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Abstract — Klaipeda Geothermal Pilot Plant, operating since
2000, suffers from permanent decrease of injectiwit of spent
geothermal water. Among plenty and various caused ijectivity
failures the most important ones are associated wit scaling
problem, because geothermal water is supersaturateddy many
minerals, salts and ions. A geochemical model PHREEQGas
been used for scaling problems simulation, two othemodels
(flow&transport) predicted scale of spread of injeted
geothermal water in the pumped aquifer.
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I. INTRODUCTION

Geothermal anomaly in West Lithuania is well knoamd
studied [13], [14]. The Klaipeda geothermal projsizirted in
1996. Since the end of 2000, Klaipeda Geotherniat Plant
is operated [2]. Geothermal water (GTW), which tenapure

is ca. +40C, is pumped from two production wells, No 2p and

3p, which are approximately 1 km deep. Warm wdésying
part of heat in special heat-pump and cooled Ut 5C, is
returned to the same aquifer via two other, ingactivells No
li and 4i (Fig. 1).

Start test of the plant pointed out, that pumpiates of
production and injection wells are fairly good araties from

TABLE 1

POTENTIAL CAUSES OF FAILURES OF INJECTIVITY AKKLAIPEDA GEOTHERMAL
PLANT

Physical-chemical
problems

Gaseous problems Scaling problems

Reduction of
sulphates and Fe-
sulphides production

Injection wells
installation and
maintenance

N — bubbling

Operation of filters | O, access into surface| Reduction of

in surface equipment sulphates and
installations sulphur 8
production
Injection of Production of HS Precipitation of
inhibitors and gypsum and
bactericides carbonates

Electric feed
failures

Clay, sand particles

Drop of pressure
and temperature in
surface equipment

Therefore from this water, lifted to land surfapegcipitates
many solids, which clogs filters of injection we#iad pores of
the aquifer and reduces its injectivity capaciti®smetimes in
surface equipment of the plant was detected oxygétich

140 up to 490 rith [5]. But the injection rates straight thisgives additional scales (e.g., Fe-oxides) damagijertivity

time were significantly lower and have been detati®d since
now [12]. Plenty of applied countermeasures hag paltial

and temporary effect [6]. Among others causalitidsthis

phenomenon, high salinity of GTW (ca. 100 g/l) sedrto be
the key-one [7].
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Fig. 1. Structure of Klaipeda Geothermal Plant (T14-— sampling points)

[12]. Furthermore, formation water is saturated daseous
nitrogen, which bubbles in surface equipment whi&ed to
land surface and also reduces the injectivity. €haxsd some
other problems, complicating injection, are showfable 1.

Despite numerous efforts (filtration of spent geothal
water, application of scaling inhibitors and ardicteria
preparations, soft acidification of injected wat@njectivity of
the wells No 1i and 4i systematically dropped daama total
injection in 2010 did not exceeded 100Ym Among the
various methods of investigation and explanationttaise
injectivity failures some computer models were sssfully
employed [7, 8].

Il. GEOCHEMICAL MODEL PHREEQC

PHREEQC is a computer program designed to perform a

wide variety of aqueous geochemical calculatiorty.[Eor us
is important, that PHREEQC can show not only aneaqs
species, present in geothermal water, but alsouledé
saturation indices (Sl) for the individual minepdilases. As it
is known SI>0 means that the fluid is supersatdrdite the
mineral phase concerned and this mineral can ptatdp On
the contrary, SI<O means, that the correspondingeral is
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dissolved. It is evident, that SI=0 means, thatfilie and the

mineral phase are in equilibrium.

PHREEQC starts to work after the input of actuahdand
parameters of geothermal water. Input data are ¢esyre,
density, pH and Eh values, concentrations of ipnesent in
geothermal water. All those concentrations are tieglu in
mg/l form, and PHREEQC re-calculates them into rlibds
and activities of aqueous species and show thetesonending
order. Later on this computer program calculate§r@h the

following equation [1]:

Sl =log (IAP / K),

1)

where IAP is ion activity product, K — equilibriuaonstant,

where A, B are activities of species A, B in thetavasample,
A’, B’ activities at equilibrium.

