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Abstract:- Ngancar Dam is one of the dams that managed by Balai Besar Wilayah Sungai (BBWS) Bengawan Solo. Ngancar Dam is
built on Jarak river, precisely located in Selopuro Village in Baturetno Sub-district and geographically located at 7048'5" LS and
110053' 53" BT. In addition, ngancar dam is also a historical building because it was built during the Japanese colonial era in 1944. In
1976 The Republic Indonesia goverment built gajah mungkur, Then it made Ngancar Dam located upstream.

After approximately seventy-five years of more operation and various maintenance during the operation and the enactment
of various regulations set by the government especially regulations issued by the Ministry of Public Works and Housing of Republic
Indonesia No. 27/PRT/M/2015 on dams that emphasize the safety aspects of the operation process then it is necessary to conduct a
review of the condition of ngancar dam if reviewed from the safety aspect of the dam after carrying out its function during this time.

By using hydrological analysis to calculate flood discharge and hydraulic analysis to calculate water depth and analyze
cremation and stability analysis by using geostudio software 2012 and supported by non-instructional testing with hammer test method
to know the strength of concrete quality.

The results show the condition of Ngancar dam is reviewed from the safety aspect of the dam is still in a safe state because in
the event of maximum flood discharge (Qpmf = 256,487 m3/sec) there is no overtoping, no deformation in static conditions or dynamic
conditions and cracking on the dam at the time of flood or normal water is still smaller than 0.1% of the discharge of the base flow that
enters ngancar dam
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1. BACKGROUND

Ngancar Dam is one of the dams managed by Balai Besar Wilayah Sungai (BBWS) Bengawan Solo. Ngancar Dam is
built on Jarak river, precisely located in Selopuro Village in Baturetno Sub-district and geographically located at 7048'5" LS and
110053' 53" BT. In addition, ngancar dam is also a historical building because it was built during the Japanese colonial era in
1944. In 1976 The Republic Indonesia goverment built gajah mungkur dam then it made Ngancar Dam located upstream.

Ngancar Dam has the function to irrigate rice fields in Temon Irrigation Area which has an area of 637 hectares with
intake building in the form of a sewer-shaped tapping tower with a diameter of 1.5 meters and has a length of 65.7 meters and is
arranged with a regulatory door that has a width of 1 meter and a height of 1 meter Ngancar Dam is a dam of gound and stone
layer with Zonal clay core with dam peak length of 179 meters and dam height of 20.5 m at elevation of +250.54 meters and peak
width of 5 m, with a guard height of 0.9 m and has upstream slopes with a ratio of 1:3 and downstream slopes with a ratio of
1:1,5. This dam has a concrete building with a wide threshold with a width of 34.10 meters at an elevation of +248.70 meters
above sea level with the ability to drain water by 201.73 m3/sec and has a launcher channel of 84.75 meters and has a type of olak
pond as a water energy silencer in the form of USBR type 11l made of concrete. The dam is in flood condition at an elevation of
+249.49 mdpl capable of accommodating flood water of 3.05 million m3 while in normal conditions with elevation + 248.70
meters above seam able to hold water of 2.15 million m3 and at minimum conditions at elevation + 236.18 mdpl able to hold
water by 0.89 million m3.
After approximately seventy-five years of more operation and various maintenance during the operation and the enactment of
various regulations set by the government especially regulations issued by the Ministry of Public Works and Housing of Republic
Indonesia No. 27/PRT/M/2015 on dams that emphasize the safety aspects of the operation process then it is necessary to conduct
a review of the condition of ngancar dam if reviewed from the safety aspect of the dam after carrying out its function during this
time.

2. PROBLEM FORMULATION

Based on the background described above, the research on " Evaluation of the Condition of Ngancar Dam in Wonogiri Regency
is reviewed from the safety aspect of the dam" can be formulated the following problems namely how the safety condition of
Ngancar dam if reviewed from the safety aspect to carry out its operations.

