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The designations employed and the presentation of the mebterial in this
document and maps do not imply the expression of any opinion whatecsver
on the part of the United Nations or the Food and Agriculture Orgenization
of the United Nations concerning the legal or constitubional status of sny
comtry, territory or sea ares,or concerning the delimitation of frontiers.



Fi0e  Lemd snd Water Resources Development in Southemnst . Sumatra, Indonesia.
Lemd., uater and forestry resources. Romey 1976, 164 p., 49 figs, 10 maps.
P/ INE/69/518,  Teclmical Heport 1.

ABSTRACT

The Government of Indenesia together with the United Nations Development Progremme
and the Food amd Agrioulture Orgenisation of the United Nations carried out a project
in Souwtheast Sumatre during 1970-75. Objectives included meking & besic technical
inventory covering the waier resources (hydrometeorclogic  aspects, water guality and
gwigndw&ﬁ@r)g land suitebilidy, md forests snd forest production, of an avea of 4.5
milliom he.

Froblems in the planning of water resources concern weven distribution

of rainfall in 4ime, indicating the need for supplementary irveigation, and constant sonusl
flooding meking intensive oropping during reiny momthe hagardouns. The high watertable
presents a difficuliy in water menagement. Except in asreas where tidal waters intrude,
the water in the project arves is of good quality and cen be used o irrigate sny type of
plant or moil grouwp. The mogt favourable aress for potential growdwater development are
the anticlinal strvetures near Palembang, Persbumulih and MWuara FEaim snd in the wleinity
of Baturaja. Obther possible smites are wherse the Muara ¥nim coal, the Alr Benakat sand
and olay, and the Baturaja limestone or the Talang Akar shele outerop or lie at relatively
ghallow depths. 4 systemetic investigation is required to determine the guantities of
growmdwater available. The potentiel for wtilizing growdwater for dry-sesson lrrlgatiom
is sufficiently Pavourable to warvent further Investigation into hydrogeologic conditions.

A lend pultedblility claseificetion wes developed fopr wnimproved shifting cultivaetion
and, under improved practices, for upland crops, pasiure, tree crops and paddy (wetland)
rige. ’

In the forestry sector, the basic reguirements have been pinpointed as regional rural
fire control; centrol of shifting cultivation; erosiom comtrol on steep lends; species
trials; the establishment of plantations of fastegrowing general purpose timbers in
selected inland areass; Forestry-inventory smd timber-utilizetion etudies in the Palembang
guamp-forest complex and the establishment of sn integrated forest industry.



The Food end Agriculture Orgemization is greatly indebted
4o all those who assisted in the implementation of the project
by providing information, advice md facilities.
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Lhepter 1

THTROTUCT TON

DESCRIPTION OF PROJECT

_ This report describes activities undertaken by the HNDP/F%O project Land and
Weter Hesources Development in Southeast Sumatra®y from December 1970 to December 1975,
The ares wder investigation, covering some 4.5 million ha, included the catohments
of the Rivers Ogan, Komering, lower Musi, Mesuji and Tulang Bawshg.

. The wrgent need to relieve; by trensmigration, the population stress on lend in
Java and to meet the incresming demend for more food and sgricultural products has
focused the Government's attention on sparsely populated snd agriculturally wnder
developed areas. Southesst Sunatrs is one such ares =and in particular the coastal
deltaic lowland, still largely wder virgin swamp forvest, offers an opporbumity to
grow rlece, wiilizing irrigation by tidel inundation. The vast but comparatively
empty hinterlandgwhich had been subjected o ghifting cultivation for wmeny years,
also has a potential for sgriculturel etpension.

This snalysie of the agriculitural and watbter yesources of the area is based on
the work of A.C. Pike, Hydrologiet, M. Molina G., Consultent (Hydrology and Agro-
meteorclogy), L.W. Hyde, Consultent {Gwmmn&wat@xgg D.Re Hewrvis, Soil Buwrveyor,

P.J, Denty Land Capebility expert, H.l. Menon, Soil Scientist and R.G. Dixon,
Consultent {(Forestry). Together with the second repord in this series, it was sub-
soquently used o prepare s overall development plen for the area i/“

PROJECT AREA BACKCROUND

Topography

o The pwojeog ares lies within latitude 20?§° and 4Q4OW sowth and longitude
102757¢ gnd 106 05' eagt. In the west is the Bukit Baries renge which forme the
mountein epine along the whole length of Sumatra. The highewt point ieg Cuwnwmg Puguwg
at 1 964 m, a zone which is sfill volesnically sctive. A large lake, Danau Renan,
with a gurface ares of 121 km” end depth sbout 400 m, £ills one orater. Forests
gtill cover a large area of this hilly broken country; clearing of this natural
forent cover has resulted in very heavy evosion aud deposition of the eroded material
in the lower courses of the main rivers, particunlarly the Ogan and Komering.

Bagt of the meain range, there is & vast arvea of some 2 million ha of a rolling,
widulating old terrace formation into which the main rivers and thelr tributaries
have inciged and broadened their velleys. The altitude of this formation veries from
500 m asbove mesn sea level (mes.l.) at Sungseng in the west, to about 6 m in the east.
Talandse of this old terrace, sbove the coastal and deltalc lowlands, occur further east.

PAO . Land and Weter Resources Development in Southesst Sumatra, Indonesis. 'ﬁomj@m
seonomning. Land tenure god sgriculbturel and fisheries production. AG%ﬁP/IES/69/§169

Pachnicel Heport 2, Rome, 1976, _
FAD . Land and Water Resources Development in Southeagt Sumaty mdonegia. _Plan of
development.  AG:DR INS/69 518 Technical Report 3. Home, 1976,




B 1%ing the emlarged and broadened river valleys are some 500 000 ha of flood-
plain. This area, here relferred to ap the Lebak,contalne extensive old river courses,
ox-bow lekes, braided river channels and shallow lskes and depressions which become
Plood storage regervoirs in the wet messom, The northern limit of this avea is
dmmedistely upstream of Palembang in the east, the right bank of {the Komering river.
The Lebak or bsok swanp is wesuslly dnwdated for some six months of the year. Narrow
ridges within the aves snd the natural level along the wiver bank provide the village
md orchard sites,

Downwbrenn of Palembang over the Smpgsl Musi delis snd coastal lowlsnds and in the
lower veaches of the Mesuji and Tuleng Bawsng Rivers there are over 1 milllon ha of
practically dead flat and waterlogged leand. Internal drainage is very poor, almost
non-exigtent, and tidal movement affects the whole area.

1242 Map coverage sud levelling

The project aves is covered by government-issued and other extemnally printed
topographioal mape of scale 73 100 000, 7The information recorded is baslcally that
plotied by the Wetherlands Best Indies survey department, smendsd by subseguent
obgervationg from aerial photography carrisd out by Allied sirforces during the second
world war, snd after. The UNDP/FA0 Aerial Photography project INS/69/522 completed
from aerial photog a set of 1450 000 gewmi~controlled mosaics. Three sets of the
photos were in use during the present project's operation. In addition, 1310 000
geale asrial photography of two epecific aress - the Beliteng irrigation area snd
Cintamanis sgricaliural development arvea - were wiilized. To overcoms deficiency in
level information, particularly for the micro-levelling needed in the practically
flat lower Musi erea, the project completed a secondw-order levelling programme with
aepistance of the Public Works Deparitment (DFU}ﬁ the Institute of Technology, Bendung
(ITB) and the Direkitorat Topografi (DITTOP) to establish & grid of bench marks based
on m.8.le 2t Sungeang, Kuals Musi -~  the exsct locabion being at Taojunmg Jerat some
5 km downstream of Sumgesang village. Sungsang m.s.l., datum is 4.96 m below Mool
datum at Panjang (Lampung pale) ~ this difference being fomd within the Beliteng
Scheme whbere the two levellings overlapped.

12263 Climate, meteorology and river flow messurement

The ares has a tropleal monsoon climate, hot end humid throuwghouwt the year.
Heavy raine ocowr during the northeast momsoon, which blows from the South China Ses
betwesn December snd April. From late April to June and again from Seplember to
Wovember, the southeast trade winds prevail but since the project aves is so cloge to
the egquator, their influence is slight. From June to September a very weak southwest
mongoon, from the Indian Ocean, st it eastern limits, veuses some rainfall along the
coagtal gtrip beitwesen the Bukit Barisen range end the Indisn Ocean, but little falls
in the project ares, so that this perdiod is the driest of the year., Average snnual
ratnfall in the project ares renges from 1 500 mm at the cosst to sgbout 3 200 mm in
the mowmntainous zone., Mopt of the rain falls betwesn Decgember smd April, and piver
flows ave at their lowest dupring August snd September. However, it hag become appsrent
that in Souwth Sumstra, the dry sesson cen freguently be guite web with a falrly even
digtribution of rainfall throughout the period, snd the ghart of the rainy season can
also be delayed with dry periods ocourring during the wet season,

. ) o P s X
Temperaturen range from 19,5 to 36,570, Humidity ie also high all the year rowmd
and varies betwaen 60 and 99 percent.

To extend dalb
meteorologioal at

vollestion, the project established or further eguipped agro-

ong ot Reksadiwe, Cintemanis, Beliteng, Menggels and Banding Agung
and sited raln gauges at six < v places. Water level gauges, some automgtic, were
ingtalled at 14 places on the main rivers and at these sites, river flows were measured
and flow rating cwrves establighed,
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1.2.6

Growdwater

In the low-lying zones of coastal swamps and the Lebak, the gro i :
§?§$§§gfgg%m% agriculiural i@provemant depends very law@@lyﬁmn &nm&bgﬁgt;gﬁggﬁiisiely
{% e ex ‘@v?l@ In the higher zones, notably on the old terrace formation, there
is some @vi§&mmw of a fluctuating gromdwater source. WNo quantitative measurements
were made of this resource, which is considered o be of minor importance.

Seils and lend use

| In general, the uplands are fertile, soils being of volcanic origin. Bxtensive
ereas ﬁme d@vm%@& to tree and bush crops such as coffee and pepper, and there are some
small flattish areas where irrigated rice and vegetables sre or could be developed.

) The old terrace lands have been subject to shifting cultivation for centuries
agﬁ now carry tree crop plantations such as rubber, a vast area of alang-alang grass
{Imperata @yﬂim&rica), remging of dryland forests and large expanses of secondary
forest (belukar). The meil over meny parts of this formation has become highly
degraded end exhausted of plant nutrients.

In the lebak ares, agriculture, principally rice cultivatiom, is wnderiaken only
%n the receding flood wabter during the dry season April to October - a timing which
ig extremely rigky ag rapid and excessive drying-out con ccour and early floods can
damage the ripening crop. Only some 80 000 ha ave cultivated in this arem, the rest
being under swamp forest or grass and reed growth. The people, mogtly indigenous
Sumatrens ,are continually trying to expand the area by further clearing at the forest
and swamp edges, Freshwater fishing is an imporitant occupation in the Lebak with its
extensive, permanent water.

Apart from some man~made clearings, the deltaic and coastal lowlands are covered
by a dense swamp forest, which is shallow rooted in a few centimetres of humug material
overlying, in most locations, potentially acid sulphate solls.

Some agriculiure, mostly rice growing, facilitated by tidal inundation, is
prectised on areas comtiguwous to the lower reaches of the water courses. A feature
of this land use is that the extensive formerly cropped areas, now sbsndened, do not
revert to their original forested condition. These areas have developed highly scid
goil conditions, particularly wnsuitable for moest cropt.

Forests

Tt ig estimated that productive forest resources and other scattered forests
nold 156 00C ha of expleitable forest, carrying about 7.2 million m3., Tn addition,
a large compact ewamp forest complex of over 1,1 million he, adjacent to Palembang
end rouwd the coast holds an estimated 500 000 ha of exploitable forest, earrying
gome 30 million m” of commercial timber.

Dryland forest is rapidly disappearing mder the mmelaught of ehifting cultive-
tion snd associsted burming. The largest block of dryland forest, about TO 000 he in
extent, is in the headwater region of the Mesuji river. This piece of forest is
reported to hold a herd of 70 elephanis - & very ghrong reason for conservation of
thig resource. In the higher and steeper areas, destruction of forest has created a
gerioug erosion problem which has contribuied to the annual flooding in the lebsk arss.



1.2.8

Communiications

Three large wrivers, the Ogan, Komering and Tulang Baweng, cross the project srea
from the Bukit Barisen uplands snd discharge into the Bangka Strait. The Ogan and
Komering join the Musi River et Palembeng, at approximately 90 km from the sea. Tidal
3nmimemau extende at some times of the year to some 100 km inland, measured along the
rivers’ tortuons courses. The Mesuji and Lumpur, along with imoumerable creeks and
gtreams, also drain the lowlands to the Bangkse Strait and are subjected to tidal
moverent over their entire courses.

Up to 40 years age it was possible on the Sungail Ogan 4o move goods and passeangers
by rivercraft as far as Beturaia al all times, He&wy giltetion in the middle reaches
of this river now prevents the use of this transport route.

A railway, whose passoiger md goods capscity is steadily being improved, runs
from Palembang via Perabumulih ,Bet m&&za and Martapurs to Lampung province and finally
to Panjeng in the south. A brench line tekes off at Perabunulih to Muara Enimy Lahat
and Lubuk Linggan in the north of South Sumatra province., This rail route has remained
open all the time, even during the late sixties when road commumications were
practically severed throughount the project avea.

A mein road which is etill, in parits, not alleweather, roughly follows the railway
route and a subeidiary network Qf fair-weather roads lies along the Ogan and Xomering
river courses. One route along Sumgal Komering is rapidly being sealed. One track
leads eastward from Pealembang for mome 100 km toward Simpeng Tige on the Sungai Lumpur.
The Bungai Mesuji basin is only connected to the remt of the srea by poor trackes which
are not always jeepable becsuse of lamok of culverts and stream crosgings. A good,
surfaced road connects the will of Menggals with the Kotabuwmi-Tan jung Karemg road.
Frowm both Martepura and Maturaja, roads lmaﬁ into the mowtaing at Leke Renaw and
connect to northwest Lempung and Krui on the Indian Ocemn.

There are landing elrips nesr Martapuvs snd Tenjwmg Rajs,and Palembang hes an
importent airfield. There iz o military airfield at Astra Ksetra near Wenggala.
Helicopters were uged for difficull project transport throughout the aves.

Since the ftwenties the whole o

ran has been prospected for petroleun and the
western mection, particularly in the s bourhood of Perabumulih, is a producing field,
pumping the oru&@ to the two relineri 1t Palembeng. Wetural gas isg aleo pumped 4o
Palembang for use in the oil pefinevies and the PUSHI fertilizer plants.

Investigatlong are now uwader way o determine the extent of the nesr-to-gurface
coal deposits which lie north and eawmt of a line jeining Tenjung BEnim, Baturaje, snd
Martapura.

There im an extensive limestone formation near Babturajs which is 1ittle sxploited,
Thies asset will certainly be nesded for agriculiure end for a cement factory o be
N
sited near Baturain.
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Chapter 2

WATER RESOURCES

HYDROMETIOROLOGIC INVESTIGATIM S

Hydrometeorclogic data on the project ares were determined through various
mathematical and statigtical analyses. While dats collected by the project were
meinly used, that provided by the Agriculiure 0ffice mmd the Lampung Hydrological
Project also proved valushle. Except for monthly rainfall, however, the available
records are of rather short duration and therefore whenever possible, synthetic data
have been generated to complede the informabion and thereby accuire a betber idea
of the potential of the resource.

Local cowmterpart persomnel were ingiructed in the techmigues of mathematical
and smtatistical amalysis thet apply to hydrological siudies., They will therefore be
able to interpret the findings reported here snd use the methods for further studies
and anelyses.

Pindings are presented mogtly in graphic form., The necessary tebulations and
step-by-step caloulation papers are aveilable in the office of the successor organiza-
tion to the project — the Public Works Department, Hydrological Section. The
information presented gives a complete picture of the potemtial of the aitmospheric
and superficial waters in the project aves, and cen be used in the planning of these
regources. However, some findings should be interpreted with ocare,particularly those
based on short-term records.

It is concluded that the atmospheric mmd surface waters In the project area
congbitute o reliable resowrce for irrvigetion, water supply, energy, or any other
form of water use for the benelfit of the community, L the necessary steps are teken
to eomtrol flooding and properly mansge the wabteretable.

Matertals snd methods

o1 Date and recoprds

Bxeept for the total monthly reinfall records, available hydrometeorologic
date cover no more than three years. The installation of the hydrometeorologio net-
work snd the solleotion of datn begen only in late 1971, Some cbservebions simce
then have been diseontinued while some date are discontinuous owing to ingbrunent
failure not promptly repaired. Figure 1 shows the length of the monthly rainfall
records. Tables 1 and 2 give the available climetologlie and hydrologie information
collected by the project. Figurs 2 shows the hydrometeorclogle network lnstalled and
maintained by the project.

Samples of water to determine salinity were taken in many rivers {see Map 1)
hetween October 1971 snd Juwne 1973, and 88 samplings for sediment dischaerge
in the main river were taken beltween December 1971 and April 1%73 1/.

Tn addition to the data collected by the projech, periinent information was provided
by the Agricultural Office and the Lampung Hydrological Project, a British Bilateral
4id project directed by Messrs Howard Humphreys & Sons, Consulting Engineers, which

was also helpful in amalyses and studies.
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Table 1

AVATLABLE CLIMATOLOGIC DATA

(beginning on: and continuing, wiless otherwise stated)

Availeble Location of climatologic statiom
data, Banding Simpeng
Cintamanis  Belitang Rakse jiwe Menggala Agang Tiga

Raindall

intensity Deo. T1 Jan. T1 Deo. T1 Dee. Ti Mar. T2 Apr. T2
Prie

wapwmim Dece 71 Decs 71 Dec. T1 Dea. T1 Mar. T2 none

Ralative

humidity Dec. Ti none Feb, T2 Mar. T2 June T2 none

Air

temperature Dewc. T1 Jan, 11 Dag, T1 Decs. T Mar. T2 nomne

Swshine

duration Dae, T1 Dec. TH Dec, T1 Deg. T1 noge none

Solar radiation

{Guon Belleni ) Des. T1 Deo. 71 Dac. 71 Dec. T1 none none

Soley radiatiom fug. T2

(m‘@immm&p&l) none to none Apro T4 Har, T2 none

Apr. T4
Wind
velooity Deo. T1 Dec. Tt bec. T1 Dec. 1 Map. T2 none




Table 2

-

AVATLABLE HYDROMETRIC RECORDS

Measurement berinning on:
Weterahed River at Rating
curve | AWLR 1/ | Staff gouge
OG AN Lengkayap Batu Putih yes none May T2 w
Ogean Baturaja - Kota ves none Nove T0 =
Ogan Baturaje-Terusan  no hug. T1 hug, Ti-Feb. T4 2/
Rambang Ten jung Rambang yes Octe 72 Apr. 7o-Feb. T4 2/
Rambang Tambengan Rembsng no none Apr. T2
Ogem Tan jung Raja Few hug. T1 Wove 70-Feb. T4 2/
Simpang Muara Simpang no none Aug. T =
KOMERING Selabung Banding Agung yes Mar. T2 Feb. T2-Peb. T4 _2/
Komering Hartapursa Vor July T1 Wove TO-Febe T4 g/
Komering Menanga no bog. T1 Nove 70-Febe T4 2/
Lempuing Cahays Bumi yes none Septe 71 -
Lempuing Pedamaran no none Hove 71 =
Komering Sirah Pulau Padang yes bag. T Dec, TO0-Feb., T4 g/
LEMAT ANG Lematang Sungai Rotan no Apr. T3 May 7Te-Dec. 73 2/
MUST Muei Tebing Abang ne Qot. T2 May To=-Jan. T4 g/
Musi Palembang ~ no SepteT1 Sept.T1 =
Bom Barun :
Musi Selat Jaran no none July Ti=July 12 _2/
Musi Upang no Octe T3 June Ti-Feb. T4 _2_/
Musi Telulk Sindon ne none July Ti=-July 72
Muasi Ten jung Duyut no Aug. T1 Aoge 1 =
LUMPUR Lumpuar Simpang Tiga no none Octe 70 =
MESUJI Mesuji Pemateng Panggeang 1o none Oct, 71 =
Mesuji Sungai Menang no none Septs Tl o
TULANG Giham Rantan Jenghung ves none June T2 -
BAWANG Tahmi Tan jung Agung yes none Jme T2 =
Umpnr Negeri Batin Baru  yes nene June T2
Besay Ban jar Masin yes none Aprs T1 =
Umpu Kanan Pakuan Ratu NGES Mare 73 June 72«Feb. T4 g/
Tulangbawang Menggala 0o Octa 71 Jan. Ti-Febs T4 2/

1/ Auvtomatic Water Level Recorxder.

g/ Digeontinued on this date.