Output of data of PHREEQC shows familiar facts: nafs
the main cations and anions in geothermal watest e free-

IAP = [A] [B],

K=[A][B’

ions. As we shall see

later,

)

®3)

most important resoit
geochemical simulation is presence of great vargdtyron

is injected into injection wellsEn route into this water
sometimes and somehow enter small amounts of oxygen
PHREEQC model show that most interesting is praogastof
Fe-species in formation, spent and injected geothewater
(Table 2).

From Table 2 follows, that the main Fe-specie in
geothermal water always is ¥eion (65-81 %). Relative
quantity of F&" in geothermal water decreases, when
concentration of kb in it increases. In such case geothermal
water is enriched by Fe-sulphides. Besides, trizgdtulations
show, that 10 mg/l of §$ is that concentration, which can
sustain all F& amount (ca. 20 mg/l), present in formation
water. But the model also show, that it never happand
content of Fe-sulphides in geothermal water nexeeed 20
%. Besides, in all the cases geothermal water oengbout
14-19 % of FeCl| because Cl-species of Fe never precipitates
[1].

PHREEQC simulation results also show, that fornmatio
water, pumped from the production wells, is saaddly Fe-
sulphides (pyrite Fe$S mackinawite FeS, Fgg, oxides
(hematite FgOs) and hydroxides, e.g., goethite FeOOH (Table
3). Table 3 demonstrates, that the formation wten the
production well No 3p (3, 4 variants) is supersatied by Fe-
oxides, hydroxides and sulphides (S>0). Highesueslof
positive Sl are typical for pyrite FgSnackinawite FeS, Fg

species in formation, spent in heat pump and iegectand hematite FeOOH. Besides, Sl of Fe-sulphidedwsys
geothermal water.

A. Smulated versons

Three principal versions have been simulated: i)sichl-
chemical status of geothermal water and its transdtion in
surface equipment and injection wells; 2) role difts
acidification in those transformations and improeem of
injectivity; 3) possibilities of injection of fresigroundwater
into geothermal water reservoir aiming rise of aijty.

positive and high, even in the cases, when inpoteotration
of H-sulphides is small (e.g., 0,51 mg/l). But thd3l values
are especially high, when input concentration o$tphides
is also high, e.g., 10 mg/l, which are in equilitoni with actual
concentration of Fe, 20 mg/l. Spent geothermal whéfore
injection is even more supersaturated by Fe-sugshi®, 7
variants). From this point of view injected geothaf water
(7, 8 variants) did not differ from the formatiorater (3, 4
variants).

First versionimitates traditional operation of geothermal

plant: formation water from production wells is poed into
heat-pump, where it leaves certain part of its lagat later on

