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CONTRIBUTII LA CUNOASTEREA RITMICITATII
DIOXIDULTUI DE CARBON LIBER DIN APELE CARBO-
GAZOASE DIN PARTEA INTERNA A CURBURII
CARPATILOR ORIENTALI!

DE
STEFAN AIRINEI 2, ARTEMIU PRICAJAN,® MARTA FACO4

Mineral walers. Emergence. Corbon dioxide emaneation. Hydiochemisiry. Springs. Time
vartations. Annual variations. Oscillations. East Carpalhians — Inner flysch area — Bara-
olt Mounlaeins — Oulter flysch crea — Oituz Mounteins.

Ahstraet

Coniribulions to (lie hnowledge of Rlylhmicily of Frec Carbon Dioxide in Caibogascous
Waters in the Inner Parl of the Easl Carpalhians Bend. Two rhythmicity levels of the quanti-
tative content of the daily dosings of free CO, are presenled, levels determined on yearly and
monthly average values (Pl. 1), as differences marked by a plus or a minus sign (+=ACO,),
compared with the average of the studied interval, as well as the day variation cempared
with the menthly average or that of the interval (Pl. 1I). The drawn graphics were mediated
(the thick curves interrupted) in order to point cut the oscillations of 20 months and ten
days long average periods. The segments of these oscillations bear others, which are closely
suberdinated, maximum and minimum, 2 to 4 montls long, 2 to 4 days respectively. Future
researches regarding this phenhamenon take into account the knowledge of internal and exter-
nal causes that generatle ils complexity, the same in any point of emergency (in fact, in the
Earth crust).

Reésumeé

Centribulions ¢ la connaissance de le rylhmicité du dioxide de carbon libre contenu dans
les ecur carbogaseuses de la partie inlerne de la courbure des Carpalies Orienleles. On présenle
deux classes de rythmiecité du contenu cantilatif de CO, libre dosé journellement, qui sont

1 Depusa la 16 aprilic 1987, acceplatd pentru comunicare §i publicare la 22 aprilie
1987. '

? Facullalea de Geologie si Geogratie, Bd. N. Biilceseu, 1, R. 70111, Bucuresti.

3 Centrala — Deparlament a Geologiel, Intpec}ia Geologica de Stat, str. Mendeleev
ar. 34-—36, Bucurcsti.

4 Inireprinderea de Ape Minerale Biboijeni (judelul Covasna).
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déterminées a base des valeures moyennes annuelles et mensuelles (Pl. 1), comme des difié-
rences 4 signe plus et minus (-ACO,), par rapport a la moyenne de l'intervalle (P1. 1I).
Les graphiques redigés ont été médiés (les courbes grosses interrompues) pour metire en
évidence les oscillations & périodes moyennes de 20 mois et de 10 jours. Les segmenis de ces
oscillations supportent d’autres oscillations imédiatement subordonnées, de maximum et
de minimum, & perviodes de deux-quatre mois, respectivement deux-quatre jours. Les recher-
ches ultérieures concernant ce phénoméne prennent en considération la connaissauce des
causes internes et externes qui provoquent sa complexité, la méme daus tous les points
d’émergence (en fait, dans l’écorce terrestre).

1. Introducere

Cuprinsul lucririi de fatid se incadreazi in cimpul unor preocupiri
initiate cu putin timp inainte de unii dintre autori, privind pe de o parte,
legdturile intre distributia manifestirilor postvuleanice §i structura geo-
logicd adinc# a Carpatilor Orientali (Airinei, Pricdjan 1970, 1975), iar
pe de altd parte, evidentierea, urmirirea si studierea ritmicitéitii dioxidu-
lui de carbon liber §i uscat (Airinei et al. 1975) sau din apele minerale carbo-
gazoase (Airinei et al., 1978, 1979). In esenti, rezultatele obtinute pin
in prezent dezviluie caracterul complex al misecérii de tip ritmic al dioxi-
dului de carbon din scoarta terestrd, sub forma mnrei succesiuni ciclice
suprapuse, cu perioade de mai mul{i ani, de mai multe luni, de mai multe
zile, de mal multe ore. Cauzele care le produc si intrefin nu sint identi-
ficate, dar apartin, dup# toate indiciile, lanturilor de misciri interne si
externe ale maselor terestre, actionate sau cel putin initiate si manevrate
de forte extraterestre. Simultaneitatea sau cvasi-simultaneitatea pro-
ducerii si derulérii lor pe teritorii de intinderi mari poate constitul unul
dintre argumente.

In cele ce urmeazi sint redate rezultatele obtinute, intr-o prims
etap#, pe baza dozirilor de dioxid de carbon liber in apele carbogazoase
de la cinci statii de imbuteliere din judetul Covasna : Biborteni (4 foraje),
Vilcele (sursa principals), Covasna (2 foraje), Varghis (2 foraje) si Poian-
Nemere (sursd). Toate cele cinci zéiciminte cu ape minerale carbogazoase
in exploatare se gisesc in zona interni a curburii Carpatilor Orientali.

s A

2. Date experimentale, prelucriiri si intelesuri

¥

3

Intervalul de timp investigat este de patru ani §i cinei luni (1978 —
—1982). Dozdrile dioxidului de carbon liber s-au ficut zilnic, in prinecipiu
la aceeasi ord in cursul diminetii. Numéirul de doziri este variabil de la
an la an §i de la statie la statie de imbuteliere; in medie circa 5 000
de dozéri de CO, liber la fiecare sursd cercetat#. Prelucririle se referi la
calcularea de valori medii lunare gi anuale; pe baza acestor valori s-au
calculat : variatia diurnd fatd de media lunari, variatia lunari fa{i de
media anuald, precum si variatia anualid fatdi de media intervalului.
Deci, trei tipuri de ritmieitdti ale gazului CO, liber in apele carbogazoase
cercetate.

In tabelul 1 sint inregistrate, pentru fiecare sursi selectaty (in prin-
cipiu, sursa principald), urmitoarele date: numirul de doziri pe sursy,
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TABELUL 1

Dale experimentale privind varialiile dioxidului de carbon liber din apele
minerale carbogazoase exploalale prin sursele prineipale din slafiunile

meniionale
s e AMedia Media ‘ I
Anul Numi ‘ anuali intervalului ACO,
dozdri N (g/h
K2 (/)
Biborteni (F1B)
1978 292 1,945 1,988 — 0,043
1979 227 1,938 - 0,007
1980 296 2,069 -+ 0,081
1981 270 2,001 0,013
Covasna (I pr.)
1978 190 1,192 1,208 +0,016
1979 186 1,170 — 0,038
1980 239 1,215 0,007
1081 178 1,255 --0,043
Vialcele (sursa principald)
1978 234 2,723 2,784 — 0,061
1979 230 2,760 —0,024
1980 291 2,765 — 1,019
1981 258 2,884 +0,100
Varghis (F2)
1978 285 1,923 1,940 ~ 0,017
1079 234 1,926 — 0,014
1980 303 1,954 0,014 %
1981 240 1,054 0,014
Poian-Nemere (sursa)
1478 238 2,638 2,508 -+0,130
1979 163 2,613 40,105
1480 362 2,400 -+0,108
1981 298 2,390 — 0,118

mediz anuald a gazului CO, liber (in 2/1), media intervalului (1dem) si aba-
teri (variatia ca 1‘111111('1tate) ale g<17ulm C0O, ca medii anuale fatd de nedia
intervalulul (notate ACQO,). Din analiza cifrelor ultimei coloane din acest
tabel rezultd cid se poate vorbi de o simultaneitate a variatiei gazului CO,
1a nivelul niediilor anuale (ritimicitatea cu o perioadd de mai multi ani,
evidentiati doar). Exceptie de la aceastd comportare o fac mediile anuale
de la sursa Polan-Nemere, care prezintd un decalaj 5i o inversare aparenti
a maximului st minimulnl variatiei gazului CO, fatd de valoarea medie a
intervalului considerat.

In tabelul 2 sint inregistrate valorile medii lunare ale gazului CO,,
liber din apele czu'bogazoaae ale surselor selectate (pentru Biborteni,
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TABELUIL 2
Date experimentale privind variafiile dioxidului de carbon liber din apele minerale carboga-
zoase cxploalate prin sursele principale menfionale : cu varialii lunare fald de mediile anude,

precum si faf@ de media intervalului

Media Media l . Media .
N ar - ; 3 0,
Anul Luna Eou,r;,lf Iunard anualid ‘x((:,l)- interval L(\(E/g-
’ (811 (s/) = (g1 >
(1) () (3) (4) (M) (6 ) (8
Biborteni (I¥ pr.)

1978 I 8 1,617 1,667 0,010 1.470 | 4-0,147
11 24 1,588 — 0,010 0,118

111 27 1,635 L0, 128 0,150

v 23 1,572 — 10,083 -0,106

AY 26 1,589 — 0,018 40,117

Vi 27 1,571 — 0,036 40,191

VII 26 1,787 — 0,020 40,117

VIIT 26 1,619 =+0,012 — 0,129

X 25 1,591 — 0,016 --0,121

N 24 1,716 -20,100 40,248

N1 28 1,745 0,158 0,275

N1 20 1,260 — 0,307 — 0,21

1979 1 27 1,602 —0,232 —0,108
11 25 — 0,224 —1,100

111 27 — 0,027 0,105

v 25 -~ 0,098 --0),228

AY 21 —0,252 S0, 384

\'2! 26 --0,375 --0,507

VIII 25 — 0,028 0,158

VIII 25 -—0,041 “-0,173

IN 26 — 0,085 = 0,067

N 26 — 0,118 4.0,014

NI 27 —0,110 0,022

X1t 21 - — 0,002 +0,134

1980 I 24 1,564 = 1,033 -0, 147
It 25 —0,017 0,077

11 26 — 0,028 -0, 068

IV 27 =0,138 (), 232

v 23 40,203 0,200

VI 26 -0,085 -L0,129

VI 26 — 0,054 0,040

VIII 24 — 13,028 -+0,068

X 19 1,520 —0.044 --0,030

X 27 1,300 — 9,064 0,089

NI 24 1,485 —90,07%9 40,015

NIi 25 1.448 — 0,118 — 0,012

1981 1 24 1,487 1,100 = 0,277 — 0,003
IT 24 1,381 0,101 — 0,089

111 27 1,232 40,042 —~ 0,238

v 26 1,308 —0,113 —0,162

AY 16 1,177 — 08 — 0,205

VI 25 1,056 — 3,124 - 0,404
VIl 24 0,584 0,205 — 0,488 °
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(Continuare tab. 2)
m | @ (3) (4) (5) ® | @ | ®
1981 YV IIT 16 1,145 1,190 — 0,045 1,470 — 0,325
INX 26 1,150 — 0,040 - 0,320
N 7 1.116 — 0,076 — 0,354
NI 25 1,133 —0,057 —0,347
NIT 26 1,093 — 0,097 — 0,387
1982 I g 1,222 1,380 —0,178 —0,248
. 11 — — — —
111 — — — -
v 26 1,380 0,000 — 0,090
Y 24 1,417 40,037 — 0,057
Vi 25 1,395 40,015 - 0,075
Valcele (sursa)
1978 i - — 0,723 - 2,800 -
11 21 2,902 40,179 40,102
1% 27 2,656 —0,067 —0,144
v 26 2,747 0,044 — 0,053
v 25 2,626 -+ 0,002 — 0,174
A 16 2,680 —0,043 —0,120
VI 26 2,933 +0,111 +0,133
VIIT 23 2,920 +0,106 ~ 0,129
X 26 2,654 —0,065 —0,146
b 18 2,599 —0,324 — 0,201
XTI 26 2,702 — 0,021 — 0,098
NXT11 — - — —
1979 1 — — 2,760 — —
11 24 2,855 +0,095 +0,055
1 27 2,793 -+0,033 — 0,007
v 25 2,496 —0,264 — 0,304
v 25 2,803 + 0,048 <+ 0,003
Vi 26 2,815 +0,035 40,015
V1I 25 2,880 +0,120 -+ 0,080
VIIL 25 2,718 -+ 0,042 — 0,092
IX 25 2,720 — 0,040 — 0,090
X 27 2,666 — 0,096 —0,134
XI 26 2,626 —0,134 —0,174
X1 — - -~ —
1980 1 10 2,726 2,765 —0,039 —0,074
1 25 2,557 —0,208 - 0,283
11X 26 2,714 — 0,051 — 0,088
v 24 2,729 —0,036 —0,071
N 24 2,821 +0,056 +0,021
VI 25 2,821 0,056 + 0,021
VII 27 2,809 -+0,045 -+ 0,009
VI 25 2,748 —0,017 — 0,052
IX 26 2,839 +0,074 +4- 0,039
X 27 2,798 --0,033 — 0,002
NI 25 2,785 -+0,019 — 0,015
X11 27 2,840 --0,075 +0,045
1981 1 — - 2,884 — _
11 10 2,938 -+0,054 +0,138
111 26 2,868 - 0,016 10,068
v 26 2,881 — 0,003 40,081
AY 24 2,886 --(G,002 ~-0,086
V1 24 2,885 —~0,001 20,083
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(Continuare tab. 2)
() @) 5 (4) B (8) M | e
1981 VII 27 2,887 2,884 +0,003 2,800 40,087
VIII 25 2,848 — 0,036 0,048
™~ 26 2,872 —0,012 +0,072
X 25 2,848 —0,036 --0,048
XI 25 2,940 40,044 +0,140
1982 I — — 2,869 — —
11 12 2,840 —0,029 0,040
111 27 2,867 —0,002 +0,067
v 26 2,838 —0,031 +0,038
v 25 2,924 40,055 +0,124
Vi 25 2,875 +0,006 40,075
Covasna (F3)
1978 I — — 1,698 . 1,960 -
I 7 1,794 40,104 —0,166
111 27 1,900 +0,202 —0,060
Y 19 1,507 —0,191 —0,453
v 28 1,503 —0,195 — 0,255
VI 26 1,835 0,209 —0,053
VII 23 1,907 40,158 ~0,104
VIII 25 1,856 40,109 —0,153
X 13 1,807 +0,158 —0,106
N 27 1,836 0,164 —0,104
XI 2 1,914 40,216 —0,046
NII — — - -
1979 I - - 1,863 — —
11 8 2,051 +0,188 40,091
111 27 1,929 40,036 —0,031
v 25 1,842 0,013 —0,118
v 235 1,848 —0,009 —0,112
VI 26 1,818 —0,041 —0,138
VII 25 1,822 —0,031 —0,134
VIII 25 1,832 —0,033 —0,122
X 25 1,809 —0,058 —0,15%
N 27 1,803 —0,064 —0,152
NI 3 1,848 —0,015 —0,112
NII 23 1,886 -+0,023 —0,056
1980 I — — 1,777 — -
11 9 1,828 +0,031 —0,132
111 27 1,776 — 0,001 ~0,184
IV 27 1,782 --0,005 —0,178
v 23 1,776 —0,001 —0,184
Vi 25 1,781 40,004 —0,179
VII 27 1,712 — 0,065 —0,248
VIII 26 1,770 0,008 —0,190
X 26 1,785 40,012 —0,165
b\ 27 1,782 0,005 —0,168
N1 20 1,773 ~— 0,004 —1,159
XII - ol _ _
1981 I - — 2,270 _ — _
11 - — — —
111 2 231 0,051 —0,361
v 15 2,186 —0,164 +0,226
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(Conlinuare {ab. 2

m | e | e 4) () ©) )
1981 v 24 2,271 2,270 40,001 1,960 +0,346
V1 17 2,306 40,036 +0,372
V11 26 2,338 +0,068 +0,287
VIII 25 2,147 —0,123 +0,187
X 22 2,313 40,043 +0,353
X 16 2,223 —0,047 -+0,263
X1 15 2,378 +0,108 40,418
XII — — - —
|
1982 I - — 2,173 — — f
11 — — — —
111 14 1,940 —0,243 —0,020
v 26 2,122 —0,051 +0,162
v 25 2,316 0,183 40,356
V1 20 2,316 +0,184 +0,356
Varghis (F2 vechi)
Leafiberigpiy N
1978 | 1 il I 1,923 - 1,880 -
11 24 1,800 —0,123 —0,080
111 28 1,870 —0,053 —0,010
v 26 1,944 +0,021 +0,064
v 23 1,940 +0,017 +0,060
V1 24 1,955 +0,032 +0,075
Vil 27 1,975 0,052 +0,095
VIl | 27 1,940 +0,017 +0,060
IX 27 1,924 -+0,001 +0,044
X I o2g 1,987 —0,030 +0,017
X1 26 1,924 +0,010 +0,044
XII 25 1,987 +0,054 +0,107
1979 I 25 1,907 1,933 0,024 +0,0 27
11 24 1,926 —0,009 +0,046
111 28 1,945 40,012 +0,065
v 28 1,953 40,020 +0,073
v 26 1,960 +0,027 +0,080
Vi 26 1,916 —0,019 40,034
Vi1 25 1,937 40,004 +0,057
VIII 26 1,848 —0,095 —0,032
IX 26 1,942 —0,009 40,062
X 26 1,943 40,010 40,063
XI 25 1,951 +0,018 40,071
XI11 16 1,983 +0,050 +0,103
1980 I 17 1,762 1,705 —0,033 —0,175
11 26 1,535 —0,160 —0,325
11 26 1,621 —0,084 —0,249
v 29 1,724 40,019 —0,156
v 27 1,693 0,012 —0,187
VI 26 1,716 40,009 —0,164
VII 27 1,709 +0,004 —0,171
Vi |} 25 1,720 +0,015 —0,016
IX l 26 1,876 40,171 —0,004
X 27 1,986 0,191 40,016
NI 25 1,934 +0,229 +0,054
XII 24 1,841 +0,136 —0,039
1081 1 25 1,925 1,495 —0,024 +0,045

!
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(Continuare lab. 2)

W] e e | o | o | o | ®
1981 11 25 1,926 1.954 —0,036 1,880 40,038
111 21 1,998 +-0,044 0,118
v 20 1,950 -+0,004 -0,070
v 16 1,984 +0,030 5-0,104
VI 26 1,947 —0,007 -4-0,064
VII 1,945 —0,009 --0,065
VIII 1,960 +0,004 -+0,080
X 1,955 -+0,001 40,085
N 1,945 —(,009 40,065
XI 1,951 —0,003 40,0592
XI1I 1,984 0,030 1 4-0,104
1982 1 10 1,848 1,800 0,037 —0,032
11 — - — —
111 17 1,902 40,007 40,022
v 26 1,897 -+0,002 40,017
Y 25 1,909 +{},014 0,029
VI 26 1,919 -—0,024 40,039
Poian-Nemere (sursi)
|
1978 I - — 2,638 - 2,490 -
11 22 2,694 40,056 0,204
II1 26 2,516 —0,178 0,026
v 23 2,523 —0,171 40,033
v 21 2,678 0,038 +0,186
VI 22 2,646 40,008 0,158
VII 23 2,607 —0,031 +0,117
VIt 24 2,690 +0,052 —=-0,200
X 25 2,597 —0,059 +0,107
X 25 2,731 +-9,093 0,241
X1 27 2,695 +-0,028 +0,205
X1 — — — _
1979 I - — 2,600 — — —
11 2,312 —0,088 . 0,022
111 2,526 —0,074 --0,032
v 26 2,548 —0,052 --0,038
v 26 2,497 —0,107 -+0,007
VI 26 2,667 +0,067 +0,157
Vil 26 2,680 +0,080 +0,170
VIII 24 2,797 +0,197 40,307
IX 25 2,678 -+-0,068 40,168
X 27 2,600 0,000 +0,101
XI 25 2,642 0,042 40,152
XI1I 21 2,370 —0,230 —0,120
1980 I 24 2,398 2,400 —0,012 —0,092
11 25 2,455 -+0,035 —0,035
111 23 2,452 0,052 —0,038
v 24 2,438 +0,038 —0,052
v 25 2,356 —0,044 —0,134
Vi 25 2,390 —0,010 —0,100
VII 27 2,431 40,031 —0,059
VIII 25 2,393 —0,007 —0,097
X 26 2,333 —0,0867 —-—0,157
X 26 2,384 —0,016 —0,106
X1 25 2,393 —0,007 —0,097
X11 27 2,384 —0,016 ; —0,106

o«
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(Conlinuare tab. 2)

@ s 5 T I T B ) SR B )
1981 1 24 2,368 2,390 —0,022 2,490 —0,122

11 24 2,421 +0,921 —0,089

111 26 2,399 +0,009 —0,109

v 26 2,379 —0,011 —0,120

v 24§ 2,376 —0,014 —0,132

V1 260 ] 2,423 40,023 —0,043
‘; VII 23 2,407 +0,017 —0,083
! VI 24 2,403 --0,013 —0,086
! IX 27 2,404 40,014 —0,083
;‘ hN 21 2,361 —0,029 —0,129
; X1 96 2,404 0,014 —0,086
L NIt 25 | 2372 —0,018 —0.118
{1982 I 23 2,370 2,421 —0,033 —0,120
‘ i1 23 2,391 —0,030 —0,099
1 25 2,640 0,219 40,150

1 v 23 2,390 0,031 —0,100
1 v 25 2,368 | —0,033 —0,122
i VI 26 2,370 —0,001 . —0,120

Covasna 81 Varghis an fost considerate alte surse deeit in situatia prece-
dentd), diferentele relative ale dioxidului de carbon (ACO,) fati de fie-
care medie anuald, dar si fagd de media intervalului (1973 —1932).

Pe baza datelor din tabelul 2 s:tan intocmit graficele reproduse
in plansa I, cu scopul punerii in evidents a variatiei dioxidului de carbon
in medil hmfue fatd de valoarea medie a acelmaSl interval. Medierea va-
riatici gazulul CO._ {eurba groasi intreruptid) a dus 1a ev identierea nnel
oseilatil (armonice) cu perioadi medie de 20 de luni, cu amplitudini dife-
rite de Ia sursi la sursidt si eu aspect de cvasi-simultaneitate intre maxi-
mele si minimele de la graticul unei surse la altul ete. Se disting doud grupe
de surse in care sint aproape simultane ciclurile de pe graficele de variatie
o gazului CO, liber : Biborteni si Poian-Nemere pe de o parte, si Valcele,
Covasna i Varghis, pe de ‘alth parte. Observim cil perioada considerati
este mult prea scurtd pentru argumentares unel explicatii satisficitoare
a sttuatiel relevate. Este foarte probabil ¢& un rol important il joacd
conditiile fizico-hidrogeologice ale fiecdrei surse, care pot constitui cauze
locale de frinare sau accelerare in propagarea dioxidului de carbon in
scoarta terestrd, cu producere de cvasi-simultaneitd{i in ritnicitatea sa.

‘Abaterile cu plus san eu minus fati de Umhcele nmediatoare din
plansa I, reprezintd osecilapil (armonice) subordonare, cu lungimi de undsd
de 2—4 luni. Ele insele suportd oscilatii (armonice) \ubordonate, cu lun-
gimi de undd de ordinul mai multor zile. Un asemenea exemplu este redat
in plansa II, in care sunt reproduse grafice cu variatia gazulni CO,
pentru aceleasx surse, corespunzitor- intervalului martle—apmhe 1975.
Graficele an fost mediate sl in acest caz (curba 1ntre1upta groasi). An-
samblul diagramelor din plansa IT ne ingiduie si formulim urmitoarele
observapil :

— in succesiunea valorilor obtinute prin dozarea gazului CO, liber
se distinge insiruirea alternantii de maxime §i minime cu perioade intre
8 si 13 zile (in medie 10 zile);
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— amplitudinea maximelor §i minimelor este diferitd in timp pen-
tru aceeasi sursd de apid carbogazoasi, dar §i de la sursd la surséi; sint
inregistrate amplitudini mai mari pentru sursele Biborteni, Varghis si
Poian-Nemere, amplitudini mai mici pentru cele de la Vilcele si Covasna
(caz ce sugereazd tendinta de constantd a dioxidului de carbon la surs#);

— pe intervalul fiecirui maxim §i minim mediat (linia groas# in-
treruptd) sunt prezente 2-—4 maxime subordonate, separate de minime,
cu perioade de la 2 1a 4 zile, ca efecte ale unei ritmicitdti subordonate celei
cu perioadd medie de 10 zile;

— procesul de derulare a suitelor de maxime §i minime la sursele
studiate, situate unele fatd de altele pind la distante de 50 km, nu este
riguros simultan: pentru cele cu perioadd medie de 10 zile diferenta
de timp este de pind la 5 zile, fapt ce sugereazd importanta factorilor
locali ai structurii geologice, specifici fiecdrei surse, precum si natura
sursei de apd carbogazoasid (emergentd naturald sau foraj), adincimea
forajului, si

— ¢4 maximele si minimele cu perioade medii de 10 zile sint, la
rindul lor, suprapuse pe maxime i minime cu perioade mai lungi de
timp, determinate pe medii lunare, acestea, la rindul lor suprapuse pe
maxime §i minime determinate pe medii anuale $.a.m.d.

La fel ca in lucririle precedente (Airinei et al., 1970, 1975, 1978),
nu detinem suficiente argumente pentrn a sustine care anume cauze
stau la baza ritmieitdtili cu perioade de mai multi ani, de mai multe luni,
de mai multe zile, de mai multe ore, precum st a subordonatelor lor ime-
diate. Calea de a le obtine este acumularea de date experimentale eit mal
multe, care s& acopere perioade eit mai lungi de timp.

3. In loe de eoncluzii

Lucrarea deplaseazd cercetarea variapiei in timp a dioxidului de
carbon liber din apele carbogazoase studiate anterior (Borsec, Sincriieni,
Boholt, Buzias), la alte surse de pe teritorinl tirii, in cazul de fatd la
cinci surse din judetul Covasna, toate situate in zona intern# a curburii
Carpatilor Orientali (Biborteni, Valcele, Covasna, Varghig si Poian-
Nemere). Rezultatul fundamental obtinut este ci fenomenul investigat
se prezints la fel, oriunde. Constatim astfel ¢ prezenta cantitativi a
gazului CO, la oricare surs#, manifestd o variatie continud care, observats
pe intervale lungi de timp, se inscrie pe o curbi complexd formatd din
oscilatii succesive de maxime §i minime cu perioade de mai multi ani,
de mai multe luni, de mai multe zile, de mai multe ore. Toate acestea se
suprapun ; eele cu perloade mai scurte pe cele cu perioade mai lungi s.a.m.d.

Rezultatele considerate demne de a fi prezentate spema,hstllor chiar -

in acest stadiu preliminar, se referd la ritmicitatea gazului CO, determinati
pe valori medii anuale gi lunare (pl. I), ca dlferenpe (ACO,) cu semn plus
sau cu semn minus, fatd de media intervalului studiat, precum §i variatia
diurnd fatd de media lunard sau a intervalului (pl. II). Graflcele intocmite
au fost mediate (curbele groase intrerupte) in vederea evidentierii oscila-
tiilor (armonicelor) cu perioade medii de 20 de luni si de 10 zile. Pe in-
tervalele acestor oscilatii se supra,pun altele imediat subordonate, de
maxim §i de minim, cu perioade de 2—4 luni, respectiv de 2—4 z11e

v
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atentia cercetdrilor viitoare ale fenomenului, se afli problema cunoas-
terii cauzelor interne gi externe care provoacd complexitatea prezentei
cantitative variabile a gazului CO, in oricare punct de emergents (de fapt,
in secoarta terestri).
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CONTRIBUTIONS TO THE KNOWLEDGE OF FREE CARBON ’
DIOXIDE IN CARBOGASEOUS WATERS IN THE INNER PART
OF THE EAST CARPATHIANS BEND

(Suminary)

Preliminary results obtained regarding the quantity variation of
free carbon dioxide in mineral carbogaseous waters from five sources in
the inner part of the East Carpathians bend (Covasna county) are pre-
sented. Dosings of free CO, have been made once a day, in the morning
for almost 4.5 years (1978 —1982). The revealed fundamental phenome-
non is the same one with any other source of moffetic or free CO, in car-
bogaseous waters on Romanian territory, studied up to now. This pheno-
menon occurs in the following way : the daily dosing of quantity (prefe-
rably for as long as possible) is inscribed on a complex curve made up of
successive oscillations of maximums and minimums having periods of
many years, many months, many days, many hours (in the case of interval
having dosings at least once at every hour). All those oscillations overlap
one aunother: shorter periods ones on longer periods ones, and so on.

The presented results refer to the CO, rhythmicity determined
on annual and monthly average values (Pl. I), as differences with a plus
or & minus sign (- A002), as aoalnst the average of the studied interval,
as well as the da,y variation as a-gainst the monthly average or that of the
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interval (Pl. II). The drawn graphics were mediated (the thick curves
interrupted) in order to point out the oscillations (in harmonic mean)
having average periods of 20 months or 10 days. The segments of these
oscillations are overlapped on others which are closely subordinated,
maximum and minimum, having 2—4 months periods, or 2—4 days
respectively. Future researches of this phenomenon concentrate on the
problem of knowing the internal and external causes that generate the
complexity of the presence of 0O, quantitative variable in any point of
emergency (in fact in the Earth erust). o

EXPLANATION OF PLATES
Plate I -

Graphies of monthly average variation of free CQ, content, daily dssing the carbogaseous

mineral waters extracted irom one of the sources of five hydromineral deposits in the Co-

vasna county, as against averages of the interval covered with observations (1978— 1982).

Mediating graphics (the interrupted thick curves) point put maximum and minimum oscil-

]atioris, 20 months long as an average, on whose segments closely subordinated 2—4 months
long oscillations overlap.

Plate II

Dai.ly variation graphics of free CO, content, determined on the basis of the same daily dosings,
at sources of the same hydromineral deposits, as against monthly averages of ihe interval
(March— April 1978). Meydiating graphics (the interrupted thick curves) point out maximum
and minimum oscillations which are 10 days long as an average, on whose segments closely
subordinated 2—4 days Jong oscillations overlap. Vertical hatches mark the days when dosings
were not performed while curves pointed by the minimum apexes from the first diagram
(Biborteni) to the last (Poian— Nemere) defined the simultaneity degree of the rhythmicity
: with a 10 days period as an average.

B . . A -
_i: L Institutul Geologic al Romaniei

an
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STABLE ISOTOPES IN HYDROGEOTHERMAL
STRUCTURES IN ROMAXNIA!
BY '
PETRE CRACIUN2, VAN BARNES?, TODERITA BANDRABUR?

Geolthermel systems. Aquifers. Siable isolopes. CV3: D GIS,
Theimal welers. Groundwaler, Rein feil. Frovenance. lgmania.

Ahstraet

On the basis of the analysis of dala on stable isotopes (D). O and C1%) determined
on fluids in Romanian geothermal struetures, the melcoric provenance of walers accumulated
in them is established. Carbon isotopes, both from bicarbonates dissolved in ground waters

and from free €Oy, indicate some C!¥ values close to those in carbonate rocks, and cothers to
ithose in the mantle.

Késumé

Isotopes stables dens des struciures hydiothermeles de le Roumanic. A base de Ianalyse
des données d’isotopes stables (D, O et C8%) dgéterminés dans des fluides des structures
géothermales de la Roumanie on établit I'origine météorique des eaux y accumulées. Les iso-
topes de charbon, tant des bicarbonates disolvés dans les caux souterraines que du CO? libre

indiquent certaines valeurs pour C 12 proches des celles de r1oches carbonatiques et d’autres
proches de celles du manteau. '

Introduetion

While studying geothermal structures, the problem of differen
hydrogeochemical types origin and forming conditions has been & main
concern for a long time.

Among the present successfully used methods in this matter, the
eriterion of stable icotopes has known a wide development, being applied
to a series of aqueous systems.

1 Received May 3, 1984, accepted for communication and publication May 5, 1984.
? Institutul de Geglogie si Geofizicd, Str. Caransebes 1, R— 78678 Bucuresti 32.
¢ US Geological, Menlo Survey Park, California, USA.
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In order to reach the goal we pursue in this paper we mention that
by the isotopic method, problems of genesis have been touched, arnong
others, for deep aquifers in sedimentary basins (Hitchon and Friedman,
1969 ; Gutsalo et al., 1974 ; White et al., 1973 ; Maliuk and Artemchuk,
1974), in orogenic systems to which voleanic formations are associated
or not (Barnes, 1974 ; White et al., 1973 ; Dowgiallo, 1974, 1978, Bua-
chidze and Buachidze, 1974, etc.) as well as in active geothermal systems
(Gutsalo and Vetshtein, 1974 ; Panichi et al., 1974 ; Craig, 1963 ; Clayton,
Steiner, 1974, etc.).

In Romania, during the last two decades drilling investigations
were developed for the identification and the outlining of geothermal areas,
which discovered many thermal and mineral water sources. (Ghenea et
al., 1981; Bandrabur et al., 1984),

The wells that produce waters or gas water mixture present fa-
vourable conditions for performing hydrochemical and isotopic analyses
carried out during the last years. Thus determinations have been made,
especially for Deuterlum, in mineral or thermal waters in local structures
(Blaga et al., 1981, 1984).

As a result of a collaboration between I.I1.R. — Italy and I.B. H.
Bucharest measurements on O have been extended, which referred to
thermal waters in Oradea — Satu Mare and Arad areas and, partially,
on CB¥ in waters coming from the last mentioned area (Tenu et al., 1981).

In order to obtain certain indicatory genetic elements regarding
fluid accumulations, a first set of samples from the main geothermal
systems in Romania have been collected, which have been a.nalvsed iso-
toplcally by one of the authors in the la,boratones of U.S.G.S. — Menlo
Park, California — USA.

In this paper we present the results of the isotopic analyses of
water samples and some CO, samples, preceded by some hy drotreologlcal
characteristics.

Spatial Distribution and H)drogeologwal Ch‘uaeterlzatlou of the
-.Analysed Sourees

The drilling, investigations, performed almost to the last by an
exploration enterprise pointed out important thermal waters accumula-
tions in four major structural units of the Romanian terrltorv, namely :
the Pannonian Depression, the Getic Depression, the Orogenic Carpathian
System and the Moesic Platform.

Large geothermal areas were outlined only in the Pannonic De-
pression, while in the rest the sources of thermal waters have a local
distribution.

The o'eogremphlc dlstnbutlon of the Wa,tel samples is the followmv
(Fig. 1, Tab. 1): the Pannonian Depression — the Oradea — Saculenl
area — 12 thermal water samples and one CO, sample (free gas) in water;
the Getic Depression — Cidciulata — Céliminesti area — 4 water sam-
ples; 12 water samples were collected from the Carpathian system and
the intra-mountain region, of which 7 from the East Carpathians area,
3 from the Southern Carpathians and 2 from the Apuseni Mountains.
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Two CO, samples were collected from the East Carpathians. Finally,
5 single water sample was taken off from the Moesic Platform.

In the Pannonian Depression the main geothermal reservoirs belong
to the Triassic, the Cretaceous and the Pannonian formations.

The Triassic and the Cretaccous are characterized by a carbonatic
facies (limestones and dolomites), spreading in the Felix—Oradea—
Bors area.

The Triassic thermal waters have been identified at depths below
2000 m, have an artesian character and have temperatures between 30
and 130°C; the Cretaccous (Barremian) ones are coming from the depths
varying between 100 and 1280 m, are artesian and have temperatures
between 29 and 49.50°C.

The Pannonian thermal waters are accumulated in granular deposits
at a depth below 1200 m and are spread in the West Plain; the waters
are under pressure owing to both the structural conditions and the pre-
sence of the gases (especially methane) and have temperatures between
5G anc 93°C.

From a chemical point of view, the waters in mesozoic carbonatic
rocks usually have reduced mineralizations, varying between 0.5 and
2.0 gr/l, excepting the waters in the Bors (Triassic) area, where owing
to the structural conditions, these are metamorphosed, and present imi-
neralizations up to 15 gr/l, the Triassic waters belong to two hydrochemical
facies : calcic sulphated (Oradea area) and sodic chloride (the Bors
area), and the Crefaceous ones take part in the calcium — hicarlxnate,
caleinm — sulphate — bicarbonate or sodimm — bicarbonate types.

The thermal waters in the Pannonian sands present mineraliza-
tions of 0.24—5.71 gr/l, mainly belonging to the sodinum — bicarbonate
type and, more rarely, in the sodium —.chlorine — bicarbonate type.

In the Getic Depression the collecting formations of thermal waters
belong to the Upper Cretaceous (Senonian) and to the Miocene (the Bur-
digalian, the Helvetian and the Badenian).

The Senonian is represented by sandstones and microconglomerates,
making up the northern wing of the depression, which comes into tectonic
contact with the crystalline of the Southern Carpathians. The Senonian
has been explored at Ciciulata a 3250 m thickness, the crystalline base-
ment being situated at even a larger depth.

