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Objectives

To present 3 method to characterize :
(i)  Hydrological/hydrous properties of boreal soils
(i) Infiltration
- For hydrological modelling of a boreal watershed (method only no results yet)

Plan

1. Contexts

2. Non-destructive sampling method

3. Hydrological properties of individual soil horizons
4. Hydrodynamic Analysis of soil monoliths

5. Modelling of large-size soil columns

6.  Expected results




Gcographical context

o Pedological sampling > Nécopastic watershed (240 km?)

¢ 50 kilometers East of James Bay (54°N, 78°0),
next to L3 Grande River, between LG1 and LG2 dams.

¢ Vegetation : Forests + Bogs

HudsonBay ‘ “,..é : i S
W / Reservoir for hydroeletrlc

)ameggay‘w%

-a._
"».

Bust production

Francois Ravenelle (INRS)




lntcrcst context

o Current and potential hydroelectric production
- Numerous dams or projects

L]
0,

[’ﬂ:t;//hotos.]internautc.cor;l}autcur/59+5 100/107469916

o Vegetation blankets and soils are very diversified. They contribute to the water supply of reservoirs




chological context

The boreal soils and their hydrous properties remain relatively unknown

¢ Variability of boreal pedology is underestimated - Boreal soils are not uniform and monotonous !
Main soil : - purely organic soils
- organic Podzols
- mineral soils
Main blankets : - mosses
- lichens
- ordanic layers Chumus and litters)

¢ Pedological horizons are diverse and each of them possess unique physical and
hydrous properties. It is not only peat and sand!

Questions :
¢ Influence of moss, lichen blankets and humus horizons on infiltration ?
¢ Influence of organo-mineral interfaces ?

o Variable responses (linked to soil type)




chological context

»1 (1) In the middle of the bog |

| (2)1n bog periphery, +°:
|\(3) Sandy ’copsoxl and ou‘ccrops I I Dilgted vertical scale |
(5) Scattered Fores’c(li) Dense forest | <. :

OCgdere

@hean bedroD

South




Problematic

The specificities of boreal ordanic soils must be considered

Materials | Physico-hydrous properties of Physico-hydrous properties of mineral
| Properties — | organic soils or organic horizons soils or mineral horizons
Porosity Total porosity > 80% Total porosity < 50%
Macroporosity > 50% Macroporosity < 25%
Retention 0 and K rapidly decrease Varied porosity (wide range of pore
and (between O < h < =20 cm) sizes) = wide retention strength range

hydraulic conductivity
curves

> Strong anisotropy for K

- Strong hysteresis (0 and K are
smaller during sorption phase)

Soil surface saturation rate

Difficult to reach

Easy to reach

Control of the infiltration
rate

Top horizons thumus; acrotelm
(unsaturated and macroporous)) and
moss or lichen blankets

Precipitation regime lc = f(P)
(When P> Ic ® Surface runoff)

lc (Infiltration capability)

Immediate (P <Ic) (Guertin and 3,
1987)

lc = constant

Organic soils curves 8Ch), K(0) and K(h )

Ic # constant

remain unknown in boreal are3




Experiments

1) In the laboratory | 2) Modelling at the soil column scale
|

Small size columns |
Individual horizon properties |
(Ks, Kunsat poral claas sizes, Bulk density,

Particle density, %Macro%@ ty, Pore geomettry,
Texture/Structure, Granulome

Swelling/Shrinkage effect : 6(0) et 500y, A ‘/Emal
Decomposition degree, Gases diffusivity, And
Anisotropy, Hysteresis) Supliic]]

CdUEonS
Large size columns / )0} KEB) et Kl
Soil monoliths hydrological limits I

(for various saturation rate and

various precipitation regimes Comparisons

—

Flow equation

(Modified Richards)

v

le, Maximum drainage, Maximum storage, |
Conditions (When, where, How ) 2 R, I, D and Azw, |
Aanswer according to surface saturation rate, I

Aanswer gccording to soil type

To reproduce the behavior
observed in the lab
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Sampling

/\

The 5 typical soil monoliths

ical soil monoliths

Individual blankets
and horizons




Sampling mcthodologg

Piece of wood

or rubber,--

to protect the
cylinder

—

o

% Trowel

Mosse
Acrotelm

Synthetic cylinder

Sledge-Hammer S—

4

Location of
horizon limits

Soil sampling




Sampling mcthodologg

Imus)

nes Ka =1 (0) @ 118 cm

Blankets (moss, lichen, humus) focm

+ 2 Pedological horizons

-> Physical, chemical, hydrous and
hydrological properties

+ 2 Ped &
Calib

P

|

N/



SamMaéjmdtHoégzlogg

}nalyﬂsk‘

Pedological | Soil monoliths
horizons
+ - Hydrodynamic behavior
Bla”keﬁs - |dentification of the role pedological
(moss and lichen) transition and blankets play in
infiltration _ _ __ _
Individuals —»7Large size elution columns >
—» Physical properties ’_> Classical methods Secondly
—> Chemical properties L mmm— ==

