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RINGKASAN EKSEKUTIF

Luas lahan beririgasi di Indonesia telah mencapai
lebih dari lima juta hektar. Mengingat jumlah
lahan yang dapat dikembangkan menjadi daerah
irigasi dengan mengembangkan sistem irigasi
permukaan adalah terbatas, maka laju
pengembangan daerah irigasi gravitasi yang cepat
seperti telah dialami pada dasawaiza-dasawarsa
yang lalu tampaknya sudah berakhir.

Bersamaan dengan situasi di atas, di beberapa
daerah, terutama di Jawa, luas lahan sawah
mengalami penyusutan yang diperkirakan
mencapai 30,000 hektar per tahun, sebagai akibat
perluasan kota, pertumbuhan lokasi industri, dan
lain-lain. Kawasan Indonesia Timur yang dicirikan
oleh iklim kering dan memiliki daerah marginal
lebih banyak juga memerlukan air baik untuk
keperluan irigasi maupun kebutuhan rumah
tangga. Keadaan ini telah mendorong Pemerintah
Indonesia untuk lebih memperhatikan
pengembangan airtanah atau air permukaan
melalui pengembangan irigasi pompa. Unit irigasi
pompa yang dikembangkan oleh Pemerintah pada
umumnya adalah irigasi pompa airtanah dalam
dimana biaya investasinya ditanggung oleh
Pemerintah. Adapun irigasi pompa yang dibangun
oleh petani, swasta atau Lembaga Swadaya
Masyarakat (J.SM) adalah dibiayai sendiri atau
berasal dari lembaga donor. Pengembangan irigasi
pompa yang diprakarsai oleh LSM. mencoba
mengembangkan sistem irigasi pompa melalui
peningkatan inisitatif dan partisipasi petani.

Ford Foundation dan Small Scale Irrigation
Management Project (SSIMP), USAID,
memandang bahwa dalam pengembangan irigasi
pompa dengan skala atau jumlah yang besar
diperlukan suatu kajian yang memadai. Oleh
karena itu, kajian ini diharapkan dapat
memberikan masukan berupa pengetahuan,
pemikiran, data atau informasi baik berupa
pelajaran dari pengembangan irigasi pompa pada

masa lalu maupun yang sedang dihadapi pada saat
ini, yang diperlukan untuk penyempurnaan
kebijaksanaan pengembangan irigasi pompa di
Indonesia.

Hasil kajian ini merupakan hasil kolaborasi antara
tim dibawah naungan Irrigation Support Project
for Asia and Near East (SPAN) dengan peneliti
pada Pusat Penelitian Sosial Ekonomi Pertanian
(PSE), Badan Litbang Pertanian dimana USAID
dan Ford Foundation masing-masing membiayai
tim ISPAN dan iim PSE. Atas dasar hasil
interaksi dengan pengambil keputusan atau peneliti
di BAPPENAS, Direktorat Irigasi II, P2AT,
Badan Litbang Pertanian, USAID, ADB, dan
Bank Dunia dihasilkan cdelapan isu kebijaksanaan
sebagai Ruang Lingkup kajian yaitu: potensi
irigasi pompa, masalah lingkungan, peranan
pemerintah dan swasta dalam pengembangan
irigasi pompa, alternatif kelembagaan dalam
pengembangan irigasi pompa, kesesuaian
teknologi dalam pengembangan irigasi pompa,
viabilitas ekonomi dari irigasi pompa, kerangka
hukum dan kelembagaan dari sistem irigasi
pompa, dan penumbuh-kembangan kapasitas
Perkumpulan Petani Pemakai Air (P3A).

Potensi Irigasi Pompa

Jumlah penduduk Indonesia diperkirakan akan
bertambah dari 183 juta pada tahun 1990 menjadi
231 juta pada tahun 2005. Peningkatan penduduk
sebesar 26 persen ini akan meningkatkan
kebutuhan akan serealia dari 33.4 juta ton pada
tahun 1988, menjadi sekitar 48.0 juta ton pada
tahun 2005. Untuk memenuhi peningkatan
kebutuhan tersebut diperlukan peningkatan

‘produktifitas lahan yang dapat dicapai melalui

peningkatan upaya diversifikasi, intensifikasi,
ekstensifikasi, dan rehabilitasi. Mengingat luas
lahan di Jawa dimnana sekitar 60 persen produksi
pangan dihasilkan adalah terbatas, maka upaya



diversifikasi dan intensifikasi pada lahan irigasi
yang ada akan tetap merupakan fokus peningkatan
produktifitas pertanian.

Pada tahun 2000 kebutuhan air di Indonesia
diperkirakan meacapai kurang-lebih 149 juta
meter kubik (jmk) dan diperkirakan penggunaan
air untuk pertanian secara nasional mencapai 64
persen atau sekitar 95 jmk. Adapun kebutuhan air
untuk irigasi pada tahun 2000 akan mencapai 87
jmk atau raix sekitar 21 persen dari perkiraan
penggunaan pada tahun 1990. Kebutuhan air
irigasi di Jawa hanya akan naik sekitar 3.3 persen
selama dekade tersebut.

Air Permukaan—Curah hujan rata-rata tahunan di
Indonesia adalah lebih dari 2500 mm dan
keragamannya makin ke timur semakin besar.
Sebagian besar wilayah mempunyai musim
kemarau minimal empat bulan lamanya dan
bahkan beberapa wilayah merupakan daerah
bayangan hujan sepanjang tahun. Wilayah kering
ini  merupakan prioritas utama untuk
pengembangan sarana tangkapan (reservoir) air
permukaan atau peningkatan kapasitas imbuh
airtanah.

Adianah—Airtanah  dari  akuifer dangkal
merupakan sumber air utama untuk keperluan
sehari-hari bagi 90 persen penduduk desa.
Sedangkan akuifer dangkal dan akuifer dalam
menyediakan sekitar 65 persen dari kebutuhan air
nasional untuk industri. Upaya pengembangan
airtanah oleh Pemerintah, yang telah dimulai pada
awal tahun 1970-an, baru dapat mengembangkan
irigasi pompa airtanah sekitar 28,000 hektar atau
17 persen dari 168,000 hektar potensi yang telah
teridentifikasi. Hal ini disebabkan terutama oleh
kelungkaan sumberdaya untuk pengembangan
airtanah pada wilayah potensial tersebut yang
menyebar di seluruh Indonesia. Akhir-akhir ini
upaya pengembangan irigasi pompa airtanah
mendapat prioritas sehubungan dengan upaya
penanggulangan kemiskinan khusasnya di kawasan
Indonesia Timur yang pada umumnya beriklim
kering.

vi

Kesadaran akan Faktor dan Dampak terhadap
Lingkungan

Pengembangan pompa untuk menaikkan airtanah
dapat menimbulkan dampak negatif terhadap
lingkungan yang seringkali bersiiat tidak dapat
pulih kembali. Salah satu dampak ncgatif yang
penting adalah pengurangan ketersediaza air untuk
penggumaan lainnya seperti air minuri. Disamping
itu intrusi air laut seringkali terjadi apabila
pemompaan airtanah dilakukan pada mintakat
(zona) pantai.

Dampak positif dari pengembangan irigasi pompa
airtanah dapat berupa peningkatan produksi
pertanian, penambahan kesempatan kerja dan
pendapatan, serta penyediaan kebutuhan air untuk
penggunaan lainnya di pedesaan, khususnya pada
musim kemarau. Pengamatan di Jawa Tengah
menunjukkan bahwa dengan adanya irigasi pompa,
kesempatan kerja meningkat sampai 300 %ari kerja
orang per pompa. Dampak positif ini akan sangat
berarti bagi penduduk yang berada pada kondisi
seperti yang terdapat pada lingkungan kawasan
Indonesia Timur.

Berdasarkan beberapa pengamatan, ada
kemungkinan kualitas airtanah pada akuifer dalam
kurang atau bahkan tidak memenuhi syarat untuk
dapat dijadikan air irigasi karena mengandung
senyawa kimia yang tidak sesuai dengan
kebutuhan tanaman atau bahkan membahayakan
kesehatan manusia. Hal yang sama juga terjadi
pada beberapa sungai akibat kandungan
aluminium, sulfat dan khlorida dalam konsentrasi

tinggi.

Peranan Pemerintah dan Swasta dalam Irigasi
Pompa

Penataan yang tepat tentang peranan pemerintah
dan peranan swasta, termasuk petani, merupakan
agenda kebijaksanaan yang penting baik di
Indonesia maupun di dunia internasional. Dengan
semakin ketatnya kendala pembiayaan yang
dihadapi oleh pemerintah serta kelangkaan dalam
sumberdaya lain seperti tenaga ahli, maka semakin
diperlukan partisipasi aktif swasta dalam



pembangunan. Permasalahan yang dihadapi adalah
menarik garis batas yang tepat tentang
tanggungjawab di antara pelaku ekonomi tersebut.
Di Indonesia ada kecenderungan bahwa swasta
akan memainkan peranan yang semakin penting
dalam pengembangan dan pemeliharaan irigasi
pompa apabila pemerintah Indonesia memberikan
lebih banyak daerah irigasi kepada P3A.

Pada saat ini irigasi pompa swasta/petani telah
mencapai luasan areal irigasi lebih dari 150,000
hektar dibandingkan dengan hanya 30,000 hektar
dan 20,000 hektar yang masing-masing berupa
irigasi pompa airtanah dan irigasi pompa air
permukaan (sungai) yang dikembangkan oleh
pemerintah. Meskipun demikian, pengetahuan atau
data tentang irigasi pompa swasta ini masih sangat
terbatas. Disamping itu belum banyak upaya
pendataan yang dilakukan. Pendataan irigasi
pompa swasta ini juga lebih sulit mengingat
dicirikan oleh penyebarannya yang tinggi,
berukuran kecil dan mudah dipindahkan dari satu
tempat ke tempat lainnya.

Berkembangnya irigasi pompa di Indonesia oleh
swasta didukung oleh tumbuhnya industri pompa
dan mesin dalam negeri. Lebih dari 60 pabrik
memproduksi pompa dan motor-motor penggerak
yang berukuran kecil-kecil. Juga terdapat sejumlah
besar bengkel-bengkel kecil yang memberikan
dukungan teknis dan perbaikan peralatan pompa.
Pihak swasta selama tahun 1989-1990 telah
menghasilkan lebih dari 50,000 pompa irigasi.

Pengembangan Kelembagaan pada Sistem
Irigasi Pompa

Departemen Pekerjaan Umum, Direktorat Jenderal
Pengairan membentuk satu unit khusus yaitu
Proyek Pengembangan Air Tanah (P2AT) dalam
Direktorat Irigasi II untuk melakukan penyidikan
potensi pengembangan irigasi pompa airtanah dan
membangunnya dalam skala besar. Semula
pengembangan irigasi airtanah ini diperuntukkan
sebagai sarana peningkatan produksi padi dalam
rangka mencapai swasembada beras.
Perkembangan selanjutnya adalah, khususnya pada
perkembangan akhir-akhir ini, tujuan

pengembangan irigasi pompa lebih diarahkan
untuk meningkatkan pendapatan petani di daerah
miskin tanpa mengabaikan pertimbangan ekonomi
dan kebiasaan usahatani petani setempat. Oleh
karena itu, upaya diversifixasi usahatani untuk
meningkatkan pendapatan melalui pemilihan jenis
komoditas yang bernilai tinggi dan penerapan pola
tanam yang sesuai dengan kondisi tanah dan agro-
klimat setempat, merupakan langkah perubahan
penting dalam memanfaatkan irigasi pompa.
Sebagai contoh, dilihat dari segi peningkatan
pendapatan, komoditas tembakau merupakan
komoditas utama di Madura sedangkan bawang
merah merupakan komodi:as penting dalam sistem
usahatani di.Kediri, Jawa Timur.

P2AT merupakan suatu bentuk kelembagaan
proyek dengan batas waktu, pendanaan,
pengorganisasian dan lain-lain sesuai dengan
ketentuan tentang keproyekan yang berlaku di
Indonesia. Sebagian besar lokasi pengembangan
irigasi pompa airtanah berada di Jawa dan Madura
dengan bantuan teknis dari donor bilateral seperti
Overseas Development Administration (ODA) dari
pemerintah Inggris. Pendekatan pengembangan
yang dilaksanakan pada dasarnya berupa kajian
kelayakan dan pengembangan pedoman irigasi
airtanah dalam oleh P2AT.