2172 Data consolidation

Careful observation and pevision of all the dats wers wmderitaken to establish
the acouracy, reliability snd comsietency of the information collected. Double maus
smalyses were carvied oul to check the comsistency of the monthly rainfall records
ghown in Figure 1 and corpections were made when necessary. Missing date were estimated,
when applicable, by correlation spalysis smd lineal regression equations,

Of the varisghles or hydrometeorologic factors observed smomalies were found in
streamf low, pan-—evaporation end solar redistiom recording.

n streantlow recording, the mesm deily discharge should be obtained by reading
the respective rating curve of the discharge corvesponding to each of the three stafl
pauge readings and pecording everage of these three discharges. Calculabing the
average of the three staff gauge readings snd recording its corresponding discharge
should not be done. The corrections were needed most particularly during the rainy
months when the use of the latter method introduced errors as high as 10 or 15 percent
which, for rivers that carry hwmdreds of cubic metres per second, implied a big wder—
estimation of the potential. However, during the dry monthe, when low and almost
constent discharges sare observed, either method is equally accurate.

Records of the daily toital pan-evaporation ghowed grossg smd obviocus errvors when
values of 100 mm or move of evaporation had been recorded, pariticularly during the
reiny days. On the other hand, sero daily evaporation had also been recoprded even
though during the same day memy hours of swshine, high rediation, low bhumidity and
high wind velocity had besn recorded. When either one of these situations was found
in the records, the value recordsd was deleted and replaced by the daily mean,
caloulated using the number of days with reliable data. It is etrongly recommended
that the method of measuring deily pon-evaporation be improved.

Solar radiation is measured by means of two different instruments (see Table 1),
$o find a rating cweve for the radiation measured by the Cnn Bellani az a function
of the radiation measured by the acktinograph. In this repori, the calibraiion
performed by the Lampung Project is used to calenlate the molar radiation measured by
the Gunn Bellsni.

Wo significant suomalies were noted in the records of the other meteorologic
variables - temperature, relative humidity, wind wvelocity, howrs of sunshine.

2ol Methods of snalyeis

The methods used in the snalyeis of the pvecords are those generally adopted in
hydrologic studies end water resounvce evaluations. The methods most frequently
uged in the present siudy are noted below.

Simple md multiple corvelation snalysis was used to find the relationship
between two opr more hydrometeorologic variasbles. The least square method was used
to caleulate the coefficients of the correspomding egquationsg.

In order to gemerabe syntheltic data, simple siochastic models were developed.
They include a random component which is a fuwetion of the gtandard error of the
deviates and a random number normally distributed, bobth oblained from tables.

The following probability distributions were fouwnd to it one or more of the
hydrologic daba: normal, geomebric, CGumbel, Weibull, Log-Pesrson Type III. Their
paraneters were determined following standard procedures desecribed in any book on
statigtice or probability.

The procedure followed in processing the date i shown in s flow chart
(Figure 3).
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Reinfall analysis

& complete analysis of the reinfall records wam cervied oud %o evaluate the
potential and variation in time and space of the water that falls from the atmosphers
to the gromd. The mnalysis included annual, momthly snd instentansous rainfall as
related to digtribution in time wid space,

(a)  Anoval rainfall : aveal variation

The map of imohyets (Figure 4) shows the variation of the mesn annual reinfall
over the project area, whose value varies belween 1 500 mm and 3 200 mm. The average
apowel rainfall over the project area has been compubed using the igohyets and amouwnts
40 2 359 mm. '

(b)  Aonwal reinfall frequency distribution

Appuming normality, the freqency digtribution of ammual rainfall at several
gtations was estimated %Zf?:i,g;m?@ fw})o As an example, the areal (gaom‘aphwa.l) variation
of "’bhe)a Seyear and 50-year retuwm period smpuvel rainfall has been plotted (Figaves 6
and T)a

(c;) Wonthly rainfall @ freguency digtribution

The rainiest monthe are Wovenber to April end the lese rainy months Juwe to
September; May and Cetober appear as transition monthe in Figure 8 (a) through (i),
showing the 5, 10, 25 and 50 percent relaiive frequency of monthly rainfall at nine
different siations. The cumulative monthly rainfall at four stations (Fgure 9)
ghows that ithe amual rainfall concentrates in a few monthe, 80 persent occurring
between October and Hay.

(4)  Storm snalysis

4 storm is defined by its intemsity, duwration and freguency. To determine the
fregquency, the long, monthly rainfall records were umped to gemerate long records of
rainfall intensities at 14 stations. Wathematicel relationships were fownd belween
monthly rainfall, maximwn daily rainfall of the month, maxismum howrly rainfall mmd
maximum intensities of rainfall for differsnt storm durations. The following
equationg were derived:

1,08

1 a

0.461 R

4

&0
oy WWO& 3'3

Im = 39 Ig D
for T = 60 min.
1. = 31 1, 17084

M &0

for D60 wmin.

In thege expressgiong:
~  reinfall smownt in one hour (mm)

eo
Ry ~  total maximun daily rainfall of the month (mm)
}'M ~  maximom rainfell intensity (mm/h}

D duration of storm {min).

i
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The derivation of these equations can be seen in Figures 10 and 11. These generated
date were used 0 caryry w fregqumcy analysis and to draw the storm duration-fregquency-
intenpity curves that can be seen in Figure 12 (a) through (n). As examples,

Figurens 13 and 14 are waps of the geographic wariation of the two year-15 minute
and the five year-30 minubte storms, respectively.

{e) Beinfall duration distribuiiom

A well-Titting Weibull distribution was used to define the freguency distribu-
tion of reinfell duration. The cumulative distribution of reinfall duration and the
paremeters of the distribution for six stetions in the project area are presented in
Figure 1%,

(£) Rainfall depth - duration - frequency curves

As a Tirst approximation, the information of the six climatologic stations wam
sssembled and the curves of rainfall depth - duration - freguency determined
(Figure 16).

Straamf low
Becouge of the shoriness of existing streamflow vecords (see Table 2), several

schemes werve devised to produce synthetic streamflow records. Mainly, monthly and
peak discharges are genervated by use of very simple mathematical models. These data

are then uesed to carry the glotistical analysis to give some ides of the characteristics

of thig variable.

{a) Daily discherge

The daily discharge ig better visualized by means of the duration curves of
the rivers Ogen, Komering, and Lempuing {Figure 17). Theme curves provide information
on the number of days per year that one coen comt on a veriain discharge,

{(b)  Bynihesis of monthly streamdlow

Bristing discharge records are too short for any second statistical malysis.
It was necessary to devise a scheme to generate long records of monthly discherge
based on the long rainfallrecords at nearby stations. The few monthe of availeble
dimoharge records were used 4o ind the parameters of the mathematical model which im:

=8 D o . P i,
Qi a ¥ %1 Tl e bg lwmq e ny
where: 3
Q - discharge, msan daily of the month (m“/m@a);

i
P,y P, « precipitation,; monthly total at nearby station during
i Lot : o
monthe 1 and i, respectively {mm);
@y b

e = gtendard error of the deviates;

1v'b9 = econgtants computed using multiple regression analysieg:

ny =~ random nwiber normally dietributed with mean egual to
zero and standard deviation equal to one (8 (0,1)).



The following parameters were Found:

Discharge Rainfall coefficienta

?iv&r/staticn agtation a bﬂ ba e
Ogen/Baturaja Baturaje 27.7 0,31 0,31 62
Knm&rﬁng/ﬁartapura Muaradua T1.6 0.06 035 T4
Umpukanan/ Blambangan

Pakuan Ratu Umpu 20.6 0034 0.21 67

Using themse relationships, monthly discharges for the above rivers wers computed,

the informetion then being uwsed to find some statisticsl chavecteriptics of the
atreanflows.

(¢) Relative frequency of monthly discharge

The relative frequency curves for the rivers Ogan, Komering, snd Umpukenan at
Baturaja, Martepure and Pekuenratvw, respectively, are given in Figure 18. Thege
curves show the discharge that can be expscied each momth with a given freguency.
The corresponding return periods are also indiceted.

(a) Flood analysis

Long records of peak discharges were generated using the relationships of
monthly mean, end mean daily and maximum (or peak) daily discharges. This was dene
using the exieting short records of dizcharge in the main stresms. The equations
have the general form:

Gy = @ me

Q = ¢ Q

and
D
where ‘
Q ¢ Qps Qp  are the monthly mean, daily mean end peak

(maximum instantaneous) daily discharge,
respectively,

ay by oy 4 are the goelficlents caloulated by the least
square method.

The QM'B are found using the expression in Z.1.3 (b) above,

Figures 19, 20 and 21 show binary relaticuships for the three main rivers
mentioned above.

Once the peak discharges for each year have been estimated, the corresponding
flood analysis is done assuming the Gumbel distribwtion. Figures 22 (a), 22 (b) end
22 (¢) show the resulis for the same three rivers.

(e) Design discharge amd risk snalysis

The dimensions of any engineering project related to water use or gantrol are
linked to the expected life, cost and risk of failure of the)pr@je@ti Figures 23 {a),
23 (b) and 23 (c) show the results of the risk analysis carried out for the Ogen,
Komering and Umpukanan Rivers. The curves provide information about the glscharge
that should be considered, for a given risk and expected life, in the design of any
project on these rivers at, or nearby, Baturaje, Martapura or Pakuanratu, regpectively.
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Evapotranspiration

() Potential evapotrenspiration

Potential evapotrenspiration is estimated using the Thornthwaite method. Bven
though there are only two complete years of any climatologic records available, the
results foumd can be useful to asseas the characieristics of this variable, as
temperature is a relatively stable factor in the area.

() Monthly variation

The accumulated monthly potential evapolrenspiration of four stations is shown
in Pigure 24; the variability between monthe is relatively small.

Hydrologic balances using Thornthwaite's method were also carpisd out to
estimate the interaction between precipitation snd evapotramspiration. As Pigures 25
and 26 show, 1972 was an exceplhionally dry year.

() Areal variation of aymual potential evapotranspiration

Potential evapotrenspiration values are useful for agricultural planmning.
Figures 27 snd 28 show the variation of this factor on the project area and can be

The maximum difference of water consumption between any two places in the project
area appears 1o be aboult 2 mm/dayo

(4)  Areal variation of water deficiency

The rvesults of the hydrologic  balance, were used to draw the maps of water
deficiency shown in F}gur&ﬂ 29 and 30, The two-year records om which these maps are
baged are however insufficient to draw any valid conclusion on the behaviour of this
variable.

Climetology

The most important climatologic Pactors covered by existing recoprds are
temperatars, evaporation, soler radiation, relative humidity, wind velocity snd hours
of munshine. The stations that have instruments recording all or most of these
variables are listed in Table §. In general, the wvarisebility of these factors in
time is not too large and it is possible to draw some valid conclusions from the
regults of the snalysis made.

(2) Temperature

The memthly and areal variation of temperature can be seen in Flgures 31 and
32. The lowest mean daily temperature is at Banding Agung (23.8°C, March) and the
highest at Menggala (28.4°C, November), Congidering maximum and minimum temperatures,
the greatest difference between any %wo monthe iz swound 1090,

{v) Solar radiation

The radiation measured by the Gun Bellani instrument has t0 be transformed and
the following equation was used 2

R = 27 g + 50

where: R e net incident solar radiation as measured on a Kipp and
Sonen solarimeier (gmcal/cmg/day)
q e volume of distilled waler collected in the Chumnm Bellani
for the day wder consideration (ml)«



13

‘ ‘;‘be results are shown in Figures 33 and 34, which give the areal and monthly
variation of the radiation in the project area.

{¢) Evaporation

The corrected data of pan-evaporation has been used to draw Figures 35 and 36
which show the geographical varistion of the total smaual evaporation and the mm:bhly
veriation at the five stations, respectively. Lake evaporation can be estimated by
multiplying the pan~evaporation by 0.7

(d)  Other factors

Other factors studied were number of hours of swnshine, the wind velocity and
relative bumidity. The mean values of these variables have been caleulated and
plotted (Pigure 37). A8 with previous factors, the verisbility throughout the year
ie relatively alight; this would prove that the weather (apayt from reinfall) in the
project area is relatively stable.

P Reloted smtudies

2otabel Sediment dimcharge

The results of the 00 measurements of sediment discharge in the main rivers of
the project ares are plotited in Pigure 38. A single equation was derived as the few
date for each river, taken individeslly, are not exitensive enovgh and because all the
pointe plotted are fairly well dimtributed around a line. The squation is

Q. = 0.65 Q'Y

]

where : Q, - sediment discharge of the river (t/day)
0 - water discharge of the yiver during the same period of time (m3/ Bec)

The eqguation can be used o estimate sediment discharge for any river located in the
project ares whose watershed hes physical and climetic conditions similar to those
for which the egustion was derived.

2010642 Drought

A “dry day® is defined as a day when the amount of rainfall collected ow
vesorded ig less than 6 mme. The cumulative distribution of this variable was
determined {Figure 39) assuming geometric distribution for the length of the sequences
of a dry day. MNeanwhile Figure 40 shows the number of dry days in each monih at aix
gifferent stations as well as the average number of dry days per month in the whole
project area.

A special probability analysis was cerried out to find the frefuency distribue-
tion of Ary days dwring July, the most critical wmonth for agriculture in the area.
A total of 18 months from six different stations was uwsed and assuming, as before,
geometric distribution the frequency values were computed (Teble 36
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Table 3

FREQUEN CY DISTRIBUTICN OF DRY DAYS, DURING JULY

k {(nurber of days when Probability of having more
rain is less then 6 mm than k dry-days consecubively
per day) %
1 86
2 74
3 64
4 56
5 48
5] 41
T 36
8 31
9 27
10 23
N 20
12 1
13 15
14 13
15 11
Patlabol Salindity content of the streams

Figurer 41-44 show the selinity wariation of the main rivers based on distance
feom the vcean, &t different dates. A lorge veriability of the salinity content for
the mame location cen be noted because the salinity is probably influenced by oae or
more of the following factors: the tidal movement, rainfall rate and its frequency,
avaporation rate ad Lte freguency, and salt cotant and solubllity of the solls upe
shream from the sampling point. The higher end lower limits in the graphe have been
drawn by eys, bo gilve an iden of the mmplitude of salinlty content at any point in
the rivers, The standards of salinity for irvelgeblon waters spye shown din Table 4.

STATDARD FOR TRRIGATION WATERS

Water Bleotrionl
wlass wwndmmﬁ%vi%y Gualitative aspeot
B x 10
Hinkio/ om
1 0w 1 000 sxevollent to good, suitable fop
moat plants wider mogt conditions
2 T 000 - 3 000 good to dnjurious, probably harmful
to the more sensitive orops
3 over 3 000 injurions to wnsatlafactory,
probably harmful to most crops.
Unsuitable wder most comditions
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2.1a6ad Lake Ranau water potential

Lake Remau, in the southeast of the project areay, is the only large water body
that could serve as a natural reservoir for regulation purposes. The frec-water
surface covers approximately 124.6 km©. The Komering River, lmown as the Selabung
RHiver, originates from this lake. Since February 1972 the water levels at the owtlet
of the leke have been recorded. Twenty-eight discharge meagurements, were carried out
between 1972 and 1974 and the following rating curve has been Found:

Q = 39.26 H - 12.09

where s Q- discharge at the outlet of the lake (m3/@ec)

H = water level, above a local datum (m)

The mean daily water level at this point was caleulated as being 0,76 ms With
a stendard deviation of 0,12 m, and agsuming normal distribution, the annual volumes
that Leke Renau releases to the Komering River are as shown in Table §.

Table 5

ANNUAL VOLUMES OF WATER RELEASED
BY LAXE RAVAU TO XKOMERING RIVER

Water level Ammual volume Bouaivalent Gonfidence
above datum conatant limite
" di&%harge
(m) {(million m”) (m~/sec ) (%)
mean ¢ 0y]6 339:49 1114 -
0.64 411423 13,04 68
0.88 TO8,30 22.46
0.52 269,69 8433 g 9
1,00 856.93 27,17 5

Should the snnual water volume be used for regulating purposes the curves in
Pigure 45 can be used to determine the availability of water, during any number of
continuous weeks.

201645 Runoff/rainfall relationship

Rwoff/rainfall relationship (RO/RF) is an importent variable that cam be used
to eptimate the amount of water yield of a given watershed, Imowing only the area of
the watershed and the average rainfall over it. The records of nine watersheds in
the project area which have monthly rainfall and discharge records for the same period
of time were used to compute monthly RO/RF relationships for December 1971 through
October 19T4. The average rainfall over the different watersheds was estimated using
Thiessen polygons. Figure 46 shows the areas of the watersheds, and the monthly mean
of the relationship (Figure 2 shows the catchment bowmdaries.)

Trom December to May the wvariability of the RO/RF relationship is relatively
gmall and for this reason the mean values of these six months were used in the map of
the RO/RF geographic variation (Figure 47). During June to November the values of the
relationship are too erratic and should not be used to estimate the watershed yield.
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Records smd the observations of the local people indicate 1972 as a perticularly
dry yvear. A statistical snalysis of the recorded ralnfall in Palembang shows that
the 1972 rainfall has o 33-year rebumn period (Figure 48)0

LI IR | Water level of Tulmgbawang River at Mengeals

202

2:201

The maximum yearly wabter level of the Tulmngbawang River at Menggala is plotted
in Pigure 49. A4 theovetical Log-Pearson Type-IIT distribution hasg been fitted sand
can be used to estimate the frequency and return periods of maximum water levels at
this point.

WATER QUALITY

When aspessing the suitability of water for irrigation, several factors must be
taken into consideration. The totel concentration of the suspended and dissolved
materials in the water and the reletive concentretione of the individual iones are the
wain facbors perteining to wabter guality. In the soil, imporitant Ffeatures are the
nature and properties of the soil including the physical snd chemical characterigtics
emd the changes thet could possibly occur due to irrigation with a particular type
of water. The plant factors are mainly the tolerveance of plants o salis ap well as
to gpecific imms.

A ghudy of the chemical characteristics of water from the various rivers and
their tributaries in the project asrea shows that except in areas where tidal esaline
water intrudes, the water is of good guality and can be used to irrigete eny type of
plant on any soll group withouwt harmful effects.