The Senonian thermal waters are artesian, circulated by methane,
its superior homologouses, sulphidle hydrogen and have temperatures
varying between 25 and 90°C.

The water mineralization varies between 2.5—20 gr/l, being iden-
tified with the sulphur — chlorine — sodium — bromine-iodine type.

In the Carpathian Orogen, the analysed thermal waters are accu-
mulated, to the greatest extent, in the volcano — sedimentary coraplex,
exceptionally in Triassic limestones (the Toplita area). The volcano —
— sedimentary complex mainly develops in intramontane depressions
and is made up of agglomerates, microagglomerates, andesitic tuffs and
lavas, and these are underlain by cretaceous marlstones.

Thermal waters come from dephts varying between several tens
meters and 800 m; they are artesian, usually accompanied by carbon
dioxide, with temperatures between 20—-64°C .
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Generally their mineralization is low varying between 0.9 and 6 gr/l,
asx for the hydrochemical type, the bicarbonate-sodium and calcium
ones prevail, which turn into the bicarbonate — chlorine — sodinm type
and the chlorine — sodium one as the depth increases. Almost all sour-
ces that appear in the moffete aureola have a relatively high CO, gas
content. ' o

Among isotopically analysed waters there are some cold waters
too (8—10°C), coming out from ecrystalline limestones outcropping at
Barsee and the ones at Poiana Cognei accumulated in Paleogene sand-
stemes belonging to the trans-Carpathian flysh. They usually have a low
mineralization, rarely reaching 5.5 gr/l. and are rich in bicarbonate,
calcinm and  CO,,.

The ramples from the South Carpathians that are available come
from tne Herculane Spa; Here thermal waters are accuniulated either
in limestones and Neojurassic dolomites, or in the Cerna granite, both
atfected hy systems of directional and transversal faults. Some of these
waters are from springs (7 warm springs), while others are collected in
flowing boreholes which produce from depths varyiug between 200 and
600 m. The water tetnperature varies between 40° and 61°C, and are
artesian, containing CH, and SH,. In their chemical composttion ¢hlorine
and sodium jons prevail, while mineralization varies between 0.5 —3.5 gi/l.

In the Apuseni Mountains 2 water samples were collected : a ther-
mal one, at Geoaginu — Bii and a cold one, at Bielia, where also a-free
CO, sample was taken oft (Fig. 1).

At Geoagiu — BiAi thermal waters are accumulated in Karstified
and faulted crystalline limestones, in sandstones and Cretaceous limesto-
nes, and in Quaternary travertines : these waters come from the 15—
—150 m interval. The measured water temperature values are between
23 and 32°C, while from a chemical point of view it belongs to the bicar-
honate type being rich in calcium and sodiumn; sometimes with carbon
dioxide and sulphur hydrogen, the mineralization exceeding 1 gr/l.

The second sample is from the Biiciia zone and is zituated north
of Geoagin Bii; the water comes from Jurassic limestones, at a depth
below 40 m and has a +—4.7 gr/l mineralization, being rich in bicarbonate
and caleium with a 1—3 gr/l free CO, content.

The Moesian Platform is a large structural unit, where a series of
important geothermal anomalies were outlined, while only one was veri-
fied by drillings, situated in the eastern part of it, on the Hirsova —

Mg, 1 — Sketch of emplacements of isotopically analysed samples on Romanin territory.
A) Pliocene 4+ Quaternary; B) Miocene; C) Paleogene ;D) Mesozoic: E) Paleozoic; )
Upper Proterozoic: G) Crystalline formations; H) Ncogene volcanic rocks;t) Old alpine
volcanic rocks: J) Ilercynian alpine intrusions; IX) fault: 1) drifting; M) sample
emplacement (No). 1, Biiciia; 2, Poiana Cosnei; 3, Borsec; 4—5, Ciuc Mis.; 6, Midiras;
7, Foplita; 8—10, Herculane Spa; 11, Geoagiu Spa; 12—15, Ciciulata; 16, Caliminesti;
17. Piua Petrii; 18 Bors; 19—22, Sicuieni; 23—25. Oradea; 26— 27, Ciumeghiu; 28—29

Marghita ;30 Tasnad; 31—32, Tusnad.
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e
&t

Insuritei line, in the continuation of the Ovidin — Capidava fault. The
water sample was taken off from a flowing borehole at Piua Petrii, out of
Jurassic limestones situated at depth between 544 and 812 m. The water
temperature is 40.5°C and the aquifer is artesian, having a 2.2—2.8 gr/i
mineralization, helonging to the sulphur and bodlum chlo1 ide type (HyS =

= 44.2 mgrr/l)

&

Results of Isotopic Analyses and Their Significance

The determinations of stable isotopes upon fluid samples took into
account Deuterinm and O of the water molecule composition and €3
vainly in disolved bicarbonates, while in the case of three samples also
(8 of free ('O, in water was analysed.

The isotopic values for 1) and O are given ax deviations in  parts
per thousand of the D/H reports and the OO0 ones respectively os
coompured with the standard average occan water (SMOW), thus:

5D — (_(D]U) sample

> 1000
(D/I) SMOW )

sOis — ((OOT) swwple 4} . 450
(015/018) SMOW

The €13 contents are expressed in coMmpu rison with PDB standard.

The D and O isotopic (mnponltlon in walers can reflect the nature
of primary sources or of the resources which supplied the aquifer forma-
tieon as well as certain processes of mixture between various genetic water
types.

Important variations in the D and O*® content of waters rather
lontg residing in the aquifer formation can appear under the influence of
isotopic exchange between water and rock processes.

From the point of view of the origin of subterranean waters, one’s
attention is frequently focussed upon three main categroies of »om‘oea:
seeanic (marine), meteovic and magmatic water. Each of the mentioned
primary types is characterized by a special ratio between average contents
of Deuteritun and O 8. Moreover, for the same water main types (oceanie,
maeteoric or to a smaller exteut maginatic) variations of the 3D/30 8
ratio compared with the geographical position of the respective source
weye noticed. Anyway,in a global graphic representation of the 81 —
— 308 correlation a separation between three distinet areas of isotopic
cortents 18 obvious (Fig. 23.

In Figure 2 the median line of meteoric waters ix drawn, having
the equation 3D = 8 30 18 - 10 (Craig, 1961), (AB line) as well as the
lir.e of meteoric waters characteristic of SE Europe regions, with the
3T = 3308 —+ 22). (Nix, 1967). At the sae tinie we have to point
out the wide domain of 3D spatial variation for surface flowing waters,
on Romania’s territory (3D = 37--101%,,) (Blaga, 1934).

If the median point of the local meteoric waters (A) iy linked to
the point of the central area of the magmatic waters point (C) the mixing
line of the two genetic types (AC) is obtained. Similarly, one can confi-
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11 STABLE ISOTOPES IN HYDROGEOTHERMAL STRUCTURES 27

eurate the mixing line between subterranean waters of oceanic origin,
with waters of magmatic origin (BC line), (Gutsalo and Vetstein, 1974).

Although in nature there appear such categories of subterranean
waters, as a direct result of two genetic tvpes mixture, we have to point
out the fact that in great sedimentary basins or orogenic svstems also
aqueous accumulations with metamorphosed waters are found. In explai-
ning the forming conditions of those we take into account geochemical
processes, while mixing phenomena may lack.

Barnes and O'Neil (1974) analyvsed such metamorphism processes
of some subterranean waters located in Northern California and in oroge-
nic regions in Chekoslovakia.

In the case of geothermal svstems, genesis problems of aquifer
accumulations become more complex, as in those, besides some of the
mentioned phenomena, also specific processes can take place, the most
frequent being the isotopic exchange between water and rock (Barnes,
and O'Neil, 1974, fide Craig, 1956). As a consequence of this fact, in some
samples, an enrichment in 0¥ appears, although they are of meteoric
origin. .

Some of the above described criteria will be applied to the expla-
nation of the origin of thermal waters from which isotopically analvsed
samples were taken off. For thermal waters in the Pannonian Depres-
sierr, 3D — 30 18 corvelation presents different characters between repre-
sentative aquifer formations in different regions and even within the
serne formation (Fig. 3). The most part of water samples isx plotted in
the proximity of average meteoric water line and along a segnient parallei
to these, which suggests the meteoric origin of the respective thermal
waters. ,

In the mentioned category we include a part of the waters located
in the Upper Panmonian (samples 23,29, 30, Marghita — Tisnad area),
in Cretaceous sandstones (sample 26, Ciumeghiu area) and partially, in
the Triassic carbonate facies (sample 23, Oradea area). One remarks
the fact that the most of these samples are situated at the lower part of
the meteoric water line, having 30 content below 7%/,,. Unlike the dis-
cussed samples, a part of the waters located in the Cretaceous sandsto-
nes and carbonate Triassise rocsk present a relative enrichment in 30 %,

Fig—2 The SD—30 Y corrclation for sublerrancan walers in geothermal areas on Romanian
terzitory. 1, INarghita—Cdlimani area: 2, Ciciulata—Calimanesti area; 3, the lerculane Spa
area: 4, The Pannonian Depression area; 5. the Geoagiu Spa — Diciia area; 6, the Mce-
esic Platform area; 7, Borsec arca: The numbers of samples arc thosc in the table: 8, oceanic
water; 9, Tjuvenile” water; 10. Black Sea water (Veststein ct al.1974.): 11, AS Vuriation
doszain .of 1) in surface flowing waters on Romania's lerritory (Blaga, 1081): 12, m.w. ]
maeieoric waters line (SE Lurope) (Nir, 1967): 13. m.Lm.w. — median line of neteoric waters
{Crzig, 1961); 14, A.C. — water line coming [rom the meleoirc watcrs mo!zlmorpliosis or

miixiure- belween the "meteoric and “juvenile” types: 15. B.C. — water line coming from

the mixture between the occanic and juvenile 'y}
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13 STABLE ISOTOPES IN HYDROGEOTHERMAL STRUCTURES 29

(Borg and Ciumeghiu areas, with §0%® = — 5.5%/). A common chemical
characteristic of these waters is their belonging to the same type, namely
rich in C1 — Na. As it was remarked in the case of Northern Carpathians
(Dowgiallo, 1974) it seems that the increase in O 8 isotopic content with
marine component waters has a direct relationship with the mineraliza-
tion degree. This tendency seems to be observed also in the conditions
of the sunk tectonic blocks — Borg and Ciwmeghiu — an aspect which
can be seen in Figures 4,6. Above a certain degree of mineralization,
corresponding to a high Cl content (probably over 100 m.eq./l), the heavy
isotope content (0%) becomes richer. Not the same situation is suggested
by the 3D — HCOj; correlation, where an oscillation of the representative
line appears (Fig. 6). Instead, 3D-—Cl correlation can come in support
of this idea, if we take into account only thermal waters in the Bors and
Ciumeghin tectonic structures.

A similar aspect is presented by the correlation between 30 ¥ —
— aquifer temperature, where over the approximate reservoir tempera-
ture of 90°C, and 3019/, increase up to a 5.5 °/,, value is outlined. This
dependence can be noticed only in Borg — Ciumegiu thermal waters which
have temperatures higher than 90°C. For low-temperature aquifers, an
influence of temperature upon isotopic exchange is not obvious since on
the 8D — reservoir temperature plot, no clear correlation is found (Fig. 8).

In the 8D — O representation (Figs 2,3), a special case is presen-
ted by the Oradea fluid samples, characterized by a large deviation to-
wards positive 30 8 values. They are markedly separated from the rest
of the samples taken off on Romanian territory. This O enrichment
reaches for 80'® = - 3.59/,,, which corresponds to a -+ 99,, deviation
from linear regression of meteoric waters by this position, the respective
waters would be closer by origin to the magmatic water area. This fact
is hardly acceptable as we know that the aquifers are located in Triassic
limestones situated in an up-lifted block. Besides, it is known that these
formations are continued towards the East with the same deposits crop-
ping out in the Pidurea Craiului Mountains. The only explanation of this
isotopic anomaly that we suggest refers to the existence of an intense
process of isotopic exchange between waters and Triassic carbonatic
rocks. In support of this hypothesis there are also the analyses results
for the 8C' isotope that indicate the carbonate rocks as source of the
carbon in HCO, (3C® = — 0.64-29%,).

The O isotopic content in the aquifer generated in Pannonian,
sequence analysed in this paper generally belongs to the interval found
by Tenu et al. (1981). For the other aquifers in the Panncnian Depression
the isotopic analyses discussed here, show a greater enrichment in (O
than the ones published in the mentioned paper.

Regarding the carbon isotope (C%) we present comparatively in
Figure 9 the isotopic composition for some natural carbon sources and the
contents determined in certain thermal waters in Romania. For detai-
ling, in Figure 10 analytical data on individual C %, on geothermal struc-
tures, are plotted.

In Figure 9 it is pointed out the fact that carbonate deposits could
represent a possible carbon sourece for the thermal waters in the Panno-
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15 STABLE ISOTOPES IN HYDROGEOTHERMAL STRUCTURES 31

nian Depression. Within the geothermal system in Mesozoic formations,
such deposits are widely developed in the Oradea — Borg area. In the case
of thermal waters in Pannonian sands, calcite in these deposits could
constitute the carbon source.

On Figure 10 one can notice that thermal waters in the Sicuieni —
Marghita area have a wider variation for 3C!3, symmetrical as to the
zerg point of the value axis. However, the value frequency is higher in
the 0 -~ + 29/ . interval. For the water samples with a slighter C 13 con-
tent (8C3 < 59, PDB), the latter source is part in assigned to the orga-
nic matter proved by the presence of certain hydrocarbons in the Panno-
nian deposits.

The thermal water samples taken off in the Ciciulata — Calim3nesti
area are usually plotted close to the same segment mentioned in the case
of the Pannonian Depression, namely parallel to, and close to the median
line of meteoric waters (Fig. 2). As for the variation domain of isotopic
composition, it belongs to the interval corresponding to the Deuterium
content established for river waters on Romania’s territory (Blaga,
1984), an exception being sample 15. Consequently it can be supposed
that meteoric waters could respresent the origin source of thermal aqui-
fers located on the Northern slope of the Getic Depression, affected by a
0% enrichment as a result of isotopic exchange.

The isotopic content plotted against the depths (Fig. 4) shows
that up to an average depth of 1000 m a quasilinear increase of the
isotopic composition (D and O) is outlined, followed by the disappea-
rance of this dependence. The same aspect is reflected also in Figures
5, 7, where are plotted mineralizations — O, C1 — O and the same for
3D (Fig. 5—7), a fact explained if we take into account the positive de-
pendence between aquifer depths and the mineralization degree of ther-
mal waters.

The 3C! isotopic composition variation, in the dissolved Dbicar-
bonates, is placed on the — 10 = + 1,29 interval. For the samples with a
rich C'? content, we consider the calcite from sediments as a carbon source
or the cementation matrix of sandstones or conglomerates.

In the case of thermal waters with a slighter content (3C 12 <
< 5%, m a mixed origin is possible, carbonates and organic matter,
taking into consideration the existence of mmethane gas in the area.

The water samples taken off in the area of the volcanic system
Harghita — Cdlimani are plotted in the lower part of the meteoric water
line (Fig. 2). This position corresponds to slighter O 8 contents, for §0O18
respectively, lower than 109/, and similarly for Deuterium, 8D < —
— 70 %/4,- The isotopic contents plotted in the proximity of the meteoric
water line and in the lower part of the latter suggests the fact that the res-
pective thermal aquifers were formed as a result of water infiltrations of
rainfall in mountain areas, in close regions. Due to relatively small shifts
(~ 0.39%) of certain samples plots (No 4, 5,7) in the positive sense of

Fig. 4 — Correlation between the isolopic composition of D and O and the average depth
of aguifers. 1, Paunenian Depression; 2, Ciciulata—Céliménesti area; 3, Herculane Spa
area.
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Lt

the abscissa, it can be supposed that in the respective aquifer svatems
there took place some isotopic exchange between rock (carbonates) and
infiltration water, resnlting in a relative O enrichwment. This aspect
reflects uniform isotopie conditions as to the genesix of H(O; — Na*
and HCO; — Ca* 2 rich waters in the avea.

In the Borsec and Poiana Cosnel zones, the isotopic contents of
analysed cold water samples arc approximately plotted on the median
line of meteoric waters, which in fact coustitute the supplving source of
the respective aquifers.

As for the origin of the carbon in waters, the three performed analy-
ses show that Loth CB¥8in HCO; and €2 in free gas CO, (Tusnad area),
at least in part come from the (probably ‘Lhemml) ransformation of
gsome marine carbonates or of some carbonatic mineral associatiom (Fig.

, 10).

An alternative explanation for free CO, gas would be a mixed origin,
ramely of carbonatic and magmatic (in mantle) reactions, respectively.
But even in the latter hypothesis, an estimation of paltlupdll() 1 of the
two sources shows a 1:3 ratio in the favour of the metamorphic (of car-
bonatic rocks) component. As for the thermometamnorphic mechanism
itself, cuhlluon(ml studies are needed to provide new data.

In the case of the Herculane Spa geothermal structure, the isotopic
data are plotted in the proximity of the meteoric water line and the cen-
tral area river corresponding to water (Fig. 2). One can notice a relative
0¥ uniformity for the analysed samples. It is possible that analysed
waters in the Herenlane area would not have undergone important meta-
morphie processes in their way from the surface to the aquifer.

In the Southern part of the Apuseni Mouniaing the Geoagin Bii
and Biciia water samples have an isotopie composition similar to rain
waters, corresponding to some nedian points on the meteoric water line
(Fig. 2). Carbon isotope (H(C130,) presents @ value (3 (13 == - 2.2 )
that also suggests reactions in &ome marine limestones. Ct3 determlncd in
the gas CO,, could come from two sources : first, the caleite in some carbo-
natie rocks and out of organic matter decomposition, and second, froin the
first sourcs combined w1th a magmatic component (Fig. 10).

A thermal water sample in the Moesian Platform (Piua Petrii)
indicates a meteoric source, but with a relatively high degree of meta-
morphisim ; that is, since the plotted point shows an increase in 30,
with approximately - 3. 5% value.

Conclusions

The isotopic research on subterranean fluids included the main
geothermal structures on Romania’s territory lying both within the
Carpathian orogenic system and in sedimentary basins (depressions aud
platforms).

The general characteristic of the analysed thermal waters, pointed
out be the D and O isotopes indicate, with rare exceptions a meteoric
origin, 1o matter whether these fluids are aceumnlated in strucrures asso-
ciated with more recent voleanie formations or not.
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In deep thermal aquifers, located in sedimentary basins, like the

Pannonic Depression,.the Gctlc Depression and the Moesian l’lat1011n,

a differentiated O enrichment is found as a result of an isotopic exchange
between rock aind water.

As for the (13 isotope from the analysis of data obtained in this
paper, in comparison with the main natuwral sources, it is obvious that
great part of free gas CO, comes from some car.l)onatlc.ro(ks as a conse-
quence of a thermometamorphic process.

Taking into account that this isotopic research is developing ifor
the first time at the scale of the entire Romanian territory, we consider
that the obtained results have a preliminary value, necessitating detailed
researches.
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1ZOTOPI STABILI IN STRUCTURI HIDROGEOTERMALE
DIN ROMANIA

(Rezumat)

Cercetarea izotopicii pe probe de fluide geotermale de pe teritoriul
Romédniei se referi la determinarea deuteriului, 0 i C** in ape §i gaze
dizolvate. Probele de fluide analizate provin din stiucturi geotermale
situate in cadrul sistemului orogenic (Carpatii Orientali, Carpatii Meri-
dionali §i Munt{ii Apuseni), precum gi din bazine de sedimentare de la
exteriorul acestuia (depresiuena pannonicd, depresiunea geticd si plat-
forma moesici). _

Caracteristica principaldi a apelor termale analizate evidentiatii de
izotopii D si O, cu rare receptii, o reprezinti originea lor meteorica.
Pentru apele din bazinele sedimentare se remarcd o imbogéitire diferen-
tiatd in O fatd de apele meteorice.

Misuritorile izotopice de carbon indicd unele wvalori 3C® apro-
piate de cele ale rocilor carbonatice ; totodatd apar gi continuturi pentru
acest izotop, sinilare celor determinate in CO, provenit din manta.
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THE GEOTHERMAX CONDITIONS IN THE CENTRAL
PART OF THE OLT — ARGES INTERSTREAM!
BY
PETRE CRACIUN?, PAMFIL POLONIC?

Geothermel systems. Geothermal gradienl. Aquifers. Carbonale rocks. Neocomian. Malm.
Simulation. Mathemalical method. Water wells. Thermal eirculation. Hydrogeologic maps.
Getie Platecu— Colmeana Platform — Romaniar - Plain — Western. Romanian Plain —
— Area between Ol and  Arges.

Abstraet

The analysis of slructural geolegical characteristics of the Olt — Arges area led to
the identification of certain permeable ceomplexes lying at depths greater than 1500 m in
the Moessic Platform and between 1000 and 2000 m1 in the South of the Getic Depression.
in the platform, where thermal anomalies are more important (average geothermal gradients
being between 3.5° and 1.5°C), Malm — Neocomian carbonate eomplex is the main water-
bearing collector developed in a relalively large thermal field (85°—130°C). Three geothermal
areas are outlined, one of which, tl¢ Ciesti — Buzoesti — Vullurecanca in the northern part
of the platform being the most developed. On the basis of the numerical simulation of the
tliermal transfer in the geothermal wells a temperature approximation is obtained at ihe
surface for thermal water, in the case of the conventional discharge of 5 I/s. For the mentio-
ned geothermal struciure a surface temperature interval of 70°—90°C resulled. ‘

Résumeé

Les conditions géolhermeales de la fartie centrale de Uinicrflcuve Oll— Arges. L'analyse des
caractéristiques géologiques siructurales de la régicn cnire I’ Olt ¢l I Arges a mené a
Yidentification des complexes perméables situés a des profondeurs c¢e plus de 1500 m dans la
plate-forme Moesienne et entre 1000— 2000 m au sud de la dépression Gétique. Dans la plate-
forme, ot les anomalies thermiques sont plus impertantes (gradients géothermigues moyens
de 3,5—4,5°C) lec complexe calcaire malm-néocemien est le collecteur aquifére principal déve-
loppé en champ thermique élevé (85°—130°C). Sont délimitées trois zcnes gécthermales, des-
quelles 12 structure Ciesti—Buzoesti— Vultureanca, de la bordure nord de la plate-form

a

i

1 Reecived June 2, 1988, accepted for communication and publication June 15, 1988.
2 Institulul de Geologie si Geofizicd, Str. Caransebes, nr. 1, R 79678, Bucuresti 32.
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le plus grand développement. A base de la simulation numérique du iransfer thermique aux
puits géothermaux, on obtient 1’¢cart de lempérature 2 la surface pour Peau thermale, au
cas du débit nominal de 5 lys. Pour la slructure géothermale mentionnée a résulté un in-

tervalle thermique de 70°—90°C.

1. Introduetion

The study area is lying between the Olt and Arges rivers, throughout
an area that belongs to the Getic Depression and the Moessic Platform.

Researches started from finding hypothermal waters in the northern
sections of the Getic unit and fron recording positive anomalous tempera-
tures in a series of drilled wells on the depression and platform areas.

In order to determine some presumed geothermal structures that
probably develop to depth throughout this area it was necessary to provide
additional information about structural conditions, the thermal field
parameters, as well as that of the cxistence of some favourable water-bea-
ring formations.

Further on we are going to present a part of our results regarding the
location of geothermal anomalies. a contouring of their related area accor-
ding to the critericn of the thermal characteristics of the recoverable
energy source.

2. Geologieal Setting

The area is rather well known geologically due to the research of
Olteanu et al. (1953), Popescu (1954), Moldovan et al. (1961), Motag et al.
(1966) for the Getic Depression and those of Grigoras et al. (1963), Pitrug
et al. (1961), Popescu et al. (1967, Paraschiv (1966, 1979) and Visarion
et al., (1¢87) for the platform.

The Getic Depression appears as a premontaneous depression lying
between the crystalline nucleus of the Southern Carpathians and the Moessic
Platform, formed by the sinking of those areas belonging to the flysch and
molasse (sandstone) units of the Carpathian Orogen.

In the Getic Depression Cretaceous, Paleogene and Miocene formati-
ons folded and thrust southwaids over the plattorm are developed. These
are found covered by Neo-Sarmatian-Pliocene rocks common to the
depression and the platform.

Information aboul pre-Neogene formations was given by drilling.
Thus in the Stilpeni area the section crossed by some drillings indicated
the presence of the Valanginian — Hauterivian (Sinaia strata), the Aptian
sandstone, Vraco — Cenomanian (Dumbrdvioara strata) and of the
Senonian (red marls of gura Beliei).

On the northern part of the unit there are only final terms of the
Cretaceous, a conglomerate complex and an upper complex, made up of
alternations of marls and sandstones, both reaching a 2000 m thickness.

The Paleocene — Bocene is known under two facies: a carbonate
one, mostly reefal on the edge of the Fagiras crystalline and another one,
a flysch southern one — Sotrile facies.
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The Oligocene iz generally made up of a gritty conglomerate lower
zart that contaius conglomerates (Cheia conglomerates), marl clays and
the Corbi sandstone, and a marl-clayey upper part with intercalations of
sands and sandstones similar 1o the facies of the Pucioasa strata. East of
the Tirguui river, the Oligocene covers an c\cluswelv pelitic facies,
known as the Valea Caselor facies.

The Lower Miocene contains a series of conglomerates in the basis
that gradually passes to the sands towards the upper part. The succession
is continued by a marly complex that on the northern part contains gravel
intercalations. .

The Middle Miocene (Badenian) is disposed discordantly, on the flanks
of the depression. On the inner flank, the Badenian is characterized by the
presence of globigerine tuffx and maﬂs, tollowed by the upper salt- bearing -
formation (th Salt lenses), radiolarian schists and Sptrialis-bearing marls
On the outer flank, where the Badenian has directly fallen on the Creta-

ceous, the latter is represented by maials, sandstones, maily hmeqtonm,
anhvdrite and limy sandstones.

The Moessic Platform. Its basement is known in its area of maxi-
mum rising — Baly — Optasi, where it appears made up of epimetamorphic
schists pervaded by granitic, granodioritic intrusions, gabbroes and Her -
cynian diorites.

The sedimentary cover contains Paleozoic, Triassic, Jurassic, Cre-
taceous and Neogene rocks and have variable thicknesses, more reduced
on risings (about 3000 m), while in sinking areas reach 6000 m.

The Paleozoic is represented by predominatingly detrital and carbo-
nate, complexes, like the lower detrital series (Cambrian — Lower Devo-
nian), dolomitic limy (Middle Devonian — Dinantian) and the wupper
detrital one (Namurian — Lower Westphalian). These series continue
the sedimentation and a general exposure throughout the platform fol-
lows. :

The Permtian — Friassic. It includes three distinet lithofacial com-
plexes :
the lower red series represented by an alternation of marly clays,
sands and sandtones intercepted by drillings (Slatina) and which has a
basal part attributed to the Permian;

— the dolomitic series bearing cva,por ites at the upper part (Middle
Triassic);

— the upper red series predominatingly clavey marly bearing inter-
calations of anhydrite, gvpsnm and basic voleanie rocks.

An interruption of the sedimentation follows the Triassic, and it is
resumed in the Middle Jurassic — by a detrital section — followed in the
Upper Jurassic and the Lower Cretaceous by a carbonates sedimentaticn.
In the Upper Cretaceous a sandstone, limestone and maxl scries follows.

At the end of the Cretaceous, the area, asin the entire platform
undergoes an extended rising, entering into a long continental stage. As
the chlmentatlon is vontinued in the Badenian in deep areas and in the
Sarmatian in higher parts of the platform.
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Beginning with the Middle Sarmatian, the Ncogene cover that over-
laps a molasse facies, sandy to a great extent, becomes common to the
platform and to the Carpathian foredeep. The Upper Miocene and Pliocene
deposits present a southwards-northwards thickening, reaching a 3000 —
4000 m peak before contacting the Getie Depression.

Structural Considerations. In the platform, the structure of Mesozoic
and Neogene formations is dominated by the Bals — Optasi rising whose
flanks fall northwards {orming the Carpathian foredeep and towards ST
in order to be linked to the Alexandria Depression. Within the Neogene
there is a series of structural forms resulted form moulding the existent
relief at the surface of older Cretaceous formations. This structure is affec-
ted by many faults, differently orientated, but presenting two main directi-
ons ; an Bast — West one which seems to reflect an effect of the Carpathian
foldings and a NV — SE one which is probably linked to older tectonie
directions.

The E — W orientated fractures form nearly parallely disposed ali-
gnments that separate structural compartments descending in stages nor-
thwards.

The structural assemblage and the formations taking part in the
composition of the two close units are illustrated in two geological cross
sections (Pl. I).

3. Geothermal Considerations

Studies regarding the geothermal regime of different structural units
in our country began in 1970 when Negoitd presented the temperature
distribution at 2000 m deep on the basis of data concerning existent mea-
surements. Similarly, we mention thie papers of Cristian et al. (1971) and
Paraschiv and Cristian (1976 a). Interesting data for geothermic flux
appear in the papers of Veliciu (1977) and Veliciu and Demetrescu (1979),
Negut (1982). Different problems regarding geothermal aspects of depth
water-bearing systems are discussed by Criciun and Bandrabur (1976),
Ghenea et al. (1980) and Bandrabur et al. (1984).

In order to point out the characteristics of the geothermal field, in
this paper we have used mainly the thermal recordings3 in the hydrocarbon
wells taking into account also the observations regarding the indications
of thermal waters. The thermal recordings were carried out in produe-
tion wells, at reservoir depths, which in our opinion, reflects stationary
thermal conditions at the level of the reservoir.

The stratigraphic levels where the measurements have been made
arc generally variable north — southwards, given the diversity of reser-
voir formations in the two structural units. In this way, the great number
of thermal measurements belong to the Lower Miocene, the Sarmatian and
the Meotian stages in the area of the Getic Depression and to the Triassic,
the Jarassie, the Upper Cretaceous, the Sarmatian stages for the areas of
the Moessic Platform.

8 Temperature stage moasuremsnts have b2 recorded by ICPPG Cimpina
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As a consequence of the reservoir formations being varied, the depth
intervals of measurements appear diverse enough, namely starting from
several hundred meters corresponding to the fluid collectors in the Sarma-
tian, in the central south part of the Moessic Platform down to about
4000 m, corresponding to the Triassic collectors, in the north of the Plat-
form:.

In order to illustrate the extension of the geothermal field areas we
have drawn up a map showing the distribution of the vertical medium geo-
thermal gradient. Generally, only one measurement of the temperature in
the well has becn made ; the cases of more measurements were rare.

Knowing that generally in sedimentary basins the vertical gradient
decreases with the depth (Criciun and Bandrabur, 19735), it follows that
by the applied procedure of averaging certain systematic ecrrors are being
made. Due to the fact that the necessary physical data are lacking (ther-
mal conductivity, heat flow), it is difficult to quantify these errors of
method at the present stage. However, using this method of approxima-
ting the gradient one can point out the positive anomalies of the thermal
field in comparison with the subnormal or normal values of the latter.
However we notice that the use of the vertical medium gradient for extra-
polating the values of the thermal field to relatively great depth can lead
to errors that affect the interpretation of the geothermal regional charac-
teristics. According to our observations, the rule of the temperature decrea-
sing to the depth in sedimentary basins is not liniar, at least on a certain
depth interval from the surface, due to the thermoconductive nonhomo-
geneity of the deposits.

By examining the gradient maps (Pl. II) one can notice certain
positive abnormal areas as well as that of minimal values ones.

On the depression area, one can notice the tendency of the medium
gradients increase, starting from the north southwards, with a quasiuni-
formity of the values south of the unit. A similar aspect has been remarked
also west of Olt (Criciun and Bandrabur, 1976).

In most cases, on the depression area the values of gradients oscil-
late around an average of 3°C/100 m, its maximum deviation being about
0.3°C/100 m. The values lower than the average are generally met in the
northern part, while to the south also areas with 3.5° C/100 gradients appe-
ared. Among local maximum values we mention the following areas :
Leordeni — Golesti, Oarja — Silistea and Cocu — Poiana Lacului. The
first area has already been remarked by Negut (1982) as having a greater
extension southwards. These small anomalies have narrow areas and are
disposed NW — SE approximately. One can notice that their development
coincides mainly with the hydrocarbon structures extension (Criciun and
Bandrabur, 1976).

On the Moessic Platform, the values of average gradients in the
northern part are distributed on a large interval, between 3—5.5° C/100 m,
respectively.

Viewing it as a whole, this part of the platform appears erossed by a
thermal field having a higher intensity, in comparison with the areas
south ot the Getic Depression. This differenciation is possibly more marked
actually, if we take into account that in the northern parts of the platform,
the values of mediwm gradients have been calculated on the basis of cer-
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tain temperatures measured at great depths, often more than 2000 mn,
sometimes reaching 4000 m (the Mitrofani area).

Within the platform area one can emphasize the existence of three
main areas of positive thermial anomalies. From north to the south these
are : Ciesti — Buzoesti — Vultureanca, Ciuregti — Strimbeni — Tatd-
ristl and Silistea — Videle — Clejani.

The first anomaly on the platform appears under the form of a W—1
orientated bhand and it develops close to the Bibegti — Tinosu regional
fault. This anomaly presents a large extension in comparison with the
others and reaches such values of medium gradients like 4. 2— 4 ,4£°C/10011.
The second anomaly, although it contains in it some gradients that surpass
4.5°C/100 m maximwn, is of a narrower area, while the temperatures are
controlled onlyabove 2000 m deep (Triassic, Jurassic and Lower Cretaceous).

The anomaly i the southern part within the Silistea — Videle —
Clejani area, is characterized by gradient values higher than 4.5°C/100m
which reflects the variation of the therinal field in an upper section or de-
posits, above 1200 i respectively. Because up to the present day we do
not have temperature data available for much greater depths, as in the
northern part of the platform, the problem of the existence of a depth
geothermal anomaly in the third mentioned area remains unclear.

4. Water~-Bearing Complexes with Potential Geothermal Conditions

In analysing the conditions of existing certain geothermal structures,
besides geothermal and geological structural factors, a speecial role is given
to the hydrogeological aspects that make complete the main characteris-
ties of the thermal system.

The development of a geothermal structure in a basin area requires
the existence of the following conditions :

- there must be a source of heat or a high thermal field ;

— a water-bearing system must develop that should be under the influence
of the said field underlain by an impermeable bed ;

— there must be a relatively wide section of deposits practically imper-
meable, that should cover the thermal water-bearing system.

Both on the platform and in the depression itis not known the exis-
tence of relatively recent magnetic bodies, that could constitute potential
sources of heat.

By means of several deep boreholes in the northern part of the

platform basaltic and graniteid intrusions were however intercepted which
are several hundred meters wide and more than 2500 m deep (the Oporelu,
Gliganu, Mitrofani, Ciesti and Strimbeni structures). This magmatic mass
is unlikely to constitute significant sources of heat for adjacent rock volu-
mes, as they were emplaced in early stages. (Permo-Triassic).
" In cases when an instrusive body took place within a sedimentary
sequence including impermeable sections slightly thermeconductive
(marls, clays, ete.), magmatites can play an important role in the increase
of the heat flow density within the volumes occupied by them.

Another factor which has a good influence upon the thermal field
is represented by the major and regional tectonic elements that affect the
depth deposits from under the thermal water-bearing system. Such crustal
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fractures are possible in the northern part of the platform, an example
being given by the alignment of the Bibesti-Tinosu fault, controlled by
means of drillings at the level of the Mesozoic. Along such a fault hotter
tluids from great depths can circulat~ upwards.

The obvious Similarity between the fracture orientation aud the main
anonialy Ciesti Buzoesti — Vultureanca suggests the possibility of
dl\plavmg such a process (P1. 1I).

In the Getic Depression, among the drilled formations that include
aquifer horizons at depths where temperatures are over 50°C, we mention
the Sarmatian, the Lower Miocene and the Paleogene.

The Sarmatmn deposits, although include some water- be‘mno hori-
zons made up mainly of sandstones, irom a therinal peint of view on the
depression area the reservoir temperatures are probably hetween the inter-
valof 30—60°C. Due to the low temperature the Sarmatian aquifers do
uot present a geothermal interest.

Within the Paleogene formation there are potential permeable layers
wiiich colleet fluids (sandstones and conglomerates), but developed only in
the northern part of the depression, where the temiperature is low. In the
central southern part they are substituted by semi-permeable deposits.

