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A little bit from history

In the last century’s 50-60's years, it was erroneously
considered, that free-phase Iliquid layer iIn the
groundwater aquifer forms above water strictly separated
floating lens in which 100% pore volume is filled with the
free-phase liquid.

Only in the 70s years of last century subsequent studies
(Brook, Corey, 1964; Genuchten, 1980; Lefebvre,
2006) was established that capillary force influence on
free-phase liquid layer in groundwater aquifer creates a
complex multiphase system.


















Simple Conceptual Site Model
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Study site location scheme
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model of study area

The 3

i
I
SO
KNG
Tt by
SOOI
..."“m.m.u.u.mu_".u.”
e GO T
AR
(ORI AN =
RIREN RS e
e R = 8
R i
R ..&A.’
e oSt 3........-:.:&”
P St AN
(A0 AU N =N
e XXX
T =N
VA ORI\
) WV 000 .:....% R —
ER LI W o}&.z e —
o) S B OOSAOONEH ... y—
RS ..v............_.”"... B —
7 v ety ORI R At
R AOHAGY
AT COOCODKE XN OO I —\
NN henE RO Sl
SN ..:.:::.v:%... IXGOXEEINKTN
OO AR DAY N =\
e, e RN e e ey e
AN R, W
KRR KX R K==\
LRI RS ORR \ B le—
........n.n...........u.u% X c..a......u....‘u..‘..&.% (R A==\
NG SR DX XNA T Y P
BN IR eery TR R Y, e
U POCKXNK A8
RN KA Y ) r—
A NN RN .u"... i
( ,wh. ORI s o
s e ) N
“ v IR XC X8 03..:..%.'
AR ........“.....%,.,."l
RS TR S
OB
A= ¢
Xy L=\
RN LA [
o) R
LRXAR R0 ittty g
AR KX CAAX X
_ N..“.“..“."...m..“““.v.&...".?Il
R RN
S AR RIS
) .ooooooo'N”ooo Vi ,0.000000& S y—
ot e
T RI KX
Q =
\..”..”ww“.vvo“o RN
toroo \o...o“oo.o\oo .o.“.“o“o“..v‘l
e =
A A=
s S oy
08 SV o AN
n%.“.ﬁw».‘n%n.ﬁa., """..““”"."."."."
A P A KOO
o N AR =
3 . .Ao—uooooocoo OO a\oooooooo (X g
Py IR R K=
» (NN OO
@ LRSS ()
) %
o
g ¢

A '
) {
: I
gt ST HHEHEDS
NN
\x " %. \ANB 0%,‘ I .poooo\..\l\
by ”&o U HE LN ?..m.,o..lllfl\l.
b P.w f% .'%Mvo.‘, ..J.ooﬂl\l
.u.....‘...../..my;......: o] 1 —
R
) X
X =
..0.9....4.:....% )
O =
L3N P ——
OO
=
=
= §
\ ?l\\n\l
—
=
29
wr g e«.

ion

t

irec

3 — groundwater flow di

ion

trace of surface elevat

ic

2 — geometr

LEGEND.1 - infrastructures

4 — the study site area



,,,,,,,
R, e TR T LA S S

Free-phase liquid layer distribution map and locations of
observation wells
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LEGEND. 1 - drilling well and its umber, 2 - geometric trace of free-phase liquid layer thickness, in meters, 3 —hydro

geological cross section line



Hydro geological cross section
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LEGEND. 1- embankment, 2 - gravel sand, 3 - medium coarse sand, 4 - fine sand, 5 - lithological boundary, 6 - vadose
zone, 7 - free-phase liquid layer, 8. groundwater, 9 - non agueous phase liquid table, 10 - groundwater and non aqueous
phase liquid interface 11- pumping well and its number 12 - exploration well and its number.
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%oncept of multi-phase liquid presence
in the soil
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/ Two concepts of free-phase liquid layer
distribution in the groundwater aquifer
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Multi-phase «Pancake»
Concept concept

Depth

0 > 100
Free-phase saturation (% of soil pore volume)



The techniques used for free-phase liquid layer
thickness detection

Laser Induced Fluorescence (LIF) site investigation
(Geophysical or Direct measuring, method)

Empirical determinations of free-phase liquid layer
thickness (Pumping tests)

Numerical calculations of free-phase liquid layer
thickness (Modeling)
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%rincipal scheme of laser-induced fluorescence (LIF)

probing device

|

LEGEND. UVOST - Ultra Violet Optical Screening Tool. 1 — generator, 2 — laser, 3 — scope, 4 — e-deck, 5 — PC, 6 — printer,
7 — roads, 8 — breakout box, 9 — remote display, 10 — direct push equipment, 11 — umbilical, 12 — split cup, 13 — LAN, 14 —
window in the road for laser excitation and receiving emitted light, 15 — fiber optic cable.
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3D spatial models for free-phase
distribution in the soil
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Two-phase liquid fluorescence—depth vertical profile