TABLE 2
PERCENT OF AQUEOUS-E-SPECIES IN GEOTHERMAL WATERPHREEQQCDATA

) Water, pumped out from well
Groups of Parameters, Formation water from well No 3p Spent water from wel No 3p NO 4i
arameters
P eleme_nts, Simulated variants
species
3 4 6 7 8 9
L”PUt pH 6,32 6,32 6,52 6,52 6,71 6,71
ata
Eh, mV -108 -108 -20 -20 -120 -120
H.S, mg/l 0,51 10 0,28 10 0,08 10
O,, mgl/l 0 0 0,01 0,01 0 0
% of Fe- Fe* 81,10 67,17 80,18 68,22 81,30 65,83
aqueous
species FeCr 17,53 14,62 19,00 15,92 18,45 14,14
In geo- FeSQ 1,23 1,03 0,98 0,84 1,11 0,96
thermal "
water Fe(HCQ) - - 0,09 0,07 0,11 0,08
Fe(HS) 0,14 16,42 0,04 14,83 0,02 20,35
Fe(HSY - 0,26 0,12 - 0,20
Total % 100 100 100 100 100 100
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TABLE 3
SATURATION INDICES OF VARIOUS SPECIES IN GEOTHERMAL WPER, PHREEQQDATA
Groups of Formation water from well No 3p Spent water in aaef equipment Injected and pﬁ?ﬁgd out water (well
parameters Parameters, _ :
elements, species Simulated variants
3 4 6 7 8 9
Input data t,°C 38 38 11,6 11,6 25 25
pH 6,32 6,32 6,52 6,52 6,71 6,71
Eh, mV -108 -108 -20 -20 -115 -115
H,S, mgl/l 0,51 10 0,28 10 0,08 10
HCO;,mg/l 14,68 14,88 15,70 14,68 19,88 19,88
Oy, mg/l 0,01 0,01 -
Slof S, Fe- Saturation indices
gﬁ:gﬁ%eze' S 0,36 40,73 +2,05 +342 1,19 +0,77
Fe0; +5,29 +5,13 +6,03 +5,89 +5,73 +6,93
FeOOH +1,60 +1,52 +2,03 +1,96 +1,85 +2,45
FeSpt +0,57 +1,59 +0,46 +1,76 +0,30 +2,03
FeS +1,30 +2,32 +1,19 +2,50 +1,03 +1,76
FeS +12,22 +14,34 +15,53 +18,21 +11,61 +14,85
Sl of CaSQ 0,00 0,00 +0,03 +0,03 0,00 +0,01
sulphates  "=25Q 2H,0 +0,10 +0,10 +0,24 +0,24 +0,16 +0,12
SrSQ +0,05 +0,05 +0,13 +0,13 +0,02 0,00
Sl of CaCQ -0,99 -0,99 -1,07 -1,10 -0,59 -0,44
carbonates "~ \10cq), -1,62 -1,62 2,06 2,12 -0,89 0,52

Interesting and somehow different is behaviour
molecular sulphur in geothermal water — flakes bal&ays
appear (SI>0), if concentration of H-sulphidesnsréased up
to 10 mg/l (variants 4, 7, 9 in Table 3). But engrce of
those white flakes seems also to be stimulatedtsr dactors
(e.g., fluctuations of Eh, pH, input of,J0

Actually, SI>0 show only potential possibility otaing
[1]: high positive value of SI did not mean, thhb$e species
would be first and abundant scaling species. Famgte,
from Table 3 follows that Sl of pyrite (F@9s always 10-20
times greater neither SI of mackinawite FeS. Néwdess
black flakes of mackinawite always appear first and very
abundant. Explanation follows from the ratio IAP{&ee eq.
1-3).

o6 TW injection rate further decreases. Looking feplanation

of this phenomenon, we have simulated a case, wbély
acidified spent GTW in injection wells is mixing thi
formation water in proportion 50%—50%. Also anotlmrrely
hypothetical variant — substitution of spent GTW dlynost
fresh groundwater, pumped from shallow aquifer —swa
simulated. Mixing proportion of this water and fation
GTW was the same as already mentioned (50%—-50%).
Agreeable to Table 4, formation water is always
supersaturated by Fe-sulphides, oxides (SI>0), lwhian
always precipitate. Similar possibility (but weeddso exists
for Ca, Sr- sulphates. However, scales of carbsnate
crystals of molecular sulphurSare not reliable (SI<0). Even
less probable is precipitation of Fe-compounds, ecdbr

Results of simulation confirm, that Sl of gypsumdan sulphur and all carbonates from softly acidifiedy (HCI)

anhydrite are always positive, but very close toozésee
Table 3). AImost the same value of Sl is typical $aontium

formation water, where all of them are dissolved<{®).
Only Ca, Mg sulphates did not dissolve in acidifiedter

sulphate, celestite (SrQ0 Therefore scaling of all those (SI>0). Almost the same picture demonstrates mextaf

sulphates seems to be theoretically probable nisignificant.

All SI of Ca and Mg carbonates are negative, wheams,
that scaling of those minerals is not reliable. &téweless,
former findings of such scales in the surface emeipt filters
enables us to suspect, that precipitation of caatesn
sometimes was/is possible.

Versions two and thregsimulated injection of softly
acidificated or fresh water) examine possibilittesincrease
injectivity into wells No 1i and 4i. For this purpe spent
GTW was regularly and softly acidified by HCI.
nowadays this operation gives miserable effect apdnt

formation water and softly acidified GTW: only pas (Fe9
Sl is slightly positive (see column 5 in Table 4).

