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Evaporacion
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a) Water mass balance:

Precipitation (P), infiltration (I), evaporation (E), runoff (R), effective recharge (R,),
seepage (S)

b) Spatial distribution of surface fluxes of infiltration and evaporation




Contenido de humedad. Efecto de la salinidad y de las costras superficiales

Y

Variations in relative evaporation
with moisture content for saline

and freshwater materials
(Newson & Fahey 2003)

Saline soil

Fresh water soil ‘

Areal evaporation, E,
Q
o

e o s - - -

Decreasing moisture content

|: Effect of increasing saline concentration (saline soil)
Reduction in vapour pressure as solutes increase their concentrations
lI: Superficial crust formation (saturated material)
1) albedo, 2) moisture transfer resistance, 3) reduction in vapour pressure
llI: Superficial crust (desaturation of crust)
I\V: Water availability within the soil decreases. Residual moisture content (evaporation
will tend to vanish)




Relative evaporation (Ea/Ep)

Efecto de la salinidad
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(Fahey & Fujiyasu 1994)




Efecto de la salinidad

Dalton-type surface boundary condition for evaporation:

E,: evaporative volumetric flux

f,: exchange function which depends on the mixing characteristics of the
air above the evaporating surface

u,: vapour pressure of the evaporating soil surface

u,2: vapour pressure in the air above the evaporating surface

For the same temperature for air and soil (u,, is the common saturation

vapour pressure): l l l
E,=f,(u,-u); E,=fu, {exp(- (s 7;)1\_/WMW j - hra}

M,,: molecular mass of water
_ R: molar gas constant
Psychrometric law: T: absolute temperature

v, specific water volume (=1/p,)

RT RT u
Inh, =- In—
v. M v M u

w W w W

y=str=- y: total suction

S: matric suction, s = (u,-u,,)
n: 0smotic suction

VO




uy,=const. ; T =const.

Pure water

Soil water

s=u,-u,

Soil + soil water

uda
qu (T’XWO :118 - O)

uw0: ua0: uda + qu

uda
U, (T,%..,S=0)
uw1: ua1: uda\ + uv1

le

uda; uv(T’le’S)
u,=u,—S=U, +U, =S

GAS LiQuIiD

Xwo =
z=0 - --
REFERENCE (0) OSMOTIC (A) MATRIC (B)

STATE h =Y capillary menisci +
i _uvo surface adsorption

h =

RT RT u " ou,

W =S+m=- Inh, =- In— -

VWI\/IW W W uVO




Consecuencias asociadas con la evaporacion

Disminucion del nivel del embalse

Cambios en la superficie freatica, que se aleja de la cara del talud

Aumento de la estabilidad frente a deslizamiento de los taludes

Retraccion

a) disminucion volumen, endurecimiento, influencia sobre la capilaridad

b) acumulacion en ciclos sucesivos de humedecimiento / secado

Grietas de retraccion

a) afectan el flujo y el transporte de solutos (flujos preferentes, afectacion de acuiferos)
b) afectan la erosion interna (tubificacion)

c) afectan la resistencia del material

d) incrementan la accesibilidad de oxigeno (oxidacion, perturbaciones quimicas)
Estratificacion (costras desecadas sobreconsolidadas, ‘pancakes’)

Aumento de la concentracion de especies quimicas por pérdida de solvente (desarrollo

de costras salinas, ‘salt crusts’)

Impacto ambiental sobre la atmosfera

Construccion aguas arriba
) aaun con material escarificado
' y desecado
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Consecuencias asociadas con la infiltracion

- Aumento del nivel del embalse
- Aumento del grado de saturacion
a) agua almacenada en la zona parcialmente saturada
b) aumento de la permeabilidad al agua
c) disminucion de la resistencia al corte
- Cambios (ascensos) en la superficie freatica, que se acerca a la cara
del talud
- Disminucion de la estabilidad frente a deslizamiento de los taludes
- Dilucién de especies quimicas (aporte de solventes)
- Reblandecimiento de costras
- Impacto ambiental sobre suelos y acuiferos

Laguna Playa




Desecacion de los residuos mineros (grietas y costras superficiales)

Deposito de la industria cubana

del niquel
(Rodriguez 2002)

