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Extended Abstract

Introduction

Salinity accumulation and the consequent deterioration of water quality in reservoir systems represent a critical
challenge in water resources management, particularly in arid and semi-arid regions where evaporation rates are
high and freshwater availability is limited. In such environments, even moderate increases in salinity can
significantly reduce the usability of stored water for agricultural, domestic, and industrial purposes. The problem
becomes more severe in reservoirs located downstream of evaporite geological formations, where continuous
dissolution of salt-bearing strata introduces persistent and often difficult-to-control saline inflows. These processes
not only degrade water quality but also complicate reservoir operation, ecological stability, and downstream water
allocation. The Gotvand Dam reservoir in southwestern Iran is a well-documented and particularly severe example
of this phenomenon. Since its design and construction phases, the reservoir has been recognized as vulnerable to
salinity intrusion due to its proximity to the Gachsaran Formation, specifically the Anbal salt section. Following
impoundment, rapid salinization of reservoir water confirmed concerns raised in early feasibility studies, making
it one of the most significant salinity-impacted reservoirs in the region. Previous studies have primarily focused
on identifying salinity sources and simulating its distribution; however, there remains a lack of long-term, field-
based evaluations of salinity control strategies. This study aims to address this gap by investigating the temporal
evolution of salinity within the reservoir and evaluating the effectiveness of outlet structures, particularly the
bottom outlet and GRP pipe, in controlling salinity over a 13-year operational period. By integrating extensive
field measurements with mass balance and stratification analyses, this research aims to provide a comprehensive
understanding of both natural processes and operational interventions influencing reservoir salinity dynamics.
Materials and Methods

The study was based on an extensive and continuous dataset collected over 13 years from August 2011 to October
2024, comprising more than 1,400 sampling days. The collected data included inflow and outflow discharge
measurements, salinity concentrations of released water, vertical salinity profiles at multiple depths, reservoir
water level fluctuations, and detailed operational records of outlet structures. Salinity observations were primarily
conducted at the deepest point near the dam body, which was confirmed through preliminary analysis to be
representative of the overall vertical salinity structure of the reservoir. This location provided a reliable proxy for
assessing stratification dynamics and the effectiveness of withdrawal operations across different depth layers. The
reservoir system receives its primary inflow from regulated releases of the upstream Masjed Soleyman Dam,
supplemented by contributions from intermediate sub-basin areas. Outflows from the reservoir occur through four
main structures: the hydropower intake, the spillway, a bottom outlet located at an elevation of 123 meters, and a
GRP pipe installed at an elevation of 90 meters. To analyze salinity behavior, the study employed a combination
of time-series analysis, vertical stratification assessment, and salt mass balance modeling. Stratification
assessments were used to evaluate vertical salinity gradients and the stability of density-driven layering under
different hydrological and thermal conditions. The mass balance approach quantified salt inputs, outputs, and
storage variations within the reservoir system, enabling a system-scale understanding of salinity accumulation and
removal processes. Furthermore, the performance of outlet structures was evaluated under different operational
scenarios by correlating changes in salinity profiles with discharge regimes.

Results and Discussion

The results indicated that reservoir salinity dynamics were governed by a combination of hydrological, thermal,
and operational factors. Water level fluctuations, inflow characteristics, and seasonal temperature variations
significantly influenced salinity stratification. During warm periods, inverse stratification was observed in upper
layers due to evaporation and inflow of warmer saline layers, whereas colder seasons exhibited more uniform
salinity profiles near the surface. Flood events played a dual role by both inducing vertical mixing and introducing
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additional salt loads, particularly from intermediate sub-basin interacting with saline formations. However, the
intensity of salt dissolution from the Anbal formation appeared to decrease over time, suggesting a reduction in
readily soluble salt sources. A key finding of this study was the differentiated performance of outlet structures in
salinity management. The bottom outlet had proven highly effective in removing saline water from intermediate
layers (approximately 120—160 m elevation), thereby reducing salinity gradients and preventing upward migration
of saline layers toward the power intake level. Sustained operation of this outlet (even at moderate discharges of
5-10 m%/s) significantly stabilized salinity conditions in these layers. In contrast, the GRP pipe, designed to
evacuate highly saline water from deeper layers, exhibited limited effectiveness due to its low discharge capacity.
While it can locally reduce salinity near its intake elevation (90—100 m), its overall impact on reservoir-scale
salinity control was negligible. Moreover, its operation contributed to increased salinity in downstream systems.
The salt mass balance analysis further corroborated these findings. While the total salt load entering the reservoir
from upstream flows was substantial, its concentration remained relatively low. Conversely, salt inflow from the
Gachsaran Formation showed a decreasing trend over time, except during major flood events. The total salt storage
in the reservoir increased sharply during the initial impoundment phase but stabilized in subsequent years,
reflecting the effectiveness of controlled outlet operations, particularly after 2019.

