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Chemical ~cheiaclerization  of
peothermal  waters of  Crelaceous
System from region Felix Spa is
pressnted here. Both the constituent like
(Cl, NOy, NDy, HCDY, CO4%, 507,
PO, Cal"', Mg", Wa'. K' ete) end
microclements were found in  thess
Walers using various methods. On the
basis of these factg those cen be
classified in category of bicarbonate —
sulfate - calcium — 'magnezic waters.
The work is & compdrative study with
waters from Orades region o prove
their common origin

INTRODUCTION
The study invalves the geothermal

waters from an aguifer localized in &
fissured system with karsdc parts [1],
formed in cretacecus age. The surface is
presented in fig. 1

These waters were sindied time
2go because of both balneologique and
therapeutic  propriefies.  As  Temn
degeribe, the hydro geologic feature of
the collector, must be regarded from
structural and karsto gemetic point of
view, which confers a lot of benefit

The reservoir is placed in a
tectonic compartment on the largest
branch of the “Padurea Crajului®
mountains, Tectonic fracfures and
fissures are the ascending pathways for
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the deep warm waters and form's lot of
cavitics and caves in the superior flocr,
being the ideal structure for swoking and
preserving the anergetic potential of the
reservoir,

The origin of the geothermal
waters is at a depth between £0 and 120
meters, and the temperature ot the
surface opening is between 29 and 47
Celsius degrees. The flow capacity is
high 120 Vsec
The chemical and phiysical
characterization of the waters from
reservioir was made by investigation of
the following natural springs: “Ochiu
Mare™[OM), “Ochiv  Pompei”(OP),
“Ochiu Tiganului™ (OT), "Fredesic™ (F)
which are supplying & lake in & netural
park with a unique species of plam
“Mimphaea Lotus var Thermalis”, and
drillings:  “Tzbuc™ (1), Rontau (F2),
Cordau (402) and Felix (4003, 4011,
4012) Balint (B), Vila (V4).

METHODS OF WORK

To esteblish the content of the
major elements of the geotharmel waters
studied it has heen determined the
following: the pH (with pH-meter MV-
85), the conductivity (with Radelkis
conductometer), the total residue (to be
obtained dusring evaporation of 100 om®
water &l 1057, oxidable orpganic
coimpounds (permangenate method), the




harmess  of water (complexometric
titration with EDTA) [2], the soluble
silicate (colorimetric determinetion as
gilicomolibdenic acid} [3], the phenocls
{colorimetric detefrmination with
diazotization sufanilic acid) [2], the
nitric ion ((eolofimetric determination
with phenyl disulfonic acid in
ammonium hydroxide medium) [3], the
nitrite ion {colorimetric determination as
azo  compound of [-nephtol), the
carbonate and bicarbonate jons (acid
titration) [2], the sulfate ion (gravimetrc
determination a3 bafjwn sulfate), the
phozphate ion {ealonmetrie
determination 2§ AT
phosphowalframate) [B], the ammonium
ion (eolorimetric  determination  with
Messler reaction), the natrium and the
kelium  dons  (with phiamphotometer
Phlapho-4), the calcium and magnesium
ions {complexometric titrasion) and iron
ion {colorimetric detarmination with o-
phenantrolyne). [4]

The microelements WEre
determination from the residus by
evaporate through pafnma spectroscopy
and emisson spettrostopy

The probes were harvesting ot
head of the well end transporied in the
lahoratory, The analvges had heen done
during E years every 3 months, The
results tepresent an average of the
obtained values.

RESULTS AND DISSCUTIONS

The experimental results are
presented in table no. 1 - 3

For the clasifieation of these
waterg  table no, 4  presemts  the
compozition in meq percentage of the
mejor chemical ions,

Figure no. 2 apd 3 represents the
triangle and Schodler = Bercaloff
diagram from Felix reservoir (cretaceous
colector)

Basicly we can see that the
geothermal waters from this eretacic
reservoir are bicerbo-sulphatic-calcic-
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magmezic, with allmost the same
compozition as the the waters from
triasic reservoir (Oradea 4), but the
balance between sulphate and
bicarbonate is reversed,

Studying each source we siw
that:
= the walers from
(TLAF)LLONM), (0P, (402) and (4003) are
high bicarbonate, low sulphate, high o
caleic and low magnezic with formula
C'S'Ca'Myg!

