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Features of Maritime and continent aerosols and clouds (Khain et.al., 2005)

Small aerosol (CCN) size but larger amount, Slow to rain, Large rainfall amount

Maritime:

Big aerosol (CCN) size but smaller amount, Quick to rain, Small rainfall amount
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| Weather Modification Technology for rain reduction

» Studies on rain intensity reduction has been done by many scientists both in the
laboratory by using some models and also by field experimentations. Those studies are
based on the relationship between aerosol, clouds microphysics and precipitation.

* Yin et al. (2000) states that based on numerical calculation of hygroscopic seeding
impact on convective clouds, seeding agents with a size of less than 2 um could decrease
about 22 - 30 % of precipitation.

 Givati and Rosenfeld (2004) showed that urban air pollution in California and Israel may
reduce about 15 - 25% of yearly rainfall.

e According to Khain et al. (2005), small cloud condensation nuclei CCN may produce
small droplets, which have small collision efficiency, thereby causing deep convective
clouds decreasing precipitation.
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* The best example of “ " is during forest fires events. There are too

many aerosol present (~2000/ cm3), which have sizes less than 2 um, produced by forest fires,
cumulus clouds barely developed over the fires and vicinity areas.







SEA Games 2011 Project
South Sumatera, Indonesia

- User: Agency for Disaster Management
- Period of 25 Oct — 22 Nov, 2011

-Supported by:

- 4 aircrafts: 2 CASA, 1 Piper Chey
Cessna

- 2 Weather Radars |

- 13 Ground-based Generators .' &

- 4 Met. Sta |

Command Centre at Palembang airport
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Center Lat. -2747S
Center Lon: 118.2475

Hax. value: 59500
(MOSALC)
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' Flood in Jakarta, January 2013 was caused by:

f)-

* Monsoon

- MIO

|° Cold surge

| Daily rainfall on 17 January 2013 was >100 mm
e > 2,000 MilionUusD

e 50 people died

50,000 people evacuated
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odification for Flood Prevention in Jakarta
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GRAFIK CURAH HUJANMN WILAYAH JABD-DETABE K, SEBELUM DANMN SELAMA PELAKSANAAN TMC
(PERIODE 1 JAMNUARI-27 FEBRUARI 2013)
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Jam (WIB)

mm Periode Sebelum TMC mm Periode Selama TMC e Akumulasi Sebelum TMC @ Ak ury

RERATA HISTORIS CH | o b EDISKSI CH GFS 2013 |CH PENAKAR 2013 cH TRMM
PERIODE TRMM 2001 - 2012 AKTUAL 2013
R {mm) {mm)
- {mm) {mm)
n'?-'*‘ 01 s.d. 25 Januari
271.25 351.00 414,11 420.99
(Sebelum TMC)
38,6 % 20,2 %
26 .d27 Feb i ’ '
- ans ehruar 413.02 537.14 253.43 329.43
(Selama TMC) 52,8 % 38,67 %
BADAN PER 4




-

-y ¥ [
- o : a*
— - o 2

e
’ -
- " - ‘ - N e e =T
i s AP P A IS TELE A FPITITRFORRETIY CRYEVILY SN e TSNS T PP

BADAN PENGKAJIAN DAN PENERAPAN TEKNOLOGI



WSJ MNOCO

@ = s

THE WALL STREET JOURNAL. SUBSCRIBE NOW r oot | [SUSscREENGW

fares 2013, OS5

(PNDONE SIA -
Hormne Crumnia A= Exomormy E Elsnis Enoiog! Gaya =aup Oparyi Ingonesias RealTame WEJD Asi=

* Egvpt Seeks to Arrest
Actvists

South African
Soldiers Killed
Clashes

» Mine Chief on
Charm Offensive

A A

Indonesua Tmes Twist on Rainmaking

Weathering Skepticism. It Sends Planes Over Java With a Mission to Make It Pour—Jjust Not
Near Jakarta
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ABOVE WEST JAVA, Indonesia—On 3 recent Sundsay, 3 team of governmant
Be the limited few 10 know

scientists in 3 small Navy plans ross to an sititude of 12,000 fe=t over =

corner of Java to meet an enormous cumulus cloud. To register for a VVIP preview,
} ) ) ) ) click here or call us ot

"That's the on= that we want,” s3id ons of them, Sunu Tikno, directing the pilots 0-800-1-931000

to chart 3 course into the cloud. As the view went blank, four men in the cargo
bay poursed dozens of bags of s=ait, ons ton in all, into the sky, their contribution
to the world's first known effort to use cloud seeding to try to prevent flooding.
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How about rain suppression/reduction using
competition mechanism with ground-base
particle generator?

We design research experiment for rain
suppression at coal mining site using ground
base particle generator in order to help the
coal mining company for reducing operation
cost.
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) 2O Gradient Wind Analysis :
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Average Wind Gradient Direction on January 2019 Average Wind Gradient Direction on February 2019
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Wind direction analysis was needed to determine the location of the ground particle generator.

Data Source: ERA-INTERIM
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Hourly Surface Wind Analysis
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15t Version of Ground Base Generator W5

GPG device produces cloud condensation nuclei/CCN
with majority sizes being < 0,30 um with the help of
combustion from a ground burner unit.

This device works based on the competition principle in
influencing weather and rainfall conditions surrounding
the GPG installation area.

Rain or precipitation occurred due to collision and
coalescence process within the clouds which then
results in rain. GPG would produce artificial CCN
particles in much greater amount compared to natural
CCN particles, so that water vapour competition would
occur between natural and artificial GPG from the GPG
thus disrupting cloud growth and finally reduces rain in
the target area.




