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Contamination Migration In

Groundwater Systems

URBAN AREAS

DENSITY EFFECTS

Ground water polluted by
industrial and municipal wastes,
leaking sewers, and lawn
fertilizers, pesticides, and herbicides

Ground water polluted by septic tanks,
animal feedlots, and crop fertilizers,
pesticides, and herbicides
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Example Sources of Contamination

Holding poends (unlined / leaky)
Tallings (withiprecess:
Waste rock (reactiver=egraciity)
Fuel spills
Process chiemicalispils
S plEEI Mo ISl (aLifalll 215 pairiiculzis /i oracigliation)




Process Contributing to Transport

» Advection
— migration WithWatersiomw,
» Dispersion
— mixing anc ciUeRNEURIHENIBMY
 Diffusion
AN lelanrl garicsriiraition clrivear rrigratior)




Advection

» Depends on velocity.
« V' = g/n = kin dh/dl
o Distance =V *'t

Equipotential line

Source of
contamination

Advective Migration
of Contaminants




Dispersion

* Mixing at boundanres of plume

 Due to

* MicrescopicEfect=NioWWaoURCE RS,

¢ MacloSCOpPICIENECISEA I GRNINIGVAEILESHI

layers ete.

« Causes contaminaticnSHo /eJ‘quar
(at more dilute’ ConCERD J) il
linger longerWihERNEREINIiCIICINS

appliea




Dispersion

Zone of
contamination
at time zero

Zone of
contamination
at later time




Diffusion
Fick's Law

» F = -Dide/eX

Where:
= is flux [IVIE E28E
CIs con




Comparing Effects of Advection,
Dispersion and Diffusion

* In high K systems (sands and gravels)
A0Vechon deminates

IR OVACSSigirls (clzly) diffusion
dominates

condition



Example: Estimating Travel Time

» Estimate the travel time for tailings water
{0 migrate 1@ a Aver via groundwater

Tailings

Water elevation River elevation




Example: Estimating Travel Time

ASsume
» Poroesity. = 0.40

» Steady flow
o Constanthydraulicigradient
mhVelreitlllc cjraiclisnt
dh/dl = (30.85-26565)M/2Z00i=s2/Z00=N0}04

Y/ [0)¢0Y/
V = K/n dh/dl'= 1X3.0=miSy/ 00 Ra0NoN B0 6 (O RifiSe
= 7.9 mat
Time
Time = distance/VeloCItyA=S2 0 SO NIIC RSP

RIRSELO (S1lt); Tirne = 2,500 a for sarne gradiernt]



Flow and Transport in Fractured Rock

ADVECTION IN FRACTURES ADVECTION AND DIFFUSION

Non-porous
Fracture Rock Matrix
Fracture
—> _

Non-porous

Rock Matrix Diffusion
Zone




Contaminant Migration in Porous Media

CONTAMINANT MIGRATION CONTROLLED
BY ADVECTION AND DISPERSION

Recharge

Leachate

Sand > A
Aquifer Plume === .. I:l
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Plume Migration in Fractured Non-Porous Rock

Non-porous
Rock Matrix

ADVECTION IN FRACTURES




Plume Migration in Fractured Non-Porous Rock

Non-porous
Rock Matrix

Zone

ADVECTION AND DIFFUSION




Extent of Plume

Cross-Section |=—»
View —

Extent of
Plume

>

Plan View




Significance of Flow Through
[Fraciures

* May be nen-tniferm (Iellews fractures)
« Complex temenieR(Eane i miSs

* | ower pereSitieSiaNEIEuS rrJ—*cJJ /
much RIghERVEIBCIHESIERERSIIENET
travel times




[ ) - . [ ) =
Tailings Dam
Water elevation River elevation
y = 30.85m = 28.85m
/ N\ / \v

Water table
G\roundwater flow
Fractured Granlte k= leO “"ms1
200m

S/




Example: Travel Time thought
Fractured Granite

ASSUIME
* Porosity =
» Steady flew
» Hydraulicigracient 0:04:

\/EIoECIH,
V' = kin dh/dl' =S 1XE I0RATISE 0RO 0 ARN0N0H B=2285)d (DTS
= 7.9 mat

ime
lnER=elsiecinlee/slaciy = 200/ 7.9 rrer = ~252

P usVElle s serne as e exarmnple with rmore
gsrszlole sand k=1X105ms!