3. PROBLEM LIMITATIONS
Research conducted with "Evaluation of The Condition of Ngancar Dam in Wonogiri Regency is reviewed from the safety aspect
of the dam" has the following limitations:
» Aspects of dam safety include hydrological and hydraulic aspects, structural aspects and aspects of the dam while the
understanding of each aspect is to include
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1. Aspects of hydrology and hydraulics namely dams are able / safe to drain flood water so that there is no overtoping.

2. Aspects of the stability of the dam body include the ability of the dam structure to withstand static loads as well as dynamic
loads.

3. This aspect of the spill includes the ability of dams to withstand water from piping hazards.

» While the safety aspect in carrying out operations related to water availability in this study was not carried out review.

4. EXPECTED BENEFITS AND OBJECTIVES
The benefits and objectives to be achieved from this research activity are :
a. The benefits of this research, when viewed from the science side, are expected to add to the benefits of science,
especially the issue of dam safety.
b. The benefits of this research can be used as a guideline for policy makers in managing dams because dams in addition
to carrying benefits also save potential disasters.

5. THE FOUNDATION OF THEORY.
The design flood hydrograph in this study used nakayasu synthetic unit hydrograph method. With the following equation
form:
A.R,

T 3,6(03.t, + Toz)

Q

Where:
Qp = peak flood discharge (m3/secec)
Ro = rain unit (mm)
Tp = time log from the beginning of the rain to the peak of the flood (hours)
T0.3 = time required by decreased discharge, from peak debit to 30% of peak debit (hours)
Filtration capacity is water flowing into hili through the body and foundation of the dam based on the jarring of filtration
flow routes that can be calculated by the following equations

= Phrectic Surfoce

. >
"\ \ Chimney Filter ond Droin
—Equipotential (Specifically designed for the
Line enticipated seepoge volume
os well as filter criteric)

Impervious Zone /

Figure 1. Trajektori network on a urugan dam

of = x—ixkaxL

Where

Qf = Rembesan capacity (m3/secec)

Nf = the division number of the filtration flow route line

Np = the number of divisions of the equipotensial line

K = filtration coefficient (m3.dt)

H = total water pressure height (m)

L = Transverse profile length

A dam is declared safe against cracking that occurs when the critical rembesan speed (Vc) > the speed of the spill (Vs). Rembesan
analysis uses geostudio seep/w software based on finite element. The result of the calculation is flux i.e. discharge (Q) of the
spillway that passes through the dam with the treatment of the surface condition of the reservoir in a flood state (FWL) and the
condition of the reservoir in normal water conditions (NWL).

The stability of the dam slope is analyzed using the Bishop method assuming the total normal force works in the center of the
piece base and can be determined by deciphering the force on the piece vertically (normal). Balance requirements on the pieces
that make up the slope as seen in the following image
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Figure 2 Style styles that work on a slice
Description:
W = Total weight on slices
EL, ER = Style between slices working horizontally on the left and right cross section
XL, XR= The style between slices that work vertically on the left and right cross section
P = Total normal style on slices
T = Slide style on the base of the slice
B = Width of slice
L = Length of slice
[ = Slope Angle
Taking into account the entire balance of styles then the formula for the security factor (Fk) of the Bishop method is obtained with
the following equations

[c'l+ (P —ul)tan @]

Fle= W sina
With the level of security factor value presented in the table
Table 1 Fk security value level in practice
Fk Description
>15 Stable
1,07<Fk<1,5 critical
<1,07 Unstable

6. Research Method.
The research method is the whole stage of research conducted from start to finish so that a conclusion can be drawn. The steps
can be seen in Figure 3. the following.