In the basal Miocene sequence, there are permeable complexes with
the potential collectors in the northern sections of the forcdeep area (the
conglomerate series) of several hundred meters wide (Galicea, Tutaua, Dom-
nesti, Musetesti). Southwards where the Lower Miocene succession develo-
lops much more reaching 2000 m sometimes, although the water-bearing
complexes reduce their thicknesses, they become themselves again by dense
intercalations of sands, grit stones and limestones. These aquifers are
located in a slightly thermal field varying between 60 and 95° C.

On the Moessic Platform the most representative depth water-
hearing complex is located in the Malm-Neocomian carbonatic formations.
According to the well data this complex acquires a very large thickness
(more than 1000 m) in the southern »art of the platform (south of Rosiorii
de Vede — Videle) and diminishes northwards reaching 400 —350 m near
the Bibesti— Tinosu fault. Southwards these deposits rise near the surface
bearing an ever thinner cover of Neogene deposits (PL. I). As a consequence
of this structural configuration the thermal field in limestones increases
from the south to the north.

Further on we mention the existence of other two series of permea-
ble fissured rocks. One of them lies in the Middle Devonian — the Lower
Carboniferous, while the other in the Middle Triassie, about which we do
not have sufficient thermal data available. Besides, the said collectors were
met decp down (excepting risen areas, Slatina — Oporelu — Optasi),
which does not justify the opportunity of investigating them by bore-
holes in the present stage.

The accumulation capacity of heat in water-bearing collectors is
mainly determined by the heat flow that influences it and by the thermo-
physical properties of the permeable rock (specific heat and thermal
conductivity). At the same time the heat flow from the aquifer system to
the surface is influenced, in the sense of its reduction, by the thermoresis-
tive characteristics of the covering deposits. It can be associated with this
process an indicator of geothermal closing degree that is quantified as
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being the combination between the average thermal resistivity or the reci-
procal of thermal diffusivity, and the thicknesses of the said deposits. The
parametric expression of this property is thus: I = M/K, where :

I, = the geothermal closing degree of the thermal water-bearing
system,

K and M are the average thermal diffusivity and the total thick-
nesses of the covering deposits. If one applies this criterion to the situation
of thermal water-bearing complexes in the platform area one can obtain
some interesting results. As we at present do not have available physical
datanecessary for the quantitative evaluation of this indicator, we only
note that, on a N-S profile, the Malm-Neocomian water-bearing complex
appears to have a maximum closing degree in the northern boundary of
the platform and registers significant reductions to the south, where the
water-bearing complex is close to the surface. In conclusion, the Ciegti—
Buzoesti — Vultureanca geothermal structure has a relatively high geo-
thermal closing degree, when compared to an aquifer at the same depth
developed in the southern part towards the Danube.

We further on refer to the criterion of the temperature gradient in
order to characterize geothermal areas in sedimentary basins.

According to Reed (1982), a geostructure is of a low temperature if
it lies in the upper proximity of the rectilinear segment that represents the
temperature depending on the depth, for:an average geothermal gradient
of 2.5°C/100 m(Fig. 1). The respective line:starts from a surface point
corresponding to' a temperature.10°C higher than the air yearly averaget -
In the case of our area this minimal temperature on the graph is 4 20°C.
The water-bearing structures plotted under the mentioned straight line
represents normal temperature aquifers according to this criterion.

The upper limit of low temperature structures is conventionally
considered to be 90°C (Reed, 1982). In our country one could include in the
mentioned category those thermal systems with which the water produced
by surface sources does not exceed 100°C.

By plotting a set of data regarding the collector temperatures versus
their depths, one can obtain a clarifying image concerning their geothermal
character. On Figure 1 +here is a preferential group of the points represen-
ting the aquifers in the two structural units. Thus the Getic Depression
wells are lined up close to the median line, while the data concerning the
Malm-Neocomian carbonate complex are separated on a band lying at a
great distance from the former in the positive sense. Also within the same
structural unit, one can outline, by means of the mentioned graphic,
the areas where the identified permeable structures have a low tempera-
ture. Thus, for the Moessic Platform the outlining of the two deep geother-
mal structures located in Mesozoic formations (Fig. 1) is confirmed, because

Fig. 1 — Location of geothermal structures of low temperature (after Reed, 1982). Per-

meable structures ; Getic Depression : 1, Meotian ; 2, Sarmatian; 3, Lower Miocene ; 4, Paleo-

gene ; Moessic Platferm: 5, Sarmatian; 6, Jurassic — Lower Cretaceous; 7, Triassic; 8, Si-

listea — Videle — Clejani anomalous area; 9, Ciuresti — Strimbeni — Tatérdsti; 10, Ciesti—

Buzoesti — Vultureanca geothermal structure; 11, Geothermal structures of low temperature ;
12, Water-bearing structures of normal temperature.
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the plotted points are situated on the right side of the drawn geothermal
gradient line.

In order to point to what extent certain parameters defining the
geothermal structure determine the conditions of heat transfer from the
reservoir to the surface a numerical simulation of this hydrogeotliermal
process was carried out (Crieiun, 1987). In this way it was established that
the main physical factors directly influencing the heat losses are: the
depth of the geothermal aquifer, the fluid velocity in the wellbore and
the geothermal gracient in the surrounding rocks. In Figures 2—3 there
are the examples of the numerical simulation for wells of 1000 m depth.,
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Tig. 2 — Variation of the thiermal transfer versus the average rate of water.
II, depth of the well (m); R, radius of the well (m); G, average geothermal

gradient ; Q, water flow rate of the well (1/s) ; N_u, average heat transfer coefficient.
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for a conventional thermal aquifer in order to illustrate the correlation
between the losses of heat, expressed as A T (thedifference between
water temperature in the reservoir and that at the surface) and the men-
tioned factors.

The simulation method was applied to a series of Dhoreholes that
intercepted thermal permeable formations within the two major structural
units. The obtained results allowed & contouring of areas where low tem-
perature geothermal structures were identified. For the Getic Depression
this analyvsiz of the water temperature at the surface was extended also
to the areas without anomalies, in order to observe the very differences
that are obtained.
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Fig. 3 — Variation of the thermal transfer at geolhermal weils versus thermal gradient. VA,
average rate of waler in the well (in/s); AT, decrease of the waler iemperature from deposit
to surface (0.C); Nu, average coefficient of transversal thermal transfer.
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The geothermal zoning represented in Plate III for the Moessic
Platform is an attempt at characterizing the geothermal waters areas not
explored yet, taking into account both the geostructural and thermal
conditions and the loss of heat phenomenon taking place at some supposed
geothermal sources. In Figures 4—5 there are simulated thermal protiles
for areas in the two structural units.

According to the results of the heat transfer simulation, the surface
water temperature for the Lower Miocene formations (th» Getic Depres-
gion), in the case of the chosen flow rate, 5 1/s, present variations on the
40 —75°C interval. The higher temperatures areas are located in the sout-
hern part of the depression, for which we give as examples the Silistea —
Glimbocata — Nord Gaesti and the Cimpu Mare — Cioboti areas. On the
Moessic Platform area thereis a gradual increase, from the south to the
north of a surface temperature level for the thermal water, in accordance
with both the gradual sinking of the fissure water-bearing system and
the variation of the heat flow where it is located. In conclusion one can
consider that the Ciesti — Buzoesti — Vultureanca geothermal structure,
in the northern limit of the platform, is characterized by a structural posi-
tion of the water-bearing system cover between 2000 and 4000 m, placed
in g high thermal field, between 90 —135° C (P1. ITI) respectively. As a con-
sequence of the great depth of the Malm-Neocomian water-bearing system,
the heat losses by means of the vertical sources are higher in comparison
with the Getic Depression. Consequently, the surface water temperature
in the case of Malm — Neocomian aquifer for a well discharge of 5 1fs, is
approximated to range between 78 —90°C. '
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CONDITIILE GEOTERMALE DIN PARTEA CENTRALA
A INTERFLUVIULUI OLT-ARGES

(Rezumat)

Analizind caracteristicile geologice structurale ale regiunii a reiesit
existenta unor complexe pereabile situate la adineimi mai mari de 1500 m,
{atingind 4000 m) in platforma moesici i intre 1500—2000 m in sudul
depresiunii getice.

Prin prelucrarea datelor termice existente privind temperatura dife-
ritelor colectoare de fluide traversate de sondele de hidrocarburi s-au con-
turat citeva anomalii pozitive atil in partea nordicd a platformei moesice
cit «i in depresiunea geticd, in regiunea dintre Valea Oltului si Valea
Argesului. Anomaliile din platforma moesicd se caracterizeazi prin
oradienti geotermici medii intre 3,5°—4,5°C/100 m, estimati pe baza inre-
gigtrdrilor termice la adincimea intre 1600 —4000 m.

In depresiunea geticd gradientii medii s-au estimat pe baza inregis-
trirvilor termice la adincimi variind intre 1000 —2000 m. Din harta distribu-
piilor gradientilor reiese tendinta de crestere a valorilor de la nord citre
sud respectiv de la 2,5°—3,5°C/100 m. In sudul depresiunii se configureazs
citeva  zone pozitiv anomale cu arii restrinse dintre care mentionfim :
Leordeni-Golesti si Oarja-Silistea.

Datele hidrogeologice disponibile aratd cf existd conditii favorabile
pentru acumuliri acvifere in complexul carbonatic malm-neocomian care
are o extindere largd in arealul platformei. Corelind aspectele hidrogeolo-
gice cu particularitatile termice se ajunge la conturarea a trei structuri geo-
termale si anume : Ciesti-Buzoesti-Vultureanca, Ciluresti-Strimbeni- Taté-
wisti st Silistea-Clejani-Videle. Dintre acestea numal primele doud se
plaseazi in cimpuri termice potentiale la adincimi mari controlate.

Conform criteriului gradientului geotermic mediu, colectoarele acvi-
fere termale din platforma moesicd se reprezintd grafic in zona structurilor
geotermale de temperaturd joasd, sensibil distantate de linia mediand a
gradientului.
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Simulind transferul termic de la acvifer la suprafaté in vederea esti-
mirii treptei termice pentru apa termald la suprafatd, se obtine o zonare
geotermalt a colectorelor de adincime. In platforma moesicd rezulti un
ecart termic de 70°—90°C pentru zona din nord si 60°—70°C pentru cea
de a doua zoni.

In sudul depresiunii getice pentru colectorii acviferi termali localizati
in Miocenul inferior se estimeazi temperaturi de suprafatd pentru apéh
in intervalul 55°—68°C.
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NUMERICAL SIMULATION OF THE PRODUCTION PATTERNS
OF THE ORADEA GEOTHERMAL RESOURCE AREA!

BY
DENIS ENACHESCU 2, RAMONA PLAVITA 3

Geothermal reservoirs. Geolhermal systems. Simulation. Numerical models. Finile elements
analysis. Production. Oplimization. Pannonic Depression — Area between BMures and
Crisul Repede — Area between Crisul Repede and Ogas.

Abstraet

The cificient exploitation of heat around the Oradea hydrogeothermal area is possible
anly by injection of thermically worn-out waler in the reserveir. This allows a higher produc-
tion of the Oradea area, without disturbing the discharge conditions of the 1 Mai— Felix Spas.
Three production patterns arc proposed, the best pattern being established on the basis of the
numerical simulation of the reservoir pressure in semisteady state conditions. The numerical
stmulation has been carried out through a Galerkin-multistep method. ¥or the simulation the
coefficient of hydraulic diffusivily has been considered constant for the whole resérvoir, accor-
ding to the data of the interference test. The recharge has been expressed by Dirichlet type
canditions on the E and N—NW froaticrs, due to lack of information regarding the recharge
flowrate.

The best production pattern is the one thatl suggesls exiracontoural injection, with the wells
placed on an alignment paralle] to the Eastern limit of the area.

Résumé

La simulalion numérigue des varianies d’exploilalion du gisement hydregéothermal d’
Oradea. L’exploitation cilicace de la chaleur aux cnvirons de la zonc¢ hydrothermale d’ Oradea
n’est possible que par Yinjection d’cau usée du point de vue tl)cl‘miqug dans le réservoir.
Cela permct une production élevée de la zone d’ Oradea, sans affecter les conditions de débi-
tage de la station balnéaire de 1 Mai—Felix. On propose trois modéles de productions, le meil-
leur desquels est ¢tabli 4 base de simulation numérique de la pression dans le réservoir, dans

" 1 Received November 1, 1985. accepted for communication and pnblication November
12, 1985. '
* 2 Centrul de calenl al Universitdgii din Bucuresti, str. Academiei nr. 14, Bucuresti, 1.
3 Institutul de Geologie §i Geofizicd, str. Caransebes nr, 1. R 79578, Bucuresti, 32.
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des condition de demi-équilibre. On a effeclué la simulation numérique par une méthede
Galerkin — multistep. Pour la simulation, le coefficient de diffusivit¢ hydraulique a ét& con~
“ sidéré constant pour iout le réservoir, en concordance avec Jes donnécs du test d’interféreunce.
Etant donné qu’on n’a pas en ’informations concernant le débit, I’alimentation a été
exprimée par des conditions de type Dirichlet sur les [rontiercs est et nord-nord-ouest. Le meiffeur
modéle de produclion -est celui qui suggére @injection extra-contour, avec les puits piacés
sur un linéament paralléle a la limite est de la zone.

Introduetion

‘Within the area of the Oradea carbonated-fissured hydrogeothermal
system there are eleven wells producing with different potential flowrates
from 5 to 30 1/s.

The surface of the geothermal resource area is conventionally esta-
blished. It has been limited by faults whose character was deduced from
geological, geophysical and production data.

The geothermal resource area has natural rechrage throufrh the nor-
th-western and eastern limits while the other limits are conbxdered barrier
boundaries. The recharge flowrate has not been determined thus the
recharge boundary condltlons are expressed by a constant pressure during
the ‘production.

The hydrodynamical unit of the Oradea ‘and 1 Mai-Felix Spas geo-
thermal areas has béen indicated by the production data and the inter-
ference test carried out in 1984. The total flowrate of the Oradea wells
(80 1/s) has also been éstablished then, in order not to disturb the dlschmo'e
of the 1 Mai-Felix Spas, (Cohut, Paal, 1985).

Due to the very small recovery factor imposed by the restrictive
discharge of 80 /s the intensification of ‘the production is foreseen only
by anectlon of thermically worn-out water in order to assure the material
balance. '

)

I

Possible Production Patterns

The planned production patterns tend towards the following goals :

— an increased withdraw from the geothermal resource area;

— conservation- of the discharge- condltlons of the 1 Mai-Felix Spas;

— optimal loeation of the productlon and injection wells in order to induce
low pressure gradients and consequently to provide minimal velocities of
low and thermal breakthrough retardation.

These production patterns suppose the achievement of a flowrate of
30 1/s per well by adequate stimulation of wells.

Production pattern nuinber 1 is based on the use of existent wells,
six for production and five for injection. The scenario of this pattern is
based on the present activity of the wells. The total withdraw flowrate is
of 108 1/s and the injected one is of 150 1/s, a part of it being used’ for
balneary reasons. If the life’” of a well is supposed to he of 30 years, the
recovery factor of the heat for this period is of 0.39%,.
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Patterns number 2 and 3 foresee extra intensification of the produc-
tions by drilling some new wells, placed outercontowrly of the geothermal
resonrce area, to the east (varviant 2) and to the southwest (variant 3).

The recharge condition expressed by a constant pressure on the limits
is practically achieved by the withdraw of a water volume from the adjacent
zones, (possible from the northern and eastern part of the area), this in-
fluencing negatively the conditions of discharge of the 1 Mai—Felix Spas.
Thiv is why in the second scenario the injection wells are placed nearby the
recharge limit. The total flowrate in this case will he of 240 1/s and the
injection one of 210 1/s, while the heat recovery factor for the same period
will he of 0.49,.

In the pattern number 3 the total withdraw and injection flowrate
is of 300 1/s and the heat recovery factor is of 0.597. B

The choice of the best production scenario is made using the nume-
rical simulation of the rveservoir pressure in semisteady-state flowing
conditions which govern the flow into the aquifer.

In the case of a hnmogeneons and isotropic model, the Gringarten-
Sauty method estimates that the cooling of the collector over a period of
30 yearsis not significant. Thisxmodel goes for the Oradea fissured reservoir
due to the very low dispersion of the hydraulic diffusivity coefficient as was
dedhuced from the interference test.

Numerical Simulution of the Reservoir Pressure

The w ovement of the groundwater in permeable media undergoes

the fundamental equation of the hydraulic diffusivity. (Albu, 1981):
J . -

;l: =g div grad b - W (1)

where h is the hydraulic head :
@ is the hydraulic diffusivity coefficient :
W is the specific vertical supply of water.

In order to assure the existence and uniguenesy of the solution of
the cquation (1) it is pressumed that for the whole aquifer domain D, the
fallowing characteristics are known :

— boundary conditions

of Dirichlet type h (x, ¥, t) = h.(x, ¥, 1) ' (2a)
and/or
oh(x, v, t
of Neumann type _(%r—) =0 - (2b)
e

where hy, € (° (D X [0,T] and ,,u" is the outer normal on the 0D — fron-
tier of the D domain : o

—initial condition h(x,y,0) = by(x,5), withh;e ¢(D), (3)
(in the above definitions a plane flow movent has been taken into account).
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It has also been assumed that-a-is piecewise constant and that
heCYD x [0, T, where D = Dy dD. (4)

The equation (1) with the boundary conditions (2) and initial con-
dition (3) make up the mixed problem for parabolic partial differential
equations. The mixed problem has an unique solution in the hypotheses
(4), (Vladimirov, 1980), which proves the success of its solving by nume-
rical methods.

For the numerical solving of the mixed problem (1) — (3) we have
used in the present paper Galerkin-multistep method. Thus starting from
the weakly variational formulation of the mixed problem for parabolic
equation, applying the Galerkin method for the space discretisation we
obtain the following ordinary differential equationws system in ,,t’":

8}1,_ i
M.aT-i—Rhl=F (3)

N
where Iy = Y hy,w, is an approximation of the solution in a finite space,

- AP e s
with basis {w;}{_; and M, R and F are the mass, the ridigity and the free
term matrix.
The use of the multistep method for the time discretisation turns the
system of differential equatins (5) into a linear algebrie system, as follows :

(M + B;17R) Wit = «(BoF” + BEF™) — («M + Bo7R) hi:  (6)

where thie upper. index indicates the value at the moment t = m~=, with
m=0,1,... M and b}, = h;. _

It has been demonstrated that the solution obtained by the Galer-
kin-multistep method is stable and convergent and that the truncation
error is comparable to other numerical methods (Albu, Enichescu, 1985).

To generate the finite element triangulation it has heen used Courant
triangles. o _

The boundary conditions are specified by Dirichlet’s conditions for
the recharge frontiers and by Neuman’s conditions for the barrier limiis.
The initial condition.is the hydraulic head of the reservoir.. This has. a
constant value of 2517 m for the isobathic level of 2400 m. For the simu-
lation we have considered a constant hydraulic diffusivity coefficient in
the whole reservoir with a value of 3.5 x 10°m?/day, according to the
results of the interference test. )

The numerical solution has been estimated for six time steps, corres-
ponding to 48 days, a sufficient long pericd in order to reach a semisteady-
state flow as shown by former production data.

Results of the Numerical Simulation

Figures 1, 2, and 3 give the hydraulic head variations versus initial
static value for the three production patterns, illustrating the numerical
solutions of the mixed problem (1) — (3). The flow lines (dashed) showing
the trends of flow in the reservoir are also indicate.
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In Figure 1, illustrating the production pattern 1, the pressure
. gradients are relatively uniformly distributed all over the area. However,
there can occur a disturbance of the discharge conditions of 1 Mai-Felix
Spas due to the location of two production wells near the recharge
boundary.

In Figure 2, corresponding to the production pattern 2,the pressure
gradients are lower and uniformly distributed like in the pattern 1,
while the emplacement of the injection wells along the rechange frontier
assure non-disturbance of the discharge conditions of the Spas.

In Figure 3, illustrating the production pattern 3, the fastest
flows between the injection and production wells were induced, sustaining
thus the cooling of the collector.

From these above we can conclude that the second productlon
pattern is the best.

Conelusions

The numerical simulation of the pressure field in dynamic conditions
has been possible owing to our data on the hydrodvnarmc parameters of
the collector.

The production patterns tend towards the enhancing of heat reco-
very factor of the Oradea geothermal resource area and the conservation
of the discharge conditions of the 1 Mai-Felix Spa.

The numerical solution of the mixed problem describing the move-
ment of the groundwaters is determined by a Galerkin-multistep method.

The lesults of the numerical simulation of the pressure of the reser-
voir semisteady-state flowing conditions allow us to choose the optimal
production pattern respectively production pattern 2 described in the
present paper.
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ANALIZA VARIANTELOR DE EXPLOATARE A ZACAMINTULUI
HIDROGEOTERMAL ORADEA PRIN MODELARE NUMERICA

(Rezumat)

Perimetrul hidrogeotermal Oradea dreneazi acviferul carbonatat-fi-
surat triasic prin 11 sonde. Informaitiile geologice, geofizice si de productie
indicd existenta unei alimentiri naturale a acviferului, prin limitele de
nord, nord-vest gi est ale perimetrului, insi nu se cunoagte debitul de
alimentare. _

Perimetrul este exploatat in prezent cu debitul total de 80 1/s. Sin-
gura metodi de exploatare industrialy & cildurii z&cimintului este cea prin
mJectla apei uzate termic. Variantele de exploatare preconizate au in ve-
dere extractia unui debit din ce in ce mai mare din perimetru, conservarea
conditiilor de debitare a Biilor 1 Mai-Felix si intirzierea interferentei termice.

Variantele de exploatare previd cresterea debitului total de la 180 la
300 1/s, iar sondele de injeetie sint situate intracontural (varianta 1) gi
extracontural in estul perimetrului (varianta 2) i in sud-est (varianta 3).

Pent1u alegerea variantei optime s-a simulat cimpul de presiuni
indus in ziedmint, la curgerea semistationary. Modelarea curgerii apei
in medii permeablle este descrisii de ecuatia fundamentali a difuzivititii
hidraulice, care impreuns eu condlt;nle 1a limit4 gi conditia initiald alciituiesc
problema mixt# a ecuatiei curgerii. Problema mixti are solutie unici, ceea
ce garanteazd succesul rezolvarn ei prin metode numerice. Metoda nume-
r’icé, utilizatid este o metodd de tip Galerkin-multi-pas, iar solutia obtinutd
este stabili, convergentd gi cu eroarea de trunchiere comparabild cu a altor
metode numerice.

Reteaua de discretizare a spatiului utilizeazii triunghiul de tip Cou-
rant. Conditiile 1a limit4 sint specifice prin conditii de tip Dirichlet pentru
frontiera de alimentare i de tip Neuman pentru frontiera etangi. Condifia
ipitiald este sarcina piezometrici a zicimintului. La modela-re $-a consi-
derat coeficientul de difuzitate hidraulicii constant pe tot zdcdmintul,
conform rezultatului testului de interferenti. Solutia obtinuts corespunde
unei perioade de 48 zile, perioadi suficients pentru instalarea curgerii
semistationare.

Rezultatul modelirii numerice a fost exprimat prin variatia cimpului
piezometric fatdi de valoarea staticd initiald. Analizind reprezentarea gra-
fied a rezultatelor modelirii se constaté ci varianta 2 este cea mai reco-
mandabili. Corfiguratia sondelor in acestd varianti produce gradientii
cei mai mici de presiune $i mai uniform distribuigi in tot zidcimintul, ceea
ce presupune si intirzierea schimbului termic. Totodatd, amplasarea
sondelor de injectie in estul perimetrului garanteazi neafectarea conditiilor
de debitare a Biilor 1 Mai-Felix.

F—c. 889
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CONSIDERATII HIDROGEOLOGICE PRIVIND ACVIFERELE
DIN PARTEA BAZALA A COMPLEXULUI CARBUNOS DACIAN
iIN INTERFLUVIUL OLTET—BISTRITA!

DE
PETRU ENCIU 2, STEFAN GRIGORESCU 2

Coual fields. Coal seams. Aquifers. Pontian. Dacian. Hydrogeological control. Lithofacies.
Permeability. Line drainage. Hydrogeologic maps. South Carpathians — South Sub — Car-
pathians Area — Sub — Carpathians betweenr Ol and Jiu.

Abstraet

Hydrogeological Consideralions Regurding Agquifers in the Basal Part of the Dacian
Coal Complex in the Olte]— Bistrifa Inlersiream. This paper presents the results of hydrogeological
researehes carried out on‘the Oltef—Bistrita interstream, in ihe outcrop area of the Pliocene
formations which is partuof the inner flank of the Carpathian foredeep. For the firsttime in
mining hydrogeology, permeable deposits involved in the exploitation of important coal seams
in the area have been sampled systematically, in outcrops ; some parameters that define their
permeability properties have been determined on undisturbed samples. The study of per-
meability properties has been completed by the analysis of the permeable lithofacies distri-
bution, which reveals the existence of a regional screen between the upper part of the Bos-
phorian Getian aquiler and aquifer lenses intercalated in the coal-bearing Parscovian deposits.
When designing future dewatering works, it is necessary to take into account the fact that
on large areas, in the Oltef, Té#riia and Bistrifa basins, the main coal seam lacks a screen,
while the supply of Parscovian aquifer lenses is not permanent and cemes mainly from the
phreatic aquifer in these valleys terraces. . .

Résumeé

Considéralions hydrogéologiques concernanl les aquiféres de la partie basale du complexe
charbonneux dacien de Uinterflettve d' Olte{— Bistrifa. L’ouvrage présente les résultats des recher-
ches hydrogéologiques effectnées sur 'interflleuve d’ Olte{— Bistri{a, dans I’aire d’affleurement
des formations pliocénes du {laic interne de Vavant-fosse carpathique. C’est pour la premiére
fois qu’on a pratiqué daps le domaine de la hydrogéologie miniére 1’échantillonage 'systéma-
tigue, dans des aifleurements, des dépdts permeéables, impliquées dans;’exploitation des reser-

1 Depusi 1a 2 iunie 1987, acéeptatﬁ pentru comunicare si publicare la 18 junie 1987.

* Institutul de Geologie si Geofizicd, Str. Caransebes, nr. 1, R 79689, Bucuresti, 32
]
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Ves importantes de charbon de la région. On a délerminé sur des échantillons non-troublés,
quelques unes de leurs propriétés filtrantes. L’¢tude des propriélés filtrantes a été complété
avec ’analysc de la distribution du lithofaciés perméable, ce qui reléve ’existence d’un écran
régional entre la partie supérieure du complexe aquifére hosphorien-gétien ct les lentilles aqui-
feres intercalées dans les dépdls parseoviens porteux de charbon. Dans les projets des [utures
travaux d’asséchiement on doit tenir compte que sur des aires étendues dans les bassins o’
Oltet, T#riia et Bistrita la couche principale de charbon n’a pas d’écran et ’alimentation des
lentilles parscoviennces est conlinuelle, élant assurée, dans une grande mesure, par le phréatique
existant dans les lerrasses de ces vallées.

g 1. Istoricul eerecetirilor

Din multitudinea lucririlor publicate, privitoare la geologia acestui
sector al Depresiunii Getice, ne vom limita la mentionarea acelora care au
adus contributii mai importante, in problema stratlgraflel depozitelor
daciene purtitoare de cirbuni.

Pe aceastd linie se inscriu lucririle lui Tonescu-Argetoaia (1914,
1915), Grozescu(1924), Stoica, Schoverth (1955,.1956), Ciric (1959), Mari-
nescu (1975) Papaianoyol (1978), Andreescu-et al., (1983) s.a.

Din categoria luciérilor nepublicate, foarte multe la numir, ne vom
opri asupra celor mai lmportante, executate in ultimul deceniu. In acest
interval, intr-o primé etapi, in zona Oltet-Bistrita s-au executat prospecti-
uni de mare detalin (Nechiforescu et al., 1978 ; Nicolaescu et al.,, 1979)
urmate apoi,de exploriri-cu foraje, ale ciror rezultate sint sintetizate in
lueririle intocmite.de Giind et al., 1979 ; Stroescu et al., . 1981 ; Bila[\“& et
al., 1982, 1983, . ;

: In paralel, colective de cercetare dincadrul Institutului de Geolome
8i Geofizicd au urmarit. rezolvarea celor mai importante aspecte legate de
litobiostratigrafia si. hidrogeologia depozitelor pliocene purtitoare de cir-
buni (Motas et al., 1979 ; Papaianopol et al., 1980 ; Créciun,.1980, 1983 ;.
Andreescu.et al., 1984 ; Ticleanu et al., 1985, 1987).

Studiile hidrogeologice au avut ca principal obiectiv,.intr-o primé
etapd, modelarea analogici-matematicsd iar ulterior, distributia litofacie-
sului permeabil si cunoagterea proprietdtilor filtrante, ale acviferelor im-
plicate in wvalorificarea cirbunilor. '

7ona, asupra cireia ne vom referl este-limitatd la vest si est de
doua 1mp0rtante cursuri de apd : Oltet si Bistrita iar la nord si aud, se
delimiteazd prin linii conventionale, orientate aproximativ vest-est, linii
ce leagd localititile Igoiu si Negresti respectiv, Alunu $i M#niilesti.

2. Caraeterizare geomorfologici

Din punct de vedere geomorfologic, sectorul studiat apartine Sub-
carpatilor Olteniei si se caracterizeazi prin alternanta interfluviilor sub
formd de culmi i a vallor, strabiatute de cursurile : Oltet, Tériia, Cerna—
Cernisoara, Luncavat si Bistrita, orientate NN V-SSE.

In ansamblu, reheful incling usor, dela nordla sud ; la nivelul inter-
fluviilor, ewdent;undu-se 0 succesiune de ingeudri si culmma!;u (virful
Turcesti-574,1 m; virful Dealul Inalt-587,8 m; virful Pojogi-582, 9 m;



3 CONSIDERATII PRIVIND ACVIFERELE COMPLEXULUI CARBUNOS DACIAN 69

virful Pirlogu-563,2 m), datoritd eroziunii selective a formatiunilor din
constitutie.

Viile principalelor cursuri de api ce stribat regiunea, sint inguste si
prezintd una-doud nivele de terasd (inferioard si joasd), cu poduri parazi-
tate de depozite deluvial-proluviale.

Face exceptie valea Bistrita, care prezintd la cca 145 m altitudine
relativéd, un petec de depozite aluvionare grosiere, probabil rest al unei
terase vechi.

Actuala configuratie a sistemului de vii principale din zon# s-a defi-
nitivat in Pleistocen, prin importante remanieri hidrografice (Badea,1967),
urmare a migedrilor de ridicare post-valahice.

3. Consideratii geologice

Sectorul studiat core\punde zonei interne a avanfosel carpatice si
este constituit in principal, din formatiuni de virstd pontian-romanian

inferioars, structurate mtr-un monoclin vest—est avind caden sudlce, de
5° 15°

3.1. Depozitele pontie'né

: Partea inferioard si medie'a:depozitelor pontlene este reprezentatd
pmntr o stiviy de strate predominant argiloase, cu grosimi de 75 —140 m
(Nechiforescu et al., 1978), peste care se dispune o alternanii de strate
nisipoase si argiloase, continind o faund. proprie pértii sale superioare
(Bosphorianul).

-Grosimea acestui complex psamo—pelltlc, -variazd de la cca 150 m,
in hazinul Oltetului, la cca 200 m,in bazmul Bistritei.

R

ce -3.2. Depozbtele daowne

. Prima parte a succesiunii.depozitelor daciene se dezvoltd 1ntr—un
facms litologic aseminitor cu al celor bosphoriene, fiind constituitd dintr-o
alternant#, de strate de nisipuri siltitice, nisipuri fin-medii, nisipuri argi-
loase, siltite nisipoase, argile siltitice, argﬂe, lentile de carbuni.

. . Continutul faunistic. foarte bogat constituind adevirate lumasele,
mai frecvente la partea superioari, . pledea;za pentru ra.porta.rea acestei
guccesiuni, ce insumeazi cca 100 m grosime, Getianului.

. Deasupra- acesteia se dispune un complex de strate argilo-nisipoase,
cu grosimi de 15 —-30 m, limitat la partea superioars de stratul V de cdrbune.
Asociafiile faunistice evidentiate in - argilele din partea bazali a

acestui -complex, sint caracteristice Daclanulul supenor (Parscovian)
(Andreescu et al., 1985).

Stratul V de cdrbune, numerotat I, I,, in documentatiile de explo-
rare, are grosimi variabile, cuprinse intre 2 §i 5 m; de la est la vest, re-
marcindu-se tendinta de despletire si subtiere.

La cca. 2 —4.m sub stratul V, pe interfluviul Oltet-Ta,rlla, se giseste
un alt strat de cidrbune, foarte subjire (numerotat I,, in documentatiile de
explorare). Spre est, acesta se apropie foarte mult de stratul V (pe inter-
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fluviul Tériia-Cerna), pentru ca, in continuare, spre est, si se depirteze
mult §i si se efileze. :

Peste stratul V, urmeazd un ansamblu de strate @rgilo-nisipoase, cu
grosimi de 20 —50 m, in care se intercaleazi stratele VI si VII, de cdrbune.

Stratul VII, ca si stratele superioare, intercalate in suita depozi-
telor romanian inferioare, se intilnegte doar in partea vesti¢i a zonei cerce-
tate ; 1a est de piriul Cernisoara, avind loc o diminuare a faciesului cirbunos.

Cercetdrile de ordin palinostratigrafic si magnetostratigrafic, intre-
prinse in sectorul vestic al Bazinului Dacic (Andreescu et al., in Ticleanu
et al.,1987), pledeazi pentru plasarealimitei Dacian super ior-Romanian
inferior, intre stratele VII si VIII de ciirbune.

3.3. Depozitele romanian-inferioare

Depozitele romanian inferioare sint constituite dintr-o succesiune
de strate argiloase, cu intercalatii de nisipuri, incluzind la vest de piriul Cer-
nisoara, patru strate de cirbune (stratele VIITI —XT).

Datarea s-a ficut in principal, pe baza asociatiilor de viviparide si
unionide netede, ce constituie un lumagel, localizat deasupra stratului X
(Andreescu et al., 1985). =

Depozitele romanian-inferioare apar la zi, pe o figie vest-est, in partea
sudicd a zonei cercetate §i au grosimi mari, de cca 300 —350 m.

3.4. Depozitele cuaternare

Au fost raportate Cuaternarului depozitele aluvionare din consti-
tutia teraselor si albiilor majore, existente pe principalele vii din zoni.

Depozitele terasei vechi sint reprezentate printr-un strat de cca 2 m,
pietriguri §i bolovinisuri, §i au fost atribuite nivelului superior al Pleisto-
cenului inferior.

Depozitele din constitutia terasei inferioare, sint alciituite din pie-
triyuri §i bolovinisuri, au grosimi mici, de cca 1—2 m, pe viile T#riia,
Cerna gi Luncavit, si de cca 4 m, pe valea Bistriva. Deasupra, pe 2—4 m,
sint acoperite de un orizont argilo-nisipos.

Depozitele terasei joase, au grosimi mici, de 1,5 —2,0 m §i sint ale-
tuite din pietrisuri si boloviiniguri, in matrice nisipoasi iar deasupra, pe
cca 1 m, din depozite argilo-nisipoase.

Albiile majore, din preajma principalelor cursuri de api, sint consti-
tuite dintr-un strat subtire de aluviuni grosiere.

Aluviunile terasei inferioare au fost raportate, pe criterii corelative,
nivelului superior al Pleistocenului superior iar cele din constitutia terasei
joase gi albiilor majqre-Holocenului.

4. Consideratii hidrogeologice

Prin corelarea obséxrvatiilor efectuate in zona de aflorare a depozi-
telor pontian-daciene cu datele forajelor executate pentru explorarea com-
ple)':%ﬂul cdrbunos, in constitutia acestora s-au individualizat mai multe
acvifere.
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- In prezenta lucrare vor fi analizate numai o parte dintre acestea si
anume, acelea care pot avea implicatii in exploatarea principalului strat
de ciirbune, stratul V. In aceasts situatie, dpreciem cd se afld cele doud
acvifere din depontele parscoviene existente in culcusul si acoperigul aces-

tui strat de cirbune, gi intr-o misurd mai micé, complexul ‘acvifer din depo-
zitele bosphorian-getiene.

4

| 4.1. Complexul acvifer bosphorien-getian

-Depozitele-de virstd bosphorian-getiand, aledtuite dintr-o alternanti
de nisipuri i argile, constituie un complex acvifer interstratificat, limitat
in bazd de fondul argilos al formatiunilor de virsty pon‘glan—medle, iar
la partea superioari, de iormafglumle predominant argiloase, parscoviene.

