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SCENARIO-BASED WATER BALANCE ANALYSIS OF

ESTUARY RESERVOIR FOR MULTIPURPOSE WATER
SUPPLY

Jehong Bang’, Jin-Yong Choi?, Sang-Hyun Lee?, Soonho Hwang*, Moon-Sung
Kang®

ABSTRACT

Increased water demand from industrial and municipal water sectors due to industrial
complex and new town development causes re-balancing of water resources in a
watershed, especially from developed agricultural water resources in terms of WRM
(Integrated Water Resources Management). Estuary reservoirs are one of the
important agricultural water resources for paddy fields in the reclaimed tidal area, and
water supply to other water use sectors can be considered for the economic water use
aspect. In this study, an estuary reservoir constructed for paddy field water supply was
selected to analyze the water balance to investigate the possibility of water supply for
industrial use. Several scenarios were prepared to find the possibility of multipurpose
water supply from agricultural purpose estuary reservoir, including water supply
efficiency, land use change, and return flow. Water balance analysis was conducted
considering runoff from the watershed and return from sewage water treatment plant
as the inflow component, and paddy fields and hydrogen power plant water
requirements as the water demands. Runoff was estimated using the Tank model, and
paddy water requirement was calculated using the Penman-Monteith method. A power
plant company estimated the water demand from the hydrogen power planty and the
demand was considered constant throughout the year. From the results, the agricultural
estuary reservoir can supply the additional water demand from the hydrogen power
plant by increasing water supply efficiency and decreasing paddy field area due to
urban development since the reservoir plan was set about 20 years ago.

Keywords: Estuary reservoir, Water balance, Industrial Water, Agricultural Water

1. Introduction

Since the 1970s, The Government of South Korea has been promoting tidal land
reclamation projects on the west coast of the Korean peninsula in order to create new
agricultural land for securing food supply, and several sea dikes have been constructed
to reserve freshwater for agricultural water supply. The reclaimed tidal land was mainly
used as agricultural land at the early stage; however, the land development for various
purposes, such as high-tech industrial complexes and tourism complexes, has been
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made due to policy changes according to the change in socio-economic demands
(MLIT 2016; Son et al. 2020). As the transformation of the land development policy
leads to diversification of freshwater demand, not only agricultural but domestic and
industrial water should have been supplied from nearby water resource facilities.
Boryeong and Hongsung regions, located on the mid-west coast of South Korea, had
suffered from water shortages chronically. Therefore, the Korean government
approved the basic plan for the large-scale agricultural project in 1989 to supply water
for paddy fields from the Boryeong estuary reservoir. Recently, SK E&S corporation
prepared for the power generation project in Boryeong, so it is necessary to secure
industrial water. In this study, the possibility of industrial water supply for SK E&S from
the Boryeong estuary reservoir, initially constructed for agricultural purposes, was
analyzed by a reservoir water balance model considering runoff, agricultural water
demand, and the return flow from the sewage station. Furthermore, a scenario-based
simulation was conducted to reduce the uncertainty of the water conveyance efficiency,
infiltration, land use trend, and return flow.

2. Methodology
21 Study area

=
|

[ ]

Boryeong
estuarine
reservoir

Figure 1. Overview of the Boryeong district (Vue d'ensemble du quartier de Boryeong)

Boryeong reservoir is an estuary reservoir made by constructing the Boryeong sea dike
located on the mid-west coast of the Korean peninsula (Figure 1). The reservoir crosses
the border between Hongsung-gun and Boryeong-si. After completing the dike and
embankment construction in 1997, the Korean government gradually promoted the
drainage improvement project and the water quality improvement project until 2016 to
prepare the water supply. The reservoir has two central districts separated by up and
down reservoir boundaries. The sea dike is installed near the sea, and the reservoir
cannot release freshwater through sluice but use pump stations. Two pumping stations
are installed directly on the northern and southern sides of the reservoir to send the
water to the main open channel of the districts, and each of them has an intermediate
pumping station to convey water farther paddy field. The properties of the Boryeong
reservoir and pumping stations are presented in Tables 1 and 2. The nearest weather
station is Boryeong station, where ASOS (Automated Surface Observing Systems) is
set up. In this study, we used the meteorological data of the Boryeong station, which
was downloaded from the KMA (Korea Meteorological Administration). The period of
meteorological data covered 30 years, from 1991 to 2020, and contained rainfall,
temperature, daylight hour, evaporation rate, wind, and humidity, which are essential
to computing evapotranspiration and runoff. The characteristics of the Boryeong
weather station and meteorological data are summarized in Table 3.

= ———
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Table 1. Basic information about the Boryeong estuary reservoir

19,330 Effective 17,300 Dead 2,030 Dead
HEISE o x1,000 m® storage x1,000m®  storage x1,000m*  level 5.0 EL.m
Watershed | 14 oo ha 100 297ELm  Fulllevel | 1.00ELm  Dosign | 1.805
area level flood m°/s
Drought Ten year Flood 200 year Wa.tershed 27 High 3.03
frequency frequency ratio water EL.m
Highest high 425ELm
water
Table 2. Characteristics of pumping stations
Main water resource Boryeong reservoir
Sub water resource Chungso Eunha
(pumping station) Ocheon (Intermediate) Cheonbuk (Intermediate)
Beneficial area (ha) 1,364 908 707 1,222
Pumping capacity (cms) 6.021 2.583 5.05 3.12
Suction lift Net 88.5 73.1 68 107.15
(m) Total 96.6 76.9 73.4 111
Pump (mm*ea) 600*6 600*4 700*6 600*4
Motor (kW*pole) 1,260*6 650*4 800*8 1,130*6
Table 3. Characteristics of the Boryeong weather station and weather data
Sl Sl Address Clzepeiion Longitude Latitude Elevation
name code start
450, Daeha-ro,
Boryeong 235 Boryeong-si, 1972-01-24  126.5574 36.3272 9.98 m
Chungcheongnam-do
Rainfall, temperature, wind,

Data period 1991 - 2020 Category

evaporation, daylight hour, humidity

The effective storage of the Boryeong reservoir is 17.3 million m3, and dead storage is
2.0 million m3. The watershed area is 14,020 hectares, the beneficial area is 4,201
hectares, and the ratio of irrigation area to watershed area is about 2.7, which is within
the universal range of the Korean agricultural reservoirs. The irrigation area is divided
into two significant districts, Ocheon and Cheonbuk, and intermediate pump stations
(Chungso and Eunha) are located in the middle of the waterway next to the Ocheon
and Cheonbuk districts.

