 
Through assessment of the relationship between the high-level groundwater dike compartments 
under prior drought conditions, and its attendant impact upon the Pearl Harbor basal lens, a 
proxy of future adverse climate change impacts can be identified. The results of the study are 
expected to assist policy makers in their preparations for climate change adaptive strategies. 
Identifying the temporal dynamics of the dike compartment and basal lens interaction may allow 



sufficient preparation time for policy makers to program specific capital projects that address 
adverse climate change consequences. 
 
The study is specifically aimed at evaluating the relationship among rainfall distribution, tunnel 
discharges, and potential adverse influences upon Pearl Harbor groundwater head levels because 
of climate change. The impacts upon recharge will not be quantified, but will be proxied by the 
response of Pearl Harbor index monitor wellhead-levels to the dynamic adjustments resultant 
from drought conditions. The scope of work will include literature review, data compilation, 
statistical analysis, monitoring of gauges, development-tunnel discharge measurements, and the 
evaluation of currently measured Waiahole Ditch discharge rates.  
 
 
Methodology 
 
A review of the literature and the compilation of period of record data from the inception of the 
Waiahole Ditch System to the present are being conducted. The data includes precipitation 
records, Waiahole Ditch System discharge and instrument stage records, HBWS pumpage, deep 
monitor index well head level records, USGS Pearl Harbor spring discharges, and pumpage data 
from the Department of Defense and other sources. The study comprises data compilation, 
Waiahole Ditch System discharge measurements, and the application of statistical methods to 
assess the research variables. Climate data are used to assess the effects of previous episodic 
drought conditions upon the discharges of the Waiahole development tunnels, with the 
perspective of foreseeing sustainability impacts to the Pearl Harbor aquifer that may be 
attributable to adverse future climate-change conditions.  
 
During the reporting period, pressure and barometric dataloggers were installed at Kahana 
Tunnel bulkheads A and B, Waihee Tunnel, and Kahaluu Tunnel (Fig. 3). A raingage was 
installed at the helipad of the Kahana Tunnel. Current-meter measurements are conducted at 
Kahana Tunnel, Waikane Tunnel 1, Waikane Tunnel 2, Uwau Tunnel, Release point 23, Release 
point 30, Release point 31, North Portal, and Adit 8, for comparison with the provisionally 
collected measurements submitted to Commission on Water Resource Management. These 
measurements will allow for an evaluation of the accountability of the relied-upon installed 
measuring devices and their attendant dataloggers. In tandem with these field measurements, the 
installation of dataloggers to track the Kahana Tunnel bulkhead-compartment pressure changes 
are incorporated. Compared against the measured stage heights of discharge flows of other 
Waiahole Ditch System development tunnels, the Kahana Tunnel bulkhead pressure will 
accurately represent dynamic dike-storage compartment changes.  
 
In the next phase of the study, univariate multiple regression will be used to determine 
appropriate models that best represent the associations among the research variables. Semi-
partial correlations will be assessed to determine its efficacy in isolating unique contributions of 
a particular predictor variable to a response variable. Contrast coding and other statistical 
methods may also be applied to identify completely independent contributions among predictor 
variables.  
  
 



Principal Findings and Significance 
 
Examples of data compiled are shown in Figure 4, which illustrates index well trends and 
Waihee levels. Variability in head levels should be attributable to irrigation draft, direct recharge, 
and Waiahole Ditch influence upon Pearl Harbor recharge. In the early 1990s, the results seem to 
be influenced by sugar plantation-era draft. Figure 5 illustrates production of various system 
development tunnels and rainfall data compiled at the Waikane raingage. The figure reflects a 
relatively strong drought period in the 1940s that affected production of various tunnels. The 
data in the figure would facilitate calibration of a model and evaluating the Waiahole production 
based on various climate and land use scenarios. Figure 6 depicts the time variation of total 
tunnel production. A sight but consistent decline in production can be seen. 
 
Figures 6 and 7 correlate production and rainfall data at two sites. The figures show consistent 
decline in production starting in the 1950s. It will be of interest to correlate the data various 
factors affecting the discharges. Figure 8 illustrates the difference between Waianu 29 and 
System Balance to Uwau Tunnel. The overall results indicate a reasonable water balance, 
although significant deviations exist.   
 
Table 1 lists estimated long-term average production/discharge rates at various sites along the 
Waiahole system. Such estimates are useful for management purposes. However, variability 
around the averages and the expected effects of climate change should be also taken into 
account. 
 
 Table 1. Estimated long-term average  
 production/discharge rates at various sites. 

Site 

Average 
production (+) 
or discharge (–) 
in mgd 

Kahana Tunnel  + 0.82 
Waikane Tunnel 1  + 4.78 
Kahane 21  – 2.03 
Release Point 23  – 3.23 
Waikane Tunnel 2  + 0.99 
Uwau Tunnel  + 13.88 
Waianu 29  – 15.62 
Gate 30  – 4.58 
Gate 31  – 9.85 
North Portal  – 5.24 
Adit 8  + 9.96 
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Figure 2. Pearl Harbor monitor wells. 



 
                         Figure 3. Data collection locations. 



 
Figure 4. Pearl Harbor and Waihee Tunnel Head Levels. Locations in the Pearl Harbor are 
shown in Figure 2. 
 

 
Figure 4. Data Compiled for the Waiahole Water System Development Tunnels (the right y-axis 
is for the Waikane Rain Gage data, inches).  
 

 
Figure 5. Total Tunnel Production. Linear trend line is also shown. 



 
 

 
Figure 6. Discharge (mgd) at Kahana Tunnel 3 vs. rain data at Kahana 833 (inches). 

 
 
 

 
Figure 7. Water developed (mgd) between Adit 8 and North Portal vs. rainfall data (inches). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Difference between Waianu 29 and System Balance to Uwau Tunnel. 
 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  