Lebih rinci lagi, ruang lingkup kegiatan P2AT
mencakup impor peralatan pengeboran dan
pemompaan, eksplorasi dan membangun sistem
irigasi pompa, dan pelatihan staf. Perencanaan,
rancang bangun dan kontruksi dari sistem sumuran
terutama ditentukan atas dasar pertimbangan
teknis, termasuk potensi akuifer, derajat
kekurangan air, tataletak dari saluran air
permukaan yang ada, dan topografi lahan.
Meskipun kesepakatan untuk menentukan lokasi
pengeboran dan jalan masuk didasarkan atas
kesepakatan dengan pimpinan desa, tetapi proses
ini masih harus terus disempurnakan agar
partisipasi masyarakat dalam proses
pengembangan irigasi pompa airtanah ini dapat
meningkat.

Pendekatan yang berbeda dilakukan oleh Lembaga
Swadaya Masyarakat seperti Bina Swadaya dalam
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pengembangan irigasi pompa air permukaan
(sungai) dengan skala yang cukup besar. Bina
Swadaya menerapkan pendekatan pengembangan
irigasi pompa melalui pengembangan kelembagazn
masyarakat pada tahap awal kegiatan. Setelah
diketahui bahwa irigasi pompa adalah layak
dikembangkan, Bina Swadaya membantu petani
untuk membentuk wadah organisasi berupa
Perkumpulan Petani Pemakai Air (P3A) beserta
perangkat organisasinya seperti Anggaran Dasar
dan Anggaran Rumah Tangga, memilih ketua dan
pembantunya, membangun konsensus untuk suatu
permasalahan tertentu dan lain-lain. Selanjutnya,
Bina Swadaya juga membantu menyediakan serta
melatih  petugas untuk dapat melakukan
penyuluhan pertanian sekaligus bertindak sebagai
“community organizer” untuk menghidupkan
kelompok tani.

Bentuk kelembagaan ke tiga dalam pengembangan
irigasi pompa adalah irigasi pompa air permukaan
yang dikembangkan oleh swasta termasuk petani.
Di Subang, Jawa Barat, dijumpai tiga buah pompa
swasta yang dapat mengairi lahan sawah berkisar
antara 70 sampai 200 hektar. Sistem pompa yang
dibangun merupakan hasil rakitan tenaga setempat
dengan memanfaatkan mesin dan pompa bekas.
Alokasi air serta biayanya ditentukan melalui suatu
proses negosiasi dimana pemerintah desa
memegang peranan penting dalam mencapai harga
air yang disepakati bersama antara petani, pemilik
pompa dan pemerintah desa. Untuk
mengoperasikan pompa dan mengatur alokasi air,
pemilik pompa dibantu oleh ketua blok atau ulu-
ulu.

Kesesuaian Teknologi pada Irigasi Pompa

Suatu teknologi dikatakan sesuai apabila teknologi
tersebut dilihat dari segi sosial-budaya, finansial
dan ekonomi dapat diterima, dan secara teknis
dapat diterapkan sesuai dengan umur teknis yang
telah diperkirakan. Di Indonesia, kebanyakan
pompa-pompa yang besar dan padat modal,
motor serta pompa untuk irigasi pompa airtanah
adalah disediakan oleh Pemerintah. Sebaliknya,
unit-unit pompa yang lebih kecil pada umumnya
dibeli dan dipasang oleh petani dengan
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menggunakan sumberdaya yang dimilikinya.
Disamping itu, pompa-pompa kecil pengadaannya
ada juga yang bersumber dari bantuan pemerintah
melalui pelbagai program, antara lain bantuan
pemerintah untuk penanggulangan bencana alam
seperti kemarau panjang.

Pada beberapa wilayah, pemanfaatan airtanah
untuk irigasi telah menjadi tradisi. Secara
tradisional, sumur-sumur telah dibangun untuk
menyediakan air bagi tanaman-tanaman yang
bernilai ekonomis tinggi seperti tembakau dan
bawang merah. Sumur-sumur dangkal atau sumur
pantek tersebut digali dan diplester secara manual,
atau dibor secara mekanis. Semua peralatan
pengeboran, selubung sumur, dan komponen-
komponen lainnya merupakan buatan lokal.
Ribuan sumur sederhana semacam ini telah
dibangun oleh petani atau kelompok petani di
Indonesia.

Sumur dengan kedalaman menengah dan dalam
dibuat pada lokasi dengan kedalaman airtanahnya
lebih dari 10 meter. Sumur-sumur yang lebih
besar dan lebih dalam ini memerlukan teknologi
pengeboran dan pembuatan sumur yang berada di
luar kemampuan petani. Investasi pompa terendam
(submersible) juga sangat mahal sehingga bantuan
dana pemerintah diperlukan.

Proyek-proyek irigasi pompa yang dikembangkan
oleh pemerintah menggunakan pipa PVC yang
dipendam dan dibantu oleh pipa penaikan (riser
pipe) dan kotak outlet untuk membagi air ke
seluruh lahan irigasi. Secara teoritis sistem
semacam ini memang lebih baik meskipun sistem
ini menuntut pemeliharaan yang mahal.

Persentase jam kerja aktual terhadap kapasitas jam
kerja pompa merupakan petunjuk yang baik
terhadap kesesuaian teknologi irigasi pompa. Pada
areal yang diteliti, persentase jam kerja pompa
rata-rata relatif lebih rendah dibandingkan dengan
kapasitasnya. Pompa sumur dalam rata-rata
mengalami satu kdli kerusakan menengah dan
berat, yang biasanya terjadi pada bagian transmisi
dan mesin. Selama ini sukucadang pompa
disediakan oleh P2AT.



Viabilitas Ekonomi Irigasi Pompa

Viabilitas ekonomi irigasi pompa secara langsung
berkaitan dengan tingkat penggunaan pompa dan
keuntungan yang diperoleh oleh pemakai air.
Agar diperoleh keuntungan dari investasi irigasi
pompa, para petani harus mempunyai peluang
untuk menggunakan peralatan tersebut secara
teratur sehingga biaya peralatan dapat tersebar
pada beberapa musim.

Pengamatan di lapangan membuktikan hahwa hal
tersebut tidak dapat dicapai. Dari perkiraan
rencana intensitas tanam 300 persen, pada
kenyataannya intensitas tanam lahan irigasi hanya
sekitar 170 hingga 250 persen. Hal ini terjadi
karena luas areal yang diairi jauh lebih rendah
dibandingkan dengan luas areal yang dirancang.
Situasi seperti ini terjadi baik pada sistem
distribusi air permukaan maupun pada sistem pipa
terpendam.

Meskipun jangka waktu proyek untuk membiayai
irigasi pompa telah berakhir beberapa tahun yang
lalu, pompa-pompa tersebut masih menerima
bantuan dari pemerintah. Pada irigasi pompa ini,
petani ternyata masih membayar lebih tinggi untuk
air pompa dibandingkan dengan petani yang
memperoleh air irigasi permukaan, walaupun
sebenarnya petani hanya membayar biaya O&P
(operasi dan pemeliharaan) dan tidak dibebani
biaya investasi peralatan. Di Jawa Barat iuran ini
besarnya mencapai 20 persen dari biaya tunai
produksi usahatani. Sedangkan di Yogyakarta
besarnya biaya ini dapat mencapai 30 persen dari
biaya tunai usahatani.

Perhitungan B/C menunjukkan bahwa masih
sedikit sistem irigasi pompa yang mempunyai nilai
1 atau lebih. Dengan mempelajari nisbah B/C
akan tampak bahwa bila biaya investasi
dimasukkan, maka kelayakan ekonomi sebagian
besar pompa masih rendah.

Kerangka Hukum dan Dukungan Institusi

Sebelum ditetapkan undang-undang tentang air
yang berlaku sekarang ini, peraturan tentang air

mengikuti peraturan yang dikembangkan pada
zaman pendudukan Belanda. Pada tahun 1974
pemerintah Indonesia mensahkan undang-undang
tentang Pengembangan Sumberdaya Air sebagai
landasan bagi pembentukan peraturan-peraturan
dan ketentuan-ketentuan pengembangan
sumberdaya air.

Dalam kaitannya dengan airtanah, Peraturan
Pemerintah No. 22/1982 Pasal 6 tentang
Pengairan menyatakan bahwa “Pengurusan
administratif atas sumber air bawah tanah, mata
air panas sebagai sumber mineral dan sumber
tenaga menjadi wewenang Menteri yang
bertanggungjawab dalam bidang pertambangan”.

Pemerintah Daerah Propinsi mempunyai
wewenang memberikan ijin pengeboran airtanah
setelah memperoleh rekomendasi teknis dari
Direktorat Geologi Tata Lingkungan. Pemerintah
propinsi dapat mengeluarkan peraturan daerah,
instruksi dan keputusan, termasuk pemberian ijin
hak penggunaan. Untuk pengembangan airtanah,
kegiatan ini dilakukan oleh Departemen Pekerjaan
Umum melalui P2AT.

Tanggungjawab kegiatan O&P dan sarana irigasi
dilimpahkan kepada propinsi dan pemerintah
daerah setempat. Instansi-instansi yang terkait
adalah Dinas Pertanian Propinsi, Kelompok Petani
Pengelola Air dan panitia irigasi yang bekerjasama
dengan Dinas Pertanian Tanaman Pangan propinsi
dan instansi terkait lainnya.

Memperkokoh Kapasitas Perkumpulan Petani
Pemakai Air (P3A)

Fengembangan daerah irigasi pompa di Indonesia,
baik yang dilakukan oleh pemerintah maupun oleh
swasta, selalu berkaitan dengan P3A. Seperti
halnya dalam kegiatan irigasi gravitasi, P3A
diharapkan dapat digunakan sebagai wahana untuk
meningkatkan dan mengatur peranserta petani
dalam mengelola air. P3A ini juga
bertanggungjawab dalam menetapkan dan
menguinpulkan iuran air, penggantian motor dan
penggantian pompa.
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Pada saat ini terdapat dua pola pembentukan P3A,
yaitu P3A yang didasari keputusan pemerintah dan
yang dibentuk oleh LSM. Data yang dimiliki oleh
P3A masih sedikit dan tidak lengkap. Neraca
keuangan umumnya jarang dibuat atau jarang
disimpan dengan baik. Meskipun kadang-kadang
sejumlah simpanan dapat dikumpulkan, simpanan
ini dipegang oleh pengurus P3A dalam bentuk
tunai, rekening bank atau natura.

Pada sistem irigasi gravitasi, petani dan kelompok
petani mengambil keputusan tentang alokasi air di
tingkat petak tersier. Sedangkan pada sistem
pompa, mereka mengambil keputusan tentang
alokasi air di seluruh lahan yang diairi pompa.
Setiap blok memperoleh air pada sutu atau
beberapa hari tertentu. Keputusan ini dibuat oleh
pengurus P3A.

Rekomendasi
Rekomendasi Teknis

L Pemerintah Indonesia sebaiknya tidak
mengembangkan sistem irigasi pompa di
areal yang telah dikembangkan atau
mampu dikembangkan olch masyarakat
secara swadaya.

. Meskipun P3A pada irigasi pompa
umumnya telah efektif, tidak selalu
diperlukan P3A dengan kompleksitas
struktur yang homogen pada seluruh
daerah irigasi.

u Perlu penyempurnaan dalam pendataan
pada sistem irigasi pompa yang
diharapkan dapat berjalan dengan baik dan
lancar, dengan disertai pembakuan dalam
hal pengumpulan datanya.

= Pengembangan airtanah dangkal sebaiknya
dilakukan oleh petani sendiri dengan
menggunakan sumur dengan motor
penggerak kecil buatan lokal. Pemerintah
diperlukan peranannya dalam pemantauan
dampak lingkungan.

= Perlu dilakukan penyempurnaan dalam
“seleksi jenis mesin dan pompa dalam
pengembangan daerah irigasi airtanah
berskala besar melalui P2AT yang
umumnya diperoleh melalui bantuan luar
negeri.