Conclusion

This study provided robust, long-term empirical evidence on salinity dynamics and management in a reservoir
affected by evaporite formations. The findings demonstrated that while natural factors such as hydrology and
temperature influenced salinity distribution, operational strategies played a decisive role in its control. Among the
evaluated measures, selective withdrawal through the bottom outlet emerged as the most effective strategy for
managing salinity, particularly in intermediate layers. In contrast, the GRP pipe had limited practical utility despite
its intended purpose. The results highlighted that optimizing the operational regime of the bottom outlet was
essential for sustainable salinity management in the Gotvand Dam reservoir. Furthermore, the study underscored
the importance of continuous monitoring and improved data availability, especially for intermediate inflows, to
enhance the reliability of future assessments and support informed reservoir management decisions.
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Figure 2- The stratification of different salinity (nS/cm) levels in the Gotvand Dam reservoir during the operational period.
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Figure 3- Comparison of vertical profiles of salinity (Up) and temperature (Down) in the Gotvand Dam reservoir on May 25 and June 22,
2024, with a detailed assessment of these variables in the upper layers of the reservoir.
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Figure 4- Relationship between reservoir water level and the elevation of layers with different salinity (uS/cm) levels, separated for
the impoundment and operational periods of the Gotvand Dam reservoir.
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Figure 5- Monthly inflow discharge to the Gotvand Dam from upstream and the estimated inflow from intermediate sub-basin.
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Figure 6- Mean daily outflow discharge from the Gotvand Dam and the Masjed Soleyman Dam over three time periods
characterized by relatively high inflows from the Masjed Soleyman reservoir, the release conditions from the GRP and the bottom
outlet, the salinity of inflow to the Gotvand reservoir, and its water level fluctuations.

Ll (298 0l g 5 4B )3 caSoyte ST 5 AV 29>
e ol el 03g) yid 13 2,5 Lo ST+ g VAs 3905 )3

Luwgio Jbys 5lade YWAA slaye Y& I Sboj ojl

Py 4 g5 5 Gleddomue sladw (b (29)5 Al



ARy O IS5 50 oS alssi (il g WigiS dws (5% (39w 2 5530 Jalgs (5]

9 WYAY 3T F AYAY 1039,8 Y & bgyyo dsbly duw ¢ 5,10 00
Slasl Jasnyee Juloo cunlio @By lais ay VFY aqu VY
A JS5) 2

Wlig) bwge (0 ATAF (23)9)5 ¥ (2w addly
Jle 55 4 B95S dao &y (6399 9 (lorkwotomune o Sl (295
wepas 53 ol Bl 35l 5 9009 Al 1y CxSio o YAV 4 FFY
FYND (68 365 giS dw (y350 & (§39)9 Slelaxd Sls (0
€59 Jo) & (e sBjgy > Cunl 039y 4l > nSo i
a3 1 Yoo B Yer iy 05 b GRP 31 s )58 ko Moo
el 005 glad OMees £5By ] g ALoMy &S 45,5 g0
ly 4l )3 caSoyio YY ol (o3 3 Sl S0l eabl ue )
sl 03903 350) 1 I8 55 S O £439 4 03905 ks
(e 69 Camdg by I o pied 1 CleMbl 4 dagi L
2 Sy9b DMLl 350 Bas 53 (6598 Sl (o) 12
ool 045 030l WA 33,608 B o VAT Wil V5 clajs,
P O shes o3l dw ;> SSE 4 Sl g bl polis 4
b gi o alan Mo a8 job el okl A S5 il giw
s ) o il eled Loyl (Mo adly
BN (gl o 5 4 &S Wlokd (g e alas Do i3
hile 3 w33 ol (6y98 Rl (gylade b &S (g0 WY
O Sl 4 dogi b 2gd o0 0> (6y98 SR el njly
sl yd g 0okl Blasl iz 1 gyl y0 e 0)93 Jilgl 40 asdly
Jloinl 4 2930 o> Lulyd cpl ad9> e (2o @y
S gy Vol A5 595 225 BB T3 o) i
i Soplz g e O g OIS Jhs 05
A sl 5o O gy 0bj ialbl sl 039 o] o ygle 4
iledgo Casll (63b5 4> Bl) apd )b cpl cpyje e VO L