2.2 Reservoir operation model

2.2.1 Process of this study

The reservoir water balance model was selected to analyze the possibility of water
supply for industrial use. Inflow and outflow variables are important components of
forming a water balance system. The daily runoff and irrigation water requirements
were computed with KRC Hydraulics & Hydrology Analysis System (K-HAS). K-HAS is
a platform system that integrates a meteorological dataset, the Tank model (Sugawara
& Funiyuki 1956), the paddy water balance model (Jensen et al. 1990), and the
reservoir budget model using a graphic user interface developed by KRC (Korean Rural
Community Corporation). Runoff was calculated using the Tank model module, and
irrigation water requirement was estimated using the paddy water balance model
module and FAO Penman-Monteith evapotranspiration model (Allen et al. 1980).
Finally, the water budget model simulated the reservoir operation with inflow and
outflow. The entire sub-processes of this study are presented in Figure 2.
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Outflow calculation

sewage water
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Meteorological data collection
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Tank model Paddy water balance model
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Treated Irrigation Industrial
Runoff

Evapotranspiration calculation

water require water demand
e o

Reservoir outflow

Reservoir water balance analysis
—g—

Reservoir water budget model
—
Daily reservoir operation simulation
—

Analysis of reservoir failure, water shortage period

Figure 2. Process of the agricultural reservoir water balance

2.2.2 Runoff model

A modified 3-stage Tank model (Kim & Park 1986) was selected as a runoff model to
simulate daily discharge from the watershed of the Boryeong estuary reservoir. The
modified Tank model is a model in which the Tank model is adjusted to fit the
characteristics of the Korean land cover and has been widely used in hydrologic
modeling until now (Sugawara 1979; Kim S. et al. 2005; Paik et al. 2005; Sujana & Asis
2009; Santogh & Raneesh 2011; Nguyen 2013; Song et al. 2019). The conceptual
diagram of the modified Tank model is presented in Figure 3. The equation below
calculates the total runoff from the watershed (Formulae 1 and 2).

Qij = Xi=1 2}71:1(571'1 — H;;)A;;

STy =STyp 1+ Ry —E — 1y — Qirq Formula 2.
Where Q: runoff, ST: tank storage, H: height of the orifice, A: cross-sectional area of
the orifice, R: rainfall, E: evaporation, I: infiltration. The parameters in Figure 3 were

calculated from the dimensionless regression equation suggested by Kim & Park
(1986) using the proportion of paddy, upland, and forest areas in the watershed.

Formula 1.

Rainfall

EvaporﬁtionT i

Surface storage
(15t Tank, ST1)

= Surface flow (Q1)
A2 —————
H12 —
H11

B1 Infiltration

L Legend
- ST: Storage
Inter flow (Q2)

A : Runoff Coefficient
H11—f _ A2
B2
Base flow (Q3)

B : Infiltration Coeffcient
JL—‘;
AV4 l

Q : Total Runoff
A3
B3 - EI

! Percolation
v

Al ———»

Surface storage
(2 Tank, ST2)

Surface storage
(3 Tank, ST3)

Figure 3. Conceptual diagram of modified Tank model
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2.2.3 Irrigation water requirement
The irrigation water requirement (IWR) is an essential component in the reservoir
operation model. In this study, IWR was estimated based on the daily paddy water
balance equation suggested by Jensen et al. (1990), and the evapotranspiration of the

paddy rice was computed by the FAO Penman-Monteith method. The daily paddy water
requirement is calculated through the ponding depth equation (Formulae 3 and 4).
D, =D;_, + Re. + Req, — ETc, — I, Formula 3.
20< D, <80 Formulad4.

Where, D, is ponding depth of the day t, Re is effective rainfall, Req is daily water
requirement, ETc is crop evapotranspiration, and I is infiltration of paddy field. Effective
rainfall, which affects the crop root in the soil, is derived from the relationship between
the ponding water depth and the amount of rainfall (Nam & Choi 2014). ETc is
assessed by multiplying the reference crop evapotranspiration by the ten-day crop
coefficients for paddy rice (Yoo et al. 2006). I is the infiltration rate of the land, and Req
is defined by the water depth deficit from the maximum ponding depth.

2.2.4 Industrial water demand and extra water inflow

Industrial water is used for fabricating, processing, washing, diluting, cooling, or
transporting a product (USEPA 2011). In a circumstance where environmental, social,
and governance criteria become an issue, a private company is promoting a project
constructing a blue hydrogen plant on the reclaimed land, and constant water must be
supplied to operate the plant sustainably. The daily industrial water demand suggested
by the corporation is 23,000 m® day™. In this study, the constant amount of industrial
water is reviewed.

Gwangchun sewage treatment plant, located near the Boryeong reservoir, was
installed in Hongsung-gun in 2005 to purify regional sewage. The treatment plant's
designed amount of water disposal, 3,500m? day!, was considered as extra water
inflow to the reservoir.

2.2.5 Reservoir water budget
Daily reservoir operation was simulated to investigate how the additional industrial
water supply influenced the Boryeong reservoir water scarcity for a long period.
Generally, the reservoir operation is simulated through the water budget model, which
simply refers that the rate of change in water stored in a system is balanced by the rate
at which water flows into and out of the system (Healy et al. 2007).
The water budget model of the Boryeong reservoir uses the following continuity
equation (Formula 5.) to estimate the rate of change in the storage volume for each
given time unit using the calculated inflow, irrigation water demand, industrial water,
and the extra water inflow from the sewage treatment.

S =81 +Q,+Inf, +U, + P, — (R, + O, + E, + G, + D,) Formula 5.
Where, S, is water storage on day t, Q is watershed runoff, Inf is inflow from sewage
treatment, U is watershed inflow, P is surface rainfall, R is reservoir release, O is
overflow, E is surface evaporation, G is ground infiltration, and D is embankment
infiltration. The major components of the water budget equation of a reservoir are the
watershed inflow, reservoir release, which is IWR added by industrial water demand,
and the treated water. The other factors, such as embankment and ground infiltration,
are almost impossible to measure or too tiny to consider, so they are not considered in
the calculation of the daily water budget. The surface rainfall was calculated by
multiplying precipitation during a day by the water surface area of the reservoir and the
unit conversion coefficient (Formula 6.).

P, = C X R, X AsFormula 6.

The surface evaporation is obtained by applying the Pan coefficient of Veihmeyer
(1964) to the evaporation at the meteorological station (Formula 7.).
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E,=CXA;XE,xP. Formula7.
Where C is the unit conversion coefficient, A is reservoir water surface area, E,, is
evaporation at the observatory, and P. is the Pan coefficient. Since agricultural
reservoirs are operated with the side channel spillway, the surplus water storage is
considered an overflow.