Punto de vertido de colas




Desecacion y estratificacion de los residuos mineros

Depdsito de la industria cubana del niquel

(Rodriguez 2002)



Shrinkage of clayey soils

slurried soil
VCL = VDL (Toll, 1995)
_— suction - hardening
over-consolidated
= soll
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Romero (1999) log (ug-uy)



UPC controlled-suction oedometer cell

Relative humidity air pump

control
( ) <4

hygrometer

desiccator =
salt/base

. ' or acid

electronic solutions
balance

S = Uu,-U, I S A
Bottom discs
coarse (u,) Stress paths under

N
.......

oedometer conditions
(o,-u,) = constant

- (Gv_ u a)

HAEV (u,) mixed (u,,,u,)



Retraccion de residuos mineros (industria del niquel)
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Volumetric strain, g,,(%)

(o,-uy):

O 0.30 MPa

© 1.20 MPa

Shrinkage
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oedometer conditions
(o,-u,) = constant

Kaolinitic-illitic clay
at pg, = 1.4 Mg/m3
w, = 15%

Romero (1999)



Shrinkage (dry density and temperature effects)

Kaolinitic-illitic clay
at py, = 1.4 Mg/m3
w, = 15%

S, = 10 kPa to s; =450 kPa (shrinkage)

®m dry density: 1.4 Mg/m?

® dry density: 1.7 Mg/m?
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Modification of sample
microstructure when
suction Is increased
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Figure 7. Modification of samples fabric when suction 15 increased from 0
up to 400 kPa (tests I and DI to D4).

Sandy loam (morainic soll,
P1=12%, LL=30%)
(Cuisinier & Laloui 2004)



Shrinkage (irreversible aspects)

Hydraulic ‘loading’ associated with:
- shrinkage of soil aggregations
- iIncrease with mean stress acting on soil skeleton
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Volumetric strain, g,(%)
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Vertical strain, g,

Shrinkage accumulation (suction cycling)

Bentonite/sand 80/20, e, = 0.80, w, = 13%

Number of cycles
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Stress paths followed (oedometer conditions)

Matric suction, s (kPa)

initial condition Swelling domain (OC material)

Kaolinitic-illitic clay:
! w, = 15.2%,
vq = 17.8 KN/m3

4 to 6 W/D cycles

AO5 Al A2,B2 A3 A4 !
800 A —0—9 00 O ® /
600 ) /
/
S A
,/LC initial
position
200 - > /
/
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10 - O ole) O
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Vertical net stress, o, (kPa)

600
Airo, Ferrari & Romero (2007)



Volumetric strain evolution with suction cycling (10-800 kPa)

Volumetric strain, ¢, (%)

Volumetric strain, ¢, (%)

® initial point
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Evolution of volume change response on suction cycling
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Simulation of experimental results and evolution of coupling functions
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Grietas de retraccion. Evaluacion de la resistencia a la traccion

Objetivo:

Estimar el tiempo en el

gue aparecen las primeras
grietas de retraccion

(se alcanza durante el secado
una tension horizontal
equivalente a la resistencia de
traccion)

Imperial College high-
range tensiometer

'
4

/
/

717
Z4 ////u <><)()(/)/(>/</>

main body

strain gauge

electrical
connection

porous stone

araldite

seal \

diaphragm o 1omm

section L.—..l

approx. scale

///’ Failure \
zone L

Mikulitsch & Gudehus (1995), Rodriguez (2002)




Resistencia a la traccion de residuos de la industria del niquel. Influencia de la saturacion

Percent < 80 pim Percent < 2 im Cyy W Wp FI P, (Mg/m?)
02 10 11 43.9 399 4 3.97

40

Pgo = 1.33 Mg/m3

30 | Res. compresio

Strength (KPa)
N
o

Resistencia traccion

10

0 0.2 0.4 06 0.8 1
Degree of saturation

Rodriguez (2002)



Evaporacion con control de humedad relativa (residuo de la industria del niquel)
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Closed container:

1) saline solution

2) precision balance
3) waste plate

Rodriguez et al. (2007)
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X Time to crak initiation 4 mm ¢ Time to crack initiation 16 mm

