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ABSTRACT

Changes in the earth's crust or natural/artificial structures are often referred as “deformation”.
Those changes can be monitored in both vertical and horizontal positions. Specifically, vertical
deformation is usually detected with high-precision leveling. In that method, the area is covered
with reference and object points surrounding the possible deformation region. Object points
are established directly to the sectors where deformation is expected, while reference positions
are selected to the position where there is no vertical or horizontal movement. The results of
the observations at certain time intervals are evaluated by the least-squares method using the
free-network adjustment and the vertical displacements for the object points are estimated
according to the time difference. This study was carried out to determine possible vertical
deformation in Obruk Dam, Corum. A local leveling network consisting of 58 points (44
objects and 14 references) were established. For evaluation, 0.6 mm/km precision electronic
levelling equipment with round trip observations is used within this ~22 km network.
Observations in the field were organized considering the time intervals when the water level in
the dam is at the maximum and the minimum throughout the year. With the DEFANA module
in PANDA deformation analysis software, the observations of four campaigns between 2016
and 2017 were analyzed. Results indicate significant deformations at the object points ranging
from £2 — +5 mm in comparison between campaigns 1 and 4, but there is no clear evidence of
deformation that could compromise the integrity of the dam.

Barajlarda Diisey Deformasyonlarin Belirlenmesi: Obruk Baraj Ornegi

ARTICLE INFO

Received: 21/10/2025
Accepted: 27/12/2025

Anahtar Kelimeler: Diisey Deformasyon,
Hassas Nivelman, Obruk Baraji

DOI: 10.55979/tjse.1807515

OZET

Yerkabugunda veya dogal/yapay yapilarda meydana gelen degisiklikler genellikle
“deformasyon” olarak adlandirilir. Bu degisiklikler hem diisey hem de yatay konumlarda
izlenebilir. Ozellikle diisey deformasyon, genellikle yiiksek hassasiyetli nivelman yontemiyle
belirlenir. Bu yontemde, olas1 deformasyon bolgesini ¢evreleyecek sekilde referans ve obje
noktalarmdan olusan bir ag kurulur. Obje noktalari, deformasyonun meydana gelmesi beklenen
alanlara dogrudan yerlestirilirken; referans noktalari, diisey veya yatay hareketin olmadigi
kabul edilen konumlara segilir. Belirli zaman araliklarinda yapilan gozlemlerin sonuglari,
serbest ag dengelemesi kullanilarak en kiigiik kareler yontemiyle degerlendirilir ve obje
noktalarma ait disey yer degistirmeler zaman farkina gore tahmin edilir. Bu g¢aligma,
Corum’daki Obruk Baraji’'nda olast diisey deformasyonlart belirlemek amaciyla
gerceklestirilmistir. Calisma kapsaminda, 44’0 obje ve 14’1 referans olmak {izere toplam 58
noktadan olusan yerel bir nivelman ag1 kurulmustur. Yaklasik 22 km uzunlugundaki bu agda,
cift yonlii gézlemlerle 0.6 mm/km hassasiyetinde elektronik nivelman ekipmani kullanilmistir.
Arazi gozlemleri, barajdaki su seviyesinin y1l igerisindeki maksimum ve minimum oldugu
zaman araliklari dikkate alinarak organize edilmistir. 2016 ve 2017 yillari arasinda yapilan dort
Ol¢ii kampanyasinin gozlemleri, PANDA deformasyon analiz yazilimindaki DEFANA modiilii
ile degerlendirilmistir. Sonuglar, 1. ve 4. kampanyalar arasindaki karsilastirmada obje
noktalarinda +2 ila +5 mm arasinda degisen anlamli deformasyonlar oldugunu gostermektedir.
Ancak, barajin biitinliiglinii tehlikeye atabilecek bir deformasyonun varligina dair agik bir
bulgu tespit edilmemistir.
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1. Introduction

The natural balance and high living standards that have
been disrupted during the increasing trend of the world
population have increased the need for water. This is
especially significant for the developing countries with
limited resources, such as Turkey (Kalkan et al., 2010;
Kalkan, 2014; Yigit et al., 2016). Efficient use of water
resources can only be sustainable with the control of
wasted rivers and long-term realistic planning. For this
purpose, the establishment of structures such as dams and
ponds are necessary initiatives worldwide. Engineering
structures such as dams are used to store and regulate water
to perform additional functions such as drinking, irrigation,
energy generation and even tourism (Kalkan, 2014; Lin et
al., 2019; Yigit et al., 2016; Yavasoglu et al., 2018). For a
multitude of variations, the construction of those structures
can be dated around 3000 years ago, which has been
modified over time by the needs of human beings (Li &
Wang, 2011; Ponseti & Lopez-Pujol, 2006).

