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Abstract

We present the study of the backward piping ideatifon by
means of temperature analysis. Thermal monitorihghe
earth hydraulic structures is nowadays a very #ffecand
promising method for leakages and erosion procetection.
However, piping thermal influence on dams thernialdf
wasn't investigated deeply. In the paper the resait the
extensive numerical computations for the coupledt fend
water transport in porous domain with the downsiresde
pipe opening are described. Computation coveredahge
of hydraulic diffusivity from 10 to 10* m’s* and made use
of the finite volume method with the Fluent numatic
modelization platform. The basis principles of thge
thermal influences are presented with the evaloatibthe
possibilities of identifying piping parameters with
temperature measurements.

I ntroduction

Internal erosion as suffusion and piping is onehaf main
risks for earth dams safety. Of the two modes,ngigirocess
is the most dynamic one. We know that a fully pipening
in the piping process is a very danger state ferdams. It
can be finished by the dam rupture. Before thigcali state,
the pipe develops its length and radius, by thekward
erosion process [3]-[5],[8].

Our research was focused on a thermal monitorirsgipiity
of the pipe identification, as well as its dimemsio(radius
and length) estimation, before pipe fully crossdaens body.
Internal erosion and water flow in the dams aredbepled
processes. Erosion process detection and analysigs o
dynamic are performed usually by investigationtef tam’s
hydraulic fields.

Thermal methods for leakage identification and agep
monitoring have proved to be very useful in dams
surveillance. They based on the relationship batweater
and heat transfer. For the null water velocity ¢hes only
conductional, slow temperature transport. Withngsof the
water velocity, temperature from the reservoir i®ved

quicker with the masse of water (advection procéssard
the dam. Variation of temperature distribution ire tdam
body allows to identify a leakage and even sometinme
estimate a seepage velocity [1], [6], [7].

Thermal monitoring can be realized particularlyngsithe
optical fiber as a thermal sensor [1], [2]. For & the
optical fiber installed in dams body have been uasdhe
very effective temperature measurement tool in heart
hydraulic works, which allows for spatial contingou
measurements.

Piping thermal influence on dams thermal field viasn
investigated deeply [7]. In the paper we preseatrdsults of
the extensive numerical computations for the caligieat
and water transport in the porous domain, with the
downstream side pipe opening. Simultaneously, etialo of
the possibilities of piping dimensions estimatiory b
temperature measurements analysis is described.

M ethod

Numerical representation of the analysed problem

We modelized an earth hydraulic work with the dniping
which has a downstream outlet and no contact wigh t
upstream water reservoir boundary, as the cyliatirt@ase
with the cylindrical hole (Figure 1). Two length tife case,
1m and 10m were modelized. The upstream and dosarstr
charges of temperature and pressure were poseectagty

at the inlet and outlet cylinder boundary. Null \gta was
used. Various configurations of radiysand lengths, of the
pipe were chosen for different heigRt and length of the
systemL. Maximal thermal gradient used in the modelization
between the upstream (inlet) and downstream (Qutlet
boundaries of the system, equals 20°C and minimelwas
1°C. Two-dimensional axisymmetrical computationiswaéd

to modelize three dimensional cylinder where poraase
was assumed to be isotropic.

In the numerical modelization of the thermal resmonf the
pipe we used the system of the equations whichistsnef
the momentum equation (Darcy equation in the porous
domain and Navier Stokes equation in the pipe), nfaess
conservation equation and the energy conservatioatn.



The latter, beside the term for conductivity heainsport,
obligatory contains also the term describing adeeel heat
transport (transport of the heat with the mass loWihg
water).
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Figure 1: The scheme of the considering systentland
simplified cylindrical 3D model used for coupledah@nd
water transport modelization

The computations were carried out by finite volumethod

using the FLUENT 6 numerical platform. Four RANS

(Reynolds-averaged Navier-Stokes) turbulent flowdeis

(Standard, Realizable, RNG high and RNG low turbt)le
and also laminar Navier-Stokes model were invesgiydo

choose the best one for the pipe water flow modgdn.