B Time to crack intiation 8 mm




Pictures of crack patterns for different waste thicknesses

Rodriguez et al. (2007)
Laboratory atmosphere

g

b) Hermetically closed containers S

-

4 mm 8 mm 16 mm



Main equations and unknowns adopted in the HM formulation

Balance equations Main variables (unknowns)

Mass balance of solid Porosity, n

Mass balance of water Liquid pressure, P,

Momentum balance Displacements, u

Constitutive equations Dependent variables

Mechanical model Stress tensor, O

Darcy’s law Liquid and gas advective flux, qj, q,
Retention curve Liquid degree of saturation, 5§,

Fick’s law Vapour and air nonadvective fluxes, ig, if
Phase density* Liquid density, p

Phase viscosity® Liquid viscosity, v

Gases law Gas density, p,

Equilibrium restriction

Psychrometric law Vapour concentration in the gas phase, m‘;'

________________________________________________________________________________________________________________________________________________|
*Not included in this work.



Water permeability and water retention properties (metallurgical Ni waste)
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Moisture content (%)

Drying in closed container (h, = 75%)
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Rodriguez et al. (2007)
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Evolution of horizontal stress at different depths and times (drying at h, = 75%)
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Tensile strength and drying process for samples with different initial degrees of saturation
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La formacion de las grietas ocurre a un grado de saturacion muy alto (usualmente
mayor del 80%) » Retraccion importante




Size effect in the cracking of drying (crack development and propagation)

Clayey silt: 60% passing No.200 sieve, w, = 32%, Pl = 16%, w, = 24.5%

Trays with different surfaces:
A: smooth, B: circular grooves, C: grid

A. .C' A. .c.

Figure 1. Cracking pattern for different sample Figure 2. Cracking pattern for different contact
thickness (circular groove) A: 4 mm; B: 8 mm; surfaces (8 mm thick sample) A: Smooth; B:
C: 16 mm Circular grooves; C: Square grid

Lakshmikantha et al. (2006)



Size effect in the cracking of drying soll

specimens with 10 mm thickness

(_{I'\ J—-i _"? {*!J*Tst' \Z::_:
Aspect ratio: 212 ST
SRS T
Area: TR
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Lo, : I; ),_) . 3
A
AT
Appear to be Wo — 245% specimens with 20 mm thickness

energy-driven
phenomena
(depend on the
size)

Prat, Ledesma &
Lakshmikantha
(2007)




Specimen geometry and results from image analysis

nominal thick- area of sulrface total average total average length of
area of uncracked shrinkage crack area of length of width of cracks per
Test# specimen ness material (CDF) area cells cracks cracks unit area
(m)  (mm)  (em?) (%) (cm’) (cm’) (cm) (mm) (cm™)
A0-10 1.0000 10 8828.69 11.71 1171.31 6.94 7280.76 1.61 0.73
A1-10 0.5000 10 4460.48 10.79 539.52 9.57 2746.49 1.95 0.55
A2-10 0.2500 10 2208.29 11.67 291.71 10.08 1460.33 1.96 0.58
A3-10 0.1250 10 1135.96 9.12 114.04 11.96 560.26 1.99 0.45
A4-10 0.0625 10 577.22 7.64 47.78 16.98 232.92 2.00 0.37
A0-20 1.0000 20 8850.88 11.49 1149.12 35.55 2793.85 4.11 0.28
A1-20 0.5000 20 4333.98 13.32 666.02 39.76 1545.88 4.28 0.31
A2-20 0.2500 20 2176.31 12.95 323.69 41.06 668.24 4.77 0.27
A3-20 0.1250 20 1068.88 14.49 181.12 42.76 342.08 5.22 0.27
A4-20 0.0625 20 545.50 12.72 79.50 45.46 110.91 7.05 0.18

Crack network pattern was studied using an image processing software (ImageJ)

Prat, Ledesma & Lakshmikantha (2007)



average area of cracked cells (cm?)