Also was simulated another, hypothetical case afoat
fresh water injection into GTW reservoir, expectiegsential
improvement of injectivity. Modelled almost freshater was
supposed to take from ca. 300 m degmduifer, hoping that
from this water will not precipitate scales, anéytmaps, this
water will dissolve former scales, already cloggpgres of
GTW reservoir. Mixing proportions of fresh/formatiavater

Butwas the same as in previous cases (50 %-50 %).
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TABLE 4
SATURATION INDICES OF VARIOUS SPECIES ING TW/ACIDIFIED AND FRESH WATER MIXTURES PHREEQQCDATA
Injection of acid. GTW Fresh water injection
Groups of | Parameters, elements, : :
parameters species Fo\:vrzgon Acid.GTW Mixture FO\:J;?;LO” Fresh water Mixture
Inputdata | t,°C 20 11,6 15,8 11,6 14,4 18,3
pH 6,34 3,0 3,17 6,34 7,6 7,02
Eh, mvV -128 -89 -101 -89 -75 -1,71
H,S, mg/l 1,86 0,28 0,000 1,12 1,12 0,102
HCOy,mgl/l 79,8 79,8 63,3 79,8 329 140
0,, mgl/l 0 0 0 0 0 0
Saturation indices
Slof S, Fe- | & -1,01 7,17 -1,85 -0,11 +2,88 -3,95
oxides, Fe- "o +2,33 117,66 9,33 +2,49 +7,92 +3,63
sulphides
FeOOH +0,16 -9,82 +5,66 +0,26 +2,98 +0,83
FeSp +1,01 -6,34 -7,70 +0,75 +1,04 -0,05
FeS +1,75 -5,61 -6,97 +1,48 +1,77 +0,24
FeS +12,70 -0,59 +3,31 +13,66 +16,23 +8,62
Sl of CasQ 0 +0,03 +0,01 +0,03 -1,39 -0,35
sulphates  "=25q 21,0 +0,19 +0,21 +0,20 +0,24 1,14 012
SrsQ +0,07 +0,12 +0,09 +0,12 -0,85 -0,22
Sl of CaCQ 0,24 -3,34 -3,19 0,33 +0,24 +0,57
carbonates "o ocq), -0,58 -6,91 -6,55 -0,90 +0,56 +0,89

Nevertheless, from Table 4 follows, that the uselafost
fresh water only slightly reduces Fe-compoundsiisgaMuch

where k is in cm/s, kin D (Darcy),y — specific density,
kg/cn?, u — dynamic viscosity of GTW, cP (centipuases).

better fresh water reduces possibilities of foromaf S and Some data on those and other parameters are giviabie 5.

Ca, Mg-sulphates scales. However, the model shiwat t

There are certain problems with GTW heads. As ivédl

abundance of bicarbonates (HOON almost fresh water will known, GTW head depends upon its specific denisgy,

stimulate Ca, Mg-carbonates scaling and also coeugi
injection.

Ill. FLOW AND TRANSPORT MODELS

Another computer model was used for (1) evaluatbn
possible drawdowns in productive aquifer,kBh sandstones)
without GTW withdrawals restoration and (2) evaio@atof
spent GTW flow distances in a case of standardgolae of
GTW pumping/injection. For this purpose a regiomaidel of
GTW flow in named productive aquifer, occupyingritery
with a 50 km radius around Klaipeda (Fig. 2), waseloped.
The Groundwater Vistas Enterprise V5 [11] and cot@pu
codes MODFLOW2002, MODFLOW2005 and MODPATH
3.0 [3, 4, 11] were used for model creation and Gilaw
simulation.