Figure 3. Research Flow Chart

7. RESULTS AND DISCUSSIONS.
Hydrology Analysis is a basic analysis that must be done to evaluate the safety of the dam because the overall analysis of the
water building of the pumping system depends on this analysis. Hydrology analysis in this study used data from TRMM from
2000 to 2019 as calibration data while stations around the site include Baturetno, Giriwoyo, Ngancar and Batuwarno stations
because the data at the surrounding stations is incomplete especially from Batuwarno station no data from 2004 to 2011 with a
watershed area of 693.7 hectares. For more details of thiesennya watershed and polygon shape can be seen in Figure 4
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Map of Ngancar Reservoir catchment area
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Figure 4. Thiesen Watershed and Polygon Shapes

By knowing the rain of the area with thiesen polygon, it is determined rain plan while to determine the size of the flood
plan by using nakayasu method. The results of the flood discharge plan can be seen in Table 2

Table 2 Debit Flood Plan

No Reset Debit (m3/S)
1 5 59.495
2 10 71.157
3 25 91.136
4 50 107.739
5 100 128.628
6 200 154.590
7 1000 229.892
8 ¥ PME 132.743
9 PMFE 256.487

The flood discharge plan is checked by Creager method with the results can be seen in Figure 5
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Figure 5. Creager Method Graph
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To evaluate the safety of dams against the danger of overtoping, a flood search is carried out on reservoirs that pass through the
reservoir with the form of flood tracing as in figure 6

Hidrograf Penelusuran Banjir Qpyy Waduk Ngancar
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Figure 6 Hydrograph of Ngancar Dam Flood Search
While flood search results against high guard can be seen in the following table 3
Table 3. Water level elevation at Spillway with High guard

Kala Ulang Q outflow Elevasi Muka | Tinggi Jagaan
Q inflow Maks Hd Maks | Reduksi Puncak Banjir Keterangan
Banjir Maks Air (parapet)
(md/det ) (mé/det) (m) (md/det) (%) (m) (m)
Q100th 128.63 82.83 121 45.79 35.60% 249.915 1.19 Tidak Overtopping
Q1000 th 229.89 163.10 1.85 66.79 29.05% 250.550 0.55 Tidak Overtopping
Q %PMF 132.74 93.42 131 39.33 29.63% 250.010 1.09 Tidak Overtopping
Q PMF 265.49 201.73 2.11 63.76 24.02% 250.808 0.29 Tidak Overtopping
Kondisi Muka Air Normal 248.70 2.40
Elevasi Puncak Bendungan 250.50
Elevasi Parapet Puncak Bendungan 251.10

From the hydraulic aspect done with a review of the ability of pelimpah to drain floods, the results can be seen in Table 4

Table 4 Water face in pelimpah when flooding

Elevasi Muka Tinggi Muka | Kecepatan Air Pada
Kala Ulang Debit Banjir Keterangan
Air Air Saluran Pengarah
- (m3/dt) (mdpl) (m) (m/dt) (Kecepatan < 4 m/dt)

Q 100th 79.535 249.884 1.184 1.98 Aman

Q 1000th 158.472 250.518 1.818 2.57 Aman
Q 1/2PMF 89.942 249.979 1.279 2.07 Aman

Q PMF 195.163 250.785 2.085 2.76 Aman

Elevasi Puncak Dinding 251.180 2.480

Elevasi Crest Pelimpah 248.700

Analysis of dam body stability using geostudi software with a review of normal water conditions, flood water conditions and
rapid low tide conditions can be seen in tables 5 through Table 11
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Table 5. Stability of Ngancar dam body against landslides under normal water conditions

Analisi Gempa | Lereng ‘:‘;ES[ I Flomin [Keherang:m ‘gﬂ; Fhuin ‘Ketermgml 0Y';l; Flomin ‘Ketermgan}% Flmin |Ke13erangan

ol 3374 1300 | Aman

Statik Hilir 3251 1300 | Aman

ope | _Hul | 1430 [ 1200 P 1300 | 1300 | Aman | 1436 [ 1300 | Aman | 1476 | 1200 | Aman

