53:030 Class Notes; C.C. Svan, University of lowa

Period #8: Fluid lew in Soils (Il)

A. Measuring Pernabilities in Soils
1. The ConstdarHead Test (For Gose—Grained Soils)

» Upstream and dowtream head elevains are maintained aonstant levels.
» The head differencacross the soil ia constant valuah.
* The hydraulic gradint i across the s#le is also const.

| =hydraulic gradienin the soil Ah/L)

Q= VAT
= volumetg flow through thesoil
over aelapsed tim4.

g=Q/T=VA _

= rate of wlume flow Soil L Ah
v = g/A = the so—called daharge velocity
A = the cross—sectmal area of the slbsample g

Recall from Dasy’s Law that v = ki

From a constaritead test, soilggmeability k
can be competl as:

k = Q/(AiT)where
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2. The Falling Hed Test (relativelympermeable soils).

*The total head diffrenceh(t) across the sampléanges with time.

—> The fbw rate through theoil is not constat.

q, = Flow rate intdhe soil

= -a dh(t)/dt
d, = Flow rate out ofhe soil
= kA *i(t)
=KA * h(t)/L

Conservation of tlid mass gives:

B = Gu
-a dh(t)/dt = kA * h(t)/L
This represents arét order ODE to e solved foh(t):
Solution: In(h(t)) — In(h)) = —kAt/ (aL)

The permeabilitk of the soil can ius be determined
from this tessas follows:

k = = In(h(t)/h.) aL/AL]
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3. The well-drawdan test: used to easure

in—situ perraabilities of soils

Procedure:
a) drill a tet well and two obervation wells;
b) continuoug pump water out othe test well
until wéer levels in alllhiree wells achieve
equilibium levels;
C) once steddstate flow is acleved, the radial
flow ate q(r) is constd;
g = Ki(JA(r) = constant agunction of r
whee:
k = soil permability
I = local grdient = dh/dr
A = cross—seatnal area of flow
= arh(r)
Assumptions:
e |dh/dr| <<1 (i.e.he gradient is sm@l
» flow is therefore pproximately horizatal
* homogeneous soil
» cylindrical symmety about axis of puming well

g = Zrkrh*dh/dr - Firstorder ODE describip
the radiallbw rate into the pmping well.

Solution: (w/q) [n,2 - h,?] = In(r,jr,)

Since g, § r, h; h, can all be measurede can solve
for the soil’'s prmeability k as:

2 21
i <q/m) In(r/r,) [h,2 - h 2
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B. Hydraulic Condativity Values forSoils:
* A joint property of bothhe soil and the fid;
» Hydraulic conductiity k has units of (L/Tuch asrs, ft/min, cm/day, etc.

» Tabulated Hydrauli€onductivities (pee fluid is water)

SOIL TYPE k(mm/sec) Relative Permeabitly
coarse gravel, joted rock > 10° high
sand, fine san 10 = 102 medium

silty sand, dirty and

102-104 | low

silt, fine sandstom

1041076 very low

clay, mudstone w/ints

<106

impermeable

» Observation: Ashe grain size of #hsoil decreasedi¢ conductivitydeceases
signitantly. This is de to the higher $5of fine—grained sils.

» Relationship betwen conductivity andluid properties:
k=K=*[y./nd], where:Kisthe soil's abdate permeability I(9);

Y; is the unit weighof the fluid (FL3),

N, is the viscosity ofhe fluid (FTL?)

4
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C. Effective Condctivities for Flowsin Stratified Sos

1. Case #1Steady FlowParalle/to Soil Layers
* Assume that we waetl to compute thete of horizontalfluid flow in this

soil dposit. How wouldve do it?
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 Since the soil layers are bounded above and below by impermeable layers,
the flow can only be paralléel to the soil layers.

» Since the head falls as we proceed from left to right, the water will also
flow in this direction.

Given: e Thethickness of each layer (Hj)
* The conductivity of each layer (kj)

» The hydraulic gradient in the soil deposit:
+ parallel to the layers, i = Ah/L
& orthogonal to the layers, i =0 ( sincethereisno flow in that direction)

Solution:

Tota flow = sum of flowsinthe layers:

n n n . ' n
A=20 =2 ViHj =2 KjijHj =12 KjH|
=1 =1 = j=1

If we write an expression for the total flow as:
n

A= kequiyi H= » kjHj, thenit is clear that

=1
n
kequiv =(VH)D> ijj . The effective conductivity of the layered soil
=1
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Example ProblemCompute the flow 1@ in the three—lagred medium on page
Solution:
for the prolem posed:
| = 4m/10m = 0.04;
j=

= (1/13m)[6m*10“m/s + 4m*0.5*10%m/s + 3m*2.0*10%m/s]
= 1.077*10%m/s
g :kequivi H

%1.077*10*m/s)(0.04)(13m)

=5.60*10°m?/s
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2. Case#2: Steady Flow Orthogonaltolayers ||k
IAh
)
, % Tvl
2 | K Tvz
H \
Hy [ K V3
A
Hy | Ky Va
Y

Observations:
* The total head loss across all of the layersis known to be Ah;

» The average hydraulic gradient i = Ah/H
* The thickness of each layer is H,

» The conductivity of each layer isk.

Also: J
» From continuity considerations the discharge velocity in
each layer must be the same. Thatis, v,= v,=Vv,=V,=V
e Darcy’s Law holdsin each layer:
vj:kj (Ahj/Hj) where Ahj Is the head |oss across thejth layer.

8
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Across the strdited soil depositwe can write a fon of Darcy’s Law
using the equalent or effectiveconductivity of tie layered soils:

V= léqui\} = kequiv(Ah/H)

where: k. is the effective enductivity of thesoil deposit;

Ahqu IS the totahead loss acrossdldeposit;
H ighe total thicknes of the deposit.

Our objective ido find an expressn for the equivant or effective peneability.

Note that théotal head loss agss the deposiih is the sum of thbead losses
across abf the individual ayers.

n n n
ThatisAh =3 Ah =3 yH/k =vE (H/k)
=1 J =1 | =1 J

Now, realling that v :kequiV(Ah/H) = kequi\ﬂv/H) % (I-]/kj)

j=1
Equating the firsand last terms ime preceding expre®n and simplifyig

n
. _ -1
it thus follows tha Kk, . = HI El (H/k)]
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Numerical Example

Considertte stratified soiplaced in the U—-tud shown below.
Given: A soil propertiesand dimensions ohe individual layes
Find: q, the flow ratehirough the soil (peunit width), and

R, at point C.
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This pageis left blank for solution of the preceding problem.
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3. Conclusions about stratified soils

 In general, for stratified soils, the (k isnot equal to (k

equiv) parallel equiv) orthogonal’

* In cases where a soil deposit’ s permeabilities or conductivities are not the same
in all directions, we saythat the properties are anisotropic.

« If the properties are the samein all directions, then it is said to be isotropiC.

» Layered soil depositstypically have anisotropic effective or equivalent
conductivities.

Very Important Pointsto Remember .

In fluid is not flowing in soil, the pore pressure can be computed directly
using hydr ostatics.

But when fluid isflowing in soils, we must first compute the value of head h
and then compute pressur e using the definition of head.
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