Effect of specimen size on several measurements
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Effect of specimen size on several measurements
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moisture content (%)

Effect of specimen size on several measurements
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Fracture mechanics (size effects of ‘cracking stress’)
Prat, Ledesma & Lakshmikantha (2007)
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Za) C 10 mm
500 — ¢ 20 mm
200 — RN -
© @
< 100 — ~ o
< = ¥
50 — [N R
i ®_
20 — 6\
10 | T T T T T
0.2 04 06 08
0.1
length of short side (m) G E
Average ‘cracking stress’ can be estimated using LEFM relation: o, = =
Ta
G,.: fracture energy (5 N/m),
assumed a material property 5E .250 x 10° iz am
E: Young’s modulus (250 MPa) g =4/_M m® _ 20000N>m = _ 20 kPa
a: total length of cracks “ T-a Jam'” Ja




—01 _m. Evaporative column for dessication monitoring

i | it

= 01- Digital Camera. e
02- Transperent Plastic Cell -

of size 1.0m X 1.0m X 1.5m. ‘

Low-range H=somm =

cable

'DETAIL "X"
SCALES: 1.

| WALL OF
‘ PLASTIC CELL

Il

RUBBER TUBE FOR AIR
TIGHINESS.

04

SPECIALLY DESIGNED :

03-

04-
05-

06-
07-

08-
09-

10-
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12-
13-

14-
15-

16-
4800

Air exit point

Air entry point i
Temperature(T) &Relative |
humidity(RH) sensor |
Support for Desiccation
tray over load cell

Isolaters for load cell

Load cells

Base plate

Plastic legs
Hooks to operate the cell
Way for sensor cables

T & HR sensor

(VAISALA HMP830)
Tensiometer (UMS-T5).
Metalic ring for load
distributions

Desiccation tray

tensiometers

cable
type plate

pressure transducer

corpv®

water (deionized)

shaft
cup

shaft

ceramic cup

K

DETAIL "X" |
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</ DESICCATING SOIL SAMPLE |

s L
‘.l e
i }

Lakshmikantha et\ﬂ2006)
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Evolution of p-cracking of clay induced by desiccation using ESEM (Avila 2005)

Shrinkage/tensile

test geometry X\/ <™
|

Ends of specimen wedge .

into fixed grips /A “




Constrain effects on shrinkage

S i

o b RO TN

BlAccY SpotMagn Det WD Exp ————— 50pm

- ;L‘m"i-"'." . s

vy & iy ; .,_o“_.. ", L
®WAccV  Spot Magn  Det WD Exp 50 yum
200kY 6.6 '500}( GSE 9.0 21 Wt 0.9 Torr_ _

25.0kV 7.0 500x  GSE 94 21  Wet _ 09Tor

_

Una grieta principal
perpendicular al eje Dos grietas
de traccion perpendiculares

Multiples grietas

(Avila 2005)



Evolution of p-cracking induced by desiccation

Intervalo Intervalo
Etapa Hun?gdad Sug::eién Esquema Descripcion Macroscaopica Descripcion Microscopica
(%) (kPa)
Muestra himeda, recién instalada en el molde. Rugosidad superficial por presencia de algunos
grumos o No se observan grietas, material uniforme, grumos y por moldeado de la muestra.
50 aQ f:;‘y'gf;:s textura lisa y color brillante Micrigrietas ocasiona_les muy superficiales y
Muestra ot pequefias, de 1 a 5 micras de aberturay de 10 a
0 microgrieta 20 micras de longitud.
hameda |4 200 i ’
La arcilla pierde brillo superficial y la textura Se notan mas resaltados los granos mayores
@ ,%;“,?fj.;’s se aprecia menos uniforme. Ligera respecto a la matriz (mayor rugosidad).
40 200 mayores contraccion longitudinal de la muestra Aparecen nuevas microgrietas con diferentes
Inicio orientaciones bordeando a las particulas
z nueva mayores. Las microgrietas predominantes son
desecacion 39 D00 I v de 5 a 20 micras de abertura y de 20 a 100
o tamaio micras de longitud. Se notan depresiones
producida por superficiales en la direccion de la traccion.
traccion
El color se hace opaco, la textura es similar a Microgrietas en las esquinas internas de la
contraceitn la etapzli apterior, evidentg cqntraccién muestra, incremento de tamgi["lo y coalescencia
ateral volumétrica aunque restringida por el moldey | de algunas de ellas y reduccion de otras. Clara
@ separacion en algunos sitios de la muestra separacion entre la muestra y el molde en
- 35 500 respecto a las paredes del molde. algunos tramos. Abertura de microgrietas
Propagacion - o entre 20 y 30 micras y longitud entre 300 y
educcion de alguna R
estable 30 1100 microgrietas y 500 micras.
A aparicion de otras
v
comrgc_i(/ﬁq vertical
en seccion A-A
Se distinguen tres etapas:
Propagacion rapida del agrietamiento en A. Se inicia prolongacion y coalescencia de
@ sentido transversal de la muestra. en general microgrietas.
. 30 1100 solo se presenta una grieta principal. La B. La grieta principal se prolonga totalmente
P ropagacion muestra se nota relativamente seca. en sentido transversal en un tiempo muy corto
inestable (10 a 20 segundos). Las grietas adyacentes
27 2000 tienden a cerrarse.

