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'lhls rep:>rt is p:u:t of the -SUbsurface Water Quality: Pesticides Con

tamination- project authorized in Act 285, Section 38F, by the Twelfth Legis

lature, State of Hawaii, and sUR?Orted by the Office of Enviromnental ()Jality 

Control with the cooperatioo of several data collecting agencies. other proj

ect activities currently in progress focus on the following topics: geologic 

factors, mineralogic :parameters, chronology of deep water percolation through 

pinea:s;:ple fields, leaching properties of ftrn.igants fran soils, t.emJ:X>ral and 

s:patial distril:::utions of contaminants in basal grOlDldwaters, well and aquifer 

rehabilitatioo, and methods of contaminant rem.oval. Porthcaning reports will 

present the results of these activities. 
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Efforts are being made to identify the sources, concentratioos, spatial 

extent, DOVanents, and rates of degradation of recently detected grOWlcitlater 

contaminants in Hawai I i. A spatially detailed evaluation of the time series 

of water percolation is required so that leaching fran the top soil, bI'liard 
transport through the profile, and eventual JIOIlenent of the pesticides within 

the basal groundwater may be estimated. Using the water balance method, the 

1946 through 1983 sequence of downward percolating water will be estimated for 

each present and former pineawle grating area of central 0' abu. '!hus far, 

work on this project has focused on land-use identification, parameter evalua

tion, and data gathering. Results obtained using the same model in a previous 

study indicate that ET-suppression by pineapple causes percolation to be sig

nificantly higher than that experienced under a natural vegetative cover. 

This may account for the unexpected movement of these chemicals through the 

great thickness separating the pineay;:ple fields fran the basal water table. 
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In recent years, various chemical contaminants have been detected in 

Ha.!riai· i' s groundwater SUWlies. ntree cxrnpounds, dibranochloropropane (OOCP), 

ethylene dibranide (EIB), and trichloropropane (TCP), have been of p:articuJ.ar 

concern because of their associated health effects, both known and unknown. 
It is suspected that OOCP and TCP were transported to the basal grounc.water by 

downolard percolating water fran pineapple fields. Soil fumigation by mCP and 

another fllDigant containing TCP has been used by the pineawle growers in 

Ha.!riai' i for nematode control. Em has also been used as a pesticide in some 
pineapple fields. However, since EJ:B is found in gasoline, it is possible 

that the contamination originated fran ale or more fuel pipeline spills that 
have occurred in the region. Although the use of the cxrnpounds as pesticides 

has been discontinued, the recent discoveries raise questions about their 
possible continued leaching into the grounc.water fran contaminated soils and 

rock of the vadose zone. 

Efforts are r¥)W being made to identify the sources, concentrations, 

spatial extent, Il'OVanents, and rates of degradation of the grounc.water con

taminants. A spatially detailed evaluation of the time series of water per

colation is r6:Iuired so that leaching fran the top soil, c:XJwn.iard transport 

through the profile, and eventual llOITement of the pesticides Within the basal 

grounc.water may be estimated. '!be purpose of this study is to provide an 

estimate of downolard percolating water in high spatial and temporal detail for 

present and former pineawle grCMing areas of central A' ahu. 

The water balance method is used in this study to estimate the ~uence 

of c:XJwn.iard percolating water for each location of interest. 1be study area 
includes all areas overlying the principil grounc.water bodies of central at ahu 

which have been used for pineapple cultivation at any time between 1946 and 

1983. The water balance is canputed sepa.rate1y for each major pineawle field 
on a monthly time interval for the entire study period, 1946 through 1983, 

regardless of whether the area ranained in pineapple. '!bus, the model should 

be adaptable for handling various alternative land uses. 



Using principles developed by 'Ihornthwaite (1948), and Thornthwaite and 

Mather (1955), and others, a model of the water balance was devised in which 

the influences of land use are described by certain variables. Other vari

ables in the mc:x'iel account for the climatic influences and site factors un

affected by land use. With such a model, the awropriate climatic sequence 

and land use parameters can be used to estimate the water balance for a par

ticular time and place. 

'!he model used in this study is a variant of the 'Ihornthwaite and Mather 

(1955) bookkeeping procedure. For a given location, the model keeps account 

of the moisture exchanges that occur within the soil-plant system during each 

time interval. To do so, the state variable Xi is first COl'Iplted. (Variables 

are expressed as the average equivalent water depth CNer the entire area 

unless otherwise noted.) Xi is determined as 

Xi II: Si-1 + (Pi - IDi)<;-l + Ii + Ui - Ei 

where Si-1 is available soil lOOisture at beginning of time interval i, (un

paved area only); Pi is precipitation wring time interval i; OOi is surface 

runoff during time interval i; G is ratio of unpaved area to total area; Ii is 

agricultural irrigation during time interval i, Ui is urban irrigation wring 

time interval i (applied to a IX>rtion of unpaved area depending on degree of 

urbanization); and Ei is actual evapotranspiration during time interval i. en 
the basis of Xi, the end-of-interval soil lOOisture and percolation are 

determined as 

Si II: 0 

Oi II: 0 

Ei II: -Xi 

Si II: Xi 
0i;:: 0 

5i;:: ~ 

0i ;:: G(Xi - ~) 

For Xi < 0 

For 0 < Xi < ~ 

For Xi > ~ 

where Si is available soil lOOisture content at the end of time interval 

(unpaved area only); Oi is cbn".ward percolation beyond. the root zone wring 

time interval i; and ~ is soil available moisture capacity (unpaved area 
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only). Note that when Xi is negative, Ei is also adjusted. 