Seeventa superioard a acestui complex, a fost probati pe traseele
mai multor profile dispuse perpendicular pe directia structurii geologice.
O parte din profilele probate sint prezentate pe plansele Isi I
. Probele netulburate de nisip au fost prelevate in $tan§e, eite trei din
fiecare strat si au servit determinirii : umidititii naturale, porozitdtii natu-
rale, coeficientului de filtrare, coeficientului de cedare si compozitiei
0'ra\.nulometrlce 5}

+-Analizele. gra,nulomelrlce 1nd.lca preponderent;a stratelor de nisip-fin
siltitie, aldturi de car e, se intilnesc strate de nisip argilos, mai rar de nisip
fin-mediu i siltit nlslpOb.

Continuturile in silt si’<r g'lld. ale'htotlpuml predominant variazi de
la cca 7 "/0 la 169, respectn dela 29, 1a.15 9%,

Coeficientul de neulllformltate (u) are valori cuprinse intre 1,5 si
5,5, indicind o sortare buni, superioard celei pe ¢are o au n1s1pur11e din
depozitele parscoviene (pentru care, coeficentul de neuniformitate arve

. valori cuprinse intre 2,4 gi 8,0). s

Stratele argiloase intercalate in acest complex acvifer sint reprezen-
tate in principal prin argile siltitice si argile.

Valorile poro7it§,tii naturale sint grupate, pentru majoritatea pro-
belor prelevate, in intervalul 379, —459,.

Din analiza plamel I, unde 5int prezentate cele mai reprezentative
profile proba,te, reiese ¢ tran%mlswmatﬂe pértii superioare a acestui com-
plex variazd putin, de la 0,6 m?/zi, pentru profilul din versantul sting al

vaii Oltetului, la 2,46 mz/zl, pentru profllul din versantul stlng al viii
Cerna.

O comparafie informativi intre va:lorile coeficientului de filtrare
médiu, pentru patrn din sectiunile investigate xi valorile aceluiagi para-~
.metru calculat dupi rezultatele forajelor hldlogeologlce de explorare
(Cramun 1983), este prezentatd in tabelul de mai jos. il

Ilustrarea modului cum a fost ficut# comparatia, este sugeratd pe
plan@a, 1%, unde s-a prezentat in detaliu p10f11111 ol obat pe versantul drcpt
al viii Cernmoa.ra

11 S

3 Determindrile au fost efecivaie de citre Enciu Mariana. .
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Cdeficientul de filtrare (K) ; m/zi. )
Localiz e = : LIELL Distanta dintre
e P — forajul hidrogeolegic profilul prebat si
'i::‘és;:i;:lte: * ‘natural cel mai apropiat forajul hidrogeologic
' probat. - : S =
B - Nr. foraj~-- [ Valoarea (K) i
Valea Tiriia 0,034 55 H 0,19 300
Piriul Valea Mare 0,114 31 H 0,90 800
Valea Cerna 0,066 -}.:. 45 H. ..{-.v-0,53. 850
Valea Cernigoara 0,136 175 1 0,87 350

. Nisipurile fin siltitice, majoritare in constitutia acestui acvifer in
sectorul Oltet-Bistrita, au valoarea medie a coeficientului de filtrare —
0,1 m/zi; nisipurile fine — 0,9 m,/zi ; nisipurile argiloase — 0 04 m/z1 nisi-
purlle cu granulatie fin-medie — 2 1 m/zi.-

4 2. Acmferul pm‘scoman dm culcugul - stra-t’ulm V de: carlnme

i

Interva,lul stratigrafic, dmtre partea superioari a complexulul acvifer
descris g1 stratul principal de cdrbune, are cca 15—30 m grosime §i este
constituit dintr-o succesiune de strate argiloase in care se mtercaleaza
. unu-trei gtrate subtiri de nisip. >

Prelucrarea datelor celor cca 450 de foraje care s-au executa,t in
interfluviul Oltet-Bistrita, a permis realizarea unor coloane htologlee re-
prezentative pentru culeusul stratului V- (pl. III).

O foarte mare importanti hidrogeologicsd prezintd fa,ptul ca., in
intreaga zoni, intre nisipurile fosilifere de la partea qupenoa,ra, a complexului
acvifer bosphorian-getian gi nisipurile intercalate in argilele pa.rseovmw
se 1ntilnegte un ecran de strate argiloase (a,rgﬂe, argile 311t1t1ce §- &) cu
grosimi de 6—9 m. . ¢

Stratele de nisip existente in sulta depomtelor parscowene, din cul-
cusgul stratului V, se dispun la trei nivele, sint separate de argile si au ex-
tinderi limitate.

Intr-un numir limitat de sectoare, nisipurile nivelului medlu gu supe-
rior vin in contact direct cu stratul V. 5

Din punct de vedere htologlc, in conqtltutla, acestora, predomma sec-
ventele de nisip siltitic si nisip argilos.

Proportia de partlclpare a fractiei argiloase este superioarsd celei de-
terminate pe probele de nisip recoltate din depozitele bosphorian-getiene.

Valorile coeficientului de filtrare, determinate pe probe netulburate
prelevate din aceste strate lentiliforme, sint cuprinse intre 0,3 m/zi si 1,0 m/
zi (la porozititi de 439, —50%,).

Forajele hidrogeologice executate in zond, au testat cumulat partea
superioard a complexului acvifer bosphorian-getian si lentilele acvifere
intercalate in depozitele parscoviene din culcusul stratului V.

Valorile nivelului piezometric variazi in limite largi, de la cca 380
m, pe interfluvii in partea nordicé a zonei explorate, la cca 250 m, in sudul
acesteia. Izopiezele sint orientate vest-est, cu ugoare mflexmm pe vii;
directia principali de curgere fiind nord-sud
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Valorile subpresiunii hidrostatice la baza stratului V, calculate pentru
aliniamentul extrem sudic al zonei explorate cu foraje hidrogeologice,
cresc de la vest (cca 50 m coloand de apid, pe valea Oltetului, in forajul 49H)
la est (cea 200 m coloand de apd, pe interfluviul Luncavit-Bistrifa, in
forajul 232 H).

Debitele specifice obtinute prin testarea cumulat a celor doud acvi-
fere, an valori foarte miei, variind. in sectorul Oltet-Cernisoara, de la cca
0,001 1/s/m, in eazul iora]elor executate pe mterﬂuvu la 0,2—0,3 1/3/m,
Ia cele cxecutate pe viile principale. in sectorul Celmcoala Blstrna
aceste valori sint mai miei, fiind cuprinse intre 0,001 l/s/m $i 0,08 l/s/m

Valorile debitelor speclflc sint conforme cu cele obplnute in laborator
pentru coeficientul de cedare (p = 49, — 69,) si caracterizeazi acviferele
din baza complexului cirbunos, ca acvifere cu potential de debitare redus,
datoritd granulometriei, tipului de porozitate (predominant capilard) si
continutului semnificativ de fractie argiloasi.

4.3. Complexul ncvifer din intervalul stratelor V —VI de carbune

Intervalul litologic dintre cele doud strate de cirbune are cca 10-15 m
grosime. Local, pe interfluviile Oltet-THriia si Tériia-Cerna, cele doud
btrate se apropie foarte mult iar pe interfluviul Cer na,—Cernlqaora, se depdar-
teazd la cca 20 m.

Ecranul de la partea superioard a stratului V are grosimi considera-
bile in cea mai mare parte a zonei investigate. Fac exceptie trei sectoare,
toarte restrinse, situate pe valea Oltetului, pe interfluviul Oltet-Térlia si pe

20—

Fig. — Schifa frontului principal al carierci Berbesti Vest. a) detaliu de stratificatie in extre-
mitatea sud-esticd a froniului; b) intervalul probat pentru determinéri hidrogeslogl ce.

Design of the main front of the West Berbesti quarry. a), detail of stralification in the south-
castern limit of the {ront; b) sampled interval for hydrogeological determinations.
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versantul sting al viii Tériia (la sud de piriul Valea Mare), in care, direct
peste stratul V, se dispun nisipuri, probabil de origine fluviatili.

Unul dintre cele trei sectoare a fost probat pe directia est-vest, la un
pas alretelei de probare de 10 m(fig. ). Corpul permeabil nisipos, deschis pe
interfluviul Olte{-Tariia in frontul carierei Berbesti vest, are stratificatie
oblicd, granulatie fin-medie, porozitdti cuprinse intre 429, si 449, si
valori mici ale coeficientului de filtrare, intre 0,9 myzi §i 3,1 m/zi. Media
celor 12 determiniiri pe probele recoltate — 1,6 m/zi.

In interfluviul Oltet-Cerna nisipurile acestui acvifer au 5—15 m si
au fost testate separat, in forajele executate. Debitele specifice obtinute
variazi intre 0,009 1/s/m si 0,09 1/s/m. La est, pe interfluviul Cerna-Cerni-
soara, acviferele dintre stratele V si VI, deschise cumulat cu alte acvifere
situate deasupra, au debite specifice mai miei de 0,04 1/s/m (pind la epuis-
ment). Aceleasi valori, foarte mici, s-au obtinut i pentru acviferele situate
deasupra stratului V, pe interfluviul Cernisoara —Bistrita (Drighici et al.,
1983). :

Valorile transmisivitdtilor, estimate in majoritatea forajelor, prin
testarea nisipurilor dintr-un interval mai larg, sint in general, sub 2 m?/zi,
datoritd in principal, grosimilor mieci si granulometriei. :

4.4. Acviferele din depozitele cuaternare

Stratul acvifer freatic lipseste in portiunile in care formatiunile
predominant nisipoase, de virsti bosphorian-getiani, subtraverseazi de-’
pozitele aluvionare din terase. In schiiub, in sectoarele in care depozitele
aluvionare se dispun pe formatiunile predominant argiloase, de virsts
parscovian-romaniand, cele dintii contin acvifere cu nivel liber, epuizabile
in perioadele secetoase.

4.5. Cdile de alimentare ale acviferelor pliocene

Principalele surse de alimentare a acviferelor pliocene, sint acumu-
1irile existente in depozitele aluvionare si cursurile de api.

Observatiile efectuate pe podurile teraselor din interfluviul Olte{-Bis-
trifa, relevy lipsa freaticului in fisia in care aluviunile stau peste formatiu-
nile predominant permeabile de virstd bosphorian-getiani. In aceasti fisie,
in perioadele secetoase, chiar §i cursurile principale de api isi diminueazs
debitul pind la epuizare, datoritd evaporatiei intense si infiltriirii.

O sursd subordonatd de alimentare o constituie apa meteorics, prin
inflitrarea directd, pe suprafetele structurale modelate in depozitele nisi-
poase, bosphorian-getiene, afectate de eroziunea solului. In aceastd situa-
tie, sint mari portiuni de versant in bazinele piriului Valea Mare (Berbesti)
i ale vill Cerna (versantul sting).

5. Coneluzii

) Sectorul studiat se incadreazi in zona interns a avanfosei carpatice
§1 este constituit din formatiuni de virstd pongian-romanian-inferioars,
structurate intr-un monoclin vest-est, avind cideri sudice, de 5°—15°.
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Cel mai important strat de cirbune (stratul V), intercalat in stiva
depozitelor de virstd dacian superioars, are grosimi variabile, mai frecvente
in intervalul 2 — 4 m §i este exploatat in mai multe perimetre, la zi si in
subteran. ’

Urmare a cercetiirilor intreprinse in zona de aflorare-alimentare a
acviferelor individualizate in formatiunile pliocene purtitore de cérbune,
in prezenta lucrare s-a abordat intiia oari in domeniul hidrogelogiei miniere
studiul proprietéilor lor filtrante, prin determindri pe probe netulburate,
prelevate din deschideri. K ‘ .

Principalele concluzii desprinse din acest studiu, coroborat cu cel al
distributiei litofaciesului permeabil, vor fi rezumate in cele ce urmeazi.

1. Formatiunile de virstd ponfian superior-dacian inferioars, consti-
tuite dintr-o alternants de strate nisipoase si argiloase, aledtuiesc un com-
.plex acvifer stratificat, a cdrui limit} .inferioarid o constituie . probabil,
fondul argilos al depozitelor pontian-medii..

2. Secventa extrem-superioard a depozitelor din constitutia acestu
acvifer; a fost probati sistematic, pe 20—50 m, de-a lungul mai multor
profile naturale (pl. I). In constitutia acesteia predoming stratele de nisip
fin siltitic, cu permeabilititi .cuprinse intre. 0,01 i 0,8 m/zi (media —
0,1 m/zi) si coeficien{i de cedare mici (in acord cu granulometria, tipul
de porozitate si continutul in fractiune argiloass).

3. Complexul acvifer bosphorian-getian este separat de acviferul
parscovian din culcusul stratului V, printr-un ecran argilos, cu grosimi de
6—9 m, extins la scara intregului sector cercetat. Intervalul stratigrafic,
dintre acest irnportant ecran si stratul V, este constituit dintr-o succesiune
de depozite argiloase (cca 11 — 12 m), in care se intercaleazi pini la trei
strate de nisip (pl. III).

4. Analiza distributiei corpurilor permebile nisipoase din stiva depo-
zitelor parscoviene existente in culcusul stratului V, arati ci acestea au
extinderi limitate, grosimi cuprinse intre 2 §i 10 m, i se dispun la ftrei
nivele distincte, separate de ecrane impermebile. Din punct de vedere
granulometric, in constitutia acestor lentile acvifere sint majoritare, nisi-
purile siltitice, cu proprietiti asem#nitoare eelor din acviferul subjacent.

5. Cu exceptia unui numir limitat de zone, in care stratul principal
de cirbune este lipsit de ecran sau acesta este subtire (Criciun, Enciu,
Grigorescu in Ticleanu et al., 1987, date nepublicate), intre stratele de
nisip intercalate in depozitele parscoviene §i stratul V, pe grosimi variabile,
cuprinse intre 2 si 8 m, se intilnesc depozite argiloase impermeabile.

6. Conditiile hidrogeologice sint dificile in bazinele. vailor Térlia si
Cerna, dar mai ales pe versantul drept al viii Bistrita, déoarece alimen-
tarea acviferului parscovian este continui, realizindu-se in principal din
acviferul freatic suprajacent, stratul V fiind lipsit in unele zone de ecrane.

Noua imagine a structurii acviferelor, din baza complexului cirbunos,
impune pentru etapa imediat urmitoare, studiul drenantei argilelor ce lo
gepars si functie de rezultatele obtinute, adoptarea unor nei principii in
activititile de explorare hidrogeologics si asecarea acviferelor implicate in
exploatarea cirbunelui.

e

— e
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HYDROGEOLOGICAL CONSIDERATIONS REGARDING
AQUIFERS IN THE BASAL PART GIF THE DACIAN COAL
COMPLEX IN THE OLTET-BISTRITA INTERSTREAM

(Summary)

The researches carried out in an important area of the Getic Depre-
ssion, where important coal seams occurred , led to the knowledge of the
xtructure and hydrophysical features of aqmi‘.urs working it off, as well as
the defining of the most 1mp0rtant areas with hydrogeological (uiflcultlo.s
The most important aquifer in the area, the one in the Bosphorian
Getian deposits was studied and sampled in the outerop area, on the direc-
tions of more natural profiles. Its aquifer potential is low according to
lithology, the porosity type and content in clayey siltic fraction.

In the upper part, the Bosphorian Getian aquifer is separated from
the Parscovian aquifer in the bed of the main coal seam (seam 5) by a
clayey screen, having a regional extension and significant widths, between
6 and 9 m. '

The stratigraphical interval between this screen and scam 5 is made
up of asuccession of clay deposits, in which up to three sand strata are
intercalated. These have limited extension, are 2—10 wide, and are dispo-
sed on three different levels, separated by clay screens.

The values of the main hydrogeological characteristics are unimpor-
tant, according to the lithology, and width of these lens-like aquifers.

The analysis of the distribution ot existent permeable bodies in the
Parscovian deposits above seam 5, shows that they have small widths,
reduced dimensions and low aquifer potentlal The screen at the upper palt
of seam 5 is rather wide in the greatest part of the study area.

In the basins of the Oltet, Té4riia and Bistrita valleys areas where
seam 5 is absent screens were outlined. The absence of a certain screen, as
well as the fact that the feeding of adjacent aquifers of seam 5 is permanent
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and comes mainly from the phreatic aquifer and minor river beds are
aspects that must be taken into account when designing dewatering works.

Theimage of the aquiters structure pertaining to the basis of coal seams,
as was meant to be described in this paper, makes us study in the future
the line drainage of clays that separate the two aguifers (Bosphorian —
Getian and Parscovian) and depending on the results, the use of new prin-
ciples for the exploitation and designing of dewatering systes.

EXPLANATION OF PLATES
Plate I

Hydrogeological Columns in the Bed of Coal Seam 5. 1, Parscovian: clays with sand
lenses, coal: 2, Gelian: sands and clays, clayey coal; 3, coal (seam 5); 4, clayey coal; 5,
silic clay; 6, sandy silt slone; 7, clayey sand; 8, siltic sdans;9, fine — medium — grained
sand; 10, rough sand with gravel; 11, sandy lumachelle; 12, observation deficiency; 13,
hydrogeological sample (estimations performed in the IGG laboratory).

Plate 1T

Detailed Hydrogeological Section, on the Right Flank of the Cernisoara Valley. 1, Lower
Romanian : clays, sands, coal (seam 8--11);2, Upper Dacian : clays, sands, coal (seams 5—
—7); 3, Lower Dacian: sands with clay intercalations; 4, clays 5, gravel-bearing sands;
8, sands; 7, siltic sands; 8, clayey sands; 9, sandy silistones; 10, coal seam ;11, geological
limit; 12, lithological limit; 13, fauna level reference point; 14, hydrogeological drilling,a
position of the piezometrical level; 15, geological borehole; 16, hydrogeological sample, 91
number of the sample (Pl I).

Plate 111

Representative Lithological Columns for The Basis of Seam 5. a) the Oltef{—Tériia inter-
fluve ; b) the Tériia— Valea Mare Brook interstream; c¢) Valea Mare Brook — Cerna inter-
stream ; d) left flank of the Cerna valley; ¢) basin of the Cernisoara valley; f) basin of the
Luncavit valley; g) V. Mare (Popesti) hasin — right flank of the Bistrifa valley; 1, Parsco-
vian; 2, Getian; 3, impermeable clayey deposits; 4, sandy deposits (lens-like aquifers);
5, clay — bearing sands (aquifer with regional extemsion), a) lumachelle din sandy matrix.
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APELE SUBTERANE DIN ZONA ARAD—VINGA—PECICA
SI HIDROCHIMIA LOR!

DE . o "

NICOLAE MIHAILA %, PAUN GIURGEA 2

t

Ground waters. Thermal walers. Agquifers. Hydrochemisiry. Pannenian. Qualernary. Geo-
thermal systems.” Waler wells. Hydrogeologic maps. Pannonian Depression'— South of
+ .

Mures area.
0 . : o IS

Abstraet

Ground - Waters in_the Arad — Vinga — Pecica Area énd’-Their Hydrochemistry. The
studies that were carried out regard’the Pannonian and, especially, the Quaternary formations.
On the basis of field observations and the study of more than 250 water wells, a series of depth
aquifers, located in the Pannonian deposits (thermal waters) and the Upper Pliocene — Plei-
istocene ones (athermal.waters) are described, as well as different phreatic aquifers, whlle pre-
senting their hydrogeological’ and "hy drochemlcal chamctenstlcs 33

v

* Résumé'

Les eaux soulerraines de la zone Arad— Vinga— Peci¢a el leur hydrochimié. Les études
effectuées regardent les formations pannoniennes et, surtout celles quatérnaires. A base des
obsevations de terrain et de la recherche de plus de 250 forages, on décrit une série de couches
aquiféres de profondeur, localisées dans les dép6ts pannoniens (eaux thermales) ainsi que de

diverses couches aquiféres phréatiques, en présentant aussi leurs caractéristiques hydrogéo-
Jogiques et hydrochimiques.

Cercetirile recente (1983—1984), efectuate in vederea intoemirii
machetei hirtii hidrogeologice sc. 1 :100.000 (foaia Arad), ne-au furnizat
o serie de date noi, cu privire la succesiunea litostratigrafici a depozitelor
cuaternare, precum si la hidrogeologia si hidrochimia acestora, date pe care
ne-am propus si le prezentdm in lucrarea de fati.

1 Depusit 1a 10 noiembrie 1985, acceptatd pentru comunicare si publicare la 12 noiem~
brie 1985.

2 Institutul de Geologie si Geofizicd, str. Caransebes nr. 1, R 79678, Bucuresti 32.
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Regiunea este cuprinsd intre localititile Iratosu, Horia, Aliog, Vinga,
Gelu, Pecica i granita cu R. P. Ungarsg, pentru e\tl(*mltau*a nord- veqh(d.

Caraeterizare morfologici

In cadiul teritoriului studial e pot distinge urmitoarcle unitiiti
morfologice majore : zona colinard, eimpia, terasele si lunca. In continuare,
nu vomn insista deeit foarte sumar asupra caracterizirii morfologice, ea
fiind ficutd intr-o altd lucrare.

«) Zona colinard. In partea sund-estici se individualizeazs, pe un
sector restring, o zond colinard constituitd in general din depozite panno-
niene. Dealurile au altitudini joase (180—200 m), culmi rotunjite si pante
domoale ;

b) Zona ctmpitlor. Dupid pozitia morfologicd si modul de asociere a
formelor negative si pozitive, se individualizeazy : cimpiile inalte ale
Vingidi, Semlacului, gi ale Siriei si o zonid mai coboritd, corespunzitoare
cimpiei joase a Ierului (Io(mn,oala, 1959);

¢) Zona teraselor gi luncilor. Pe sectorul cercetat Muresul are un
singur nivel de terasd, ¢u altitudine relativd de 25 m la Frumusenl altitu-
dlnc ce scade meren spre vest, astfel ¢ii ea atinge la Sinnicolaul Mic 15 m,
iar la Sinpetru German, o~—t m.
In ceea ce priveste lunca Muresului, aceasta are aspectul unui ses
intins, a ciirei litime creste de la est (Alunis 4 km)) spre vest (Pecica 8 km,)
i a cirel extindere este mai mare pe malul drept.

Caraeterizare geologicd

intreg teritoriul cercetat este acoperit de depozite cuaternare, dis-
puse peste formatiuni pannoniene, ale ciror caractere sint cunoscute numai
din foraje.

Pannonianul

Pannonianul reprezintd formatiunile cu o mare dezvoltare in ce
priveste extinderea si grosimea. Acestea au fost intilnite in forajele exe-
cutate de Mlnlstelul Petrolului §i IFLGS.

Pawnonianul inferior. Este reprezentat, in general, printr-o succe-
siune de marne si argile cu intercalatii de nisipuri i gresii. Din forajele
executate pind acum, seria cea mal groasd a fost intilnitd in zona Arad
(647 —810 m).

Pannonianul superior. Peste complexul marno-argilos, inferior,
urmeazd o succesiune care incepe, In bazi cu nisipuri, pietrisuri, nisipuri
argiloase gi care se continui, spre partea superioari eu marne si argile in
care se intercaleazdi nisipuri gi pietriguri. Trebuie tinut seama si de faptul
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cd, in acest complex cu grosimi cuprinse intre 500 m (Arad) — 300
(Iratosu-Sofronea), s-au inclus, de reguld, gi depozitele pleistocene care au
grosimi de 100—300 m. Orizontwile nisipoase, din partea bazali a acestei
serii; reprezinti colectoarele cele mai importante de ape geotermale din
cimpid de vest.

Cuaternarul

Formatiunile cuaternare au cea mai mare extensiune in regiune, acoperind
toate celelalte formatiuni geologice si avind frecvent grosimi de 150 —250m.

Depozitele fluvio-lacustre

In zonele de cimpie, din datele de foraj, reiese o continuitate de sedimen-
tare, intre Pannonianul superior si Pleistocen inferior, depozitele piastrind
caracter lacustru. Pe teritoriul R. P. Ungare si in zona noastrd, in forajele
de la Zimandu Nou (325 m), Mindruloc (225)n), Sinpetru German (250 m),
Ziddreni (250 m), se constatd aparitia unor orizonturi de pietrisuri, care
cigtigd in grosime si frecventd, cu cit inaintdm spre partea superioari.
Cercetarea comple\' 4 a unor foraje executate pe teritoriul R. P. Ung gare, a
permis recunoasterca umei zone situate, intre adincimile de 400—500 m,
unde se constatd o deteriorare lmportanta, a climatului, ce ar corespunde
debutului Pleistocenului.

Peste plet]'lhul‘lle din bazi urmeazi o albernanw de nigipuri, p1etrlsur1,
bolovinisuri, cu argile nisipoase, sedimente ce reprezinti depunerile mai
multor %nerafu de conuri de dejectie ale Muresulni, care gi-a schimat
succesiv cursul ca urmare a subsidentei continui din Plelstocen

" Examinarea datelor de foraj arati o micgorare a granulatiei depozi-
Lelor psamo- pbefltlce de la est ciitre vest gi de la nord- eht citre sud-vest,
precum si o ingrosare a intercalatiilor pehtlce, pe aceleasi dlrean (pl. III,
Iv). D)ﬂatenm int ercala’gnlor pehtlce 51 psamo- pclltlcc, in succexslunea,
depozitelor psamo- psehtlc( in special in zonele vestice, nordice si sudice ale
reglunn atestd iathul cd, dcpunerea aluviunilor paleo-Mme§u1u1 s-a produs
in mediu lacustru in care aveg loe si depunerea simultani a sedimentelor
fine. Acest complex litologic, cu grosimi cupnnse intre 100 —300 m, consti-
tuie de fapt, prelungirea teraﬂelor Muresului in zona de cimpie, unde se
gisesc ingropate.

Privitor la continutul paleontologic al acestor depozite, mentionim
¢, in zone invecinate, la Murani, intr-o excavatie de material grosier, la
15 m adincime, s-au gisit resturi de Anancus arvernnesis Corizet et Jobert,
(Bizera 1973), piesd afiatd in prezent la Institutul Geologic din Budapesta
i caracteristicd pentru Pliocenul superior. De asemenea, la Ghioroc, intr-o
succesiune de pietrisurisi bolovénisuri cu intercalatii de nmpur y 8- atl iden-
titicat resturi de Mammuthus primigenius Blumb Caelodonta antiquilatis
Blumb si Megaceros sp. (Muzeul judetean Arad), definitorii pentru Pleisto-
cenul superior.

Tinind seama de resturile fosile citate si de faptul ci acest complex
litologic include si depezite corespunzéitoare teraselor de 160, 120, 140 m,
ce apar mai spre est de zona cercetatii de noi (Vespremeanu, 1972), opiniem
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s% acordim acestui complex litologic o virsti comprehensivi, ce incepe din
Pliocenul terminal §i se termind in Pleistocenul superior.

Depozitele aluvionare ale teraselor Muregului, prezente in zona
cereetaty au grosimi ce variazy intre 2 —6m si sint alefituite din pietrigurisi
nisipuri, mai rar boloviniguri. Virsta teraselor rimine o problem# deschiss,
din lipsa datelor paleontolo gice. Tinind seama insi, de ansamblul resturilor
de mamifere gisite in formele de eroziune-acumulare create de Mures,
raportim terasa 15—25 m din zona cercetatdi, Pleistocenului superior.

Loessurile acoperd, ca o cuverturi, intreaga extremitate estici a
c¢impiei Semlacului. Grosimea lor variazi de la eifiva metri pind la 30 m.
Sint reprezentate prin silturi nisipoase, nisipuri siltice, argile nisipoase,
in eare uneori sint intercalate 2 —3— soluri fosile sau nisipuri sub forms
lenticulard. Numéirul ridieat de soluri fosile si grosimea mare a acestor
depozite ne fac si credem ci au o virstd debtul de veche, probabil pleis-
toeend.

Pe mtreaga .supra,fata, exceptind cimpia Semlacului, lunca’ \1 .cimpia

joasd, succesiunea depozitelor cuaternare se inchéie cu un depont arollos
nisipos, brun-rogcat, cu numeroase concrefiuni feromanganoase si calca-
roase, cunoscut sub denumirea de ,,argila rosie cu concretlunl” “Tn masa
argilei, adesea, se gisesc §i 1ntercalafr11 de material mai grosier. Grosimea
el variazj de la CItlva metri- pind la 35 m (Magloc). In Lxcavaf;ule ficute
pentm exploatarea argilei de la Cornesti, s-au gisit resturi de Mammuthus
primigenius Blumb (Muzeul de Stunte Naturale Tlmlsoara), 1'estur1 ce
pledeazi pentru Pleistocen superior.

Aluviunile cimpiei joasé si  ale luncilor sint constituite din dous
orizonturi litologice : inferior, alcatuit din pletrls,.un bolovéiniguri gi nisi-
puri, iar altul, superior, format din nisipuri argiloase," arglle nisipoase,
silturi arﬂllo—nlslpoase. In ceea ce priveste virsta, aceste depozite au fost
raportate, pe baza pozitiei lnr _stratigrafice, Holocenulm

Eleménte structurale

Din ansamblul datelor (de foraj si creoflzme) cunoscute, depresiunea
pa.nnonlca apare cu un stil tectonic casant determinat de un sistem de
falii majore, cu directii NE-SV §i NV-SE, la care se adaugé acfiunea unor,
fracturi secundare, cu diverse orientiri, care au antrenat in deplasiri pe
vertlca,la, atit fundamentul, cit si cuvertura sedimentars. Dintre structu-
rile mai importante se dlstmg : ridicarea Turnu-Arad, mirginiti de gra-
benul Sinnicolaul Mare §i afundérile Griniceri si Sandra-Satchlnez Calacea,
(Polonic fide Ghenea et al., 1984).

Caracterizarea hidrogeologiea .

Arealul ocupat de foaia Arad reprezintf o zoni caracteristici din
punct-de vedere hidrogeologic, a ciirei particularitate o constituie acumuliirile
de apd localizate in depozitele fluvio-lacustre, pliocen superior-pleistocene,
cele mai importante din teriotiu.
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Cercetarea detaliati a punctelor de observatie (puturi, izvoare),
precum si a forajelor (peste 250) din regiune, a pus in evidentd doui cate-
gorii de strate acvifere : strate acvifere de adincime si strate acvifere
freatice.

A) Strate acvifere de adincime

Importantele anomalii geotermice, precum §i prezenta apelor geo-
termale, cu temperaturi ridicate, au determinat executarea in continuare,
de citre IFLGS, a unor foraje de mare adincime.

Astfel, in perioada 1978 —1980, IFLGS-ul a sipat un numir de 12
foraje cu adincimi cuprinse intre 700—1670 m.

In afara forajelor mentionate, an mai fost executate in regiune de
citre IFB, IPGG, IMH, ISLGC si ISPIF, o serie-de foraje de mic# i
medie adineime (50—325 m), pentmﬁ:a,iimenbayrea cu .api-a diferitelor locali-
tati §i unitdti agricole sau pentru observatii; care’au atins (unele din ele)
gi acviferele de adincime.

In continuare, vom prezenta principalele acvifere de adincime in-
tilnite in regiune.

1. Complexul acvifer termal din: Pannonianul inferior

Cercetarile hidrogeologice prin foraje, executate de citre IFLGS
(T#bicils et al., 1980), au evidentiat prezenta unor acvifere termale in
. citeva structuri (Arad, Pecica) din Pannonianul inferior, caracterizate, in
general, printr-o capacitate de debitare redusi, datorati rocii magazin care
le-a generat. Astfel, grosimea efectivi a stratelor deschise din Pannonianul
inferior variazj intre 18 m si 87 m. Debitele obtinute prin pompare sint
cuprinse intre 2 1/s (Arad) si 3,6 1/s (Pecica). Temperatura apei misurats
la suprafatd variazd de la 50° (Arad) la 63° (Pecica).

Mentiondm ci, in zona Arad, sub Pannonianul inferior s-au intilnit
si depozite miocene, intr-un facies marnos-calearos, uneori conglomeratic.
In reteaua de fisuri, dezvoltati in aceste depozite, s-au acumulat
ape cu temperaturi mari (4674 Arad-65°), dar cu un grad de mineralizatie
foarte ridicat.

2. Complexul acvifer termal din Pannonianul superior

Programul de cercetare pentru ape geotermale, executat de citre
IFLGS si pe teritoriul ocupat de foaia Arad, aconfirmat existen{a unor
structuri termale, din care unele cu debite §i temperaturi mari (pl. I). Sub
adincimea de 400 m se gdsesc mai multe strate suprapuse si captive, re-
prezentate prin nisipuri (de diferite granulatii), care permit acumularea
apelor termale. Grosimile sistemului rezervor cresc de la est spre vest i de
la sud la nord, constatindu-se §i- unele particularitiiti, ca urmare a condi-
tiilor structurale specifice. La partea inferioari, limita sistemului rezervor
este suficient de clars, fiind marcatd de prezenta pachetului de marne
gi argile impermeabile, din Pannonianul inferior. Limita superioars nu este
clary deoarece se constatd o alternants de misipuri §i argile, pe un interval
destul de mare, fapt ce face dificily trasarea ecranului impermeabil la un
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anumit nivel. In cadrul rezerv orului termal, acviferele corespund pachetelor
de nisipuri permea,blle, cu grosimi cuprinse intre 0,5—12 m, separate de
strate argiloase de 0,5—20 m (Tab#cild et al., 1980 ; Nichiti et al., 19825
Mirceqcu et al., 1983) i

Grosimea efectlva a stratelor deschise in comple\ul terminal, variaz}
intre 13 m si 190 m (tab 1). Debitele arteziene maxime, obhnute din
acest complex termal, sint de 34 1/s (1660 Sofronea) si 48 1/s ( 4639 Iratogu).
In situatia unor orlzont;url cu o poromtate si permeablhtate ‘mai redusi,
debitele scad simtitor, ajungind la 1—2 1/s (4661 Arad, 4662 Arad). Tem-
peratura apei, masurata, la suprafatd, este cuprinsd mtre 29° (4662 Arad)
si 51° (1660 Sofronea).

Se consideri cid alimentarea complexulul acvifer se 1e,ahzeaza in
principal din precipitatiile atmosferice, in zonele de.aflorare a formatiu-
nilor pannoniene de pe rama esticd a depresiunii,. sau prin drenarea aevi-
ferelor freatice, in perimetrele unde depozitele pannoniene sint in contact
direct cu formatiunile permeabile, in care sint generate. Deoarece, in gene-
ral, zonele de alimentare sint situate la cote mai ridicate (250 —350 m), fati
de zona de cimpie (80—90 m), acviferele termale interceptate de foraje-se
manifestd artezian. Determindrile la scard regionald privind distributia
fluxului termic terestru (Veliciu et al., 1977), indicd pentru zona Arad-
Iratosu-Sofronea, valori de 84 mW/m2 Explicarea anomaliei pozitive a
fluxului oeotermlc, a fost fAcutid recent (Veliciu ef al., 1982), pe baza date-
lor deforaj sigeofizice. Acesteaau 1ndlcato subtiere a "litosterei §i a scoartei
terestre.

Fenomenele respective au fost generate de extensiunea bazinului
pannonic, odatd cu sfirgitul Miocenului. Apropierea bazei litosferei de
suprafatd a avut drept consecm‘gé cre$terea gradientului geotermic §1 im-
plicit al fluxului caloric.

3. Complexul acvifer cu ape atermale din Pliocenul superior — Pleistocen

Succesiunea litologicd a depozitelor pliocen superioare-pleistocene
indic# prezenta unor alternante de argile, argile nisipoase, marne, in care
se intercaleazd mai multe orizonturi psefitice sau psamo-psefitice, cu
grosimi cuprinse intre 1,00 m (Arad, Turnu) §i 23m (Frumuseni). Grosimea
cumulati a stratelor deschise in acest complex variazd intre 50 m (Sinleani)
$i 157 m (Mindruloc), 1a forajele de adincime medie (300 m) — tab, 2.

Pe baza lucrdrilor de foraj, executate de diverse institutii (IPGG,
IFB, IMH, ISPIF, ISL.GC), s-a reusit o inventariere pe verticald, pini
la adincimea de 300 m, a orizonturilor acvifere cu presiuni localizate in
aceste depozite (tab. 2). Existenta unei comunicatii intre orizonturile acvi-
fere este doveditd de faptul ci, acestea au aceeasi presiune sau presiuni
apropiate, in cazul in care sint deschise prin foraje in mod individual (Ser-
ban et al., 1973). Constatdrile ardtate ne conduc la ideea incadririi tuturor
orizonturilor acvifere intr-un mare complex acvifer, localizat in aluviunile
vechi ale Muregului.