C. Aumenta la apertura de grieta, después de
unos minutos aparecen grietas secundarias y
luego se estabiliza el proceso.

(Avila 2005)




Permeabilidad al agua. Influencia de las grietas de retraccion

Phreatic surface

\: — ./
—__*_
ks
Tailings Tailings
Discharge Discharge

O~ 40
/gfé\ Al et al. (1994)

Coarse -a———pm Fine -4———m Coarse

Grain Size Segregation

Grain size sorting effect resultant from discharge of low density tailing slurries
(10-20 wt% solids) from perimeter dam



Permeabilidad al agua. Residuos de la industria del niquel

1.E-10 -
] e=1.70

— Mod. Van Genuchten

O Primer secado

1E-11{ A Mojado

1 O Segundo secado

knosat (m/S)
[N
m
N

1E-13 -

e=1.56
1.4 4—r+—rt+———+——"—
04 0.6 0.8
Grado de saturacion

Rodriguez (2002)

Ksat (M/S)

1.E-06

1.E-07

1.E-08 -

1.E-09

1.E-10 +—
1.0

2.0 3.0
Indice de poros (e)

4.0



Preparacion de muestras simulando vertido y secado in situ

1- Se prepard una mezcla solido-
liquido en proporcion similar a la del
vertido

2- Se depositd en un recipiente y se
dejo secar hasta que se formo la
primera grieta. Se estabilizo el peso

3- Se depositd una nueva capay se
siguid el mismo proceso

4- Se tallaron las muestras para
realizar los ensayos de permeabilidad

al agua



Preparacion de probetas

| Muestra continua Il Muestra en capas de h=20 mm
Il Muestra en capas de h=10 mm IV Muestra en capas de h=40 mm

I
Rodriguez (2002)




Hipotesis del mecanismo de formacion de caminos de flujo preferencial

Vertido inicia primera capa Primer secado capa
Muestra saturada Evaporacion, retraccion y agrietamiento

Grieta

T e T e D A D D D Db DD D D e T D T e
L T LT LT LT

Vertido de la segunda capa Primer secado capa
Sellado de la grieta Evaporacion, retraccion y agrietamiento

Grieta

L L Ly Ly Ly Ly Ly |

i e et

e e e g g . n I....:..:..:....:....:..:...I
Pl Tl Pl Tl ol Tl Tl Tl Tl Pl Tl Tl Tl Pl ol Tl 0
TR T T T T T LT LT T T T T T T T T
[T e el lslsls [ e Tl Il el ] il
e e e g g . - L LY L L LT
AR T T LT T

LTl Tl Tl Tl Tl Toul T8 Tl ] ngin in [ Pl P T T T
|l..l.ll..l.ll..l..l.ll..l.ll..l..l.ll ufyn! l'.l-.ll.l'.l'.l'.

Rodriguez (2002) Retraccion



k (m/s)

1.E-05 -

A

capas de h =40 mm

/ capas de h =20 mm

1.E-06 |

Permeabilidad de muestras
continua y en capas

capas de h =10 mm

1.E-07 |
1.E-08 -

1.E-09 -

1.E-10

7

continua

Las grietas de retraccion
incrementan el valor de la
permeabilidad al agua entre
uno y dos ordenes de

magnitud

0.54 056 0.58 0.60 0.62 0.64 0.66

Porosidad

Rodriguez (2002)



Columna de evaporacion / infiltracion (Rodriguez 2002)

Dep0sito de agua

Bombilla

Electrovalvula
Sensor elctrovalvula

i = e B
| e = ool
s .