= Pemerintah  disarankan untuk tidak
melakukan investasi pompa turbin bila
suku cadang tidak tersedia, kecuali bila
pemerintah bermaksud untuk
mengoperasikan sendiri peralatan itu.

Rekomendasi Lingkungan

B Evaluasi sumberdaya air nasional dan
implementasinya  berdasarkan satuan
wilayah sungai harus dilaksanakan secara
nasional dan secepat mungkin.

» Pada areal airtanah dangkal diperlukan
pengawasan terhadap jumlah pompa yang
dioperasikan petani untuk menghindari
pemompaan yang berlebihan.

W  Eksplorasi airtanah sebaiknya
dilaksanakan secara terpisah dengan
pelaksanaan program irigasi.

u Diperlukan upaya yang lebih baik untuk
mengoptimalkan pemaniaatan data yang
tersedia agar dapat digunakan sebagai

dasar perencanaan pengembangan
sumberdaya air berdasarkan kelestarian
lingkungan.

] Diperlukanpendugaan tentang penggunaan
sumberdaya air secara periodik agar stok
sumberdaya tersebut dapat diketahui
dengan pasti.

Rekomendasi Institusi

n Keikutsertaan pemerintah dalam program
pengembangan dan pengelolaan irigasi
pompa akan selalu diperlukan dengan
jenis dan derajat keikutsertaan yang



berbeda sesuai dengan kondisi
sumberdaya dan sosial ekonomi yang
berbeda-beda menurut wilayah yang
berbeda pula.

Pemerintah perlu tetap memberikan
bantuan dalam bentuk pelbagai latihan
untuk meningkatkan kemampuan
manajerial dan teknis dari P3A seperti
latihan pembukuan keuangan,
perbengkelan dan lain-lain, baik sebelum
atau sesudah penyerahan pompa.

P3A perlu dilembagakan sebagai lembaga
dengan status badan hukum agar P3A ini
dapat memperoleh kekuatan hukum yang
lebih tinggi.

Sistem irigasi pompa harus didisain
dengan lebih melibatkan partisipasi petani,
aparat desa dan aparat kecamatan.

Rekomendasi Kebijakan

Di tingkat nasional dianjurkan untuk
dibentuk institusi yang melakukan
inventarisasi peralatan irigasi pompa
pemerintah maupun perorangan/swasta.

Bila irigasi pompa akan dikembangkan di
wilayah miskin, suatu mekanisme harus

diciptakan untuk menjamin
keberlangsungan bantuan, terutama untuk
pemeliharaan dan penggantian suku
cadang.

Perlu dibentuk sistem mekanisme
perkreditan yang berhubungan dengan
perigoperasian pompa agar petani dapat
menginvestasikan modalnya pada
komoditas pertanian yang bernilai tinggi
agar petani mampu membayar biaya
operasi, pemeliharaan dan mungkin
penggantian suku cadang, pompa dan
mesinnya sendiri.

Agar pengembalian investasi pompa
irigasi pemerintah dapat ditingkatkan,
penyuluhan pertanian perlu terus
disempurnakan, termasuk di dalamnya
upaya penyempurnaan sistem pemasaran
sarana produksi dan komoditas pertanian
yang diusahakan.

Mengingat bahwa irigasi juga bertujuan
untuk menanggulangi kemiskinan,
diperlukan pembakuan biaya iuran irigasi
yang efisien dan adil, baik untuk sistem
irigasi permukaan maupun irigasi
airtanah.
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SUMMARY

With more than 5 million hectares of land now
irrigated, the rapid expansion of gravity irrigation in
Indonesia is over. But the Government of Indonesia
(GQI) still faces the problem of extending the ben-
efits of irrigated agriculture to the poorer and drier
areas of eastern Indonesia, leading it to tumn its
attentiors to developing surface and groundwater
sources. The new systems it has built are heavily
subsidized, whereas those constructed by private and
nongovernmental organizations (NGOs) encourage
self-sufficiency.

This study, financed by the Ford Foundation and the
U.S. Agency for International Development
(USAID), through its Small Scale Irrigation Man-
agement Project (SSIMP), assesses past and present
experience, with pump irrigation and offers recom-
mendations for future pump irrigation investment in
Indonesia. Primary data were collected from re-
sponses to four questionnaires: for farmers, pump
operators, water users association (WUA) officials,
and the concerned government agency or NGO staff,
respectively. Secondary data were collected from
project files and reports. In addition, senior mem-
bers from the Faculty of Agricultural Engineering at
the University of Gajah Mada measured the effi-
ciency and operating characteristics of every pump
in the sample. Based on the Scope of Work and
conversations with staff from the National Develop-
ment Planning Council (Badan Perencanaan
Pembangunan Nasional—BAPPENAS), Sub-Direc-
torate of Groundwater Development Planning (Pro-
yek Pengembangan Air Tanah—P2AT), and the
Agency for Agricultural Research and Development
(AARD), and USAID, Asian Development Bank
(ADB), the World Bank, and other donors, the study
addresses eight policy issues: pump irrigation poten-
tial; environmental concemns; roles of the public and
private sectors in pump irrigation; institutional op-
tionc for pump irrigation development; appropriate-
ness of technologies for pump irrigation; economic
viability of pump irrigation; legal framework and

institutional support; and strengthening the capacity
of water users associations.

Pump Irrigation Potential

Surface Water—Rainfall over Indonesia averages
more than 2,500 mm a year but is more variable
towards the east. Many areas have a dry season of
at least four months, and some are in the rainshadow
throughout the year. These drought prone areas are
a priority for development of surface reservoir stor-
age or groundwater.

Groundwater—Groundwater from shallow aquifers
is the primary source of domestic water supply for
about 90 percent of the rural population, and shallow
and deep aquifers provide almost 65 percent of the
nation's industrial water requirements. Groundwater
development by the GOI, started in the early 1970s,
has been slow. Only 28,000 ha, or 17 percent of the
identified groundwater potential of 168,000 ha, have
been covered, mainly because of inadequate re-
sources for a large number of small projects scat-
tered over several islands.

Environmental Concerns

Development of pump lift irrigation can have signif-
icant and sometimes irreversible environmental im-
pacts. The chief negative impacts are depriving
other users of the resource and salinization in coastal
zones. Positive impacts are increased agricultural
production, employment generation, and the provi-
sion of rural water supplies.

With respect to irrigation, groundwater is influenced
oniy by chemical factors. At a limited number of
sites in the country, evidence indicates that the water
from several deep wells is not of sufficient quality
for sustainable agriculture. Similarly, water from a
number of rivers is harmful because of high levels
of aluminum, chloride, and sulphite. The extent of
these problems throughout all of Indonesia is not
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well documented, however, since the capacity to
conduct and analyze water quality tests is only
available in a few locations in the country,

Roles of the Public and Private Sectors in
Pump Irrigation

Deteiiaining appropriatc roles for the public and
private sectors is a matter of growing interest and
urgency worldwide. As governments face increasing
budgetary constraints and shortcomings in exper-
tise, they are recognizing the need to make way for
the private sector to step in. The problem is deciding
where to draw the lines of responsibility between the
two sectors. In Indonesia, it seems likely that the
private sector will play an increasingly important
role in the development and maintenance of pump
irrigation as GOI agencies hand over more schemes
to water users groups.

Already, private pump irrigaticn covers more than
150,000 ha compared with only 30,000 ha and
20,000 ha under publicly developed pump irrigation
and river irrigation, respectively. Unfortunately, lit-
tle is known about this private sector activity, which
is difficult to monitor because it is on a small scale
and widely dispersed.

More than 60 domestic manufacturers make small
pumps and engines, and a large number of small
workshops provide repairs facilities for pumping
equipment. The private sector produced over 50,000
irrigation pumps in 1989-90 and imported and sold
more than 250, 000.

Institutional Options for Pump Irrigation
Development

Public pump irrigation development is in the hands
of a special unit, P2AT. Most of its projects are
located in Java and Madura and were built with
technical assistance from bilateral donors, princi-
paliy the Overseas Development Administration
(ODA) of the British Government. Its emphasis is
on deep tubewells, for which it has imported drilling
and pumping equipment and well components and
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has trained a small but competent technical staff.
The planning, design, and construction of tubewell
systems have been determined by technical consid-
erations such as aquifer potential, degree of waier
shortage, layout of existing surface water canals, and
topography. Although village officials have been
consulted about the location of drilling sites and
access routes, beneficiary farmers have had a mini-
mal part in the implementation process.

In contrast, Bina Swadaya, a Jakarta-based NGO,
has focused on providing large pumps and a signif-
icant amount of fixed infrostructure. Bina Swadaya's
approach stresses institutional development at the
outset of their river pump devlopment programs.
Following feasibility studies, farmers are organized
into WUA s and elect their own executive committees
prior to construction. Water users participate in the
installation of the pump hardware through labor
and/or monetary contributions. Agricultural exten-
sion agents trained by Bina Swadaya serve as com-
munity organizers and are given an honorarium for
three years. Equipment and materials are provided
by Bina Swadaya often with some assistance from
the local government.

Appropriateness of Technologies for Pump
Irrigation

A technology is appropriate if it is culturally, finan-
cially, and economically acceptable, technically
sound, and can be operated and maintained at an
acceptable cost over its normal working life. In
Indonesia, most of the larger pumps, engines, and
pumping facilities are installed by the government.
The smaller units are owned by the farmers or are
provided through GOI emergency relief programs.

The larger wells are installed in areas where ground-
water lies below 10 m. They require costly imported
drilling equipment and construction technology and
continued government assistance for development
and replacement. The smaller wells, traditionally
used to provide water for high-value crops such as
tobacco and shallots, are manually dug and lined or
mechanically drilled. All driiling and casing equip-



ment and components are manufactured locally.
Thousands of them have been installed by farmers
and farmers’ groups throughout Indonesia.

Economic Viability of Pump Irrigation

The economic viability of pump irrigation is reck-
oned by the degree of utilization of each system and
the benefits obtained by the users. The 300 percent
increase in cropping intensities predicted by the
planners far exceeds the actual increase of 170
percent found at the study sites. The problem largely
has to do with the failure to integrate extension
services and easy credit into pump irrigation devel-
opment programs. AsS a result, the pumps are not
used enough to reach the planned cropping intensi-
ties, and crop increases do not provide the desired
boost in income.

Even with government subsidies, farmers are still
paying much more for water from the pumps than
farmers with access to public surface irrigation. This
is wespite the fact that payments cover only O&M
and contribute nothing toward capital investment
costs. Benefit/cost estimates calculated from irri-
gated cropping intensities, actual costs of the pump
schemes, and crop yields show that less than half the
public pump irrigation systems have B/C ratios of
1:1 or better. When all costs of development are
included, pump irrigation in Indonesia has yet to
prove itself economically viable. Extensive depen-
dence on outside consultants has pushed the devel-
opment costs above a level that can be supported by
the economic returns from agriculture,

Legal Framework and Institutional Support

Prior to the implementation of the 1974 Law on
Water Resources Development, most of the laws
governing water resources in Indoresia could be
traced back to Dutch colonial rule. The new law
established rules and regulations for water resource
development in the country and vested control of the
use of water in the state. The Directorate General of
Water Resources Development (DGWRD) was

given responsibility for the abstraction and distribu-
tion of groundwater for irrigation. Provincial gov-
emments have the authority to issue licenses for
drilling, after obtaining technical recommendations
from the Directorate of Environmental Geology
(DEG), and may issue their own regulations, instruc-
tions, and decrees. Public groundwater development
for irrigation is assigned to PAT, which is under the
Ministry of Public Works.

Responsibility for O&M of the irrigation infrastruc-
ture is being devolved on the provincial and local
governments. Key actors are the Provincial Irriga-
tion Service (PRIS), the WUAs, and the irrigation
committees at various local government levels that
provide a link with the Provincial Agriculture Ser-
vice (PRAS) and other agencies. Long-term sus-
tainabilin* Lf pump irrigation will depend on the
guidance given to the WUAs and farmers by PRIS,
PRAS, and other agencies through the irrigation
commiitees. Although P2AT will continue to have a
presence in deep groundwater projects, the burden
of responsibility for sustainable O&M will lie with
the local governments,

Strengthening the Capacity of Water Users
Associations

Pump irrigation, whether developed by the public or
the private sector, usually requires the suppo : of the
WUAs. These associations encourage farmer parui.-
ipation in irrigation management and are also re-
sponsible for the imposition and collection of fees
for pump use and, eventually, engine and pump
replacement.