, Hili | 2201 | 1200 dman | 2148 | 1200 | Aman | 2107 | 1200 | Aman | 2240 | 1200 | Aman
Dmamie | Hulu | 0803 0773 0.801 0.832
Hilir | 1261 1210 1257 1308

Simulasi Dinamik OBE

Simulasi Dinamik MDE

Table 6. Stability of Ngancar dam body against landslides in flood water conditions

Analisis = Gempa  Lereng ;";]: Fkuin | Keterangan YUI;I Fluwin  |Keterangan "Y{g Flkuin KueﬂnganiiYiH Flkuin [Kel:eranng
. Hulu 5.02 1.500 Aman
Statik Hilir 138 1500 | Aman
OEE H1_1]_u 1941 1.200 Aman 1858 1.200 Aman 1934 1.200 Aman | 2019 | 1200 Aman
o Hilir 2.265 1.200 Aman 2210 1.200 Aman 2261 1.200 Aman | 2314 | 1200 Aman
MDE Hulu 0.877 0.838 0.874 0.915
Hilir 1.205 1.200 Aman 1242 1.200 Aman 1.200 1.200 .

[N NN

Simulasi Dinamik OBE

PR R B R

Simulasi Dinamik MDE

Table 7 Stability of Ngancar Dam Body against landslides in rapid low tide conditions
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Analisis | Gempa | Lereng ;j';[: Fkuwin | Keterangan YOH; Fkuwin | Keterangan ;7!71; Fkuwin  |Keterang YiH Fkuin Keterangan

Statik Hulu 1.885 1300 | Aman

Dinamix OBE | Hulu | 1160 | 1100 | Aman | 1128 | 1100 | Aman [ 1157 [ 1100 | Aman [ 1188 [ 1100 | Aman
MDE | Hulu | 0607 | | | 0.650 | [ | 0.671 | | | 0.694

Simulasi Dinamik MDE

Distance

—
=
%

® m

Distance

Table 8. Deformation checks due to simulation of avalanche in empty conditions

Beban Lereng ky Fx Kmax (MDE) Ky/Kmax Um-ss Keterangan Um.gs Fx Simulasi
y/h=0.25 Hulu 0.564 1.000 0.727 0.775 0.10 Tidak Terjadi Deformasi 0.803
y/h=0.50 Hulu 0.579 1.000 0.785 0.737 0.65 Tidak Terjadi Deformasi 0.773
y/h=0.75 Hulu 0.579 1.000 0.732 0.791 0.45 Tidak Terjadi Deformasi 0.801
y/h =1.00 Hulu | 0550 | 1.000 0.678 0.811 0.20 | Tidak Terjadi Deformasi 0.832

Table 9. Deformation checks due to simulation of avalanche in normal water face conditions

Beban Lereng ky Fx Kmax (MDE) Ky/Kmax Uwm-ss Keterangan Fy Simulasi
yh=0.25 Hulu | 0666 | 1.000 0.727 0.916 090 | Tidak Terjadi Deformasi 0.877
y/h =050 Hulu | 0.695 | 1.000 0.785 0.885 060 | Tidak Terjadi Deformasi 0.838
yih=0.75 Hulu | 0669 | 1.000 0.732 0914 040 | Tidak Terjadi Deformasi 0.874
y/h=1.00 Hulu | 0640 | 1.000 0.678 0.944 0.19 | Tidak Terjadi Deformasi 0.915

Table 10. Deformation checks due to simulation of avalanche in flood water face conditions

Behan Lereng | ky Fy Krnax (MDE) Ky/Kimax Unes Keterangan Fy Simulasi
y/h=0.25 Hulu | 0648 | 1.000 0.721 0.891 183 | Tidak Terjadi Deformasi 0.854
y/h=0.50 Hulu | 0.669 | 1.000 0.785 0.852 089 | Tidak Terjadi Deformasi 0.808
ylh=0.75 Hulu | 0.669 | 1.000 0.732 0914 080 | Tidak Terjadi Deformasi 0.842
y/h=1.00 Hulu | 0620 | 1.000 0.678 0915 080 | Tidak Terjadi Deformasi 0.881