—> Hydrological properties =27, 110 tension disc infiltrometer At

6,,0,, 0Ch), K, K(0), K(h)," | s brofiles metho \ Firstly
\ /
N \Mogliﬁ'ed cube method U7

~~—_——_—




Mctkodaogg . individualized

horizons

. . r Extensiometer (AV(O Atmospheric
Double tension disc infiltrometer (price and al., 2008) ensiometer (VB , pige
< 16 cm N ‘
PVC Mariotte
& cylinder é 1 bottle
9 Upper disc é
Qs TP LT é
£ O NOED N <
Wil =€, <
“;‘I """"""" Ocm - eSS - - - Ocm
Az )
s Al R ST WU | L e
Az W
Graduated| = | - | Bem ]‘ """""""" M? """"""""""""""""""""""" g em
St 1 [ | e L7 \ P
cylinder __} (W7 | 6cm | Dbtosindpapplidation
Vo | = Fbric pestyharaapipserkh dsemeetbhases
=S kets - noang Ochh, and humus
! - Deformation near saturation is considered
2




Mcti'uo ology : . individualized

l"lOl“lZOﬂS

Instantaneous proﬁle me‘thod (Naasz and al., 2005)

TSorp’cion phase

”Desorp’cion phase ‘ H b

Evaporator

TeRspashesters
_____ L e e IS O S I Wy Ocm
16 cm SUI Oil‘t IAZ -2¢cm
ﬁl—"ﬁ_ﬂh e

PVC cylinder |

Obtained propetrties Domain of application - :Z C:
-0, - Ks - Mineral horizons with fine texture = o 10 cm
-6, - Kch) ~ Decomposed peaty horizons ~12.cm
-8(h) - K(8) them

N/




Mctiwocrlogg . individualized

l'IOl‘lZOnS

Dbtairied pfopettiesion

Modified cube method (Beckwith and al., 2003)

Saw

PVC
clylmder

Pea’c
mple Z

Sample is coated
with wax

I

T -
0’

xe Y

l

v

Anisgiropyighn)

=Mz K ierticabloss, lichen, and humus
~Ksy and Ksx Chorizontal)

0k

-

Fill in sides
aqain

Open sides
according to
K Z>

Measure Aux

according to this

direction

2&7 " ad
=)

l

-

Open sides
according to
« X »

Measure flux
according to this
direction

N



Mctkodaogg . individualized

horizons

— Non-specific equation for general boreal soils
> Non-specific equations for both boreal organic and mineral horizons
—» Specific equations for each boreal horizon

Van Genuchten-Mualem model adaptation/adjustment

Ks, Ks anisotropy, K(8), K(h), h(8), 0s, 0r
Humus / Living blankets / Organic horizons / Mineral horizons

Bulk density

Particle density
Decomposition degree
Granulometry ...

v
Pedotransfert function (PTF) for 8Ch) and K(0)

> Non-specific equation for general boreal soils
-+ Non-specific equations: for both boreal organic and mineral horizons
> Specific equations for each boreal horizon
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70 : soil monoliths
Zons

Infiltration on large size columns cvang and al., 2004 and 2006 ; Legout, 2005)

LSys’cem description Rain
simulator
y
Precipition
regimes Conti T
: ontinous monitorin
Control mechanisms ] of swelling / shrinkagge
for system limits _ =f(8)
Soil column

-

Continous
monitoring of
water retention
A
Probe
locations

)

Continous
monitoring of
pressure head

I Data acquisition system :




Mcthodobgg : soil monoliths

Secondary g

supply

W
1

Fixed part

Connection between

the body of the mobile
rainfall smnula’cor and

the fixed secondary supply

Needles
Rubber

Body of the rainfall
simulator : main supply

Mobile support

Jernarrztic diz i2¢) ez)rr) of the infikertion
colurnn appartus - rainfall simulator

Range of simulated rainfalls (James Bay)
- Common event : 0.4 mm/h
- Extreme event : 30 mm/h




Mcthodobgg : soil monoliths

e e 3 ~ C
Jenesstle dizg e of

Simulated hydrogram

|
O R f'-[_l,__l- . = 30,
tne g filerrtion 2
col.u.rr{ fappAEts: &
Avrtificial hyetogram £
E
E 10
2]
c
2 |
B Ln
\

0 1 3456?&&11213

/

Representative weekly hyetogram
@ Ely and August 20’66)'- 28

l

U1
-~

Yshour)

07) N
Initial drainaqe s’\s N
Long duration drainage <~

N

R

N e

‘éa 29 30 31 32 33 34 35 346 37 38 3% 40 .41

For each

- ATl
- Apr

~  Succe

/

e

pmny
ity (

Int

D

!14 15 16 1‘ 69 QOyiﬂ 2425726 27 28 ZTQ

I\ 2
IN Simulated hydrogram

10

Days




Mcthodologg . soil monoliths

llustration of water connection

AN

devices (with the peat column) :g
£
T
£
N

Constant level

water tanks :