Improvement of the Base Generator ‘fﬁ

Winch Manual (WM)

Adjustable Pole (AP)
Burner
Winch Manual (WM)
Tangki Cairan GPG Caravan
Rumah Kompresor
Valve Elpiji (VE)
Tabung Elpiji

Valve Cairan (VC)

» Kaki Penyangga

The improvement of the base generator was needed to multiply the
number of particle produced and also for mobility

BADAN PENGKAJIAN DAN PENERAPAN TEKNOLOGI




Jewes ) WAk Mries ) AN Mexe 1eae) Mea  IaMe 1088 e A Mo men s

Y Y o ~_' X -. > T - .“5“‘ , ‘.c.,- . Y 12 T T 12 Y PETA LOKAS|
e ﬁ"‘ © GROUND PARTICLE GENERATOR (GPG)
U W gy BT et ) PIT ATAS
¢ i)

PT. Borneo Indobara

rar, bosrag (Vpemsan b arenn

Installation

4 A
PROTRI0 wEawe easten

g

1 A
M0 MEA) MM MM 0N A0 MM0e LS M0 MSMNE M s

BADAN PENGKAJIAN DAN PENERAPAN TEKNOLOGI



‘Topography profile of the Target Area
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USAGE OF SEEDING MATERIAL

Liter

600

I

Pemakaian Bahan Semai Ground Particle Generator (GPG)

Periode 1| Januari - 31 Maret 2019

PFemakaian Bahan (Litar)

33T 8N BB ARBTANZ L6 8012166 1820222 26282 46 8 10 121616 1820 272426 28 30

Januari Februari Maret

The seeding material used was a mixed between hygroscopic materials and
flammable solvents.

The above diagram shows seeding materials usage from the period of 1
January — 31 March 2019 with a total seeding materia usage of 44.970
litres.
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Kejadian Hujan di Kusan Bawah bulan Januari-April 2019
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Kejadian Hujan di Giri Mulya bulan Januari-April 2019
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Kejadian Hujan di Kusan Atas bulan Januari- April 2019

24

I' ‘ :
e g, l.' by .li i
12 | I |I .
.. " g A
: 5 - . i -l
1 u 1 & ' [
SR TR O T
Januari Februari Maret April

In total during the months of January-March, there
are 59 rain days in Kusan Bawah, 43 rain days in
Kusan Atas (January was counted from the 25") and
65 rain days in Giri Mulya, with the average rain
durations each being 3.37, 3.03 and 3.40
hours/day.
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Comparison Between Kusan Bawah, GFS, 2008-2017 Historical Rainfall and 2013-2017 Historical Rainfall
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Research Experiment Result
Analysis (Particle produced
from the generator)
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Meteorological Data (Wind Rose Data)

Working Plan Map of GPG Testing in Geostech Area, Serpong, Indonesia Working Plan Map of GPG Testing in Geostech Area, Serpong, Indonesia
_— . \ £ I3 )
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Heading and Wind Speed 5 (07.00 WIB) - 9 (12:00 WIB) Heading and Wind Speed 5 -9 (07:00 - 10:00 WIB) Nov.
Nov. 2018. WIB = Western Indonesian Time. 2018. Kecepatan (kt)

Jumlah Angin
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GPG Particle Distribution in 10 and 1000 m
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Rain Enhancement Project Using Ground

Base Generator In Indonesia .
Case Study: Nickel Mining Area
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Seeding Aircraft
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Map of Larona Catchment Area
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The total area of Larona Catchments Area, as the target area
! for cloud seeding program, is of about 2,477 km2. There are
{three lakes in the Larona, namely Matano, Mahalona and
Towuti that feed the two power stations at Larona and
i Balambano.
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Rain Enhancement using GBG prer’

LOC atl on T R ais LOKASI GROUND BASED GENERATOR
.' Eart1d) . " 2 ‘: # TMC DAS Larona Sulawesn Selatan C"’/"‘/’7 v

Wilayah Konsesi

Concession Area

118,017 ha

Sulawe51 Selatan
South Sulawesi

Bahodopi: 22,699 ha

[

9 Bahodopi

Suasua: 4,466 ha
9 Suasua Pomalaa: 20,286 ha

[

9 Pomalaa

1. Bukit Asuli (121.34500BT, 2.606334LS, 773 mdpl). LARONA CATHMENT AREA

2. Salonsa (121.33510 oBT, 2.51267 oLS, 476 mdpl).

3. Bukit Cinta (121.49920 0BT, 2.51117 oLS, 804 mdpl).

4. Bukit Himalaya (121.39120 oBT, 2.56483 LS, 635 mdpl)
5. Petea (121.4899 oBT, 2.51560 oLS, 500 mdpl).
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GBG Burning at Bukit Cinta & =4 GBG Burning at Bukit Himalaya
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GBG Tower covered by Fog Rain occurrence over the Lake (27-02-2016)

Hygroscopic Flare Loading

B

Flare Warehouse



r_! Daily rainfall amount during GBG Operation (mm/day)

Pola historis curah hujan bulanan dan aktual tahun 2015 dan 2016 di DAS Larona . .
: Curah hujan wilayah DAS Larona
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Water Level height, Inflow & Tinggi Muka Air D. Towuti, Inflow, Outflow DAS Larona

Outflow rate at Towuti Lake TMC Tahap | Tahun 2015 dan 2016
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Perkembangan Kondisi Tinggi Muka Air (TMA) di Danau Matano
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