Callouts |Depth (m) Signal (%RE) 350 400 450 500 | Rete(cmis)
] F 0.0 ~—
201 i )
101 tos % 2
1. g >
0 m !
6.4 iRE 1.0- )
<;_‘\
—, g
§
S
150 | 10 20
Zondésanas punkta informacija
Vieta: | Zondésanas dzifums:
VNT PC teritorija [3.56m
Klients: } Maksimalais signals:
Ventspils nafta terminals || 149.7 %RE 2.32m
Projekta indekss: | Datums un flaiks:
VNT-1ZP-01/2010 Lzoos-oms 11:48
APZIMEJUMI
rw y ui o - —_—
i B 7 3]
ir cpregilinigeic] 4
I,o,_, - ast- L_10 20 1} — e

LEGEND:

1.Laser Induced Fluorescence (LIF)
wavelength-time matrix (WTM)

2.Free phase liquid saturation in the soil
obtained by LIF method

3.Probing velocity from the top to bottom
(cmxs1)

4.Match between measured LIF (green
area) and predicted by model (red line) free
phase liquid saturation in the soil



Two-phase liquid
fluorescence—depth vertical
profile for heterogeneous
deposits aquifer

LEGEND

1 — the total fluorescence—depth profile;

2 — match between measured (green area)
and predicted by model (red line) free
phase liquid saturation in the soil;

3 — well: a) casing, b) screen;

4 — free-phase liquid in the well;

5 — water in the well.
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Principal scheme of pumping system

LEGEND:

1 - control panel,

2 - surface centrifugal pump,

3 - industrial sewage,

4 - pumping well,

5 - well screen,

6 - free-phase liquid layer in the well,

7 - check valve,

8 - vadose zone,

9 - free-phase layer in the groundwater
aquifer,

10 — groundwater.




; Free-phase liquid layer thickness changes in the well
during the pumping test

Levels recovery
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Free-phase liquid layer thickness changes observed
in the wells No.14A and No.26
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Physical model of two-phase liquid vertical distribution

in the groundwater aquifer
A 10 Zgs LEGEND:

Vadose zone
2. Zgs - Teference level (from the top of

/ surface),

z,, - air and free-phase liquid
interface,

z.,, - hypothetical (pizometric)
groundwater level)

> bn b, - observed free-phase liquid layer
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Free-phase
liquid

Depth from the land surface
® R;'Eaiyai fres-phase liguid saturatioj

hn thickness in the monitoring well,
hw z.., - free-phase liquid and water
Groundwater interface,
; Z h,, - water rising altitude (pressure)
_ — Znw in the groundwater aquifer,
» h, - free-phase liquid rising altitude

Free-phase liquid saturation

(9% of Soil porous space) (pressure) above its and

groundwater interface.

Bottom of aquifer



The scheme of two-phase liquid pressure forces
distribution in the observation well (Lefebvre, 2006)

U-1 U-2 z 4 \Pn LEGEND:
I 1- well screen interval,
py ¥ Zan _
Az, D v L 2 - vadose zone,
A VI _LE— -*- — — = Zaw— — [ 3-free-phase liquid layer
|| andits level in the well,
V__
Ay 4 - ground water level in the
hy, hy, — well (with a dotted line -
hypothetical)
Pa= Patm=0
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Two-phase liquid vertical distribution key parameters
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LEGEND. pw - water pressure, pPn - free-phase liquid pressure, ps - cumulative
pressure, Sw, Sn — water and free-phase liquid vertical distribution for saturated
zone at the level (z); A — free phase liquid and water interface point.



Oil saturation profile for the same volume of

gasoline in various soil types
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nherent free-phase mobility of gasoline in
various soil textures
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/ Changes in free-phase saturation profile
Due to water fluctuations
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/ Doegth (m) Signal (%RE) 150 400 450 500 ODOepth (m)

Residual and mobile free-
phase liquid saturation _ |
distribution in the area of
well No.44, determined by L |
LIF method %z —
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1 — The total fluorescence—depth profile;

2 — residual free-phase liquid saturation; o]
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Other possible conditions effecting thickness of free-
phase liquid layer thickness in wells

1) Underlying low head | | 2) A fine grained layer 3) LNAPL is limited
gravel draws LNAPL above the LNAPL acts to secondary joints
down the well as a cap and seams
Monitoring well
i 14
Continuous
................ Non-wetting ~— . —elbe...p o

= LN,.A.P.L. I.n. _s‘_’“.'q ;: i Fmegmmedca continuous LNAPL in
/. || |abovetheLNAPL | || |secondaryfeatures

117 | Non-wetting S Immmmm“
e LNAPL In sand -‘-‘-‘."?WMM- -----------------

| Fine-grained matrix
Low head gravel layer (e.g. silt or clay)




Conclusions

Oil pollution of groundwater aquifer is characterized by a
two-phase liquid state, that is one of the most pressing
environmental problems study of which requires special
techniques and special measuring equipment.

In contrast to normal flow in groundwater aquifer, two-
phase saturation conditions are completely different and
requires specific studies to be found out.

Two-phase flow patterns are intensively scientifically
researched all around the world and therefore this
determines importance and topicality of the study.
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Thank you for attention !