- the waters from (401 1),(B) and {V4)
are moderate bicarbonate and sulphate,
high calcic and low magnezic with
formula C"8"Ca*Mg'

= waters from (4012) are very high
carbonate, high sulphate end low
magnezic with formula C*Ca"Mg'

- waters from (4087) are very high
carbonate, low sulphate, high calcic and
low megnezic with formula
Cs'camg,

Regarding positive ions we saw
that waters from all sources are Ca™Mg'

Kegarding negative jons there
are gome differences ﬁdﬁl 13, (B), (Va),
(F2} and (O¥T) are C'8™ or C"8%, (1),
(402), '54"-?03} (4087), (F), (OM), (OP)
are C'8, and (4012) is C*%.

Comparing the chemical
caracieristics of the waters from the
cretacic reservoir four groups can be
discribe.

Fitst group from (4011). (B),
(V4), (F2) and (OT) have the ratio of

echivalent-grams is between 1

=3
i
end 1,3, These waters have the highest
temperature and probable their origm is
in depth of the reservoir,

The second group from (I} and

(40037 have the ratioc betwesn
equivalents-gram
HCO;

l between 1,5 g 2,0 These

805
waters are probahly more far away from




the main source add suplved with
phreatic waters, This waters are colder,

The third group 15 formed by the
rest of the reservedr suplying the (4087}
and (402) drillings with the ratio
betwesn the echivalengii (.11, is

=00,
betwesn 2.8 g1 3,

The fourth group is the water

from (4012) drilling with the ratio
B more than § is much diferent

so7

from the general characteristics of the

cretacic colector,

Elements in traces  were
determined by emision spectroscopy and
are presented in table oo, 5

Time io time we could wace also
nitrate and phosphate fons.

Using gamma emision
spectroscopy were identified traces of
many micreclements 43 hafmiu, scandiu,
bariu, erom, tantal, promefio, strontia,
sesiu, silver, platind, gold, europiu i
neptuniv,?

The gases dizcoversd in these
geothermal waters were insignificant,
carbon dioxide 18 prasent in wvery low
concentration in the waters from (4012),
(4011}, (4003) and (OM)

We chose Tzbuc (1) and Balim
(B) drilings made in 1886 and 1BE7, oo
follow the chenges in fime of the phisical
and chemical caractefistios. The resulis
are presented in table no. 6 and 7,

This deta is presented in figures
4 and 5

Following the chemical changes
in time of the geothermal waters from
lzbue and Balint ddllings in & long
period, we  dessovered  several
interesting things

In the Tzbuc driling waters there
wis & decreasing of the calefum and
sulphate ions concantration and in
mingrals that shows a low econtribution
of the deap walers.
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In the Balint driling waters the
changes are even mare interesting. In
the beginning of the XX century, the
walers  weré  sulphatic-bicarbonate
(analises made in 1887, 1926 and 1951),
in the seventh decade the ratio berween
the ions is 1 (analise mede in 1960, 1966
§ 1969), and afler few years the waters
became bicerbonato-sulphatic,

The reversig between solphate
and bicarbonate can be explaned because
an intensly drenaje of the walers causing
a smole contribution of deep suphate
containing waters,
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Table no. 1

v . € chemical characterization of geothermal waters from Felix Spa

Sources | pH Conduct. | Total Minera- | Harness | Oxyd. §i02
residue | lisations organic E
comp.
KuSfem) | (mg/)  [(mg/l) | (0G) (g (mg/h)
Kmn04)
Izbuc 6,88 1950 492 708,66 21,50 0,64 21,00
Frederic | 7,05 799 620 799,62 | 25.84 2.05 25,84
oM. 6,30 630 600 793,20 | 25.40 7,43 18,00
O 6,30 ] 490 763,20 23,80 5,26 23,30
0.T. 7,05 840 519 881,89 17,63 0,92 16,50
EF-2 6,85 1060 | 605 769,35 25,25 0,35 25,00
402 6,80 1090 606 817,04 | 23,50 0,32 23,50
4003 6,80 11050 640 811,70 26,30 0,32 24,10
4011 6,60 {1200 621 881,90 |32739 0,42 28,50
4012 7,21 700 381 548,26 19,60 4,68 16,00
4087 7,00 1050 476 702,50 23,32 0,48 21,10
Balint__| 6,80 1290 715 924,88 33,06 | 032 31,00
Vila-4___| 6,80 1310 766 937,67 |33.06 0,64 33,33
Table no. 2,
The distribution in anion of geothermal waters from Felix Spa

