Contaminant Transport
in
Porous Media
-Mechanism and Principles-
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Mechanisms of ground and
ground water contamination

of chemical am
wastes froni shallow
fandfitl well

\ NN = 0 ’/’l,.j. Confining unit
@ Naturally ~ Upconing of

Lo saline er
Abandancd existing chem;
m“ ‘J’Cf\m : Aguifer (saline water) & i o

C.W.Fetter:” Contamination Hydrology”, 1994
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Flow in porous media (e.g., soils) in
Traditional Geotechnical Engineering

AA:cross sectional area
(void +soil grains)

Darcy’s velocity

or Advection (¥&it)
) AQ:Flow rate
v=-ki=AQ/AA (length/time)

(volume/time)
flow volume passing through unit area

in unit time GRE1EE)
not velocity of water molecule (K% FDEE TIE%LY
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Flow in porous media (e.g., soils)
in Environmental Geotechnics

AA:cross sectional area
(void +soil grains)

}naginary pipe
5,0

S =0 D] aa:

LA “AQ:Flow rate

not only Darcy’s velocity

but also \_//'\ (volume/time)
VBIOCI'O/ Ofwatel" molecule L: average length of water
(or contaminant: ;52 E) traveling in time 7
v, =L/t

int
to evaluate the area and level of contamination
GEZNDEHERE)
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Derivation of basic equation on
contaminant transport
Advective - Dispersive Equation

B HR-hER TR

Modelling of miscible(;E &9 %) contaminant (solute)
transport in a porous media

in one-dimensional conditions (x-direction) for
simplicity

terminology : (solute:;&E) cf. solvent: j&H%
[ = $
hazardous species:/ER¥YE  e.g., water,
chlorinated organic

solvents
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definitions and assumptions(1)

*Porous media: a solid phase (soil grains) + a void space

The void is fully saturated by fluid phase (water)
SE£82F (Sr=100%)

*The contaminant is fully soluble in the fluid phase
TEiRE
*Concentration of contaminant (solute) in the fluid phase:

i=FE C= mass of contaminant in unit volume of pore fluid

FLAMBEOEE  EERITAERE /

(unit:mg/l, g/m?)

Not unit volume of soil
(fluid+solid phases)
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definitions and assumptions(2)

*Concentration of contaminant (solute) held (adsorbed : &
L7-) on solid phase: T #FIZIRELIZERMRE
C, = mass of contaminant in unit mass of soil grain
EEMEOEE ABEEUIHFEE  (unir: ghkgmg/ke)
*Non-reactive (conservative) contaminant: £t RIS HEL
no chemical and biological reactions,
no affinity(#i#01%) for solid phase,

. 3

the mass of contaminant is conserved in the fluid phase.

BEDBEEXMEIIRESND
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definitions and assumptions(3)

*Scale considered

Microscopic scale: processes at the “pore size” scale
grain size

Mesoscopic scale: processes at the “laboratory
(specimen)” scale

Macroscopic scale: processes at the “field” scale
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Transport Processes

DAdvection (F&3)
@Molecular Diffusion (73 FH5EX)

@Mechanical Dispersion (#8895 80)
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(DAdvection(convection)

Transport of solute with the average velocity of fluid flow

Driving force : “hydraulic gradient” Bj/K B &

: average velocity of fluid flow or interstitial velocity

in the direction of x IR TR E (SE AR : ZZTIExAM)
(Distance of travel of (average) solute (L) in time t: L=v,,, )

Darcy’s seepage velocity

AA:cross sectional area
AQ v Soil grains: I-n

vin = =—d
om0 @
porosity

Void:n AQ:Flow rate
n= € Void ratio Cross sectional area
l+e available for seepage
nAA<AA >y, >v
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Advective mass flux : J,

J=nv, C Q)

int

Mass flux:

mass of solute flowing through a unit cross-
sectional area of soil per unit time
(including solid phase)
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@Molecular diffusion

Diffusion: transport of a solute in response to a
oradient in its concentration

Driving force is “chemical gradient” : 0C / Ox
RERE _ERARkD
Fick’s first law: D,: free water diffusion

Diffusive mass flux m ,

in solution:J,, [L?/T] ex) m?/sec .
not dependent on concentration
J - _ D 5_C 3) but temperature, being 50% less

0 0
Ox at 5°C than at 25°C  pj_»
for Detail Shackelford
What’s going on in a soil?? & Daniel (1991)
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Diffusive mass flux in soil:J,  @Pperent one:

Shackelford &
Daniel (1991)
J =—7 Dun a_C 7, ‘tortuosity factor (JEBE)

P 0= 05x W) D effective diffusion coefficient
- Py (EDH FIREES)  [LYT]
Jy=-Dyn— ms | L—

ol O
VS0 X,
Tortuosity (A YU<4aY) O 8
o i ) i zor i © Length of real flow path:
L) \L) \L L>L

uniform (small D) —large t = 0.7

depending on grading {
(D:=Dgo/D1o)
Unlformlty Coef.(FRE)

well graded (large D) —small ©
PI1-2 0.5-0.01

GeoEnv_Eng Dr. Jiro Takemura
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3 Mechanical Dispersion

Direction of
average flow
Velocity C:)

clocity Variation of chemical
distribution concentration gradient
Mechanisms of mechanical dispersion in mesoscopic scale
In scopic scale, phenomenon of mesoscopic mechanical
dispersion does not exist. Thus the mesoscopic MD arises as a result

of the averaging of phenomena from the microscopic(pore) scale to the
mesoscopic (laboratory) scale. VAR —)LIZIEHEMEY 7 BAEL

Macroscopic(field) scale mechanical dispersion is caused by
variations in mesoscopic flow velocities. (<=heterogeneity)
TIART—ILDBFER<=AI R T =L DT E
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Dispersive mass flux:J,

J,, =—D,n— (7)  D;:mechanical dispersion coefficient
Ox (EWRI D ERE) (LT

[DL: not const. but f(v,-n,)]

o, :longitudinal dispersivity

Di=ay,f () (e 15 BIR D)
B = 1~2 (for practice) = 1 j

a; [L]< heterogeneity of medium

*macroscopic scale: o; ~L, ., L, LLI. : P
< Ly

L] ~
mesoscopic scale: ¢; ~Ds, o, depends on size of region
(uniform, homogeneous material) of consideration  PI-1
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Effect of scale on observed dispersivity

| asymptotic limit

Dispersivity (m)

100,000

! ! I
01— — e (m)
1 10 100 1000 Scale (m:

Distance (m)
Field measured values of longitudinal dispersivity as a function of the scale

of measurement; “Contaminant Hydrology” Fetter, 1999
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Coupled Flow Processes

J=fluid hydraulic gradient J=heat thermal gradient
2
FLUID L SR e ey
ki BH A
%= L ql=k(A_l1_'A
Darcy’s Law Fouriers’ Law

head difference temperature difference

J=electric current electrical gradient J=chemical ionchemical gradient

Coupled Flow Processes

Flow is not independent on other driving force.

“i L % eecicmy L L .| cHEmicALs
'P; 7 = M A 0/ =D ..A_C A
¥ 7 L G 2 i L

/ Ohm’s Law Fick’s Law

electric potential difference

June 25,2019
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concentration difference

7F1 OV(/ Gradient X
7 Hydrauhc Temperature Electrical Chemical
! Concentration
J P LUX i Fluid ydmuh Thermo- lectro- Chemical
conduction: 0smosis 0sSmosis 0sSmosis
L;:coupling arcy’s la -
Yy : Heat Isothermal Thermal Peltier effect | Dufour effect
coefficients heat transfer conduction:
Fourier’s law
Current Streaming Thermo- Electric Diffusion and
current elactricity conduction: membrane
Seebeck effect | Ohm’s law
Ion Streaming Thermal Electro- lefuslo
current diffusion phoresis Fick’s law
Soret effect

In general, coupled flow are ignored in the formulation of a solute
transport, because these processes tend to be insignificant. Exception:

disposal of heat generating or radioactive waste.
June 25,2019
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Practical ranges of flow parameters for fine-
grained saturated soils

Parameters

Minimum

maximum

Porosity, n

0.1

0.7

Hydraulic conductivity, k,(m/s)

1x 101 g1 x 104

Thermal conductivity, k£(W/mK) 0.25 1.0
Electrical conductivity, o,(S/m) 0.01 1.0
o,=1/p (p:resistivity (ohm-m) ) )
Electro-osmotic conductivity,k, 9 8
(m2/sV) 1x10 1x10
Diffusion coefficient, D,, (m?/s) 1x 10 | 1x10°

June 25,2019
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Combined Processes