WUAs generally are formed as part of the develop-
ment of pump irrigation schemes funded through the
government and NGOs. Government decrees estab-
lish guidelines for the formation of WUAs in pub-
licly supported schemes, while those developed with
NGO assistance are often more flexible in structure.
Community organizers, eitier trained or prcvided
by the NGOs, can work more closely with farmers
than P2AT staff are able to do on government-spon-
sored sites.
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Recordkeeping by the WUAs is minimal and usually
documents only pump use, with the name of the user
and some measure of use recorded in a ledger. There
are rarely any financial balance sheets, although an
executive committee member may sometimes hold
sizeable savings in cash or in his own bank account.
This often leads to recriminations among WUA
members.,

The WUASs determine the allocation of water. Each
block in the system gets its water on a certain day
or days, and is often named after that day. The
decision, made by the executive committee, is usu-
ally made once, at the initiation of the pump system,
and is rarely revised. Many of the systems keep a
day free in the week for adjustments by farmers who
wish to purchase additional water. The large size of
river pumping systems developed by Bina Swadaya
has led to major problems in organizing farmers and
serving the entire design area, especially the land
near the tail end of the system.

Policy Recommendations

Technical Recommendations

@ The GOI should not develop pump systems
in areas with significant private sector pump
development,

s Although pump irrigation WUASs have been
generally effective, it may not always be
necessary for all schemes to have this high
level of organization.

s Ongoing pump lii imigation programs have
very poor and inconsistent records, and
national standards need to be prescribed.

= Shallow groundwater development should
be left to the farmers, who use locally
constructed wells and small pumps.

m  Most groundwater schemes developed by
P2AT have used equipment supplied
through commodity aid, but this equipment
has proved difficult to maintain locally and
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does not contribute to either the local or the
national economy.

The government should not invest in turbine
pumps when there is no reliable local source
of equipment and spare parts, unless it
intends to operate the equipment itself.

Environmen:al Recommendations

A national water resource evaluation by
river basin or sub-basin should be conducted
as soon as possible.

In shallow groundwater areas, some control
is essential on the number of pumps pri-
vately operated by farmers to prevent excess

pumping.

Groundwater exploration should be sepa-
rated from irrigation program implementa-
tion.

Much valuable data gathered at a cost of
millions of dollars over the last 20 years are
unused. A major effort should be made to
integrate these data into future plans.

Periodic estimates of annual and seasonal
resource utilization by pump lift irrigation
schemes are needed to determine the residue
available for further development.

Institutional Recommendations

Where DTWs are recommended, a perma-
nent government presence is required in
pump irrigation development and mainte-
nance for the program to be effective and
yield the expected income benefits, partic-
ularly on the eastern islands.

Assistance to the WUASs in financial
recordkeeping is needed for monitoring and
backstopping the systems, both before and
after tumover.



WUAs should be given a legal status that
permits them to open bank accounts.

Pump irrigation systems should be designed
with greater farmer participation.

Policy Recommendations

A national inventory of public and private
pump lift irrigation equipment should be
made.

If pump irrigation investment is to be made
in poverty areas, it must be accompanied by
continuing support, particularly with main-
tenance and replacement.

Easy credit should be made available to
enable farmers to invest in high-yielding
crops and pay for the fuel to operate the

pump.

To improve returns on public pump irriga-
tion investment, agricultural extension and
market mechanisms must be provided to
farmers along with the equipment.

Since pump irrigation schemes also are
often intended to alleviate poverty. the abil-
ity of water users to pay should be a factor
in determining the magnitude of fees
charged for water; the present program that
charges farmers in poverty areas as mucli as
10 times more for water than farmers in well
endowed, conjunctive use irrigation areas
are asked to pay for water is not accomp-
lishing its poverty alleviation goals.
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INTRODUCTION

Decreased dependency on food crop imports, espe-
cially rice, was a major objective of the Government
of Indonesia’s (GOI) investment in agriculture dur-
ing the 70s and early 80s. Large increases in crop
production were achieved through adoption of mod-
emn high-yield varieties (HY Vs), expanded use of
fertilizers, weed and pest control, and investments
in government irrigation systems, with top priority
given to the country’s irrigation infrastructure. It is
estimated that over $14 billion have been invested in
construction and rehabilitation of irrigation systems
in Indonesia during the past 25 years.

With more than S million ha of land now irrigated.
the most favorable sites have been developed, and
the cost of building new systems to keep pace with
the rising population is soaring, now ranging be-
tween $3,500 and $7,000 or more per ha. Mean-
while, urban expansion is steadily encroaching on
irrigated land and currently is estimated to consume
more than 30,000 ha yearly. Yet, the GOI still faces
the problem of extending the benefits of irrigated
agriculture to the much poorer and drier areas of
eastern Indonesia, where the scope for enhanced
gravity irrigation systems is very limited.

These concerns have prompied the GOI to pay
increasing attention to developing surface water and
groundwater sources through the introduction of
pumps for converting rainfed land to irrigated land,
or using irrigation to supplement inadequate surface
supplies. Where the government has taken the lead
in developing pump irrigation, the new systems
generally have received extensive assistance. Wells
have beer drilled free of charge, pump sets have
been given to the farmers, canals have been con-
structed with minimal farmer equity investment, and
agricultural inputs have been subsidized. Private and
NGO-led development, on the other hand, has
stressed farmer involvement ard, in some cases,
farmer investment in the capital stock, operations,
and maintenance of the new systems. Between these

extremes is a broad range of approaches thai other
agencies have tried with varying degrees of success.

Faced with financial realities, the GOI has reas-
sessed its ability to continue massive subsidies to
irrigation, presently estimated at Rp. 1.0 to 1.3
trillion (about $606-788 million), and is showing a
willingness to accept more private sector invest-
ment. The new policy environment could be condu-
cive to expanded pump irrigation, and for many
crops the value of pumped water may be extremely
high. Nevertheless, there are uncertainties about the
technical capacity of the relevant implementing
agencies to develop pump irrigation and questions
about the economic viability of pumping, financing
arrangements, sustainable pumping levels, agricul-
tural support services for crops other than rice, and
the legal and institutional supports needed for strong
pump users associations.

Unless the GOI and the donors address these issues,
especially the economic ones, there is a danger that
the explicii and implicit subsidies in public sector
promotion of pump irrigation will produce unsus-
tainable practices and/or environmental degrada-
tion. Among the possible negative effects of
inappropriate models of pump development are in-
creased pumping costs and salt water intrusion from
overuse of groundwater, and accelerated contamina-
tion of water supplies from the increased use of
agro-chemicals associated with high-value irrigated
agriculture. Effective long-term aquifer manage-
ment can only be achieved with an adequate base of
information about both the nature and potential of
pump irrigation resources themselves, especially
groundwater, and about past exnerience with the
process of developing that water wealth.

Understanding the proper role of pump irrigation in
agricultural development will be crucial for the
formulation of appropriate policies and implementa-
tion of sustainable investments in pump irrigation
now being discussed for the next five years. Given
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the diversity of previous programs, the GOI will not
gain this understanding without better and more
systematic information on the results of past invest-
ments. At present, for example, there are many
actors in this area, including a number of agencies
of the central and provincial govemments, the pri-
vate sector, and the NGO community. But there have
been few inventories or comparative assessments of
the various approaches and monitoring of the agro-
economic benefits, the sustainability, or the environ-
mental impact of pump and groundwater irrigation
throughout the country. Thus, the GOI has limited
reliable information on which to base its planning
and its requests to donors for expanded pump irri-
gation development.

Policy Background

Development of Indonesia's water resources has
made a major contribution to the country's economic
growth. The Ministry of Public Works (PU) is
charged with overall planning, development, and
management of surface water resources and may
assist the provinces in all related matters. PU is
empowered to collect data on water quantity and
quality, make policies on water resource use, advise
on water management, and regulate waste water.
Within PU, the most important agencies for water
management are the Directorate General of Water
Resources Development (DGWRD) and two direc-
torates of irrigation. The Ministry of Mining and
Energy has authority for the administration of
groundwater, and its Director General of Geoiogy
and Mineral Resources (DGGMR) has been as-
signed responsibility for groundwater management.
The Directorate of Environmental Geology (DEG)
has received authority from the DGGMR for evalu-
ating groundwater resources nationwide, for
groundwater mapping, and for issuing licenses for
groundwater abstraction.

In practice, many users circumvent licensing re-
quirements either deliberately or through ignorance
of the law and, as a result, some aquifers are being
overdrawn, leading to localized subsidence. In at-
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tempting to stop these violations, the DEG faces
Jurisdictional problems with municipalities, has little
enforcement authority and staff outside Jakarta and
Bandung, and lacks the information to determine
safe yields for most aquifers in the country. Com-
plete management of the country's aquifers will be
possible only if Indonesia approaches the problem
in the context of an integrated water policy, as
groundwater supplies and surface supplies interact
dynamically.

The provincial governments have been given author-
ity to issue licenses for drilling and use of ground-
water, but only after obtaining technical
recommendations from the DEG. Given the DEG’s
limited staff and the preference of donors to fund
development projects rather than exploration pro-
grams, much of the actual control of public ground-
water development has been assigned to the
Sub-Directorate for Groundwater Development
(PAT). In addition, the Directorate General of Hous-
ing, Building, Planning, and Urban Development is
responsible for designing and supervising the con-
struction of all major urban water supply and sew-
erage projects, and in recent years has instituted a
number of groundwater development projects to
provide water for cities, towns, and district capitals.

The GOI's official policy for public groundwater
development for irrigation, whether using deep or
shallow wells, is to provide a fuel and lubrication
allotment through the local P2AT office (in addition
to handling all major repairs) for the first two years.
After this, responsibility for operation and mainte-
nance (O&M) of the pump is turned over to the local
government, which then passes it on to the Water
Users Association (WUA). Unfortunately, in the
implementation of most of the public groundwater
pump irrigation schemes, the responsibility for
major repairs and eventual replacement, although
implicit in the transfer, has been less clear. In fact,
the study team only encountered one case, a special
project in Gunung Kidul, Yogykarta, in which the
responsibility for O&M as well as for major repairs
and replacement of large deep tubewell (DTW)



pumps and had been turned over completely to the
local government.

A critical problem with public pump irrigation de-
velopment has been the installation of systems far
beyond the skills and resources of the WUAs to
operate and maintain them. In numerous cases,
inappropriate DTW pumps, large imported diesel
engines, and expensive distribution systems have not
only proved too sophisticated for the local users, but
have required spare parts and specialized tools not
available in the area and sometimes not even in the
country. In order to keep these systems operating,
P2AT has been forced to maintain a field staff long
after the project was scheduled to terminate, thus
defeating the policy of encouraging the local govern-
ment and the WUAS to assume full responsibility for
management.

A potential problem for private pump irrigation
development is the lack of a monitoring system and
of regulation, if needed. As indicated previously, all
groundwater wells are supposed to require a license
that stipulates the depth of the well, the aquifer to
be tapped, and the amount of water to be pumped.
However, in practice, most wells are unlicensed and,
therefore, unmonitored. In addition, under current
laws licenses are not required for manual withdraw-
als from dug wells, pumping from driven wells with
riser pipes not more than two inches, groundwater
withdrawals for domestic supply of not more than
100 m* per month, and water pumped for research
and development by the holder of an authorization
issued by the DGGMR.

Lack of regulation often spurs private initiative and
in Indonesia has clearly led to significant investment
in pump irrigation. But eventually, as experience in
other countries in Southeast Asia, such as Thailand,
has demonstrated, unrestricted pump development

can lead to overexploitation. When this occurs,
small farmers inevitably suffer as larger wealthier
growers, who are able to invest in deep-well and
more sophisticated technologies, capture most of the
water. This raises questions of equity that need to be
addressed before the problem becomes acute and
small farmers have been financially ruined.