2.3 Scenario composition

To examine the possibility of supplying industrial water from a reservoir constructed for
agricultural purposes, it was necessary to consider the various water use
circumstances. Therefore, four scenarios are organized depending on the essential
variables in IWR calculation and land use trend. The first scenario represents a low
water supply efficiency condition: the infiltration rate is 4.8 mm day', and conveyance
loss is 35%. It is a scenario that reflects the characteristic of traditional agricultural
water facilities. In South Korea, most agricultural waterways are built in the shape of an
open channel to use gravity as a power source; however, it often causes water waste.
The secondary scenario describes a high water supply efficiency condition: the
infiltration rate is 3.2 mm day!, and conveyance loss is 20%. Since the pumping station
installed on the reservoir will transmit water to the paddy field through pipelines, we
used the general conveyance loss of the pipeline system. The tertiary scenario applies
the recent paddy area trend of the Boryeong-si, and the last scenario includes return
flow. The paddy area dropped about 10.0% from 9,912 to 8,914 hectares over the latest
ten years, and the return flow rate of irrigated water generally exceeds 50% in South
Korea (Kim et al. 2010; Kim et al. 2021). However, we conservatively applied the rate
of 30%. Scenarios are arranged in Table 4.

Table 4. Summary of the scenarios

Scenario | Variable condition
S1 Infiltration of 4.8 mm day', water conveyance loss: 35%
S2 Infiltration of 3.2 mm day™, water conveyance loss: 20%
S3 Infiltration of 3.2 mm day™', water conveyance loss: 20%, paddy land decrease: 10%
s4 Infiltration of 3.2 mm day™, water conveyance loss: 20%, paddy land decrease: 10%,
return flow: 30%

3. RESULTS AND DISCUSSION

3.1. Results of reservoir water balance model based on the scenarios
The scenario-based reservoir operation for thirty years was simulated with a water
budget equation considering the estimated value of the Tank model and IWR and the
treated water inflow. For the visual comparison, the daily reservoir water balance
graphs present scenario one as a shaded area for baseline. We focused on how often
the reservoir storage drops to the dead storage within thirty years, which implies the
failure of reservoir management.

In S1, the reservoir failed 14 times out of a 30-year operation. The IWR was the
maximum in the case of S1, and the possibility of water supply turned out to be 53.3%.
In S2, the high-efficiency scenario, the reservoir failed to supply enough irrigation water
seven times, half of the S1 result. The possibility was 76.7%, still a low performance.
S3, which applies paddy area decrease, showed a small improved performance. The
reservoir storage dropped to the dead storage line six times. In the last scenario, 30%
of return flow was considered, and the reservoir never had a water shortage problem.




24 ICID Congress & 73 IEC Meeting WS-SDTA
October 2022, Adelaide, Australia Paper No. 01

st s2 s3 —s4 —Dead storage

20,000
18,000 | { I
16,000 H
14,000 | ‘
F200 | |
3
8
S
< 10,000 1

orage

S 8000
a

6,000

4,000

2,000

oooooooooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmm

Figure 4. Daily reservoir operation simulation. The shaded area represents scenario 1.
Scenarios 2, 3, and 4 are shown as colored lines. The black bottom line represents
dead storage.

From S1 to S4, the performance of reservoir management increased since the
conditions changed gradually from low water efficiency to high. In the South Korean
design standard, the agricultural reservoir is designed to endure a 10-year drought
frequency, which means three times of failure in thirty years are tolerable. From this
point of view, the reservoir was highly vulnerable in S1, moderately vulnerable in S2
and S3, and acceptable in S4.

3.2. Comparison of reservoir operation according to the existence of
industrial water supply

Boryeong sea dike was initially set up for agricultural water use; however, the social
and economic circumstances have changed, and the water demand for other purposes
emerged as time passed. Therefore, reservoir operation simulation with industrial water
release was conducted in case the Boryreong reservoir supplies the industrial water.
Daily reservoir operation was simulated based on the scenario condition, respectively.
The daily reservoir operation and storage difference graphs are showed in Figure 5.
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Figure 5. Daily reservoir operation simulation of each scenario and the industrial water supplled
considered cases. The daily storage difference when industrial water is provided is shown as a
shaded area.

In S1, the most significant difference in the storage occurred in early 2009, up to about
5.3 million m3, and the other peaks of about 4.0 million m* appeared in early 2002, early
2007, early 2010, and early 2017. In S2, the most significant difference happened in

7
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early 2002, up to about 5.0 million m3, and the other peaks of 4.0 million m*® or more
significant occurred in early 2007, early 2009, and mid-2017, similar to the S1 result. In
S3, early 2002 was the period of the maximum difference, up to 5.3 million m?, and the
other peaks of about 4.0 million m3 occurred in early 2002, early 2007, early 2010, and
early 2017. Finally, in the last scenario, the storage showed the maximum difference in
early 2007, and the peaks appeared at the end of 2015 and early 2017.
In each scenario, the most storage difference when the industrial water was considered
in the simulation was in the range of 5.0 to 5.3 million m3, respectively. Every point in
time when a significant difference in storage begins to occur is the moment when the
irrigation supply is terminated; in other words, when the cultivation is over, or the
reservoir has no water to release. In the years when there is no water shortage due to
abundant rainfall, 23,000 m® day™' of water for industrial purposes is not an issue.
However, In a year with little precipitation, there may be a situation in which agricultural
water cannot be supplied as much as the industrial water supply. Even in the
circumstance of not severe but continuous drought, storage recovery during the non-
irrigation period is also reduced because of industrial release, which can lead to
extreme water shortages.

3.3. Number of water shortage days

The number of years reservoir storage dropped to the dead storage was counted to
review the possibility of industrial water supply previously; however, the existence of
industrial water supply did not significantly affect the reservoir management. The
maximum storage difference of 5.3 million m? is about 3.06% of the effective storage
of the Boryeong reservoir. Therefore, we investigated how long the dead storage is
carried over to survey the critical year the reservoir fails to owe to the industrial release.
The dead storage period is summarized yearly in Table 5. Four years turned out to be
critical, and in 2009, the reservoir continued dead storage for five days because of the
industrial water supply. In S2, 2012 and 2017 were critical years, and eight days of
dead storage were estimated in 2017. In S3, five days of dead storage appeared only
in 2017. To secure the constant industrial water supply in critical years, small sized
water retention facility is suggested to store about 3 to 5 days of industrial water
demand.