A comparison of the amowte of ions in the water from various rivers with the
permissible levels of these ions in drinking water indicates that water from these
rivers is safe from the chemical point of view for drinking. However, the water will
have to be filiered 4o remove all suspended materials and boiled thoroughly to destroy
all micro-organisms.

The location of the water sampling points is shown on Map 1.

Salindity snd sodiwn content

Balinity - the amownt of solid materials digsolved in water - can be estimated
from the electrical conductivity (BC) of the sample, as well as gravimetrically.
Woter salinity can be classified into four groups, according to the EC (Table 6a).

M estimation of the EC of water samples {rom the different river locetions in
the project asrea is contained in Table 7. The comductivity given for each sampling
point ds the averags conductivity of all the samples collected over a two-year period.
The measonal fluctuations in conductivity can be sgeen from the maximum snd mindimum
conductivities.

Table 7 indicates that apart from the locations in Upang snd Musi where salt
water intrusion takes place duving high %ides {(data not given}, all vivers have low
salinity (C,) water. The Komering River and its tributaries show an EC of 30 o 130
lmhos  The maximum EC of 150 pmho was found in the sample collected from Way Selabung
at Muaradve during September; and the minimum, 18 {mho, in the sample from the
Komering at Sirah Pulau Pedang collected in Januvary. Samples from the Ogmn and its
feeders show an EC of 50 to 120 ymho with a maximum 330 and minimum 30 pmho.



Table &

CLASSIFICATION OF WATERS ACCORDING 70 SALINITY AND SODTUM CONTENT l/

(a) Salinity

o
Class LLmho/cm& Use of irrigation water
aq - low salinity 250 irvigation of any type of soil or crop
without danger of salt accumulaticon
0? - medium salinity 250 - 750 for all crops other than highly salie

gsensitive plants, if the soil has
adequate to moderately good drainage
to prevent salt scoumulation in the
goil

03 « high salinity 750 — 2 250  caonot be used for irrigation wnless
the soils have good drainsge and oaly
sali-tolerant plants are grown

04 - yapry high over 2 250  cannot be usged for irrigation
salinity

(b)  Sodium

Clasa SAR g/ Use of irrigation water
S? = low sodium Qw10 can be used for any type of smoil with

noe danger of smodiwm sccumulation in
the goil. For all plents, except those
which are gsodivm-genpitive

8, = medium sodium 1018 wsultable for hesvy-texiured goil mmless
accompanied by good leaching. Can be
ugad for coarse.textured soils and
organic soils with good permesbility

§, = high sodium 1826 not noymally suiteble for lrvigation.
¥ Very good drainage should be provided

and selts should be leached out often.
Chemical smendments will be reguired to
replace sodium

34 - wepry high over 26 not suitable for drrigeiion
godium

1/ USDA Saline sad alkali soils, Agriculfure Handbook No. 60. United States
Department of Agriculiure, Washington D.C. 1954.

%/ Sodium adsorption ratio - the ratio of sodium to the square root of half the
sum of calcium end magnesium, the concentration of all the lons being expressed
in millieguivalents per litre {(mig/1).
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Table T

MAYTNUN AND MININUM oH, AVERAGE, MAXIMUM AND MIVIMUM
COTDUCTIVITY MAD S0DIUM COUCENTRATIONS 1N WATER
SAMPLES FROM RIVERS I¥ SOUTHEAST SUMATRA

Blectrical Sodiuamn
River Bampling ‘ comductivity
looation pH &vegimha) Average mex  min  |Class
msx  min| age max min| mBy/1 1/ ppm 2/ mBg/1l mBa/l
Alr Saks Musradusn Tl Bod TO 110 54 0.17 1.9 0.42  0.08 S?
Way Selabung Muaradus To 7 6.5 131 150 110 0,39 8.9 0.51 (26 31
Aty Komering Martapura  Tal 6o 92 120 7O 0.29 6.7 0,97 0,16 E‘ays
Aixr Tobong Memanga 7ol 6ed 82 130 58 0,97 6ot o2 .14
Tengah
Air Komering Menanga Tl Bl TO 436 4D 0,27 6o 0.49 0,07
Pemigah
3o Lempuing Pedamaran Te Ba7 33 T7 18 0.13 3.0 0ed2 0,03
Ay Komering 8.Ps Padang T+6 5.7 500105 18 0,18 4o 0.42 0,04
Ay Komering Se Gerong Ta0 57 50 930 21 0,15 3.4 0,28 0.04
Air Ogan Roksajiwa  Ted 6.2 120 330 63 0.49 11.3 136 0,13
8. Lengkeyap Baturaja Te5 62 65 110 39 0.15 34 0.21 0,08
Aixr Laye Baturaja Ted 6ot 62 90 2% 0,15 el 029 0,03
My Ogan FPeninjawan 7.5 6.1 79 190 34 0.29 o7 0,91  0.07
Adx Ogen Tan g
Raje 7.5 6.1 0 136 33 0,21 4.8 0.50 0,08
fir Ogen Pelebuban 7.0 6,0 56 95 35 0,18 Ho? 0.32 0,05
Dalam
Mr Rismm 5. Tiga 6.0 4.4 27T 4% 19 0,06 1ol 0.10 0,03
Se Talang 5. Tiga Gl 42 2675 11 0.10 203 0.26 0,01
Rimba
We Tulengbaweng Mengpals 7.0 5.8 3670 18 0,18 Jad 0.40 0,04
Weo Kanan Pagardews 6.9 6.0 36 85 48 0.4 Je D633 0.0%
We Kiwid Pagardewa 6.8 5.9 3170 29 0.1 2.6 0,39 0,05
Air Mesuii Pagardewsn 6.8 4.8 1738 9 0,04 0.9 0,08 0,01
Aipy Keramasan Pedadabunglouk 39 T2 29 0,09 2.0 0,11 0,04

1 Millieguivalents per litre.

g/ Parts per million.
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Riamon and Talang Rimbe, the two feeders of S, Lumpur, have a conductivity of less
ﬁ@ag 30 Pmhe with a varistion in EC during the two=year period from 10 fmho

minimun to 75 imho maximum. The average conductivity of mamples from Tulangbawang
nd its tributaries is wnder 40 pimhe, the maximum and minimm conductivities measured
being 70 and 18 respectively. The Mesujl has water with conductivity 35 to 10 pimho.

~ The smalinity of water from the Musi and ite brenches, the Upsng, Saleh and
Tolmg, depends on the distance of the location from the sea. The sample talen from
the Musi at a point 42 km from the sea shows thet the water here iz of low salinity
end the change in condustivity with change in sesson is net appreciable. The aakiﬁiﬁy
supveys of the Musi and distributeries, up to a distance of 40 km from the 5oy
indicated thet the Musi has water with an EC of wnder 100 pmho 1/. A little down-
straam from the point of bifurcetion of the Musi, the conductivity of water rises a
Littley however still within the ¢4 level. This continues up to a point aboui 35 km
from the sea. From here for aboubt % km downstream, the water can be elassified

ga Go, incressing to €, and reaching G4 a8 the river approaches the sea.

(samples taken 6.3 km %rom the sea show sodium concentrations renging from 50 to

4 000 ppm and those near the smea 2 000 to 7 000 ppm sodium.) Similarly, in the Upang
River, up to 30 km from the sea, the water bas low salinity, =bout 25 km from the mea
medium salinity sod fuwether down wery high salinity.

In €, waters where the total concentration of dimsolved materials im low, the
concentration of individual lons will also be low. OF the major cations, sodium is
the most hermful in irrigetion water, not only becaunse of the injury it way cause Lo
the plants as & result of sodiwm accwmlation in the plant $issues, but zlso due 4o
ite effect on the physical and chemical properties of goil, Sodium disperses the soil
eolloids resulting in very poor tilth and low permeability. Water with a high ratio
of modium bo calcium plus magnesivm, is harmful to the structure of the scils The
sodium adsorption ratlio {Skﬁgnis a useful index in assepsging the hazards due to sodiuvme
Irrigation water can be claseified into four categories depending on the sodivm hazard
{Table 6b).

Most of the yivers from the project asres have water belonging to the 8§, group,

with sn aversge sodium concentration in the samples of wder 10 ppm. The sxceptions
are the salt waters from the Musi snd Ugsng Riverse

Concentration of other iome

The anslysie of the water from the rivers of sowtheast Sumadra indicabes ‘that
aimost all the samples contain lese than 2 ppm pobassium. Potassium is one of the
major elements peeded in large quantities by plemts snd therefore the ireigation
water will contribwbe practically nothing to the potessium needs of plants.

4 high retio of caleiuwm and magnesium o sodium is demiprable in drrigation weber.
These caticne cownteract the effect of sodiwm in the moil, improve its physical
condition, and supply needs in plent nutrition.

Although calcium and magnesiuvm consbitute TO to 80 percent of the cations in
meny of the waters from the area, the data given in Table & ghow that total concentres
tion is very low. Many of the samples contained no caleium, and the average of most
samples is less than & ppme Magnesium is fouwnd in very small concentratioms in all
the river waters. The average magnesium comcentration is less tham 5 ppe. In the
highly saline waters from Musi and Upsng from locations neayr the sea, however, the
magnesiun concentrations ave highe

4.G. Pike. Interim summary of hydrological end meteorological date. Horking Paper,

ws/69/518.,



The ireigation of sny soil which iz already deficient in caleciwm and magnesium,
with theege waters ceonot therefors be sxpected to improve ites caleiuvm and magnesium
ghatus.

The eoncentration of boron in some of the water samples is given in Teble 8.
Bven though some of the samples contsin wup to 0.4 ppm boren, which is far below the
toxic ldmit of 1 ppm, dn wost samples there is no borom present.

Iron dn drrigetlon weter is not of any practical significence for plant growih
or goil improvement. The weter from slmost all the rivers contains little or no irm;
in the wbtrongly o wery sirongly seidie hydromerphic soils, paprt of the irom is
pregent in soluble forms. In an exceptionally dry yesr the soil dries out and the
iron which dis present in the yreduced form will be oxidized. During the rainy seasam,
part of this will be washed oul into the rivers and camals. This was seen in a gsample
of water collected from Cintananis. The water was yellow in colowrs The watber was
filtered and 1t was FTownd that the filtered water contained 0.06 ppm Fe, Withowd
filtering, the water showed 0,78 ppm ivron. The sediment obinined by £iltering the
sample had an iron concentration of 18 229 ppme

Carbonates, bicarbenates, chlorides, and sulphates and at times, niitrates, are
bhe sniome present in irrigation water. Of these, carbonates are not fowd in woters
from the rivers in southeast Sumatrs. This de to be expected am all the wabere
#tudied are neubral to slightly acidic in reaction. However, bicarbonates are found
in almost all the samples. The effect of bicarbanste ions depends on the specles of
plant. Some plamts are wvery sensitive to bicarbonates while others ave more tolerant.
I the bicarbmate poncentration in dreigetion water is high, there is the denger of
precipitation of caleium and magnesium and the resulting incresse in the propordion
of sodium dn the soll.

However, in the waters frow the various rivers in souwtheast Sumatre this danger
does not exiwt. Bven though the bicarbonste ion conmsditutes the bull of the snionsg
im west of the low conductivity waters, the concentration of the iem is low enough
not to cause any hermful effscts. Almost all the samples studied had less than 40 ppm
bicarbonate ions (Table 8). The residusl sodium carbonate (difference between
carbumates and blcarbonates and the sum of cium and magnesium) is well below the
harmfol level.

The anount of chloride iong prevent in the low conductivity waters of the yivers
is very low (Table 8), Almost all samples showed less then 20 ppm chlopide, which
ig well wder the 7% ppm danger limit.

Bulphates are generally less toxic then chlorides. Tn most of the waters wnder
study, the samples did mot contain any sulphates or ghowed mly draces. The highly
saline waters, however, conitain gignificant swmowmts of this mnion.

Phosphates although beneficial for crops stimulate the growth of algae end this
may give a etrong smell to the water and also hamper the growth of paddy. Table 8§
indicates that many of the water samples snalysed showed no phosphates or only braces.

Witrates are the most common form of nitrogen fouwnd in waber. River waler
generally contains less than 10 ppm nitrates, butl when contaminated especially with
bumen wastes it may contain several hundred parts per million nitrates. For Lrwed gae
tion use, nitrates in water are beneficial. Az Table & shows, the river waters in
the project arvea contain less than 1 ppm nitrate nitrogen.

Reactiom

The pH of all the samples from the main rivers is generally in the range 6.0 to
7.0, and remaing more or less constent throughoub the year.



Table 8

AVERAGE COHCENTRATIONS OF BEIQHT IES I¥ WATER SHIPLES FROH
RIVERS IN SOUTHEAST SUMATRA
{ppm)
River Sampling

locatiom Ca Hg B Fe 0 4 §§§3~ H ﬁﬁﬂs ¢l
Air Saka Huaradua 6 368 0 o 0 0,06 38.4 6.0
Way Selabung Huaradua 112 4.8 a 0 0 o 65,8 9.5
Air Komering Hartapura 8.6 4.0 0 G .03 0,44 7.8 0.8
A3y Tobong Henange Tengah 8.8 1.8 0 0 0.13 G04 9.0 6,3
Air K. Mati Menange Tengah 8.2 2.1 0 0 0,19  0.04 35.3 6.0
5. Lempuing Pedamaran 2.2 1a5 0 ¢ 0 .68 15.8 5.6
Air Yomering 5.F, Padang 9.6 1.0 Dad - - - 2001 5.6
Air Komering S, Cerong 2.8 287 - - - - 18,5 Q.2
Air Ogan Raksajiwa 5.6 2s7 Oed o u 032 25,8 226
5. Lengkayap Baturaje T8 17 - w = - 347 523
iy Lays Baturajs 558 249 0 0 0 0,08 32.3 5.6
Air Ogam Peninjawan 550 2.7 o - - - 27+4 1451
sir Ogan Tenjung Rajse T4 1.9 8.2 - - - 32.3 8.1
dir Ogan Pelabuhen Dalam 2:5 363 - - - - 24 .4 7.8
Air Rizmus S. Tige 1.8 104 0.2 0 0,05 0,142 55 5.7
S. Taleng Rimba S. Tiga 1a2 1odh o 0,02 a 0,18 10.4 1.4
S, Tulangbaweng HMenggala 1.8 251 0.3 0,02 0.08 188 8.0
¥, Kenen Pagardewa 2.4 129 a4 ¢ Y 1645 5.6
We Kiri Papardewa 2.0 1.6 0.3 0.01 o 14.6 4.9
Air Hesuji Pagardews 0.2 Ted o 051 0.08 0,08 224 Be3
Aly Keromasan Pedadabungiuk 2.0 Zodl - - - e .7 8.7
Aiy Pusi 40 km upstresm . 240 - - - = 24 44 667

from mouth




The basement rocks beneath the South Sumatra Basin are ignecus and pre~Tertiar
metamorphic rocks which were extensively folded during en Upper Crelaceous testonic
stage. Thewe older structural trends do not coincide with the yowmger northwesi-
southwest structural trends in the younger sedimenis of the basin.

In sarly Tertiary times,the pre-Tertiary basement rocks were covered by volcanic
andesitic material. Gradual sinking of the basin floor followed, resuliing in fresh
to breckish-water basins in the eastern part and marine basing in the western part.

A transgression of the sea from the south transformed these small basins into =
shallow, exbensive sea. During the initial {rensgression, the area had rugged
topography and was subject to considersble volecanic activity which daposited thiok
layers of extrusive material, mainly in the southem pard of the basin. O the slopes
of bavement platforms and ridges, conglomerstes, brecciasg, sands and carbonacecus
remains were deposited. In the depressions, the basement floor continued do mubside
resulting in the deposition of thick sectioms of dark shales. A8 the basin became
more phallow due to infilling, the shales were succeeded by coarser materiale. Coral
and foraminiferal limestones were deposited on or arcwnd the ridges and bhasement

highs and coral reefs grew into the sea.

The infilling changed the bamin floor inte a generally flad plain without deep
troughs or steep basement highs. Thereafter, seaward regression begun and brown
clays, brown coal beds and sands were deposited. The tertiary sedimentation seguence
was terminated by a relatively recent orogenic period which resulted in welledeveloped
northwest-goutheast trending folds in the Tertiary sedimsnto.

The sedimentary basin probably atiaing s maximws thickness of more then & 000 m,
The complex pedimentary history, in combination with velcanic activity, iz significant
from a hydrogeologic stendpoint because it caused rapid facies changes which markedly
affected the lithologic characteristics of potential aguifers. Such chenges make 1%
impossible to trace water-bearing zones for long distances without detailed geslogic
studies snd test drilling.

The surface geology in the project arsa ig showa on Map £ =nd the
agtratigraphic sequence is summarized in Appendix 1. The stratigraphic seguence
within the South Sumatra Basin is well known from records of oil explorstion
programmes. The geologic formations which occur in the project arves ave described
below in ascending geologic order.

The geologic sitructure of the older pre-Tertiary Basement Complex rooks is
mapkad by the yowger sediments. However, deep oil-test holes have show: the
Basement Complex to consist of pre-Tertiary igneous snd metamorphic vocks which
extensively folded prior to depomition of the Tertiary sediments. The older
structural frends do not coincide with the youwnger northwest-souvthesst drends of the
shallower sediments.

The Tertiary formations have been folded and faulted by rslatively
activity, The result of the sitructural deformation ig B series of broamd anbiolines
and synclines trending northwest-goutheast across the South Sumatra Besin, These
gtructures are buried bensath a cover of younger voloanivs on the southwest snd by
alluvial deposite on the easi and north. The general siructural configuration of the
Tertiary sediments in the project area is shown on Map 2.




A largs snticlinal structure trending almost eamit-west enters the project area
west of Palembang and bends to a northwest-southeast trend in the vicinity of Palembang
end continnes on to become buried beneaih the younger alluvial sediments. This broad
onterop of Tertiary sediments and the extensive outerops of the Air Benakat and
Huars BEnim Formatlions southeast of Plaju and near the coast in the east~central part
of the project area, indicate that the Tertiary formations probably ocecur at
relatively shallow depths beneath much of the area mantled by alluvium,

nother broad northwest end southeast anticlinal structure enters the project
area in the vicinity of Perebumulibh and plunges into the subsurface in a south-
sasterly direction. The structure iz cut by numerous itrensverse faults west of
Perabuwmulihe. A broazd, apparenily synclinal, structure trends from west of Muara Fnim
tnrough Baturaje end plunges beneath yownger sediments in a goutheagterly divectione.
The structure is highly folded end out by numerous feaults, especially in the vicinity
of Baturaje. Meny small anticlinal features superimposed on the major structures
ocour beiween Muara Enim and Batureja., Numerous outorops of Tertiary sediments in
the mowtaing reveal that the younger voleanic rocks have covered extensive Tertiary
deposite. The parallel banding of the formations indicate *hat *they sre highly folded
and faunlted, probably along trends similar to those formations at lower altitudes.

The geologic structure within the project area is of grest importance in the
ocourrence and development of growndwater. The folding snd faulbting make the loca
tion of specific well gites very difficult. On the other hend, the fracturing or
rocks by folding and faulting and the exposure of permeable zomes o the surface can
be factors favourable for the ocourvence and development of grouwndwater,

2e3e2 Growndwater
2030241 Recharge and discharge

Recharge to the aguifers wderlying souvthern Sumatra ocours as infiltration of
rain felling dirsctly on the land surface and, to a much greater extent, from
infiltration from extensive lakes and streams which originate in the high rainfall
areas in the mowntaine. Very little recharge occurs in the mowntaine becaunse of the
steep slopes and rapid runoff, but es the stream velocity slows in the foothills and
the streams cross the permeable gones within the folded Tertiary sediments significant
amowts of waler are lost into the ground. In the flat swampy lowlands, the flood
waters and rainfall directly on the area recharge the alluvial sediments and maintain
8 very high water—table throughout the year. The average annual recharge to the
gromdwater remervoir beneath southern Sumetra is not known and cannet be reagonably
estimated at present.