A similar situation arises with private river-pumping
schemes, often not licensed although operated with
permission from the local regency administration.
There is usually no control on the quantity of water
abstracted from a local river or stream, nor is there
a mechanism to determine if upstream abstractions
are having a negative impact on downstream users,
who may have depended on the water supply in the
river or stream for decades. The absence of a system
of clearly defined, historical water rights indicates
the need for integrated water resource planning.

Study Design

Recognizing that there was scope for increasing
understanding of the issues and chalienges facing
pump irrigation development, the Ford Foundation
and USAID, through its Small Scale Irrigation Man-
agement Project (SSIMP), felt a detailed study of
pump irrigation in Indonesia would be immensely
valuable in providing an overview and assessment of
past and present experience and offering recommen-
dations to guide future investment.

Although recent investment has moved away from
Java, most of the pump irrigation systems and the
largest service area are located there. The study was
designed to collect data on relatively large systems—
not pilot projects—that had been operating more than
one or two years, and accordingly selected the
following sites:
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System Location Pump Type
Nganjuk-Kediri E. Java DWT and IWT
Gunung-Kidul  Yogyakarta DWT

Subang W. Java River Pumping

Madura Madura island DWT and IWT

Lombok Lombok DWT and IWT

Pump irrigation projects in East Nusa Tenggara,
West Sumatra, and South Sulawesi were also visited.
Figure 1 shows the research sites (RS) and the sites
visited (SV).

Primary data were collected from responses to four
Questionnaires: for farmers, pump operators, WUA
officials, and the concerned government agency or
NGO staff, respectively. A significant amount of
secondary data were collected from project files and
reports. In addition, senior members from the Fac-
ulty of Agricultural Engineering at the University of
Gajah Mada measured the efficiency and operating
characteristics of every pump in the sample. Annex
B shows the pumps selected for data collection.

Policy Issues

As the World Bank presently is re-evaluating its
investment strategy for groundwater development in
Indonesia, this report is expected to be an important
and timely first step in assisting the GOI to formulate
viable policies for development, expansion, and
monitoring of pump irrigation, and to prepare effec-
tive and appropriate proposals for doror assistance
sector.
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Based on the Scope of Work and conversations with
staff from BAPPENAS, P2AT, AARD, Ford Foun-
dation, USAID, ADB, the World Bank, and other
donors, as well as a number of engineering contrac-
tors, the study identified the eight most important
policy issues to be addressed. The purpose was not
to debate the conceptual basis of these issues, but to
provide practical recommendations for successful
investment in punp irrigation in Indonesia. The
policy issues are:

1. Pump irrigation potential
2. Environmental concerns
3. Roles of the public and private sectors

4. Institutional options for pump irrigation
development

5. Appropriateness of technologies for pump
irrigation
6. Economic viability of pump irrigation

7. Legal framework and institutional support

8. Strengthening the capacity of water users
associations

The final section of the report presents the combined
conclusions from the individual policy issue discus-
sions, as well as recommendations for improving
future pump irrigation development.
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Figure 1

Location of Research and Other Sites Visited

RS = Research Site for Data Collection
SV = Pump Irrigation Sites Visited to Observe Activities



PUMP IRRIGATION POTENTIAL

Background

The timely and assured supply of sufficient irrigation
water is necessary for a sustained change to more
productive cropping systems. Despite the hugh his-
torical investment in surface water irrigation, sup-
plies are not always reliable because of a highly
variable annual rainfall and problems of distribution,
operation, and maintenance. Conversely, local sur-
face water and groundwater can provide an assured
supply if pumps are properly maintained and oper-
ated. Pump lift irrigation can be managed in small
discrete units that do not have the operational prob-
lems inherent in large surface water schemes. The
key is to determine the location and magnitude of
land and water resources that can be economically
developed.

There are two areas favorable for pump lift irriga-
tion: existing surface water schemes where pumping
surface and groundwater could augment irrigation
supplies and increase water use efficiency; and uni-
rrigated drought-prone areas with groundwater de-
velopment potential.

Drought prone areas in Java, unserved or only
partially served by major irrigation projects, still
have potential for groundwater development, There
are many similar small areas with negligible surface
water resources but with significant groundwater
development potential scattered among the eastern
islands.

Generally, these drought prone areas are economi-
cally disadvantaged and are targeted for develop-
ment under the GOI's poverty alleviation programs.
Care must be exercised in development because
many areas of Java will face critical water shortages
by 2000, and parts of Nusa Tenggara and Sulawesi

could approach full resource utilization within the
next two decades.

As the population of the country continues to ex-
pand, there will be a greater demand for water, over
and above the needs of specific sectors, to maintain
environmental quality in the rapidly growing urban
and industrial areas. This demand will include water
for flushing urban drains and sewers, for maintain-
ing minimum flows in rivers to dilute effluent and
transport non-biodegradable effluent to the sea, and
for outflows to maintain the salinity balance in
coastal areas. As surface water resources are in-
creasingly required for these essential uses and are
less available for irrigation, groundwater will be-
come more important for both maintaining and
expanding irrigated areas. A prerequisite for eco-
nomically efficient allocation of surface and ground-
water supplies is integrated and multi-purpose water
resources planning for each of Indonesia’s 90 river
basins and island planning units.

Findings
Land Development Potential

Between the end of 1990 and 2005, the population
of Indonesia is expected to grow by 26 percent, from
about 183 to 231 million. Demand for food energy
(calories) will increase by about 60 percent over the
same period because real incomes are projected by
the Central Burcau of Census to increase from 4.1
percent per year between 1988-1995 to 4.7 percent
per year by 2005. As aresult of these trends, demand
for cereals is expected to increase from 33.4 million
metric tons (Mmt) in 1988 to 48.0 Mmt in 2005.
However, with real increases in income, per capita
consumption of rice is expected to fall and demand



for meat, fruit, and vegetables to increase, particu-
larly in Java.

These new demands will have to be met by increas-
ing productivity through intensified land use, im-
proved crop yields, and bringing new lands into
production. In land hungry Java, which has 60
percent of the nation’s population but only 7 percent
of its land, intensifed land use and improved crop
yields will be the only options. In addition, the area
under irrigated rice is likely to shrink by 2005
because of increased urbanization and the growth of
rural settlements and an increase in the area devoted
to fruit, vegetables, and livestock. Reduction in
agricultural area in Java will need to be compensated
for by agricultural development elsewhere. Outside
Java, development will be directed towards rehabil-
itating existing irrigated land and bringing new land
under irrigation.

About 63 percent of the land area of Indonesia is
still covered by forests, while only 12.8 percent is
intensively cultivated (Table 1). Wetland sawah ac-
counts for 4 percent of land use, estates for 4
percent, and upland sawah for only 2.8 percent.
Settlement currently utilizes 2 percent of land area,
most of this ('l percent) in Java and Bali. In Java,
the World Bank (1992) has estimated that 440,000
ha of some of the best agricultural land in Indonesia
will be lost to new industrial development and
associated urbanization by 2010, and an additional
200,000 ha of existing irrigated and rainfed sawah
will be needed for fruit and vegetable production.
The new land available for wetland development is
almost 7 million ha, curreitly outside existing irri-
gation schemes and almost all (93 percent) outside
Java and Bali (Table 2). Clearly, land availability will
not be a constraint on the development of pump
irrigation.

The present GOI policy to allow continued industri-
alization in north Java means that the best agricul-
tural land will be lost and the multiplier effect of
industrialization in the eastern islands ‘will be jeop-
ardized. Pump irrigation water is expensive and
better used for high-value horticulture and vegetable

production in Java than for irrigating low-return
maize or wetland rice elsewhere. Using pump irri-
gation from groundwater in Java would mean a
proportionately greater saving of scarce surface
water, which in wrn would help the economy in
meeting urban and industrial needs.

Water Resources Demand

Water demand in Indonesia by 2000 is estimated to
be 149 billion cubic meters (Bm3). of which agri-
culture will account for 64 percent, or 95 Bm? (Table
3). Irrigation use is estimated to be 87 Bm3. an
increase of 21 percent over the 72 Bm°> used in 1990,
or an annual increase of about 2 percent (Table 4).
Irrigation demand in Java will increase by only 3.3
percent during the decade, but elsewhers it is pro-
jected to increase by about 48 percent, or 5 percent
a year.

Water Resources Availability

Surface Water

Rainfall over Indonesia averages more than 2,500
mm a year but is more variable towards the east.
Most parts of Sumatra, Kalimantan, Central Sul-
awesi, and Irian Jaya have an annual rainfall between
2,000 and 2,500 mm, but Southern Sulawesi, Cen-
tral Java, and the islands of Nusa Tenggara have a
dry season of at least four months. As these areas
receive rainfall from the southeast and northwest
monsoons, there can be a marked difference in
rainfall from one side of an island to the other.
Topography plays a major role in inducing rainfall,
and some areas, such as Palu in Central Sulawesi,
which receives less than 500 mm annually, are in the
rainshadow throughout the year. These drought
prone areas are a priority for development of surface
reservoir storage or groundwater. Figure 2 shows
the distribution of areas that receive less than 100
mm for periods of 6-8 months of the year.

Outside Java, there are few data on streamflow, and
resource estimates normally are based upon less than



five years’ data. In the eastern islands, particularly
NTT, the sparsity of hydrologic data has severely
curtailed development. The best current estimate of
surface water resources, assuming that 25 percent
can be utilized, is 646 Bm3 (Table 5). Except in
Sumatra, Java, and Kalimantan, large river basins
are uncommon. In most central and eastern areas,
rivers are short and have steep gradients and tend to
become dry during the dry season. Large springs are
common on the flanks of volcanoes or in areas that
have fissured limestones or raised coral reef depos-
its, such as NTT.

Identified Surface Water Pump Irrigation
Potential

The potential for pump irrigation from surface water
in Java is high, but the competition for scarce water
means that sites should be selected only after careful
evaluation of demand and supply in a river basin.
The eastern provinces offer fewer opportunities
because of the unpredictable flows of most rivers.
However, in several areas of NTB and NTT, large
spring discharges could be diverted by pump to
irrigate areas at the same or higher elevation.

A master plan (DGWR/JICA) for South Sulawasi
centered around Lake Tempe identified two areas for
major pump irrigation schemes. An area of about
4,000 ha along the upper Walanae river was selected
because of poor geological conditions, but action
was deferred because of expected low economic
returns. The other area included 2,300 ha to be
irrigated by four pumps with atotal capacity of 4,400
I/s using water diverted from Lake Tempe near the
outlet of the Cenarae river. The fate of this proposal
is unknown.

Large-scale surface water pump irrigation schemes
have been developed to irrigate an estimated 24,700
ha (Table 6). In addition, data from various sources

show that 24,173 non-P2AT pumps (private sector
and Banpres) irrigate 119,500 ha in Java (Table 7),
and about 600 ha in the Pangkajene area of S.Sul-
awesi from canals. More than 250,000 irrigation
pumps, some possibly included in Table 7 data, serve
an acre of undetermined size. They were manufac-
tured locally or imported from 1989 to 1990
(Ariwibowo, 1991). The breakdown of numbers of
pumps by origin (government or private sector) is
readily available only for East Java. A major problem
with the data in Table 7 is that the water source is
unknown and probably represents a mixture of ab-
straction from surface water and shallow groundwa-
ter sources. For all these reasons and because .
surface water sources for pump irrigation have not
yet been identified, future resource potential is un-
known.

Groundwater

Groundwater from shallow aquifers is the primary
source of domestic water supply for about 90 percent
of the rural population, and shallow and deep aqui-
fers provide almost 65 percent of the nation’s indus-
trial water requirements. The GOI started systematic
development of groundwater for irrigation in the
early 1970s, but groundwater irrigates only 28,000
ha, or 17 ?ercent of an identified potential of
168,000 ha.

A preliminary estimate of sustainable groundwater
resources in the 26 provinces is 485 Bm3/year, of
which 67 percent is in the sparsely populated Irian
Jaya and Kalimantan. Java, which has 60 percent of
the nation’s population, is estimated to have only 27
Bm3/year. sufficient to meet about 20 percent of
estimated demand of 134 Bm3/year in 2001.