Information, necessary for model development, wa
collected from various sources [5], [9], [12]. Frahis data
follows that average parameters of the productigeifar
(D;km) in West Lithuania arenet-to-gross (thickness) 65 %,
porosity 26 %, permeability 2000 mD. Between the

P =y H/10,

\

® Alytus /\
7

\

30 60 km

permeability (k) and hydraulic conductivity (kexists ratio:

ki = ks v/,

10

Fig. 2. Potentiometric surface of productive forimat (D.pr+D;km) and
location of simulated area

1 — well: above — its No, below — actual altitudeasative head, m a.s.l.;
2 — equipotential line, m a.s.l;
3 — simulated area.
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PARAMETERS, USED FOR MODEL DEVELOPMENT =\ |
Parameter Dimension fValues Avelrage / } 40
rom-to value - Pallanga-318'a P "
Sandstones: aanga,f,ﬂb N %W ~
encial-|
porosity, @ % 23-27 26 45~§V——//
permeability, k mD 2200-4950 - , \ B
hyd:jaul;g: .k cm/s 344 i ‘ 5 ¥
conductivity, E . = GeothermalPlant
transmissivity, T Ad 170-200 - gw”g\(ﬁ GorgTaaT™ Rietavas
GTW: 3 ‘?5'9“ \soas \\
specific densityy kglcn? - 0,0001067 [ \ :
dynamic viscosityp | cP - 0,76 4 kpr“\,e,.f,f}',éé,.a,._s '
’/'Vilkyc"iai-a /;1 ;5:\-?8\6
| .
where P is pressure in aquifer, kgfctd — measured pressure < iy \\) \
. . pe . . 7 IS s f y
head of GTW in the well, ny,— specific density, kg/ch10 is /8 ~
pressure head of fresh groundwater (density 1 kij/cm S Siue. /
.. . . . Lo . . / N i
Salinity of GTW in West Lithuania significantly vas: in s \
Klaipeda |t_ amounts up to 90-100 g/l, but only 2th k . - ~\,\&\ ™, \
northward, in Palanga it is only 25-28 g/I. Therefbeads of - = =
saline water should be re-calculated. Fig. 2 shitwse heads o — o © 20 K
in productive Dkm aquifer. As we can see, in Central ® 5649 | 1 ‘/6 ‘ 2 =

Lithuania GTW flow direction is NW, but in Klaipedagion

GTW moves from SW, from the deepest part of Balti€ig. 3. Simulated static potentiometric surfac®gdfm aquifer

syneclise toward the Riga Bay, regional area ofpdee 1 - well: above —its No, below — actual altitudeedative head, m a.s.|.;
groundwater discharge [9]. But this flow is verg\g| because 2~ simulated equipotential line, m a.s.|.

groundwater flow gradient in Klaipeda region is yonl i ) ) _
0,00015-0,0002. First task of the simulation was to assess possible

Model grid in simulated area is 500x500 m, neaip€da — drawdowns in productive aquifer {Im sandstones) without

50x50 m. Qkm aquifer plane boundaries of 2nd type (Q=0fTW withdrawals restoration.
coincide with groundwater flow lines, boundaries3odl type

Q(x, y, F,AH) or general head boundary conditions simulat Xm/wf// ‘\

groundwater inflow or outflow from the model arééertical | * Salantai

boundaries are confining:km aquifer beds — impermeable j

formations (boundary conditions of Q=0 type). Im®sid j P AV NG

boundaries are production and injection wells ohigéda Pl ge_t,ig/;:/,/ \. — j
% Plungé

Geothermal Plant. Simulated groundwater heads we
beforehand re-calculated into fresh water heads.

Procedure of model calibration started with simalatof
undisturbed piezometric heads ofkih aquifer, i.e., heads,
measured before the start of operation of Klaip@dathermal
Plant (Fig. 3). This calibration enabled us to #yduydraulic
conductivities of productive formation. Later on isth
parameter was specified for Klaipeda GeothermahtPdaea.
For this purpose a 7 day long pumping from the pectidn
well No 3p, accompanied by groundwater heads drawnda 24
the injection well No 1i, which was 3,4 m (the diste 13
between wells 3p and 1iis 1,5 km), was used. $ipdoralues
of hydraulic conductivity and net-to-gross thickeesd D;km
aquifer in simulated area are shown in Fig. 4 anté&-to-
gross thickness of Bm aquifer in simulated area is 65 % of| o 10
its total thickness; in Klaipeda Geothermal Plameiats value
is 56 m (see Fig. 5). Model calibration specifieglue of
another parameter of;®m aquifer — piezoconductivity, which
is 1,3-10 mP/d in average.

