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ABSTRACT
The research on Tulis River water mainly known to

serve irrigational purposes is set to examine the quality
and quantity as well as the capability to receive liquid
waste from production test of geothermal wells.

The physical and chemical properties of the Tulis
River water and the liquid waste were analyzed. The
capability of the Tulis River to receive the liquid waste
was determined by using the mass balance equation to
each parameter that represents water quality standards,
extending up to a maximum sustainable limit level at
which the liquid can hold. The quality parameter to be
analyzed were total dissolved solids (TDS), conductivity,
Sodium Absorption Ratio (SAR), Chloride (Cl), Sulphate
(SO4) and Boron (B). By using simulation and regression
method the maximum discharge of the save liquid waste of
each parameter to be flowed to the Tulis River can be
determined.

The results of this research showed the quality of
the liquid waste of the production test geothermal wells
that directly or after treatment plant flow to the Tulis River
belongs to group IV of liquid waste. During the dry season
the Tulis River water at the upstream of the production test
geothermal wells contained 1,5 mg/l higher Boron than the
maximum Boron content level limit of the irrigation water
/ group D (Boron 1 mg/l). In the rainy season, the quality
of the Tulis River water – seemed to be suitable for
irrigation water. Boron material had been found to
originate from young volcanoes activity, which eventually
produced Borate acid. The quantity of Boron is the main
limitation for the discharge of the liquid waste permitted to
flow to the Tulis River. The discharge capability of the
Tulis River to receive liquid waste is 0,067 up to 0,90
liters / minute during dry season and 33,5 up to 62,5 liters /
minute during rainy season.

1. INTRODUCTION

Major use of geothermal resources is to generate
electricity, while other alternatives such as room heating,
agriculture, horticulture, and industrial processes.

Geothermal resources, which can be classified as a
natural heat resource, take source beneath the earth. The

process that generates geothermal resource involves the
interaction between hot rock and ground water. The pre-
heated solution is then trapped in reservoir rocks, which
lies near the surface, so in this case the solution would
have an economic value if produced further.

Geothermal system can be classified into 4 types
based on its heat source, that is : hydrothermal system,
hot-dry rock system, earth pressure system and magmatic
system.

The most economic of them to be developed for
energy source is hydrothermal system. In the hydrothermal
system, its water comes from meteoric water (water
existing atmospheric environment, entering into the earth
to follow hydrologic cycle.

Geothermal energy manifestation in Indonesia
shows to form a volcanic series extending from Sumatra,
Java, Nusa Tenggara, Sulawesi, Halmahera, and part of
Irian Jaya island. The earth heat fields in Java island is
located in G. Salak, Patuha, Wayang Windu, Darajat,
Karaha, Kamojang, Dieng, and Wilis. Dieng geothermal
field is an area that is being operated individually by
Pertamina. Geographically, Dieng geothermal field, which
will be developed in high plain of Dieng of Central Java,
in height of 2000 m – 2400 m on sea level and about 180
km western-east of Semarang city.

Currently there are 25 productive wells that has
been drilled in search of steam energy in prospect areas
around Sikidang-Sikunang, which eventually supplies heat
energy to a Geothermal Power Plant in order to generate
electricity up to 55 MW.

Liquid waste as a product from the exploitation of
geothermal wells, particularly from production test activity,
results in form of solution that may contain elements, such
as Boron, Arsenic, Sulfur, and Hydragirum (Hg) that are
hazardous to human, animal, and plants especially when
not controlled further.

Tulis river water body is one of water bodies to be
used for irrigation for population in high plain of Dieng,
that will be used for waste disposal.

Some water pollutions, which are caused by
disposal water of earth heat energy application, are :
a. Ammonia pollution is mainly caused by the presence

of steam coming from geothermal fields that contains
a significant concentration of ammonia.

b. Boron pollution can be caused by steam / water
separation process containing boron.
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c. Arsenic pollution is caused mainly if boron or arsenic
concentration should exceed 90% out of the total
liquid phase after steam and water separation process.

d. Heavy metal pollution can take place in geothermal
field in high temperature or high salinity.

Water quality is determined by suspended sediment
content and liquidized chemical material in the water. On
the other hand, high sediment content will increase
irrigation line shallowness and reduce land permeability.
The most important irrigation water characteristics are :
electric conductivity of water stated in mhos/cm, Na
content  stated in Sodium Absorption Ratio (SAR),
poisonous elements such as chloride, sulfate, bicarbonate,
and boron.