Fach input variable in the IOOdel is evaluated by direct measurenent or by 

estimation fran Ibysical or anpirical relationships. '!be evaluation of inplt 

variables is described below. 

Precipitation 

Monthly precipitation is estimated at each oode of a 10 by 10 grid super

imposed over the study area by cc:m};Uter interp:>lation. '!be mnthly precipita

tion sequence for each pineapple field is assumed equal to that of the nearest 

node. 

IUloff 

Runoff in the water balance model is defined to include werland flow, 

interflow, and high level spring flow. streamflow data are insufficient for 

estimating runoff at the spatial resolution required for this study. Runoff 

curve numbers have been derived experimentally for Bawai' i pineapple and 

sugarcane fields (Cooley and Lane 1980) for use in the Soil Conservation 

Service (SCS) (U.S. Department of Agriculture 1972) runoff JJDdel. A modified 

version of the SCS method (Giambelluca 1983) is used to estimate mnthly 

runoff for each pineapple field. 

Agricultural Irrigation 

Sugarcane irrigation is estimated on the basis of well p.1mpage, ditch 

flow, and stream diversion records. Pineapple in Hawai I i is traditionally 

irrigated only at planting time and during extreme drought. '!be moounts had a 

negligible effect on the water balance. In recent years, drip irrigation 

systems have been installed in some fields, and these oow receive a signifi

cant amolmt of irrigation. Pineapple irrigation is estimated fran water 

source records. 

Urban Irrigation 

Seasonal fluctuation in municipal water consumption on O'ahu has been 

attriwted to variations in outdoor uses, primarily lawn sprinkling (Yamauchi 

1981). Assuming that the lowest observed water use represents a period of 00 

lawn sprinkling (an extended rain;y period), the volume of water used for urban 
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irrigation was canputed for each lOOnth of a 10 yr sample period. 'lhe area 

over which this irrigation occurred was estimated and monthly depths of lawn 

sprinkling determined (Giambelluca 1983, Table 9). Monthly means fran the 

10 yr sample period are used as input to the water balance toodel for 

residential and park land uses. 

Evapotranspiration 

Evapotranspiration (ET) is evaluated using the concept of potential 

evapotranspiration (PE) (Thornthwaite 1948). Evaporative demand (PE) is first 

determined. Actual evap:>transpiration (E) is estimated as a fraction of PE 

according to the prevailing soil lOOisture content. PE is estimated on the 

basis of recently prepared annual pan evaporation map; (Ekern and Chang 1985). 

Average lOOnthly PE is estimated fran the annual figure and seasonal patterns 

at individual pan stations. Adjustments are made for surface type and vege

tation density. '1he relationship between E and soil lOOisture for Hawa! 'i 

developed I:¥ Giambelluca (1983) depends on soil type, root depth, and evapora

tive demand (PE). 

INTERIM RESULTS 

'lhus far, work on this project has focused on land-use identification, 

parameter evaluation, and gathering of necessary hydrological data. As such, 

no percolation figures are yet available. HCMever, based on previOUS studies 

using the same model (Giambelluca 1983), it aJ::Pears that ET-suppression I:¥ 
pineawle causes percolation to be significantly higher than that experienced 

under a natural vegetative cover. 'Ibis fact has important implications re

garding the leaching of pestiCides and may account for the unexpected Ill.OVanent 

of these chemicals through the great thickness separating the pineawle fields 

fran the basal water. 

Project tasks and awroximate p:>rtions completed as of 15 Novenber 1985 

are listed belCM. 

1. Land Use. Identification of O'ahu pineawle growing areas and their 

land use chronologies since 1946. 80% catplete. 

2. Soils. Identification of type and hydrologic characteristics of 

soils for each pineawle field. 90% catplete. 
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3. Precipitation. Cootpilation of Il'Onthly precipitation records for all 

pertinent stations in central 0' ahu during the 1946-1983 period; 

developnent of methodology to interpolate Il'Onthly station rainfall 

to grid nodes; interpolation of Il'Onthly rainfall at grid nodes for 

each Il'Onth of study period. 40% cauplete. 

4. Runoff. Deve10pnent and testing of methodology for estimating 

monthly runoff fran each field under various possible land uses; 

canp.:ltation of runoff for each field, each JOOnth. 10% catplete. 

5. Irrigation. Cootpilation of irrigation records for sugarcane and 

pineapple; conversion of volumetric data for Equivalent depths for 

each field, each JOOnth; estimation of average JOOnthly urban irriga

tion. 20% cooplete. 

6. Evapotranspiration. Evaluation of PE for each pineaWle field based 

on recent pm evaporation maps. 0% cooplete. 

7. Percolation. Computation of Il'Onthly percolation fran each pineapple 

field using water balance model. 0% canplete. 
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