Dams are one of the critical engineering structures under
different loads. They usually control the flow of the river
and/or the surrounding area, and over time such
deformations can occur for many other reasons. Factors
such as dam structure, water weight and pressure,
temperature and pressure alterations in the body, landslides
and movement in the earth’s crust might cause such
deformations (Ponseti & Lopez-Pujol, 2006; Tasc1, 2008;
Yigit et al., 2016; Liu et al., 2016; Yavasoglu et al., 2018).
Those effects can cause the structure to collapse. In fact,
there have been several examples of that scenario
throughout the history (Kalkan, 2014; Lin et al., 2019; Su
et al., 2018; Ren et al., 2020).

While the construction of such structures involves a
potential hazard to living creatures (the main focus is
human life) and economic losses, deformation
observations should be conducted periodically in dams to
prevent such situations and maintain their regular
operations. Those movements can be observed as vertical
or horizontal displacements due to constantly changing
internal or external loads in and around the dam body with
or without linearity and time dependent. And for
monitoring and predicting those vector quantities, such
precise observations can be made using conventional
geodetic methods: Global Navigation Satellite System
(GNSS), 3D laser scanning, radar interferometry
observations, synthetic aperture radar and level
Specifically, vertical deformation in such structures is
usually estimated using high precision leveling methods
(Manake & Kulkarni, 2002; Tasci1, 2008; Li & Wang, 2011;
Yigitet al., 2016; Dai et al., 2018; Scaioni et al., 2018; Ren
et al., 2020; Yavasoglu et al., 2018, 2020; Zhou et al.,
2021).

In order to conduct a precise leveling observation, a local
network of an object and reference points is established
covering the area of the deformation zone and its
surroundings. While the position of the object points is
selected within the deformation area, the positions of the
reference points are around the target zone with no

expected deformation. Observations in the network are
repeated at certain time intervals to evaluate the
deformation. Those intervals are determined by the
magnitude of the possible deformation and the amount of
time it takes to occur (Unver, 1988; Setan & Singh, 2001;
Tasc1 & Gokalp, 2004; Kalkan & Alkan, 2005; Yavasoglu
etal., 2018). The main purpose of this study is to determine
vertical deformations that may occur in the Obruk Dam and
its vicinity by using the high precision leveling method.

2. Material and Method

2.1. Project area

Obruk Dam is located in the Oguzlar district of the Corum
Province, Turkey. It was established on the Kizilirmak
River for irrigation and energy generation purposes and
was completed in 2007 (Alkan et al., 2016) (Fig. 1).

Figure 1. The location of the study in Turkey (white star)
(Wessel et al., 2019). Black triangles represent the
provinces around the zone, including Corum.

Sekil 1. Calismanin Tiirkiye'deki yeri (beyaz yildiz)
(Wessel vd., 2019). Siyah liggenler, Corum da dahil olmak
iizere bolgeyi ¢evreleyen illeri temsil etmektedir.

Table 1. Specifications of the Obruk Dam (Alkan et al.,
2016)
Tablo 1. Obruk Baraji'nin Ozellikleri (Alkan vd., 2016)

Specification Quantity
Purpose Energy + Irrigation
Body embankment type Semi-permeable soil fill

with clay core

Height from talweg 67 m
Height from foundation 125m
Lake volume at the mean 661 hm3
level of water

Lake surface area at the 50 km2
mean level of water

Irrigation area 7179 ha
Power 203 MW
Annual power production 473 GWh
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Two of the existing pillars (N5 and N6) used in the
construction of the dam that were installed by Turkey
General Directorate of State Hydraulic Works (DSI) were
selected as reference points and added to the network. In
addition, 6 new reference points (N1-N4, N7, N8) which
are expected to have zero movement around the dam like
N5 and N6 were established (Fig. 2). Bronze leveling
apparatus and facilities attached to pillars for precision
leveling and preliminary evaluation were completed in

November 2015. A total of 44 object points were
established, 9 points on the upstream side and 35 points on
the downstream side of the dam embankment, with 4 rows
of points, the first three include 9 and the last 8 points
starting from the upper body (Fig. 3). Force centering
equipment was used on those points to conduct GNSS and
distance measurements, and a new apparatus was installed
on the edges of the object points for precise leveling (Fig.
4).

Figure 2. The new reference point N1 (left) and existing observation point N5 (right). Apparatus is shown inside the red

circles for precise leveling.