Effect of Dispersion on Travel Times

Contaminant

: Centre of mass

Centre of mass i

Centre of mass

Centre of mass  —




Effect of Dispersion on Travel Times

Lower concentrations arrive earlier as a result of dispersion. Important if
low relative concentrations trigger regulatory or environmental limits
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Effect of Dispersion on Travel Times

Lower concentrations arrive earlier as a result of dispersion. Important if
low relative concentrations trigger regulatory or environmental limits

C/Co at Outlet

v

T(0.1 * max) T(centre of mass)

Time




Attenuation and Retardation
of Contaminants

« Many disselvedichemicaliconstitlents: react
with geoelegicimediaranc thErERY MeVE SIGWE
than greundwater

+ ReactionsinclucinERESOPIONENORIEXCHENGE
and mineraliprecpieien
» A simple " moegelSieRaiteHUEuBINSRIESEU N0
iglsMelisiigloltiilelnl ™ oW ar) Welier arid solids s
Jlaakesiinls distrioution coefficient (Kd)




Distribution Coefficient (Kd)
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Retardation Coefficient (R)

R =1 + Kdl 5/
Where: .= bulk density ( kg/L or g/cm®
1= POIGSILYAURILIESS

Kd = distributieniceehicient(mi/erer L/kag)
Generally: S ISHNEN Y ENTIRSNORORKE/IE
for UNnceNSEICAIEESECIHERLS

So that R = 1 + 4 KENEIRER)




Velocity of Retarded Selutes (V).

Where v, IS theraverage VeIogCity effthe grouncwater

* For examplesiRrsanaiiftneseliowingr Keavallies
fo arsenic (AS) ane Ra=226MVeUICNGIVE:

wion | R
S e |18 | er
Ra-226 1000 4300

* [or the greuRcwalegtiel
Previous examplies

_

Ra-226 107,500a



Factors afiecting Attenuation (Kd values)

* Metals generally have Righesrattenuation:in
organic matenalsi(SWamps; Iake  SeEdImEntS ete:)

» Clays resultinfhigheraitenuetion
* Iron oxides (UStyAEUEIEIIIRCOIONIY NEe!
cause higherattenuatien

* AttenuationiiSTIgEININICIGISHITEIETREIS
fractured rock

* Specific chemicalEeClOIENe

attenuation: (detaleciet rrncal'
approepriate)




Flux and Loading Rates

Mass Flux = Rate of mass Crossing an area
PEr unit time AVISEZSIE
Loacding Rele=aVaSSEERIERREVAESNVIHUNIET:
unit time IV
In groundwater:
VI2SSHEIUXESNES
where g: IS/ the VJJJfer‘frJf flus [L3 1271
LeACINONRAIEES
Where QIS thE IL)W feiig [L3 -




Example: Tailings Near a River

Groundwater belew tallings has a cyanide level
of 100 mg/Cwithrneratienuation/ degredaton:

Witkies inie cyaricls flux to the river?

Calculate:

q = k dh/dl = 1X1.0:2m| S =N
= 3.15 m a;* O S SNTIENIECE

If C = 100 mg L = 1009 m = 0N BKGNTE
Then mass flux = C g =FOMRKGNTIERNS N B NIEN I
= 0.8 kg rrr2a! to the river



Tailings and River Example (con't)

The contaminated groundwater zene Is 1.0m
deep and 200mawide(aleng the dam)

Wiskeitls toizll [oaicling of cyaride to the river;

Calculate:

q = QA
= 3.15 mEnize N Z O 0} i
= 6300 m? ait

Mass load = Q' * C
= 6300 m='2= O BKENTIE
=990 g 2! fo the river



Example: Considering Dilution

What i eyARIEN N ENIVERISHIECESSANAOIESSITIIENHE
averageraRpuEiRcyeRIC ENOAGNIRENCOREER R UBHNININE

AVErmtse ot sxcasd lrrig/L 7 (Assurne ihat cyarnids Uosirazs
ISSREQIIFINIE)S

Calculate:
Mass load in nver=S68 UM ONIENIVES;
If C =1 mg L =1 g m== 0004 kEN71=
Then Q = Load /.
= 630 kg a [ O:001NkENTIE
= 630,000 M4t
= 1726 meday
=20 L g