Nivelele hidrostatice misurate, pentru toate stratele acvifere, arati
un caracter pronunfat ascensional (ex : 1,9 m Bodrogu Vechi si 22,50 m
Sagu), exceptie ficind forajele Arad 4 13 m, Cruceni 4 20 m, Vinga -+
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+ 9 m, Pecica 4 16,4, Mindstur + 17 m, unde acestea se manifestd
artezian.

Alimentarea acestui complex acvifer se face din precipitatii sau prin
capetele de strat, care afloreazd la sud si est.

Analiza cotelor, la care se situeazdi nivelele piezometrice, indicd o
scidere a acestora dela est (cotein jur de 110—115 m) si sud-est (120 —123),
spre vest (cote in jur de 90—100 m). Sciderea cotelor nivelelor piezo-
metrice spre zona amintitéi se datoreazd pierderilor de sarcind. pe directia
de curgere a apelor subterane. Directia generald de curgere a fluxului
subteran (vezi harta) este ENE-VSV, cu un drenaj puternic spre zona cer-
cetatd (1iul Mures). Din examinarea profilelor litostratigrafice (pl. 111, IV)
intocmite pe directii E—V i S—XN, precum si a suprafetei piezometrice
a acviferelor localizate in depozitele pliocen superioare-pleistocene, reiese
o repartitie inegaléi a fluxului de ap# subterani, in sensul ci acesta este
mult mai crescut in partea centrald si esticd (datoritd litologiei mai gro-
siere) §i mai seazut spre vest, nord si sud, unde litologia stratului colector
capitd un caracter mai fin (nisipuri siltice). Aceastd counstatare este evi-
dentiatd si de debitele forajelor, care au interceptat acest complex acvifer
§i care, pentru sectorul estic si central, aratfi valori ridicate (Frumuseni
18l/s, Fintinele 11,4 1/s, Horia 8,2 1/s, Arad 20 1/s), valori care spre nord,
sud si vest scad simtitor (Livada 0,6 1/s, Zimandcuz 0,6 1/s, Sagu 0,6 1/s,
Vinga 0,3 1/s, Zadéreni 1,1 1/s, Sinpetru German 2 1/s).

Mentionim cf orasul Arad este alimentat din depozitele fluvio-lacus-
tre printr-o captare veche, situatd chiar in incinta orasului, pe malul drept al
riului Mures, unde se afld amplasate 20 de foraje, la distante variind intre
40 51 200 m. Debitul total obtinut aindicat o valoare de 340 1/s.

Necesitdtile mereu crescinde de ape potabile si industriale ale orasului
Arad au ficut necesard executarea de noi captiri. O astfel de captare este
situatd de-alungul a 11 km, pe o directie N —S, de la Arad spre Livada,
Zimandcuz, Zimandul Nou si constd din 44 foraje de cca 80 —100 m adin-
cime. Debitul total obtinut este de 11170 1/s, distanta dintre foraje fiind de
cca 250 m. Pentru extinderea acestui front, s-a propus prelungirea lui spre
nord, intre Zimandul Nou s§i Nddab (Cinetti 1982). Prin acest nou front
s-ar putea obtine un debit suplimentar de 2100 1/s.

De asemenea, a mai fost trasat un front suplimentar, de rezervi,
situat la vest de Arad, localititile Bodrogu si Iratosu, care ar putea méiri
considerabil rezerva de apd necesard orasului Arad.

Din cele prezentate si din datele centralizate in tabelul 2, putem
aprecia c¢d, in complexul acvifer fluvio-lacustru, se afld cele mai impor-
tantesurse de aps subterand din teritoriu.

B) Strate acvifere freatice

In aluviunile cimpiei joase, in depozitele de lunci si ale teraselor,
uneori si in orizonturile lentieulare mai nisipoase, din argila rogie sau
loessuri, se dezvoltd acvifere freatice, puse in evidentd de numeroasele
puncte de api si de forajele sépate de IPGG, IFB, IMH, ISPIF, ISLGC
(tab. 3). De asemenea, nisipurile §i pietrigurile pliocen superioare-pleisto-
cene acumuleazd mai multe strate acvifere, dintre care cel superior cu
nivel liber are caracter de strat acvifer freatic.
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Pe baza misurdtorilor nivelelor piezometrice, in punctele in care
sint deschise stratele acvifere cu nivel liber, s-a intoemit macheta hértii
hidrogeologice a regiunii cercetate (pl. II). De asmenea, prin prelucrarea
acelorasi date s-au putut contura pe machetd, zonele de egali adincime a
suprafetei piezometrice, in raport cu suprafata terenului.

Din examinarea de ansamblu a hértii hidrogeologice, se observa un
fond general de adincime al nivelului hidrostatic, cuprins intre 2—35 si
5—10 m. Pe acest fond general se contureazi unele zone mai alungite,
orientate in general N —E, in care adincimile NH sint mai mari (Mindstur
Sagu, Vinga). Adincimile NH de 0—2 si 2—5 sint prezente pe suprafete
mai largi in jumditatea nordicd, la nord de riul Mures, in zonele de cimpie
ale Semlacului, Terului si Siriei, precum gi in lunca Muregului.

Din aceeasi hairtd, se poate observa un drenaj cu directia S—XN si
altul N —8, exercitat de riul Mures precum si altele locale, exercitate de
viile Mandstur, Vinga, Sirbului. Studiul de ansamblu al morfologiei supra-
fetei piezometrice, permite obtinerea unor indicatii de ordin practic, pri-
vind zonele cele mai favorabile, pentru amplasarea viitoarelor captiri de
ape subternane (Serban et al., 1973). O primi zoni se situeazid intre loca-
litdtile Feldioara, Sofronea, Arad, Sinleani, Livada, unde suprafata piezo-
metricd a stratului acvifer freatic este de tip radial-convergent, cu profil
hiperbolic, caracterizatd prin transmisivitdti si coeficienti de filtrare mari,
precum si prin posibilitatea obtinerii unor debite unitare mari, datoritd con-
vergentei filtrelor de apé.

O altd zond, de o importantd mai micd, este situatéi de-a lungul cana-
lelor Ter, Foisor, Crigul, Militaru, unde se observd o indesire a izohipselor
81 0 crestere a gradientilor hidraulici. Suprafata piezometricd este de tip
radial-convergent, cu profil parabolic, caracteristic zonelor de drenare, in
care transmisivitétile si coeficientii de filtrare scad din amonte spre aval,
dar existd posibilitatea obtinerii unor debite mari, datoritd convergentei
filtrelor.

Din datele de foraj s-au stabilit urméitorii parametri hidrogeologic
ai acviferului freatic (tab. 3).

a) Grosimea colectorului acviferuiui freatic este cuprinsd intre
225 m;

b) Nivelul hidrostatic variazi in functie de colectorul care-1 gene-
reazd astfel :

— in depozitele de tip loess sau argilarosie ... 2—10m

— in depozitele de terasd ; .. .5—=12m
— in depozitele de luncd . . . . e e e e .. 0—2 m
— in aluviunile cimpiei Terului si Slllel e . .2—3 m

¢) Debitele misurate au aritat urmitoarele valorl :
— pentru acumulérile de apé din depozitele de tip loess 6-2—6,3 1/s5;
— pentru aeviferul freatic din depozitele de terasi 0,6 —35 1/s.
— pentru acviferul freatic din depozitele de luncd, 1,2 — 61/s
— pentru acviferul freatic din aluviunile cimpiilor, 1—11,7 1/sec;
Alimentarea acviferului freatic se face din precipitatiile atmosferice.
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Caracterizarea hidrochimiea

Pentru stabilirea caracteristicilor hidrochimice ale stratelor acvifere
intilnite in regiune s-au folosit datele analizelor chiinice ale unui numdr
de 99 probe de ap#, centralizate in tabelele nr. 4, 5, 6.

Din totalal de 99 probe, 49 sint luate din arhivele IFLGS §i IPGG,
iar restul de 50 au fost prelevate de noi.

Pentru incadrarea chimicd a apelor s-a folosit clasificarea Ini Florea
(1970), in care, pentru stabilirea tipurilor i subtipuwrilor de ape, sint utili-
zate rezultatele analizelor chimice in procente me (mil. echiv.).

Reprezentarea graficd a combinatiilor posibile, intre diferitii anioni
sau cationi, este prezentatd, pentru exemplificdri, in diagrama triunghiu-
lardt (fig. 1, 2).

TABELUL
Compozilia chimicd a apelor termale
& o | Mincrali- ANIO
Nr. | Amplasament Interval | Vie-| oo < £ zatie
e : s ) < <= g 14
crt. nr. foraj incercat sta =B totald Cl Brl| 1
S8 mg/l : —_—
Ao g/l me/flfo;meimg/Img/lmg/1
1 Iratosu 4638 585—716 |Pn, | 7,5 4,5 2525 439 12,3 {14 — |26 —
2 Iratosu 4639 568—712 |Pn,| 6,9 1,4 2392 297! 8,3 12,6115 5 |58
3 Sofroneca 1660 722—-866 (Pn, | 7,01 2,5 2034 1015 (44 33,6 — |19 7,7
4 Sofronea 1674 677—854 |Pn, | 6,9] 1,9 1950 1177,2} 4,9 110,3| — | 0,9 3,8
5 Felnac 1653 531—648 |Pn, | 7,0 15,6 4166,7 |1950 |55 41,8 — —
6 Arad 4674 445—577 |Pn, | 7,01 2,6 1750 390 [11,02)23,4} 1 b 5
7 Arad 1658 509—669 Pn,| 7,5/ 5,0 2697 787,2(22,2 (28,9 — | 0,9]15,4
8 Arad 1658 509—669 Pn,| 6,9 3,6 2739 8,5{22,9 |28,5] 1 2 147
9 Arad 1672 513—642 {Pn,| 7,0{ 11,4 3897,0 (1702 {35,4 136,5] 2,5{ 7 |50
10 Arad 4661 359—514 |[Pn,| 7} 10,2 2442 .8 | 851 |24 33,1} 1,5] 0,2(24
11 Arad 4662 333—524 [Pn,y| 7 5,1 1405,3 |276,5; 7,80)20,8| 1,0 4,8{11,5
12 Arad 4674 9490—967 Pn; | 6,7 2,3 2101 531 | 14,9{26,1 1 5 5
13 Arad 4661 771—867 |Pn, ,2( 19,0 7213,4 11507 {42,5 21,6 4,0] 0,8}28,8
14 Arad 4662 700—720 (Pn; | 7,5] 8,6 2690,3 702,1|19,80/26,2] 8,0| 4,0{42,2
15 Pecica 1547 1074—1140 |Pn, § 6,3| 51,10 20116,3 {7801 (219,7)36,2 — | — (13,5
16 Arad 4674 1483—1496 { N; | 6,3{ 80,3 12891 (6737 [1904 |45,3[156 135 |32
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Determinarea subdiviziunilor chimice, in functie de anionii i cationii
respectivi, devine accesibild, deoarece sectoarcle delimitate de diagrami
fixeazd tipul chimic predominant.

In continuare se vor prezenta principalele particularitati chimice ale
apelor din acviferele cercetate, pentru teritoriul Arad-Vinga-Pecica.

A) Chimismul apelor termale

Pentru caracterizarea chimiclt a apelor termale s-au luat in conside-
rave rezultatele a 135 probe de apd, recoltate de citre IFLGS, din diferite
sonde, de la diverse intervale incercate hidrogeologic. Dintre acestea, 4
sint din Pannonianul inferior i 11 din cel superior.

4din zona J\rad— Vinga— Pecica

NI CATIONI

SO, HCO, Na | K |nH, Ca Ng Fe

me/le;me} mg/l ‘ mc]l}%me mg/l1 me/l !%nc } mg/l jmgJl| mgl \mc/lll%me mg/l 1 meyl !%me mg/]

— | — {1268 20,7325,5 | 716 (31,1 31,6 |37 6 136 6,8 6,9(112 9,2 194 |13

1,27 1,8/1330 {21,8 (32,8 | 678 |32,8 |29,4 |40,1 |34 45 104 | 5,2 — - =12
&1_,2 1220 {20 15,2 § 559 [24,3 35,3 | 33 |44 (144 72 10,4} 24 1,9 2,8 1
L%O,l 1159 [19 39,4 ] 529 ] 23 |48.6 3,4/ 4,5/ 13,6 | 0,6} 1,3} — — — 10,2
_— | — |848,8 10,6 8,00}1375 | 59,7 43,9) 90 — | 53,7 | 2,6/ 1,9} 53,5 | 2,9 |2,1 10,58
0,1] — | 756 [12,3 {26,4 | 514 | 22,3} 47,1} 2 _:_3_ 7 O,i 0.7] 6 0,4 |1,03j2

0.9 11,2 } 927 |15,2 [18,8 | 865 | 37,6} 39,7| 37 4 1156 7,81 8,21 6 0,4 {1,085

1,04i1,3 | 707, (11,5 {15,2 |1286 | 55,9) 46,5 5 (11 33,2 1,6 | 1,3} 29,6 | 2.3 1,9 {0,1

0,490,7 [713,8 {11,7 |16,2 {731,8[31,82] 44 7,3| 9.0} 41,6 2,07 3,0 19,4 | 1,59(2,4 [1,2

0,2310,6 | 646,7[10,60|28,3 |380,9(16,56[ 44,2 2,5| 4,0 20,8 |1,03| 2,8

9 —
0,10{0,170 820 13,5 {23,7 | 629 | 2,73| 48,7} 4 | 6 | 10 0,5/ 0,8 0,81 — — i1

0,590,5 |13355 |55 28,1 | 2044(88,87| 45,4 30,5{30,0! 88,1 (4,39 2,2] 29,1 | 2,39/1,2 [1,3

0.87\1,2 [1037,1{17,0 {22,4 |777,8(33,82| 44,7] 8,2{13,0 28,8 |1,43| 1,9] 19,9 | 1,63]2,1 1,3

0,2 {0,03:5057,7{82,9 {13,69]685,0/207,8| 46,7/100 — 1125,04/6,2 | 0,9/146,04 12,02@78

0,6 {0,1 {146.9 [18,8 | 4,4 [4056 {1763 |427,6{427,6/50 342 (171 16,8141 11,5 {1,8 {15




TABE

Compozifia chimicd a apelor de adincime

!
. Mine- .
| : ;
; Interval Lmtate;av Duritatea |raliza- ANI
Nr Amplasament lizat morfologica. pi1l  erad i
crt (nr. forajului) anallza |Formatiunca grade va C NO
' m deolodici germane |totaly 1 Vs
Il = mg/l | mgj1 ‘me}li%me mglll me/l \%me
1| Fiscut 18392 67—70 zona 6,5 23,7 835,91 17,710,5 [ 2,5 — — —
colinard
2| Tiriteaz 80—92 | zoni 6,5 11,8 611,0] 21,2|0,5 | 5,9] — - —
colinard
3| Fiscut 17302 55 | zoni 6,5 24,6 | 883,0! 21,2/0,5 { 2,8/ — | — —
colinari
4| Fiscut 17302 76,50 zoni 6,5 9,6 381,83 17,70,4 | 5,1} 0,1|0,0007
colinari -
5| Fiscut 17302 86,50 | zona 6,5 15,5 | 612,1] 14,2/0,4 { 3,1| — | — | —
' colinara
6| Hunedoara 5-—173,5| cimpia 6,3 25,8 | 688 | 56,711,5 | 8,5/ 7,1/0,1 0,5
__ | Timisani 18304 Vinga I
7] Hunedoara cimpia 6,2 13,2 | 503,8 7,1{0,2 2,0[0,03 | 0,2
| Timisand 18304 20—25 | Vinga I 1,5
8| Minastur 18305 32—46 | cimpia 6,3 17,4 477,5! 28,4/0,8 | 6,2] 2,0[0,03 y,2
Vinga 11
91 Mianastur 18305 70—75 | eimpia 6,0 14 441,4; 28,4{0,4 | 3,5 10 10,1 1,4
Vinga II
10} Sagu 18313 2245 | cimpia 5,5 47,8 |1216,4|184.4/5,2 | 15 | 60 |0,9 2,8
| Vinga 1I
11} Sagun 18313 56—60| cimpia 6,5 18,4 553 28,410,8 | 5,7 — — -
Vinga II
12| Sagun 18313 96 —100{ cimpia 6,5 14 468,2} 21,310,5 | 5,0 — — —
Vinga 11
13} Cruceni 18317 55—358| cimpia 6,3 14,5 417,0{ 28,4/|0,8 | 7,1 12 |0,1 1,7
Vinga II
14| Vinga 17303 38—43 | cimpia 7,0] 47,1 11242,6/141,8/4,0 (11,8 60 0,9 | 2.8
Vinga II
15| Vinga 17303 72—77 | cimpia .50 23,5 | 685,9] 21,3/0,6 | 3,4| 10 10,1 | 1,0
Vinga II
16{ Vinga 17303 99108, cimpia 6.5 15 565,3| 14,2/0,4 | 2,9 — — _
Vinga 11
"17| Vinga 17304 38—41 | cimpia 6,50 17,7 | 623,1/735,4[1,0 | 7,3 10 (0,1 0,7}
Vinga 11
18| Vinga 17304 64—69 | cimpia 6,5 17 597,7| 28,3|0,7 | 5,1| — Y b
Vinga 1I
19! Cruceni 25 cimpia 6,5 99,1 |1668,91323,3[9,1 [21,2{112,4]1,8 4,2
Vinga II
720 Pecica 340 cimpia 6,5 20,6 | 778,4/73,7|2,08|°8,9/748 10,7 3,3
Semlacului
"21| Pecica 16309 91—94 | cimpia 6,5 14,3 | 617,3: 56,7|1,6 |10,1] — i
| Semlacului
95! Pecica 16309 96—100] cimpia 6,00 17,2 | 601,2{ 92,2126 {15 | — -
Semlacului
“23[ Sinpetru 120 zona 6,5 4,2 | 616,3!335,5|5,5 27,2 — N
German terasei
“2a| Felnac 95—102| zona 6,5 31,9 | 785,9/134,7/3,8 {16,415 0,2 1,0
terasei
"95| Mailat 17305 32,50 | cimpia 6,4 19,4 | 722,1| 21,2{0,6 | 3,4| — — =
joasd
26| Mailat 17305 56,50 | cimpia 6,5 18,2 | 735,0; 21,20,5 | 3,1| 30 10,4 2,5
joasd
27| Geln 87 cimpia 6,51 11,1 | 584,6 7,80,2 | 1,2/ — —
joasi




LUL

5

din zena Arad— Vinga—Pecica

ONT CATIONI
SO, fICo, Na K Ca Mg~
mg)} me/l‘%mc mg/l'lmcllll%mc mg/l\me/ll%mc mg/ll me/l |%me mg/llme/l o mece ! mg/fl Imc/l| 9me
5,8] 0,07) 0,4 (361,3) 9,2 | 47 | 27,6|1,1 | 6,1 | 2,4] 0,08 0,1(307,4; 5,3 [27,5 | 37,7| 3,1] 15,8
19,2/ 0,3 | 3,3 (305 | 4,9 | 40,8! 37,3]1,6 |13,5 | 6,0/ 0,1 | 1,2| 31,6 1,5 |i3,1 32,1 | 2,6] 22,2
40,31 0,8 | 3,9 |361,3] 9,2 | 43,3 41,4/1,8 | 8,5 | — | — _—113 5,6 26,5 (38,4 | 3,1| 14,8
26,5| 0,5 | 5,7 [231,8( 3,7 | 39,2,730,3{1,8 [ 13,5 — | — | —j— | — |- 40,8 2,0| 21,4
|

11,30 0,2 | 1,4 1353,8] 5,8 45,5' i3,115,7 | 4,4 — | — | — | 66,1] 3,27|25,6 27,5 | 2,2( 17,7
34,9 0,7 | 3,8 [427,0|76,4 1°37,3] 2,110,00 | 0,4 | 3,9/ 0,1 | 0,3 81,7 4,07|21,6 62,7 | 5,5 27,5
28,51°0,5 | 4,7 [331,6) 5,5 | 43,6/ 13,8/0,6 | 4,7 |4,07| 0,10] 0,8| 38,5 1,9 |14,9 |46,2 | 3,7, 29,6
T30.7170,6 |4,9 2028 4,07 38,7| 4,60.1 | 1,5 |2,1 | 0,08] 0,5| 46,5| 2,3 17,8 (47,2 | 3,8] 30,2
36,5 0,7 | 6,6 |268,4] 4,4 | 38,5 :5,3/0,6 | 5,9 (3,4 | 0,06| 0,5| 36,1] 1,8 |15,6 [48,9 | 3,3| 28
167 | 3,47|10 |463,4] 7,6 | 22.2] 2,8/0,1 | 0,5 | 2,2| 0,05] 0,1|174,7| 8,7 |25,41|13,8 | 8,3 24,2
33 10,3|2,7 [353,8| 3,7 | 41,6 2,710,1 | 1,1 |4,05] 0,1 | 0,5/ 63,3| 3,1 |22,6 | 41,8 3,4] 25,3
15,4{0,3 | 2,7 |305 | 4,9 | 42,3, 18,9/0,8 | 6,9 (3,5 | 0,08 0,7, 51,3| 2,5 [21,8 | 29,7|°2,4| 20,6
28.8/0,5 | 5,3 |244,0] 3,9 | 35,9/ 6,8 |0,2 | 2,6 |0,8 |0,00 | 0,5] 43,3| 2,1 |19,3 | 36,9{3,08| 27,6
74,91 1,5 | 4,6 634,4] 10,4] 30,6, 1,500,0a | 0,1 |0,0 (0,05 | 0,1[195,6] 9,7 |28,8 | 86,1|7,08| 20,9
34,6 0,7 | 4,1 |439,3| 7,2 | 41,5/ 3,6(0,1 | 0,9 |5,3 | 0,1 | 0,8]104,275,2 |20,9 (38,9 | 3,3 18,4
10,8] 0,2 { 1,5 |350,5] 6,4 | 45,6 37,9|1,6 (11,7 (1,5 70,04| 0,2] 61,3| 3,05(21,9 | 27,7| 2,2| 16,3
19,2( 0,3 | 73,0 {317,2[ 5,1 | 39 8,6(0,5 | 2,7 |1,6 | 0,04] 0,3| 84,2 4,2 |31,2 | 26,0( 2,1| 15,8
48 10,9 (6,4 366 |5,9 | 38,5 37,5{1,6 |10,5 |3,8 | 0,09] 0,6} 68,5| 3,4 |22 32,1| 2,6{16,9
144 | 3,0 | 7,0 |463,6| 7,6 | 17,6| 14,1|0,6 | 0,8 |0,07| — | — [450,5| 22,4|31,3 |156,5(12,8] 17,9
135,3172,8 12,1 [366 | 6,0 | 25,7| 28,5(1,2 | 7,2 0,1 | — | — | 86,5{ 4,3 (25,1 | 37 [3,04| 17,7
15,4 0,3 | 2,0 |366,1| 6,0 | 37,9/ 61 |2,6 | 16,8|4,4 | 0,1 | 0,7| 60,1| 3,0 (18,9 | 25,8| 2,1| 13,4
176,86, 3,6 (21,2 [146,4| 2,4 | 13,8 54,2/2,3 |13,6 |5,3 | 0,1 | 0,8| 88,2| 4,4 |25,4 | 21,4/ 1,7,710,1
207 | 4,3 |21,3 |335,5/ 5,5 | 27,2 29 1,2 | 22,8/0,2 | — | — |30 | 1,5 27,2 | — | — | =
71 | 1,4 | 6,4 |368,5| 6,04 26,2 0,1/0,004| — |3,9 | 0,1 | 0,4| 36,1/ 1,8 |7,8 1| 16,7[ 9,6 41,6
41,3{0,8 | 4,8 |451.4] 7.4 | 41,8 34,5(1,4 | 8,3 |2,5 | 0,06| 0,4| 81,3 4,06(22,8 | 35,2 ) s 16,4
61,4 1,2 | 6,7 427 | 6,9 | 37,0| 64,4/2,8 | 14,7|14,7| 6,5 | 0,1 70,9{°3,5 |18,8 36,2_2’_§ 15,7
148,9| 3,1 {17 |353,8| 5.8 | 31,8| 7,4 |0,3 | 3,8 | 0,1] — | — | 89,5 1,9 (23,1 [ 24 | 1,9 23,1
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TABE
Compozitia chimicd « apelor frea

i ANTIO
Unitatea ! Duri- ! Mine- | ANTH
Amplasament SRS ! tatea iraliza-
r |Amp (nsr.mcnt 1}101-[01(?21(‘.? PH% = | e a NO, S0,
erl. forajului) l-of"mai,%}n}ul ‘germa-! lotald

geologica C e | oman : - . - — —
poRC D TESTE i mgl | mefl | %me mg/l{ me/l | %me | mg'l me/l
o 1 2 13l a1 516171 s | 9l 10| 11| 120 13
1 |Fiscut 18302 | zona ) o
colinara 6,5 23,3 777,6_:28_:4 0,8: 4,2 — — — 119,21 0.3
2 Fiscut zona o
colinars 7 117,11 540,9/ 14,21 0,4 ] 3,6 {16 | 0,2} 1,9 19,21 0.3
3 | Fiscut zona ‘_'ﬁ,“— i - _’ s
colinari 7 1229, 661,7 56,7, 1,6 | 0,71 20,0/ 0,3 1,9 7,7 0.3
T3 Fiscut zoni o
colinard 7 3,9 1 003,2,134,7| 3,8 13,9 112,4; 1,81| 6,6 1138,8' 2,89
—.3' Fircteaz zond B - - { o
17304 colinari 6,50 17,7 | 623,1 _354 1,0 7,3} 10,0 0,1 _OL 19,2; 0,3
6 | Fircteaz zoni . b .
colinard 6.5 17 692,1) 28,41 0,8 | 4,6 — — — }32,6 6,6

7 Fireteaz zona j .
colinari 6,5 15,8 | 373,11 56,7 1,6 | 8,8 1105,6) 1,7 | 9,4 |166,0, 3,4

8 | Alios zoni _ j
colinari 6,5 52,0 i1487,11236,8| 6,6 |15,4 {344,0] 53,5 |12,7 191,5; 3,9
"9 | Hunedoara | C. Vinga 1 | 6,3| 16 | 433 | 28,4, 0,8 | 0,6 | 5,0 0,080,7 | 17,3, ©,3

Timisana i

|
18304 |
10 | Hiunedoara :
Timisana C. Vinga 1} 6,2 13.2 } 503,8; 7,1 1,5 ;
11 | Hunedoara | C. Vinga 1 | 6,3 27,8 | 963,2| 75,2{ 2,1 | 7,2 |163,0[ 2,6 | 9,0 |188,0;
Timisana ;
12 Alunis
13 Alunis
14 | Mandastur

2,0| 0,03 0,2 | 28,8 ©,5
.9

=}
&

36,5 0,7
139,6, 2,91

Vinga 1l | 6,5 15,5 0,4

. Vinga 1 | 6,5! 33,9 |1000,1!119,1| 3.3 |11
Vinga 11

18305 6,3 17,4

cla)e

i
30,7 0,8

477.5 28
15 | Manastur | C. Vinga 11 | 6,3 48,9 | 265,2,265,2| 7,4 |13.2 {378 | 6,1 10,8 [110,0: 2,2
16 | Vinga C.Vinga 1Y | 7 17,9 | 708,6] 7,1/ 0,2 | 1,2 | 70,0| 1,1 | 6,8 1 — | —
17 | Vinga 17304 C. Vinga 11| 6,5 16 627 | 28,31 0,8 4,9 | 5,0/ 0,0 38,4 ©.8
18| Vinga C. Vinga 11 | 6,5 92,9 12499,8!887,0125,6 132,53 |106.2] 1,7
19 |7Sagu C. Vinga II | 6,3 46,5 {1126,6/253,8] 7,1 20,6 |112,4 1.8
20| 1 Sagu C. Vinga 1 | 6,2 34 | 618,7] 14,2/ 0,4 | 3,1 | 13,0 0,2
21 | Tisa Nouz | C. Vinga 7 15,7 12945,31 21,31 0,6 { 4,5 | 10,0! 0,1
22| Tisa Noud | C. Vinga 11 | 7 | 63,5 |1813,5/210,6] 5,9 |16,3 [109,4
337| Frumusenl | C. Vinga L1 | 6,3 53.3 11398,7 m; 5,08/13,0 |378,0
24 | Vrumuseni | C. Vinga 11 | 6,8 13,9 | 454,0! 14,2/ 0,4 | 3,3 | —
35 | Pocica C. Semlacu-| | }
Tui 8,8/ 13,7 | 352, 4 10,8‘ 0,5]22] —
26 | NV Rovine | C. Semlacu-| l |
. lui 6,8 11 | 694,51 19,11 0,5 | 2,9 | 13,8 0,2 | 1,1 38,7, 6,8
27 | NV Rovire | C. Semlacu- t \‘ I
lui 6,8 15,4!966,8 43,91 1,21 4,6 | 43,61 0,7 | 2,6 | 96,31 2,0
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1.UL 6
tice din zona Arad-Vingu-Pecica
N1 CATION {
i
f |
: HCO, N ! K Ca ' Mg
o " mg/l mc-./l.! %wme | mg/l me/l %ime| mg/l ! me/i 0mc= mg/l | mest | %ame | mg/l | me/l| %me
14 115 [ 16 |17 {438 119 {20 {21 |22 |23 ‘ 24 l 25 [ 26 |27 |28 | 20

2.1(512,5 8,4 | 43,7, 27,8 1,2 | 6,3 | 1,8 | 0,04] 0,2 [105,6! 5,3 | 27,8} 36,73,02 | 15,7

3,0 1341,6] 5,6 | 42,1| 12,7/ 0,5 | 4,1 | — | — 1 —|78,9 3,4} 20,6/ 6,32,1 | 16,3
0,9 1378.2] 6,2 | 37,5/ 1,4/ 0,06 0,4 | 0,6 | 0,01} — 1115,4 5,7 | 34,8] 29,7/2,4 | 14,8
10,5 317.2| 5,20/ 19,0; 14,7; 0,6 | 2,0 1 0,07} — |~ :210,0/ 10,4] 32,1} 63,0(5,1 | 15,9

3,0 1317,20 5.1 { 390! "8,6/ 0,5 { 2,7 1.8 0,04 0,3 | 84,2 4,2 | 31,2 26,0/2,1 | 15,8

3,8 439.20 7.1 | 41,6/ 50 | 2,5 14,8 2,6 | 0,06 0.4 | 72,9/ 5,6 | 21 | 20,202,4 | 13,8

10.1140,3) 2,3 | 19,7, 7,0l 0,3 | 2,5 | 0,03 — | — | 73,5 3,6 | 30,9 24,0011,97 | 16,6
9.1 i341,6! 5,6 | 18,8/ 31,0 1,3 | 3,4 | 0,7 | 0.020 — 1205.0] 14,7 37,0/ 46,53,8 9,6
T 39,3 16,7 45,713,7 | 32,4

3,7 380,67 4.5 | 99,5 0,70 0,04 0,3 | 5,05 0,07 0.5
M T

43,8) 13,8 0.8
20,50 1,9 0,08!

4000 — =

K K1s,uu4*0‘>

1, o \ () 05 () 3

_',4|1x;nu.u3|z>>,b

L 0.7 12,51 0,06 0,1 198,41 9,9 25,5H1‘,13 9,2 | 23,7
1,5 = |=— "i= {;7 ,01 13,8/ 29,7/107,0i8,8 | 18,8
760,13 — |— 2000 179,97 22,31 110 | 9.05, 20,01

3,2‘“ 0,01] 0,5 1 38,0 1,8 |1

13,6 | 1,5 | 0,04; 0,51 27,7, 2,21 16,0; 0,1 {0,003] —

!

|
4,3 [481,0] 7,9 | 41,7 8 3,7 24,2 | — — — 21,00 1,03| 6,9 | 35,02,8 | 18,9

7,4 1579,50 9,5 | 35,4/106,5] 4.5 (21,0 1 34,51 0,81 4.0 [ 39.5 1,9 9,8 43,0M3,5 '16,1




122 N. MIHATLA, P. GIURGEA o4

1 2 [ 8] 4] 5 (6] 7| 8] 9] 0] 11]12] 13
Sofronea C. Siriel 6,5 16,3 | 663,9 29,8/ 0,81 4,0 | 35,6/ 0,5
29 Zimandcuz | C. Siriei 6,5/ 22 | 894.6| 77,3/2,1 | 8,4 | 50,8/ 0,8
30 | Andrei C. Siriei
Saguna 6,5 21,2 | 681,5| 63,8/ 1,8 | 8,5 {112,4] 1,8
31 | Mindruloc | lerasa 6,5 20,1 | 747,7|128,3] 3,6 | 16,3] 98,8/ 1,5
32 | Floria terasa 6,5 19,4 | 753,2| 34,7|79,9 | 4,4 | 62,0/ 1,0
3¢ Arad terasa T
(Gridistea) 6,5 31,1 i 960,0/ 68,1) 1,9 | 7,2 1102,4| 1,6
Munar terasa 7,00 12,9 | 928,8} 19,9| 0,5 | 2,1 9,6] 0,1
35 | Sinpelru terasa
German 6,5 11,2 | 673,4| 36,2 1,02 4,6 | 48,6/ 0,7
36 | Sinpetru | terasa T
German 6,50 17,5 | 568 | 14,2/ 0,4 | 2,7 | 3,0/ 0,4
37 | Sinpetru terasa T
German 6,4 22,8 | 680,21 14,21 0,4 | 2,3 — —
(haltx)
“Felnac ~ terase 6,5 116,2{2175,2/561,5/15,8 |25,4 | 24,6] 4,0 | 6,4 (216 {7 5
39| Felnac 16312 terase 6,5 27,5 | 774,6, 56,7 1,6 | 0,1 | 70,0{ 11 | 5,7 | 15,4 3
0 | Calugireni | terase 6,5 24,5 | 721,3, 61,00 1,7 | 7,7 | 81,2] 1,37 5,9 |197,5, 4,1
“zddareni | terase 6,5{ 19,8 | 682,3) 10,6/ 0,6 | 0,5 | 40 | 0,6 | 3,7 | 15,4 0,5
“Zadareni terase 6,5 26,5 | 824,5] 49,6{ 1,4 | 8,8 | 5,0 1,08/ 0,3 | 34,5 ©,7
“Aradul Nou | terase 6,5 45,0 |1193,2/157,4| 4,4 (12,6 [100 | 1,6 | 4,5 {190 | 3,9
Aradul Nou | terase T h}
16304 6,5 18,5 | 694,1| 28,4/ 0,6 | 4,7 | 5,0/ 0,08/ 0,5 | 9,6 0,1
Aradul Nou | terase }
1AS 6,4, 19 628,00 21,2/ 0,7 [ 3,9 | — | — | — 23,0 0.4
Sinnicolaul | terase |
i 6,5 - | 687 [253,7] 7,4 (28,8 | — | — | — [211,0! 4,4
47 | Sinnicolaul | terase 6,5 53,9 [1499,1(138,5] 5,6 |13,5 | 6,0, 0,091 — |138,2 2.§
Mic
Fintinele | lerase 76,2| 97,1 {2350,8486,4]13,7 [20,5 1362,0{ 9,06/13,6 |179,3 3,7
49 | Fintinele | terasc 6,2| 62,4 [1593,0/269,5| 7,6 |16,8 |140 | 2,2 | 5,0 |165,1] 3.4
“Fintinele | terase 6,5 18,3 | 624,3| 14,2/ 0,4 | 2,5 | 3,0/ 0,08, 0,5 | 17,3 ,38
51 | Mindstiren | lunca 7 1'25,4 1080,2 85,1 2,4 | 6,5 | 7,1 0,1 | 0,4 [12£,§872,3
Bezdin
“Pocica Tunca 6.5 39,2 |1159,6156 | 4.4 |13,3 | — | — | — |238,1 4,5
53 | Arad(Bujac) | lunca 6,0/ 25,2 {1521,0| 68,1| 1,9 | 4.7 | 5,6| 0,09] 0,2 |167,0; 3.4
“Arad(Bujac) | lunca 6,0 52,1 [1966,8[283,7| 8,0 |13.7 | 30,0/ 0,4 | 0,8 {410,9! &,5
55 | Arad(insuld) | lunca 5,5 13 401,7) 21,2 0,6 | 6,1 | 30 | 0,4 |5 | 44,3 6,0
Pecica lunci 6,5 3,1 1682,2 284 0,81 5,0] — | — 1 — | 55 v

Apele din Pannonianul inferior (4674
1547 Pecica), din punct de vedere al conmnutulm anionie, se 1ncad1eaz_..
in tipul bicarbonato-cloruric (probele 12, 13, 14).