Table 5. Summary of the dead storage period

S1 S2 S3 S4

= o ? = o ? = o ? = o ?
Yer S 121 8|5 | 28|55 |28 5|23

5 = 3 5 = 3 5 = 3 5 = 3
1991 0 2 2 0 0 0 0 0 0 0 0 0
1992 29 32 3 14 16 2 10 12 2 0 0 0
1993 0 0 0 0 0 0 0 0 0 0 0 0
1994 0 3 3 0 0 0 0 0 0 0 0 0
1995 37 39 2 18 21 3 13 16 3 0 0 0
1996 1 14 3 0 0 0 0 0 0 0 0 0
1997 0 0 0 0 0 0 0 0 0 0 0 0
1998 0 0 0 0 0 0 0 0 0 0 0 0
1999 13 18 5 0 0 0 0 0 0 0 0 0
2000 29 31 2 10 14 4 2 7 5 0 0 0
2001 31 35 4 0 0 0 0 0 0 0 0 0
2002 0 2 2 0 0 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0 0 0 0 0 0
2005 0 0 0 0 0 0 0 0 0 0 0 0
2006 1 17 6 0 0 0 0 0 0 0 0 0
2007 8 22 14 0 0 0 0 0 0 0 0 0
2008 28 31 3 0 0 0 0 0 0 0 0 0

(oo}
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2009 0 5 5 0 0 0 0 0 0 0 0 0
2010 2 3 1 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0 0 0
2012 13 15 2 0 3 3 0 0 0 0 0 0
2013 0 0 0 0 0 0 0 0 0 0 0 0
2014 26 33 7 0 0 0 0 0 0 0 0 0
2015 60 63 3 36 42 6 29 34 5 0 0 0
2016 41 44 3 16 22 6 1 11 10 0 0 0
2017 8 19 11 0 8 8 0 5 5 0 0 0
2018 12 15 3 0 0 0 0 0 0 0 0 0
2019 45 50 5 15 22 7 6 15 9 0 0 0
2020 0 0 0 0 0 0 0 0 0 0 0 0

4. CONCLUSION

This study was conducted to analyze the possibility of industrial water supply from the
Boryeong estuary reservoir. The Boryeong reservoir has 14,020 hectares of watershed
area, 17.3million m? of effective reservoir storage, and 4,201 hectares of irrigated area.
It was found that the reservoir's water supply capacity is highly vulnerable to drought
since the unit effective storage is only 411mm.

For the water balance analysis, irrigation water requirement, watershed runoff using
the Tank model, and the treated water inflow from sewage treatment plant were
considered.

Four scenarios, S1, S2, S3, and S4, were prepared to analyze the water supply
possibilities for the hydrogen power plant because there were no irrigation records due
to the pumping stations for irrigation will be operated in 2025.

As a result of the reservoir water balance analysis using four scenarios, S1, S2, and
S3 scenarios showed the water level periodically reached the dead water level
according to the yearly rainfall variation. However, S4, considering the return flow,
showed the reservoir level didn’t reach the dead water level about the water supply to
the hydrogen power plant. Therefore, it is possible to supply the water to the plant under
the conditions of 10% paddy field area decreasing, 80% of irrigation efficiency and
the return flow of irrigated water taken into consideration.

The reservoir water balance analysis was also conducted with or without the industrial
water supply (23,000 m® day') to assess how much the industrial water affects the
reservoir operation for 30 years, and storage was within the range of 5.0 to 5.3 million
m? in each scenario as much as 3.06% of the effective storage not much influencing to
the reservoir operation.

The dead water level duration each year to find a critical year when the industrial water
supply impacts the reservoir's operation for both water demands. The results showed
that two to eight days of continuous water interruption for industrial purposes could
outbreak the overall scenarios. Therefore, small-sized water retention facility
construction is suggested to cope with the water supply disruption.

These conclusions are the results of a scenario-based water balance analysis
considering the reduction in paddy land area due to socio-economic factors, the
efficiency of water conveyance, and the average return flow rate of paddy field
irrigation. In a situation where the industrial water supply does not significantly affect
the reservoir operation, it is possible that the reservoir can provide industrial water
through efficient water management and water-saving irrigation during drought. Finally,
installing an adequate capacity of a water retention facility can increase the water
supply flexibility in dealing with water supply to the paddy fields and power plant while
securing reservoir operation.
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COASTAL RESERVOIR FOR WATER RESILIENCE AND
ADAPTATION IN TIDAL AREAS

Sin Poh Lim', Syed Muzzamil Hussain Shah?, Fang Yenn Teo?

ABSTRACT

Climate change has posed a great challenge to water resources and disaster
management in tidal areas. Sea level rise is one of the major consequences of global
warming, which caused flood occurrences along the shorelines with posiblility of land
subsidence and damaged to the properties as well as coastal infrastructures. On the
other hand, water scarcity is also a pressing issue due to the shortage of water
resources to meet the supplies and demands in the coastal cities. Thus, the best
adaptation measure is needed to address both issues to ensure the water resillience
and security in tidal areas. Accordingly, downstream reservoir is one of the best
approaches and has been extensively promoted where the excess runoff discharge
resulted from the intense rainfall from upstream being harvest and at the same time
reduced flood risk and provide coastal protection for the infrastructures along the
shorelines. Off-river storage (ORS) and coastal reservoir (CR) are widely applied as a
good example of downstream reservoirs. The challenges of using both ORS and CR
as a good solution to address the highlighted issues will be discussed. CR has been
designated as the more effective and environmental friendly approach for sustainable
water resources management. In addition, shape optimisation for a CR is crucial to
reduce the risk of eutrophication and hence to make sure the supply of good quality
water. CR can be also considered as one of the emerging adaptation measures and
strategies to strengthen irrigation, drainage, and flood prevention infrastructures. CR
with wetland can protect the shorelines from coastal erosion and acted as the first line
of coastal defence. In the long run, CR can be an integrated solution for irrigation and
drainage tails, as well as land subsidence in tidal areas.

Keywords: Water resilience, water adaptation, coastal reservoir, coastal area.
1. INTRODUCTION

Other than poverty, hunger, climate change, desertification, ecosystem degradation,
etc, availability of sufficeint water is one of major crisis in the world. Countries like
China, India, US, Australia, Pakistan, Middle East, etc are already experienced and
expected to face more severe water shortages in coming decades. Irrigation sector
being the largest user of water resources would lose out as water crises arise.
Constructing new inland water resources could mitigate this issue to an extent but the
groudwater depletion, water pollution, land and eco-system degradation associated to
it would be challenging (Hanjra and Qureshi 2010).
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Herein, the paper focuses on the coastal reservoirs and its acceptibility as an alternate
water source in different parts of the world. Further, the working principle of coastal
reservoir as a flood control system during heavy rainfall, low and high tides has also
been discussed.

2.0 COASTAL RESERVOIR PROPOSALS IN VARIOUS COUNTRIES
2.1 Australia

The the continuous increase in world population and climate changes impact, water
demand is expected to increase by 55% in the year 2050 which predicts enormous
challenges to the world in future. The massive droughts experienced by Australia
between 1895-1903, 1937-1945, 2001-2010 and 2021 urged the government to ponder
on alternate water resources to cope with such crises in future. This lead to the
constrcution of dams and desalination plants which are reported to have barely met the
requirements. Moreover, it has been stated that by 2050, the water demand of Australia
would double the current water use. Thus, constructing dams within oceans have been
stated to store fresh water runoff which would otherwise be mixed with the seawater.
To relieve the water stress of greater Sydney, the Shoalhaven Coastal Reservoir has
been prospoed as shown in Figure 1.
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Figure 1. Location and gates of the proposed Shoalhaven Coastal Reservoir,
Australia (Ji, Yang et al. 2022).