Finally turbulent models and laminar Navier-Stokasdel

comparison showed non significant differences diewéfow

velocity and in temperature values distributionnsstn these
models. Linear model as the fastest one was chumséhe

definitive modelizations.

Hydraulic and thermal properties of the porous zone

We defined the hydraulic properties of the modelize

cylindrical cage using hydraulic diffusivitip;, calculated in
relation to Peclet number. They were calculated tfoe
system without the the pipe. The following reasgnimas
taken into consideration. If there is a porous zwitk known
hydraulic properties, what changes in temperatigie fwill

show the pipe appearance and its geometrical dewelot?
Hydraulic diffusivity to follow the Bousinesq hypwsis is
defined as the linear relationship which was calad for the
system without the pipe:

D, =vL=k(H, - H,) 1)

wherev is the Darcy velocityl. is the length of the seepage
path (cylinder’s length) is the permeability anH; andH,

are the upstream and downstream water levels.

The Peclet number describes the relationship betwee
conductional and advectional heat transport. FoclePe
number equals 0, there is no flow of water, so eat lwater
flow transport. Only conductional heat transporpiissented.
With increasing of water velocity there is more thwhich is
transported with water, so the Pe values also &se® Peclet
number is defined as:

po= VG L_KH-H)G )
A A

whereC; is the volumetric heat capacity of water dnd the
thermal conductivity of fluid-soil system. This aéibn is
classical for water velocities estimation with teenperatures
measurements [6].

As we can see, according to Equations (1) and R2glet
number and hydraulic diffusivity are independeranir the
length of the cylinder.

Three values of hydraulic diffusiviti,, were modelized for
the stationary modelizations from 1o 10° n?s® what
corresponds to Peclet number range from Pe <<Pet010.

In the unsteady modelisations we used the hydraulic
diffusivity Dy, values from 10 to 10* m’s™. It gives the
Peclet number values from Rel to Pe~ 100.

To calculate hydraulic permeabilities for the afoemtioned
hydraulic diffusivities in the system without thipe, constant
values of upstream and downstream water levels were
adopted to modelizations. Same values of the hyjidrau
conductivity were then used to modelize the sysiéth the

pipe.
Results

General view

An analysis of the humerical modelisations resaligwed to
identify characteristic zones of the pipe therm#luence.
Pipe works like a drain. It collects water from therous
domain which conducts water and heat flow. Finatly
disturbs the water flow and heat distribution ir thorous
domain. The example of the water velocity fieldtalibance
due to the pipe presence carried out for hydradiffusivity
equals 16 m’s* we can see at the Figure 3

In the upstream part of the system, more intensarsport of
heat from the upstream boundary towards the upsatesal of
the hole can be found as the result of the locklcity rising
owing to the shortest seepage path.
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Figure 2: Example of the passage of the thermalt frothe
high diffusive porous domain obtained for hydraulic
diffusivity equals 1d m?s™.

results in the thermal, diffusional pipe influent@wvards
porous domain.

Zone between upstream end of the pipe and reservoir
boundary

As it was mentioned above, due to the shortestaggepath
in the considered system, from the upstream systémit to
the upstream end of the hole, the zone of strongstream
temperatures influence is created. This zone ibleisit the
Figure 2A and 2B close to the upstream end of the.gOn
this figure the system length equals 10m. The pigkus and
length of the pipe equals respectively 1cm and 50the
relevant zone has a form of the funnel with thectpnected
with the end of pipe. The important temperaturenges in
this zone can be detected for hydraulic diffusiviy* m?s?,
at the extension of the pipe axe, close to theregst end of
the pipe. For the pipe length equals from 10% t& 30 the
system length the significant temperature changes
localized in the limited zone close to the upstreamd of the
pipe, starting from the upstream end of the pipeatds the
water reservoir. However, for the pipe length eguathout
50% of the system length and longer one, importaanges
in thermal field touch almost up-stream boundary thod
system.