Sekil 2. Yeni referans noktasi N1 (solda) ve mevcut gézlem noktasi N5 (sagda). Hassas nivelman i¢in kullanilan

diizenek kirmizi daireler i¢inde gdsterilmistir.

Figure 3. Locations of 8 references and 44 object points around the study area (Alkan et al., 2016)
Sekil 3. Calisma alani ¢evresindeki 8 referans ve 44 nesne noktasinin konumlari (Alkan vd., 2016)

Figure 4. One of the object's points the downstream (left). The white apparatus was used for GNSS and distance
observations, while the other add-on (upper right corner) was used for precise leveling.

Sekil 4. Nesnenin noktalarmdan biri agag1 yonde (solda). Beyaz aparat GNSS ve mesafe 6l¢timleri i¢in kullamilirken,
diger ek parca (sag st kose) hassas nivelman i¢in kullanilmistir.
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Loops were created for leveling network, starting from one
reference point and ending at another (Fig. 5). Due to the
observations made at higher slopes on the dam body, the loop
lines were kept as short as possible. Local reference height was

used in observation and analysis; therefore, no elevation
transfers were made from the national networks. Four
campaigns were completed as planned from April 2016 to May
2017 (Table 2). High precise equipment and attachments were
used during all the observations (Fig. 6).
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Figure 5. Leveling canvas was created by using all reference and object points in the study area.
Sekil 5. Nivelman ag1 (kanvasi), calisma alanindaki tiim referans ve obje noktalar1 kullanilarak olusturulmustur.

Table 2. Campaign dates and mean water level at the time of
each observation

Tablo 2. Kampanya tarihleri ve her gozlem anindaki
ortalama su seviyesi

# Campaign ~ Campaign date Mean water level
(m)
1 April 2016 507.68
2 July 2016 508.16
3 November 2016 509.06
4 May 2017 509.44
(a) (b)

O r—t———csal

Figure 6. Instruments used during the observations. Topcon DL-503 digital level with 0.6 mm/km vertical leveling precision (a),

2 m unfold leveling rod (b), rod base (c)

Sekil 6. Gozlemler sirasinda kullanilan aletler. 0.6 mm/km dikey nivelman hassasiyetine sahip Topcon DL-503 dijital nivelman

aleti (a), 2 m agilir nivelman gubugu (b), ¢ubuk taban1 (c)

Campaigns were carried out as round-trip leveling with
“Backward — Forward — Forward — Backward” (BFFB)
observations. Each measurement is repeated 3 times and the
average values are considered as the result for that part. The
height difference between the outbound and return

observations was evaluated with the approval of Turkey
regulations (30) and elevations were calculated for 14
reference and 44 object points for each period of the
campaigns. The average water level in the dam obtained from
DSi (Table 2) and variances in those quantities can be
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considered as the main reason for the deformations around the
area.

2.2. Methodology

Main data source for this study is geodetic observations, thus
deformation analysis for that kind can be defined as
Conventional Deformation Analysis (CDA) method and is
based on the comparison of at least 2 observations at different
epochs (Hekimoglu et al., 2010; Yavasoglu et al., 2018). For
that purpose, the DEFANA module in the PANDA software
was used for the evaluation of all the observations and the
deformation analysis. In this module, the geodetic network is
divided into two classes as the reference and the object points,
and an F-test is used to evaluate the inconsistent results
between them. Deformation analysis is performed between
two different campaigns. The basis of the deformation analysis
is the global approach test, which determines the
displacements between the target points. The test transforms
observations into a new datum using the appropriate
covariance S matrix for the displacements to avoid the datum
effect (Alisic et al., 2011; Niemeier & Tengen, 1990).

Deformation can be considered as significant movements
between independent periods of the observations (1). If two
consecutive sets of observations indicate zero deformation,
then null hypothesis (Ho) can be written as:

H 0: E(d)=x_2-x_1=d=0 1

where x1 and x2 are coordinate vectors for each observation
period. But if there are changes in those vectors then:

H_a:E(d)#0 2
And linear hypothesis test can be written as follows:

Q dd=Q xIx1+Q x2x2 3)
R=d"T Q dd"+.d “)
s 02=(v_ I"TP 1v 1+v 2"TP 2v 2)/(f 1+f2) (5)
T=R/(s_0"2.h) 6)

where:

Q x1x1,Q x2x2 : Cofactor matrices for each observation
epochs

Q dd : Cofactor matrix of displacement vector between
epochs

Q_dd"+ : Pseudo-inverse of Q_dd
s 072 : Estimated variance of the displacement vector

T : Test statistic (Hekimoglu et al., 2014; Yigit et al., 2016;
Yavasoglu et al., 2018).