In the absence of coupled flow process,
Total mass flux of a solute species:J

J=J,+J,+J, ©

Eqgs. (3),(5) and (7)

oC oC
J=nv, C—D n——D,n— (10)
Ox Ox
. J nvlntC Dhlna_c (11)
s, Ox
Hydrodynamic Dhl D +D —TD +ta;v,, (12)

dispersion coefficient ,because the two phenomena cannot
GRIA DS EURED be separated in measurement. <

GeoEnv_Eng Dr. Jiro Takemura
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Contaminant transport equation
Balance of contaminant mass within
an Representative Elementary Volume(REV)

sEEROEENSVR  REV

Contaminant transport equation cont.

total mass(adsorbed on solid phase+ dissolved in fluid phase)
\ 0 0 0
/ éx + Ay + AZ

general mass ﬁm

balanceeq. —— =—VJEtR*Am (13) =
Jin —_— — Jout at
a general rate constant in
Reat tion if occurred e chemical reaction radio active and/or biological
Il LI VAN ﬁ
i AR mmE AL For 1-D flow decay(HRH) >
Rate of solute Solute mass | | Solute mass | |Increase or o(nC) od-mp,C) _ —a(nvimC—Dh,naC)i R+ A(C+(1=m)p.C.)
mass increase |~ |flux into - | flux out of |+|decrease of ot ot Ox ox :
within REV the REV the REV solute mass _ ) (14)
,) ,.) due to various Adsorption (on solid phase : [EfH51)
reactions In fluid phase : JRHH & -
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 21 June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 22
Advective-Dispersive Equation
th 32 o —f
Homework(2) Due28™ June -tk A
Simplified version of eq.(14)
with the following assumptions
From mass balance in REV, derive eq.(13) and (14 . . . .
Show the details of derivation. ) o . @ no chemical, biological reaction
@ porous medium is rigid €
@ steady state flow (v,,:const)
@ C/C: const=K: K,
linear equilibrium adsorption coefficient 1
(DBLIRED  partitioning coefficient
+eq.(14) C

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura
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Advective-Dispersive Equation

2
g &C_p &C_ aC

o« _p o, (15)
o "oax® ™ ox
Coefficient of retardation (I-n)p,K,
R, =1+—7"54 (16
GRIERED) a T (10

n

For a solute species W.hich i§ K,>0 — Ry>1
adsorbed onto the solid grains:

For a non-adsorbing solute _ -
species:
June 25,2019
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Solutions of Advective-Diffusive equation

Non reactive, linear equilibrium adsorption

2
R, oC o°C oC

- =D — Vi = (15)
% "oxr ™ ox
Coefficient of retardation R, =1+ A=np.ky
n
Breakthrough curve:
Variation of C O T S
at an observation point Retardation
( L from boundary) 99 —
r X ° o \

—_—

Pore volume:
1 Rd U:t .vin//L
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Pore volume:U

Column test

One pour volume=ALn

Solution: C,

Total discharge
L U= v, hAt _ Vil _ ¢, (1)
ALn . .
I I Dimensionless
time
probe Normalized breakthrough curve
N N it
-
0.5
V=, N j Pore volume:
1 U=t-v,, /L=t
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura P 1 '3
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Solutions of diffusive equation
Ve A 2 DL
Fick’s second law:
T4y ZADE = E Vi=0 = eq.(15)
o ec v
ot "oxt (18

Waste C=C,
(1) condition 1
B.C. C(0,t)=C x=0
O U0 G } (19) |
I.C. C(x,0=0 clay liner
(2) condition 2
No B.C. t|=0
I.C. C(x,00=0 x>=0
(x,0=0 x 20) c=c, =0
=C, x<0
| N
June 25,2019
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(1) solusionl

Technique:
Laplace or Fourier transform
PD —OD .
C(x,t)=C.erfe——— (21)
( ) 0 f 2(Dmt)05

erfc(x): Complementary error function: tabulated in text book.

RKIEXEK erfc(B)=1-erf(B) erfc(-B)=1+erf(B) (i)

BEBK erf(B)= %Ie"zdt ~ \/1 - exp(_ 48 J (i)™
T Vs

=1 for B=3 or greater
0<erfe(B) <2

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 29

(2) solusion?2

1 —X
—Cll+erf —=—
2 0{ 7 2(D, 1)
1 X

—C erjc———

2 ¢ /i 2(D, )"

[.C. =0

} (x<0)
C(x,t)= 22

(0<x)

1 C/C,

0.5
K X

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 30

Increasing ¢

Error function and probability integral @

erf (B)=— ol o) ﬁj e P (i)
T N -
t=w/\2 erf(B)=— Ie‘wz/zdw (iv)
2

From (iii),(iv) ¢/ (B)= 20(s2B)-1
erfe(B) =2 -20(y2B)
=

(")

Eq. (22) .