Sources [Cl"] lHCO:;} |_504 -2 Total

B (mg/1) meg/l) | (mg/)) | (meg/D) (mg/f) | (meg/]) (meqg/D)
Tzbuc 14,18 0,399 332,58 5,452 146,06 3,043 8,894
Frederic | 20,63 0,582 393,11 16,444 165,12 3,440 10,466
oM. 14.20 0,400 439,30 7,197 88,30 1,839 9,436
O.P. 2130 D,60] 457,60 7,501 51,80 1,126 9,240
OT. 7.09 0,200 324,21 |5315 30162 |5315 11,809
F-2 14,18 0,399 340,50 5,582 290,52 3,969 9,950
402 1737 [D,489 | 444,15 | 7,281 120,15 | 2,503 10,273
4003 17,73 D,500 436,33 7,153 133,04 2,772 10,425
40117 14,18 P340 [355,31 |5,825 24519 | 5066 11,231
4012 6.73 D, 185 343,84 15,637 53,06 1,105 6,952 |
4087 14,18 D,340 379,00 6,213 112,75 2,349 ‘8,902
Balint | 17,37 D490 [384,92 6,310 | 24525 [5.109 11,909
Vila 4 17,73 0,500 . 384,94 6,310 259,69 5,409 12,213

371




Table no. 3

The distribution in cations of geothermal waters from Felix Spa

Sources ENML Y [Na'] K] [1Ca”; | (Mg?] | [Fe”] Total
Tzbuc (mg/h) || 2,56 20,00 5,00 157,15 9,12 0,46
(meg/) | {0,142 | 0,870 | 0128 | 73842 | 0,751 | 0,017 | 9,730
Frederic | (mg/l) 4,03 31,00 | 6,00 | 12558 | 2805 | 0,16
(meq/h [ 0,224 | 1,348°] 0,156 | 6,266 | 2307 | 0,006 | 10,307
oM. | (mg/) few 3,70 540 | 137,80 | 26,70 | 0.10
(meg/l) . 0,161 | 0,138 | 6,876 | 2.196 | 0,003 | 9,374
O.P. (mg/l) few 1,70 3,80 | 120,20 | 36,00 | 0,10
(meg/l) - 0,074 0,097 5,998 2,960 | 0,003 | 9,200
0.T. (mg/t) 0,66 | 40,00 | 500 | 13691 | 24,80 | 0,03
(meq/l) | 10,048 [ 1,739 | 0,129 | 7,830 | 2,041 | 0,001 | 11.777
F-2 (mp/l) 1,74 | 19,00 [ 8,00 | 153,08 | 16,79 | 0,55
(meg/) [ 10,094 | 0,826 | 0,203 | 7,635 | 1381 |0.020 | 10,508
402 (mg/D)y~| | 1.44 1800 | 6,00 |171,64 | 14,04 | 1,155
{meg/) | {0,080 {0,783 | 0,153 | 8,565 | 1,155 | 0,027 | 10.763
- 4003 (mg/H) |1 1,50 18,00 7,00 150,70 | 22,70 1,20
(meg/) | 10,083 [ 0,783 | 0,179 | 7,520 | 1.867 | 0.043 | 10.475
4011 (mg/M) [ | 1,51 19,50 | 6,00 | 185,57 | 28.09 | 0.05
(meg/l) | 10,084 [ 0848 | 0,153 | 9260 | 2310 | 0,002 | 12.657
4012 | (mg/l) 1,42 10,50 | 2,50 71,84 | 41,53 | 007
| (meq/M) | 10,079 | 0456 | 0,064 | 3,585 | 3.418 | 0.002 | 7.604
4087 | (mg/l) [ ] 128 |14,00 | 4,00 | 139,18 | 16.84 | 017
(meg/ | 10,071 0,609 | 0,102 | 6,945 | 1,385 | 0,006 | 9.ii8
‘Balint (mg/D) 1,27 22,00 820 180,92 | 33,83 0,12
(meg/h) | 10,070 0,956 | 0210 | 9,028 | 2,782 | 0.004 | 12.050
Vila 4 (mg/1) 1,36 20,00 7,00 185,57 31,01 0,05
(meg/) | {0,077 | 0,859 [ 0,179 | 79260 | 2,550 | 0,020 | 12,937
Table no. 4
- .. The percent distribution in major ions of geothermal waters
Sources [€"] | [HCO, ] | [SO,7) |([Na*+K*]| [Ca®] | [Mg™]
Tzbuc 1,95 33,21 14,80 2,68 30,08 16,85
Frederic 2,19 36,33 11,14 - - 33,70 13,31
O M. 3.39 34,08 11,33 4,86 27,75 21,82
0. P. 2,09 36,28 11,56 2,73 31,41 13.54
0. T 0,85 22.50 22.50 7.92 33,34 8.66
F-2 2,11 30,90 16,99 - 32,68 16,43
402 1,81 37,56 10,38 3,19 33,94 12,64
4003 2,07 28,98 18,95 3,56 36,51 9,55
4011 2,07 25,33 23,13 4,42 32,08 13,23
4012 2,73 42,63 5,62 - 28.86 21,71
4087 1,95 38,96 9,09 2,53 33,76 13.41
Balint 2,06 26,49 21,45 4,84 37,46 11,54
Vila—4 1,98 27,02 21,00 4,37 35,16 10,03
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Table no. 5.

