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Simulation of Coastal Wastewater Injection in Hawaii using SUTRA, and the 
Value of Compelling Visualizations in Conveying Results to the Non-Specialist 
Public 
Charles D. Hunt, Jr.  

U.S. Geological Survey, Pacific Islands Water Science Center, Honolulu, HI, USA 
 
ABSTRACT 
Treated wastewater is injected into a permeable basaltic aquifer 1.2 km from the shore at Kihei, 
on the island of Maui (Figure 1). Excessive macroalgae smother corals and wash up on beaches 
in the area, creating odor and removal problems. Nutrients are a potential contributor to algal 
growth, so the fate of injected wastewater nutrients is of interest.  
 
The USGS code SUTRA was used to model 3-D variable-density flow and solute transport in the 
injection plume and surrounding regional ground water. Objectives were to demonstrate plume 
behavior and estimate where it discharges to coastal waters. Salt was the sole solute because the 
plume is driven by salinity-density contrasts. Nutrient transport was not modeled, and nutrient 
fluxes were estimated separately. The finite-element mesh had variable spacing (finest near the 
water table, injection well, and coast) and contained 74,592 elements in 37 vertical layers. 
Simulations were transient, but stresses were held steady, and equilibrium was reached during 
model runs. 
 
The plume is buoyant because effluent salinity is 1 percent seawater, whereas receiving water in 
the aquifer is 20-100 percent. Although effluent is injected 14-58 m below sea level, it rises to 
the water table and spreads out laterally (Figure 2). At an injection rate of 11,400 m3/d, the 
modeled plume was 1.5 km wide at the shore (Figure 3), equaling a coastal flux of 7,600 m3/d 
per km of coast. Regional ground-water flux is 6,600 m3/d per km and mostly diverts around the 
plume, with some mixing at the margin. Essentially, the plume grows wide enough to displace a 
nearly-equal volume of regional flow. Stated another way, plume width is largely a ratio of 
injection rate to regional flow rate, a principle that can be deduced from analytical equations for 
injection in a uniform flow field. The plume was 20 percent wider when horizontal-to-vertical 
permeability ratio was reduced by an order of magnitude (from 200:1 to 20:1 by raising vertical 
permeability), but aside from that one test, long execution times made thorough parameter-
sensitivity analysis impractical given other, non-modeling objectives of the study. Discharge 
from the plume core is about 60 percent effluent and 2-3 years old, according to the model. 
Calibration data were sparse, and the model can be considered only semi-quantitative. 
 
Model results were processed with the USGS program Model Viewer, and the resulting 
visualizations were critically important in conveying findings to stakeholders, regulators, and the 
public. Effluent fate had been largely unknown, with little certainty of where effluent would 
discharge and skepticism among some that it would even reach the shore. Compelling pictures of 
the plume convey the required understanding to non-specialists. 
 
[Figures 1-3, references, and contact information follow on subsequent pages.] 
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Figure 1.  Simulated wastewater injection plume overlaid on aerial photo of the Kihei area, 
Maui, Hawaii. [Grayscale version of color original in Hunt, 2007.] 
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Figure 2.  Cutaway block diagram showing simulated wastewater injection plume at Kihei, 
Maui, Hawaii. Effluent of 1 percent salinity is injected deep into brackish saline water but 

rises buoyantly, spreads laterally, and flows toward the coast at left.  
[Grayscale version of color original in Hunt, 2007.] 
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Figure 3.  Simulated wastewater injection plume, and tax map for reference at Kihei, Maui, 
Hawaii. [Grayscale version of color original in Hunt, 2007.] 
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