The T value can be accepted as the limit value for the
deformation vector and can be compared with the value of the
F-test. If the limit value of the F distribution exceeds T-test
statistics (T > Fh, f, 1-a), then the null hypothesis is rejected
and the difference between the coordinate vectors of the
evaluated periods indicates a significant deformation within
the network (Doganalp et al., 2007; Doganalp & Turgut, 2009;
Kalin, 2010; Yigit et al., 2016; Yavasoglu et al., 2018).

3. Data Acquisition

After entering all data from the network, it is tested for
incompatible measurements and adjusted with the
aforementioned software. As a result, four adjusted values
were evaluated for each campaign. After the basic evaluation,
deformation analysis was performed to detect significant
movements between all campaigns and the points exceeding
the standard deviation values in the network were considered
to have deformation.

Six different deformation analyzes were conducted with
different pairwise variations of the observations using the data
campaigns given in Table 2 (1-2, 1-3, 1-4, 2-3, 2-4 and 3-4)
and the results indicate a certain behavior in each period.

All the figures and the values for the observed deformation of
the points are given below (Fig. 7-12) (Table 3-7).

The first analysis between Ist and 2nd campaigns indicates
movements at the reference points N1, N2, N3, N7, Rs3 and
Rs4. No significant change in the object points was detected
(Fig. 7, Table 3).

& RS6

Ellipse scale: +—i = 10 [mm]

Figure 7. Deformation analysis between 1st and 2nd periods
Sekil 7. 1. ve 2. donemler arasindaki deformasyon analizi
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Table 3. Deformation values between 1st and 2nd periods
Tablo 3. 1. ve 2. donemler arasindaki deformasyon degerleri

Point N1 N2 N3 N7 Rs3 Rs4
Deformation (mm) -3.58 -13.46 -12.49 13.29 -12.90 -6.69
The deformation analysis between the 1st and 3rd periods
indicates movements over the N1, N2, N3, N7, Rsl
reference points and object point O40.
% R31 I
. HE § N1
o @0l o277
. p:oijozg o2®
a §io1z 1 OFTad W2 -
b P'O%ED.,‘;DioOQS * Rs2
b P!oiqoé?z iLO'JZ
b “‘Io}roi20§:3041
N 0. 0ms 040
= 152003'039 IN3
*Po ,DiED 5 _3;54 4 R53
Im h.Nl‘z;ls £} D%Z%-
o R36
Ellipse scale: +— = 10 [mm]
Figure 8. Deformation analysis between 1st and 3rd periods
Sekil 8. 1. ve 3. donemler arasindaki deformasyon analizi
Table 4. Deformation values between 1st and 3rd periods
Tablo 4. 1. ve 3. donemler arasindaki deformasyon degerleri
Point N1 N2 N3 N7 Rsl 040
Deformation (mm)  -2.75 -9.93 -10.71 7.30 3.41 -3.63

The longest period within the scope of the project is the
comparison of the 1st and the 4th periods. The result of the
analysis indicates that almost all the object points

— 5 mm upwards.

above the mean water level have a deformation between +2

&
= R56

Ellipse scale: F—— =10 [mm]

-

N3

& N2

Figure 9. Deformation analysis between 1st and 4th periods
Sekil 9. 1. ve 4. donemler arasindaki deformasyon analizi
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Table 5. Deformation values between 1st and 4th periods
Tablo 5. 1. ve 4. donemler arasindaki deformasyon degerleri

Point Deformation Point Deformation Point Deformation
(mm) (mm) (mm)
N1 13.2 Rs5 5.27 08 3.96
N2 -7.01 Rs6 4.57 09 5.36
N3 -13.85 0O1 43 010 4.33
N5 4.1 02 3.85 Ol11 2.94
N6 6.17 03 3.05 012 2.65
N8 3.69 04 2.7 018 2.72
Rsl 7.54 06 2.71
Rs3 -3.87 o7 3.21
On the other hand, no significant deformation was
observed between the 2nd and 3rd periods.
N2
& RS1
& N8 = N1
& GG o2
. PEngc%Z_ 28
* Qo2 0ad N4 .
1 F'c::sj;;oiocqa S
. PO;.'ZO“‘ 1042
- #‘033'0 2 ?‘:cel
" {040
* Q%0 N
/* 9:%;5?002“030 i N3
47 :f;‘og Clccj. 2Rss "R
v $RSS L ns
a RS6
Ellipse scale: — = 10 [mm]
Figure 10. Deformation analysis between 2nd and 3rd periods
Sekil 10. 2. ve 3. donemler arasindaki deformasyon analizi
Analysis between periods 2 and 4 indicates deformations
at the reference points N1, N6, N7 and Rs3, but no
significant movements at the object points.
t N2
é R31 I
* H8 N1
a @Gl 037
b oy, 4 028
*ﬁoi 2 o.fo‘lfi H4
i goi o” ilo 4 RS2
L altel 4, caz
. 03 D--Of 041
4 9/0 os ©c40
[ ilﬁ ; C3%03s I + s
N7 r-POE o% DI‘ CJ Rs’i =
b M5
4 RS56&