The natural discharge of groundwater in southern Sumatra takes place by evapors-
tion and tranepiration, by spring discharge, by growmduwater wmderflow to the sea or
out of the area, snd $0 a very small extent through extraction from dug and dyilled
wells.

Evaporation from the growmdwater reservoir ccours where the capillary fringe is
at or near the land surface. This condition probably exists for at least nine months
of the year in the area covered by alluvium and for a congiderable length of 4ime in
some other areas. Therefore, evaporation from the growndwater reservoir is one of
the major sources of discharge. Transpiration by the dense troplical vegetation )
probably accownts for an even larger emownt of natural discharge of growdwster from

the area.



Podela? Wells and springs

Prior to this study there were
southermn mumaiva wilwr than %hagg

sulated records of wells or springs in

led by Howard Humphreys aod Sons in Lampung

d four springs within or near the project arvenm.
showa on Map 1. Of the 70 wells, 471 are drilled
truction techniques) and 29 are dug wells,
the drilled wells in the area but is only

Mot of the drilled welle are very shallow and of small dismeter and many have
sensad to be & source of water. The small diameter wells are generally installed by

Jetting a well podnt to depthe ranging from 12 to 33 m. Boon after installation,
saveral such wells wers vepori %m be "dey', The problem is likely to he clogging

of the sand points by Tine-; o sand rather than a decline in the water—tabl
The shallower drilled wells may gs dry during the more severe dry seasoms.

ed in 1900 and 1907 ab Meng
sduced pr

galay are still flowing but,
surs and volume of water. Undoubtedly the

hﬁle have caved-in to some extent. Nevertheless,
by water after almosgt 70 years. Thess

in & nuwber of arveas of the South

be dri 1o

Wells M-l and ¥e2, dri
based upon old reporis, at ¢
well casmings have d
these wells s1ill supply relatively
two Tlowing wells ave indicalive of
Sumatra Bagin where similar well

Pive large diameter we!
P@vtmmina 0il Qmmpamy purapd
ased with 20-om—diameter
hl@na wers not comple
level data from the
sollect water me
gpecific ¢

in de
o

b from 54 to 15% m were located at

of the wells were dry but three were

well screens. Punp installa-
s and consagquently only watepr-
it was not possible to

Trom driller's reporis,
1401 1/m.

in
diameter and had a concrete curbi
levels, Below ihdﬁg the wells we
wells were constructed with wo
obgervad wlqy@& in depth from

welle geners y d@pmmu WpHoN
oy lake. Near stream or L
the ww}la et %M deaper to r ]
from the dug wells by a buckel bui eguipped with hend or electric pumps.

Most dug wells are reported tﬁ go dry in August, September end October. Dug wells
are important sources of water s ly for many villages in the project area.

i

area were generally about 100 om in
to & &wpui of about 1 m or less below ground
E Ly open. It was reported howsver that most
- or no curbing at all. The dug wells

to more then 13 me. The depth of the dug
the land sueface above the nearest slream
re very shallow and higher on the hills
Water is generally extracted

Only four springs wers los ﬁ during the field inventory; however, there are
wdoubtedly nunerouvs springs ir project ares as geologio conditions are Favourable
for their occurrence over much of ?hw aren. Most springs, while generally not

pplying large quantities of water; would provids adequate guentities of good quality
water for villags supplies. Scatiered high-yielding springs mey ocour in the highly
folded and fTaulited Tertiary ;

The largest spring, or series of springs, observed was at Pasir Puteh, west of

Palembang.



2036203 Growmdwater quality
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Dgring the field investigations water samples were collected from 11 wells and
%WQ springs. Water analyses from four wells were obtained from Howard Humphééys and
Sons, and two analyses were obiained from the Directorate of Geology. Mnalyses of
the water samples were also made by the Project laboratory. Other)than those chemical

emalyses reporfed in Appendix 3 there are no growndwater quality data available for
the project ares. '

Based upon the analyses of this very limited number of growmdwater samples, 1t
appears that water from the shallow, non-artesian aquifer is of good quality and
could be used for irrigation with few limitations. This is 4o be expected as the

gource of the water is direct infiltration of rainfall or surface recharge into the
shallow aguifer.

The water from the two artesien wells at Menggala is wesuitable for irrigation
bhecause of the very high SAR values. However, these samples represent only one
relatively shallow arbesian aquifer and are not representative of gromdwater guality
in general. The significence of the analyses from these two wells is to indicate
that there might be growndwater quality problems in some areas of the project. Until
considerably more data are available to give a representative piciure of the water
guality from the deeper agquifers, no definite statements can be made regarding
limitations of water quality to irrigation.

Groundwater development potential

Historically there has been very little interest in grouwndwater development in
southern Sumatra and consequently data on which to evaluate potential grouwndwatexr
supplies are limited. Based on the sparse data svailable, the hydrogeclogic conditions
appear to be sufficiently favoursble to warrant further investigetions. The grouwnd-
water potential of the various geologic formations is swmarized in Appendix 1 and
the surface exposure of the formations is shoun on Map 2.

Although the alluvial deposits arve extensive, the ssdiments are moshly very
fine-grained and do not appear %o be a source of water for irrigation. Wells dug or
drilled into sufficiently thick sections of the coarser-grained alluvium would provide
adequate guantities of water for domestic use throughont the year. Water developed
from properly cometructed wells logated above mowrces of potential pollution would
provide much safer domestic water supplies then strsams or dug wells adjacent to the
glreams.

The younger volcenic materials cover vast areas of the mowntains in the southe
west and central parts of the project. These materials ave predominantly fine-grained
ash deposits which are relabively impermesble and therefore not favouwreble for develop-
ment of large quantities of growndwater. However, within the wvolcenic materials
there are probably some zones of high permeability that might be the source of local
water supplies, These zones, however, are of limited areal extent and therefore not
important in terms of water gupply for irrigation. The cccurrence of such permeable
zones may be indicated by springs flowing from the voleanic materials or from the
centaot zone between the voleanics end wnderlying impermeable rocks.

The Kamai tuff cccura over a broad bell across the centre of the project and is
generally not a potential source of large quantities of gwoundwaﬁ@r? The Kasal
probably is, however, a potential source of water for demestic or vmllag@ water
gsupplies from welle tapping permeable zones within the tuffaoa?us materials or @he
comglomerates. The Kasal tuff is &an important unit in the regz@nml_hy@mog&ologlc
sebting as the relatively impermeable Kagai beds serve tp imp&r§ artesion pressure
to mope permeable zones in the underlying formations. The Kasai also ?antxlbutes to
recharge through the slow downward movement of water into the lower units.
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The Muara Enim coal formation outcerops in broad mmxwingi structures which
have been deformed by folding and faulting. Based on 3 data from oil test
holes the lowsr sections of the Musras Inim coneist of coarser sands which are
potential source of large Quantitiss of growdwater, but ne water wells have Dbeen
drilled into these beds. The P.T, Sumbars Shell Gompany b@z&m coal investigations
in Juwe 1974 and drilled a number of ocore holes in the My ) im din the vicin
of Baturaja. The vesulbing date will indicate whether or not Huars Enim
further investigations for growmdwater. Waler guality, however, might be a problem
in wells tapping carbonaceous beds within this formation.

The Alr Benakat sand and olay i opsible source of large quantities of
growdwater. However, bassd upon 13»3 ologic &a%cyipﬁ’ﬂmwy the sandy zones within
the formation génmrally contain e high percentage of clay and therefore well yilelds
might not be too great., The formation would probably supply adequate quantities
water for village supplies and domestic purposes.

The Gumai shale is not a potential
the marly or limestone sones within th =l
domestic or small villapge suppli The CGumai shale is m@l&tivwly'impmrm@abl@ el
would act as & confining layer belween the wore permeable overlying snd wmderlying
formations.

The Batwraja limestone ig a possgible source of water ai%bwwwﬁ ite subsurface
thickness probably limite its potentisls The major outcrop of the me&ga ig a long
narrow northwest-gouthwest trending band southwest of Baturaja town. Wells drilled
into the formation in that arvea or wells begun in the overlying Gumal shale and
penetrating into the Baturaja could conceivably yield large guantities of water,
Nothing is known aboul the surface supo 5 of the Baturaja. If it is fractured by
folding and faulting, the Tormation might contain solutionally enlarged openings that
would yield large guantities of water.

The Talang Akar shale and sand is a potential aguifer but the aveas of ouwberop

14

in the project asre wvery limited.  The ugp ity of dhe formation aye reported to
be finegrained sands with shaly sands and coarse grite The lower member comsists of
thick layers of coarse smsnd that are potentially the best aguifers within the project
area, but it is guestionable whether or not they occur at shallow enough depths or in
thick enough seciions 1o be of imporisnce., The small sreas of oulcrop of the Talang
bkar are Tactors which severely limit the rechargs to potential aguifers within the
formation.

o

The Lahat tulfebreccin md the pre-Tertiary rocks arve not potential aguifers in
the project area.

Pased solely upon geolopic data - lithology and siructure - the most Tavourable
areas for potential growmdwater development appear to be the anticlinal @&ruv@ur@m
near Palembang, Perabumulih and Muara Bnim and the Polded and Tanlied sediments
%he vieinity of Baturaja. The long, narvow bands of the Aly Benakat smmd snd clﬂy
and the Baturaja limestone souwthwest of Batuwraje village are also potential arens for
wells that might yield guantities of water sufficient for iprigation. Areas where
the Mu&rm Enim coal, Ay Benakat sand and clay, Baturaja limesione, or the Talang
fker shale ouwtorop (Map 2), or where those wnits lie at relatively shallow depths are
also pot@nilal well-development sites,

=

The alluvium and Kasai 4uff deposits are not potential sowrces of lrrigatiom
gupplies but are important sources of water for domestic or small villape supplies.
Tillage water supplies developed from properly constructed wells would have an dmportant
impact on public health in southern Sumatra.
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Chapter 3

LAND SUITABILITY

Soil investigations were an integral part of the project. The investigations
involved a gemeral purpose reconnaissance zoil survey of the project area, snamlysis
of the soil samples and subsequently an interpretation of this information in terms
of lan@ suitability with a view to possibilities for development in agriculture 5/.
The soil survey was at a very low iptensity with an overall frequency of asuger or pit
examinations of about 1 per 12,5 km™.

‘MATH S0IL CHARACTERISTICS

Orgonic matters the percentage of orgunic matter in the soil samplee was
distributed between lowlend snd upland soile as follows:

Percentage orgenic Percentage of mpamplen
matter Lowlend soila Uplend soils
0 = 1.9 4.8 109
2 = 4.9 30.4 30,8
5 e 9,9 29.6 48,1
10 =  15.9 1064 12.5
15w 19.9 4.8 20%
20 =  29.9 4.0 169
over 30 16l 19

The soile of the flood plaine snd the swamps contaln a high percentage of organic
matter. In the swamps, scid peats occur over the mineral soil or are found as an
sgociation or complex with hydromorphic alluvial or humic gley soils which also
contain a high percentage of orgenic regidues.

The uplend soils contain much lese orgenic matter. The swamp soils contain
organic residues throughout the profile with peat layers altemating in mome profiles;
in the uplends, the organic matter is low end is confined to the suwrface moil. Bince
many of the nutrients in these scid goils derive from the decompoeition of organio
matter, the uplend soils have low fertility. On the other hend, in spite of the high
acidity, crops grow well initially in the swamp aveas because of the bigh humus content
of the soil. However, when these soils are drained end cultiveted the organic matter
will be depleted at a rapid rate by oxidation, inereased bacterial activity, overw
cropping, buming and erosicn by wind and water. The depth of the orgmic horizon will
thus be reduced due to shrinkege, and drainage problems may recur.

D. Harris sand R.G. Menon. Reconnaissance and semi-detailed soil surveys. INS/69/%18.

Januvary 1973. )
#.J. Dent., Land cepability. T1NS/69/518. February 1974«
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Boil resciion: high acidity ie o prominent characteristic of all soils in the
project area; particularly in the lowlanmd soils, as the following breakdown of an
Proj y N ) &
engive series of samples shows:

Class H Peroentare of ssmples
PEOES Lowland soils Upland soils
Very strongly soid 205 = Fud 48 ]
Strongly acid 268 - 44 3349 12 dl
Hoderate j”y acid ‘& 0 ):) ws f') w»&@ tji:‘; ol 70 @ Ef;
Slightly acid e = Hadd Ted 1542
Heutrsl 6085 e 7ol 0 0
Slightly alkaline T w Bud 0 1.9

In Upang and Cintemanie, the sub-soil is in a highly reduced conditiome. These
sulphide-rich soiles are slightly acidic or even neuwtral when waber-logred, but when
air-drisd, they become highly acidic with the pH reduced to leas than 3.

Very fow pleants, in any, cen thrive wder sitrongly acid conditions. Because of
the high scidity, copper, zinc, manganese, irvon and aluminivm will be more soluble
and mey be present in towic amouwnts, while molybdenum, coleium, megnesivm, phosphorus
snd potassium will be deflcient. Bacterial petivity and consequently the mineral
decomposition of organic maiter will be lessened. On the other hamd fungl cen thrive
at pH 3.5 %0 5.5, and the incidence of Fugus-induced dipeases may therefore be high.

Aluminiuvm toxicity is of special importance in shrongly acid solls, As little
ag 1 ppm aluwinivmretards plant growth. The concentration of aluminiuwm in some of
the soils of the project area is several dimes this limit,

Lime status: as indicated sbove, the smoils of the region are moderately to
strangly acidic. Liming is necessary to make them more productive and suitable for
a wide rengs of ovops., Limserequirement studies show thal nearly %% of the lowland
samples end 236 of the upland samples would need 10 t lime/ha, 44% from lowlsnd and
48% from upland 10 to 20 t/ha, and 324 from lowland and 23 from upland 20 to 30 t/ha.

Potential seidity: in some of the swampy area the soil is wnderlain by layers
of pyrite-comtaining potential aoidesulphete soils. The aodd-anlphate horison
generally ocours at a depth of 50 o 120 em. The swrface soil ig moderately to
phrongly acidic. The acid-sulphate layer may be neutrval 4o strongly acidic wder
water logged conditions, but becomes very strongly acidic (pH wnder 3) on gl pedeying .
The surface soll is generally very vioh in orgenio matter or conpismts of acid paat,
and is nonsaline; the acid sulphate layers, however, are maline and contain large
smowtte of sulphur compouwnds.

When these areas ave opened up, drsined smd cultivated several problems aee lisble
T arise:

8o reduobion in the thickness of the surface soil and decresse of dipbanes
between the root zone and the seid sulphate layer by shrinkage md less
organic matber:

b  development of wery strong seidity due to the oxidation of sulphides:

%o salindzation and acidification of the surface smoil dus to eaplllary rise
of saline, strongly acid growmdwater;



do  toxicity due to aluminium;

&€,  micrmutrient inbalence.

To prevent or overcome these problems, strict conservation and amelioration
methods will have to be followed:

Ao keeping the water~table above the acid-sulphaie layer at all times;

ba leaching out of acid and toxic materials from the top soily

o application of lime te reduce acidity;

do  keeping orgenic matiter at reasaably high level;

e« application of fertilizers.

Balinity: +he wplend soils sre nonsaline with less than 0.2% salt in the surface
and in the subw-soil. In the lowland areas, T7% of the smurface samples showed less
than 0.1% salt, 12% showed 0.1 to 0.2% and 11% showed 0.2 to 4.0%. The high salinity

ig found in the alluvial soils developed from marine deposits where the surface as
well as the sub-soil is highly saline.

In places such as Upsng where potential ascid-sulpheie soil ocours at certain
depths, the surface soil is non-saline, but the acidesulphate layers are highly saline.

Cation exchange capacity: the lowland solls have high cation exchange capacity
{CRC) becanse of the high organic matier snd clay content as the following data show.

Percentage of gamples
Uit values i/ Lowland soila Upland soils
CEC A B3 CRe BA B3
0 - 8 Ge9 4.9 175 35 2.8 3605
10 - 19 9.0 4404 15.8 45.5 48,8 147
20 - 29 46.0 32.6 1263 3963 23.6 1546
30 - 39 30.6 132 1646 6al 2w} 12.8
40 - 49 9.9 4e2 1449 2.7 2.4 9ol
50 = 59 1.8 07 1243 0.9 - Ged
60 - 69 0.8 - Ta9 0.9 - 307
70 - 79 0.9 - 2e7 0.9 - 0.9

l/ Values refer to mEq/ﬁOOg soll for CEC and Ef, and to percentages for B3,

Over T5% of the lowland samples have a CEC of 20 %o 40 mBq/100g soil. M
contrast, nearly 509 of the uplend samples have a CBC of less than QOmEq/100g soile

Although the CBC is high, the percentage base saturation in the surface layers
of most soils is very low, less than 20 in one third of the lowland and one half of
the uwpland soils.

Exchange acidity {exchangeable hydrogen and aluminium) is high in all the soils,
values up to 30mEq/100g soil being recorded in over 80% of the lowland and 95% of the
upland soilse

Exchangeable sodium, potassiwm, calcium and magnesium are present in only very
small amownts.
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and potassivwm:  the lowlend soils have a high organic matier

percentage of total nitrogen while the upland soils

of samples
iﬁg Upland soils
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0.5 = 1.0 29
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medium (60=100 ppm €. Nearly
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Iy in very small
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py well drained snd have

Ccmc:lxmicmm the saline hydromor
Lone g v

) Lon mm m“l.u a
The hydromorphic alluvial snd recent

fair to average amount of organic matber and an exchs capacity of 15 to 30 x*ﬂf&?q/ 100g
goils.  The }w‘y‘dmamawp} iv alluvial soils are g wiﬁw in reaction and have 19

B0 40 percent base g wm::i,mw o recent

] soile are moderately acidic snd
have 50 to 60 pevcent base saturabion.

Hearly hall of the project area comes wnder the hydromorphic group which is an

aggociation of humic gleys, grey fwchmm‘a;wphw soily and organosols. These are
strongly acidic with high capacity, high exchange acidity and low basge

2

! #e
saturation. The surfece moil is none-saline, bub at dimes the sube-surfoce soll is
wderlain by saline, acide-sulphate layers.

The latosols are moderately acidic
Low exchange oa > gaturat

lo with low to average organic malter,
low fertility.

The ;‘MA/J@ 1 hm pmdwﬂ,M
are moderately o Sy have 1L organic n‘am;“mim an mm}mmg{, e} mm W m
20 to 25 mﬁé,q/’ 100, and low bz 8 n percentage. These solls are easily
evodable when the suwrface vegetation is removed. They are not very fertile and have
low moisture-holding capacity.
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The factors that inhibit the oplimum growbh of planis im these soils are many
and varied. Very low pH, high exchange acidity snd low bage-saturation, microw
nubrient imbalence, and low feptility are common to all the soils of the region.
The riverine and coagtal swamp areas have in addition, the problem of the possible

_ presence of acid-sulphate soils.

