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ABSTRACT

The develoPmeat of accurate mathematlcal models to predlct fleld-scale solute
EransPort ln the saturated and unsaturat,ed zones ls hanpered by the lack of reliable
data oo fleld-scale t,ransPort parameters. A crlttcal review of the avallable
llterature on studles conducted at 55 saturat,ed zone and 28 unsaturated zone sltes
produced 99 and 8 longltudlnal disperslvlty values, respectively.

In the saturated zone, the scale of observatlon for all the data ranged from 0.75 m

to 100 kn with longltudlnal dlsperslvttles from 0.01 to 5500 ur. However, only flve
sltes produced hlghly rellab1e dlsperslvlty data, based on an evaluatlon of Ehe test
coaflguratlon, the tracer monitorlng, and the data analysls method for each slte.
The largesE scale of hlgh rel-lablIlty disperslvlrles was only 115 m. The hlgh
rellab11lty data subset lndicates that the dlsperslvity loltlally lncreases wlth the
scale of observatlon. But lt, 1s not clear whether the dlspersiviEy lncreases
lndefln1t,ely wtth scale or reaches an asympt,otic value as is assumed 1n classlcal
mode11lng and predlcted by recent, stochastlc theorles.

In the unsaturated zone the disperslvlty ranged from 1 mm to 0.7 m and appeared to
lncrease wlth Ehe scale of observat.lon from 1 m t,o 20 m; however, most experlments
were at scales of about 2 m. Ihe transport process ls domlnated by the lateral
novement of sol-utes ln dry, hlgh tenslon sol1s whereas In nearly saturated solls the
solutes and water can move rapldly downward through the the macEostructures.
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There ls a clear need to conduct controlled large-scale fleld experiments
the saEuraEed and unsat,urat,ed zones to obtaln reltable dlsperslvlttes at
scales and to identlfy the controlling transport mechanlsms.
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SIJMMARY

The flrst part of the report examloes solut,e transPort Processes tn the saturat'ed

zoie. The prlnelpal obJectlves of that sectloo are to (1) revlew all avallable

llEerature where values of fleld-scale dlsperslvlty were reportedl (2) Perforn

deEailed analyses of daEa from selected sltes to lllustrate alternatlve methods and

data lnterpretatlon; (3) evaluate the data collected and make a Judgement regardlng

lts rellabfllty; and (4) draw coacluslons and provlde recommendatioas relatlng to

the deslgn of fleld exPertments.

From the llterature search, 55 sltes were found where a total of 99 values of

loogltudlnal dlsperslvlty were reported. These ranged from 0'01 m to more than 5500

m aE scales of 0.75 m to 100 krn. From a flrsc look at the data' wlthout coosidera-

tlon of the quallty of the daEa, lt would aPPear that dlsperslvlty locreases

lndeftnltely wteh scale. It, should be ooted that there 1s a pauclty of data lu the

literature on horlzontal and'verElcal Eraosverse dlspersloo. Or.Ly 22 and seven

values of horlzontal and vertlcal dlspersivlty, resPectlvely, were reported' This

ls an lmportant data gap ln llghE of the fact that coutamlnant plumes are

three-dlmenslonal ln nature.

In addttlon to dlsperslvlty values, a number of parameters for each site were

t,abulated Eo determlne whether there was a relatlonshlp between these Parameters and

dlsperslvity. Upon examlnatlon of the daEa, there do not aPpear to be any such

relatlonshlps.

Two sltes havlng extenslve, good quallty data were re-evaluaEed to lllustraEe

al t,ernat,lve meEhodologles and lnterpretatlons. Dat,a frorn the Borden slte ia Canada

were used to lllustrate the method of second noment analysls to esElmate three-

dlmensional dlsperslon characterlstlcs and to demonstrate dependence of the

dlsperslvlties on dlsplacement dlstance. Dat,a frorn the Boonaud slte ln France were

used Eo demonstaBe the appitcatlon of stochastlc theorles for predlctlng

macrodlsperslon Ln aqulfers.

The data collect,ed from the general revlew were ciltlcally evaluaEed to determloe

how well fleld-scale dlspersivtEy was actually measured by the Eests conducted'
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