The higher salt water intrusion and lower rainfall could lead to water quality concerns.
To assure water quality, a monitoring system upstream of Gate A has been proposed.
Based on the real time monitor data, the opening of the gates would be functional. For
instance, when the water quality is meeting the required raw water standard, the runoff
would bypass through Gate B and discharge into the ocean directly. On the other hand,
when the runoff quality is in within the acceptable raw water quality standard, it would
be allowed to reach the proposed area for their current and future use (Ji, Yang et al.
2022).
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2.2 India

In India, the projected water demand is expected to reach 1180 BCM as stated by
National Commission of Integrated Water Resources Development (NCIWRD). This
demand is expected not to meet the requirments even after utilizing the full
development of available water resources. In India. 25% of the population lives at the
coastal belts which can be seen in Figure 2. Moreover, major urbanization at the coastal
regions would also increase the water demand (Kolathayar, Sitharam et al. 2019).
Based on the given scenario, a chain of freshwater reservoirs along the coast line of
India called Sarovar Mala has been proposed which is expected to retain the fresh

water from some of the major rivers of India as shown in Figure 3.
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Figure 2. Coastal states of India (Kolathayar, Sitharam et al. 2019).
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Figure 3. Sarovar Mala™, a chain of freshwater reservoirs along the coast line of India
(Kolathayar, Sitharam et al. 2019).

2.3 Malaysia

In Malaysia, CR has been studied as raw water supply scheme in recent years for
Langkawi, Sg Johor, Sg. Pulai, Sg Muda, Melaka, Sabah, etc. Some of the proposed
schemes are found to be feasible and should be planned for implementation.

Lim, Teo and Noh (2020) have outlined the challenges of using the conventional
upstream water resources management in contrast to the downstream water resources
management in Malaysia.

3.0 COASTAL RESERVOIR AS THE SOLUTIONS TO MEET FUTURE WATER
DEMANDIN TIDAL AREAS

By 2050, the world population is expected to project to 9 billion which would require
additional 10 Nile rivers to ensure the daily water needs. Existing reservoirs are being
depleted due to sedimentation by 1% annually which seems to be a severe water deficit
issue.

Before industrial revolution, the population density was equally distributed both on
inlands and coastal areas. However, due to several economic benefits, majority of the
people are now attracted to coastal areas. This can be witnessed in Figure 4, as
majority of the world megacities are now shifted to coastal regions (Yang 2018).
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Figure 4. The megacities in the world—almost all of them appear in the coastal lines
(Yang 2018).

3.1. Dam No More

Currently there exist almost 40,000 large dams and 300 major dams, worldwide.
However, as seen in Figure 5, it can be stated that the construction of new dams has
been stopped after 2010 for several major concerns.

One of the major concerns being the lifespan of a dam which is affected by
sedimentation. Sedimentation is affecting the storage capacity by 1% annually,
therefore, by 2150, majority of the dams would drastically reduce their storage capacity
and constructing new inland reservoirs would not be feasible (Yang 2018).
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Figure 5. The global large dam number constructed in the past 100 years (Yang
2018).
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3.2. Coastal Reservoir is the Solutions in Tidal Areas
3.2.1 Shanghai’s Experiences

In China, Shanghai was considered among the cities with the severe water crisis. Thus,
based on the expert’s suggestion, several recommendations were given as mentioned
in Table 1. It was later agreed, that application of the coastal reservoir at the Chongming
Island i.e. Qingcaosha would reduce the water shortage crisis. After the completion of
the reservoir in 2010, it now produces 70% of the water demand needed by Shanghai,
the remaining 30% comes from Huangpu River. The description of Qingcaosha coastal
reservoir can be referred in Figure 6.

Table.1 Comparison of environmental costs for different solutions to coastal water
stress (Yang 2018).

Inland Dams Desalination Recycled Coastal .
Wastewater | Reservoir
Energy used
(x10° KWh) 0 2.0 1.0 0
Greenhouse
emission
(CO2) in 0 3.33 1.67 0
million ton
Construction
cost (U$ in 11.42 9.28 10 2.8
billion)
Maintenance/
operation Low High High Low
cost
Brine result in
loss of marine No
Loss of biodiversity and i
Impacts on biodiversity, VS Low negative
; saline fish may )
ecosystem beach erosion, be either extinct, impacts on
etc. threatened or ecosystem
endangered
Life Span 100 20 20 Infinity
The damage on The damage on | The
Sustainability | ecosystem is not | ecosystem is damage on Sustainable

remediable remediable ecosystem
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Figure 6. The coastal reservoir in the northern Chongming Island (Yang 2018).

3.2.2 Singapore’s Experiences

Island countries like Singapore receives abundant rainfall, half of which is reported to
have been wasted previously. Thus, the construction of coastal reservoir namely
Marina Barrage in 2008 now fulfils the potable water demand of 10% of the countries’
population, i.e., 462,000 people.

Punggol and Seragoon reservoirs together with Marina Barrage have increased the
water catchment area of Singapore. This not only ensures the water demand of the
residents but also acts as a tidal barrier for flood control (Liu, Yang et al. 2013). The
way how Marina Barrage works as a tidal barrier can be seen in Figure 7.
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Figure 7. Working principal of the marina barrage (Liu, Yang et al. 2013).

4.0 COASTAL RESERVOIR AS INTEGRATED SOLUTIONS FOR WATER
RESOURCES AND FLOOD CONTROL IN TIDAL AREAS

In addition to its function as raw water storage, CR can be designed to provide flood
storage to reduce flood risk in the coastal region. As a flood control system, coastal
reservoir would be equally efficient during high and low tides. During high tides, the
excess water would be pumped by giant pumps which are capable to drain Olympics-
size swimming pool per minute (Liu, Yang et al. 2013). Similarly, during heavy rainfall
coupled with low tides, the crest gates would be activated to release excess water into
the sea as shown in Figure 8.

Freshwater BRIz
Marina AT \
— Lowtide

Reservoir

The gates open and close to maintain
a constant water level in the
reservoir

If heavy rain coincides with high tide,
the gates can not be lowered or the
seawater would rush in. Water in that
case is pumped out from the reservoir
to avert flooding.

The crest gates are lowered to allow
excess storm water to flow out to sea
during heavy rain.

Figure 8. Coastal reservoir as a flood control system (Yang, Liu et al. 2013).
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During normal operation condition, the normal water level can be designed to be at a
level much lower than the high tide level. By doing so, it will provide additional flood
storage within the downstream stretches of river section itself in addition to the storage
within the CR. The required flood storage can be designed depending on the flood
hydrograph and amount of flood attenuation required.