SOIL WAPPING UWITS

The results of the general-purpose reccomaissance s0il survey were prepared in
the Torm of & recomnaiseance soll map at a scale of 13250 000 - reproduced here as
Wap 3. Thirty-elght soil mapping wiits were delineated, each unit comprising
saveral kinds of goilg plus emall dnclusiong of other mapping wits. The mapping
wnits were established on the basis of parent material, land form, relief, and the
morphological and chemical charascteristics of the seil and are based upon combinaw
tiong of one or more sub-grovps or great groups following the soil classification
ayehem developed by the Soil Besearch Institute, Bogor. In addition, correlations
were made with the FAO/Uaesco Soil Map of the World legend }/ and with the USDA Soil
Taxonomy for purposes of international correlation.

The 38 soil mapping wiits and their computed areas are given in Table 9. They
may be classified in seven major eoll groups as follows:

Ares,
Soil group Ocourrence {*000 ha)
Lowland soils
1e  Saline hydromorphic soils Coastal plains 51.0
2o Hydvomorphic alluvial soils River banks 149.6
3.  Recent alluvial solls River banks and £loode TOST
plaing
4o  Hydromorphic soils Warshes, swamps and 1 94541
. . . depressions
Upland soils
5, Lithomols, regomsols, sndosols Hills and mountain slopes 63.9
6. lLatosols Undulating to steep uplands 230.7
To Red/ywllow podzolic soils Rolling to undulabting areas
areas 1 7471

LAND SUITABILITY CLASSIFICATION

Various interpretations can be made from soil surveys, but in accordence with
project objectives, interpretations made in this study arve directed towsrds regiomal
development planning in agriculiure. However, it should be mderstood that any
interpretation can only be as acourate or as detailed as the data on which 1t ism
based, Low intensity, reconnaissance soil surveys only provide general information
with regard 4o the variety, the characteristiocs and geopraphical distribution of the
goils; consequenily, any interpretations made will also tend to be of a general
nature.

PAO, Definitions of soil wnits for the soil mep of fhe world, by R. Dudal. Horld
Soils Resources Report No. 33. 1968, supplement December 1973, Home. QFAO/U&@%&O
So0il Map of the World, 1974 editiom, available from Unesco, Paris).
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Table 9

SOLL MAPPING WIS
{see also Appendix Table Ad.7)

Happing wnit hwen {ha)
1o Hydromorphic alluvial soils of the coasial plaing -
marine olay deposits 76 104
2o Hydromorphic alluvial sgoils of the present river
banks - recent alluvial 143 067
3o Brown alluvial moils of the present river benkse
recent alluviom 12 000
4o Aspociation of brown alluvial and hydromorphic
alluvial soils « recent alluvium 19 808
e Aspociation of greyish brown alluvial and hydro-
morphic soils of the present river bmnks - recent
alluvium 37 308
6o Asgociation of yvellowish brown alluvial soils
of the present rivey banks and hydromorphic
alluvial soils - recent alluvium 10 BB6
Te  Hydvomorphic alluvial soils, humic gley soils
and organic soils developed from river alluvium 1 226 620
8. Complex of hydromorphic alluvial soils, humic
gley soils and low bumic gley solls — recent
allovivm 52 959
9,  Humic gley soils of the Lebak Dalam « recent
2 luvium 49 298
10. Humie gley and organic soils - recent alluvium 491 026
11a Grey hydromorphic soils - semiwrecent alluviwm 10 135
126  Deep, light grey regosols -~ fsolian sand 11 399
13.  Orey regosols, grey hydromorphic soils and low
humic gley solls — gemieyecent alluvium 86 685
14  Brown regosols and grey hydromorphic solls -
residunn from sendy tuffs and seni-recent
alluvium 10 615
18,  Very shallow, rendzina soils of the rolling to
hilly ares - regiduum from limestone T 040
16, Dork brown endosols of momtaing lands -
woonsolidated voloanic material 49 746
1T Browa latosols developed from intermediate tulfls 42 960
18,  Deep brown latosols and eroded phase of the sams -
igneous rocks 61 120
19.  Reddish brown latosels developed from acid and
intermediate tuffe and ipneous rocks 13 020
20, Reddish brown latosols of variable depth from acid

tuffs and igmeous rocks
i

7 906
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24

25

26.

29

30,
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Lakes

Reddish brown latosols of variable depth from
intermediate tuff

Reddish brown latosols developed from igneous rocks
Reddish brown latosols and yellowish red latosols
of variable depth developed from intermediate tuffs
Tellowish vred latomols and eroded phagse of the same
developed from igneous rocks

Moderately deep %o‘daep, reddish brown latosols and
yellowish brown podmolic soile

Moderately deep to deep, yellowish brown and brown
podzolic soils developed from aclid sandstone

Deep, yellowish brown podzolic soils developed
from acid tuffs

Deep, yellowish brown podszolic and moderately deep
yellowish red podgolic soils developed from acid
buffs

Yellowish brows podzolic soils and grey hydromorphic
polle developed from acid sandstone and semi-recent
alluvium

Moderately deep to deep,; yellowish brown end yellowi
red podzolic soilg developed from sandy tuffs

Moderately deep %o deep, yellowish brow end yellowi
red podgolic moils developed from acid sandsione

Hoderately deep, yellowish brown and yellowish red
podzolic soile developed from acid sandstone

Hoderately deep to deep, yellowisbh brown and yellowi
red podzolic soils formed from scid claystone

Moderately deep, yellowish browe and yellowish red
podsolic soils developed from acid sandsione

3120
2 040

17 960
11 200
16 520
783 069

23 920

46 720

172 990
ah
45 020

sh
172 266

182 253
Bh
167 897

51 160

Deep, brown podzolic soils and brown regosols formed

from acid tulfs

32 160

Brown regosols and eroded phase of the same developed

from acid plutonie rocks

Hoderately deep to deep, yellowish brown and yellowl
red podzolic soils developed from clay sediments

13 640

sh
23 106

Moderately deep to deep, yellowish brown and reddish

brown podzolic soils developed from sandy tulfs

Total area of the reconnaissmance so0il map se.

27 053
16 026

4 288 125

R R R RS T



To

dilitate regional development plemning in sgriculture the land sultability

ieation should provide an evaluation of identified land wits in relati 1o

gesable forms of rurel lend use. Tdentified lend mmits in this stud
ap wmite which comprise one or more kinde of soils >
Comapping widts and the suitability classes 1s shown in

identified as
ad g

w pdmproved, wpland shifting {swidden) cultivation {Appendiz %, Map 4)
= dmproved, upland erop eultivation {appendix 6y Map 5)
w dmproved pagture (App@nﬁix Ty Hap é}
= dmproved tres-crop cultivation {Appendix 8, Map 7)
e dmproved paddy (wetland) rice cultivation (Appendix 9, Map 8)

In ench of the Tive
groupings is used with ¥
relative terms within the context of
to sach land uitilization type. IHPQQ tegor
in each of the suitability ol if %meQQ Thg@@ categories in order of decrsasing
generalization are: Land Sulta ;y Orders, Land Suitebility Classes and Lend
Suitebility Subclasses {(see Appendix 4) l/&

“ications the same structure of interpretative
sindng ite basic meaning of suitability in

the dxifww@n{ clagsifications and in relation
of gensralization are recogniszed

Lemd suitability svalu wars made for each land ubilization type
independently and without » ¢ to the desirablility of other relevant wses of
the same land, However, the interpretative categories which comprise the land
sultabllity clas: are approped heir definition For applicsiion to
each land mtxlaga% so that it is feasible to show that individual land wnite
(remwnna}m&amo& od s uits) are suitable, perhaps in varying degrees, for a
wide range ol uses., A pora’lel listing of suitabilities does not, of course, asssint
in establishing vee prioriiies unless all the evaluations listed have at lsapt a
common quantlitative basis for olass distinction in economic terms,

o

Structure of the interpretative groupings, @&%@g@@y‘ﬂ&Wuﬁﬁlﬁ%&Wﬁ and defdinitions are
based upon proposals for a stendard framework for land evaluation made at “in Brpert
Consultation on Land Ivaluation For Rural Purposes™, Intermational Msiitute for Land

Reclamation and Improvement, Wageningen, Nwth@rlamds@ October, 1972,




The land classification (ha) for specific uses is summarized 1/ below:

Lend use type

1o Unimproved upland
shifting cultiva~
tion

2o Improved upland
erop cultivation

3o Improved pasture

4o Improved tree
crop cultivation

50 dImproved
(wet land
tion

addy
culbive

Notes
not vertically.

S
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Suitable g/

lamdwmw

1 257 514
(29.3 %)

1 T84 391
(40.9 %)
2 173 050
(50.7 %i

1775 896
(41.4 %)

335 161
(7.8 4)

Conditionally 3/

sultable %&Eﬂ

1 973 105
(46.06 %)

634 093
(14.8 %)

2 059 847
(48.0 %)

76 704
(1.8 %)

See Tables AS.1, A6.1, AT.1, AB.1 and A9.1.

Unsuitable 4/  Mixed
land suitabil§¥;
2 636 092 94 416
(61.5 %) @@%)
104 129 456 497
(2.4 %) (10.7 %)
104 129 1 376 850
(2.4 %) (32.1 %)
104 129 348 250
(204 %) (8.2°9%)
1 888 321 1 987 936
(44,0 %) (46.4 %)

Percentages are additive horizontally, but owing to overlap of sultabilities,

Lend on which sustained use (for the defined lend use type)g ig expected to yield
benefites (ranging from high fo low) that will justify required recurrent inpuie.

Leand having characteristics which, al present, make it wmsuiteble for sustained use
{for the defined land use type) but which, with various special management pracitices,

could become suitable.

Land having characteristics which preclude its sustained use {(for the defined lend use
type) or which would creste production, upkeep amd/or congervation problems requiring

a level of recurrent inpuis wacceptable at the present time.

Land with very mixed suitable, wsuitable and conditionally suitable areas.
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Chepter 4

FOREST RESOURCES AVD PRODUCTION

4.1  CENERAL FEATURES OF LAND USE

Aelol Present land use

A lemd ume inventory wnderiaken in December 1967 gives the following informe-
tion for the mainland districts of South Sumatra Province,

LAND USE - SOUTH SUMATRA PROVINCE (MAINLAND) 1967

Category Total area W
VOO0 ha )
Wet rice 169 2.0

Permanent agriculture:

Rubbey 334

Coffes 45

Cogonube 8

Tea, cloves, pepper 9 .

Horticulture ' 2 420 5ol
Fields 39 Oud
Shifting cultivabion P00 2edl
Grassland  (alang-alang) 1/ 2 001 2445
Forest reserve:

Produoiion 386

Proteotion 591 977 1200
Other land:

Urban  lend, rivers, lakes,
mining, swamps, forest,

£isheponds 4 375 53,6
1/ Imperata cylindrica predominantly.

The 4.4 million he in the "ether land” category probably now inelude
conplderable additional areas of shifting cultivation, slenpg-slmg and periodicslly-
burmt sevenna scorubland.



Shifting cultivation

Tn southern Sumatra, shifting cultivation in association with the wcontrolled
and irvresponsible use of fire has caused, and is still causing, havoc to the extent
of creating & foregeesble eccological disaster. It is both a social and administrative
problem, irremolvable by law enforcement slone. The main trouble is that shifting
eultivation cycles seldom work out because of persistent fire damage to the avea
normelly wder bush fallow.

Under these circumsiances, cultivators seek new snd additional land every year,
resuliing in an accumulative sequence of site deterioration. Some village lend
resources appear 4o be becoming exhausted for dry vice cropping, causing a sitronger
tendency to invade forest reserves and the steep lands, Aip photographs of steep
lands in the north of the project ares indicate a serious growing soil erosion problem
and invasion of protection forest,

Bvery production forest reserve shows mome degree of invasion and destruction,
from partial to almost complete. This deterioration will continue at sn increaning
rate wless fire is controlled and shifding cultivators either:

= econvert their lands 1o the production of permenent orops; or
- are encouraged (and possibly subsidized) to use fertilizers; or
-  migrate to wel rice areas; or

- find employment in other industries.

The first may provide a workasble solution., Such conversion is already being
practised by some of the larger land holders, under what is generally termed in
forestry a tampgys l/ system. The lend is cleared, planted with dry rice,
followed by interplenting with rubber. After two or three rice harvests the rubber
ig allowed to continue (with weed tendings) to produce o plantation. There are great
virtues in the system. It is capable of meking the individual a cash cropper within
ten years, it requirves no development capital, and no extra energy other than in
planting the permement crop and meintaining and protecting it after temporary food
cropping ceases., The system has been very successfully applied in forestry; in Asia,
Africe {(the sghamba system) and the West Indies. I% ism regulated by the issue of
ppecial permits of a fixed duration of 180 4o 24 months to individual farmers. The
permite allow the holder to wndertake seasonal crop cultivation within specifically
demarcated small Dlocks not exceeding one hectare, on previously logged aveas in
forest reserves. Under conditions of the permit, the farmer must clear and plani
his allocated block within a prescribed time, and simultaneously plant and mainiain
trees provided by the Forest Service, all in accordsnce with specificationg. The
system could probably be applied effectively in southern Sumatra to rehabilitate
damaged forest reserves.  Such an operation would make use of the shifting culiivators
who have invaded the forest.

Pire

Fire in its association with shifting cultivation has been the major large-
scale destroyer of land resources in the project area - and continues to destroy
the land's population~supporting capacity at & rate much faster than it can be created
through the efforts of developmenti projects. MAny rational approach to overall

Taungya - derived from two Burmesze words meaning "hill farm'', but now used to
identify a special system of conversion from seasonal food crops to permenent
tree crops by simultaneously interplanting trees with the food crops.
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a fipst priority
To achieve any effective
A ed covering publicit:
ou of rwwa? fire cﬁmlymi bmdng
enforcement . Since the pww3l»m is one which is not
Sumatra 1/ it ie suggested that central government
for a national firve control campaign.

development must include 1
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comprehensive and intens
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The main causes of fires in southeast Suwatra were reported to bes

(a) fires going out of control during the clearing of land for planting:

{v)  deliberate buming of alang-alang to stimulate new prowth which sitracts
goame md feeds domestic animaly;

{c) deliberate burning to clesr access and reduce inssct pests arowmnd
villages;

{a) burning of road snd vallway edges by cleaning gamgs:
(2} carelessness in throwing away lighted cigarette butis

(£} drrvesponsible burmiv

= of grass Tor amusementd .

years. This
ry weather

Bvery so often, Souwth Sumatra Province is subject to exbtreme fire
century, they ocourred in 1914, 1961, 1963, 1972 and were the results of
in July, followed by almost no rain during Aupu&%? September and Octce Aoocordi
b0 dnhebitante, the whole cowrtryside hl@ﬁﬂﬂy including some rain fox Daring
1972 fires Palembang airport was closed periodically because of poor visibility due
to smoke. At the same time, all prec @dlnw reforegtation work in the Province was
wiped owl.,

4 major attack needs to be concentrated on preventive measures; wsing every
possible med&um of publicity and edusation to highlight the patriotic, moral and
practical justificetions involved. Bducation should be directed at schools, public
and government bodies, railways and the pet ;Q and the public ; |

roleun indu
through press and radio amouwcements, road signs, notices in public branwsport
facilitiss, slogans on vehicles, cowmpulsory {(if ﬁo&w@%ﬁf%? slogans on match-boxes and
packets of cigarettes, the issue of el prod tions and wamings du
Tire denger weather. Secondly, rural fire Tighting uwnits m be organized,
md trained; and legislation made to cover their status. It would be helpful if
certain epecified government officers and village heads were made ex~officio fire
wardens so that both power and vesponsibility » extended. Thirdly, theoretical and
practical training is needed on a larger seale, covering fire prevention and control
meagures, and the use and maintensnce of fire control aids, Tacilities and eguipment
To be r&ally effective, fire Fighting and control work requirves precision, coordinati
diseipline and mobility,

ral fire control covers a vather comprehensive and
re is need 10 seek wxpﬁ@b guidance and advice on the mmtt%i and, above all, advanced
ning Tor future 1 fire control officers. 0 3 of ite own eimilar Fire
problems, Australia might be a suitable cowmtry to give i 4 braining and experiencs.
At the seme time, %he : d poite own fire
fighting service. prudent to carry oul reforestation wowk unless the
apsurance that it will not be destroyed by fire, as has occurred in the past.

cialistico field snd

re ia some

In particular consideration of iis soolo~sconomic side, one solubion might be
to organize & rotation of lands and allow the villagers to bum an area for a number
of years, and then only go back to the same avea affer 10 to 15 years. If such s

o

It has been stated that up to 30 million ha of alang-alang st in Indonesia
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fﬁtaﬁi@u of fires could be established public education, fire fighting organization and
law enforcement cem be orgenized and implememted more efficiently. If the cultivators
can be contained in a zone where fire is ratated, then forest reserves (either for
vrotection or production purposes) can be betbter galeguarded.

After examining the penghi javen schemes - a block system of afforesting grass-—
lends by planting strips at regular intervals — it is considered that such schemes may
be wjustified and wmecessary.

Fenghi jauan cannot cure the fire problem, nor are the plenmtings made wnder such
a scheme immme from fire damage, or even, compleie destruction. Under this system
it would teke over 100 years of treatment at the rate of 20 000 ha per year to
rehabilitate the prement estimated area of damage - even if there was no further fire
Jamage

If it is sccepted that the basic problem is one of persistent firve damage rather
than merely ecological rehabilitation, then it must be recognized that only rural fire
control is cepable of both preventing and cupring the problem. Nature will repair the
damage, if fire is prevented.

Aalod Sod 1L conservation

A strong need exists to enforce g0il congervation measures snd to review
legislation. The practical pide of weil conservaition largely hinges on control of
shifting cultivation in steep land areas and fire control,

Gertain legal aspecits reguire review. It is believed that soil comservation
control was previously based on & "height above ses level" criterion, l.e. no land
above 500 m elevation to be cleared, If mo, it hardly seems a suitable baegis fov
achieving erosion control, nor a satisfactory basis for defining land-use suitabilities.
The main factors deciding whether or not an area cen be safely developed are slope and
the type of land use that is to be employed; further specific considerations are rain-
fall and soil type.

It i felt that a system on the lines suggented below would form a reasonable
and simple general basis for land-use determination and regulation:

) O . . L i
(2) no land of above 25 inclination to be cleanred for any purpose oiher
than to provide access rowteas or specific works of public benefit;

(b) no land of above 10° inclination to be cleared other then for the
planting of permanent tree crops;

(c) no land within 10 m of any stream to be cleared for any purpose other
than to provide public accems to recreation facilities.
For steep areas, howsver this 10-m strip will need to be increased,

de2  BXTENT AND UTILIZATION OF FOREST RESOURCES

doZal The forest estate

The formal forest estate of mainland South Sumatra Province contains 26 produce
tion forest reserves and 29 protection forest reserves., These have been formally
constituted and their bowndaries mapped in detail. Tn addition recent legislation
places all other forest land {previously termed hutan wmarga or village forest) wder
state jurisdiction and comtrol., However, it appears that the endire forest egtate
pituation is now being reviewed from a land-use point of view and that the present
area of production forest reserves in the Province is likely to be reduced by a very
considerable amouwnt.




At the present time, the only significant remaining timber resources, outside

forest reserves, are those in the freshwater swamp forest where natural fire protec—
tion and szploitation difficulties have guarded them to some extent.

Map 9 shows the present extent of Torest resources.

AaZalsl Production forests

The production foreste in the project area cover 134 000 ha. M assessment of
theiy present timber resources and condition is presented in Table 11.