Exceptie de la aceastd repartitie COllStItIll(, proba 15 (Pecica), care
este de tipul cloruro-bicarbonatic (fig. 3).

Dupd concentratia in cationi, apele se grupeazid in 10Lalufue La
tipul natric (fig. 4). Mineralizatia apelm variazd Intre 2101 mg/1 (Acad) si
20116 (Pecica).
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(continuare {ab. 6)
14 | 15| 16 | 17{ 18i 19( 2ol 21| 22{ 23 | 24} 25] 26] 27,’ 28 | 29

20,1/298,9 4,9 | 23,2] 2,1 0,09/ 0,8 — | — | — | 57,5 2,8 24,2} 36,0{2,9 | 25

15.5(366 | 6,0 | 23,0) 72 | 3,1 |14,2 [ 1,0 | — | — | 96,5, 4.8 | 22 {37 |3,04 | 13,8
18.8]183 | 3,0 | 14,2) 2,5/ 0,1 0,7 0,31 — | — 192 |4,5|30 |36 (2,06 19,3
7.2 134,21 2,2 | 9,9 | 91,0/ 3,9 [18,1 | 1,4 | 0,04| 0,02 77,5! 3,6 | 16,7, 40,0] 3,2 15,0
4.4 305 | 5,0 | 22,2] 7,5/ 0,3 | 2,1 | 22,0 0,5 | 3,6 | 84,0 4,1 | 26,9{ 33,0/ 2,7 | 17,4
14.4/366,0{ 6,0 | 22,3/ 14 | 0,6 ; 2,5 23,0 | 0,5 | 2,4 [168,0! 8,3 | 34,1| 33,0/ 2,7 | 11,0
15.0:536,8| 8,8 32,4 | 93,0] 4,04] 22,9/'3,9 | 0,1 | 0,1 | 36.0] 1,8 | 10 2/ 34 (2,8 | 15,0

,3 1 26,1

19.6 (305 5,0 1 22,3] 11 0,4 5,40,08 — | — 33,00 1,6 | 18,5 28,5 2

]
2.6 1378,2 6,1 | 41,5 26,6{ 1,1 | 7,7 | 1,8 | 0,04, 0,3 | 64,9 3,2 | 2,8 | 36,9/3,03 | 20,2

0.6 |427,1] 7,0 | 41,1} 7,7, 0,3 | 2,0 | 0,8 | 0,021 0,1 | 85,8/ 4,2 | 25,1] 47,25,8 | 22,8
7.2 1420,5/ 6,9 | 11,0 33,5, 1,4 | 1,7 | 0,08] — |—  456,5 24,8 26,1/236,0,19,4 | 22,2
1.6 1414,9] 6,8 | 34,3] 0,4 0,01E 0,11 1,110,02 0,1 1113 | 5,6 | 28,6/ 50,84,1 | 21,2
18,4 244 | 4,0 | 18,0] 2,1 0,09/ 0,5 ; 0,03] — "20,9] 61,5(5,06 | 28,6
1,0 417,077,017 40,9 33,60 1,4 19,0 10,9 | 22,5 38,4i3,1 | 18,4
3,5 488 8,0 | 39,2/ 16,4/ 0,7 , 3,5 | — | 18,7 0,110,008 —
11,1 1475,8| 7.8 | 21,8 9.0/ 0,3 1,2 0,01 553 68 |7 1335
- - [ T : - !

1.2 [451,8 7,4 | 43,6/ 41.4] 1.8 | 10, A 1,00 0,04 0,3 1 81,0 4,08/ 24 | 30,6{2,5 | 14,9

3.0 414,80 6,8 | 43,20 13,5 0,81 5,41 1,21 0,03, 0,2 78,9, 3,9 | 24,9

— — — H — — —

g 10,02

7.6 |561,3 Y | 0,05 0,1
2.4 14026 0,02
0,5 1536,8 578
15 |439,5! 7,2 ! 0.4 1,31 T19,8! 91,21 7,5 | 22,6
S.6 1902,8i14,8 13,7 | 3,11 9.5 1980,0; 4,8 | 14,6/ 40,014,1 | 12,2
14,1 |746,8112,2 EIT':’_H 7,0 (1271280 |14 23,9 99,;@2“_?_*_

9 A 0T 1,973,471 0,08 0,3 ]789 .9 2,41724,9726,72,1 | 22

b 1,71 0,5 3

9.3 1176,9 2,
)

0,7 1439.2 N 44 3‘10() 476,09 143 (71004 0217 127170,5 1 3,7, 16,1

Fatd de apele termale din Pannonianul inferior, apele din cel supe-
¥ior au o mineralizatie cu mult mai mied — 1405 mg / (Arad)—4166 mg/l

(Felnac), ca o consecintd a circulatiei acestora’ prin sedimente in general mai
grosiere si a legdturii hidrodinamice bune c¢u zona de alimentare.

Din graficul prezentat (fig. 3) sc constatd cd majoritatea probelor
au 0 compozitie bianionicd, bicarbonato-cloruricd §i cloruro-bicarbonatic,
exceptie facind doar proba 5 (Felnac), care se situeazi in sectorul cloruric.



124 N. MIHAILA, P. GIURGEA

H CO3
S0%

40 bicarbonatic X10

bicarbonato
sulfatic
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Fig. 1 — Tipuri de ape dupd compozitia anionici.
Types ol waters according to the anionic composition.
Ca
I'{
/
30/ calco calco 20
natric magnezic
V) 5
@ 30
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0 -calcic lcalgic )
! f
I
natric natro- { magnezo- magnezic
mcgnezlc ' natric
|
Nal—— . ! — t %Mg
. 50% 50 39 5 20 10 50%

Fig. 2 — Tipuri de ape dupd compozitia ealionici.
Types of waters uccording 1o i1he cationic composition.
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Pe diagrama pe care s-au reprezentat cationii (fig. 4), ionul Na, in
general, se giseste in proportie de 40-—-48,6 9, ceilalti ioni fiind subordo-
nati. Aceasta determin# incadrarea apelor la tipul natric. De la aceastd
repartitie fac exceptie probele 3 (Sofronea) si 1 (Iratosu), care apartin com-
binatiilor biocationice, natro-calecic si respectiv natro-magnezic.

B) Chimismul apelor atermale din depozitele pliocen-superior —
pleistoeene

Din tabelul 5, in care sint centralizate cele 27 de analize ale probelor
de api, recoltate din depozitele pliocen-superioare-pleistocene se poate
observa cd mineralizatia apelor variazd de la 381 mg/l ( 3 Fiscut) la 1668
mg/l (19 Cruceni). Din diagrama anionic& (fig. 5) se poate deduce cit majo-
ritatea probelor se incadreazd la tipul sulfatic si numai eciteva au o com-
pozitie bianionicd, incadrindu-se la tipurile sulfato-cloruric (14 Vinga, 24
Felnac, 10 Sagu), sulfato-bicarbonaticd (20 Peciea, 27 Gelu) si cloruro-
bicarbonatic (23 Pecica). O singurd probi (22 Pecica) se plaseazid in sec-
torul trianionic, apa caracterizindu-se ca bicarbonato-cloruro-sulfatic.

In ceea ce priveste cationii (fig. 6), 11 probe se afls in sectorul calcic,
cu comporzitie bicationicd, ficind parte din subtipul calco-magnezie, 7
probe se dispunin sectorul Mg, incadrindu-se la subtipul magnezo-calcic, iar
6 probe (2 Fireteaz, 18 Vinga, 21, 22 Pecica, 26 Mailat) se plaseazd in
sectorul tricationic, apa fiind de tipul calco-magnezo-natric sau magnezo-
calco-natric.

[C) Chimismul apelor freatiee

Din tapelul 6, in care sint centralizate, cele 56 probe de api, recoltate
din apele freatice localizate in depozitele cuaternare ce participd la aled-
tuirea geologicd a diferitelor unitdfi morfologice, se poate observa ci
acestea au o mineralizatie cuprinsg frecvent intre 265 mg/1—1000 mg/l.
Local, se intilnesc si valori mai mari de la 1398 mg,/1 pini la 2191 mg/l.

Apele freatice, din punct de vedere al continutului anionic (fig. 7),
prezinti, in general, o mare uniformitate pe toate unititile moriologice,
ele plasindu-se in sectorul bicarbonatic, unde ionul HCO, variazi de la
36,5—47,2%,. Un numir insemnat de ape au o compozitie bianionici,
incadrindu-se in tipul bicarbonato-sulfatic.

O compozitie anionici mai diversificatd apare in unitdtile morfolo-
gice superioare, unde gisim, in afara combinatiilor chimice amintite, i
altele ca: sulfatic-bicarbonatic, cloruro-bicarbonatic, sulfatic-cloruric,
cloruro-bicarbonatic-sulfatic.

Din examinarea tabelului 6 se poate observa predeminarea cationi-
lor Ca(29,7 —41 9) si Mg (22,6 —32,4 Y,). Aceast# situatie determini inca-
drarea majoritdfii apelor la subtipurile calcic-magnezic, calco-magnezic,
magnezo-calcic. Subordonat, mai pot apare si alte subtipuri, infunctie
de procentajele ce se repartizeazé si altor cationi (natro-magnezic, calco-na-
tro-magnezic).

Studiul de ansamblu al mineralizatiei apelor freatice, pe directia
principald de curgere a curentului subteran, arati o crestere a acestora,
de la valori mici 0,4 g/l (Alunis), la valori medii 1,1 g/l (Frumuseni), ajun-
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HCO3

4

Fig. 5—6 — Reprezentarea graficd a chimismului apelor de adin-

cime din zona Arad— Vinga—Perica; A—anioni, B—Cationi.

Graphical representation of the chemism of deep walers in the Arad
—Vinga— Pecica area; A — Anions; B — Calions.
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IFig. 7—8 — Reprezentarea gralici a chimismului apelor freatice
din zona Arad— Vinga— Pecica.
Graphical represenlation of the phreatic waters in ihe Arad—
— Vinga— Peecica arca.




51 APELFE SUBTERANE DIN ZONA ARAD-VINGA-PECICA 129

gind ca in zona de drenare si atingd valori maxime, 2,3 g1 (Fintinele)
{Serbanet al., 1673).

Acest fenomen trebuie pus pe seama mai multor factori : o circulatie
lentd, datoritd nnui gradient hidraulic mie, existenta unei zone mai cobo-
Yite (cimpia joasd a Ierului), la care trebuie adiugati lipsa drenajului.

De asemenea, se observd o crestere a mlnemhmrn apelor si pe ver-
tlcala, de la valori mieci, in stratele de adincime, la procente mai rldlcate,
in apele freatice. Exemplu :- Fiscut 0,3 g/l, ape de adincime, 0,7 g/l ape
freatice ; Htmedoara—T‘imisanﬁ. 0,5 gr/l la 0,9 g/1; Sagu 0,5 g/l — 1,1 g/l;
Felnac 0,7 g/1—2,1 g/1, Vinga 0,5 g/1—2,4 g/l. Aceastad constatare o punem
pe seama evapo- tmnsplrahel care, pentru aceastd zoné depiseste canti-
tatea de precipitatii. :

Analiza distributiei principalilor joni din ‘upbele categorii de ape,
de adindcime si freatlce, pé aceleasi directii ale curentului snbteran si pe
verticald, aratd urmitoarele : Na cre$te pe directia curentului subteran
de la 2,5 mg/l Andrei Saguna) la 310 mg/l Turnu) iar pe verticald de la
1,4 mg/l (Fiscut) la 41 mg/1 (Fiscut), de 14 8,6 mg/l (Vinga)la 2 mg/1 (Vinga),
de Ia 54 mg/l (Pecica) la 160 mg/l (Pecica). Aceeasi variatie se observé sila
ionul Ca. Acesta cregte de la 84 mg/1 (Horia) la 280 mg/1 (Arad) pe directia
curentului subteran. O crestere procentuald se observd mergind de la
adincime spre suprafaté, exemplu 66 mg/l — 210 mg/1 F1scut) 51—180
mg/l (Sagu), 36 mg/l — 456 mg/t (Felnac), 36 mg/t — 105 mg/l Mcmastur)

Urmdrirea distributiei procentuale, in azotati si fosfau_jl, aratd o
crestere a acestora in zonele Gelu, Aliog, Alunig, Frumuseni, Sinnicolaul
Mie, Hunedora Timigani, Cilugireni, Rovine, etc. atit la suprafatd, cib
§iin adincime (30 —35 m). De asemenea, in zonele Turnu, Felnac si Zada-
reni, se observi §i prezenta apelor cloro-sodice, ape legate de exploatirile
de hidrocarburi din aceste zone. ‘

Extinderea vertiginoasié a zonelor industriale (Arad), dezvoltarea
sectorului zootehnic si folosirea intensivd a ingrigimintelor agricole (fos-
fati, azotati) sint tot atitea aurse care au periclitat i pericliteazd calitatea
apelor. In legiituri cu acest aspect, recomandim ca, pe viitor, executarea
tuturor captérilor prin foraje si se facd sub limita 30 —35 m adincime,
limit# la care, in prezent se remarcd inaintarea in adincime a poluiirii chimice.
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GROUND WATERS IIN THE ARAD — VINGA — PECICA AREA
AND THEIR HYDROCHEMISTRY

(Summary)

Thestudies that were carried out regard the Panonian formations and,
especially, the Quaternary, oues, which prevail in the greatest part or the
area. Through theseresearclies the stratigraphy of the Quaternary deposits
and of their genetic types has been specified.

On the basis of field observations and the drilling operations (more
than 250) the existence of more aquifers is pointed out :

@) free level aquifers, having a great regional extension, located in
the terrace and waterside deposits and the sandy intercalations in the
red clay and loesses, as well as in the alluvions of various Upper Pleisto-
cene — Iolocene plains.

b} depth aquifers with an ascensional artesian level, situated in the
Upper Pannonian (thermal waters) and the Upper Pliocene — Pleistocene
(athermal waters) deposits. )

The elements obtained as aresult of the research, allow the characteri-
zation of ground waters, from the point of view of its areal developmert,
as well as of the hydrogeclogical parameters, of practical importance.

Regarding the chemistry of ground waters, one can notice the exis-
tence of three great categories of waters, namely : bicarbonate — chlorine —
sodium bearing waters gathered in the Pannonian deposits, sulphur —
chlorine — calcium bearing waters located in the Upper Pliocene — Pleis-
tocene sedimments, and bicarbonate -— sulphur — caleium bearing waters,
containing the phreatic waters category.

EXPLANATION OF PLATES
Plate 1

Hydrogeothermal characteristics of the aquifer in the Upper Pannonian — the Arad area :
1, Areas where waters have temperaturcs << 350°C; 2, Arcas where waters have temperatures
between 40°C—530°C ; 3, Areas where waters have temperatures between 30°C—40°C ; 4, Areas
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where waters have the temperatures << 30°C; 5, Isobaths at the hasis of the Upper Panmno-
rian (basis of the main thermal aquifer): 6, Isopachytes of the thermal aquiler; 7, lsogeo-
therm ; 8, Isogradient 35°C/km; 9. Anticline axis; 10, Synclinal axis; 11, Drilling intercep-
ting the thermal aquifer stratum: 12, drilling number; 13, depth of the Upper Pannonian’s
basis; 14, temiperature of the thermal aquifer; 15, drilling data according to IFLGS and
Minigiry of Petroleum.

Plate II

Hydrogeological map of the area Semlac—Arad—Alunis: 1, Gravel and sands (aquifers)
in the flood plains composition (Holocene); 2, sands and gravel (aquifers) with intereala-
lions of clays, in the composition of the Ierului and Jimbolici subsidence plains (Upper Plei-
stocene-Tolocene): 3, sands and gravel (aquifers) in the Siriei Plain composition (Upper
Pleistocene): 4. Loess and loess deposits (aquifers) in the Semlac Plain composition (Middle-
Upper Pleistocene) :3, gravel, sands (aquifers) and elays in the Vinga Plain comnposition (Upper
Fliocene— Pleistocene), 6. clays, marls and sands in the composition of the hill area (Panno-
nlan): 7, Himit of geological formations; 8, hydroisohypses of the ground aquifer; 9, hydro-
isohypses of the deep aquifer developed in the old alluvions of Mures: 10, isobaths at the
zover of deep aquifer: 11, isotransmissivities of the aquifer of the Pleistocene deposits in
m?* per day (according to IMH); 12, areas of equal depth of the ground aquifer;13, ow direc-
iion of the ground aquifer: I4. flow direction of the deep aquifer; 15, spring; 16, permanent
water course: 17, temporary waier course; 18, fresh water lake; 19, accumulation lake; 20,
drain channel; 21, dam. 22, marshy soil

Plate III
Sckematic hydrogeclogical section helween Zimandu Nou and Fireteaz localities.
Plate IV

Schematic hydrogeological secticn between Sinpelru German and Mindruloc localities.
1, gravel; 2, sands; 3, clays.
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EESERVOIR MODEL OF THE ORADEA GEOTRHERMAL RESOURCE
AREA DEDUCED FROM THE GEOLO GICAL, CHEMICAL AND
THERMAL DDATAL
BY
RAMONA PLAVITA 2

Geothermal reservoirs. Fheimal walers. Models. Aquilers. Triassic. Carkoncle rocks. Per-
meability. Fraclured formations. Thermel fluid flow, Pannonic Depression — Area bel-
ween Mures and Cirisnl Repede — Area belween Crisul Repede and Oas.

Abstract

The Oradea hydrogeothermal atea works off the Triassic thermal aquifer. The reser-
voir is of the fractured type, the fractures affecting limy and dolomitic rocks. Certain hydro-
geological, chemical and thermal peculiarities of the geothernal system attest the existence
of an important natural supply of the aquifer, through the eastern and north — north —
western frontiers of the area. An ideal model of the reservoir is presented, based on thermo-
metric data mainly. The model is made up of a main flow system, represented by preferential
ways of flow of the vertical fault type, with high permeabilities and by a secondary ilow
system made up of horizontal fractures, possible stratification surfaces. This model is useful
for the evaluation of the cooling of the reservoir in case the reservoir heat is worked off by
injection of thermically worn-out water in the reservoir.

Résumé

Modéle Qe giscment du périmélic hydrogéothermal & Oradea déduit & base de donndes

yéologiques, chimiqus el thermométriques. Le périmétre hydrogéologique d’ Oradea assure lex-
ploitation de I'aquifére thermal triasique. Le collecteur est de type fissuré, les {ractures affec-
tant des roches calcaires et dolomitiques. Certaines particularités hydrogéologiques, chimiques
et thermique du systéme géothermal attestent 1’existence d’une importante alimentation na-
turelle de l'aguifére par la frontiére est et nord-onest du périmétre. On présente un modéle
idéalisé du gisement, basé surtout sur des données thermomeétriques. Le modéle est constitué
d’un systéme principal @*écoulentent, représenté par des voies préferentielles d'écoulement du

I Received November 1, 1083, accepied for eomumurication and publication November
12, 1485,

C2% Institeonl de Geologie si Geofizied, sir. Caransebes nr. 1, R 79878, Buewresti 32.



134 R. PLAVITA 9

type de la faille verticale, a pérmeéabilité élevée et d’un systéme sccondaire d'écoulement formeé
par des fractures horizontales, de possibles surfaces de stratification. Ce modéle est utile pour
estimer le refroidissement du collecteur au cas ott la chaleur du gisement est exploitée par
Pinjection d’eau usée du point de vue thermique dans le réservoir.

1. Introduetion

Geothermal resource area means a part of a thermal aquifer equal
to the drainage zone. However the limitation of the geothermal resource
area is based mostly upon geological and geophysical (ata because the
drainage zone depends on many uncontrolable factors, especially in the
case of fractured reservoirs.

In order to describe a reservoir model we have to indicate the lHmits
of the geothermal resonrce acea, the boundary characteristies, barrier or
permeable, as well as flow directions and velocities inxide the aguifer.

2. The Summary of Geological Evolution

In the Oradea area during the drilling of the thirteen existent wells,
we met all the formations of the alpine cyele, from Pannonian to the Lower
Triassic. In the paleoalpine stage this tervitory developed in the north of
the Bihor-Codru geosynelinal. During this process the typical formations
of the Bihor Autochthonous were deposited. After the overthrusting of
the Codrit Nappe and the dismembering ot the anterior trench, the Oradea
area was included in the sinkings that formed the Neocretaceous Depression
of Borod. :

After a long Palcogene-Lower Miocene up-lift, a Badenian frans-
gression took place and heginning with this event the zone evolved up
to the present inside the Pannonian Depression.

3. Hydrogeological Model

The aguifer is contained in rocks of Triassic age. In the case of Bihor
Autochtonous, sedimentation was continnous from Scxvihian up to Ladi-
nian. The Triassic began with the detrital deposits in facies of Werfer.
After that, the sedimentation became mainly carbonated. In the Lower
Anisian the lagoonar medium permited massive setting up of primary
dolowmites. In the Upper Amnisian and Ladinian the sublittoral medium
favorised deposition of limestones. This sedimentation of limestones was
interrupted by short episodes of clay formations (the shales of Pestis and
Vida), (Cohut et al. 1983)., .

Structural map (Fig. 1) shows tectonics of the zoue, indicating the
boundaries through faults and the compartimentation of the aquifer, bus
because of the great thickness of it, the internal faults do not interrupt
the continuity of the Triassic. .

The waters of the Triassic aquifer, in artesian flow, have tempe-
ratures between 63 —100°C, flow rates of 5—30 l/s and a very low tota
mineralization related to the depth, 300 —1500 mg/L. The ionic compositiol:,
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the minor elements spectrum, the high radioactivity and the content of
rare gases indicate an active undel <>1oand ('11(111’111011 paths partiallz in
contact with the Crystalline hasement and with eventual contribution «f
juvenile gases.

According to these as well as to the hvdrogeological conditions there
is @ net distinction between Oradea and Bors geothermal resource avems,
this last one having fossil waters in the same Triassic rocks.

The water storage and circulation system ix a fissured ome, this
notion meaning preexistent or enlarged stratification surfaces, enlarged
by dissolution, meaning lithoclasses of different natures, faults and breccin-
in their planes.

Tnside the aquifer there is a continuous flow of water toward the
zone of natural discharge at 1 Mai-Felix Spas. The maintenance of this
system through geological ages means the permanent compensation of
the discharged flow rate (250 —300 1/s). We consider that the aquifer hax
a natural refilling, mainly through the north-castern, northern and north-
western boundaries of the geothermal resource area. This aquifer is c¢on-
tained in the Mesozoic regional hydrostrueture of the Pidurea Craiului
Mountains, where a considerable deficit of the hydrological balance was
observed.

%. Some Remarks Upon the Reservoir Pathways Based on Thermal
Data :

In the Oradea geothermal resource area, ranging over a distance of
only 12 km, the reservoir temperature is varying, along an east-west
vrofile, between 75 and 111°C, at the same isobathic depth of 2400 ::.
Although the Oradea area is situated at the Pannonian Depression hor. or
and this fact supposes a decreased heat flow due to the thickening of the
Harth erust, these great variations of temperature on such a limited arvea
prove the existence of an intense flow inside the reservoir.

+.1. The Il ain Flow System

The intense flow inside the collector was generated Hy the occur-
rence of the discharge zone at the 1 AMai —Felix Spas.

The most active part of the geothermal rescurce avea is the casten
order of it, especially the Velenta fault, a major one, with an orientat
N 10°E and the fault amplitude of 150 —-200 m at the collector le—el.
The Velenta faultis also the eastern geaphrsical horder of the Pannonia:
Depression.

The collector geothermal gradient map is shown in ficure nr. 1,
whicl indicates a constant increase of this eradient from cast to the W,
(2.50—4.5°C/100 m) the iseogradient lines being parallel to the Velenta
fault. This suggests anf uniform cooling from the fault to the interior o3
tiae area.

The proncunced cooling of the faulted zone was illustrated through
vertical fault model, by Prue\\ Bodvarsson (1933}, The cooling depends

primarily on the f}'(bcthre pernieability, as shown in fi gure nr. 2, ‘:hu_n
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alwo gives the model parameters. Thus, in only one vear of permanent
flow, at the high permeabilities, a strong cooling is noticed.

If we take a similar situation on the Velenta fault (Fig. 3) a fault
reactivated in different tectonic cycles and by consequence with possible
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Tie. 2 — Temperaiure (°C) coulours in i{he fracture plane afier onc vear of production-
injection {(after Pruess, Bodvarson, 1983) for {racture permeability of 30 Darcy) (a) and 300
Darcy {b); I, injection point: P, production point.

poysical parameters alike to the iodel (permeabilities of hundreds
Darey), with the retill point in the north-east of the area and the discharge
point at the 1 Mai—TFelix Spas, the fluid flow may cool down the fault zone.
Thiz cooling is then transmitted mainly by induction into the geother-
mal area.

Any other structural faults of the Oradea zone can also constitute
preferential pathways, especially the Loranta-Cornitel fault (Iig. 1), buv
we consider oniy the well-known faults inside the geothermal resource
grea, with the orientation N60°LE as being preferential pathways.

The fact that these faults are preferential pathwayvs is sfressed by
the therimal data of the well nr. 4004 Gradea, which indicate the decrease
af collector temperature by 10°C atter a period of six vears of continunous
matural flow, with o flow rate of 12 s,

2.The Secoidary Flow Suster
4.2.The Secondary Flow System

The interference test data for the Oradea geothermal resource aren
indicated a sudden response of all wells to the flow of a central well.
Therefore we suppose the existence of another flow system, different from
the vertical fault type.

On the basis of the temperature measurements made in the flowing
e, water influx zones were identitied, these being very narrow anid
draated at almost the same depths in the interval of 2300—2760 m. as
shown in table 1.




ITA

R. PLAV

PINA] WQOEE -- YT ().}
¢ Lsuoroanp  Mo)) LIEPU0IIS CF L SUONIAID MO[J IR ] BT JRUIIYI0IE  vapuigy 2y} o [apow unidaguer) — ¢ S

<

SULIAY)0ZI0IT

R Lo - | emm———
. Sa oo » L :

o A T T T T T g - ; T -
SINOLSIN amy SRt ) - TV RS S s I - A MIE

WL

Wy -

— oA

SRVINADH MR Y RINavY




7 RESERVOIR MODEL OF THE ORADEA GEOTHERMAL AREA 139

TABLE 1

The /lcquﬂnct/ ol waler influx zones al the same depths in the
Oradea wells

Depth (m) ' 2300 ’ 2350 , 2400 ; 2500 ‘ 2600 ( 2700 , 2760 |

Number of l

influxes 2 I 3 I 3 | 1

This uniform distribution suggests the existence of another supple-
mentary flow system, made up from seven horizontal fractures with inter-
vals of almost 100 m between them. These fractures are probably strati-
fication surfaces which are asx large as the geothermal area, but fron »
mechanical point of view with smaller aperture and therefore less per-
meabilities. The model of horizontal fractures, (Boédvarsson, Chin Fu
Tsang, 1981) was applied to the temperature data of the Oradea, well
nr. 4004 but the results were uniealistic, that is the refill point was indica-
ted as being at 37 m from the well in order to have such pronounced and
rapid cooling and this is not possible.

In consequence, this horizontal fractured svstem exists, but it has
2 minor significance from the point of view of the geothermal fluid
tlow. However the knowledge of the horizontal flew \\\tem is very inipor-
tant for the energy recevery by meats of water 1‘01113@(’(10(1 into the reser-
voir. The wells of a doublet must be related t hrough such horizontal path-
wavs to retavd the movement of the thermal fronts.

3. Conelusions

The Oradea geothermal resource area iz a part of the Triassic car-
bouated-fractured aquifer and some geological, chemical and thermal
peculiarities of it prove the natural refilling of the collector.

The water flow inside the collector is possible throngh preferential
pathways, described by the vertical fault model, with hlgh permeability,
ax well asy through secondary pathwayvs like hon/ontal fractures.

The real rezervoir is certainly more complicated, but a useful insighs
inzo the thermal interference can be obtained from 1deahz,ed modeh of
preferential pathways, including vertical and horizontal fractures.
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MODELUL DE ZACAMINT AL PERIMETRULUI HIDROGEOTER-
MAL ORADEA DEDUS PE BAZA DATELOR GEOLOGICE, CHIMICE
ST TERMOMETRICE

{Rezumat)

Perimetrul hidrogeotermal Oradea exploateazit acviferul ter:nal
triasic. Colectorul este de tip fisurat, fracturile afectind rocile calearoase si
dolomitice. Anumite particularitdti hidrogeologice, chimice si termice ade
sistemulul geotermal atestd existenta unel 1nxemn&te alimentiri naturale
a acviferului, prin frontiera cstied si nord-nord-vestici a perimetrului.

Harta structurald indicd tectonica pronuntatd a zonei si a colecto-
rului, insd continuitatea acviferului nu este intreruptd prin falii, datoritd
grosimil mari a acestuia (900 m).

Apele geoterimale au temperaturi intre 65 —100°C, debite de 5—30 ifs
si mineralizatie totalii 900 —1500 mg/l.

in perimetrul hidrogeotermal Orade a, pe o distantd de numai 12 km
exiztd variatii 11111301hntv ale temperaturii coleetorului, la acelasi nivel
izobatic. de la 75 1a 111°C, pe nn aliniament est-vest. Geoizotermele sint

garalele cu falia Velenia, care canstituie limita esticd geofizicd a periraue
tialui, dar si a depresiunii pannonice. Aceasta sugereaza ¢ rdcirea a avut
loc pe aceasti falie ca urmare a unei civculatii intense spre punectul de d.»
carcare naturald de la Biile 1 Mail — Felix. Riicirea a fost apoi fransn:i<di
in interiorul perimetrului, in principal prin conductie. Falia Velenta e-te
consideratit ca ficind parte din sistenul preferential de curgere, de 111)111
ialiei vertieale. Datele de temperaturid ale sondei 4004 Or mdm mtuata. in
apropierea unei falii din perimetrn, au indicat riacirea C(;lectnlul_ul, cn 36
(iup“u o pericadd de 6 ani de curgere continudl cu debitul de 12 1/s. Hici

pronuntatd este explicabili doar prin &(((’])1&10&, aceluiasi 101 al i
wl‘ot@lommle de eurgere si pentru cele doud falii cunoscute din interio-
vul perimetrului.

Testul de interferents cfectuat pentru sondele Oradea a aritat ris-
sunsul prompt al tuturor sondelor la pornirea unei sonde centrale, c-ea
ce presupune o comunicare mal diveetd «f mai rapidd in toate directiile.
1 consecintil trebuie =i existe si un alt sisten: de circulatie, diferit de ciile
-n’oferom-“lc. Pe haza masardtorilor de 10'1\1)01“;1‘{111'“1 in conditii dinamice au
fost stabilite zonele de aflux in xonde. Fle sint punctiforme si situate 1
sproxinativ aceleasi adineimi in intm\ 11111 2300 —2760 1i. Acesta suge-
reazd v‘;i“l'cm a unui sistem de commuicatie, aledituit din fracturi oriz.n-
tale. cehidistante 31 cn eaxtindere cowparabili cu \'Upl‘(lf: ra porimetrvlui
e exploatare. Sistemul de fracturi orizentale eoustituic insd o cale secn
Garll de copmaunicatie, avind panneabhilititi snai reduse si nerewsind =4
explice ricirea prevuntatld, obscrvald in <onda 4004 Oradea.

Modelul de zacimint schitat prin cele doud sisteme de curgere,
principal (falii verticale) si secundar (fracturi orizontale) este d(“bl\ ar
simplificat fatd de rezervorul real. Acest model este wtil la estirnarea intes-
forentei termice, in cazul In care se profecteazit ca exploatares eilldurii
zicimintulu <& se facd prin injectia wpel nzate terinie.
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Geolhermal reservoirs. Geolhermal systems. Aquifers. Hydrodynamics. Physical properticsq
Fractured. Porosify. Permecbility. Pannonic Depression.

Abstraet

Hydrodynamies paramelers of Some Geothermal Systems in Romania’s Weslern Plain
The hydrodynamic parameters of reservoirs of some geothermal systems in Romanian Western
Plain have been determined on the basis ol output data, interference tests and research
at the closing of some wells. We had interpretable data available for the West Banat’s regio-
nal! hydrogeothermal system, having a porous permeable reservoir and for the Oradea local
hydrogeotllermal system, having a carbonatic fractured reserveir. The obtained hydrody-
namic parameters, given in tables, are: the flow capacity, transmissivity, the storage cocffi-
cient and factor and the hydraulic diffusivity. Within the same aquifer, the hydrodynarmnic
parameters are relatively coustant, even in the casc of reservoirs having a regional extension.
The fractured reservoirs have permeability properties at least an order of magnitude larger
{han porous permeablereservoirs.

Résumé

Paramélres hydrodynwmiques de cerlains systémes géolhermaux de la plaine d'Ouest de
le Roumanie. Les parameétres hydrodynamiques des collecteurs de certains systémes géother-
maux de la plaine d’Ouesl de la Roumanie ont été déterminés a base des données de pro-
daetion, des testes d’interférence et des recherches 4 la fermecture de certains puits. On a eu
A la disposition des données interprétables pour le systéme hydrogéothermal régional du Banat
&ouest, a collecteur de type poreux-pérméable et pour le systéme hydrogéothermal local
@'Oradea, dont le collecteur cst de type carbonatique-fissuré. Les paramétres hydrodynamiques
obienus, présentés dans des tableaux sont: la capacité d’écoulement, la transmissivite,

! Depusi la 1 noiembrie 19835, acceptatd pentru comunicare si publicare, la 12 noiembrie
<1885.
2 Ipstitutul de Geologie si Geolizicd, Str. Caransebes, nr. 1, R 79678, Bucuresti 32.
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le coefficient ¢t le facteur d’emmagasinage et la diffusivité hydraulique. Dans le méme aqui-
fére, les paramétres hydrodynamiques sont relativement constants, méme au cas des ccl-
lecteurs a extension régionale. Les collecteurs fissurés ont des propriétés filtrantes plus grancds
au moins avecun ordre de grandeur que les collecteurs poreux-perméa bles.

Introducere

Sistemul hidrogeotermal este alcdtuit dintr-unul sau mai multe
acvifere aflate sub influenta unei surse geotermice, care asigurd ca tempe-
ratura apei la suprafatd si depiseascd 40°C.

Acviferele sint situate in formatiunile permeabile ale fundamentului
si cuverturii sedimentare, iar roca colectoare este fie de tip poros — gresii,
nisipuri — fie de tip tisurat — calcare dolomite, sisturi (Padl et al., 191*)

Sursa geotermicéd este semnalatd prin anomalia pozitivd de flux
termic (80—100 mwin~?) potrivit cidreia, depresiunea Ppannonicd esue
regiunea cea mai ,,caldd’ din Europa central'fu sl rédsdriteand (Dovényi
et al., 1983).

Exploatarea sistenielor geotermale se face prin grupdri desonde,
iar suprafata drenatd de o grupaere de sonde constituie un perimetrud
L\plo% are. In Cimpia de Vest a Romania au fost realizate pind in prezent
mai multe perimetre, unele in sistemul hidrogeotermal regional situat in
formatiunile poroase — permeabile ale Pannonianului superior, iar alteie
in sisteme hidrogeotermale locale, cantonate in formatiunile poroase, per-
meahbile ale Pmnnomanulm 1niev1or sau in formatiunile carbonatate- f]%: -
rate mezozoice.

Exploatarea experimentali a acestor perimetre a constituit surss
primara a informatiilor privind parametrii hidrodinamici ai colectoarelof.
In acest scop au fost selectionate datele care corespund conditiilor unor
teste de interferentd. Testul de interferentd se realizeazd prin punerea in

exploatare a unei sonde la un debit constant st urméirirea presiunii in restiil
sondelor din perimetru, pentru a constata comunicatia hidrodinamici
sondelor 31 a estima parametrii de zicimint.

Paranietrii hidrodinamiei ai sistemului hidrogeotermal regional
Banatul de Vest

In sistemul hidrogeotermal regional Banatul de Vest existi patru
perimetre de exploatare : Lovrin, Tomnatic, Sinnicolaul Mare $i Jimbolia,
primele trei cu cite sapte sonde, iar ultimul cu cinei sonde. Distantele
dintre sondele aceluiasi perimetru sint de ordinul sutelor de metri, iaw
sondele deschid stratele poroase-permeabile din baza Pannonianului supe-
rior, depozite pliocene aledtuite din intercalatil de nisipuri si gresii cu
111\11)111*1 argiloase si marne. Presiunca coleetorului situat la adincimea ‘de
1800 1m este de 185 bari, iar temperatura medie 36°C.