A 2o 25 e 2V sl 5 )98 (Il Lz o
905 5l Sl &8 23l j5 ass e (93959 bz )9
g Cand 5l s

59> ailig,y bwgie (03 YAV T SMaw asdly )
9 YPY Joleo oy & 065 a4y (9395 9 Glosbuiomue s
@ egas ) b Sl 25l g 039 45l CaSayte VA
OVFA o8y jo g (i & (639)5 ldasd Sl
Gl 0395 45 53 o o

I adss o58de s o8y Jg) 4 wite slojyy
D2l o 2 Sl 33 5 S 5 48,55 &0 GRP
5 o ol 4" 00400 adss 1y agl j3 o yio ¥IY g0

Cs) 005 A u)’hw )'9)

w1 e YYV/D dgas 3 Sloj il ol sl j> 65g8 ww
asly Giolial e VO dga )3 659y Vo3l (pl (o g 039 Lbyd
MolS” GRP 5 Jliow sasSalss (Jloj ojl opl jd .l
555 a5l o955 ;S Gy 5l s Gl g 0o Jlb e
J55] 30 15938 S (3500 (oS 43 (5)ae Caumdy Cuwl 0 )1
ol o 031> Hlis A S Qall gt 5 Sloj ojb oyl (slal o
223 &l (6195 Cundy )3 (o5 et (e 2V slajl
C 4 baye gy odd sdalie Glpudd g dgd e
pyvey] LQ() u_,lm LSLm)")S Gl oK ‘SLQL;)SD)'IJJ‘
$5115) 355 i G o lej el () 53 Aiodlo B
9 5o WY BAVY G slajls )5 () 3 p)S ke £ 290
P (2 S Wer 2gue iShia) (6y98 3L hals
4 Wl o yol cpl Jds sl 550 (6520 VWY BV glajlys
929 9429 JB Glapb g9 93909 il (2L LIS sl
LM 465 ya PUIRWIN L;cl.é;")l )‘); og.] 3 (Syged WD Ol,sgl)f
saY 5 sjloe ol ()sd Lad s b ) (adge
kol Jd> Ll g8 o0 020 Sy 42 ST 50 (550 i Bres
Goe p oleMbl e Juolgd 9 (g9 leMbl cuily p ogs ]
ol o way JB sl jop cage o Cwl i
AV O il ) rgd o L3S s slajls )3 o9
ol 05 (550 QAL

Olyasd Camdg 50 VFY 0l YA BV Sboj ojb o
Oolds s 5 Canl (8 Sloj 0jl b sl (3500 Bos )3 (5)9
O e MEAZ (lajly ) (5)90 (il 4 bgye odas
2 Gl Sloj o3l pl ;0 GRP I by adss s & a8 cl
o aate bylyd les 35 VY 2y Yo U5 Jloj alads
adss loj ol ol o & Sgles ol by el alan Do 6 gl
» <l gd SalS g 85 ©yge oo 1S ) Gl
ol 00 sdaldie 315 35w (g0 WY BAYY slajlys

P N8 S 35 Bes ) (§a Gl pudl Cumdg o)y
$d909 obor U oxmdglE pwyp 3y9e (Sloj ojl ¥
On S din e bLMS] sbol )3 sVl ) alasMo i3
5 Oi Sl cwl She slajly o 5 e glaaY

ol s Mo B iy 15yl 03} (6595 Sbol,F 45 oY

#5909 GRP I oy b5 &5 5900 sdalie Jbo ol b
Wi le (SR

28 Mo padls gy Lisy cpl oo gl

08 455 laslodons b I ol s ol ] IS

ool g yskaiecpds (85 1B ) 090 g L]