5.0 CONCLUSION

Coastal reservoir can be a very cost effective solution, at the same time solving two
problems, i.e., drought (i.e. too little water) and flood (i.e. too much water) under single
solution (i.e. intergrated approach). During wet years, excess water from runoff to be
stored in coastal reservoir for usage during dry years, within the designed flood storage.
This two in one approaches It is a sustainable solution, having a lot more flexibility for
future expansion, as it is not limited by the land as it is constructed in the nearshore
water. At the same time, it is environmental friendly where the impact to the existing
environment is limited, much less if compared to the upstream dam reservoir which has
obvious impact to the flora and fauna. In conclusion, coastal reservoir is the solutionS
to meet future water demand, at the same can be designed to protect the coastal area
from frequent flooding. Coastal reservoirs are for water resilience and adaptation in
tidal areas.
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SMART WATER MANAGEMENT IN TIDAL IRRIGATION SYSTEM,
KALIMANTAN, INDONESIA

Wignyosukarto, Budi Santosa’, and Legono, Djoko?

ABSTRACT

Several islands of Indonesia, such as Sumatera, Kalimantan and Papua have typical
conditions of low land agriculture areas affected by the tidal dynamics. Two water
sources have been used to develop the low land area for agriculture development, i.e.,
the rainwater and the river water. The agriculture development should consider the
amount of water supplied to the irrigation system and its quality, such as pH and salinity.
Improper water management would affect the productivity of agriculture development.
In the initial development, the swampy area developments were carried out by
constructing the channel network to allow freshwater flows from the natural river (and
from the rain) to the primary canal and then drained the polluted water through the
collector canal back to the river. Through such a mechanism, the swampy land would
gradually have greater pH and lower salinity that the rice agriculture could be made
possible. Sufficiently good water quality would increase rice production and avoid the
failure of the harvest. However, without introducing control gates, such a mechanism
would be difficult to meet the swampy land area that could be utilized to support rice
agriculture. The channel networks provided enough control gates with proper operation
may guarantee the reclamation process of the swampy land area may last effectively
and efficiently. The presence of the control gates supplied with the appropriate
procedure would ensure that the water movement may occur as desired. Such a
situation requires a proper operation, both magnitude and timing of control gates.

Therefore, the rivers described above should be continuously monitored and used as
a basis for operating the control gates. This paper introduces the continuous real-time
water-related monitoring system used to study the dynamics of the water-related
parameters in the swampy irrigation area of Dadahup (further called DIR Dadahup) in
Central Kalimantan. Several water-related monitoring equipments were installed, such
as Automatic Rainfall Recorder (ARR), Automatic Water Level Recorder (AWLR), pH,
salinity, temperature, and relative humidity. The system has been performing very
accurate and quick information on the water-related parameters and further contributes
to arranging proper water management in the DIR Dadahup. Using the various
sampling times (mostly five minutes) of all parameters as real-time information and
historical data storage could contribute to the easier operation of the control gates.
Besides, the necessary assessment may also be conducted to improve the operation
procedures. The installed system at a particular control point in the primary canal of
DIR Dadahup has shown the water level at 0.70m - 1.60m, pH at 2.6-4.5, and salinity
at 100-200 ppm during approximately one month in the early rainy season. Some noise
spikes were found like common instrumentation problems, but this could be omitted
employing software filtering. Since the swampy area is generally in a remote location,
the following constraints may be encountered, i.e., the poor data transmission, the lack
of power source, and the safety against vandalism. Further detailed discussions in this
paper underline the necessity of introducing smart water management to develop a
tidal irrigation system.

1 Department of Civil and Environmental Engineering, Universitas Gadjah Mada, budiws@ugm.ac.id

2 Department of Civil and Environmental Engineering, Universitas Gadjah Mada, djokolegono@ugm.ac.id



mailto:budiws@ugm.ac.id
mailto:djokolegono@ugm.ac.id
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1. Introduction

Swampland in Indonesia is the most important remaining land resource for developing
new rice fields. The approximate area of swampland in Indonesia is about 33.4 million
ha, consisting of 20 million ha tidal swamp and 13,4 million ha non-tidal swamp. Almost
9 million ha of tidal swampland indicated as a potential for agriculture development.
The 3.9 million ha of swampland in Sumatera, Kalimantan, and Papua, have been
reclaimed and developed for agriculture and aquaculture. There are 6-8 million ha of
mineral containing pyrite (acid sulphate soils) and peaty soils in Indonesia's coastal
zones, and there is about 16 million ha of deep peat soils. That makes Indonesia the
country with the largest area of pyritic soil in the world and one of the largest with peat
soils. Reclamation and development of both soil types are very environmentally
sensitive. The presence of Acid Sulphate Soil is a significant problem in the cultivated
swamplands of Indonesia. If this problem is not recognized and solved, the result will
be a low yield, and the environment will deteriorate to a level the people will abandon
the area.

A tidal irrigation system has been developed in Indonesia to reclaim the tidal
swampland for developing new rice fields. In the natural condition, due to its bad natural
drainage system, this land is constantly inundated by rainwater and ebb river tide. The
reclamation of this swampland needs an improved drainage system. The oxidation of
the pyritic soil material caused by new drainage will release significant quantities of
acid groundwater to adjoining canals at the beginning of the rainy season. The water
in the canal is highly acidic and cannot be used for domestic uses and agriculture. Only
a few fish types will survive in this environment. The presence of acid sulphate soils at
the shallow layer is the major problem in cultivating the tidal lowlands. Up to now, the
yield of the rice fields is about 2 — 3 ton/ha/season. Due to the saline water intrusion in
several areas close to the coastline and acidity during dry season, part of the area is
cultivated annually. Climate change and significant population growth threaten national
food resilience. The government of Indonesia insist on the intensification of rice field,
including lowland rice field, to increase the rice production from 52 million ton per year
up to 71 million ton per year. Unfortunately, after 30 years of reclamation, part of the
lowland area with potential acid sulphate soil still has un-favourable water and soil
quality due to unfinished reclamation. Shallow layers of pyrite (depth of 50 — 100 cm)
still occur in several parts of the area, and acid water with pH 2-3 arise in several tertiary
canal after the dry season.

Under the development plan, namely the stepwise development strategy, after phase
1, the development of an open, uncontrolled water management system was carried
out for several decades, then continued in Phase 2. In Phase 2 development, a semi-
controlled water management system was introduced. Several water structures were
built to prevent saltwater intrusion, whereas prevention of over-drain is carried out by
maintaining the water level in the canal. However, despite developing production levels
in several schemes to 5 tons/ha, better efforts are still needed to speed up the
reclamation process. It is time to start Phase 3 and develop a fully controlled water
management system, and optimum land and water resources use.

The success of agricultural development in swamps requires careful water
management. Water management in tidal swamps faces two conflicting objectives.
One objective is to lower the water level to prevent soil ripening and leaching; the other
is to maintain the water level so that soil moisture can prevent further oxidation and soil
subsidence. Additionally, supplying water for irrigation and domestic is also necessary.




Tidal movements and rainfall intensities influence the water level fluctuations in rivers
and canals; managing water systems in swamps is very complicated. With the
existence of various objectives and constraints, it is necessary to consider the
optimization of these multi-objectives. A fully controlled system with smart water
management is therefore needed.