Sondele penmetlulu Tomnatic au fost perforate selectiv la douu
erupiri de orizonturi 1)01‘0215&})(—3"1119&;})110, separate printr-un strat gros
de 10—30 metri de marne. Pind la denivelarea actuald a acviferului (c(}a
3 bari) nu s-a constatat o comunicatie hidrodinamicd prin stratul separator
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Fig. 1 — Evolutia nivelelor in sondele de observajie din perimetrul Tomnatic; complexul I
(sondcle 4633, 4637, 1566), complexul 1I (sondele 1567, 1564, 1565).
1, momentul pornirii sondei; 2, debitul sondei active; 3, nivelul (in) mdisurat de la sol.
Evolution of levels in observation wells in the Tomnatic arca ; complex 1 (boreholes 46353,
4637, 1566), complex II (borelioles 1567, 1564, 1565).

1, moment of the well’s starting; 2, active well discharge; 3, level (m) measured at

ground level.
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marnos §i in consecintd am tratat cele dond grupdri de strate drept acvifere
independente pe care le-am numit complexe. Comvplexul din bazid este des-
chis prin sondele 4637, 4633 1 1566, iar comple\ul superior prin sondeie
1564, 1567, 1565. In figura 1 este 1‘ed‘mtd evolutia debitelor i a nivelelor

(e\tor sonde in Deuoa(h octombrie-decembrie 1982, ilustrind lipsa ori-
ciirel influente hidrodinaniice dintre cele doud complexe.

Buna corelare a orvizonturilor perimetrelor inveeinate permite extra-
polarea acestei situatii pe intregul sistem al Banatului de Vest, situatie de
altfel confirmatd si in perimetrul Sinnicolaul Mare, nnde o xondi, initiat
deschisd 1a comple\ul iuferior, a fost redeschisi si plodvce din comple\m

superior.

Parametrii hidrodinamici sint estimati pentru sondele care deschid
acelasi complex. Interpretarea cantitativa s-o ficut prin compararea deni-
veldrii in sonda de observatie cu denivelarea teoreticii Theis, (fig. 2a).
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Fig. 2 — Reprezentarea bilogaritmici a depresioniirii in sondele de observatie. 1, valori

observate; 2, curbele standard Theis; 3, curbele standard Hantush. Obs.: pentru sonda

4004 timpul cste exprimat in ore, pentru sonda 1526 timpul esic exprimat in zile.

— Bilogarithmical representation of subsidence in observation wells. 1, observed values;

2, Theis standard curves; 3, Hantush standard curves. Obs.: for boreliole 4004 tinie is shown
in hours, for borchole 1326 in days.

Rezultatele sint redate in tabelul 1, care cuprinde : capacitatea de curgere
(K,H), transmisivitatea (I{H), factorul de inmagazinare (®eH), coeficien-
tul de inmagazinaze (S) si cceficientul de difuzivitate hidraulicd (a). Pentru
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comparatie este mentfionatd gi capacitatea de curgere obtfinutd prin eer-
oetarea la inchidere a unor sonde din perimetru. S-a notat cu K, coefi-
cientul de permeabilitate, K, coeficientul de filtrare, H grosimea colecto-
rului, ¥ porozitatea, c, coeficientul de compresibilitate.

Media parametrilor hidrodinamici, pe complexe, indic o diferentiere
insemnati a proprietitilor filtrante ale celor dou# acvifere, ceea ce este
in concordant¥ cu permeabilititile medii calculate pe baza analizelor de
laborator §i a diagrafiei electrice, care pentru complexul din bazi este
1800 mDarcy, iar pentru cel superior 900 mDarcy. :

Parametrii hidrodinamici ai sistemului geotermal local Oradea

Sondele perimetrului Oradea dreneazy acviferul cantonat in calca-
rele gi ‘dolomitele fisurate, de virstd triasic#. Colectorul este situat la o
"adincime medie de 2500 m, ciireia ii corespunde presiunea de zicimint de
255 bari si temperatura de 97° C.

Testul de interferentd efectuat in toamna anului 1984 a dovedit
unitatea hidrodinamici a intregului zicimint, dar si anizotropia puternici
a acestuia, judecind dupi timpul de reactie a sondelor de observatie. Din
tabelul 2 se poate constata ci sonde situate la aproximativ aceeasi distanti
fats de sonda activi au reactionat la timpi foarte diferiti, iar sonde situate
la distante diferite au rispuns in acelagi timp.

Alura denivelirii sondelor de observatie este de tipul colectorului ¢u
porozitate dubld, mai vizibili in reprezentarea semilogaritmicd (Bourdet
et al., 1983) (fig. 3). Pentru estimarea parametrilor hidrodinamici s-a uti-
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Fig. 3 — Reprezentarea semilogaritmicd a depresionirii sondei 4004 Oradea.
Semilogarithmical representation of Oradea borehole 4004 subsidence.

lizat doar partea finali a curbei, care se refersi la curgerea omogens in
intregul colector — macro si microfisuri — faza initialf nefiind intotdeauna
suficient de bine descrisi datoritd conditiilor termice nestabilizate care
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mascheazi fenomenul. Intéfpi‘etarea s-a facut prin o;omp‘a,rare cu denive-
larea standard Theis, dar §i Hantush (fig. 2 b), in situatiile in care datele
de observagie justificau considerarea alimentirii naturale.

. Rezultatele sint redate in tabelul 2, cu notatiile specificate in tabelul
i e R TABELUL 2. |
Re"ullalele teslulux de znler/erenfd tn penmelrul Omdea )

' Produce sonda 4796 cu debxtul 2.506 m“lzn, perioada de observatxe 140 are.

Sonda |’ ‘ ' ' R
de | Dis- Theis Hantush ’ 'Txmp' fle
obser-{ tanta a_parltll N
vatie KpH| T=KH |®cH| a KH| s a B tmpuls
= = g .
,of m mDmpmifzi] e v | & ° m?/zi al%u_ns. ¢’} m. ore
S& |28 | 28% ' 2F
4005 | 1270 | 83325 200,5{ 2,80 | 7,39 | 3,27 | 185,8| 6,75 | 2,8 | 4233 0,5
4004 | 2420 | 80584| 189,4; 2,65 | 5,86 | 3,91 | 164,3] 4,40 3,7 | 4850 0,5
4006. | 2950 | 80584| 189,5| 2,65 | 8,10 | 2,83 | 211,0{ 6,10 3,4 | 5900 12,0
4081.| 3440 | 53724 126,3] 1,77 | 4,60 [ 3,32 | — |* — — - 20,0
4797 | 3570 | 72522| 170,5} 2,38 { 4,00 | 5,14 | 100,2{ 2,22 4,5 | 3570 5,0
-1715 | 5090 | 25005) 58,5 { 0,82 | 3,00 | 2,14 — — — — 40,0

* Capacitatea de curgere (KjH) obi{inutd prin cercctarea la inchidere a sondelor 4064,
si 4006 este 23.796 mD.m si respectiv 6.259—7698 mD.m.

1, iar B factorul de drena,nt,i Cu toatd anizotropia semnalatd prin testu
de interferent{d, se remarcd dispersia redusé a coeficientului de difuzivitate
hidraulic#. In consecint# zicimintul fisurat poate si fie tratat din punet
de vedere hidrodinamic ca un mediu omogen izotrop, realizat prin trei
sisteme de fracturi ortogonale echidistante (Parvu et al., 1978).

Parametrii hidrodinamici obtfinuti prin cele doud curbe teoretice
sint comparabili ; valoarea medie a parametrului B este 5 000 m indicind
o alimentare modera,ta,, insd informatia are doar caracter orientativ, a,vind
in vedere descrierea insuficientd a deniveldrii (fig. 2 b).

Coneluzii

Parametrii hidrodinamici sint caracteristici §i relativ constanti
pentru acelagi acvifer, chiar dacd acesta are extindere regionali.

Colectoarele fisurate au difuzivitifi hidraulice mai mari cu un ordin
de mirime fat# de colectoarele poroase permeabile.

Testele de interferentd i cercetirile la inchidere dau valori oompa,ra,—
bile privind capacitatea de curgere a colectoarelor poroase permeabile,
dar sint mult diferite la colectoamele fisurate, subliniind anizotropia
acestora si valabilitatea restrinsa a pa,ra.metnlor determma.tl printr-o sm—
guri sondi.
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HYDRODYNAMIC PARAMETERS OF SOME GEOTHERMAL
SYSTEMS IN THE ROMANIAN WESTERN PLAIN

(Summary)

The hydrodynamic parameters of reservoirs of some geothermal sys-
temsin the Romanian Western Plain were established on the basis of ontput
data, interference tests and the research at the closing of certain wells.
‘We disposed of interpretable data for the West Banat’s regional hydrogeo-
thermal system and for the Oradea local hydrogeothermal system.

The West Banat regional hydrogeothermal system is made up of
the porous permeable aquifers in the Upper Pannonian basis. The average
depth of the reservoir is 1800 m, corresponding to the pressure of 185 bars
and the average temperature of 86°C. The output data indicated the hydro-
dynamic separation between aquifers by impermeable marly strata. The
hydrodynamic parameters were separately estimated for each aquifer
{complex), while their average shows an important distinction between the
permeability properties of the complexes, a situation confirmed also by the
laboratory analyses on cores.

The Oradea local hydrogeothermal system drains the aquifer in the
fractured Triassic limestones and dolomites, lying at the average depth of
2500 m, at this point the deposit pressures being 255 bars and the average
temperature 97°C. The interpretation of data took into account only the
curve characteristic of the homogeneous flow in macro and micro fractures.
In certain situations it was also possible to estimate the degree of the natu-
ral supply in the area.

The obtained hydrodynamic parameters given in tables are : the
flow capacity, transmissivity, the storage coefficient and factor and the
hydraulic diffusivity.

‘Within the same reservoir the hydrodynamic parameters are rela-
tively constant, even in the case of aquifer with regional extension.

The fractured reservoirs have permeability properties with at least
one order of magnitude greater than the porous permeable reservoirs.



MANIFESTARI HIDROMINERALE IN FLISUL CRETACIC
DINTRE VALEA SABASA SI VALEA BISTRA, CARPATII
ORIENTALI — JUDETUL NEAMT !

DE
OPREA POPESCU?

Mineral waters. Salt waler. Bicarbonate ion. Aquifers. Hydrochemistry. Flysch. Crelaceous.
Structural controls. Fractured system. Hypdrogeologic maps. East Carpathians — lnner
Jlysch area — Stinigsoara Mountains — Cealldu Mouniains

Abstract

Hydromineral Manijeslations in the Cretaceous‘Flysch between the Sabasa and Bistra
Valleys, South Carpathians, Neam{ distric{. The mineral waters belong to the bicarbonate ion
and chlorine ion chemical types and owe their mineral charge to the contact with rocks con-
taining carbonates, formation waters or evaporite deposits. The appearance of mineral springs
is conditioned by major fractures in the area.

Résumeé

Manijestalions hydrominérales dans le jlysch crélacé enire valée Sabasa el valée Bistra,
Carpathes Orientales, district de Neamf. Les eaux minérales appartiennent aux types chimiques
biocarbonaté et cloruré et doit sa charge minérale au contact avec des roches qui contiennent
des carbonates, eaux de gisement ou accumulations d’évaporites. L’apparition des sources
minérales est conditionnée par les fractures majeures de la région.

Introducere

Regiunea cercetatd se situeazid in partea de vest a judetului Neamt,
intre valea Sabasa si valea Bistra si cuprinde depozite apartinind pinzei
de Ceahliu, pinzei Flisului Curbicortical si pinzei de Audia.

Cu studiul geologiei acestui sector de flig carpatic s-au ocupat, printre
altii, Athanasiu (1905, 1907), Atanasiu (1928), Cernea (1958), Alexan-
drescu (1971) si mai recent Sindulescu et al., (1979).

1 Depusi la 6 mai 1985, acceptati pentru comunicare §i publicare 1a 14 mai1985.
2 Institutul de Geologie si Geofizicdl, str. Carausebes,nr.1, R 79678, Bucuresti 32.



150 O. POPESCU 2

Datele hidrogeologice existente au caracter general (Atanasiu, 1939;
Priciijan, 1972) sau se referi la arii restrinse din partea de sud-vest a regiunii
(Tuduri — Saabner, 1902 ; Crasu, Cociagu, Manole, 1952 ; Preda, 1973 ;
Preda, Pelin, 1975).

Exceptind ivirile hidrominerale din bazinul Pinticului, cursul supe-
rior al Bistrei si piriul Primatar (tab. 1) toate celelalte iviri sint localizate
8i analizate pentru prima dati.

Consideratii hidrogeologice generale

Observatiile de teren coroborate cu interpretarea rezultatelor a cea.
60 de analize chimice de ape, ne indrept:ﬁ;esc s& considerim c& acumularea
apei subterane in depoznele ce afloreaza in regiune este controlatd atit
de factori litologici ecit §i structural-tectonici. Aspectul litologic cel
mai frecvent este dat de alternanta mai mult sau mai putin strinss si
regulatd de marnocalcare, arenite sau rudite cu pelite sau lutite, dar nu
hpsesc nici situatiile in care componenta litologicd a depozitelor este mai
uniformi, predommant arenitics sau ruditics. In acelagi timp, indiferent
de alcituirea litologicd, circulafia apei este facilitatd practic de fisuri ¢
fracturi, porozititii rocilor revenindu-i unrol cu totul subordonat in acest
sens. .

Tinind seama de aspectele de mai sus, separiam in regiune, dm punct
de vedere hidrogeologic doud categorii de acumuliri acvifere 3; in colectori
fisurati, uniformi litologic si in colectori fisurati, neuniformi litologic.

Colectorii neuniformi litologic detin ponderea §i sint reprezentafi in
principal prin depozite de flis grezos, flis marnocalcaros sau flig sistos
(plansa). Acestia prezinti o fisuratie si fracturame variabild, avansatd la
nivelul marnocalcarelor, ruditelor si arenitelor §i redusd la nivelul pelitelor
sau lutitelor care ingreuneazi sau chiar impiedicd comunicéirile hidraulice,
mareind caracterul discontinuu al acumulirilor.

Colectorii din cea de-a doua categorie, constituifi din depozite exclu-
siv arenitice sau ruditice cu dezvoltare areald restrinsd (plansa) sint mad
uniform fisurati si fracturati, fapt ce asigur# o oarecare continuitate acu-
mulirilor acviferc.

Se manifesti deci in regiune o diversitate de situatii hidrogeologice,
datorati conjugirii factorilor litologiei $i strueturali, astfel inecit acumularile
de ape subterane apar foarte diferite ca regim de clrcula,tle, extindere, volum
$1 Limportantia.

Retinem totusi e dintre cele doui categorii de colectori, comparativ,
cei uniform 11tolorr1c sint susceptibili de acumuliri acvifere relativ mai
insemnate.

Orieare ar fi insd colectorul, se pot distinge, pe baza urmiririi varia-
tiel debitelor si chimismului, doué grupe majore de ape; ape care circuld
i se mineralizeazi in zone superficiale §i ape care circuld si se mineralizeazé
in zone profunde.

Apele din prima grupi au debite cuprinse intre 0,01 si 0,3 1/s —
izvoare legate de acumulirile din colectorii neuniformi — gi pind la 3 1/s —

3 Nu avem in vedere acumuldrile acvifere din colectorii granulari neconsolida}i (lunéi
§i terase).
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izvoare legate din acumulirile din colectorii uniformi — variabile in timp
$i, mai mult sau mai putin dependente de regimul precipitatiilor. Analizele
chimice relevd cantiti{i reduse de siruri dizolvate. Acestea sint ape de
origine vadoasi.

Apele din cea de-a doua grup# prezintd debite mult mai mici, de
regulid sub 0,1 1/3 si mai constante, cu o mineralizatie totals uneori impre-
sionantd, de ordinul sutelor de grame. Ele reprezintid apele de origine
profundi.

Asupra genezei ambelor grupe de ape vom reveni in capitolul cu pri-
vire la apele minerale. Aici mai mentiondm doar c¢& sint situatii cind au loe
amestecuri, cu predominarea elementelor unei grupe sau ale alteia, care
complici aspectul hidrochimic al apelor din regiune.

Referitor la zonele de alimentare observim ci acestea sint limitate
la ariile de fisuratie si fracturare mai intenss ale depozitelor colectoare
care, in general, se suprapun sau sint foarte aproape de zonele de descir-
care ale acviferelor.

Apele minerale

1. Raspindire

Segmentul de flis carpatic in discutie prezintd un interes deosebit din
punct de vedere al apelor minerale, atit sub aspect balneologic cit mai ales
prin problemele de ordin geologic ce le ridicd incercarea de a da o explicatie
asupra genezei lor.

Ivirile hidrominerale identificate, desi au o distributie areali neuni-
formi, urméiresc in general, o serie de elemente structurale majore ; analiza
hirtii evidentiind esalonarea lor pe trei aliniamente orientate NV-—SE

»

(plansa).

TABE
Compozifia chimicd a apelor min
Nr. R . - - - 2~ -
probi Localizare Cola Q Cl Br / I ’ S03~ |HCO; Nat K+ INH
(m) [ /s) mg/}

1 2 3 4 5 6 7 8 9 10 11 1:
1 V. Sabasa 700 0,02} 14,2 ab. ab. | 40,3 | 353,8 21,0 3,9 u.
2 V. Sabasa 690 0,02 i 14,2 ab. ab, 49,9 | 268,4 11,0 3,71 ab
3 V. Sabasa 760 0,01 | 22694,4 6,0 | 2,4 1236,4 | 256,2] 10015,4 | 227,5| 70,
4 P. Pintei 820 0,01 127,6 ab. ab, 28,8 | 463,2 72,4 6,5 u.
5 P. Pintei 800 0,01 { 29875,1 § 35,1 { 1,0 38,4 | 219,6{ 12716,8 | 226, 0/ 80,
6 Madei 690 0,02 33,5 ab. ab. | 38,4 | 463,7] - 30,0 4,5| ab.
7 | V. Farcasa 730 | 0,01 | 31204,8 | 530 | 1,0 [115,2 | 183,0] 13473,0 | 245,5| 80,
8 V. Farcasa 600 0,01 | 23580,9 | 10,0 | 0,8 57,6 24,4 10169,3 { 163,5]| 20,
9 V. Farcasa 700 0,01 148,9 u. 0,2 42,27 463,7 154,53 3,5) 2,(

10 V. Stejaru 630 0,01 | 07565,4 | 20,0 | 5,0 92,1 | 134,0] 30978,1 | 221,5| ab.

11 V. Stejaru 630 0,01 14,2 ab. ab. { 10,6 | 305,0 1,4 1,4| ab.

12 P. Busmei 830 0,02 10,6 ab. ab. | 44,2 | 353,8 11,1 2,5} ab.

1 Analizele chimice au fost execulate de cidtre un colectiv de chimisti din cadrul 1.P.G.G., condusi ¢



5 MANIFESTARI HIDROMINERALE IN FLISUL CRETACIC 153.

Aliniamentul intern (vestlc) grupeazd citeva aparitii din veeinitatea
liniei Central-carpatice. :
' Aliniamentul median, cu un mare numir de iviri, ocupi o zoni mai
largs de o parte si de alta a contactului dintre stratele de Sinaia si stratele
‘de Bistra. In ceea ce priveste raportul dintre aceste formatiuni amintim -
¢d Bincild (1958) il considéra, cel putin intre Borea si valea Bicazului, ca

fiind probabil de naturi tectonici. Cercetdri recente (Sindulescu et al.,
1979) au stabilit cu certitudine contactul prm falie intre stratele de Slnana ?

si stratele de Bistra, deocamdatd numai la sud de valea Bistricioarei.
Aparifia izvoarelor minerale in aliniamentul median pare si confirme con-
tinuarea acestei fracturi §i mai spre nord, piné la valea Sabasa.
In sfirsit, aliniamentul extern (estetic) urmireste indeaproape tra— :
seul altor trei linii tectonice majore : linia Audia, linia Interni i linia Lutu
Rosu (plansa). 5

2. Chimismul apelor minerale

. Din punct de vedere al compozitiei chimice, apele minerale din regiune ;
se raporteazs tipurilor bicarbonatat si clorurat. Intre ele existd, asa cum :
se va vedea , diferentieri esentiale nu numai chimice, ci gi genetice. o

2.1. Apele minerale bicarbonatate

-In apele bicarbonatate, concentratie maximi are anionul HCOj, .
urmat de SO2- gi Cl~, iar dintre eationi, Ca®+, urmat de Mg?* si Na* . Mai
sint pre7en‘;1 ca mlcrocomponent1 st 002, HBO, si uneori Br si 1. Se
manifestd astfel o gami diversd de ape minerale bicarbonatate calcxce sodi-~
‘ce sau Inagneziene sulfuroa,se bromurate sau iodurate, carbogazoase sulfu—
roase, sau sulfuroase borice. Mineralizatia totali a acestor ape estedere-
guli foarte micd, iar pH-ul neutru sau slab acid (tab. 2). Domeniul de

2
din zona Sabasa-Bistrat
k Mgzt | HBO, | CO, | HS ti\gg pH Caracterizare chimici
| 14| 15 | as 18 |19 50
3,8 16,3] ab. 17,2 5,9 582,4|6,0| bicarbonatati caleicd, sulfuroasi
t,2] 12,9| ab. 16,4 3,4 384,5(5,7| bicarbonatatd calcicd, sulfuroasi
,2| 299,1| 40,6 | 158,4| ab 37744,5 |5,3] clorosodicd bromoiodurati, boricd
3,2]  23,3| ab. 52,8{ 8,9 940,1(6,5| bicarbenatatd colcicd, sulfuroasi
1,3 316,2| 121,5) 176,0] — 46001,5{6,0| clcrosodicd broomoiodurats, boricd
3,50 49,4| ab. 44.0{ 15,3 777,3|6,5| bicarbenatatd magneziand, sulfuroasa
,2| 384,3| 89,1f 176,0f — 61185,813,0| clorosidccsi bromcioduratd, borici#
',71 345,3| 40,5| 26,4 — 38385,2(5,0{ cleroscdicd bromoioduratd, boricd
28,7| ab. 17,6 19,6 962,0(6,5] bicarbonatati sodicdi, sulfuroasd, iodurati
,511858,0 42,5 176,0] — | 113913,0(5,0| clorosodicd bromoiodurati, borici
16,0| ab. 44,01 2,7 492,516,0{ bicarbonatatd calcicdi, sulfurcasa
28,7| ab. 44,01 1,0 590,6{6,5| bicarbenatati calcicd, sulfuroasi

st Dorina Tintila.
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(Continua
1 2 3 4 5 6 7 8 9 10 11 4] 12
13 | V. Bistrifei 560 | 0,01 13,5] u ab. | 13,4 | 360,0 47,6 3,4| ab.
14 | P. Pepesti 750 | 0,02 14,1 | ab ab. | 11,6 | 427,0 15,2 3,4| ab.
15 | V. Popesti 900 | 0,02 10,3] u ab. } 49,9 | 353,0 15,9 3,2} ab.
16 | P. Popesti 950 | 0,15 14,2 | ab ab. | 23,0 § 317,2 13,3 1,5} ab.
17 | V. Farcasa 1040 | 0,03 7,1 ab ab. | 44,2 | 292,8 10,6 2,9; ab.
18 } P. Fagu 650 0,03 21,3 u. ab 19,2 | 280,6{ 19663,3 | 144,2{ ab.
19 | P. Fagu 880 | 0,01 | 38119,5 | 30,0{ 2,5] 2,9 | 268,4 20,9 4,8] ab.
20 P. Fagu 930 0,01 7,1 ab. ab. {132,5 | 390,5 20,9 4,8 ab.
21 | P. Vremenita 550 | 0,01 14,2 | ab. ab. | 10,6 | 305,0 1,4 1,4} ab.
22 | P. Vremenita 630 | 0,01 '14,3{ . ab.{ ab u. 366,11 4408,4 { 44,0} 6,0
23 | P. Vremenita 750 | 0,01 | 8829,5¢ 3,0 1,5 24,9 | 280,6] 234,6 3,4 ab,
24 | P. Cornu 870 { 0,01 340,4 | u. 0,1 [149,7 { 344,7 23,9 6,0{ ab.
25 |} V. Bistrifei 630 | 0,01 7,1 ab. ab. 7,6 | 463,6] 7711,2 | 23,5] ab.
26 | P. Glod 670 | 0,01 } 13829,4 | 3,51 0,6 84,5 | 524,7 51,2 3,8} ab.
27 | Letesti 650 0,03 10,6 | u ab. | 84,5 | 524,7 51,2 3,8] ab.
28 | P. Duruitor 650 | 0,01 | 80494,4 | 10,0 | 3,0 | 67,2 | 61,0] 35515,2 | 267,5| 100
29 P. Ungureni 650 0,01 177,3 | ab. ab. | 16,9 | 14,8 128,9 2,9} ab,
30 | V. Bistricioara 500 (0,01 56,7 { ab. ab. | u 453 ,4 54,4 3,8 1,
31 | V. Bistricioara 650 | 0,02 14,1 | ab. ab. | 55,8 | 402,6 34,7 2,8] ab.
32 | V. Bistricioara 700 | 0,01 7,1 u ab. | 30,7 | 341,86 12,6 1,9] ab,
33 | V. Grinties 800 | 0,01 14,2 | ab ab. | 11,5 | 366,1 10,4 2,51 ab.
34 | V., Grinties 700 | 0,01 7,1 ab. ab. |142,1 | 439,2 16,1 4,5! ab.
35 | P. Teascului 850 | 6,01 42,5 | ab. 0,5 | 55,6 | 561,2] 175,5 | 285,0} ab.
36 | V. Dreptu 750 | 0,01 10,6 | ab. ab. 5,7 | 508,4 24,2 2,51 1,
37 | P. Schitului 750 | 0,01 35,56 11,0 ab. | 88,3 | 414,8 78,6 2,6| ab.
38 | P. Gheorghe 730 0,05 7,11 1,0 | ab. | 49,9 | 353,0 10,6 1,3{ ab.
39 { P. Schitului 750 { 0,02 49,6 | ab. ab.
40 | P. Slatina 750 | 0,02 }108153,0 | 60,0 | 20,0 | 7,7 | 48,8 47057,3 [520,0 | 150
41 | Duriu 1100 } 0,02 7,11 1,0 | ab. | 53,8 | 463,7] 123,2| 3,3 | ab.
42 { P. Dulap 920 | 0,02 7,1 | ab. ab. | 69,1 | 305,0 14,5 | 2,3 | ab.
43 | P. Tirsoasa 770 | 0,01 269,4 | ab. | 0,8 | 80,6 |3819,2] 1298,0 | 60,0 | 4,
44 | P. Arsifa 710 } 0,02 21,2 | ab. ab. | 94,1 11354,4} 256,0 | 12,3 | ab,
45 | P. Borvizel 980 | 0,02 365,2 - 10,3 1105,6 |2135,3 811,9 | 13,0 § ab.
46 | P. Jgheabu cu 920 | 0,01 226,9 | u 0,2 80,6 |2843,1; 680,9 { 29,0 | 1,

Paltini
47 | P. Jgheabu cu 880 | 0,01 241,1 | u 0,2 51,8 |2464,8| 689,6 | 27,1 | ab.
Paltini
48 | P. lui Stan 850 | 0,02 | 4893,5 | wu. 4,0 | 42,2} 646,6( 3007,1 | 16,5 | 8,
49 | P. Bistra Mica 880 | 0,01} 5779,9 | — 1,4 [105,1 { 439,3; 3643,5 | 8,7 7,
50 P. Friaturi S0 0,014 14,2 — ab. | 19,2 | 341,86 7,2 | 4,31 ab.
51 | P. Dolia 900 | 0,01 } 49644,0 } 7,0 | 10,0 {727,6 | 317,2| 22760,3 | 87,5 14,
52 | P. Zlatina 870 | 0,01 808,5 | ab. 0,2 | 19,2} 341,6] 371,4 | 20,2 | 7,
53 | P. Bolitiu 820 | 0,01 5319,0 | 5,0 { 0,35 | 69,1 | 305,0| 2567,7 | 15,1 | 2,
54 | Polana Larguluai 800 | 0,01 7,11 1,0 | ab. 7,7 | 378,3 6,3 2,51 2,
55 | P. Mare 700 | 0,02 7,1 0,5 ab. | 42,2 | 512,5 49,8 | 2,8 | u.’
56 | P. Mare 670 ([ 0,02 10,6 | 2,0 | ab. | 46,1 | 390,6 11,6 | 2,0 | ab.
57 | P. Crucii 920 | 0,01 | 10283,4 | ab. 0,7 | 57,6 | 587,9] 4653,9 | 59,0 | 50_
58 | P. Zlatina 800 | 0,01 202476,4 | 2,0 | 5,0 | 86,4 | 61,0 78934,4 [219,0 (200
59 | P Tirdteni 950 | 0,01  20921,4 | 4,0 2,0 ]115,2 | 281,0 8762,2 | 40,5 | 16
60 Fundoaia 920 | 0,03 70,9 | 1,0 | 0,2 !18,1 | 549,0 - 226,1 | 1,4 | u.
61 Glodu 830 | 0,02 | 65601,0 | 25,0 | 2,0 {157,4 | 256,2(2 8200,2 | 23,3 | ab
62 | P. Primatar 840 | 0,03 134,7 | ab. 0,2 [172,8 |]1720,5] 506,8 } 20,0 | 4
Temperatura apelor, mdsurati in intervalul mai — octombrie este cuprinsi intre 5 si 12° G,
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7
belul 2)
13 14 15 1 6 17 18 19 20
60,1} -25,7|-ab. 35,2| 1,2 601,1{6,5| bicarbonatati calcics, sulfuroasi
80,5 25,2| ab. 26,4! 0,3 622,216,4] bicarbonatatd calcicad, sulfuroasi
73,7 32,6] ab. 35,2] 12,3 594,016,5] bicarbonatati calcics, sulfuroasi
82,1} 12,2} ab. 17,6} 0,3 384,6(6,3| bicarbonatati calcicsi, sulfuroasi
80,9] 14,1] ab. 17,6{ 0,3 486,6|6,1| bicarbonatati® calcics, sulfuroasi
845,7] 21,1} ab. 26,6 8,9 522,1(6,5| bicarbonatatd calcicl, sulfuroasi
, 70,9{ 948,5! 10,1 26,4 — 62151,8|6,0( clorosodic# bromoioduratd, borici
77,71 22,8| ab. 26,4( 0,8 418,716,0; bicarbonatatd calcicy, sulfuroasa
84,2 42,8] ab. 17,6] 0,5 707,4{7,3| bicarbonatatd calcici, sulfuroasi loduratd
709,4] 16,0| ab. 44,0 ,7 492,516,5| bicarbonatati calcicid, sulfuroasi
55,3| 321,0| u. 818,0{ — | 14706,3|7,0| clorosodici, bromoiodurati
93,8 20,4{ ab. 26,4| 2,1 1000,916,5| clorosodici, sulfuroasid iodurati
791,5) 40,6| ab. 35,2 2,4 722,0i6,3] bicarbonatati calcici, sulfuroasi
84, 2] 267,5] 10,1 8,8 — 23145,1}6,5| clorosodici bromoiodurati, borica
84,2| 50,1| ab. 26,4/ 0,3 842,6(7,0{ bicarbonatat3 calcici, sulfuroasi
)949,2{2062,3] 20,2 61,6 — | 129615,6/5,5| clorosodici bromoiodurati, boricd
92,2| 25,3| ab. 17,6] 1,2 896,2|7,0| bicarcbonatatd sodicg, sulfuroasi
78,5] - 30,6| ab. 22,0; 1,7 721,5{7,0| bicarbonatati calcici, sulfuroasi
79,3 32,1| ab. 26,4] 0,2 653,0(6,8] bicarbonatati calcicd, sulfuroasa
78,5 - 25,3| ab. 22,0 8,2 538,9|6,5| bicarbonatati calcicd, sulfuroasi
88,2{ 20,9; ab. 44,0; 1,0 577,116,3| bicarbonatati calcicd, sulfuroasid
97,4 56,9{ ab. 44,01 2,9 831,0(6,5{ bicarbonatatd calcic3, suifuroasi
32,8 27,2 ab. 35,21 12,9 951,5(6,8| bicarbonatatd sodicd, sulfuroasd, iodurati
97,8| 36,0 ab. 44,0 3,8 746,0(6,5| bicarbonatati calcica, sulfuroasi :
81,8 25,2 ab. 35,21 1,7 772,8(6,3| bicarbonatati calcic#t, sulfuroasi, bromurati*
85,0/ 16,0| ab. 17,6 1,9 552,2|6,3! bicarbonatati calcicdt, sulfuroasi, bromurati
. 29,2{ ab. 17,6] 20,0 588,9{6,3| bicarbonatatd calcici, sulfuroasa
3230,4{2723,8] 26,3| 264,0] — 174271,9|5,3| clorosodicd bromurati, borica
37,8 19,9 ab. 26,4/ 8,9 752,216,5| bicarbonatati sodicd, sulfuroasd, bromurati*
72,1 14,6] ab. 35,2 9,5 542,616,4] bicarbonatatid calcici, sulfuroasi
214,4| 34,5| ab. 716,2) — 6511,1{7,0{ bicarbonatati sodici, carbogazoasi, iodurati®
142,6| .75,2| ab. 466,4] — 2427,5|6,5] bicarbonatatd sodici, carbogazoasi
142,7| 63,7 — [1262,3| 0,7 4920,2{6,5| bicarbonatati sodici, carbogazoasd, sulfureass, iodu-
raai* .
272,51 129,4] 48,6(1594,6] — 5918,1/7,0| bicarbonatati sodicé, carbogazoass, iodurati, boricd
217,3| 12,7{ 46,5 509,9] — 4337,5|6,8| bicarbenatats sodicd, carbogazoasid, ioduratsd, borica
208,4| 87,5 72,9] 70,4 — 6081,116,2| clorosodicd icdurati, borica
63,3| 139,1] — 52,8 — 10334,5(6,0{ clorosodici# iodurati
83,4 22,4 — 26,4] 0,2 523,716, 3| bicarbonatati calcicid, sulfuroasi
7182,3| 836,0{ 10,1 167,2] — 81808,0(6,2| cloroscdicd bromeioduratd, borica
'58,7 36,9] ab. 44,0 — 1822,86,5{ cleroscdicd ioduratd
649,3| 145,9 20,2] 26,4 — 9140,3]6,5| clerosodicd bromoicdurati, borica
77,7 27,2| ab. 26,4f 0,8 543,6|6,3] bicarbonatatd calcicd, suliurcasi, bromuraté
82,6] 14,6] ab. 30,8] 4,1 812,2|6,4| bicarbonatata calcicd, sulfuroassi, bromurati *
82,6| 14,6| ab. 30,8} 0,5 599,5|6,4| bicarbonatatd calcicéi, sulfuroasd, bromurati
539,1| 211,6] u. 96,8 — 17557,6{6,5| clorcsodicd, icdurati
1476,4/4183,0{ 40,5 660,0] — [325354,1 |5,2f clorosodicd bremoloduratd, borica
111,0( 447,5( u. 193,6] — 34301,7(6,5| clorosodicd breomoicdurati
20,6 5,8/ 12,1| ab. 4,8 918,1{6,&| bicarbcnatati sodica, sulfurcasi*
811,5{1716,9 20,2| 140,0f — 105985,9/6,5] clorosodicd bremoiodurats, borici
76,7 108,9; 6,1 | 996,6 14,6 3774,56,5| bicarbonatata sodicd, sulfuroasi, carbogazoazs, iodurati
*) fenoli prezenti
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variatie a chimistului lor este reprezentat in figura 1 pe diagrama-Scho-
eller-Berkaloff. .

Dup4i chimism §i mineralizatie totals, apele bicarbonatate sint de
provenient# meteorici. Infiltrate in subsol, apele circuld discontinuu la
adincimi diferite, in general nu prea mari, prin roci carbonatice (marno-
calcare) sau care contin carbonafi (gresii si conglomerate cu ciment cal-
caros) si dobindesc o sarciny minerals corespunzitoare unui timp scurt de
contact api-roci.