Ordenador o

#
i

Célula de carga

[ S | 8 - . -

_éb 3 e - 1 Il' 4 _'h:"

'Ll!:" . A K -
.-."-i.; !‘I ! -

.-.- .

) -'i Salida del agua

Tensiometro




Columna de evaporacion / 7 Electromagnetic wave

oL .. travel time =
Infiltracion (Rodriguez 2002) dielectric constant

" + law =>»
volumetric water content |

SA

TDR probes

relative voltage

coaxial cable
start of WG
proportion of returning EM T -~
‘\ wave that is an indication o
strength of returning signal
and soil electrical o
conductivity =
end of WG
4 At —
\ I I TN
time (ns)
generated step of the EM wave by TDR g

0 cm 10 20 30



50 | Formacion de la columna ~—
por capas (Rodriguez 2002) = ~—
M~ (3] \‘ 8
40 c & o 2 8
. & &~ % g
20 - 8\..
\
Peso de la columna vacia
10
O [ [ ! ! ! ! [ ! ! ! ! [ ! ! ! ! [ I
0 10 20 30 40 50

Tiempo (dias)

A =638 cm?

25 mm por capa




Agrietamiento (capas de residuos)

Rodriguez (2002)

Capas 1-2

Capas 2-3




Saturacion de la columna

50

—=— Célula de carga

Llenado de los
poros pequenos

45 -
l Llenado de los

macroporos (fisuras)

Aguaen la
superficie de
la muestra

LI et oo, O, o
1 : * Peso antes de iniciar
i el proceso de
l saturacion
1 v
30 ‘ —
1 10 100

Rodriguez (2002)

Tiempo (minutos)

100C



Permeabilidad al agua

1.E-05 ===
/ \
\\ y)
1.E-06 | N
1.E-07
E
=~ 1.E-08 | X
1.E-09 -/././r‘
1.E_10 | | | | |
0.50 0.55 0.60 0.65 0.70 0.75 0.80 ROdI’I’gueZ (2002)

Porosidad

—l— Muestra continua ensayo cdmara triaxial: altura total 120 mmy diametro 100 mm

—%%— Muestra continua ensayo a carga constante: altura total 50 mm y diametro 50 mm

—/x— Muestra en capas agrietadas h=10 mm ensayada en cAmara triaxial: altura total 120 mm y didmetro 100 mm
—O— Muestras en capas agrietadas h=20 mm ensayo camara triaxial: altura total 120 mm y diametro 100 mm

—O6— Muestra en capas agrietadas h=40 mm ensayada en cAmara triaxial: altura total =120 mm y diametro 100 mm
—X— Columna gran didmetro en capas agrietadas altura media por capa 25 mm: altura total 315 mm y diametro 285 mm



Ensayo de flujo y transporte con fluoresceina sodica columna agrietada

Rodriguez (2002)




Salty crust formation. Hard layers found in tailing waste (Cueva de la Mora, Huelva, SW Spain)

Evaporation of water from saline tailings induces the accumulation of salts at the
surface (thin salt crusts <5 mm)

Sulphated upper crust in pyritic tailings

Piece of hardpan extracted from
oxidized upper tailings

Blanco (2007)



Mock-up test (Evaporation columns). Ground-atmosphere interactions

25.0cm

Changes of geochemical variables due to solvent evaporation

Chemo-mechanical interaction:
Shrinkage and cracking due to water loss and increase in aqueous concentration

evaporation

T, RH =40%

b
.
.
.y

~ .l
IIIIIIIIIIIII

sandy
silt

o

14.4 cm

balance

LB N}
guunns® "raa,,
.® e,
L 4
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15

20

25

hydraulic + osmotic flow
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\
\
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diffusion of solutes

high concentration
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_
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\
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25

Temp., T (°C)
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I
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i

25

0

— ¢, = 7 g/kg (aqueous concentration):

NaCl,MgSO,.7H,O

low concentration

(Massana et al. 2005)




Instrumentation layout of a pyritic tailing (Monte Romero tailing-dams, SW Spain)

In situ instrumentation for the study of atmospheric — tailing waste interactions

Blanco (2007)