_These estimates are very approximate and are based

on the occurrence and recharge capacity of four
major hydrogeological units:

I Groundwater Development in Indonesia, Ministry of Public Words, DGWR, September 1990,



Folded Pre-Tertiary and Tertiary Mountain Ranges.
These areas are distributed along the central parts of
the major islands and generally underlie volcanic
sediments and lava flows. Groundwater occurs in the
fractured and weathered zones of consolidated rocks
and in clays ard marls, where it is commonly highly
mineralized. Potential for groundwater development
is generally low, but locally springs may provide
significant irrigation sources.

Volcanic Terrains. There are over 500 volcanoes in
Indonesia occupying an arc running through Java,
Bali, Lombok, Sumbawa, Flores, and Malaku to
northern Sulawesi. Aquifers in these terrains consist
of porous or fiactured volcanic products and nor-
mally have highly variable groundwater potential.
However, they are generally productive, especially
along the lower flanks of the volcanoes and in
intermontane basins. Typicaliy, these lower aquifers
are recharged from high rainfall on the upper vol-
cano slopes; groundwater may occur at shallow
depths around the foot of the volcano, but deeper
seated aquifers at higher elevations may discharge
from springs.

Limestone Terrains. Limestone is common as raised
coral beaches in the coastal areas and as sedimentary
.deposits scattered across the region. Groundwater
occurs primarily in fractures and voids opened by
solution channeling. Aquifer productivity is gov-
ermed by the presence of these fractured zones and
is highly variable in depth and yield from place to
place.

Alluvial Plains. Thick alluvial sediments are com-
mon as coastal plains and intermontane basins.
Sediments raage from highly productive coarse
sands to almost impermeable clays and silts. Aqui-
fers normally are thin and may be confined by clay
layers; under confined conditions many alluvial
aquifers commonly have artesian, free-flowing
wells. In coastal zones, aquifers may be brackish or
saline and extreme care is needed to ensure devel-
opment is sustainable.

Groundwater recharge has been determined as a
percentage of net rainfall (rainfall minus evapotrans-
piration), depending upon a subjective assessment
of the area of permeable terrain (Table 8). A com-
parison of national groundwater potential and esti-
mates derived from field investigation (Table 9)
shows that investigation has confirmed only 7 per-
cent of the national potential as of 1990.

The slow rate of exploration and evaluation is due
to inadequate resources for a large number of small
projects scattered over several islands. This is partly
because one of the objectives of pump irrigation
from groundwater is to alleviate poverty in the less
developed areas of eastern Indonesia. However, the
resultant sketchy knowledge of groundwater in these
provinces merely provides support for a technology
th.i is unproven. It would be better to focus devel-
opment in a few areas, determine resource potential,
formulate a development plan, and then move on to
another area. This approach would expand knowl-
edge of the resource base, lead to an increase in

-irrigated area, and consolidate the lessons learned.

But it would not permit the GOI to address the
problem of regional equity without substantially
greater investment,

Groundwater recharge calculated from net rainfall
provides only a general idea of the resource poten-
tially available for development. More definitive
estimates are obtained from field investigations that
may include calculation of the groundwater water
balance; drilling to determine local geology and
aquifer geometry; pumping tests of wells and anal-
ysis of well performance to establish aquifer yield
and storage potential; and determination of ground-
water quality.

Systematic groundwater exploration and evaluation
are undertaken py the Directorate of Environmental
Geology (DEG), the Directorate General of Geol-
ogy and Mineral Resources (DGGMR), and the
Department of Mines and Energy. DEG is respon-
sible for national hydrogeological mapping, evalua-
tion of groundwater availability, studies of
groundwater development, and conservation of



groundwaier resources in highly developed areas
such as Jakarta where large-scale groundwater ab-
straction occurs. The major output is a series of
maps showing hydrogeological classifications and
estimates cf individual well yield potential.

DEG systematically assesses an area in four stages:
hydrogeological mapping at scales of 250,000 and
100,000; groundwater potential evaluation at a scale
of 50,000; determination of groundwater develop-
ment potential from exploratory drilling and pump-
ing tests; and groundwater conservation (installation
of observation wells, water quality monitoring, and
more detailed surveys at a scale of 50,000). Typical
exploration programs and the publication of results
take from one to five years, subject to the availability
of funding from the central government. DEG stud-
ies include complete inventories of existing wells,
and assessments of development potential are related
to the rate of discharge that can be expected from
each hydrogeological unit mapped. Given the rapid
rate of irrigation and industrial development, the
DEG maps at any scale represent 'snapshots’ of the
groundwater development at the time of the survey.
DEG normally does not estimate groundwater irri-
gation development potential, for which other GOI
agencies have responsibility. One exception is a
vilaterally funded program (ltaly-GOI 1988-93) to
explore and model the groundwater resources of the
Oeseo plain north of Kupang in East Timor.

Other agencies undertake groundwater exploration
and evaluation activities but only with the approval
of the DGGMR. The most important of these is the
Directorate General of Water Resources (DGWR),
Ministry of Public Works, which is concerned pri-
marily with all aspects of irrigation, including
groundwater development for dry season irrigation.
To date, DGWR has conducted feasibility studies of
groundwater irrigation in Central and East Java,
Madura, Bali, NTB, NTT, and Sulawesi. Other
agencies that have made significant contributions to
groundwater evaluation are the Ministry of Health,
units of the Indonesian Institute of Sciences and

Universities, and drinking water enterprises for re-
gional and provincial towns.

Groundwater exploration and development for irri-
gation are the responsibility of the Sub-Directorate
of Groundwater Development Planning (P2AT), Di-
rectorate of Planning and Programming, and the
Sub-Directorate of Groundwater Development
(PAT) under the Directorate of Irrigation I1, both
under DGWR, Ministry of Public Works. P2AT
undertakes investigation and construction, and PAT
assists with the establishment of WUAs, agricultural
monitoring, and O&M of wells.

Areas selected by DGWR for groundwater develop-
ment are determined by four criteria:

m the presence of intensive cultivation and
dense population

m ademand for water greater than the surface
water available

s the people’s expressed desire for groundwa-
ter

m a good hydrogeological potential based on
preliminary reconnaissance

The fourth criterion has very important implications
for the sustainable development of groundwater.
Hydrogeological potential is site-specific and may
not be related to the long-term capability of the
aquifer to yield water continuously. To meet this
evaluation and planning need, P2AT employs con-
sultants for sub-provincial water resource studies as
part of 1easibility and pilot projects, but normally
does not undertake integrated water resource plan-
ning.

Carefully staged public sector groundwater develoy -
ment planning was common in the 1970s and early
1980s. Typical programs took up to 15 years w
develop operating irrigation schemes (Figure 3, An
excellent example of staged planning and develop-
ment is the Midile Brantas Basin Study, completed
in 1972, which involved the overall assessment of
available water resources in the River Brantas, the



second largest river in Java. A result of this study
was the identification of 30,000 ha of land irrigable
by groundwater. A pilot program/implementation
project, the Kediri Groundwater Project, was com-
pleted in 1982. Examples of successful comprehens-
ive groundwater development projects that consider
both irrigation and water supply are the Greater
Yogyakarta Groundwater Resources Study com-
pleted in 1984, and the ongoing Madura Island
Groundwater Irrigation Project. These studies were
extremely well documented over 8-12 years and
provide valuable data for future resource planning
and modeling. The ODA currently is completing a
detailed evaluation of its groundwater activites in
Madura.

More recently, pilot projects have been implemented
without preceding resource investigations. This ap-
pears to be the model for the future and does pose
problems. The Small Scale Irrigation Management
Project under the Ministry of Public Works is at-
tempting to develop pilot groundwater projects in
Sulawesi, NTB, and NTT with iile knowledge of
the resource base and is experiencing great difficutly
with siting wells and finding water. The trend away
from starting work in new areas with integrated
water and groundwater resource planning by the
Ministry of Public Works to an increasing focus on
small-scale project implementation is eroding the
confidence of the provincial governments and local
farmers in pump irrigation from groundwater.
Under the present system, the design irrigated area
is the selling point; in new areas, the risk of failing
to achieve this is high because little is known about
the resource, and failure to deliver damages confi-
dence in groundwater. Another casualty of the pres-
ent approach is inconsistent data collection between
one program and another, and less time spent on
analysis and presentation of data essential for future
planning.

An alternative approach would be for the GOI to
take responsibility for determining only basin
groundwater development potential, following the
River Brantas/Kadiri model, but limiting the im-

plementation stage to the identification and testing
of appropriate well technologies. Using this ap-
proach, development plans could be formulated in
two years, and appropriate well technologies could
be identified during the survey of existing irrigation
required to establish the basin plan’s baseline condi-
tions. The survey would show innovations the farm-
ers like and allow a thorough inventory of likely
operating conditions. Once resource limits and tech-
nology are known further groundwater development
becomes a marketing exercise that can take place
wholly within the private sector.

There are constraints to wide-scale groundwater
development, particularly in coastal areas where
saline water intrusion could become a problem, as
is the case along the north coast of Java and in
southern Bali. Wide-scale groundwater development
is being considered for other coastal areas in South
Sulawesi (Maros and Barru on the west coast),
Sumbawa (Sape and Keli plains), and East Timor
(Oeseo plain).

The results of basin and pilot surveys described
above show that only about 0.7 percent of the
estimated potential has been developed to date.
Ongoing programs are expected to add 53,000 ha by
2005 (Table 10).

While the magnitude of the groundwater resource is
the most important result of field investigation, the
depth of occurrence is vital to determining the cost
of development and the most appropriate well tech-
nology. The only consistent attempt to map the depth
of occurrence of groundwater nationally has been by
ODA under the RePProt Program (Regional Physi-
cal Planning for Transmigration) of the Directorate
of Bina Program. The results of this survey based
on all available data are shown in Figure 4. A
comparison with the drought prone areas shown in
Figure 2 identifies the priority areas for groundwater
development in terms of the occurrence of shallow
or deep groundwater (Figure 5).

This analysis illustrates the practical difficulties of
developing groundwater in Nusa Tenggara Barat



(NTB) and Nusa Tenggara Timor (NTT). In Java,
groundwater is located in 83 discrete units over an
area of about 477 kn12. many of them connected by
good roads that allow the use of mobile truck-
mounted drilling rigs able to drill large-capacity
wells. Conversely, in NTT, 121 small units are
widely dispersed over an area of about 67 km? across
difficult terrain with few roads, where the primary
access for large mobile drilling rigs is by sea. Thus
in NTT, drilling of large-diameter deep wells will
generally be impracticable and logistically expen-
sive except in a few of the larger areas such as West
Timor around Kupang bay. The linkage between the
water resource base and development is very weak
because there are no funds for the systematic mon-
itoring of resource use despite the mandate of DEG.
This is becoming an important issue where demand
is catching up with the supply.

The Balance Between Supyly and
Demand

Water demand in the next two decades is projected
to exceed supply in many areas of Java that should
be targeted for measures to increase irrigation effi-
ciency. Conversely, new irrigation development in
NTB, NTT, and Sulawesi must seek to avoid the
technical inefficiencies pervading existing svstems
in Java because of limited water resource availability.
The World Bank has made a more detailed analysis
of the balance between supply and demand in Java
by 2010, indicating that the main constraint to
increased cropping intensity and production is the
inefficient use of water for irrigation.

In Java, irrigation and aquaculture account for about
95 percent of future requirements, and municipal
demands for only 5 percent (Table 11). In 1986,
aquaculture required only about 0.9 Bm®, or 2
percent of agriculture’s needs. Although this is
small, it is a very high-value use and justifies a
separate allocation of fresh water untainted by pes-
ticides and fertilizers present in irrigation drainage
water. Pumped groundwater could provide a rela-

tively pollution free supply and should be considered
as a source.

The total annual rainfall in Java averages 352 Bm®
but about 50 percent flows through the river system
to the sea. Of the balance, 126 Bm? is usable and 49
Bm? could be used if dams were constructed. Most
irrigation design is based on a one-in-five year low
flow, which is 78 Bm3, oronly 45 percent of average
annual flow. In a dry year, there is a substantial
deficit from May to September.