Microcomponentul specific cel mai frecvent, care le imprimi caracter
mineral, este H,S. Acest gaz, dupd Schoeller (1962), apare ca urmare
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dx,twu:itu biotice a unor bacterii sulforeductoare asupra sulfatilor dizol-
va{i in apele subterane. Absen}a sau concentratiile neinsemnate in sulfati
din ivirile bicarbonatate sulfuroase analizate, argumenteazj o prob: Lblla
origine biotici a H,S din aceste ape.

n citeva iviri din almlamentul intern a fost decelat CO, in concentratii rai
mari decit cele obtinute in apele minerale bicarbonatate din regiune (tab 2).
Manifestirile carbogazoase in exces din aceste surse se datoreazs prelungiyii
in zona fligului a aureolei mofetice a lantului eruptiv neogen (Geaminu et
al., 1971, 1975), planului de incilecare tectonics dintre zona cristalino-rme-
70zoicd si zona fligului revenindu-i rol de cale de acces pentru CO,.

2.2. Apele minerale clorurate

in apele clorurate anionul Cl- apare cu o concentratie maximi urmag
de HCO; iar dintre cationi Nat+ ciruia ii urmeazi Ca?+ si Mg2+. Microcom-
ponenpn specifici sint Br, I, HBOz, NH, 5i H,S. Ca o partlculam-abe SCI-
nalim concentratla redusa in sulfati. Aparlpule hidrominerale clorurate
sodice identificate in regiune pot fi deci bromurate, iodurate sai bromo-
nbe

iodurate borice si sulfuroase (tab. 2, plansa). Analiza de gaze rvzai\.
evidengiazi prezenta in unele iviri a metanului si/sau omologilor ot
precum §i a fenolilor (tab 2, 3). Mineralizafia totald variazi in iimite wru:@ -
tional de largi putind ajunge la valori de sute de grame la litr U; ;,ﬂ- ab in-
dlcéi, in general medii slab acide (tab. 2). Domenlul de variafie a chimiz-
smului apelor clorurate este reprezentat in figura 2 pe dJa.Vrama Schoeller-
Berkaloff.

Consideraty din punct devedere al genezei, compoziti: chimied = Az
lor clorurate justificd incadrarealorin catefrorla apelor de , tip zdcimint,

Astfel de ape au, dupd Geaminu et al (1975), o cireulajie extrem Je
lentd la adincimi mari, suferind pe pmrcursul subteran procese chimice ma-
dificatoare, mai ales de tipul schimburilor de baze si reducerii sulfailor,
care duc la ,,metamorfozarea’ intensid a acestora.

Caracterul secundar clorocalcic, valorile subunitare ale raportulai
Na/Cl (indice de ,,metamorfozare’) si concentratia scizutd in suliati ilus-
ireazdi procesele modificatoare suferite de apele clorurate din regiunea
noastri. Totodatd microccmponenti ca Br, I, HBO, i NH4 la care se
adaugl omologii superiori ai metanului si :tenoln, sugereazd un contact in
profunzime =1 apelor clorurate cu ape ce insotesc acumuliri de hidrocarburi
sau chlar cu eventuale acumuiari de hidrocarburi ticulde.

Avind in vedere valorile extrem de ridicate ale unor iviri clorurate
din aliniamentul extern (tab. 2, plansa) presupunem c# nu sint excluse
nici procese de imbogitfire ale %arCInll lor minerale pe seama contactului
cu acumuldiri de evaporite sau brecia sirii. Evaporitele ar putea apartine
in acest caz unitdtii de Tarciu, (Preda, 1975) sau unititii Cutelor Marginale,
fiind conservate sub incilecarea pinzelor flisului cretacic. In ideea de mal
sus admitem, de asemenea, ci §i unele ape clorurate din aliniamentul me-
dian au levigat in profunzime acumuliri de evaporite, dar apartinind plat-
formei Scitice, avansati#i mult spre vest pinid la Dacidele Orientale Externe
(Sindulescu, 1984).

oaddall Tl UITERMIS S

Examinarea mai atents & chimismului unora dintre ivirile hidromine-
rale din regiune evidentiazé faptul cé, desi prin caracterele generale ele se
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raporteazd tipurilor chimice bicarbonatat sau elorurat, fiecare prezintd in
acelasi timp §i o serie de particularititi comune ambelor tipuri. Semnalim
spre exemplificare prezenta Br,I, HBO, si NHZE, specifice apelor clorurate,
in unele iviri bicarbonatate si mineralizatia totald scizutd a unor ape cloru-
rate, paralel cu cresterea continutului in carbonati [tab. 2).
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TABELUL3
Gaze dizolpate
Nr. CH, CH, C,Hg co, - Oy N, Ar
prob#
%
5 17,71 0 0 0,03 17,4 64,3 0,74
7 29,4 0 0 2,0 14,4 | 53,5 0,62
8 8,82 0 0 0,07 19,2 71,0 0,82
10 8,0 0 0 6,8 17,8 66,5 0,7
19 12,1 0 0 2,4 17,8 66,9 __2,6
28 6,4 0,05 0,0006 8,1 17,8 66,7 0,76
51 1,3 0,00016 0,00006 4,1 19,8 73,8 0,85

Compozitia chimic¥ a apelor in discufie apare ca rezultat al amestecu-
lui, pe parcursul subteran citre suprafati, al celor dou# tipuri majore cu
predominarea caracterelor unui tip chimic sau ale altuia. Adesea este vorba
doar de dilu}ii sau simple contamin#ri. Astfel de ape se intilnesc in
toate cele trei aliniamente mentionate.

Aparitiile hidrominerale clorurate, ca de altfel gi cele bicarbonatats,
sint condifionate de fracturile majore care afecteazi fligul precam gi de o
serie de fracturi asociate lor, esalonarea in lungul acestor accidente tecto-
nice fiind constatati si in regiunile invecinate de la nord i sud (Popescu
et al.,11978, Golitd,§Golit4,51969,51970).

.. E Coneluzii

™+ 1In regiune am separat din punct de vedere hidrogeologic acumulri
acvifere in colectori fisurati, neuniformi litologic gi in colestori fisurafi,
uniformi litologic.

Ivirile hidrominerale identificate gianalizate nu au o distributie legatd
preferential de o categorie sau alta de colectori. Aparifia lor la zi este con-
ditionatd de o serie de elemente structural tectonice din regiune cum sint
faliile si liniile de gariaj.

Din punct de vedere chimic apele minerale apartin tipurilor bicar-
bonatat si clorurat. Caracterul mineral le este conferit de o serie de micro-
componenti cum sint : H,S, CO,, I, si Br. Apele bicarbonatate sint de
provenient# meteoric#. Ele circul¥ i se mineralizeazé in zonele superficiale
ale depozitelor. Apele clorurate sint de origine profund3, cu o circulatie
indelungat# la adincimi mari, compozitia lor chimici reflectind atit pro-
cese modificatoare cit gi contactul in profunzime cu acumuliri de hidro-
carburi sau evaporite. _

Ambele tipuri chimice de ape au deosebitd importanti balneologicid
fn cura interny sau externi. In plus, urmirirea distributiei ivirilor hidro-
minerale clorurate in raport cu elementele structural tectonice, poate fi
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un indicator pretios—bineinteles alituri de alte metode de cercetare geologice
si geofizice — in orientarea investigirii prin foraje de adincime a zonei
interne a fligului, pentru identificarea unor eventuale ziciminte de hidro-
carburi.
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HYDROMINERAL MANIFESTATIONS IN THE CRETACEOUS
FLYSCH BETWEEN THE SABASA AND BISTRA VALLEYS,
’ SOUTH CARPATHIANS, NEAMT DISTRICT

(Summary)

In this paper there are certain considerations regarding general hydro-
geological conditions in the area, with a special attention to the spreading,
chemistry and origin of mineral waters. Identified and analysed mineral
waters are related to the dicarbonate and chloride chemical types and are
carbogaseous, sulphurous, bromo-iodate and/or boric. Dicarbonate water
have a meteoric origin, while the chloride ones come from deeper sources.
Both dicarbonate and chloride waters due their mineral charge to the
contact at different depths of the rocks whose chemical composition is
closely reflected in their chemistry. The appearance of mineral springs is
favoured by a series of major fractures that affect the study area. From a
balneological point of view chemical types of mineral waters are useful
for internal and external cure.

EXPLANATION OF PLATE

Map of distribusion of mineral waters in the Sabasa — Bistra area.

The Ceahliu Nappe. 1, Quaternary: blochs, gravel, clays; 2, Albjan: polygenous conglo-
merates, Ceahliu conglomerates ; 3, Upper Aptian : sandstones, schistous marls, Bobsa strata ;
4, Lower Aptian, Barremian: limysandstones, schistous marls, clayey marls, the Bistra
flysch ; 5., Neocomian : marly limestones, sandstones, clayey schists, the Sinaia flysch; the
Nappe of the curvicortical flysch; 6, Cenomanian, Upper Vraconian: red marls and clays,
sandstones ; 7, Lower Vraconian, Upper Albian : massive sandstones, the Cotumba sandstone;
8, Albian, Barremian : marl sandstone flysch, curvicortical flysch, marl sandstone flysch, the
Toroclej flysch ; the Audia-Nappe; 9, Turonian, Vraconian: striped clays, marly limestones,
tuffites ; 10, Albian : sandstone oligomitic flysch, glauconitic sandstone; 11, Aptian, Hauteri-
vian: clays, silts, lidians, schistous formation, clays, silts, siderite limestones, siderite forma-
tion ; 12, areas of important accumulations in fissured collecting deposits, lithologically uni-
form ; 13, areas of unimportant aqueous accumulationsin fissured collecting deposits, litholo-
logically uniform, represented by : a, sandstone flysch ; b, schistous flysch, marls, clays; c, marl
limestone flysch ; 14, areas of local ageous accumulations in unconsolidated collecting deposits ;
15, geological limit ;16, fault ; 17, presupposed fault; 18, reverse fault; 19, overthrust nappe;
20, anticlinal axis: a, normal ; b, overfalling; 21, syncline axis: a, normal, b, overfalling;
22, central Carpathian line ; 23, the Lutu Rosu line ; 24, internal line; 25, mineral spring; 26,
water samples; sample no 5; 27, bicarbonate waters : a, calcium-bearing; b, sodium-beari-
ng; ¢, magnesium-bearing ; 28, sodium chlorine waters; 29, HZS; 30, COZ; 31, point: top
right-1; top left — Br, left below- HBr? ; 32, dissol-ved gas.
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HIDROGEOLOGIA ZXCAMINTULUI DE MINEREU DE FIER
SI CUPRU DE LA TULIA, JUDETUL TULCEAL,. ‘
DE . ‘
GHPEORGHE VASILESCU? N

Hydrogeological controls. Copper ores. Iron ores. .Aquifers Mine drainage' Discharg?
Limestone. Triassic. Hydrogeologic - maps Dobrogea — North Dobrogea—— Tulcea and
Consul — Niculifel areas.

- . Abstract
Hydrogeoloyy of ] Iron and Copper. Ores at Iulia, Tulcea Disirici. Hydrogeologlcal researches
performed by drillings anrl ground mining works, showed that iron and copper ores at Iulia are
sitmated to the greatest.ex ~in difficult hydrogeological conditions and the degree of diffi-
culty increases with the smkmg of mineralized lenses groups southwards. The aquifer generated
in the networks of fractures ama; i§olation cavities that affect Triassic limestones and is aetep-
mined for hydrogeological condifions, presents variation of discharge potential depending on

the developing of fracture networks potential depending on the developing of fracture networks
andcan be drained directly by ground mining works.

Résumeé

Hydrogéologie du gisement de minérai de fer et cuivre d’lulia, district de Tulcea. Les recher ~
ches hydrogéologiques par des forages et travaux miniers soutgrrains ont montré que le gisemen ™
de minérai de fer et cuivre d’Iulia est situé , pour la plupart, dans des conditions hydrogéolor~
giques difficiles et le degré de difficulté est de plus en plus grand & mesure que les groupes d e
lentilles minéralisées s’enfoncent vers le sud. La couche aquifére, formée en réseaux de fissur es
et des creux de dissolution qui affectent les calcaires triasiques, qui est déterminante pour les
conditions hydrogéologiques, présente des variations du potentiel du débit, en fonction de
maniére de développement des réseaux de fissures et peut &tre dreainée directement par les tra-
vaux miniers souterrains.

1 Depusi la 19;ianuarie 1987, acceptati pentru comunicare §i publicare la 20 aprilie 1987.
2 Intreprinderea de Foraj si Lucriri Geologice Speciale, Str. Caransebes nr,1, R—79678,.

Bucuresti.
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INTRODUCERE

Zicimintul de minereu de fier §i cupru de la Iulia este situat pe teri-
toriul satului Tulia, comuna Izvoarele, judetul Tulcea, localizat in calcarele
§i gresiile argilitice din baza depozitelor triasice, la contactul cu formatiu-
nile cristaline, din complexul de Boclugea, la vest de piriul Tai{a, intre
dealul Consul la nord gi Dealul Gol la sud.

Altimetric, zona Iulia se situeazi intre cote cu valori de --25 m in
gesul aluvionar al piriului Taita $i +233 m in dealul Consul.

Reteaua hidrografici este reprezentatd de piriul Taita, care se varsi
in lacul Razelm gi care are o serie de vii afluente, activate in perioadele cu
precipitafii abundente.

in perioada de cercetare cu foraje de la suprafatd, cit si cu lucriri
miniere la doud orizonturi, zdcidmintul Iulia a fost considerat ca zicimint
de minereu de fier oxidic (oligist $i magnetit), constituit din gase grupuri
de lentile de minereu, intercalate in baza depozitelor triasice.

Aprofundarea cunoasterii geologice a z#cimintului prin lucririle
miniere de cercetare, la inci dou# orizonturi, a aritat cd in general, in
partea centrald a lentilelor mai importante de minereu de fier, se dezvoltd
benzi de sulfuri de fier si cupru, care ar putea constitui o sursd de minereu
cuprifer.

In aceastd situaiie, cu lucririle de cercetare geologlca pentru apro-
fundarea cunoasterii zicimintului Iulia, se urmiregte in principal stabi-
lirea potentialului de rezerve de minereu de fier §i cupru.

Consideratii geologice

Perimetrul zicimintului Tulia se situeazé in unitatea structurald a
Dobrogei de nord, la contactul dintre zona Micin — paleozoich si zona
Tulcea — triasicé.

Cercetirile geologice efectuate in Dobrogea de nord, au aritat c# la
aledtuirea perimetrului Iulia iau parte formatiuni cristaline, depozite sedi-
mentare triasice §i cuaternare si roci eruptive.

Cristalinul a fost interceptat prin forajele de cercetare geologici si
majoritatea galeriilor cu direcfie vestics, fiind constituit din sisturi sericito-
cloritvase, sisturi cuarfitice cu clorit si sericit si cuartite, ca urmave a uaul
proces de matamorfiem, care a afectat o stivi de depozitie pasmao-pelitice.
Formaftiunile cristaline, interceptate prin lucriri, sint in general intens
tectonizate 5i apartin seriei de Boclugea, care sté peste sisturile mezozonale
ale unitdtii de Micin.

Triasicul incepe printr-o alternantd de gresii argilitice cenusii -negri-
ciose, intens fisurate §i impregnate in general cu oxizi de fier, predominind
hematitul §i magnetitul , sulfuri de fiergi cupru, respectiv piritd, calcopiritd
$i mai rar calcozini.

Peste aceastd serie psamo-peliticd, urmeazd calcare cenusii rogcate
§i mai rar marnocalcare, in care sint intercalate frecvent scarne minerali-
zate cu oxizi de fier §i sulfuri de fier gi cupru.

In continuare urmeazi calcare cenusiu-albicioase, sau cenusiu-gilbui
$i mai rar cenusiu-negricioase, cu diaclaze de calcit, fisuri §i goluri de dizol-
vare, in general cu dimensiuni de ordinul centimetrilor.
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Depozitele triasice sint dispuse peste fundamentul cfristalin, cu di-
reciie NV—SE si incliniri in medie de 45° citre NE, cu exceptia corpu-
rilor 2, 5 gi 6 de lentile, care inclind céitre SV, ca urmare a punerii in loc
in aceasts zoni a corpului de porfire din dealul Consul.

Contactul dintre cristalin §i depozitele triasice mineralizate este afec-
tat de o serie de fracturi transversale, ca urmare a fazei de cutare chimeric
veche, care au condus la incéileciri de mics amploare ale cristalinului peste
depozitele triasice.

Cuaternarul este reprezentat prin depozite deluviale, depozite loes-
soide i depozite aluvionare.

Depozitele deluviale sint constituite din argile fin nisipoase, cenugii sl
negricioase, sau maroniu-rogcate, cu elemente de calcare triasice gi de gis<
turi cristaline, cu diametrul de pin# la 30 em. Aceste depozite se dezvoltd
intr-un paleorelief al sisturilor cristaline gi al calcarelor triasice, aproxi-
mativ pe traseul Viii Seci.

Depozitele loessoide acopersd formatiunile mai vechi. _

Depozitele aluvionare iau parte la alcituirea luncii piriului Taita
§i sint constituite din argile nisipoase §i nisipuri argiloase, mai rar nisipuri
fine cenugiu-albicioase.

Rocile eruptive sint reprezentate prin corpul de porfire care este loca-
lizat la contactul dintre cristalin §i depozitele triasice, partea sud-estici
2 accstuia stribitind depozitele triasice.

Hidrogeologia zaedmintului

Zacimintul de minereu de fier si cupru afloreazi in zona grupului 2
de lentile §ise afundi citre SE, fiind localizat in calcarele si faciesul grezos
argilitic din baza depozitelor triasice.

Tectonizarea intensi a formatiunilor triasice si cristaline, situate
in acoperigul i culcusul zdcidmintului, a sugerat posibilitatea existentei in
retelele de fisuri care afecteazd formatiunile respective, a unor acumuliri
de ape subterane, care ar putea ingreuna procesul de valorificare a zicé-
mintului.

Existenta retelelor de fisuri §i goluri de dizolvare in formatiunile
triasice, a fost doveditd prin forajele de cercetare geologicd, la care s-au
inregistrat pierderi masive ale fluidului de foraj.

Prezenta unor acumuldri importante de ape subterane, in calcarele
triasice, u fost constatatad prima datw, prin pujcl 1. 2, eare a fost executat
de TPEDM pin# la adincimea de 76 m, cu direcfionale de circa 35 m i
care a fost abandonat datoritd viiturilor de api, pentru evacuarea cirora
nu s-a dispus de o dotare corespunzitoare.

Pentru cunoagterea conditiilor hidrogeologice naturale ale zécimintu-
lui Tulia, IFLGS a executat in mai multe etape cercetiri hidrogeologice
prin foraje si lucriri miniere.

Potrivit datelor de cunoastere obtinute prin foraje hidrogeologice,
s-a stabilit cd in zona zicidmintului Tulia, existd, in principal, doud strate
acvifere, generate in retele de fisuri gi goluri de dizolvare, care afecteazi
calcarele triasice §i respectiv in retelele de fisuri din formatiunile cristaline.

Stratul acvifer din calcarele triasice prezintd variatii mari ale poten-
tialului de debitare, in functie de intensitatea retelelor de fisuri si goluri
de dizolvare in care este generat. Astfel, prin forajele executate au fost inre-
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gistrate debite de pini la 190 m3/24 ore pentru un metru denivelare de la
nivelul hidrostatic, care se situeaz# in jurul cotei de 4- 29 m. -

Grosimea acestui strat acvifer cregte ciitre SE, pe misurd ce stlva
de depozlte triasice se afundi sub cota de 29 m.

Gradul de fisurare al calearelor, care este reflectat prin potentla;lul
de debitare al stratului acvifer generat in acestea, are o dezvoltare nere-
gulatd atit in plan orizontal, cit §i pe verticali.

Valorile coeflelentulm de infiltraiie, calculate pe baza datelor de .

cunoagtere obfinute prin forajele hidrogeologice, variazi de la 0,11 m/24
ore la 4,85 m/24 ore, ceea ce reﬂecté, varla,tnle gradului de flsurare al calca-
reélor.

timpul pompirilor hidrogeologice experimentale, au ardtat ci stratul
acvifer din calcarele triasice debiteazid ap# bicarbonatati calcic#, cu con-
centratie foarte mic#, mineralizatia totald situindu-se in jurul valorii
de 0,70 gr/1.

- cadrul depozitelor trla.sme, calcarele §i scarnele mineralizate cu'

oxizi de fier gi sulfuri de fier i cupru sint in general impermeabile, cu excep-

tia unor zone izolate, unde acestea sint afectate de fenomene disjunctive ca

intervale mai largi de zdrobire.

Gregsiile argilitice, din baza depozitelor triasice mineralizate sau nu,
cu oxizi de fier si sulfuri de fier i cupru, desi intens zdrobite, sint practic
impermeabile, datoritd intercalatiilor frecvente de argilite.

Daté fiind pozitia depozitelor deluviale, cuaternare, pe paleorelieful
calcarelor triasice gi cristalinului, orizonturile permeabil-acvifere puse in
evidentd in depozitele deluviale, sint in comunicare directd cu stratul
acvifer din calearele triasice gi ar putea fi considerate ca un facies lateral al
acestuia.

Orizonturile acvifere din depoz1tele deluviale totahzeaza in medie o
grosime de 30 m §i dispun de un potential de debitare de 3,50 me/24 ore
pentru un metru denivelare de la nivelul hidrostatic, nivel care este comun
cu cel al stratului acvifer din calcarele triasice.

Coeficientii de infiltratie au valori in jur de 0,13 m/24 ore, fiind in
concordantd cu constitutia litologicd a orizonturilor permeabil-acvifere,

Chimic, apa debitatd este bicarbonatatd caleicd, bromuratd, cm
concentratie foarte mic#, mineralizatia totald avind valoarea de 0,667 ¢r/1,
fiind foarte apropiatd de aceea a apei debitate din calcarele triasice.

Stratul acvifer din formatiunule cristaline are o dezvoltare neregu-
laté, in functie de retelele de fisuri in care este generat si dispune de capa-
citdti mici de debitare, respectiv 6,181 mc/24 ore §i §,22 me/24 ore pentru

" un metru denivelare de la nivelul hidrostatic, care este sitvat in jurul cotei
de 4+ 29 m.

Valoarea medie a coeficientului de infiltratie este de 0,020 m 24 ore,
corespunzétoare rocelor foarte slab permeabile.

Chimie, apa debitatd de acest strat acvifer este bicarbonatats sodlcé,
cu concentratie foarte mic#, mineralizatia totald variind intre 0,537 gr/l
si 0,679 gr/l.

Datele de cunoagtere hidrogeologici obtinute in urma executérii
cercetdrilor experimentale prin foraje, au ardtat ci in zona zicimintului
qpulia, numai stratul acvifer de adincime din retelele de fisuri §i goluri de

- Analizele chimice executate pentm probele de api, colectate in"

PR
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dizolvare ale calcarelor triasice, in care au fost inregistrate scipéri in gol
ale garniturilor de forajde pin# la 1,60 m, poate provoca greutdti importante
in executarea lucririlor miniere de deschidere a z&cimintului, situat
sub nivelul hidrostatic. Dificult#itile hidrogeologice constatate anterior la
putul nr. 2, au fost confirmate pe intreg perimetrul, in care sint localizate
grupurile de lentile mineralizate nr. 3, 4 si 6, datorité potentialului mare
de debitare a stratului acvifer respectiv.

Raportind pozifia celor 6 grupuri de lentile ale z&c&mintului Iulia,
fatd do pozitia nivelului hidrostatic situatla cota -+ 29 m, rezult’ cd grupu-
rile principale de lentile mineralizate, care concentreazi cea mai mare
parte a rezervelor de minereu de fier §i cupru puse in endenti respectiv
grupurile nr. 3, 4 §i 6, sint situate sub nivelul hidrostatic, in condiii
hidrogeologice naturale grele.
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Fig. 1 — Schita geologici, la baza depozitelor cuaternare, a zonei Iulia. 1, Cristalin; 2,
Triasic; 3, porfir; 4, foraj; 5, put de min%; 6, sectiune geologici.
Geological design at the basis of the Quaternary deposits of the Iulia area. 1, Crystalline;

2, Triassic; 3, Porphyry; 4, drilling; 5, mine pit; 6, geological section.
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Stratele acvifere de adincime , din perimetrul zicimintului Iulia, sint’

alimentate prin infiltrarea precipitatiilor atmosferice, in zonele de aflorare

ale formatiunilor in care acestea sint generate, cit si prin drenarea nemij-
locitd a apelor superﬁcmle §i ale stratelor acvifere freatice, din baza depo-'

zitelor loessoide si a depozitelor aluvionare, ce iau parte la alcdtuirea luneii
piriului Ta,lt,a,

Avind in vedere datele de cunoagtere hldrogeologlca existente si '

pentru orientare cit mai judicioasd a lucririlor miniere de deschidere a
ziécimintului (prin lucrdri mimere) au fost completate cercetirile hidro-

geologice prin foraje, cu pompdiri de duratd mai mare, in regim stabilizat.

acest scop, a fost echipat forajul nr. 5107 cu pomp# sistem ae r-lift,
iar forajele nr. 5105, situat la 220 m NNV de forajul nr. 5107 si nr. 5106,
situat la 140 m NE de forajul nr. 5107, au fost pregitite ca foraJe de hldro—
observatie.
Pompirile exper imentale din forajul nr. 5107, cu urmirirea efectului
in forajele nr. 5105 §i 5106, au durat 47 zile.
in primele 4 zile s-a pompat cu un debit de 7 3 1/s (630, 70 mc/24 ore),

pentru o denivelare de la nivelul hidrostatic de 4 53 m, dupa care s-a ma,rlt :
debitul de pompare la 14 I/s (1209,60 mc/24 ore), pentru o denivelare de la -
nivelul hidrostatic de 9,94 m, iar in ultlmele 16 zile s-a pompat cu un
debit de 16 lsec. (1, 382 40 mc/24 ore), pentru o denivelare de 11,62 m,

regim hidrodinamic cu care a fost mchela,t.a pompares experlmentali

In tlmpul pompérilor experimentale din forajul nr. 5107, scideri ale
nivelulul apei in forajele de hidroobservatie, au fost mreglstra,te, in forajul
nr. 5106 1a 17. 1/2 ore de la inceperea pompdrilor cu debit de 7,30 1/s i la
19 ore de la inceperea pompirilor in forajul nr, 5105.

In tot timpul pompérilor din forajul nr, 5107, in forajele de hidro-
observatie s-au inregistrat scidderi continue ale nlvelulul apei, dar foarte
lente, astfel ci la Sfll’$1t111 acestel etape de cercetare, denivelirile realizate
au avut valori de 1,13 m in forajul nr. 5105 i de 0,85 m in forajul nr. 5106.

Dupi termmarea prooramului de pompéri experlmenta,le s-a urmé-
rit viteza de crestere a nivelului apei, atit in forajul nr. 5107, cit si in fora-
jele de hldroobservatle Din datele obtmute, a rezultat cd in foraﬂul nr.
5107, in primele 15 minute a avut loc o cregtere de 7,38 m, iar dupd /6 1/2
ore de la oprirea pompdrii, cresterea de nivel a fost de 10,37 m, in timp
ce la forajele de hidrocbservatie cresterile de nivel 2 ufost de ) cm la forajul
nr. 5105 si de 3 em la forajul nr. 5106 Urmirind in continuare nivelul
apel in foraje, dupé 504 ore, respectiv 21 de zile, existan deniveldride la
nivelul hidrostatic de 0,99 m la forajul nr. 5107, de ¢,56 m la forajui ny.
5106 si de 0,85 m la forajul nr. 5105.

Revenirea la nivelul hidrostatic, extrem de lentd, a confirmat e
sursa de alimentare a stratulul acvifer din calearele triasice este reduss i
drenarea acestuia este posibili.

In aceastii situatie, amplasamentul putului nr. 3 a fost stabilit la
25 m NBE de forajul nr. 5107, unde conditiile hidrogeologice au fecst con-
trolate in prealabil prin fora]ul nr. 5114, situat la 20 m NE de forajul nr.
5107, cu adincime de 160 m.

Prin forajul nr. 5114, pentru calcarele triasice, s-a stabilit un poten-
tial de debitare de 0,74 mc/24 ore, pentru un metru de denivelare de la
nivelul hidrestatic, dovedind variatiile foarte mari pe distante mici, ale

LU
rale
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retelelor de fisuri care afecteazi calcarele, cit i ale potentialului de debi-
tare a stratulul acvifer.

_Inainte de ase trece la siparea putulul nr. 3, au fost reluate incerci-
rlle hidrogeologice experlmentale prin forajul nr. 5107 si timp de 1200 ore,
8-a pompatcu un debit de pini la 25 1/s., realizindu-se un debit specific de
88,81 mcy/24 ore pentru un metru de denivelare de la nivelul hidrostatic.
Tn tlmpul pompirilor experimentale, in forajele de hidroobservatie au
fost inregistrate deniveldri de 7,53 m la forajul nr.5114, de 2,45 m la fo-
rajul nr. 5106 §i de 2 m la forajul nr. 5105.

Dupi 358 ore de la terminarea pompirilor, denivelirile de 1a nivelul
hidrostatic, misurate in foraje, erau de 1,01 m la forajul nr. 5107, de
1,06 m la forajul nr. 5114, de O 94 m la forajul nr. 5105 §i de 0,67 m la
forajul nr. 5106.

Considerind buni cunoa$terea hidrogeologicd pentru amplasamentul
putului nr. 3, s-a trecut la siparea putului la 25 m NE de forajul nr. 5107,
a,mplasa,ment in care datele hidrogeologice stablhte prin foraje au fost con:
firmate.

Pentru urmérirea efectului de drenare ce urma si fie realizat prin
lucrédrile miniere, au mai fost executate patru foraje de hidroobservatie,
amplasate in acoperigul grupurilor de lentile mineralizate nr. 3 si 4, res-
pectiv forajul nr. 61801 cu adincime de 300 m, si forajul nr.61802 cu a,din-
cime de 260 m, forajul nr. 61803 cu adincime de 300 m, forajul nr. 61804
cu adincime de 170 m.

Cunoagterea hidrogeologicd a zdcdmintului Tulia a fost completats
prin datele furnizate de lucririle miniere subterane de cercetare geologici.
_Astfel, putul nr. 3 cu galerii la orizonturile — 100m, — 150m si — 200 m

§i putul nr. 4 cu galerii la orizonturile —196 m si - —246 m, au confirmat
in general, datele de cunoagtere hidrogeologici obtinute prin foraje, pr1-
vind stratele acvifere de adincime din zona zicimintului Tulia.

Pentru prevenirea unor erupiii violente de api in lucririle miniere;
in avansul lucririlor, au fost executate foraje de identificare gi drenare
prealabild a orizonturilor acvifere ce urmau s fie interceptate prin lucririle
miniere. In functie de cerintele si conditiile de executie, acest gen de foraje
au avut lungimi de pind la 68 m i au fost amenajate la gurs cu ventile.

Urmiérind debitul de apé eévacuat din lucririle miniere subterane, a
rezultat ¢4 pentru orizontul — 100 m din pujul nr. 3, situat la 59 m sub
nivelul hidrostatic, debitul maxim a fost de 5160 mc/24 ore in anul 1976 §i
a sciizut in timp la 3840 mc/24 ore in anul 1977, la 3360 mc¢/24 ore in 1979,
Ia 2852 mc/24 ore in 1980 si 86,40 m3/24 ore in 1986.

Sciaderile substantiale de debit s-au inregistrat pe misura dezvoltirii
de noi orizonturi de galerii in adincime, care au preluat rolul prineipal-in
drenare. Astfel, orizontul —150 m din putul nr. 3, dupé ce a ajuns la un
debit de api de 5086 mc/24 ore, a scizut pind la 1990 mc/24 ore in anul
1986.

Dupi realizarea legiturii intre orizontul — 200 m din puful nr. 3 §i

orizontul —196 m din puful nr. 4, debitul drenat la acest orizont este de
864 mc/24 ore prin putul nr. 3 §i de 172,80 mc/24 ore prin putul nr. 4.

Prin orizontul — 246 m din putul nr. 4, debitul evacuat este de

1382,40 mc/24 ore.
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Rezultd cd in-anul 1986, prin cele 3 orizonturi de galerii din puful
nr. 3, este drenat un debit de 2940 me/24 ore, iar prin- dou$ orizonturi din
putul or. 4, debitul drenat-este de 1555 me/24 ore, care pe zé,cémint, pentru
lucrérile reahzate, insumeazd 4495 mc/24 ore. -:

Faptul ed la orizontul — 150-m din putul nr. 3, debitul inregistreazs
o scidere foarte lent# §i ¢4 valoarea este mai mare fatd de debitele evacuate
de la celelalte orizonturi, constituie o dovad# in plus, privind variafia foarte
mare a .permeabilitdtii calearelor- triasice, ca urmare a unei dezvoltéri
neregulate a retelelor de fisuri §i goluri de dizolvare, care afecteazd depo-
zitele triasice, atit pe orizonta,lﬁ, cit §i pe verticali.

Evolutia debitelor de apd evacuate, in raport cu dezvoltarea lucrérilor
minjere subterane, ne indreptiteste si consideram, ci cea mai mare parte a
debitelor drenate provin din rezervele statice ale stratului acvifer respectiv.

In acest sens, ardtim ci debitul evacuat in anul 1986, prin cinci ori-
zonturi de lucriri miniere situate intre adincimile de 100 m in pujul nr. 3
§i 246 m in putul nr. 4, este mai mic decit debitele maxime inregistrate la
orizontul —100 m, sau la —150 m din putul nr. 3.

Pe misura executéirii de lucrdiri miniere la nivele inferioare, sint
atrase in procesul de drenare noi volume de apd, care la schimbarea nive-
Jului de drenare, prin afluxul puternic de apé, dau 1mpresia unei alimentdri
intense. Aceastd situatie a fost confirmaté cu ocazia intreruperii activitati
de pompare la putul nr. 3, pe o perloada de 12 zile, in luna noiembrie 1981,
timp in care nivelul apei a ajuns pind la 11 m sub pozitia nivelului hldro—
static initial.

Datele de cunoastere hidrogeologicii obtinute conduc la concluzia
¢4 stratul acvifer din calcarele triasice din zona zdcimintului Iulia, poate fi
«drenat direct prin lucrdri miniere.

Volumele de a,pér ce trebuie evacuate, variazd in functie de méarimea
treptelor de asecare $l de intensitatea refelelor de fisuri si goluri de dizol-
vare, care se inscriu in domeniul de asecat.

Dat fiind modul de dezvoltare foarte neregulat al retelelor de fisuri
‘$i goluri de szolvare, la proiectarea si realizarea lucrérilor de drenare va
tl ebm s& se aibd in vedere faptul ci in con(htule cele mai favorabile, numai
aproximativ 409% din potentialul de debitare ar putea fi controlat prin
juchiderea cu ventile a forajelor executate in subteran, sau alte lucriri de
siguranti.

A<}a cum s-a constatat prin lucrdrile de cercetare ludrogeologlce exe-
cutate in procesul de drenare-asecare al stratului acvifer din calcarele tria-
sice, in zona zdcimintului Iulia, dificultitile majore, din punct de vedere
hidrogeologic, sint datorate rezervelor statice de apd acumulate in timp.
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HYDROGEOLOGY OF IRON AND COPPER ORES AT IULIA,
TULCEA DISTRICT

(Summary)

The iron and copper ores at Iulia arelocated in clayey limestones and
sandstones at the basis of the Triassic deposits, at the contact with the
Bocelugea Crystalline formations west of the Taifa brook, between the
Consul Hill to the north and the Gol Hill to the south.

Idn order to find out the ore hydrogeological conditions, hydrogeolo-
gical attempts have been made by drillings, establishing that within the
networks of fractures and dissolution cavities that affect the Triassic
limestones and less the sandstones at the basis of the Triassic, an important
aquifer is generated, that can be directly drained by ground mining works.
Within the poorly developed networks of fractures that affect the Crystal-
line formations, an irregularly developed aquifer with a reduced discharge
potential is generated.

The carrying on of the hydrogeological research programme by
mining works, aiming at a deep knowledge of the respective ore, confirmed
the possibi]ity of draining an aquifer in the Triassic deposits, according
to the requirements for the performing of opening and exploitation
mining works.

Taking into account the hydrogeological data, the position of the
iron ore Wlthln the geological structure of the area, as well as the fact that
the aquifer in the Triassic limestones is decisive for the degree of hydrogeo-
logical difficulty, it results that, within the Iulia ore, the first, the second
and partially the fifth ore lenses groups are not difficult from a hydro-
-geological point of view, while the third, fourth and sixth ore lenses groups
are located in difficult hydrogeological conditions, the degree of difficulty
increasing with the sinking of mineralized formations southwards.
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