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 31

Profile of concentration for condition 2

%CO [1 +erf 21;—’(05} - C@[Tx“](x <0)
C(x,1) = (Dnt) (2Dnt) (229

1 X X
—Cerfc——— =1-®| ——|(0<x
2’ /e 2(D, 1) ((2sz)°-5 J( )
____________________________ cc S
7777777 DY) = LO B(x)dx
atx=-6 — | 0.84 s
””””””” e TR ‘ O 5 ¢(x) — 1 82(\/7;7'";)2\ MZO
O(X) = [ px)dr = o1 0. Profile at ¢ on g
o(X) =" g(x)dr~0.84] | o?
T T i0.16; )
| ? g $)
< 07 0% standard deviation E o
mean —0 o X
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura . 32




Solutions of A-D equation
PD.E OC o°C oC

o =D, Vg @ R~1—eq(15)
B.C.:Nothing Heaviside func. C,
H(x)=0 (x< 20
LC. C0)-1-H( OO 60 1 (0
1 (x>=0) 0 X
Technique: — ac b o’C 25) Same as
Transformation of or " o& con.(2)
independent variables: ‘ for D.eq.s
§:x—viml LC. C(&, 0)=1-H(S ) (26) (18,20)
_ (24) - ’
r= Laplace, Fourier transform
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 33

Solution of A-D equation with
simple condition

C(x,t) = % { ef(z‘()‘“t; ))ocs )ﬂ (Vin? > X)

1 X—v,! @7
2 0 f[z(Dhl )()5} (tht— )

I.C.\t‘:O C/CL

Vind1 Vind 3

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 34

Solutions of A-D equation
with various B.C.

i

See Handout 2
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Determination of D, see p2-2,p2-3

Approx. solution:

2(Rdtht)0'5

Column test C(x,t) = 1 C Lerfe [Mj (28)

solution

Y 4
A X—v_ /R mean
I L Ez(tht /R,)" j
\\/76

®(B) = — j.dw { (202 } .

erf(B) = f fe-’ dt

h
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Determination of D,, (contn.)

At given t, x being the variable,

oc=2D,t/R)*" (29

0

0.84 [ 3

/ Profile of C at ¢
Xcic=016 — Xcrc. =084 = :
0 0 05 (30 0.5 _______ \ -
20 =2(2D,t/R,)"* B0 e
S int d
( )2 0.16 [ g e/
D - Xcrc,=0.16 ~ Xcrc,=0.84 | .
n = —
8 31) |

At given X, t being the variable
(breakthrough curve)

June 25,2019

GeoEnv_Eng Dr. Jiro Takemura .

— Same technique can be applied

37

Homework (3):Due 2nd July

D = (‘xC/CO:O.lé - xC/C0=0.84)z
W=
8t

Derive equation of D,, (similar to eq.(31)) (1)
using breakthrough curve.

At given x(or L), 7 being the variable,

C/C,

Pore volume:
mean U=t -, /L=ty
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A-D Equation in 3D

general mass balance eq.

om —

Yot Yoy Vo

J=nv

c—Dh,na—C(ll)
Ox

int

—=-VJZRtIm (13 g

ot

Ox

vx,vy,vz .

Oz

conservative condition

R [ 2(5,2),2(p, ). 25 )
ot | ox ox) oyl "oy ) oz 0z

—P(vxcﬁ%(vﬁ%i(vzc)} (139

Interstitial velocity in x,y,z direction

Dx s Dy s DZ : Hydrodynamic dispersivity in x,y,z direction

?
June 25,2019
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Dispersivity in 3D problems
Non-homogeneous, anisotropic soil

Second rank symmetrical tensor of
mechanical dispersion coefficient

Dl.jza

ij:microscopic porous
matrix configuration

o ViV f(P,5) 32) km: velocity
1%

P,:Peclet number: L-v L:characteristic length:
P==— 03 %
D v: interstitial average
0 velocity

f(P,, 0): function introducing the effect of molecular diffusion

o: ratio of L to the length characterizing the cross section of pore

Qi Four rank tensor in 3D: 81 components
2D:16 components
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In homogenous medium

D;; is not constant because D, is a function of v.