Table 11 indicates that some 75 percent of the forest resources in production
Torest reserves have been exploited or destrvoyed. MNoreover, in most cases, the
remaining resources ave scabtitered and isolated in the remotest portions of the
ragerves - making further exploitation difficult and expensive.

A025102 Protection forests

The upper watersheds contain proteclion Torest rveserves {(Map 9). It is difficult
to accurately locabte reserve bomdaries on air photographs, but it is clear that
serious invasion hasg occurrved,pariicularly souwthwest of Baturajse and in the upper Ogan
and Komering watersheds., It is alpo obvious that the soil conservation problem is
agsociated with the culbivation of steep slopes generally, whether inside or outside
the forest reserve. Most of the present problem areas lie outside the protection
forest bowmdaries.

AoeZsle3 Inland foresls

In the more seldtled areas - there are no remaining natural forests outside forest
reserves - forest now consisis of scattered stmnds of seru {Schima bancena) which is
a well-formed, fire-hardy species sometimes forming & sevanna forest in association with
almg-almg. Tt regenerates well and is capable of reshooting even after scorching
by fire. The wood is milled at Baturaje and seems to be of very acceptable quality.
It is capable of colonizing in alang-alang areas and, with reasonable fire protection
could provide a valueble forest resource, A good example of seru savanns Torest and
ite potential can be seen between Belitang and Betbung.

The only significant remaining stands of natural forest lie in the more
inaccessible and less settled areas — particularly the Hesuji river basin. They
comprize six areas totalling aboul 60 000 ha - approximaltely 50 000 ha south of the
Hesuji river, one partly-logged area of 3 000 ha north of Forest Reserve No. 10, and
one partly-damaged area of T 000 ha adjoining Forest Reserve Wo. 46.

Aeluted Swanp forests

Belween the Mesuji and Lumpur rivers there appear to be at least 63 000 ha of
undisturbed swamp forest. There im possibly considerably more just south of the Lumpur
rivery but it is wdetectable because of a p The
identifiable resources consist of seven stands, including one major arvea of

about 45 000 ha adjacent to the coast and which shows some previous attempis ad logming
directly from the sea.
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Table 11

PROTUCTI(E FORESTS TH TEHE PROJECT AREA

Forest Total Virgin Secondary Shifting
Ho. Province ares forest forest Savanma cultive~ Alang= General appraisal
including tion alang
logging
ha ha ha ha ha ha

10 3, Sumatra & 000 - 7 600 - - 400 destroyed by shifting euldivation

35 S, Sumatrs 5 230 3230 - - 2 000 - anly southern section included in
project ares, shifting cultivation
up to & km ingids

45 3, Sumaivs 30 500 11 500 18 000 - 7 OO0 - sxtengive areaz have been
selectively logged

30 S. Sumatrs 20 000 1 600 - 18 000 400 - logging followed by &
has led 1o the creation of a
saveama-type forest

13 5, Sumsira g 416 150 3100 2 666 1 000 1 900 almost completely desiroyed by
shifting culiivation and fire,
The reforestation scheme has noi
been successful

44 3. Sumaira 11 600 i 350 14 050 - - 200 almost completely logged over

33 8. Sumatra & 550 2 490 2 860 - 310 930 large area of sscondary forssd in
southern end, probably due to
severe fire

34 S, Sumatra 13 300 4 TC0 - 7 100 300 % 200 the savemma ares is of low qualiiy

42 Lampung 12 700 3 800 6 900 - 2 000 - extensive logging and shifting
cultivation

- a2 s . s . P |

45 Lampung 16 T00 2 860 11 740 - &350 1 500 mach shifting cultivation edging |

Way Umpu §




de2:7a5 Palembang coastal swamp complex

(2} The forest ares

The broad coastal mwamp area between the Lumpur and the Calik rivers, directly
opposite Bangka Islandshas considereble timber resources. This is part of an enormous
freshwater swamp complex which appears to extend as far north as Medan.

M area of about 1.1 million ha has been indicated on Map 9 encloming the resources
within the project area. It is estimated that this area containg at least 600 000 ha
of freshwater swamp forest of several types which are fairly easily distinguishable on
1:50 000 meale air pholography.

The net 600 000-~ha area appesrs to contain arowd 250 000 ha of a triple-storey,
high forest type; arowmd 250 000 ha of a double-gtorey, high forest type, and arownd
100 Q00 he of s single-gtorey forest of emaller trees with compacted crowns. Wogt
likely the last  carvries only one main species snd is associated with deep f£looded
areass In ally there appear to be no more then five significant forest types,
axoluding the mengrove complex on the coastal fringes.

(b) TVolume and species distributions

Three large cmoession areas (Ag B and ¢ on Map 9) totalling 430 000 ha have been
applied for within the main swamp forest. Wellwconducted, low-intensity forest
inventories have been carried out on these sveas by field pavties from the Forest
Research Mstitute at Bogor. In all, the figures convey n rather hopeful situation,
ag they suggest that ss few as nine broadly distribubted species contribute a major
percentage of a fairly atitractive total volume (Table 12).



SUMMARY OF INVINTORY RESULTS IN PALEMBANG SWAMP FOREST 1/

AREA 4 2/ AREA B AREM ©

LEY T :(! . 3 a 3 o
SPRECIES i~/ ha %f» m”/ha, %o m j/ ha %

o Llume total volume total volume total

kvalmm@ volume volume
Shoresn
Alatonia
Lophopetalum
Dvers, 3641 62 o5 524 62,0 54 o4 43T
Campmosperms
Genue,
Indospermun
Koompassia
Navclea 13,0 27.3 11e3 1353 146 1e3
Total,
9 mpecies 49 1 87,8 6347 1543 56,0 45,0
Other commercial
ﬂp@cieﬁ 53 me/E 7@% 8@9 3? wx’l 30&()
Total commercial
apecies 54 odl G4 .2 112 84,02 93,4 75 a0
Heonmcommeraial
species Sed 540 1304 1548 et 250
TOPAL VOLUNME 57T 100,40 8446 100,0 12465 100,0
i/ Trees over 35 om diameter,

2/ See Map 9.

Since theme figures were collected from a very exbtensive total area, and without
any attempt at forest type stratification, it seems preasomable to assume thab:

- the nine species noted in Table 12 ave predominent and widely distributed
throughout the tobal ares;

-  whratification of the forest, based on bypes distinguisheble from air photography,
would produce even more simple and regular species sod volume associations.

Taling into accownt the large size of the resources, the apparent high concentre-
tion of volume in so few species, and the likelihood that two proven peeler species
(Shores and Alstonis)are able to provide yields of at leasgt 25 m-/ha in trees of over
50 em diameter, there appears to be somse possibility that the forest could support a
large integrated forest industry. This is, of course, provided that a suitable logging
technigue could be designed to extract the timber.




(¢} Timber ubilization

Az far as can be asceriained, only 22 species, or species groups, are likely
to produse any sigificant contribution o volume. It is significant that all the
importent species (@xcept Koompaspia malaccensis, which is in 10w*con0entr&%iwm) have
specific grevities within a range of 0.3 and 0.7 «~ indicating pulping possibilities
as well ag venser and sawnwood production.

{4}  Industrial orogpecis

Wheress the Palenmbang swamp Torest does not appear to be as potentially high-
vielding in either guantity snd guality of wood as an average lowland dipterocarp
forest, it displays obther natural advantoeges when considered from the point of view of
integrated, export-orientated, forest industry development. It is compach; it is
right beside s local market,thovgh modest, 1t has internal accessiblility by watber;
and it wood wolume is faveurably concentrated inio a very limited number of species.

On the other hend logging snd extraction might be difficult. However, parily-mechanized
logging bhas bee carried oul successfully elsewhere wnder the same condidions.

Present and future supply and demand prospects for the paper indastry in Asias )
(perticularly Japan) ﬁ/ and recent developments in long-digtence trade in wood chips 2/
placen a new perapective on Torest industries development prospects in e forest of thie
nature. They convey a very real prospect of wood-chip export, in combination with sawoe
wood and veneer production from the higher guality wood component of the forest « which
can mean almozt complete forest wiilization and en enormously favoureble chenge in
forest economics. Australia, New Nealeand, Wew Guinesn, Sarswak, Sabah md West Malaysia
have visen to this opportwmity =nd some of them are glready exporting hardwood wood
chips to Japan. Apart from wood-chip export possibilities, Indonesia itself needs to
consider its own internal demands for pulp end paper é/m

The mere fact of a forest industry being larpe encugh to support a veneer-slicing
plant, feod from its selected quality log production, greatly enhences overall
profitability, since it creates an end product approximately ten times more valusble
Shen savn timber, by volume.

(e) site conditions

Freshwater swamp forvests have general characteristics which appesr 1o be much
the seme all over the world. From logging, ecological and silvicultural aspects, the
following points are important:

= The level of the water-table within the swemp iz usually 50 o 100 cm higher them
the mesn tidal level of adjaceat rivers, the swamps being enclosed in a shallow
basin formed by the natural leves banks of the river. If these levees are out
through ot the river level indo the swamp forest {which is uwsually 200 4o 400 m
from the river bank) it is found that the swamps drain owbwards except during
monthly peak tides end periods of river flooding., If a series of canale were

Harket =tudy for !
Tuolumme Corporatic

reat products from Asia and the Poacific Region. Report for FAD by
g July 1977,

£e

Outlook for pulp and paper consumption, production and trade %0 1985,  FAO Secretariat,
March 1972,

The implications for forestry of recent developments in lone distence trade in wood
chips. Committee on Foresiyy, FAO Secretariat Note, March 1972.

The Chief of Chemical Bureau, Chemical Tndustries Department, states that Indonesia
produces around 25 000 1 of pulp each year from 6 small soda/sulphiteg rice and bamboo
mills and imports 1 000 4 of long fibre pulp to mix with it. At the same bime 70 000 %
of paper (newsprint: 28 000 4; Kraft: 20 000 b writing papers 22 000 t) are imporied
each yenr.




muﬁvimto the swamp forest, and they are kept open, the general woter~table level
repidly fells,producing dry surface conditicns which completely alter the
ecology. In Bouwador, for example, 1% has been found

seo B . ; - t b possible to grow coconute,
)@Mﬁﬁagy plmgappl@s and beans on dypicel swamp-forest sites recently drained by
logging canals, ’

wan %wampwfor?a% trees are ve shallow, rooting systems deriving their eupport from
& common 3nt@wWOV@n surface root met only sbout 50 em thick. Individusl trees
can be pulled over guite e 3

~  Below the root mat there is saturated mud incepshle of supporting any uwnbuoyant
mechanical equipment. .

- Trees may embed themselves to the ewtent of half or more of their eircumference
when felled wnless they strike a heavy rcot aystew. This complicates bueking
(cr@w@mmumking) the trees into loge before exbraction.

(£) Logging

Sw&mp'fowe&% can be logged by mechenical means - as proved by the barge snd winch
operationg in the freshwater swamp forest arcwd Tamaco in Colombia. Since local
swamp forest conditions appear to be similar, there is no reason %o suppose that the
pame system could not be applied In the Palembang areas.

(g) Forest inventor:

Conditions for growd inventory work in swamp forest are exwbremely difficult
and whealthy. However, work could probably be reduced considerably because of the
relative esse of forest type sirvetification (from aiy photography ), sad the apparent
regular nature of the forest within types. The poseibility of using helicopbters and
vandom group sampling methode should be considereds It would seem pomeible to design
such an inventory from information already availeble, l.e. by stratification from air
photos, plug ao indication of simedard deviation and average volume from previous
inventory work., Previous inventoriee are contaeined in the following ewcellent publica~
tions (these include line summaries but not plet suwmeries):

drea & @ Survey Kelompok Huten = 8. Lugihan ~
Propinei Sumatrs Selstan, Laporan No. 161 (1970)
Area B Survey Kelompok Hutan - 8. Padang - 5. lugihean,

Propinsi Sumatrs Selaten, Leporan No. 271 (1971)

Area € ¢ Survey Kelompok Hutsn -~ 3. Luglhan - 8. Lebong Hitam
<.

Propingi Sumatra Selatan, Laporan Wo. 236 (?9??}

The awbove publications
Direktorat Jendral Kehwbenan,

are iseued by the Dirvektorat Perencmmasn, wmder the

~hement Pertanien, Jakarts.

(n)  Conclusions

No further concessions or licences should be granted in the 1.7 million ha
Palembang swamp forest aves, watil the whole ares hae been resssessed in terms of
total timbery volume end timber utilization potential and reconeidered in terms of
the development, at some time in the future, of one large integrated Torest Industry
with possiblities of producing paper pulp (or export paper whip&) plywood or blocke
bhosrd veneers and lumber, and lower grade veneers of lumber for domestic purposes.

A forest inventory and end-use survey of &ll significantly represented species is
required ap soon as possible. At the same time, ailvicultural and ecological research
ghould be wndertaken o decide meanas of reforestation in areas not reguired for
agricultural purposss. 1% is not intended toimply that the area has immediate
indugtrial development prospecis. There is however a definite eventual prospect and
it im for this reason that the resource should be investigated and guarded.
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Total remaining wood preserve

Bagad on the sbove indications of remaining productive foresb, a rough estimate
of corresponding commercial wood reserves is given in Table 13,

Table 13

ESTIMNATE OF REMATNING WOOD RESERVES

Repowrces Productive Eatimated Batimated

ares commercial total
{ha) volume commarcial

(m3/ha) volanm

(m?)
Production forest reserves 33 000 50 1 650 000
Other forssts: inland 60 000 50 3 000 000
awamp 63 000 40 2 520 000
Palembang swamp forest

complex 500 000 &0 30 000 000
L TOMAL e s e 0 000 e reed8.119,000 |

Wotes: T The estimated commercial volumes per hectare given for the
firet two forest groups way be greater than those being
achieved at the moment, becauvse of extremely selective
logging, almost confined to Dipterocarp species. With
improved wtilisation the volume per hectare could reach as
high as 80 to 100 m-/ha.

2o The Ligure of 60 m3/h& given for the Palembang swamp forest
complex assgunes a large-scale integrated indusirial approach.
At the moment, it is d%ubtfml if present logging opsrations
realize morve than 20 m”/ha.

Under the circumsiances described in Sections 4.3.1 (Timb@r rroduction and d@mmnd}
and 4.5.1 {Management plans) it is impossible to give any clear indication of how long
remaining wood reserves will lasgtd within fthe Provinece., All one cen reasonably say is
that they may prove gquite inadeguate within bten years wnless the swamp forests are

rought into full production, log export rationaliszed, timber utilization improved end
destructive agencies controlled,

TIMEER UTILIZATION

Pimber vproduction and demand

According to the snnual report of the Forestry Department, timber production
for South Sumatre Province in 1970 was as follows:e
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Table 14

TIMBER PRODUCTION , SOUTH SUMATRA FROVINCE - 1970

ﬁﬁﬁwﬁﬁﬁgﬁﬁiéﬁﬁ‘ Sawn-tinber
: roduction
(m3) E%)
Oversess export 269 300 -
Interprovineial export 300 19 200
Loeal use 104 200 17 800
Totel o313 800 37 000

These Tigures suggest That:

3

- local per capub sawn-timber consumplion is less than 0.003 w” per yesr:

-y

«  the estimated 250 small, one~benech sawmills,plus two 1&3@@ ones with a
combined 15 000~ per year ouwb-burn, owb only 37 000 m” per year.

Since wood is the main buillding material outside the city and larger towns these
figures appear o be extraordinarily low.

dolel Timber manufacture

There are only twe major sawnills in the Province, both in Palembang. The P.T.
Alwi Aspegaf mill conteins a large band breskdown and vagrma&eﬁ and a three-band recovery
sawes The management claims that production is only 25 m” per T-hour daye. The W.V.
P@ymg&h&&m Bahan mill containe three colrveular —saw benches with a stated production of
2% m” per day. The small rural sewmills are rudimentary. MNost of them have a single
cirouler saw and & simple carriage drawn by a mamep@r&%@d capsten wheel, Thesge mills
are generally wderpowered bul tum oul timber of reasonable guality.

There are no deying kilns, ner has any attempt been made to air-dry timber for
local or interwprovincial sale. It is sold green off the bench.

No form of preservation is available and no fwgleide oy insecticide application
igs wndertaken., There is a great need for timber preservetion treatment in order to
expand and improve wood utilirvation. An inexpensive, easy methed of treatment auch as
wdipediffasion” would be useful in increasing the 1life of timber for building consiruc-
tion and thus increasing utiliszaltion of wood. Freassure treatment of non-desirable
gpecies with water-bowne preservatives such as copper chrome and argenic could emable
these species to be utilized for railway sleepers, house pogts, fence posis. The
Railway Department could consider such treatment after making svve that the species
mder consideration for use can, in fact, be pressure~ireated.

dolded Species utilization

The main gpecies sawn ares meranti (ﬁgﬂr@& ﬁpp)g merawan Jlopes, menyaraw&n)v
and medang {Dehaasia ce -faﬁ@ with 90 percent of \?@duct1bn in meranti alone. Pulai
(Alstonia pﬂcum&tophowfj? jelutwe (ﬁy@ra o%hmldta; and prupuk Qnﬂ&bmypiaimm) are also
gawn, but are not liked because they are pale timbers mf low natural durability end
which, wmtreated, are prone to sap stain and early decay. In inland areas, serw (Schima
bancana) and Durian (Durio zibethinus s ) are somehimes &@wmm




4o3ed Timber prives

Prices wary from place to place according 1o a local supply and demand situation
which is aggravated by transport problemss A fair dndication of price structure is as
followss

fﬁm}i&hﬁl}x‘g 1/ yg:ﬁ[mm ebaf o g*/

Heavy durable haprdwood, i.e. bhumgor 17 100 Q7
Dupable hardwood, l.e. merawan 13 500 78
Furniture wood, dee. medsng 11 000 63
Mediwn light hardwood, i.e. mevanti T 500

Pale wdurable light hardwood, i.e. pulai, prapuk 4 300 24

The shove prices appear reasonably cheap on world standards, bul they arve not
cheap on local standards. A cublc metrs of merenti may represent six weeks wages for
an waekilled labourer in Indonesia. The prices also reflect the value of durability
in specien and the need Tor pressrvation brestmend.

4od  SILVICULTURE

dadet Present situation

The Forest Service's records show that some 5 800 ha were planted in South Sumatra
Provinee during the period 1921 to 1971, 1ma1uﬁjm T20 ha within the project area at
Bungal Tue neap Maptapure. Other main plan Armam but outside the project srea are
Semandai with 1 365 ha end Benakat with 1 050 ha. Unfordunately, however, all these
arens have suffered extensive and repeated fire demage, so that litile remain except
the last one to three years' plantings, and even these are wlikely fo be successful
wmless more msintenance is provideds There is, however, a well estaeblished plantation
at Punti ¥ayu, 7 km from Palembang, which containg 65 hw of good Pinug merkusiia
Indications are that these ftrees are capable of & 2-om diameter mean anmual increment
for at least the Lfirst 20 years. This is encouraginge

In addition to re ﬁﬂlﬁ? planting, the Forest Service also carvies oul some alang-
almng afforestation work (Qwﬁgﬂagmm“uﬁ consisting of planting 2%-mwide strips forming
the bar&&r of 25-ha blocks. There i one puch scheme in the project ares near
Martapura. The speciss used sre: Melaleuvca leucadendron, cashew nw (Amun&wﬂmum
mmcmda&tml@)? Glypicidia &md gmall amounts of Pinug merkousii. It seems a pm%y that

the local fire~hardy grassland pioneer species Schime bancina was nob used, particularly
ag it s a timber spscies. In 1971 the South Sumatra Forest Service recelved
approxvimately 30 million Ruplehs (US$ 72 000) from nationsal and provineial sources for
reforestation work, excluding supervision overheads, which are covered by a separate
vote. This iz a generous amount which indicates the Governmeni's general concern and
willingness to partake in reforestation schemes.

dodlu? Spec:

Bome of the species uged for the reforestation work appesr to be wfortwate
cholcesy @afgss

{a) Swietenis macrochylla: in all cases obs srved, even in the Palembang nursery,
this species is altacked by the cedar tip borer, supgesiing thet it is uie
guitabl 03-mowW'3 oprests nowork - unless w;&wly‘mnh@rplamtwd in
evipichment Line plentings, an in Venesuela,

sy (»

1/ USE 1,00 = Rupiah 415 (23 duguet 1971 ).
2/ Hillion board feet.
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(b)  Onglen (Busideroxylon swageri): +this is a slow growing, heavy hardwood.
Fmdsz@ iz:"mzﬁf% few m«mm&gge\d trees at Semandal shows an average diameter
s?”é‘ Moemoat B years, which is far too slow. IF durabi Lity is regquired
it would seem better o ume ~growing species and provide preservation

treatment for the wood. If w th ds alse required, Bucalyptus spp
might be comsidered.