) watertable
Q stabilization

i A/l N

Pluviometer for
Percolation collection




Mcthodologg . soil monoliths

Location of pedological

| interfaces : i
Electronic and computing S JJL hydrological : s
connections 'é characterization Soil 3
E Strong slope
Ny
£
N
Soil 1
Bog

Poten

i Soil 2 »axial wires
e DOg periphery <

‘ Pulse generator

| Multiplexer

“TDR100”
Control system :
data reception and = N
program modification E CRI000" :
| J Multiplexerl SOII 5

Compus Middle of plateau




Methodoltgyt=sbilononoliths

Modelling applied to boreal soil columns

Obijectives
- Test, adapt and validate a model for boreal soils

- Several curves BCh) et K(0) will be tested
- Several flow equations will be tested

- Understand, reproduce and model hydrodynamic behavior
- Find equations for : I, E, ET, R, D, AStorage
- Estimate the predominance of all physico-hydrous properties in these processes




Modelling

Modelling approach

&hmm

Digitized
columns

ﬂ\

_h.)ﬁls_l’l.)@J_&

\\ //

Simulations (estimated fows are fitted to the

observed Hows)

Flow
equations




Modelling

I 5o i the middle of the bog

Laboratory column

-
s
==

L B 15 om Alive mosses
Z=0cm

25 to 30 cm Acrotelm (Of)

=25-30cm
25 to 45 cm Catotelm (Of)
" Z.=45-50 cm
45 to 95 cm Catotelm (Om)

Digitalized column
0,45 m

O,45 m

0,80 m

1/ Define the system (section and dep’ch)

2/ Discretization :
- Surface fine meshing: - Reqular and h@nidgentionls

-G ood interacti>s/Detwieit

Finite elements method
artitionment P 2> R +|
d’ﬁgﬁm osviier levels centimeter)

- Precision of h20%t KT@@@lesl%aa@Mﬁ@@@nmdﬁﬁ equivalent depths

on laboratory column

N



Modelling

Configuration
- Allocation of physical and hydrological properties in every discretized cells
Ks (Kvs, Khs), K(0), 8Ch), ¢(0), 55(0) et 6(0)

- Several equations 8Ch) and K(), specific or not, could be included in flow equation:
Raw state data

Fitted curves with VGM model (Van Genuchten and al, 1991)
Specific PTF
No-specific PTF

- Reconstruction of pedological horizons = Several scenarios are tested




Modelling

Fibric peat
(Acro’cglm) Dead moss
under ~and Real
Homogenous  1hesic ea’c Homo SN live moss horizon
mesic peat (Ca’co’ce m)  Moss blanket layers thickness

| Complexity and realism increase |

N



Modelling

Flow equations

Richards equation

OSW
J(SW)Z—T=V"‘[K3Kr(SW)"‘V(h+z)]+q With G:¢E

Where
h [L]; o is total storage coefficient [1/L] ; Sw is saturation rate = 8/0s ; @ and 0s [L3/L3] ; Ss is specific s’coragfe coefficient [1/L] ;

@ is porosity (= 0s when swellmq/shrmka(ge is not considered) ; t is time [T1; Ks represents saturation hydraulic conductivity [L/TI;

r is relative hydraulic conductivity (= K/Ks) ; z is a vector (coordinates x = O ; g and z = 1 (positive upward direction) [L] ;
q represents sinking flux (water taken up by roots) or supplying flux [L3/L3T], (Paniconi and Putti, 1994)

Modified Richards equation
Hydrological behavior simulation by taking account of Ss in ¢ equation

With |o= ¢aS—W+ Sw*Ss
oh A

/

Variation of environment compressibility with water content :
Dependent on Swelling/shrinkage curve

N



Maodelling

Comparison/Validation
Differences with reqard to opvsered hydrological behaviors

h an{d 6 lns’can‘canioui/llocal/global
profiles  Migration speed of S a’clo—’cem ral variation of water balance
the imbibiting and P hyd rooPi al properties ACL, R, D) = fCP, @initial)
percolating fronts K. hle, flux)

ccording ’co pr 1p1’ca’clon regime
CATHY model performence ?

Rise and drawdown Nsurtace(ZW) o =1(8, Ss)

acco‘;vc?;fgc ’?c[; S S eeet S \ / Loca’clon/quan‘clﬁcatlon of
initia et R
™ i T e

Concep’cuallza’clon

Pedological interfaces and blankets effects on
[, ECzw), ET(zw), Rypce € Robcurfocer Relation between ”1”3nd
deep drainage and groundwater recharge " Imbibiting front depth ”




Conclusion

This procedure has to allow :

(i) To improve the modelling of soil water dynamics of boreal soils
(i) To better model the hydrological cycle a¥the scale of boreal watersheds

We nheed to determine:

Which are the real input data requirements ¢
- From the succession of scenarios iden’ciﬁf:

- What is the minimum complexity level ?
- What is the relative importance of each physico-hydrous property ?

Example : hysteresis, horizon thickness .. ?
= 0(h) and K(0) specific calibration ?

- Differentiation of various blanket types influences on E, ET and I ?

> CATHY applicability and robustness ¢ Soil types ¢ Adjustments ¢
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