In case of f(P,, 0)=1
Ay —> 41> A

Longitudinal & Transverse dispersivity

D, =avo, + (aL —ap \v,v; /V) (34)

Kronecker delta

x-axis:direction of stream line

av 0 0 X
D,]=| 0 av 0|39 —
v
0 0 av
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 41

2D A-D equation in homogeneous medium with
uniform velocity in x direction

Cartesian coordinates

oCc _ C _ PC  aC
o _pt.pot ot
or o Tar oax ©9

Radial flow from a well in cylindrical coordinates

u
oC 0 oC\ DoC oC
—=—|D—|+———u— (37)

ot or or r or /‘ or -
average pore velocity of injection
0 N
2mRr Q:rate of injection
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 42

Homework(4) Due 3rd July

oC 0 oC 0 oC 0 oC
From eq(13”), R at{ax([’x ax}ay([’-v ay}az[Dz aﬂ
derive eq.(37). _| 9 0 9
q.(37) {ax (O 2k 200 3
Radial flow from a well in polar coordinates
u
oC 0 oC\ DoC oC
—=—|D +———u (37)
ot or or r or /‘ or
average pore velocity of injection
R
: 1]l
2Ry Q:rate of injection
June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 43

Single well tracer test
(1) 2)

Injectlon\:@ g:;> pumping (l)InJecjuon qf water with a conservative tracer into
an aquifer via a well.

.

(2)The subsequent pumping of the well to recover

the injected fluid.

The fluid velocities of the water pumped and injected are
much greater than the natural GWF.
Eq. (37) can be rewritten as,

1 D=au+D, (12) =
oCc oC o’C D, 0( oC
(38)

—tUu—=aqu—+—""—r—
ot or or r or\ or

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 44




Single well tracer test, cont.

The solution of eq.(38) for the withdrawal phase of an injected-withdrawal
well test, in which the diffusion term in eq.(12) is neglected, was given by
Gelhar and Collins(1971) .

U,-U)-1

£=lC0erfc
G, 2 {16

e/, -0, 0 b0, 0]}

U,:cumulative volume of water withdrawal during various times
U :total volume of water injected during the injection phase
Raverage frontal position of the injected water at the end of the injection period,

which is defined by 12
AR
/ 7bn

Where O=rate of injection, = total time of injection, b=aquifer thickness, n=porosity

(39)
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Comparison of measured C/C,, for a single-well
injection-withdrawal test vs. analytical solution
Pickens and Grisak (1981)

-,

10 = °2,%%", o e,
r - N Analytical solution using eq.(39)

s with o,=3cm

0.8

Tracer test SW1
0.6 - b:8.21’1’1, K=1.4x10"*m/s
,,,,, n=0.38,Ds=0.02mm, ... &
Dia of wel:57mm, tracer:!3'1
Injection time:1.25day
Injection rate: 0.886L/sec
0o Uz95.6m’ R=3.13m
Pumping time:2day
Withdrawal volume:153m3

0.0 1 1 1 i — =
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8 2.0

“Contaminant Hydrology”
Fetter, 1999

Relative concentration C/C,

Volume withdrawn/total volume injected
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Comparison of measured C/C,, for a single-well
injection-withdrawal test vs. analytical solution
Pickens and Grisak (1981)

Tracer test SW2
""‘“ b=8.2m, K=1.4x10-4m/s i
|-n=0.38, Ds;=0.02mm, . " :
B ‘k Dia of wel:57mm, tracer: 311 b ML 17
| Injection time:3.93day
| Injection rate: 0.719L/sec
02 L U=244m3, R =4.99m
Pumping time:16.9day
Withdrawal volume:886m?

m)L 1 I i

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

with o, =9¢m

o; obtained from a column
test: 0.3-0.43mm

Relative concentration C/(

Volume withdrawn/total volume injected

“Contaminant Hydrology” Fetter, 1999
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Longitudinal and transverse
dispersivity

control the shape of a contaminant plume
4 / r in 2D mass trall:sport P
Pl-4,5

No theoretical derivation but field observations

a,/a;=6-20

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 48




Effect of diffusion in D,

From column test(Bear and Bachmat,1967)

£ d
P,o)= ¢ _ %50 " Ving
f(P,,0) 24P 1457 (38) P = ) i
Zone I. molecular diffusion predominates. >
(Pe<0.4)

Zone IIcffects of mechanical dispersion and molecular
diffusion are of the same order of magnitude.
(0.4<Pe <5)
Zone IlI:the spreading is caused by mainly mechanical
dispersion.  p, /D, =a(P)", a~0.5 1<m<12

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 49

Effect of diffusion in D,, (cont.)