Irrigation currently supplies water for about 50
percent of the 2.8 million ha under rice. Water use
is estimated to have increased by 15 Bm® between
1970 and 1985. In 1986, irrigation accounted for 48
percent of divertable flow and 77 percent of the
dry-year flow. Rice production is expected to in-
crease between 2.8 and 3.5 percent per year in the
1990s, and for this to be achieved, cropping intensity
will have to increase from 165 percent to 200 percent
and vields from 4.2 tons/ha to 6.0 tons/ha by 2010.
It will be impossible to meet this production target
if water use efficiency, cropping intensity, and yields
do not improve. Water use efficiency is the most
critical variable because of limited water resources.

A World Bank analysis of the impact of current and
improved irrigation efficiencies on the water balance
of 13 of the 21 major river basins in Java shows that,
at current levels (30 percent) of irrigation efficiency,
deficits occur in all 13 basins (Table 12). Assuming
an increase in irrigation efficiency from 30 to 50
percent, therc will be a surplus of water in western
Java but very severe (greater than 20 percent)
shortages in the eastern river basins. Increasing
water use efficiency to 50 percent will decrease
shortfalls by 68 percent, but installing dams to
regulate the flow promises only 12 percent improve-
ment. Without improvement, there will be insuffi-
cient water for an increase in cropping intensity in
surface water irrigation schemes. A partial solution
to the problem could be to further encourage effi-
cient groundwater development within the command
area of existing schemes. However, given the overall
scarcity of water resources in eastern Java, new



groundwater development should not be encouraged
until all competing water users have been considered
in the context of regional and river basin planning.

A national comparison of demand and supply (Table
13) shows that not only Java, Madura, and Bali, but
also NTB could face a critical water shortage by
2000. Water conservation through realistic water
pricing, regulation, and improved water use effi-
ciency will be essential to ensure the most beneficial
use of this common property resource. Pump irri-
gation, if cost effective, could play a major role in
achieving equity in access to water.

Conclusions

m  New land with irrigation potential is not a
constraint to pump irrigation from either
surface water or groundwater.

w  Given the slow growth of government-fi-
nanced groundwater irrigation—an average
of 1,500 ha per year since 1972, the identi-
fied resource base is not a constraint to
continued govemment involvement in de-
velopment for the foreseeable future.

m  The resource base for pump irrigation from
surface water is undefined because there are
few reliable data either on available water
resources or current utilization.

m  Pump irrigation from surface and ground-
water meets supplemental irrigation re-
quirements during the wet season but
groundwater is the principal resource for
dry-season irrigation needs.

m  Groundwater, although abundant in Suma-
tra and Kalimantan, is not required because
of the high and consistent annual rainfall. It
is an important resource in Java, particu-
larly in East Java, but can supply only about
20 percent of the island’s irrigation require-
ments in the next decade. However, in the
eastem islands, groundwater storage be-
comes more important because surface

water storage potential is limited by small
steep catchments with high flood flows dur-
ing the short monsoon seasons.

In many low-lying coastal areas, groundwa-
ter is abundant but is at risk from saline
water intrusion. This could become a major
problem along the north coast of Java,
southern Bali, the coastal lowlands adjacent
to and north of Ujang Pandang in South
Sulawesi, the embayments of eastern
Sumbawa, and the Oeseo plain north of
Kupang in West Timor.

Systematic water resource appraisals in the
provinces, sub-provinces, and river basins
were common in the 1970s and early 1980s
and allowed well-formulated and phased
water resource development on a large
scale, particularly in East Java and Madura.

In the last decade, systematic resource ap-
praisal has been abandoned by all except the
DEG. A consequence of this is overambi-
tious small-scale irrigation development
programs that consistently fail to meet their
targets.

Because irrigation development has been
mixed with exploration programs, it is
sometimes difficult to determine if failure to
meet targets is the fault of the irrigation
technology or an inadequate resource base.

Riverbasin water balances conducted by the
World Bank for present and projected de-
mand scenarios in Java show demand will
exceed supply in many basins during the
next 20 years. The analysis clearly indicates
that integrated river basin planning for mul-
tiple water users and water conservation will
be the dominant development issues if sus-
tainable irrigation coverage is to be
achieved. Pump irrigation has a vital role to
play in ensuring greater water use efficiency
in both new and established irrigated areas,
and in recycling deep percolation and drain-



age water in surface water gravity flow
command areas.

A major conclusion from this review is that,
although much hydrologic data have been
collected over the last 20 years, there have
been few attempts at a systematic collation
and consolidation of the findings. Since each
new project sets up data collection programs
that bear little relation to those before,
databases are not uniform. Systematic data
collection is needed for consistent and reli-
able resource estimation to guide future
pump irrigation development programs.

Recommendations

Water resource evaluation should be con-
ducted by river basin or sub-basin and
should be implemented nationally as soon as
possible. This is essential for sound plan-
ning and management, and to identify
chang'es' in the quality of the resource as
population and development pressure on
land resources increases.

Groundwater resource evaluation for irriga-
tion program implementation should be un-
dertaken separately so as to make it easier
to quantify a fairly complex resource.

Groundwater resource investigation pro-
grams should be phased into irrigation de-
velopment programs only after the results
have been reviewed as part of an integrated
environmental resource development plan.

Much valuable data gathered at a cost of
hundreds of millions of dollars over the last
20 years are little used. A major effort
should be made to integrate these data for
each province as a guide to future irrigation
development and as a means to identify
critical data still needed for sound planning.

Minimal national standards need to be es-
tablished for the maintenance of records for
pump irrigation programs.

A national inventory of pump irrigation
equipment by public and private ownership
and by source of water supply should be
undertaken.

Periodic estimates of annual and seasonal
resource utilization by pump irrigation
equipment are needed to determine residual
resources available for future development.

A national water resource management and
monitoring organization is required to tie
environmental concems (o resource plan-
ning and use.
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Table -

Land Use in Indonesia (kmz) {(Average 1984-1990)

Nusa
Land Use Sumatra Kalimantan Sulawaesi Inan Jaya Maluku Tenggaras Bali Java Total
Forest 233,235 399,860 112,694 349,583 63,480 24,694 1,009 12,450 1,197,005
Bush/Grass Land 104,343 657,471 32,928 35,911 7,076 36,797 707 16,269 291,502
Shifting Cultivation. 34,286 54,526 3,262 12,373 2,164 4,857 2,889 54 116,988
Upland 17,073 34 7,598 43 488 3,940 22,730 1,309 53,215
Wetland 21,658 9,301 8,291 739 178 3,902 31,613 1,082 76,664
Estates 35,499 6,186 7,818 145 183 933 25,091 1,015 76,870
Water 4,652 3,993 2,010 8,049 KLY 175 2,200 35 21,815
Unvegetated 116 4 289 3,975 188 728 322 83 5,705
Settlements 13,692 1,288 3,056 794 21 1,690 17,654 320 38,415
No Data 10,955 3,101 6,192 2,328 3,900 3,024 1,353 19 30,872
Total 473,309 535,834 186,145 414,800 78,019 80,740 132,571 5,633 1,909,052

Source of data: RePProt, 1990 (Simplified).

BEST AVAILABLE DOCUMENT



Table 2

Potential Avallablility of Land for Wet Land Development (milllon ha)

Land Within Existing

New Land' Irrigation Areas®
Conditicnally
Fully Suitable Suitable Potential 1 Potential 2 Total
Java/Bali 0.003 0.507 0.047 0.033 0.590
Sumatra 0.607 1.028 0.070 0.158 1.863
Sulaw esi 0.100 0.130 0.020 0.067 0.317
Irian Jaya 1.221 0.969 0.004 0.004 2.198
Other 0.783 1.491 0.025 0.048 2.347
Total 2.714 4125 0.166 0.310 7.315

! “New land" is ¢2fined as land outside the boundaries of existing irrigation schemes. No investments
in irrigation infrastructure have yet been made with respect to this land.

2 «| and within existing irrigation areas” is land within the boundaries which has not yet been brought
under irrigation. “Potential 1" and "Potential 2" land area are both under command of canals; the former
is saw ah w hile the latter is non-saw ah. In addition, there are about 0.4 million ha of Potential 3 land not
shown in the table, which are not under canal command but within irrigation system boundaries.

Source: World Bank 1992. Calculated from Bina Program Pengaran and Delft Hydraulics, Planning of
Integrated Water Resources Development, (Project BTA-155 Phase Il), Jakarta, June 1991.
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Table 3

Estimated Water Demand for Indonesia in 2000

Agriculture Non-Agriculture

Volume Volume Total

(Bms) Percent (Bma) Percent (Bma)
Java and 55.57 55.9 33.90 44.1 89.47

Madura

Sumatra 21.33 65.7 11.14 34.3 32.48
Sulaw esi 6.49 47.4 7.19 52.3 13.69
Kalimantan 4.88 85.3 0.83 14.7 5.72
NTB 1.73 93.0 0.13 7.0 1.86
NTT 1.61 92.0 0.12 75 1.74
Bali 1.41 75.0 0.19 24,2 1.60
Maluku 0.97 93.3 0.07 6.7 1.04
Irian Jaya 0.75 77.0 0.17 22.7 0.97
E Timor 0.23 65.7 0.02 34.3 0.35
Total 95.12 63.9 53.8 36.1 148.92

Source: Rencana Pembangunan Pengairan Jangka Panjang (Tahum 2000), Dirjen Irigasi, DPU.



Table 4

Estimated Irrigation Water Requirements (1990 and 2000)

Irrigation Reguirement

(Bm™)
Increase
1990 2000 (%)
Java 42.37 43.75 3.3
Outside Java 29.64 43.49 46.7
Total 72.01 ' 87.24

Source: Direktorat Bina Program Pengairan, 1991.
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Table 5

Estimated Potential Groundwater Recharge, Mm®

Groundw ater Recharge Area,
(km?)
Net Total Racharge
Rainfall Highly . Moderately Volume
(mm) Rermeable Permeable (Mm?)

Sumatra

Aceh 1,900 5,990 11,980 17,970

N. Sumatra 1,450 14,200 7.110 21,330

W. Sumatra 1,900 2,128 4,257 6,385

Rau 1,021 49,634 55,838 105,472

Jambi 1,150 9,322 12,430 21,752

S Sumatra 1,465 23,628 110,265 133,893

Bengkulu 1,950 2,230 4,459 6,689

Lampung 900 1,439 4,318 5,757
sub-total 108,591 210,657 319,248
Java

W. Java 1,536 9,829 19,658 29,487

C. Java 1,837 6,871 10,306 17,177

Yogyakarta 1,309 325 975 1,300

E Java 750 9,590 16,783 26,373
sub-total 26,615 47,722 74,337
Bali 624 562 125 687
NTB 330 2,174 6,522 8,696
NTT 250 4,889 9,778 14,667
Kalimantan

W. Kalimantan 1,850 39,267 31,413 70,680

E Kalimantan 1,350 20,262 81,048 101,310

C. Kalimantan 1,500 46,966 62,621 109,587

S. Kalimantan 850 10,338 12,405 22,743
sub-total 116,833 187,487 304,320
Sulaw esi

N. Sulaw esi 922 4,586 6,878 11,464

S Sulaw esi 1,122 7,750 23,251 31,001

C. Sulaw esi 1,000 6,700 16,750 23,450

Tenggara 440 3,875 9,687 13,562
sub-total 22,911 56,566 79,477
Maluku 1,120 915 1,372 2,287
Irian Java 1,800 210,990 126,594 337,584
E Timor 200 1,680 3,360 5,040
Indonesia Total 496,160 650,183 1,146,343

Source: Soekardi K, Soetrisno S, Hydrogeological Map of Indonesia, DEG, 1983,



Table 6

Estimated Area of Surface Water Pump LlIft Irrigation

Area Irrigated

Location Description ha
W. Sumatra Lake Singkanek and the River Sumani 1,000
C. Java Dutch period major pumping stations from the River

20,550
Seraya
E Java Dutch period major pumping stations from the River 3.100
Bengaw an Solo !
Total 24,650
Table 7

Number of Non-P2AT Pumps and Irrigated Area In Java, 1989/1990

Irigated Area

Total Area Avg per Pump
Province Number of Pumps (ha) (ha)
E Java 14,251 75,030 5.26
C. Java 7,601 23,995 ' 3.16
W. Java 2,321 20,150 8.68
Total 24,173 119,448 4.94

Source: Dinas Pertanian Tanaman Pangan West Java, Central Java, and East Java.