Zone aside the pipe

This is the zone where we observe the pipe hydrauli

influence on the seepage velocity vectors whichdarected
obliquely towards the pipe.
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Figure 3: Example of the scalar water velocitydighs") in
the porous zone, provoked by pipe presence.

Aside the pipe, depending on seepage velocity veaaues
and their directions, we can observe an increasing
oppositely a decreasing of the inlet temperatuileénce due
to the changes in the advectional heat transpeetiibn and
its intensity. Finally, because of the heat tramsmmwards the
pipe, we observe a heat transport accumulatiorhénpipe

Figure 4: Values of the thermal influence of thpepior
different hydraulic diffusivity values carried oatsteady
state modelizations.

Depending on the value of the hydraulic diffusivitythe soil
it results in two basic opposing thermal effecidashe pipe.
The first one, an increasing of the inlet tempemtofluence,
is characteristic for the hydraulic diffusivity iteed for the
cylinder without the pipe) of order of £an’s* and lower. It
corresponds to a conductional
advection domination.

heat transport withou



For this range of hydraulic value, an appearancthefpipe
and its development accelerate not very much seepag
velocity in porous domain. In effect, heat from thgstream
part of the system aside the pipe is transportéckgquto the
downstream part of the porous zone, not directiyatas the
pipe boundary. Moreover a heat accumulation in pipe
results in the diffusional external pipe thermafluence
which amplifies an increasing of the inlet temperat
influence close to the pipe. Thermal intensityto$ zone and
its dimensions depends strongly on the temperajtadient
between upstream and downstream, the length gfiffeeand
the length of the system. This thermal effect isspnted at
the Figure 4B and Figure 4C. Positive and negaiaieies
mean respectively increasing or decreasing of fh&treiam
face temperatures influence in degrees of the @eldnlet
and outlet temperatures equal 25°C and 5°C respécti
Described above, thermal influence of the pipetstar be
relatively significant and large in space for hydi@a
diffusivity of order of 1¢® m’s* and for system minimum
length of order of 10m, and for pipe length equalsimum
50% of the system length. For longer length of gistem a
significant temperature changes are visible evemydraulic
diffusivity equals 10 nm’s* and lower.

The second type of the thermal zone aside the fspe
characterized primarily by inlet temperature infloe
decreasing. It is developed for hydraulic diffugividefined
for the cylinder without the pipe) of order of 1@n’s® and
higher. It corresponds to advectional heat trarispor
domination. For this range of hydraulic value, maksvater
from the porous zone aside the pipe is transpogtgdker
and more directed towards the pipe. It results enyfast
seepage velocity reduction in the porous zone gatbe pipe,
towards the downstream system boundary. Becaugéeof
same direction of simultaneous advectional coupheat
transport decreasing, the zone of the upstreamemnpe
(reservoir boundary temperature) influence deficyeris
created. This zone is visible at the Figure 4A atdhe
Figure 2D aside of the downstream outlet of thepip other
words, we observe there an increasing of the doesst
temperature (air temperature) influence. It is vienportant
to correctly interpret this fact during the passigmperature
measurements analysis. Important and deep influefitlee
downstream temperature in the corps of the eartvalyic
work always signifies low leakage or no leakage ezon
However, we see that it can be also the sign ofctbse
presence of the backward piping process.

Thermal intensity of described zone and its veltiaad
horizontal dimensions depend particularly on theperature
gradient between upstream and downstream, thehlefighe
pipe and the length of the system. Influence ofpipe radius
is less important but must be taken also into @rsition.
We can see these relations at the Figure 5, wharesrcal
simulation were carried out for inlet and outlehperatures
equal 25C and 5C and for diffusivity equals®¥f’s™. Figure

5A and Figure 5B presents the results obtainedhi®iength
of the system equals 1m and 10m, respectively.

An observed inlet temperature influence values dasing
with the length of the system increasing can bel pgebably
to pipe thermal identification in the large hydiawvorks.
However, significant influence can be detected fbe
minimum system length about 10m, and for the pgregth
equals minimum 50% of the system length.
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Figure 5: Maximal values of the inlet temperatuediaency
in the field of the thermal influence of the pipersus
adimensional length of the pipe obtained in stesidie
modelizations.