(e} Sunekai (Paronems o anemcens ¢ this grows easily from cubbtings and is
somevhat prized as a fuwrniture timber: it is sof+t bub locks like teak
and z&l&%w belongs 4o v‘?}w fam?ﬁy Verbensceae. However, it im a small tree
wp -m M‘) em {i“ém andd is believed 4o be prone %o hollowness, and the W

There is & need for species trials; the following might be conpidered:

T = 3 Pinus merkusii at leagt three provenances ghould be ineluded
4 P caribaes e Honduras variety
5 EBucalyptus urophylla =  gvaillable from Timor
6 B deglupia ~  available from Wew CGuines
T Be grendis e
B E. robusta - Australi
G B camaldulensis - Ausbralia
10 Be saligna = Australia
11 fnthocephalus cadamba o Looal
12  Gmelina srboresa w local
13 Oetomeles pumatrens - local, wet sites
14 Terminalia brassall we ] ines, wet gites
1% T superba -
16 Te ivoremsis -
1T Cordia alliodors - wmm}ﬁ Amesrica
18 Entendophregna while = Africe
19 Maesopsis eminli w  ffvice
20 Woueles diderichil w  Afpica
dodlo3 Foturs plantation development

In view of the need %o produce cheap, bull, varal purpose timber for local
consumpbion, it is considered that the present extensive reforestation approach

should be stopped and all peforegtation finance and resource be centralived and
concentrated on intensive plantation schemes. Only in this way will professional
supervision, fire protection, access facilities, squipment and finsnce be adeguate to
ensure good results. In the meantime, general f regt administration should he cafined
Yo fire protection, shifting cultivetion eradicaticn, and hervesting and marketbing

€

control. A general area, covering both sides of the .F‘Oi%d between Batureijs and Marbapura
ig indicated on Mep 9 an mmémnm a guitable s wm The firet reguirement of such a
goheme is to carr b oul Bp 1z and general feapibllity studies. (The method

uged In Wegtemm information on gpecies adaptabllity within perhaps

two years following es

socheme ig mainly covered by slang-aleng and fire-damaged

seru forest, 'i“mmg'xx sorme l&” cost existe in Porest Hesewve No. 13. The arves is

g;ulily mwmdulating £ It lies at approvimately 200 w elevation and has
L 3 00C-mm per yczm* *m&m 1};1, w:ati%z a three monthe dry season. Two planting teclmiques

}m@ad oongdderations

The area for the prog

sdtable for Wemharn Homos,

'if Investigation of tree » ) aihods
wm}’é“’f PAO Project WES/G68/004),

- by Re livingstone, Home,
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(2} Mechmized approach

1% im suggesde ;pf:m“f* / be used, attached to a swall bulldozer or o
negvy farm fre i im« mmhmgf down any light scrub which
wight be encountered : ig that it does not dlg deeply and
disturb the thin uwpper layey of more feriile fw;ih Strips 15 wm wide would be prepared
by the machine at 2.5 m tervals, and p)mwmg carried out immediastely &t 2.5 m spacing
down the centre of the steiy {Stviosanthes guvanens m)% which im
avallable from Australia, should then be sprinkled in a one-melre-diameber circle around
each plant. In this way it 1 bo enpich the goll and avoid further maintenance.
Some advantage may be gained frowm NPK ferdilizer al the rate of aboubt 50 g per plant,
placed in the planting hole below root level. However, trisls would be needed. It is
vonsidered that the esteblishment cost would not exceed USE 35 per ha wnder such a
syatem. The botbtoms of gullies; end their lower slopes, which usually gtill contain
some green broadlssfed vegetabion,should not he planted or disturbed. They should be
retained as {firve bresks,

(b) Menual approsch

mmm},, 4 then planted at 2.5 x 2.5 m gpacing
: the plants seeded with stylo after deep hand
bed and D &1%"%31%* vx‘w?ﬁw& alang-alang vegrowth, Under such
Wgz@mu ble to p g at & cosgt of 40 {o 50 m:mwd&yzsﬂ a or
ghould no *w %1:9 tad oy digturbed.

hosing to prepare a
circungtences it may
US$ 25-30/ha. Agad

FORESTRY PLANNING

Mamacement plang

No overall forest mans
pren, snd it would not be poss

(a)

ment plan exists for South Sumatra Province or the project
le to prepare one wntil:

problem in forest reserves has

(b) & provincial anm mL orop has been sad upon in relation do
exigting natura i Cany definite fobure man-made
Foresgt projechs;

() an effective reforestation aygten has been developed and applied;

1
(a)  leog

port hasm been rationalized.

Poyest development vplanning

o definite forestry develc
At central government level, the on

plang have been prepared at provincial level.

Ly definite plams for South Sumatra Province concem
log exports The Magt Plan Kehutanan of August 1971 setbs target dates for increases
in log export within each province. For forest areas within the project avea it is
felt that log export should be probibited in view of diminishing forest rescurces and
accompanying environmental hagards. Furthermore, under current marketing conditions,

aoge the Veomans Tritie:
Australia. It carries roi:
and roots of grass wtm 11
work on grades of up bo 1z

by Grasslands Piye Lide, Villawood, WeSoeWe,

bing :i”iiﬁzati.l;w oy }mmmm”a which mas ih mm wlvwm ze the stems
leave a well p it It will

ill pulve




log export operations are wasteful of resmources because of very resitrictive species
and quality specifications imposed by ilmporters, and the sbsence of any atbractive
Local market for lower gquality logs.

A% the very least, no concessions involving log export should be granted without
the following conditions:

{2} clear specification of the specles, sizes, and qualities of trees to be
harvested;

(b} clear specificetion of the reforestation technigue o be employed, and
the specier to be planted or cultured;

(¢) & fixed farget date (within two years) for complete intemal conversion
of fimber production, Inoluding provision for sesmening and the
preservation treatment of all light herdwoods 1/,

'3 N —— (18 o o
A/ Tn Fapoa New Guinea, for example, timber preservation treatnent ig compnlsory . ﬁhlﬁ,
has led 4o an enormous improvement in gpecies wbilization. The gimple and relatively
cheap dip diffusim process is mainly useds
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Chapter 5

CONGLUSIONS AND RECOMMENDATIONS

WATER RESOURCES

Hydrometeorologic aspecis

(=)

Planning of water rvesources whilization

The records indicate plenty of webter in the project area. However, a mean
annuel reinfell equal to 2 354 wmae taken in ite abmolube value, may be misleading.
The following congtraints should therefore be taken into account in planning involving
the water resourcep of the avesn:

(i)

o~
fEN
wh
[N

-

(iv)

(v)

high salinity: even at distances more than 50 lm from the ocean the
palt content of the streamflow waters can be harmful to most cropse
Memagement of this factor might be difficult, because of strong tidal
inflvences

waeven distribtuation of rainfall in time: the dats assembled show that
more than 80 percent of the smual reinfall occurs during elght months
(Oatmb@ywﬁ&y}m The remaining 20 percent {about 470 mm) distributed
oyer four months, would be equal %o less than 4 nm/dayg gnd this
amownt will not satisfy the demands of most crops. Supplementary
irpigation should therefore be considered in the plamming of water
resources {see (v) below);

flooding: oconstant anoual flooding makes intensive crop production
during rainy months hazardous. Plood-control measures will be necessary.
Unfortuwnately, the actual records of peak discharge are oo short to
evaluate adequately flood ccouwrrences. The flood and risk analysis
carried oult using the long synthetic datae should be used as a first
approximation for design purposes;

water-table: & high water-table in the lower part of the project area
presents a problem in water mansgement. To deal with the design variables
of the drainage system that shonld be congidered, the rainfall intensity-
duration-frequancy curves (Figures 3-16) should be used.

irrigation potential: the extent of possible ilrripation development
along the rivers Ogan and Komering is governed by the flows during dry
monthe. Using a Ilow occurrence probability of 80 pevcentyminimum downe

stream domestic water supply needs For Ogan and Komering of 10 m3/&@o
and 2 ively,and & peak monthly irrigation water requirement

20 w7/ seo, renpe
of 1.5 1/sec/ha, the water balance in the critical month of August will
bes



Ogan (Paturais Komering (Martapura)
Mean monthly discherge 40 mB/aeg a7 mg/see
Domertic needs wooow 20 w
fvailable for irrigation 30 0w 67 m

mmmmmxmwmsmmahemﬂdb@irﬂg&mdiwm:Mm:ﬂvmw(@mx

: : uld and Komering
) and 44 500 ha respectively. Any irrigation development in excess of thig

o will reguire use of water from the resulated ouwtflow of lake Remau.

=i

(b)  Records

The hydrometeorclogic obpervations embablished by the project are well recorded
and organized. However, it im recommended that, as soon as an anomaly iz detected in
the readings, recordings or operabion of an inetrument, stepy be immediately taken to
avold the asystematic and cuwnmulative ervors that would otherwise be introduced in the
recorde.  The evaporation-pan records require particular attention. The method now
uged involves combing the number of cups (@&libya%eﬁ) necessary to replace the eves
porated water during 24 he I% i recommended that o gavge be installed in each pan,
to make the measure of the evaporation easisr and more accurate by a direct reading
of the corresponding scale,

The hydrologists and meteorologists should be congtantly alert to any other
anomaly that may occur during the operation of the hydrometeorologic network.

Hoter gquality

A study of the chemicel chavecteristics of waters From the various rivers and
their tributaries has sghown that except in areass where tidal saline water intrudes,
the water is of good qualily and cen be used %o irrigate sny type of plant on any
goil group without harmful effectsa.

A comparison of the donde contents from verious rivers with the permiseible
levels of these ioms in drinking water indicates that the waters from these rivers
are safe from the chemical point of view for drinking. However, the waber should be
filtered to remove all suspended materials and boiled thoroughly to destroy all microe
organiens .

Cirowndwater
e A Sk

The moat favourable areas for potential growdwater development appear +to be the
snticlinal gtructures near Palembang, Perabumulibh snd Muars Boim and the folded and
faulted sediments in the vicinity of Beturaje. Other sreas where the Muers HEnim coal,
the Alr Benakat sand and clay, the Batbtureja limestone or the Talang Akar shale outorop
or lie at relatively shallow depths, sre other possible sites.

Before any answers cen be given regerding gquantities of grouwndwater avallable,
a pystematico investigation, including test drilling end test pumpin
Becsuse of the complex geologio conditions in the mogt favourable growmdwater areas,
the siting of test holes ig a oritical factor. Bach test hole site should be evaluated
by aerial photograph interpretation and onegite geologic reconmalssance,

Based on this reconnalssance investigation snd the very limited growndwater-dats
available, the potential for utilizing growmdwater for dry-seagon lrrigation is
sufficiently favourable to warrant further investigoationsg into hydrogeologico conditions
within the project arvea.

gy must be undertaken.
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It dig specifically recommended that:

Yo Welle in the project area should be invenioried, The inventory should include
all drilled wells and a representative number of dug wells to provide coverage
Throughout the project area.

Ze Several wells vepresenting different water~bearing zones should be established
as observation wellse. Waber levele should be determined periodically and water samples
ghould be collected for anmalysis. If a satiglactory drilled well could be located and
if equipment is available, an automalic water level recorder should be installed ‘o
give a continuous record of growndwater fluctuations.

3e The PeTe Sumbara Shell Company date should be evaluated by 8 hydrogeologist and
if it de foumd that conditions are favourable for large-scale growndwater developmentd,
specific areag should be selected where there is an interest in and a need for
developing growmdwater.

4o In the area selected, hydrogeologic investigations should be mdertaken on a
priority basls to determine the growmdwater potential. Thege hydrogeologic studies
ghould include:

- an area study consisting of an analysis of asrial photographs and field
gsologic and geophysical imvestigations:

-~ gelection of specific test-drilling sites;

- drilling s pre-determined number of test holes to determine depth and
lithologic characteristics of aguifers and water levels of water-bearing
ZONes ;

- punping tests to determine aguifer characteristics;

w gollection and analysis of waber samples during pumping to detect guality
changes with time;

- an analysis of all hydvrogeologic data to debtermine growmdwater development
potential in the area of siudy.

Be Baged on findings of the firet studies undertaken, additional areas should be
gimllarly evaluated as long as the need For growmdwater development justifies the
cost of exploration.

6a In the interest of public health, growdwater for domestlc use should be exploited
only in locatlons well clear of any water courses that are freguently polluted.

LAND SUTITABILITY CLASSIFICATION

A study was wndertaken on land suitability classificetion for wimproved upland
shifting cultivation; and for upland crops, pasture, tree crops and paddy (webland)
rice wader improved cultivetion. The results of this study, on which future sctivities
should be based, are shown in Waps 4 to &, and in Appendixes 5 %o 9.
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FORBSTS AYD FOREST FPROTDUCTION

‘ It is estimeted that productive forest reaources and other scattered forest
hold approximately 156 000 ha of exploitable forest carrying an estimated 7.2
mi}lian m’e  In addition, the large compact swamp forest complex adjacent to
Palembeng holds an estimated 500 000 ha of exploitable forest, carrying an estimated
30 million m” of commercial wood,

rildgation within the project ares ig extremely poor and very selective with
regerd to species. Sswmilling is of very elementary standards, and seagoning and
timber preservation is not practised. Wo reliable statistics arve available on this
subject, even to the extent of the number of sawnills operating. There is no control
on log export.

Tn the ebsence of overall development plang, obvious needs are as follows:

(a) regional rural fire conirols

(b)  control of shifting cultivation;

() erosion control in steep lands;

(4)  species trials, and silvicultwral techmicque improvements;

(e} the establishment of plantationg of fast=growing general purpose
timbers in selected inland arveas;

(£) forest inventory and timber whilization studies in the fet=millionha
Palembang swamp forest complex and, if possible, the establishment of
a large integrated forest industry:

(g) elimination of log expori.

A area betweesn FPaturaje and Martepura is indicated as a general location for
a plantation project in the order of 1 000 ha of planting per years The Palembang
pwamp forest complex is indicated as a site for forest industrial development
investigationg.

Recommendations for future action are given belows That which concerns fire

control ie on a netional levely while the remainder refer o the project area in
partioular.

Tmmediate priority

(a) In view of the enormous amount of destruction to natvral resources by
fire, the CGovernment of Indonemia should consider the establishment of a trial system
of robated shifting culitivation in a limited aves, sponsor a national/rural fipes
centrol campaign and development of & rural fire-control orgenizetion. The possibility
of recrulting additional local help during the periods of high fire danger should also
be studied.

(b} The services of a comsultant on shifting cultivation and of a forest fire-
cantrol expert should be obtained for 10 months fo advise on shifting cultivation,
fire legislation, equipment, education and publicity requirements and the seltting up
of regional firve~control authorities, and to supervise fire-control training, prectice
end publicity.

(¢} Bcholarships (12 months) for Tire-control study and practice should bhe
sought overseas.



56

{a) The services of a fropical silviculbure consultant should be obtained
for dwo-md-a~half months to establish a series of species trials in alang-alang
{Schima bancana) arveas, and to carry owb a cost and feasibility study on a 1 000
hafyear plantation scheme.

m) Regular m:f’ammm;im/ afforestation should be suspended wntil adequate
Fipe-control measvres sre applied. The discontinuence of the penghijauan system
116 be compidered, pending further silvicultural researchs

w} Approval of any applicetion for forest licences or concessions in the
ovagtal swamp forest, including the 430 000 ha concesmions referred to in Section
ﬂ,v%}?wwfﬁ(}ﬁ} ghonld be deferred or gpuspmmded pending the outcome of the productive
forest planting schemes.

{g) Remaining inland, productive forest resources should be appraised in terms
of virgin forest and partly cub-over forest, snd future cubling regulated in relation
to local reguirements For at least the next ten years, in order to provide time Lor
production supplementation from the planting schemes,

(h)  Discontinvetion of selective, one-to-three species cutiing, should ve
enforced, end a list of obligatory felling species drawn up, these species being
marked prior to harvest to ensure compliance.

(1)  The use of timber preservation tresimente {(pressure md dip-diffugion
prom%%e@) should be investigated, and stimelated, to increase fovest production.
T4 is sugpesied that duty be waived on the iwmport of timber-preservation chemicalg.

g;) y j»

i

(j) With intemational asssistence, a forest resources suvvey of coastal ewamp
Forest (approxs 4.1 milliom ha} should be udertaken covering forest inventory, wood
testing and ad-use study extending to pulping and agglomerate wood manulacture,
logging feasibility snd marketing.

7

(k) Soil snd water conpervation regulations shonld be reappraised with
adjustment to a critical slope/land-use basis for approving the clearing of lande

(l) by new Tire or soil conservation regulations stemming from the above
recommendations should make provision for nomination by the Foregtry Department of
certain categories of government officers to be ex-officic fire wardens for the
purpose of upholding the law and reporting offences.

Longep-torm roecommendations

(a) Log exportation should cense ag poon as the permite slready igsued expire.

(b} Productive forest planting schemes shounld be increased in strateglcally
selected areas, bearing in mind rational land usej the size and location of future
markets; the availability of professional stalf for direct supervision, and adegquate
five control, Assistance from intemetional loan agencies will be required once
species trials heve provided resulis,

(e) Depending on encouraging results being obtained from the forest resouvrces
survey ;benders on an international basim should be called for the establishment of a
large exporit-orientatbted inteprated fox indugtry in the swamp Lorest, so as to
engure a feed back of treated lower grade material internally, to balance prowing

demends and dwindling locel forest resources,




51

{4} Depending of the success of the planting schemes, inland forest

exploitation should be limited within the capacity of all natural and man-—made forest
TOEBOULCES e

{8} Areas for futuvre reforestation should be selected and reserveds

(f) Paople dependent on ghifting culbivaiion of uplend rice, should be
encouraged ol

take up permanent cash crops; l.e. rubber, coffee using the tawmgya system;
or

w dremsfer to newly developed web rice schemesj or

- move to other industries.