Sensors for monitoring w/c related variables. ‘La Mora’ Autonomous Station

Variable

Units Brand Model Characteristics
measured
2 VAISALA | HMP230 Capacitive
Relative hygrometer
Humidity "
2 CAMPBELL | MP100A Capacitive
hygrometer
EM. TD
Volumetric 2 CAMPBELL CS615 Transmision Line
water content Oscillator.
4 DECAGON ECH20 EM. FD
Tensiometer with
Matric suction 3 SDEC SMS2500S pressure
transductor
Water pressure | 3 DRUCK | PDCR1830 Pressure
transductor
Thermistor
2 VAISALA HMP230 PT100
Temperature - —
ermistor
CAMPBELL 108 PT100

EM:
electromagnetic
sensor

TD: time domain

FD: frequency
domain

Blanco (2007)



Sensors for monitoring w/c related variables. ‘La Mora’ Autonomous Station

l_.
- Vaisala HMP230 -
Relative humidity capacitive hygrometer

TDR and FD (capacitance) volumetric w/c sensors

Low-range tensiometers

ECH20

Blanco (2007)



Sensors for monitoring w/c related variables. ‘La Mora’ Autonomous Station

6 . Bom  0em  Bem ¢
“f2em  10em Wem  12em
£ iy
E ,':'-': 0 % S 150 5 §
L e o [T
g 0« IE.."."
0 | C: TDR sensor
.. & - V: relative humidity sensor
E: FDR sensor
T: thermistor

Blanco (2007)



Sensors for monitoring w/c related variables. ‘La Mora’ Autonomous Station

0.51 -
=E 041 -
OE
Ej% 0.31 4
ﬁl-
oT
O =
<® 021 -
D11 7] & e o
R I T T S S S
25-1-04 26-1-04 27-1-04 28-1-04 29-1-04 30-1-04
—VWC [[], z=7Tcm —VWC [-], z=10ecm —VWC [-], z=15cm
+ Rainfalls VWC [-], z=25cm

Event of water infiltration during rainfalls at January 27th-28th 2004
Apparent soil water volumetric content VWC* were deduced applying
standard low electrical conductivity calibrations

Blanco (2007)



Monitoring the hydrologic balance of unsaturated soils in the area of Mestre
and Marghera (VE, Italy)

Caruso, Jommi & Venturini (2007)

Sheet piling over a wide area in Marghera and Mestre, presently hydraulically
lconnected to the lagoon, is under construction

In order not to change dramatically the subsurface hydraulic circulation (from NW to
SE), pumping wells are being designed to compensate the natural discharge into the

lagoon
The local recharge in the superficial unsaturated soils must be evaluated




Frequency domain sensor installation

Problems with classical TDR sensors:
- Limited installation depth (-1.5 m)
- High sensitivity of the reading to the chemical composition of water

 Maximum depth: z=-4.5m
e Calibration of the instrument

for salinity

electrode
Fixed installation: data P lectrode il1| ?

|Ogger Wlth remOte data | . . fringing field fringing field
transmission via GPRS |

access tube

Caruso, Jommi & Venturini (2007)




Frequency domain sensor installation

1
| one probe was left in air to verify shift with time
ES1_1 . DESCRIZIONE STRATIGRAFICA
o ! DEL SONDAGGIO ST2
I p.C.
‘ I ES1 2 #0% N VTN gy
<~ 3 “7 - a
S £S1.3 AI, Ob O . COPERTURA VEGETALE COLORE MARRONE SCURO E
H,J cot 4 1 . - MATERIALE DI RIPORTO COSTITUITO DA SABBIA LIMOSA
n = ’F AO 4.4 O MARRONE CON GHIAIA. PRESENZA DI NODULI ARGILLOSI
1.00 AI,
] ES1.S %% RIPORTO: SABBIA LIMOSA MARRONE CON GHIAIA
o 1.20 7 (campione_prelevato da_indaricato_del Politecnico di_Milano)
© 1.30 AW RIPORTO: SABBIA LIMOSA MARRONE CON GHIAIA
o IV RIPORTO: SABBIA LIMOSA MARRONE CON GHIAIA
& 1.50 A (campione prelevato da indaricato del Politecnico di Milano)
7 a pay
.9 RIPORTO COSTITUITO DA SABBIA LIMOSA MARRONE CON
- ) GHIAIA. PRESENZA DI NODULI ARGILLOSI
i v
Esie —£19 é_V “ =
RIPORTO: SABBIA LIMOSA GRIGIA
£s1 7 . (campione prelevato da indaricato del Politecnico di Milano)
265 /‘I'V y
esie ok a, RIPORTO: SABBIA LIMOSA GRIGIA
ZN - A
%
. ARGILLA LIMOSA GRIGIA CON QUALCHE INTERCALAZIONE
— - —— —— - SABBIOSA. QUALCHE MACCHIA GRIGIO SCURO VERSO IL
S BASSO
SIS 4,00 7 _ _
IV P — /_/7
' ’ =3 < < LIMO ARGILLOSO TORBOSO MARRONE CON PRESENZA DI
// i / / CANNE PALUSTRI
4,60 7 S — — —
: . LIMO ARGILLOSO VERDASTRO CON TRACCE DI SOSTANZA
o —Y ORGANICA