Figure 11. Deformation analysis between 2nd and 4th periods
Sekil 11. 2. ve 4. donemler arasindaki deformasyon analizi
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Table 6. Deformation values between 1st and 4th periods

Tablo 6. 1. ve 4. donemler arasindaki deformasyon degerleri

Point N1 N6 N7 Rs3
Deformation (mm) 15.32 6.43 -16.71 7.56
And finally, the analysis between periods 3 and 4 indicates
deformations only at points N1, N6, N7 and Rs3, as in the
analysis between periods 2 and 4.
b N2
4 RS1 I
a N8 N1l
u ﬁ9q1 027

& flo 3022 028

# Qioiz " %F 0ad N: .

. P'ofﬂ [N 020 2

LIl 4 % 042

Y 03 Og' fqoal

9_0*1 021 “o40
- io ‘03 N3
¢ 85915, i
s O 5 R33
N7 IPO}O% “og GJR54 i
l & N5
4 RSE
Ellipse scale: F—— = 10 [mm]
Figure 12. Deformation analysis between 3rd and 4th periods
Sekil 12. 3. ve 4. donemler arasindaki deformasyon analizi
Table 7. Deformation values between 3rd and 4th periods
Tablo 7. 3. ve 4. donemler arasindaki deformasyon degerleri
Point N1 N6 N7 Rs3
Deformation (mm) 14.72 6.86 -10.50 -4.67

4. Discussion and Conclusion high precision leveling method to deformation

In this study, a network was designed by establishing a
total of 58 points (14 reference and 44 object points) to
monitor the vertical deformations in the Obruk Dam in
Corum province, Turkey. Observations were completed in
4 different periods between 2016-2017 and the
deformation analysis was conducted using PANDA
software. It has been observed that the evaluations
(adjustment, deformation analysis, etc.) made using this
software are quite comprehensible. The software, and
specifically the DEFANA module, increase the ability to
determine, interpret and make decisions using statistical
tests.

The standard deviation of the network is calculated as +0.4
mm with the free network adjustment for the April, July
and November campaigns, and +0.3 mm for the May
campaign. Those values support the applicability of the

observations.

The campaign was planned considering the maximum and
the minimum water levels in the dam. Those changes in the
water level given in Table 2 are used to interpret the
movements and the deformations at the object points.
Throughout the project, the observations on the dam were
completed at 3-months and/or 6-months periods and 6
different analyzes of the results of all campaigns and
campaign pairs are given in the previous sections.

Considering Table 4, while no significant movement was
observed at the object points between the 1st and the 2nd
periods, significant deformations varying between +2 — 5
mm occurred at the points above the water level between
the 1st and the 4th periods. During that period, the water
level changes by +1.76 m and can increase the pressure on
the body, causing movement at the object points. This may
indicate that the causes of deformation observed in
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different dams in the literature may be valid in this study
as well (Unver, 1988; Tasci et al., 2004; Kalkan & Alkan,
2005; Yavasoglu et al., 2018).

At the beginning of the project, the reference points were
established outside the dam’s impact area and on the solid
ground. According to the results, a vertical movement of
about -13 mm was observed around point N3. That is
considered as the cause of the local deformation, as some
construction was done near the point. In addition, a
significant vertical movement was observed at the N7 point
between 1st and 2nd (+13 mm), Ist and 3rd (+7 mm), and
2nd and 4th (-10 mm) campaigns. Those movements may
be due to seasonal water level changes. However, all the
deformation analyzes demonstrate that the activities
observed during the project should not compromise the
integrity of the structure.

Monitoring the deformations around large engineering
structures such as dams over time is an important issue in
terms of preventing life threatening scenarios. Therefore, it
is highly recommended to continue making deformation
observations at Obruk Dam. If those studies cover the 6
month periods, that may reduce the cost of further
activities.
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