2. The swampland irrigation development
2.1 Approaches and thoughts on smart water management

Smart Water Management (SWM) is increasingly being adopted worldwide because it
provides solutions to water management problems. SWM seeks to address water
problems from the perspective of integrated water resources management, which aims
to manage water quality and quantity, ecosystems, disaster prevention, and the
environment in an integrated manner, considering all the factors that affect water.
Technological advances in sensors, communications, computing, and data
management have increased the ability to obtain data in water management, enabling
the data to be shared and analyzed. Information technology related to SWM is
developing rapidly, and the price of hardware for measurement data is becoming
cheaper. Similarly, due to network and cloud technology improvements, the data
storage costs are also more affordable. Because of advances in sensor technology,
the measurable diversification data takes place and the development and evolution of
the central processing unit (CPU), computing and graphics processing.

The technical application of SWM (Owen, 2018) can be summarized in the following
three steps (see Figure 1): 1) integrated real-time data acquisition via sensing devices
such as smart-sensors or smart-meters; network systems for the transmission, storage
and integration of collected data; 2) data analysis through modelling and visualization
of aggregated data; and 3) the final data generated through this process is used as the
scientific and reliable material needed to make water management decisions. System
modelling is a step that begins with understanding the behaviour of land and water in
the system. To represent the actual natural phenomena, a mathematical model can
simplify the complexity of the interaction between land parameters (elevation, soil type)
and water (elevation, quality, and quantity).

The study or research implementation sequences follow the flow chart as presented in
Figure 2. The flow chart starts with understanding the historical background of the
Indonesian swampland irrigation development and its functional design, followed by
familiarizing the hydraulic performance of its corresponding channel networks. The
HEC-RAS software will be used to analyze the hydraulic performance of the channel
network geometry and its boundary conditions. The examination of the hydraulic
performance will use field data obtained from a newly installed monitoring system as
the natural physical and water quality behaviour.
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2.2 History of the development

The development of swampland begins with the drainage of puddles, continues with
the soil's maturation, then provides water for plants and controls floods (Ratner, et al.,
2005). The growth of marshlands takes time, especially in acid sulphate soils. The acid
sulphate oxidation process produces a toxic solution with a low pH and high electric
conductivity, which must be neutralized with chemicals or leached out with a large
amount of fresh water. An irrigation network that utilizes fresh water from the river is
needed for this reclamation process. Besides being influenced by upstream discharge,
the downstream part is also influenced by sea tides. In Kalimantan, tidal effects can
spread up to 100 km upstream. This tidal energy assists irrigation at high tide and
drainage at low tide. Irrigation capability is strongly influenced by the hydro topographic
condition of the land, namely the ratio of land elevation and river water level
fluctuations. The development of one million hectares of land in Central Kalimantan
began with the issuance of the Presidential Instruction of the Republic of Indonesia on
July 5, 1995, which aimed to maintain food self-sufficiency. The next action of the
Presidential Instruction is the issuance of Presidential Decree No. 82 and No. 83 years
1995 concerning the Development of One Million Ha Peatlands (PLG) for food crop
agriculture and the establishment of a presidential grant for peatland development in
Central Kalimantan. In implementing its development, the PLG area is divided into four




work areas, namely A, B, C, and D (see Figure 2). The implementation of the
development of PLG is considered to have experienced technical and social failures.
Technically, the performance is considered a failure because the project
implementation does not follow the standard work stages starting from environmental
studies, feasibility studies, systems analysis, systems engineering studies and plans,
phasing and blueprints. In addition, many technical and non-technical constraints were
encountered and received criticism and responses, such as from Non-Governmental
Organizations (NGOs), the World Bank, which generally rejected the existence of PLG
because it is considered to damage the environment.

The development was carried out in stages based on the priority areas. Work area A is
the priority to be developed because of the potential land and relatively good
accessibility. One of the swamp irrigation schemes is the Dadahup Swampland
Irrigation Area (further called DIR Dadahup), located on the island of Kalimantan,
Kapuas District, Central Kalimantan Province. DIR Dadahup is a part of the Indonesian
former swampland development project called Ex-Mega Rice Project (Ex-MRP) with an
area of + 21,226 ha (Euroconsult, 2008). Figure 3 shows the location of the DIR
Dadahup in the EX-Megarice Project.
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Figure 3. Location of Ex-Mega Rice Project, (a) on Indonesian map, (b) in Central
Kalimantan (Euroconsult,2008)

The primary water source for developing DIR Dadahup irrigation is obtained from the
Barito River through the primary canal of the Main Primary Canal (SPU), about 59.00m.
This SPU has several additional primary channels or Auxiliary Primary Channels (also
called SPP). The water from the SPP is then distributed through several secondary
channels (SS). Water supply to the rice fields is possible through tertiary channels or
Tertiary Channels (ST). At the same time, the drainage mechanism is carried out by
utilizing collector channels (after this referred to as SK). In addition to the Barito River,
two rivers function as a water supply to the rice fields and drainage out of the soil
through collector drainage, namely the Mangkatip River and the Kapuas Murung River
(Virama Karya, 2020), as depicted in Figure 4 (a). During the rainy season, without
levee protection, the land is inundated between 0.6 m ~ 1.2 m. During the dry season,
tidal fluctuations can benefit irrigation and drainage (Hasyim, et al., 2020; Istianto, et
al., 2020). However, such inundation may also be caused by the absence of regulatory
structures and protective systems such as embankments (Wignyosukarto, 2000).
Several control gates that regulate the flow were installed in 2021, as seen in Figure 4
(b). Smart water management with real-time data measurement and processing is
necessary to support the operation of water infrastructures during two different
conditions, wet and dry seasons.
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Figure 4. DIR Dadahup, (a) irrigation network, (b) Secondary and tertiary gates

Based on the tides fluctuation, discharge, and salinity intrusion conditions, the river
zones can be divided into four, as seen in Figure 5 (Suryadi, 2002). DIR Dadahup,
which has different hydrological conditions during dry and rainy seasons, is located in
the transition of Zone IIb and Zone Ill.

Zone Water Level Salinity, drainage and irmgation

| Influenced by Brackish, drainage by gravity
tides during wet  during low tide, no possibility for
and dry season supplementary irrigation

Ila Influenced by Saline water intrusion during dry
tides duringwet  season, drainage by gravity
and dry season during low tide, supplementary
irrigation only during wet season

b Influenced by Fresh water coastal area, no
tides during wet  saline intrusion, drainage by
and dry season gravity during low tide,

supplementary irrigation only
during wet and dry season

1 Influenced by Mo saline intrusion, ground level ™
river discharge, is relatively high, irrigation only
tidal influence by pumps
only during dry
season

v Determined only Mo tidal influence, upland
by river

discharge

Figure 5. River zonation regarding tide, salinity, and irrigation

2.2 Real-time monitoring system at DIR Dadahup

The real-time monitoring system comprises various water-related parameters installed
on 24 October 2021; these include the water level, rainfall, pH, electric conductivity,
and salinity (see Figure 6). The time interval of information being transferred into the
cloud varies from 1 to 5 minutes, and data is stored in the cloud system in the form of
CSV extension. Data may be seen and downloaded from the following website link
http://bwsk2.dctechnic.com/. The system also informs the image capture at every five



http://bwsk2.dctechnic.com/

minutes interval to confirm the real view of the main primary canal condition. Table 1
shows the water-related parameter readings of the system.