Thermal zone at the outlet of the pipe

As it was mentioned, pipe drains the heat with rifeess of
water from the porous zone. It results in the aadation of
heat in the hole which is transported outside efgipe with
velocities much higher than in the porous domainer€ is
significant difference between temperatures insided
outside the pipe which rises in the direction ofvdstream
outlet of the hole, to reach its maximal value elds the
outlet. Variation of the temperature in this poist very
characteristic and it can be measured easily irpipe outlet
flow.



We found that besides hydraulic diffusivity valué the

porous domain and temperature gradient betweemeapst
and downstream, this is the adimensional lengtthefpipe
which is essential for the pipe outflow temperatiiée can
see it at the Figure 6 and 7 where adimensiongtteof the
pipe is defined as the relation between the lenftie pipe
and the length of the system. Numerical computatieere
realized for the system length and height equalpeatively

Im and is 1m and for the pipe radius equals 5cm.

Simultaneously, very low influence of the radiustioé pipe
has been identified (Figure 8). This importanatiehship
between outlet temperature and adimensional lenftthe
pipe is visible in a full range of tested hydrautiiffusivity
from 10 to 10° m’s™ (hydraulic diffusivity value calculated
for the system before pipe occurrence) and evera femall
temperature gradient between upstream and downstrea
faces.
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the case of full pipe opening, which equals to
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Figure 6 : Adimensional differences of the pipdetftow
temperature versus adimensional length of the gitained
for unsteady state modelizations and for the mihand
maximal step temperature equals respectively 25U54C.

In contrast to the aside pipe thermal influence, vhriation
of temperature in the pipe outlet flow is dominatddays by

heat from the upstream system boundary. In steady a
unsteady modelizations, maximal temperature diffees
measured in the pipe outflow, increase significaffitl the
pipe length development. However, kinetic of thi®gess
depends strongly on the value of the hydraulicudiffity
(defined for the system before the pipe appearance)
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Figure 7 : Adimensional differences of the pipeetitow
temperature versus adimensional length of the foipsteady
state modelizations.

In the case of small hydraulic diffusivity of order
of 107 m’s?, pipe length development influences weakly the
outlet flow temperatures, practically until fullgg opening.
Just before it, inlet temperature domination raisesy
quickly. For hydraulic diffusivity 18 m?s™ this relation rises
systematically for all lengths of the pipe. Findiy hydraulic
diffusivity 10° m’s* and higher, so for important advectional
heat transport domination, even small the pipe tkeng
development influences very strongly outlet flow



temperatures. When adimensional length of the pipeals
about 0,2, it starts to loose its growth trend. Afod
adimensional length 0,5 and higher this influentéhe pipe
length development is small or even null, dependingthe
hydraulic diffusivity values.
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Conclusion

In the paper we presented the base principlesedbéickward
piping influence on the thermal field of the eahydraulic
structure. The research results show a possibiitythe
backward piping thermal detection and its kinetid &&ngth
assessing. The investigations were performed fervwthole
range of hydraulic diffusivity which can be fourndan earth
structure as well for numerous combinations of pipe
dimensions versus system dimensions.

The easiest and the most effective thermal metloodte
pipe length and its kinetic identification is anabsis of
temperature of the pipe outlet flow, which strondgpend on
the adimensional length of the pipe, and practicaibt
depends on the pipe radius. It is limited of coubpgethe
necessity of the first pipe outlet localizing a¢ lownstream
face of the earth hydraulic work.

The pipe aside thermal influence in the porous zcare be
used to the pipe existing detection. However, peeci
estimation of the pipe’s dimensions can be diffictdking
into account the numerous parameters which infleehis
zone temperature values. Moreover, it is importanotice
that decreasing of the system inlet (upstream banynd
temperature influence in this zone, as well a deggem
outlet (downstream boundary) temperature penetratizey
can signify not a no leakage presence but contraipye
existing and its development close to the thermaser.
Presented results should be verified in field obestons of
the relevant problem.
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