The microelements tomposition of the geothermal waters from cretacic reservoir
mestred by emision Spectroscopy

Sources [Vl104(mg/1) [Col10¢(mg /1) [Ni]103(mg /1)

Balint 9 5 -
4003 25 5 23

402 4 . 1,2
1zbuc 16 — 1,6

4012 1,1 = t

4087 4 - -

4011 13 d -

F-2 13 N 37

Table no. 6.

Concentration ol major elemel|ts. IZBUC drilling. [19, 20, 60— 69, 155}

|

Data [er] {HCo; | so] [na T+ KD (ca ]+ Mg
(meg/) (meg/l) (meg/1) -~ (meg/)
_ (meg/ly
1886 0,68 1,57 0,94 2,37 10,97
1922 0,26 5,81 5,16 0,96 10,25
1951 0,29 5.63 5.25 0.90 9.95
1960 0,45 5,42 4,83 0.69 5,97
1966 0,45 5.61 531 0,90 9.43
1969 0,45 |. 5,61 5,31 0,90 9,48
1976 0,29 -6,48 3,80 1,06 9,48
1977 0,40 5.54 4,13 0.85 0,18
1978 031 ] 5,75 3,64 0,86 8,84
1980 0,34 5,68 3,43 1,09 _ 8,13
1981 0,33 6,10 2,86 1,00 7,88
Tabel no. 7,

Concentration of majpr clements. BALINT driling,

2

[19, 20, 60 - 69, 155]

Data [Cl - J [HCO p J lSO,',2 J ([Na * J+ [K * J) ([Ca ""]+ [Mg 2 ﬂ
(meq/l) (meq/l) (meq/l) (meq/1)
(meg/)

1887 _ 0,34 3,19 5,18 Lis 10,67

1926 0,57 3,11 5.99 LIS 11,43

1951 0,38 6,39 6,36 1,20 11,67

1960 0,60 5,80 6,18 1,35 11,16

1966 0,51 5,74 6,74 1,48 11,46 |
1976 0,36 7,76 2,77 0,98 9.91

1977 0,49 6,15 5,98 1,52 11,01

1981 0,41 6,13 5,43 1,14 11,46
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Figure no. 1
Repartition of geothermal water sources map
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Figure no. 2
Ttiangle diagram of the chemical composition
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Schoeller — Bercaloff diagram from Felix reservoir (cretaceous colector)
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