2. DEVELOPMENT OF THE PROPOSED MODEL

Currently, processed waste line disposal in waste
receiver water body has become a common disposal
method. Most rivers have certain capacity to receive waste
that may need certain water quality standards as in  the
existing individual water body. Therefore, it is necessary
to have certain requirements for the disposal flow in order
for the receiver water quality to remain protected so as to
be consistent with its use.

A water quality evaluation model of river flow is
the mass balance equation.

QC = Q0 C0 + Q1 C1

where Q = Mixture flow rate
C    = Mixture component
Q0 = River 1 flow rate
Q1 = River 2 flow rate
C0 = River 1 components
C1 = River 2 components

  
From the equation, we can calculate concentration

of result of 2 combined river branches, or if there is other
disposal source.

      Q0 C0 + Q1 C1 Q0 C0 + Q1 C1

C=        =
   Q    Q0 + Q1

Parameter treatment model in a flow needs to be
considered in case of measuring concentration distribution.
Each particle flows in different speeds. The difference is
caused by turbulence, friction with river base, curved river
flow.

To make river quality model, it has not only
sufficient to understand the speed of flow because
relationship between each liquid of particle in average
speed of flow.

Tracer experiment is an effective procedure to
determine mean speed of flow and dispersion coefficient.

Theoretically, distribution of tracer material concentration
by Smedt (1988) is stated:

            M/A (x – vt)²
C= exp [- ] (2.6)

         2 (πDt)½   4Dt
where C = Concentration, mass/volume

M = Tracer mass
A = Flow cross-sectional area, m2

D = Dispersing coefficient
x = Distance, m
v = Flowing velocity, m/sec
t = time, sec

From the equation, there will be relationship
between concentration (C) and distance (x) in constant
time.

3. RESEARCH PROCEDURE

In this research, the materials in used was
productive disposal water out of geothermal wells in Kali
Tulis around Dieng Field.  The major component, taken
into research for Tulis river, is for quality water standard
parameter of D group, including physical characteristics
such as: temperature, dissolved residue and electric
conductivity. Chemical characteristics include : pH, Mn,
Cu, Zn, Cr, Cd, Hg, Pb, As, Se, Ni, Co, B, % Na, Sodium
Absorption Ratio (SAR), in addition to SO4

- and Cl-

according to chemical composition parameter for quality
water irrigation.

Liquid waste, both from direct wells disposal and
balong (storage pond) within the researched parameters
consists of quality standard waste which includes physical
characteristic parameters such as ; temperature, dissolved
solids, and suspended substances. Chemical
characteristics: pH, Fe, Mn, Ba, Cu, Zn, Cr, Cd, Hg, Pb,
Sn, As, Se, Ni, Co, CN, H2S, F, C12, Nh3, Nitrate, nitrate,
BOD, DO chemical oxygen need, phenol, and several
parameters consistent with irrigation waters, such as, C1,
SO, SAR, and Boron.

A. Water Physical And Chemical Analysis Methods

This research used field and laboratory equipment
to analyze waste-water and Kali Tulis water chemical and
physical characteristics.

1. Field research used the following tools: measurer,
stopwatch, floater / dye, compass, topographic map,
and sample bottle, field meter electric conductivity,
thermometer, and litmus paper.

2. The laboratory research was to analyze physical and
chemical characteristics as follows:
a. Measurement of water temperature by expansion

analysis method.
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b. Dissolved residue was analyzed using a
graphymetric analysis method.

c. Electric conductivity was analyzed using a
potentiometric method.

d. PH investigation was analyzed using a
potentiometric method.

e. Ammonia (NH3), Arsenic (As), Iron (Fe), and
sulfate were examined by the following method:
spectrophotometric using certain reagents for
each parameter.

f. Chloride (C1 ion) was analyzed by tetracy Mohr
method.

g. Boron was as HBO2 was analyzed by tetracy
method in manitol and meter pH.

h. Sodium (Na), Calcium (Ca), Magnesium (Mg),
Kalium (K), Manganese (Mn), Copper (Cu), Zinc
(Zn), Selenium (Se), Nickel (Ni), and Cobalt (Co)
ions examination by atomic absorption
spectrophotometric method.

B. Simulation Method

The prediction of the waste flow rate that may be
disposed in Kali Tulis River applies for a simulation
method, with use of the mass balance equation as
according to fundamental theory, with parameters taken
into account are the major parameters related to irigation
water quality.