! Data are derived from Sragen, Brebes and Sukohardjo.
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Table 8

Estimated Groundwater RechargePotential ofIndonesia

Area of Recharge Recharge
Highly Barely Volume
Location Permeable Permeable Total (Bm3) Percentage
Java-Madura 26,615 47,722 74,337 26,750 5.5
W. Java 9,829 19,658 29,487 12,080
C. Java 6,871 10,306 17,177 8,840
D.l. Yogyakarta 325 975 1,300 430
E Java 9,590 16,783 26,373 5,400
Luar Java 469,545 602,461 1072,006 458,100 94.5
Sumatra 108,591 210,657 319,248 112,400 23.2
Bali 562 125 687 160 0.0
NTB 2,174 6,522 8,696 720 0.1
NTT 4,889 9,778 14,667 980 0.2
Kalimantan 116,833 187,487 304,320 126,100 26.0
Sulaw esi 22,911 56,566 79,477 19,220 4.0
Maluku 915 1,372 2,287 720 0.1
Irian Jaya 210,990 126,594 337,584 197,500 40.7
E Timor 1,680 3,360 5,040 300 0.1
Indonesia Total 496,160 650,183 1,146,343 484,850 100.0

Source: M. Notodihardjo et al, 1979.



Potential and Identified Groundwater Resources

Table 9

Groundw ater Resource

Potential Identified Irigatable Area,
Location (Mm®) (Mm?3) Percentage (ha)

Java

W. Java 12,080 280 2.3 14,000

C. Java 8,840 200 23 10,000

Yogyakarta 430 70 16.3 3,500

E Java 5,400 2,160 40.0 108,000
sub-total 26,750 2,710 10.1 135,500
Bali 160 100 62.5 5,000
NTB 720 100 13.9 5,000
NTT 980 100 10.2 5,000
Sulaw esi

N. Sulaw esi 2,960 60 2.0 3,000

C. Sulawesi 6,030 30 0.5 1,500

S. Sulaw esi 8,696 100 1.2 5,000

Tenggara 1,634 100 1.7 5,000
sub-total 19,220 290 15 14,500
Maluku 720 60 8.3 3,000
Total 48,550 3,360 6.9 168,000

Source: Irrigable areas from: “Groundw ater Development in Indonesia,” DGWRD, September 1990.
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Public Sector Groundwater Irrigation, 1990

Wells Handed over to Farmers'

Table 10

Ongoing Implementation®

Irrigatea Area, Irrigated Area,
Location Number (ha) Number ~ (ha)

Java

W. Java 14 162 208 2,400

C Java 22 542 ? 27,500

Yogyakarta 48 1,150

E Java 604 24,012 769 10,898
Bali 3 91
NTB 16 1,717 628 5,115
NTT 4 88 57 390
Sulaw esi

C. Sulawesi 16 179 124 1,832

S. Sulaw esi 20 132 188 2,679

Tengarra

N. Sulawesi
Sumatra 134 2,500
Total 857 28,073 1,984+ 53,314

! P2AT, Jakarta, 1991

2 Taken from various P2AT Project Progress and Completion Reports available; it may not be a

complete summary.



Table 11

Water Use In Java In 1986 and Projected Use in 2010 (Bm3)

1986 2010!
Water Supply? Water Supply?
Agri- Agri-

Java culture Urban Rural Total culture Urban Rural Total
Jakarta 0.10 0.21 0.02 0.33 0.00 1.26 0.00 1.26
W. Java 22.40 0.15 0.18 22.73 21.50 0.56 0.27 22.35
C. Java 18.30 0.13 0.17 18.60 20.11 0.32 0.27 20.70
E Java 18.60 0.20 0.20 19.00 22.05 0.38 0.21 22.64
Total 59.4 0.69 0.57 60.00 63.66 2.55 0.74 66.95

! This is smaller than the values in Table 3 because the analysis assumed 200% average cropping intensity and 50% etficiency
in irrigation water use by 2010.

2 Urban water includes municipal and industrial use; and rural, mainly human and some industrial use

Source: World Bank Country Study: Indonesia-Sustainable Development of Forests, Land and Water,



Table 12

Total Water Deficits (mm3) for Selected River Basins In Java in a Dry Year (2010)

Deficits in Million Cubic Meters
Irigated Area '

River Basin (ha) 30% Irrigation 50% lrrigation Plus Dams
Bengawan Solo 274,000 1,522 564 564
Jratunseluna 108,000 1,928 888 534
West Semerang 122,000 13 0 N
Pemali Comal 130,000 1,445 £28 528
Cisanggarung 42,000 356 186 186
Cimanuk 90,000 1,029 354 0
Dibeet-Jakarta

Cisadane 190,000 1,942 293 293
Banten 55,000 367 66 66
Serayu 197,000 1,058 217 217
South Kedu 55,000 234 124 0
Citanduy 50,000 98 0 0
Teluk Lada 31,000 18 0 0
Total 1,244,000 10,010 3,220 2,388

Source: World Bank Country Study, 1990, ibid.



Table 13

Demand and Supply of Water in Indonesia In 2000

Ratio of Demand

Demagd Suppgl to Supply

(Bm®) (Bm”) (%)
Java and Madura 89.47 47.26 189
Bali 1.60 1.42 113
NTB 1.86 2.02 92
NTT 1.74 2.39 73
Sulaw esi 13.69 22.13 62
E Timor 0.35 0.74 48
Sumatra 32.48 172.99 19
Maluku 1.04 21.79 48
Kalimantan 5.72 186.25 3.1
Irian Jaya 0.97 188.84 0.5
Total 148.92 645.83 23

Source: Rencana Pembangunan Pengairan Jangka Panjan (Tahun 2000), Dirjen Irigasi, DPU.
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Figure 3

Typical Implementation of P2AT Programs

Years 1972 - 1992

Program
1972-1974 1975-1979 1980-1984 1985-1989 1990-1992
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ENVIRONMENTAL CONCERNS

Introduction

Development of pump lift irrigation can have signif-
icant and sometimes irreversible environmental im-
pacts. Negative impacts are the loss for other users
of the resource and the salinization of coastal zones.
Positive impacts are increased agricultural produc-
tion, employment generation, and the provision of
rural water supplies. These negative (-) and positive
(+ ) impacts are discussed below.

Local Impacts on Water Resources

(-) Withdrawal of river water will adversely affect
lower riparian in-stream users (fisheries, navigation,
dilution, flushing) and reduce the volume available
for water supply and irrigation. All of these impacts
could lead to conflict.

(-) Withdrawal of groundwater could seriously affect
springs that provide water for domestic and irriga-
tionuse. As some springs are very large (up to 1,000
litres/second discharge), this impact must be exam-
ined in the environmental assessment of the project.

(-) Groundwater development will seasonally lower
the water table or piezometric surface and reduce
access to the common property resource by users of
less efficient well technology, specifically well
points and dug wells for domestic/rural water sup-
plies and small-scale irrigation. Increased utilization
will raise costs for all users and particularly affect
those with no alternative sources of water supply,
particularly in the dry season.

Regional Impacts on Water Resources

(-) In regions near the coast, particularly in the
eastern islands, groundwater withdrawal could lead
to saline water intrusion as has already occurred

along the fiood plains of Medan, Cilegon, North
Java, Central Java, Semarang, Denpasar, and in the
Jakarta region. Although generally this is seen as a
local impact, large-scale regional development of
groundwater will reduce the throughflow necessary
to prevent the intrusion of sea water, an almost
irreversible process once it has begun.

(-) Reduction of regional stream flow, either directly
by pumping and diversion or indirectly through
groundwater development, will disrupt the position
of the saline water front in estuaries and river
mouths.

(-) Increased irrigation will lead to increased use of
fertilizer and pesticides, which will be leached into
the ground and adversely affect water supplies and
aquatic fauna and flora. The growth of aquatic flora
in rivers will increase the risk of floods, already a
serious problem. Indirectly, less flow to the lower
reaches of rivers will decrease river dilution and
carrying capacity, increase the impact of agricultural
chemicals, and perhaps create anaerobic conditions
that would cause a significant loss of fauna.

(-) Because surface water and groundwater are
linked in the hydrologic cycle, the withdrawal of
groundwater will reduce water levels in shallow
aquifers and, thus, the outflow that sustains river
baseflow in the dry season.

(+ ) Groundwater development will lead to conser-
vation of excess water in the rainy season for subse-
quent dry season use, particularly of shallow
aquifers. Increased depletion before the wet season
which will provide a larger groundwater storage
reservoir,



(+ ) Pump lift irrigation generally is more efficient
than large-scale surface water irrigation and has
significant conservation impacts, especially where
water is a limiting factor in development.

(+ ) Competition for groundwater may lead to more
efficient wells and pumps for domestic and rural
water supplies.

(+ ) Irrigation wells can be used to provide drinking
water supplies as well. Most new P2AT deep
tubewells serve this dual purpose. The experience
in Madura is a good example.

More General Impacts

Pump lifi irrigation would create employment op-
portunities, particularly during the dry season when
underemployment is widespread. The impact would
be most favorable in eastern Indonesia and in Central
Java, where preliminary estimates indicate the addi-
tion of up to 300 person-days per year per pump of
employment. Experience from intensive wetland
rice irrigation in West Bengal, India, has shown that
each shallow tubewell (STW) creates 150 person-
days/ha/year, and in Bangladesh 170 person-
days/ha/year, of employment.

Growth in the agricultural sector from 1971-85
provided 36 percent of all new employment, and the
GOl is continuing to emphasize this growth to
alleviate poverty. About 66 percent of the rural, and
10 percent of the urban, population rely upon agri-
culture for a livelihood. About 40 percent are land-
less. About 23 percent of rural households have
incomes below the poverty level of $90 per capita
per year. Rural incomes can be increased by inten-
sification of land use and productivity through irri-
gation and adoption of HY V-fertilizer technology,
particularly in the areas outside Java. Clearly, agri-
cultural development will play a major role in future
poverty alleviation in the outer islands, where almost
60 million of Indonesia’s 176 million people live.
Between 1980-85, agriculture provided employment
for only 12 percent of surplus labor in Java and for
30 percent in the outer islands (Table 14).
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Water Quality Considerations

Surface Water Physical Quality

In some areas of the country, the physical quality of
surface water makes it unsuitable for irrigation. For
example, the waters of the Pekacangan and Merawu
rivers (tributaries of the Serayu river) contain very
fine sands that clog the micropores of the soil. When
the soil is dry, aeration is extremely poor and inhibits
cultivation. This presently is the case in the
Gambarari Irrigation Scheme (a large river pumping
project). The result is that only two rice crops a year
are possible, although irrigation water can be pro-
vided during the second season by pumping.

High sediment levels in surface water very often
change microrelief in irrigated fields and increase
the maintenance required to keep irrigation canals
clean. These problems are presently founa in
Cimanuk, Progo, Brantas, Serayu, Lusi, Serang,
and Tunang.

Water in a number of rivers is harmful for irrigation
because it contains aluminum and sulphite in high
concentrations. The Banyuputih (Besuki), Ayer
Bajan (Palembang), and Aek Moga (Tapanuli) rivers
are all unusable during different seasons of the year.
Similarly, water from the Kulah river in Surabaya,
the Ketandan river in Kediri, and the Negri Kasih
river in West Sumatra is unsuitable because of very
high levels of chloride and sulphite.

Groundwater Quality

Groundwater for irrigation must meet certain chem-
ical standards. Although Indonesia has limited test-
ing capability, tests in some deep wells indicate that
water quality often is not good enough for sustain-
able agriculture. Salinity levels in the wells pre-
sented in Table 15 are above acceptable limits and
render them of no use for irrigation.



Water Resource Planning

Groundwater abstracted for drinking and domestic
use is not subject to GOI regulau'on.2 But all wells
more than 15 m deep and used for other purposes
have to be licensed by the Governor in consultation
with the Regency Administration, which obtains a
technical recommendation fr