Zone IV: mechanical dispersion predominates in the
range of validity of Darcy’s law, except of
a factor governing the transversal dispersion.
—
Zone V:pure mechanical dispersion, but beyond
the range of Darcy's law. Effect of inertia and
turbulence can be no longer neglected.

June 25, 2019 GeoEnv_Eng Dr. Jiro Takemura 50

Relationship between molecular diffusion and
longitudinal hydrodynamic dispersion
D, D, =av,, +D,

nt

2]

Theoretical curves according to

108 Bear and Bachmat (1965, 1966) ] I
5=10 &
5=1.0
10* oo
?
7 g
103 v
o,
10% >
D, \ L7 4! Theoretical cordi
=7 o eoretical curve according to.
it D, ° = £ Saffman (1960) for & = 10
)/
/
10° 2 2 4
f——d WPl =
107 1072 107! 1 10 102 100 10t 10° 108
p= v d Bear & Verruijt (1990)
e D0
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Dimensionless dispersion coefficient
D, /D, vs. Peclet number

100

D, =longitudinal dispersion coefficient, cm?/sec

Dy = molecular diffusion coefficient, cm*/sec

T

v, = average solution velocity, cm/sec

d = average diameter of the particles, cm
10

TTTI

| controls

>
QN] Advective
Q E dispersion
I ‘ | ' controls
| | |
E 2 d SR
= bt 4 W
f < © ‘ : -
) 1 1
Diffusion I : ! ; e
1
I

0.1 LLL WRTTT AT Lo 111,;11..‘
0.001 0.01 0.1 | 10 100

0

“Contaminant Hydrology” Fetter, 1999
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Dimensionless dispersion coefficient
D./D, vs. Peclet number

Do = molecular diffusion coefficient, cm*/sec
v, = average solution velocity, cm/sec

1
d = average diameter of the particles, cm
S

00 —— —— —
{ D, =Transverse dispersion coefficient, cm?/sec
10 L
1
1
1
L=,
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Complementary error function
erfc(x)=1+erf(x) x<0
erfc(x)=1—erf(x) x>0

erf (x) =\/2;Ie’zdt ~ [1—exp| ——
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c(x)
—— erfe(x)-approx
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1st announcement on Group Work
4 groups (Four or five students each group)

1t objective: Problem statement or finding in environmental issues in your own
county and similar one in Japan;
Similarity and Difference

2" gbjective: Summary of Key issues to solve the problems
specific conditions in the country/ the experiences in other country including
Japan/ technological action/ legal action

Group work in the lecture time of July 16 and 19 + additional group work
Presentation: August 2nd

Submitted material: PPT files for presentation and written report for each
objective

Last Year Common problems: Toyosu new market
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Working Groups

Group ID Name call name lab country

1 [18M58220 [TSAKEUCHI katsuyuki [Takeuchi Takemura Japan

1 |18M58348 |SHAFISM Shafi Takemura Bnagladesh
1 [19M51183 |ITOH Yusaku Itoh Takahashi Japan

1 |19M51243 KATO Masaki Katoh Niwa Japan

1 |19M51438 HU Lihang Hu Kasama China

1 [19M51450 |WANG Yuankai Wang Takahashi China

2 |18M58414 |ZHANG HAO QIONG |Choo Takemura China

2 |19M51160 |AKAGI Keisuke Akagi Kitazume Japan

2 |[19M51177 |ADACHI Keigo Adachi Yohimura/Fujii  Japan

2 |19M51190 |INOUE Tamaki Inoue Takahashi Japan

2 |19M51421 |ZHANG Lao Zhang Kasama China

2 19R51501 |BERGMAN Hanna Hanna Niwa Sweden
3 |18M58294 |LAO Yilun Lao Takemura China

3  |18M58325 |LI Xuechun Li Hirose China

3 |19M51208 |IMAI Hideyuki Imai Kitazume Japan

3 19M51295 [TAKAYAMA Shinichiro [Takayaam Kasama Japan

3  |19M51326 [TOTSUKA Shutaro Totsuka Sasaki Japan

3 |19M51415 |WAKAYAMA Hiroki Wakayama Niwa Japan
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