Prediction method by simulation toward change in
water quality occurring at connection of Kali Tulis river
branch with water of Sikidang crater passing through
Sikidang Pump House, in mass balance equation.

4. RESULTS

Kali Tulis debit is 82.7 L/minute in dry season and
926 L/minute in rainy season. Kali Tulis capability of
receiving waste water simulated in one early point where
the waste is disposed in Kali Tulis and combined with
branch of Sikidang crater direction (early combined point).
Concentration of early point was meant for estimating
worse condition or dangerous concentration for irrigation
if it is more than quality standard water for irrigation.

The extent of waste debit, in order for each
parameter does not exceed the threshold was estimated by
simulation method furthermore tabulated and debit picture
of waste which would be disposed in Kali Tulis.

From the result of simulation , the most critical
condition was in lowest debit if water parameter has
reached the quality water standard threshold for irrigation
in early combined point.

In dry season, waste critical debit is 0.09 L/minute,
(direct waste of productive test wells) and 0.067 L/minute
(waste of result of processing), because in the waste debit,
concentration has reached 1 mg/L (threshold B = 1 mg/L)

as seen ion Figure 1 and 2. While total other parameter
concentration in early combined point is still in quality
standard threshold for irrigation / D group. In 0.09 L debit
(direct from productive test wells), concentration value of
TDS = 282,46 mg/L, DHL = 391,06 mhas/minute, SAR of
0.67, chloride of 15.68 mg/L, sulfate of 50.41 mg/L. In
0.067 L/minute debit (waste of processing result),
concentration value of DHL of 390.4 mhas/minute TDS of
282.9 mg/L, SAR of 0.96, chloride of 14.2 mg/L. sulfate
of 50.41 mg/L.

In rainy season, waste critical debit is direct waste
of 62 L/minute productive wells test and TDS parameter
concentration of 180.39 mg/L, DHL of 286.83
mhas/minute, SAR of 1.48, chloride of 52.31 mg/L, sulfate
of 33.5 L/minute and TDS parameter concentration of
185.99 mg/L, DHL of 284.21 mhas/minute, SAR of 1.42,
chloride of 46.43 mg/L, sulfate of 47.115 mg/L.

5. DISCUSSION

From the result of various analysis, naturally shows
that the water quality for the Kali Tulis system in research
period during the dry season proves that it’s unsuitable to
be implemented as irrigation water. While in research of
rainy season, quality water of Kali Tulis water body highly
met requirement of D ground, except water from Sikidang
crater. AS seen in Table 1 and 2, result of analysis on
direct wastewater from wells and the processed waste
included IV group. From result of observation on
percentage of decrease in concentration of each parameter,
actually the currently conducted process system has not
reached requirement, because disposal result concentration
still included IV group.

From result of simulation, really Kali Tulis in dry
season only receives directly liquid waste from wells of
maximum 0.09 l/minute. In rainy season, direct debit from
wells that may be disposed in Kali Tulis is maximum 62
l/minute. For processed waste disposal, disposal debit in
dry season was 0.067 l/minute, while in rainy season the
figure was 33.5 l/minute.

CONCLUSIONS

1. Result of chemical analysis for liquid waste of storage
pond and some productive test wells, water waste
includes IV group and boron elements as waste, that
are most largely found, are DHL, TDS, SAR and
chloride.

2. Kali Tulis capability in dry season to receive liquid
waste is 0.067 – 0.9 l/minute and in rainy season is
33.5 – 62.5 l/minute.

3. Result of chemical analysis in Kali Tulis in dry and
rainy seasons meets requirements of irrigation water /
gold, it means that farmers must maintain plants that
are sensitive to boron, such as, potato, cabbage, garlic,
carrot and bean.
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Fig. 1. Well Waste Rate (6 well) Fig. 2. Well Waste Rate (6 well) 
vs. TDS (Initial Mixed) vs. Conductivity (Initial Mixed)

Fig. 3. Well Waste Rate (6 well) Fig. 3. Well Waste Rate (6 well) 
vs. S A R (Initial Mixed) vs. Chloride (Initial Mixed)

Fig. 3. Well Waste Rate (6 well) Fig. 3. Well Waste Rate (6 well) 
vs. Sulfate (Initial Mixed) vs. Boron (Initial Mixed)
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