Table 1. Water-related parameter readings at Dadahup SPU-Q station

Water-related Parameters Magnitude Unit Sampling rate (minutes)
Rainfall Intensity (ARR) 45 Mm/hour 5
Water Level (AWLR) 45 m (MSL) 1
pH 4.2 5
Electric Conductivity (EC) 200 puS/cm 5
Salinity 100 ppm 5
Water Temperature 28.78 °C 5
Air Temperature 35.5 °C 5
Relative Humidity (RH) 53.9 % 5
Camera 5

Figure 6. Water-related real-time monitoring system at Dadahup SPU-Q
station, (a) House of the monitoring system, (b) Electronics panel.

3. Results and discussions

As it is mentioned earlier, with the existence of various objectives and constraints, it is
necessary to consider the optimization of these multi-objectives. Determination of the
development area must consider the reclamation process rate that can be carried out,
the water source availability, the land and ecosystem suitability. Micro water
management can also be called on-farm water management. It has several main
objectives such as to maintain the availability of water for plants, remove excess water
in the paddy fields, prevent the growth of weeds on the land, improve water quality, to
leach acidity and soil toxicity, to increase the process of soil maturation, and to
transform organic soil into more fertile soil. Macro water management, which can be
referred to as canal water management, is more of a supportive system to the micro
water management activities. The main objectives of macro water management are to
dispose of excess water and flooding, to prevent inundation, to prevent saltwater
intrusion into agricultural land, to seek the process of providing irrigation water, to
prevent soil subsidence, to dilute and dispose of acidic water from land and channels,




to provide water for domestic use, and to ensure sufficient depth for sustainable water
transportation.

Low land water management is highly dependent on the hydro topography of the land,
which compares the land elevation with the water level in a channel or river. Land hydro
topography can explain the ability of water drainage from land and irrigation to land.
For example, block A5 area, the central part of DIR Dadahup, which is close to the
installed telemetry station, has a land elevation variation of + 0.40 m ~ +1.70 m with
75% below +1.40 m elevations (see Figure 7). Fortunately, the telemetry station
recorded data at the end of the dry season (October) and at the start of the rainy season
(early November). When it hasn't rained, the water level varies between +0.50 m ~ +
1.10 m, while when it starts to rain, the water level rises to +1.60 m with daily
fluctuations of 10 cm. If the land elevation and water table elevation are compared as
shown in Figure 7, the water management in the land will be very different during the
rainy and dry seasons. During the dry season, because the channel water fluctuates
between +0.50 m ~ + 1.10 m, it is possible to manage water by gravity using the tide
fluctuation of the river. Water from the land can be discharged at low tide and supplied
into the land at high tide. During the rainy season, when the water level in the SPU
(Main Primary Channel) is above +1.40 m, almost all land must be protected by levees
and gates (polder system). The presence of a pump is needed to drain the inundated
water in the swampland. Furthermore, smart water management is needed to regulate
the strategy of opening and closing the floodgates and controlling flow direction.

Water Level (m)

Area
ha %

Elevation +0.40 - +0.60 m 13.88 0.85

Elevation +0.60 - +0.80 m 237.13 1453
|Elevation +0.80 - +1.00 m 135.39 83

|Elevatis 1.00 - +41.20m 328.17 20.1

= Elevation +1.20 - +1.40 m 492.42 30.17

02 | Elevation +1.40 - +1.60 m 293.24 17.96

Elevation +1.60 - +1.80 m 132.1 8.09

Total 1632.33 100

Symbol Category

Telemetric
Station

Time

Figure 7. Hydro topographical condition of Block A5 DIR Dadahup.

In addition to flow patterns to and from the land, water quality regulation is also needed.
Currently, Block A5 is in the process of preparing the land to start planting. Previously,
land preparation was carried out in the land clearing and the development of tertiary
and quarterly canals. The land management process has resulted in pyrite oxidation,
which results in water acidity and high salinity. Several measurements of water in the
field at that time (in October), the pH of the water reached 1.8, and the salinity was 450
ppm. For comparison, Barito River water (freshwater) has a pH of 5.5 ~ 6 with salinity
below 100 ppm. Telemetry recording from 24 October 2021 to 30 November 2021, as
shown in Figure 8, provides information on rainfall, water level elevation and water pH
in the channel. Intelligent systems receive this information and make analyses to issue
operational policies, whether the gate should be opened to release toxic water or closed
to avoid flooding.
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Figure 8. Interaction of rainfall, water level and pH

When the water level is low (+0.50 m ~ +1.10 m), and there is rain, acid water has been
released (pH 2 ~ 2.5) from the land into the canal. The leaching process has gone well.
Currently, it is observed that the pH of the water in the field ranges from 4 ~ 4.5 after
the leaching process lasted four months. When it rains more than 80 mm/day, there is
a significant rise in the water level in the SPU channel up to an elevation of +1.60m,
and the pH of the water rises to +4.5. However, because the land elevation is lower
than the water level, the polder management pattern is being implemented, so the
regulation of the floodgates is essential, and allowing water flow to the system when
needed for irrigation.

5. Conclusions

The hydraulics performance of the channel network in the swampy area is much
affected by rainfall and river system characteristics as the primary water source for
agriculture development. The features of the river described above persist in the form
of dynamic fluctuation of the water level and its corresponding water quality, such as
pH and salinity. The development of swampy irrigation areas may face problems
inundations during the rainy season and poor quantity and quality of water during the
dry season. The proper water management should ensure the best time to flow in the
freshwater, drain out the toxic water and avoid the inundation until a certain level. The
relevant water-related monitoring system should support such proper water
management. The real-time monitoring system (AWLR, ARR, pH and salinity) installed
on 24 October 2021 in DIR Dadahup showed an excellent system to support the proper
water management in the swampy area. The techniques utilized the cellular modem,
solar panel, and community-based approach for data communication, power supply,
and vandalism protection. The data produced by the system is transferred into direct
information at the time interval of every 1-5 minutes that the local operator could see to
make necessary regulations. The historical data is also stored in the cloud system for
necessary future assessment regarding the behaviour of the information. Further
replication of the system to other swampy areas is highly encouraged, subject to
several requirements regarding the availability of data communication quality, the
power supply, and the safety against vandalism.
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