Table 11. Deformation checks due to simulation of avalanche in rapid receding conditions

Beban | Lereng |k Fe | knax(MDE) KKnae | Uwas | Uwas KeteranganUygs | FiSimulasi
yh=025 | Hulu | 0373 | 1000 0.721 0513 080 | 0.2 | Tidak Terjadi Deformasi 0673
yh=050 | Hulu | 0368 | L1000 0.785 0469 | 10020 | 0.11 Terjadi Deformasi 0.650
yh=075 | Hulu | 0368 | L1000 0.732 0.503 079 | 0.1 | Tidak Terjadi Deformasi 0671
yh=100 | Hulu | 0373 | 1.000 0678 0551 067 | 010 | Tidak Terjadi Deformasi 0.694

Test concrete strength by conducting non destructive test using hammer test tool at the location shown in figure 7.
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Figure 7 Location checking concrete strength with hammer test tool

Non-instructive testing using the hammer method can be seen in Table 12

Table 12. Hammer test results

Code Location Test Result

(Mpa)

A Dinding Mercu Kiri 38.28
B Dinding Mercu Kanan 40.33
C Mercu Sisi Kanan 41.56
D Mercu Sisi Kiri 35.44
E Lantai Peluncur Atas 35.61
F Lantai Peluncur Bawah 37.50
G Blok Halang 37.67
H Dinding Peluncur Tengah Sisi Kiri 34.67
| Dinding Peluncur Tengah Sisi Kanan 38.78
J Lantai Peluncur Tengah 41.78
K Dinding Peluncur Bawah Sisi Kiri 38.17
L Dinding Peluncur Bawah Sisi Kanan 36.00
M Lantai Peluncur Bawah 45.56
N Blok Halang Bawah 38.60
Avarage 38.57

Based on non destructive test results with hammer test method shows concrete condition is still in good condition because the
quality is greater than fc = 20.35 Mpa

The simulation of rembesan on the body is reviewed in normal water face conditions, flooding and rapid receding which
can be seen in figure 8 up to the following image
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Figure 8 Simulation of spills on the dam's body under normal water-front conditions
A review of dam conditions resulting from the spillway during normal water review at point A shows the condition of
the discharge of the water is 1,008 x 10-7 m3/secec < 1% Q baseflow = 0.0956 m3/secec while the safety factor against piping =
3,570 > 1.5 (safe)
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Figure 9 Simulation of the impact on the dam's body in flood water face conditions
A review of dam conditions caused by the spill during normal water review at point A shows the condition of the
discharge of the water is 1,089 x 10-7 m3/secec < 1% Q baseflow = 0.0956 m3/secec while the safety factor against piping =
3,256 > 1.5 (safe)
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Figure 10. Simulation of fracturing on the body of a dam at rapid receding conditions

A review of dam conditions resulting from rapid low tide was reviewed at point A indicating a 4,729 x 10-8 m3/sec <

1% Q baseflow = 0.0956 m3/sec.

1)

2)

8. CONCLUSION.
The conclusion of ngancar dam condition if reviewed from the aspect of dam safety are:

Dam safety from hydrological and hydraulic aspects shows results in the event of PMF flooding of 265.49 m3/sec then
pelimpabh is able to drain flood discharge by 195,163 so that it does not overtoping occurred. * Dam safety reviewed from the
structural aspect shows a strong concrete flat press yield of 38.57 mpa > of the permitted minimum strength (fc = 20.35 Mpa)
and at the time of static and dynamic conditions there is ho deformation of the dam body.

Dam safety is reviewed from the rembesan aspect showing the result of the spill result at the time of flood water level of
1,089 x 10-7 m3/sec < 0.0956 m3/sec.

concluded that the condition of ngancar dam is still in a safe state if it is reviewed from the safety aspect of the dam.
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