BALTIC SEA

KLAIPEDA'Y,

r,[/c- Gargzdai \R'elavas

BN

Fig. 4. Net-to-gross thickness ofkibn aquifer in simulated area

11
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Net-to-gross thickness, m
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60 - 70
70 - 80
80 - 90
90 - 100
100 - 110
110 - 120

(1] 10 20 km

Fig. 5. Specified values of hydraulic conductivafyD:km aquifer

Results of this simulation we can see from the Bignd
Table 6, which show the depression cone of ca. @@ pth (in
the centre), originating in a case, when total pugpate
from two production wells is 700 ¥.

“Salantai
AN

Palanga-318a

Palanga / -~

| Kretinga
Genciai-6

2
§

2.5

Rietavas

BALTIC SEA

» o 0 10 20 km
‘ ® 91.7 ‘ 1 ‘/ 2

Fig. 6. Predicted cone of depression gki aquifer, adequate to ultimate
GTW withdrawals by Klaipeda geothermal plant

1 — well: above — its No, below — predicted drawdpm;
2 — simulated drawdown izolines.

12

TABLE 6

PREDICTED DRAWDOWNS FOR ULTIMATEGTW WITHDRAWALS BY KLAIPEDA
GEOTHERMAL PLANT

Time, years Predicted drawdown in a model cell, m
Well No 2p Well No 3p
0,1 65,58 67,17
0,25 73,28 74,86
0,5 78,57 80,14
1 83,49 85,06
2 87,67 89,24
3 89,67 91,24
4 90,67 92,23
5 91,18 92,74
6 91,44 92,99
7 91,57 93,13
8 91,63 93,19
9 91,67 93,23
10 91,68 93,24
15 91,7 93,26
20 91,7 93,26
TABLE 7
SIMULATED PROCESS OF OPERATION OKLAIPEDA GEOTHERMAL PLANT IN
2001-2010
Year | Month | GTW withdrawals, fd Injection volumes, fitd
Well No Well No 3p | Well No 1i| Well No 4i
2p
2001 | IV 3840 3840 840 6840
V-VIII | 3600 3600 720 6480
IX-XII 3600 3600 1440 5760
2002 | I-XII 3240 3240 1200 5280
2003 | I-VII 2400 2400 960 3840
stop 0 0 0 0
2004 | VI- 3240 3240 1200 5280
VIl
IX-X 1560 1560 1200 1920
stop 0 0 0 0
2005 | I-XII 2040 2040 960 3120
2006 | I-VI 1800 1800 960 2640
VI 1320 1320 1200 1440
stop 0 0 0 0
2007 | IV 1620 1620 1320 1920
stop 0 0 0 0
2008 | Xl 2040 2040 0 4080
2009 | IV 1800 1800 0 3600
VI-XI 1560 1560 960 2160
Xl 1800 1800 1800 1800
2010 | I-1Nl 1800 1800 1200 2400
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Fig. 7. Simulated present potentiometric surfacB.&m aquifer in
geothermal plant vicinity Fig. 8. Simulated area of spread of GTW, injectetd productive aquifer
1 — production well and its No; (D1km), period 2001-2010
2~ injection well and its No; 1 - production well and its No;
3 — simulated altitude of relative head, m a.s.l. 2 — injection well and its No;

3 — present flow lines of GTW in.Bm aquifer;
4 — areal of injected GTW spread, formed in 20010-0

Results of simulation show, that geothermal plaamt be slightly distorted by GTW pumping from productioreig.
operated without GTW withdrawals restoration. Iistbase, The model also show, that injected GTW travel dista
of course, deep and large depression cone willdomdd: around the well No 4i is 340-360 m, around the et 180-
even 50 km from Klaipeda GTW drawdown can be 1,62 320 m. Because pumped aquifer is fairly thick armbpctive
In the centre of depression cone drawdown stakibmawill  (effective porosity 26%), GTW travel distance framection
last 9-10 years (see Table 6). Re-calculationgeshf water wells is not high, therefore travel time of injegtt& TW up to
heads into salt ones show that the head of GTWIaipEda pumping ones will take not one ten of years.
will be found at the depth 125-127 m from the laodace. In
pumped wells it will be even greater, at the degth200 m. IV. CONCLUSIONS

