
CHAPTER I

INTRODUCTION

1.1 Introduction

T he m ovem en t o f  the contam inant in the en vironm ent is cau sed  by m any  
factors. T h ese  factors are govern ed  by the p rocess o f  the ad vection , d ispersion , 
adsorption , and degradation am on g  the others. T he first three o f  th ese  p rocesses  are 
affected  by so il charateristies, particularly the gra in -size distribution, aggregation  o f  
particles, m ineral com p osition , ion ic strength and soil concentration . For the 
adsorption and degradation, the p rocesses  depend on properties o f  the pollu ting  
com p ou n d  as w e ll as the character o f  m ineral surfaces and p ossib ly  on so il organic  
matter. A  typical soil deposit, having layers o f  d ifferin g  characteristics, provides a 
very  co m p lex  m edium  for the transport o f  pollutants. Prediction or eva lu ation  o f  the 
m ovem en t o f  pollutants in such so ils  requires consideration  o f  the described  processes.

A n area o f  interest w ith in  the fie ld  o f  subsurface transport and fate p rocesses  
that is rece iv in g  m uch recently  attention is the area o f  m od elin g . G roundw ater  
contam ination  is an issue o f  a m ajor concern  in residential areas in the v ic in ity  o f  
lan d fills  and w aste d isposal rep ositories. It has b ecom e apparent that there is a lack o f  
p h ysica l ob servations o f  pollutant behavior in so ils . T h is inform ation is vital to  
eva lu ate ex istin g  theoretical m od els  and d eve lo p  im proved conceptu al m o d els  o f  
transport p rocesses. T he eco n o m ics , large tim e sca le s  and lack o f  control over  the 
boundary con d ition s have prevented the d evelop m en t o f  fie ld  sca le  experim ents. 
C olu m n  tests are lim ited in use and d ifficu lt to apply to  full sca le  prob lem s. Thus, 
researchers have com e to recogn ize  that a geotech n ica l cen trifuge can provide a 
p ow erfu l testin g  tool for m od elin g  the transport o f  contam inants in subsurface  
(A rulanandan et al., 1988; H en sley  1989; C ook e and M itchell, 1991; H en sley  and 
S avv id ou , 1993 and H ellaw ell et al, 1993).

H ow ever, the cost and land requirem ents to construct a geotech n ica l 
cen trifu ge are typ ica lly  prohibitive.
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Figure 1.1 9-m  Radius Centrifuge at the U niversity o f  California, D avis

1.2 Objectives

The modular finite-difference groundwater flow  m odel w ell know n as 
M O D FLO W  (M cD onald and Harbaugh, 1988 and Harbaugh and M cD onald, 1996a  
and b) has been developed for sim ulating confined, unconfined, and saturated flow  in 
one, tw o or three dim ensions. The program allow s both steady-state and transient 
sim ulations. G eotechnical centrifuge can provide a pow erful testing tool for m odeling  
the transport o f  contam inants in subsurface so ils  (Arulanandan et al., 1988; H ensley  
1989; C ooke and M itchell 1991; H ensley  and Savvidou 1993 and H ellaw ell et al, 
1993). The m ain objective o f  th is thesis is to  validate M O DFLO W  b y  using the result 
from  the centrifuge m odel tests. In addition validity o f  centrifuge scaling law s is 
investigated using M O DFLO W .

The m ain objective is achieved by:
1. Studying the scaling law s and m odeling subsurface transport and fate 

processes.
2. รณ dying the M O D FLO W  program and sim ulate the program correctly.
3. V alidating the contam inant transport processes using M O D FLO W  and 

centrifuge m odel test results.
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1.3 Hypothesis

T he G eotech n ica l C entrifuge, a pow erful testin g  tool for m od elin g  the 
transport o f  contam inants in so ils , can be used to  validate the com pu ter groundw ater  
f lo w  com puter such as “M O D F L O W ”.

1.4 Scope of the study

1. T w o  ca ses  o f  cen trifu ge m odel are sim ulated by V isu a l M O D F L O W  
version  3 .0 .

First ca se  is a sca le  m odel test using several typ es o f  so ils  in idea lized  
m o d els  o f  on e-d im en sion a l flo w  situations (A rulanandan et al., 1988). 
Secon d  case  is an experim ent perform ed on the C am bridge  
G eotech n ica l C entrifuge in vestigatin g  the m igration o f  a contam inant 
plum e under the in flu en ce o f  density  gradients (F le llaw ell and 
S avvid ou , 1994).

2 . U sin g  the param eters from  the case  resu lts and sim u late the program to 
prove the sca lin g  law .

3. T he M O D F L O W  program  is validated by com paring the predictions  
against cen trifuge m odel test result on contam inant transport.
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Table 1.1 T he detailed  o f  the ca se  stud ies

First C ase S econ d  C ase

1. T he ch an ge o f  concentration to  initial 
concentration  at M iddepth o f  each typ e o f  
so ils
2. O ne d im en sion a l f lo w  situation
3. D ifferen t sca le  m odel tests are used in 
th ese  ca ses
4 . T yp es o f  m edia  are S ilica  Flour, 
S n ow ca l 50  and M onterey 0 /3 0  sand

1. T he m igration o f  a contam inan t plum e  
under the in flu en ce o f  d en sity  gradients

2 . T w o  d im en sional f lo w  situation
3. 100-g  sca le  m odel test is used in th is  
case
4. T he prototype is a landfill leak ing  a 
non-sorbing d en se pollutant into a 
h o m o g en eo u s silt layer. T he so il type is 
S ilica  Flour. T he pollutant is sodium  
chloride

In th is w ork, an attem pt is m ade to enhance the cap ab ilities o f  the 
M O D F L O W  program . T he m ain focu s is to  validate the M O D F L O W  program  for 
ap p lica tion s in en vironm ent prob lem s by sim u latin g  the contam inant transport and use 
as the to o ls  before construct a geo tech n ica l cen trifuge m odel. เท C hapter II, the 
rev iew  o f  M O D F L O W  d evelop m en t, geotech n ica l cen trifuge and sca lin g  law  are 
presented. T he deta iled  o f  M O D F L O W  and the validation procedure are g iven  in 
C hapter III. In Chapter IV, validation  resu lts are d iscu ssed . T he va lidation  is d iv ided  
into tw o  section s, a sca lin g  law  study and com p arison s w ith  experim enta l results. T he  
co n c lu s io n  and recom m en dations for further study are g iven  in Chapter V.
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