Caruso, Jommi & Venturini (2007)



Variation of the degree of saturation with time at fixed depths

Caruso, Jommi & Venturini (2007)

1 | | | | - 40
© Probe VF2_1:z=-0.10mdap.c. |
o 0.8 B 4‘;;,& NERY !\,\.\,ws-.\,:

% 4 Al a 2‘&'; N, ~MT\M‘M\‘M » [ 20
s R 1P R TN &4y PNl S "if\‘«@\ e < -

S 0.6 s Waans b LM FLVALN s ; : W r
= 3 s A Wt Wanaa,, VidAiasahis 10
© 1 ) SRR TIVEE NV L

2 | ! | | — [l i

w ' 1 L I}

g 04 11 | 1 0

1 - - - 40

MAMAan. WAAAAAA ad k3 »* A A A ~ A\ [
o M YW haniUL W N iinssalinchi S iaahN . Pectttuter NV 2 ~130
S 08 Mg T WA N M e AN, N M i
g . W"Wv\’wﬁv\,&s‘é :
© 20
5 06 Probe VF2_1:z=-0.20 mdap.c. | "
© i
‘g 0.4 | I Ll I i i I . L L L E 0
o
1 — — 40
'Ww‘w -l R u':g‘ L
o M W LS S NEN AN - 30
q,_') O 8 M"'\.A - TN Nttt —~ — i
S . S aad S R ——————— :
S - 20
S 06 Probe VF2_3:z2=-0.30 mdap.c. |
2 . | 10
= l\ ' [
*g 0.4 [ 1l I i | . [ Lo L -0
o
1 — - 40
M T Y [
© ~— LA T ~——30
® o8 e e e ———_ - i
o v [
S 120
S 06 Probe VF2 4:z=-040mdap.c.
E | = 10
S ] l\ ' [
2 04 [ [ 1l Ll }J‘ L Lo L 0
o
01/07/06 01/08/06 01/09/06 01/10/06 01/11/06 01/12/06

rain intensity

rain intensity

rain intensity

rain intensity

(mm/h) (mm/h)

(mm/h)

(mm/h)



Repeatability of the experimental data

&
04

Contronto misure
—— P01

—— P02
—— P03
—— P04

VF1

Caruso, Jommi & Venturini (2007)
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Calibration of the 1-D numerical model: August-September 2006
(most significant rainfall events and highest evaporation rate)

Saturation

Saturation

Saturation

CODE_BRIGHT (QOlivella et al., 1995) was used to consider liquid / vapour
transfer taking into account relative humidity and temperature variations

Numerical simulation
~ Experimental Caruso, Jommi & Venturini (2007)
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Capability of the numerical model
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Caruso, Jommi & Venturini (2007)



Resumen

Se han presentado algunas consecuencias de la
evaporacion (retraccion, agrietamiento)

Fenomenos de retraccion (aspectos generales,
irreversibilidad, acumulacion con ciclo de secado /
humedecimiento)

Grietas de retraccion (resistencia a la traccion, iniciacion,
efectos de tamafo, consecuencias sobre la permeabilidad
al agua)

Montajes experimentales en laboratorio e in situ para
estudiar el efecto de la interaccion con la atmdsfera