In Table 7 are given results of simulation of GTW  Gegchemical model PHREEQC demonstrates, that spent
withdrawals from production wells No 2p, 3p andesf of Gy injectivity is essentially governed by precation of Fe-
spent GTW, injected into wells No 1i and 4i durthg period g |phides, oxides and hydroxides. Fe-sulphidesrecabn be
2001-2010. __ restricted by stopping activity of SRB (sulphatedueing

Fig. 7 demonstrates present (2010, March) piezemethacierig's) in injection wells. But bactericide Ban, used for
heads of bkm aquifer in Klaipeda Geothermal Plant areapis purpose, seems to be not effective, becausetionly
From this figure follows, that GTW drawdown in puewd s pacteria: Bactron, likewise gypsum-scalinghibsitor
wells is at 42,8-43 m a.s.l, in injected wells 68t64 m a.s.l. Labuxan, adds some extra-organic matter into GTW,
It means, that GTW depression in production welld0-11  j,gispensable for SRB existence, thus activatirtgaescaling.

m, controversially; dome height of GTW at injectioells is Stopping any entry of oxygen into the geothermanpl
6—9.m. ) . system can eliminate scales of Fe-oxides, hydrexidad

Fig. 8 show simulated scale of spread of injectebAG  ¢ystals of SO. Model also show, that an attempinjeect not
during the period 2001-2010. We can see, that 80TW,  gpent GTW, but almost fresh groundwater from shallo
injected into well No 4i, is radial, but in well NG area it is aquifers will be not very effective. Only soft aification of

13
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spent GTW reduces abundance of almost all
deteriorating injectivity. Finally we must statehat used
geochemical model did not simulate emission of gdsem
GTW (“bubbling”) and did not imitate drastically ajy of
pressure of GTW in surface equipment and its nolscialing
processes.

Groundwater flow and transport models show, thais it
possible to take 700 ¥ (16800 r¥d) of GTW from Dkm
aquifer without any restoration of GTW resourcest B will
result in formation of the depression cone with tlepth of
200 m and radius of 50 km, drawdown stabilizatiaf kst
9-10 years. Though parameters of productive aqalfew to
take named volume of GTW from this formation, amoth
problem arises: how and where to utilize this laageount of
salt water?

Simulation data also demonstrate, that travel distaof
GTW, injected into well No 4i during the period 26010,
is not great due to the fairly large thickness ofductive
aquifer and significant effective porosity of GTWrtaining
sandstones. It guarantees safe operation of gaathedant
not one decade, if decrease of injectivity will stepped and
successfully managed.
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Antanas Algirdas Klimas, Marius Gregorauskas, Algidas MaliSauskas. Datormodpi izmantoSana Klaipedas geotermalas stacijas ekspluaicijas
problemu analizei
Klaipedasgeoternala stacija darbojas kops 2000. gada. Stacijas ekapljpapgiitina nepiecieSatba ievadt izmantoto terralo tdeni atpakbpazeng aptuveni
viena kilometra dzuma. No daudzam probEmam, kuras rodas ievadot izmantoto télonadeni produkivaja slani, ka galvera probEma ir daZdu nogulgu
rasanms, jo ternalais adens satur daudzus miakrs un glus. Nofika noskaidrot gipa kolmaicijas iemeslus un apjomus, un ldripaudtu dekolmaicijas
iesggjas, izmantots termodinamiskais modelis PHREEQCpt@gnoztu iesiknéta termala tdens izplabu produkivaja skani, izmantoti filtacijas un migicijas
modédi MODFLOW2000, MODFLOW2005, MODPATH3.0.
ModekSana paidija, ka iedistot ternalo @deni idz 16800r¥dienn, to var neatgriezt atpdkarodukivaja slani. Taiu tas var novest pie depresijas konusa
veidoSaas, kura dZums var sasniegt 200m uadiuss 50km. B pazemiajuma stabiliZcija var notikt gc 9-10 gadiem. Kaut aidens nesas shna
hidrogeolagiskie parametri piewu;j tik ieverojamutdens atdevi, rodas cita prébia: ka lai utilizg izlietotoadeni?
ModekSana arpaiadija, ka produkivaja slant atgriezé izlietota adens migicija ir neliela, sina ieverojama biezuma un poraibas @l. Ja tiks atrisifta idens
nesos slana kolmaicijas probtma, var garagt ilgstoSu stacijas ekspluaatju.