0,99 Job ;3 855 dws adple patls D xlBy



YV G Y08 Gloxio VE+0 b F 0 ko 1 5,95 /ST 5 0l S pyote 9 (55l Sobo &y ol [ 3], Ko g Wige 3

Yy

230

220

210

200

190

180

ATDS (mg/l)
=300 200 -100 0 100 200 300
——27/07/2024
——10/08/2024

160

Gotvand reservoir level (m.a.s.l)

150

140

——Changes

100 200 300

400 500 600 700 800 900 1000

10000

50000

TDS (mg/l)
ATDS (mg/l)
-10000 -5000 0 5000
140
EREY
g
el
Z 130
=
K}
g 125
]
s
£ 120
<o
11s
0 10000 20000 30000 40000
TDS (mg/l)
ATDS (mg/l)
25000 -15000  -5000 5000 15000 25000
15

110

105

100

95

90

Gotvand reservoir level (m.a.s.l)

85

80

30000

80000

130000
TDS (mg/l)

180000

Gotvand reservoir level (m.a.s.l)

Gotvand reservoir level (m.a.s.l)

4
ATDS (mg/l)
00 0 100 200 300

300 200 -1
230

——05/08/2023
——19/08/2023
——Changes

140
100 200 300 400 500 600 700 800 900 1000
TDS (mg/l)
ATDS (mg/l)
-10000 -5000 0 5000 10000
140 +
135
130
125
120
115
0 10000 20000 30000 40000 50000
TDS (mg/l)
ATDS (mg/l)
-25000  -15000 -5000 5000 15000 25000
5
110
105
100
95
90
85
30000 80000 130000 180000
TDS (mg/l)

<l

ATDS (mg/l)

300 200 <100 0 100 200 300
230
220
3 a0
£
§ 200
E 190
g ——10/08/2019
5 180
Z2 ——17/08/2019
< 170 ——Changes
E]
Z 160
3
=150
140
100 200 300 400 500 600 700 800 900 1000
TDS (mg/l)
ATDS (mg/l)
-10000 -5000 0 5000 10000
140
FRE
&
3
£ 130
=
K
2 125
£
B
s
£ 120
]
115
0 10000 20000 30000 40000 50000
TDS (mg/l)
ATDS (mg/l)
25000 -15000  -5000 5000 15000 25000
15
=110
3
E 105
3
2 100
g 95
Z
5
£ 90
g
S s
80
30000 80000 130000 180000

TDS (mg/l)

W11 590 Sloj WU glodil g Il 45 (Y U Y gachyd,) hlishe (Sos 05l dw SUSET a1 WgS dw (3550 (305 10 (6 gm0 Curdg =Y KW
(Z 99l slopgin) T IS 5

Figure 7- Salinity conditions along the reservoir depth in the Gotvand Dam, classified into three distinct depth intervals (rows 1-3),
at the beginning and end of the time periods presented in Figure 6 (columns a, b, and c).
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Figure 8- Mean daily outflow discharge from the Gotvand Dam and the Masjed Soleyman Dam during three intermediate sub-basin
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Figure 9- Salinity conditions along the reservoir depth in the Gotvand Dam, classified into three distinct depth intervals (rows 1-3),
at the beginning and end of the time periods presented in Figure 8 (columns a, b, and c).
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Figure 10- Salinity variations along the depth of the Gotvand Dam reservoir over the five-year period 2020-2024, for (a) the end of
the cold season and (b) the end of the warm season.
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Figure 11- Monthly outflow discharge from the power plant intake (a), the bottom outlet (b), and the GRP (c¢), and their effects on
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the average TDS of the layers adjacent to the outlets.
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Figure 13- (a) Annual salt mass of the outflow discharges from different outlets, (b) annual salt mass entering the reservoir from
diferent salt sources, and (c) annual status of the main salt balance components of the Gotvand Dam reservoir.
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