AnTanac Aabrupaac Kimumac, Mapuye I'peropayckac, Anbrupaac Mannmayckac. KoMnblorepubie Moje/IH, HCIOJb30BAHHbIE /I AHATH3A NMPo0JieM
skcenyaranuu Kiaiineackoii reorepMaibHoii cranuuu

Kaiinenckast reorepMaibHas craHiust dkciutyarupyercs ¢ 2000roma. DKcIuTyaTanus OCIOXHSICTCS IpobIeMaMyl BO3BPAILCHHS UCIIOIb30BAHHOM TEPMaIbHOM
BOZIBI B POJIYKTHBHBIII IUIACT, 3aJIeralolyii Ha TiryorHe okono 1 kM. Cpeay MHOXKECTBA HPUYMH KOMILTHKALHMIl C BO3BPAICHHEM HCIIOIb30BaHHON TEPMAaIbHOM
BOZBI B MPOJYKTHBHBII IIACT BAXKHEHIIMMHU ABIAIOTCS MPOOJIEMBI BBIIAJACHHS Pa3JIMYHBIX OCAJKOB, TAaK KAaK TepPMaJlbHas BOJA HACHILIIEHA MHOTHMH COJISAMH U
muHepagamMi. C LENbI0 BBIBICHUS NMPHYMH M MAacIITabOB KOJBMATALMM MPOLYKTHBHOIO BOJOHOCHOTO IUIACTA ITUMH OCAJKaMHM, a TAKXKE Ul MOACIBHBIX
IPOBEPOK BO3MOXHOCTEH ACKOJIbMATALHK 9THX [Op HCIIOIB30BaHa TepMoauHamudeckas moaens PHREEQC st anann3a u nporHo3a MaciTaboB pacTeKaHus
BO3BPAILCHHOH TepPMaJIbHOW BOABI B MPOAYKTUBHBII IUIACT UCIIONB30BaHbl (PUIIbTPALMOHHAs | MHTparuoHHas Moxemn MODFLOW2000, MODFLOW2005,
MODPATHS3.0.

MogennpoBaHKe MOKa3aio, YTO BO3MOXKEH BOJOOTOOP TepMaitbHO# Boabsl g0 16800 mcyr Ge3 eé Bo3BpaTa 0GpATHO B TPOAYKTHBHBI BOJIOHOCHBIH IIIACT.
OJIHaKO 3TO MOXKET TPUBECTH K 00PA30BAHUIO JICTIPECCHOHHOH BOPOHKHM TiryOnHO# 10 200 M 1 paguycoM 1o 50 kM, a cTaOMIN3AIMS TOHWKCHUS TIPOH30HICT
nocie 9-101eT. X0oTs rHAPOreoIorniecKie napaMeTpsl BOAOHOCHOTO MIIACTa M MO3BOJISIOT CTOJIb 3HAYUTEIBHBI BOZOOTOOpP, BOSHUKAET Apyras Npobiema: KaKk
U TJie yTHIH3UPOBATh TAKOE KOJIMYECTBO paccomia’?

MogenupoBaHue TaKKe MOKa3ajgo, YTO PACCTOSHHE MHIPAMM BO3BPAILCHHON B NPOXYKTUBHBIM IUIACT MCHOJB30BAHHOH TEpMalbHON BOJBI SIBIACTCS
HEOOJBIINM H3-32 3HAYUTEIBHOW MOIIHOCTH M IIOPUCTOCTH IUIACTa. DTO TapaHTHPYeT MHOTOJETHIOK 3KCILTyaTallHI0 CTAHIMH, €Cii HpobiiemMa KoJbMaTaluu
BOZOHOCHOTO I1acTa Oy/IeT peleHa.
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