GEOLOGIC FOWMATIONS AND THEIR WATER-HEARTNG PROPERTIES

(pee wleo Hap 2)

. DU (1T g ey
gitei] PORMATION THI CKNESS LITHOLOGY WATER~ERARING PROFERTIES
hecont AlYuvium Yarisble Hainly clays and fine asends, Poor to falr, Lorge nmumber of shallew wellse
with interbedded gravele. sre developad in alluvial deposite. :
usually go dry in dry semson. Proper
congbtructed welle in comrser secticns
plivvium would likely provide depend:
quantitien  of water for a fow Tamilis
Bhallow squifers may be polluted.
Suabernary.. Recent Young Highly Includon pumice, voloanic ash, | Poor to good. Highly varistle rock dypes !
%‘fiv“ijfm“ ~ Plointovens voloanics veriable andesite, basalt, decite, and cange extremely different wester-bearing
Tertlary and rhyolite. charscteristics. Besalts and other
Flivoone rocks might prove to be oxcellent agy
whereas ash and dense rocks would not
Wb ox o
Plelutoocens Fagald Up to 1 000 m | Alternabing beds of tuffacecus | Poor to fedr. Lithology im generally
fudt claye, conglomerates and bede unfavenrable for groundwater develo
of lignlte and ocoal. but some tuffaceous units and vong
might yisld medersie to large quant
wabor.
Plicoens & Huave Baim 200 to Upper member meinly oley and Fatr to good., The Lithology is geners
& ool 4800 m pandy olay with distinet cosl unfavourable for the dsvelopmeni of
th leyors; lower member mainly quantitien of grourdwster. However, i
%1 fuffrceous cloye, and gand uwnlts might prove to be sulfficien '
d carbonacsous oleys intercelated | permeable to yleld moderate to lavge i
';@ with fnewgrained glewoonitic quantities of arteslan welsr. |
o aand s o i
e H
Aly Benmleat| Highly varleblel Succession of merine sands and | Poor %o fair. Sonds sre wsually very olo
aend wod sardahlie, wandy shaleg sad Linestones autd not conduokve to groundwaber
vlay mey bo oas with coal sivingevrn. Hande dovelopment, If sections of clesn sundy :
mash 68 uenally heve s high peroentage | eonld be tepped dowadip of the ouboroep, i
1000 m af oheye good yields of artesion water wight be !
ahialned., E
Tartlary !
Wiocene CGumat eshele 80 4o Tack sandy shales or moarcly Poor, Lithologlo charvacter and hlghliy §
+1 000w ahples with lim vardipble thickuess preciude yleld of !
interoaiationg, large quentitise of groundwsber. The |
unit wonld sot ss o confining leyer to i
impoart prespure Lo more permeable wnita {
below and therefors would functlon as 3
an imporkent part of the hydrogeclogic §
gyshen. )
Baturaje 50 to Madnly plety limestone with Pair to geod. Wells penetrating fractuved
Limsutons 170 gome bicohermel organic sones. or polutionally enlarged sunes downdip H
B from the oubtorop probably would swpply
2 lepge guantitlien of water. i
{:’, Talang 50 to Yppar wember is finer grained Fair to excellont bub of limited svesl
o} Aker shale 1000 w 2,5 mn) sand with interond g extont, ‘Thick seotions of cosvee sand
& | and sand tiong of shaley sand and would likely yield relakively levge
coarae griti lower member quantities of good quality arbasian i
conslete mainly of Fhick waker. Highly variasble thicknoss,
layers of large (5 wm)y strocture and smell aress of ouberop
sngnler graing of gquorts would Limit potential development.
Oligocens el o
Lohat Tuff-| Highly vacisblelTuffs, sgglomerates, olay Poor. Highly variable ‘th‘i,ck{xmm and
Hracoia (doen not stones, tuff-breccias snd primorily fine.groined material sra
ouborop in Leves with sona intoroslse not faveureble Dor supplylng lerge
project area) |tiong of fine sandy cley. quantitien of waler.
Pro-Tortiary - - Sub-gurface Composed of disbose, phillite, Pao:x&.‘ Waﬁm wquld oceur sm?fy:m Timdbed
depth ocourred [biotlite grantte, dark-gresn gquanbities in fraﬂ:turegs or joint sye i
at 25% m and gronite, syenite, eplite, Woathered sone would likely supply wal H
2 750 m, Other |schist, diorite end guortsite. slequate for domestic uss.
nlacan over
6 000 w.
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Appendiz 2

RECORDS OF VWELLS AND SPRINGS
{ges ¥ap 1 for locations)

. IEFTH TO
DEPTHE  DIAMETER  GEOLOGIC HATER
LOCATION N0, WATER (m) SOURCE OF DATA REMARKS
m) (em)  FORMATIONS AND DATE QUALITY
Upang Delta P 100+ - Alluvium - Saline Public Health Jetting was stopped at
{(transmigration Department 100+ m by layer of
area) (PHD) hard rock. Well no
longer exists
Palembang P2 110 - Air Benakat - - PHD Abgndoned, insufficient
yield
Palembang P23 36 - Air Benaksi - Good PHD About 30 m from P2
‘ hand pump
Palembang Ped 25 - Air Benskat - Good FHED Hend pump
(Sukkamiskin)
Palembang P 228 20 Air Benzkat Iry - Driller Ruslani, Drillers log: O=6 mg
: Gauh Hok Gun red clay with lateritic
Contractor, gravels 6-228 m; dark
Jakarta grey clay
Palembang Pab 80 20 Air Benakat? Iry - Driller Rusiani, Drillers logs O=6 mj
Gank Hok Cun red clay with lateritic
Contractor, gravels 6-00 my davk
Jakaria grey clay; drilling by
jetting - percussion
method: reguired
25 days to penetrate
m
Sungai Gerong P~7 25 - Alluvium - Good PHD Hand pump
Plaju P8 25 - Alluvium - Good PHD Hand pump
Sekayu P9 26 - Alluvium Air - Good PHED Hand pump

Benaksat?
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Zppendiz 2
P e TN

LOCATIOR G, éﬁ} im: FORMATTONS quarrry SOURCE OF DATA
Sekayu P=10 25 - Aliuvion - Poor, FHD -
&ir Benakat? muddy
Tanah Abang P-11 25+ - Alluvium Good FHD Hand pump
Air Benskat?
(elumbang _}_/ P12 25 5 Zasal Tuff i?f Toddy, PHD and Well drilled in fine
23/74 not safe observation sand, The problem with
this well is comsimuc-
$ion technigue, not
lack of waker
Seri Bandung P=13 57 i Auvine - Ses Obzervation Drilled Ochober 19723
¥asai Taff? Lppendix 3 and Director suppliss about JCO
of Hozlem people; 48 nd elevated
School ghoragze ﬁ?giaci%;y%
gverage u8e 2 mo ;f
centrifuzal pump
Tanjung Bajs P14 33 5 2imvizm 8.0 Ses Cbservaiion and Well supplies several
{pablic works)} 1973 Appendiz 3 Public School houses, nod used for
drinkings: lithology,
O-4 m swempy soil,
4-8 m peat soils,
8-33 m fine sand and
clay. Hend pump
Tanjung Raja P-15 56 100- Allovien 1.7 Good Cbgervation Hell adjacent to P=14;
{p&bhc works ) 8050 5/1/14 water used for
drinkings hasz never
gone dry; near Ogan
River
Tanjung Raja Pt 727 200-150 Alluvimm 6.0 See Observation Well goes dry in dry
{hospital) 5/1/74 Appendix 3 season; located some

“distance from Ogan

Hivers dug in sandy
clay



{conttd)
5 DEPTH T0
. IEPTH DIAMETER GBOLOGIC HATER .
LOCATION 0. < | . WATER (m SOURCE OF DATR HEHARYS
. {m})  (em) FORMATIONS Jrs %%E} QUALITY s y S
Kayuagung Pei7 T3 150 &13uvian fi@f} Ges Observation Well smupplies
5/7/14 Appendix 3 hospital; usuelly
has weter all year,
wenk dry in 1972
Perabumulih 2/ P18 25% - Kasai Tuff - Good PHD Hand pump
Busra Enin?
FPerabumulih P-19 25+ - ¥usrs Enim - Good PED Hand pump
Perabumulih P20 o5F - - Good PHD Hand pump
Moara Enim Pl fee 12=35 - Hamad Tuff - Good PHED 10 wells in Huaras
30 and ¥uars Enim vicinity
Enim sguippsd with hand
puEmps
PTanjung Enim P31 93.4 - ¥unars Enin 4.0 - Directorate of Coal exploration
early 1900%'s Geslogy files well drilled in
sarly i900's
Baturaja 3/ P32 12+ 5 ? Less than Sse Obzervetion and  Wsll drilled and
{@svsmeafé 12.0 Appendiz 3 rest house hand pump insiailed
reat housge) 1967 attendant in 19675 supplies
about 20 peoples
does not go dryg
cased o 12 a3
drilled in sand
Baturaia P=33 2% 5 ? Less than - Regt house ¥ell reported to be
12,0 attendant acrose gtrest from

P-32
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Appendiz 2 (cont'd)
DEPTH TO
DEPTH S GIC WA WATER
LOGATION 5o, =) méjggm Il iareR () iitgy  SOURCE OF DATA REMARKS
Baturaje P24 15+ 5 7 7.0 Good Government Hell drilled and hand
{Covernment 1967 office ghaff pump ingiallsd inm
office) 19673 cased o0 15 m3
average dally use
800 17 does not go
dry, Lithology
reported: O=10 m,
sandy clay; 10-15m,
mdi 152 to> 25w
depth, red sand
Baturaja P=35 4.6 100 Alluviom 1.7 Good Observation Tug well sguipped
{t elecommuni~ . a/30/14 with electric pumps
cationg office) supvliss offics;
congtructed with
concrete curbing snd
apron
Baturais P36 5.4 100 Alloviue 3.3 Good Chaervation Img well on bank of
Kasai Tuff 4/30/14 Ogan River, about
5-6 m above river
level
Belitang é/ P=37 2 100 Alluviom 0.5 Good Cheervation Dug well back of rest
(FAD rest house) 4/30/14 house sguipped wiith
hand pump and bucked
Hartapuras P38 é - Yoloanpics . Good Forestry Uffice, Bgulipped witl hand
{Forestry Palembang pump
office)
Hartapurs
P39 14 5 Volecanics o Good Observetion and Well drilied and hend

{nospital)

kospital staff

pomp installed in
1967; pump broken,
well no longer used
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Lppendix 2
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{agriculture

Allavium 7
% /
o
Kasad Tuff 4.
5
Volcanic g
alluvium 5
Volocanics ¥
Alluvium 4.3
o,
Alluviom

Huare Enim  Dry

Lok

L

ta

&

L]
5]
fod
b
Lad

&
£

Chservation

Brilisr for
Gzuh Hok Cun,
Contractorn
Jekarts

1

Water reported to rise
several metres above

suriace

Cone

By

ste curb

soily used for
drinking: goes dry
early in dry season

Loczbed asross rosd
and about 2 m lower
than P-44; hand pump
broken: goes dry

Well drilled by
contractor for Higata
Gas Project: azbandoned
as a dry hole
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O GEOLOGIC — yppp ()  ATER SOURCE OF D2 REMARKS
o FORMATIONS sern pamm  WUALITY
B AR
Lubvkranan C3=2 64 20 ¥uars Enim 2.5 Good Driller znd B.H. slev. 27.7 nm-
3/74 cbservation  Well pumped at

100.8 1/min with
drazdown of 10.5 m.
Specific capacity

9@6 E.f m
Gunungegung 7/  W-14 8.7 100 Kagai Tuff - - Croundwater  land surface altitude
map of 32 m. Source map shows
Lampung selected dug wells in
Province which water levels are

pericdically monitored

Gumingbatin H-15 14.3 100 Kagai Tuf? - Ses " Land surface aliitude
Appendixz 3 44 m

Yenggals =16 12.9 100 Alluvium - ~ See & Lend surface altitude
Appendiz 3 WUan
Leks H=1T 7.2 100 Xamai Tuffl - - i Land surface aliitude

25 m

Blambangsn =18 7.6 100 Ezsai Tuf? - == " Lznd gurface aliitnds
44 m

WD 5.5 100 Volcanics - - = Land surface altitude
Bn

Deyasalcti Hadld 6.3 100 Kagald Tuff - - ¥ Land surface aliitude
54 m

Gedongnvapah W2 70 300 Kasal Tuf?f - - i Land surface azliitude
0=

Eotabumi Hadl 3 13.6 100 Volcanics - Ses ’? Lend surface aliitude

Appendix 3 58
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SOURCE OF DATA

LRl

-
Belambangsn
Uz

e gl S ~
Talangiimar
Cambai

¥otabuni

sk

\gﬁ
Jow
(kG
e

tj
4

%

N

Volcanice?

man
Province

£

%%

i

%
Drillers and
sheeyvation

Higata
Records
Driller and
chservation

Lampang
Bydrological
Hetwork
Heport

Land surface altitude

Well zbandoned as dry
hole

B.M. gleve 30.05 m.
Hell pumped 2%

92,0 1/min with
drawdown of 6.5 m.
Specific capaciity
4.1 1/m

Drilled in §928
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Appendix 2 {cont'd)

DEPTH 70

i %WES z, . 7 . £y o g P
LOCATTON No. D‘é z}ﬁ Dgfm‘é“ B F@%ﬁg%gs i‘iﬁ‘;ﬁ ) ﬁ%& SOURCE OF SATA REMARKS
L
Henggzala o 156.3 3 Palembang - Flowing See Observaiion Drilled in 1906 on
tlas (Kamai 5/2/74 ippendixz 3 and old Duich bank of Tulansbhaweng
Tuff) geologlc repo River, about 5 m above
reporhs Tiver level: discharge
measured o be about
5 1/min on 5/2/74.
Water rises less than
1 m above surface;
provides domesbic
supply for village
Henggals o) 182.0 8 Palembang - Flowing Ssa Observation Drilled in 1907 om
Atlas 5/2/74 Appendix 3 and old Duich $errace zbove
{¥agai Tuff) geologic Tulangbawang Hiver:
reportas appears to be slightly
higher in altituds
than ¥-1; greater depth
probably gives greater
yield and pressure:;
discharge measured to
bs G l/min; water rises
less than 1 m above
surface. Supply for
small shops and homes
Negararatu =544 7.6 100 Volcaniocs - - Observation Land surface sltitude
and old Dutch 46 m
geologic
TEpOTES
Hanalkan H=5438 A9 100 7 - - Observation Land surface altituds
and 0ld Dutch 40 nm
geologic
reports
Tanjung Boim B Spring = Huars Enim Flowing Good PHD Boxed in to supply

several familiesn



- ~ DEPTH TO
o s o DEPTE B3 GEOLOGIC arn f
LOCATICH EC. P P FORMATTONS WATER (m

=) Lom) GRSLONS awp patE
Southeast of Se2 Spring - Muars Bnim Flowing
Peratumaliih
Dwikory S=3 Spring - Volecanics Flowing
Pasir Putih S—4 Spring - Alluviom Flowing

Chservation

Will be boxed in by
PHD

Sapgize@ viliage of
3040 houses. Tield
sgbimated to be

50 1/min on 4/5/74.
Altitude sbout

275 m

Seversl seep springs
zt head of small
valley: supplies good
source of water for
figh ponds, czbile and
domestic use. Heported
to have been discovered
in 1969 and did nok
dry in 1972; the
springs would nob

thetand 2 very long
dry pericd

el
o,

T U«l') 1-

T

4/

12

]
e,

In sddition e one drilled well, now out of service, there are mors

i
In addition to 3 drilled wells, st least one of which is dry, thers

&
There ars probably several other drilled wells and numerous dug wells
21

inother similar well is located across from the raest houszes; thers ar
umerousg other dug wells reported for Harbapura.
One of seversl dug wells at Banding Agung.

YHT well mumbers zre Trom Howard Homphreys and Sons inveniory.
monitored by the Lempumg Hydrological Heiwork Project.

zeveral hundred

ug wells in

The wells are a part of a large number of dug well

dug wslls in the village.

dug walle in the village.
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Appendix 3
CHEMICAL ANALYSIS OF WATER FRCH WELLS
(Analyses in mg};/‘kv except conduckivity, pH ond

{see also Appendiz 2 and Map 1)

SAR)

DEPTH DATE o

(o) sawpre %> Mg Ha K G Fe 00y HOOy 50, s 4/ M&Irﬁ?/lig PR SR
A3 Y0070 T/5/19T4 0 1305 36 20000 9.5 93— 0 99,3 47.9  106.8 1700 10 .3
P 1/ 3300 151970 1T 100 15 3.9 12,1 - 0 50,6 0 54.4 85,0 6.6 0,7
P61/ T T/5/19T4 44 0 309 0.7 479 - 0 3 o 28.2 44.0 44 <10
Pt 1f 7230 15191 6. 0.8 1.5 4.2 21,8 - o0 7.0 70,4 10,0 4.0 1.0
P32 0/ 2w 30/4/1974 5.1 001 45 1.9 144 - 0 5.0 33.3 52.0 5.7 <1.0
Fego 1/ B.2 1/5/1974 395 1.9 19.4 7.9 M5 - 0 118.4 11,6 192.0 200.0 6.6 <1.0
Pedt 1/ 6.9 2/5/1974 4.3 1.2 0.9 0.1 38— 0 T.4 5.0 10.2 16,0 6,0 =1.0
Peg2 i/ 2.9 A4/5/1974  19.2 0.7 9.1 4.5 154 0 655  T.0 76,8 120 .0 Ted <1.0
Pegs 1/ - TE/1974 Tt 0.7 2.3 0.4 122 - 0 2.4 - 10,49 17.0 5,2 <1.0
Bt 2/ 156,3 1973 2.1 0.2 202.8  68.6 0 0 424.1 0O - - 8.0 37.0
Het 3/ - 12/11/1973 2.9 1.7 6.0 B0 18,7 0.3 - 26,9 1.0 350.0 575.0 T 76
Het 1f - 2/8/1974 5.5 1.0 153.4 10,0 444 - 21.6 378.2  40.0  448.0 T00 .0 8.2 160
M2 2/ 82,0 1973 2.1 0.4 1854 3.2 0o 0.0 446.4 0 - - 6.0 36.0
M2 1 2/5/1974 6.1 1.1 142.2  10.0 3.9 = 17.4 3518 56.0  384.0 600 ,0 8.1 14.0
WedS 3/ 4.3 12/11/1973 0 2.1 0.9 13,9 1.2 9.3 0.3 e 5.4 0 8.0 70.6 5.6 2.0
Wal6 3/ 18,9 12/11/1973 141 6.2 35.4 0 8.9 233 0.8 - 16,6 4,9 188.0 244,0 7.8 2.0
Wed 3/ 3.6 27/11/1973 3.5 104 2.0 0.2 4.5 0.5 - 18,9 1.0 30.0 26,9 6.2 0.4
g3 1/ - 3571974 6.3 14 1.5 0.9 8.6 - 0 6.5  B.2 0.2 16,0 6.2 1.0
geq 1/ - 1/5/1974 6.1 1.8 1.5 0.2 10,7 = 0 5,5 w 5,8 9.0 4§ﬂ,-ﬁ)wo

i
¢/
Y
4/

Analysls by IINDP/I«"AC} Projoect Laboratory.
Anslyeie by Dlrectorste of Geology, Bandwg.

Avalvale by Howerd Humphreys and Sons, Lompung Provioce Hydrological Hebwork Project.

I.)NDP/FA(} anplyses veported am "salte™.
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Appendix 4

GENERAL LAWD SUITABILITY CLASSIPLCATION

Three orders of land suitabllity arve umed:

8 = Suitable land
08 .  Conditionally suitable land
H o« Unsultable land

Land suitability olesses within the orders indicate decressing sultablility
for o defined use, Three classes are recognized for Suitable (8) and Conditionally
Yuitable (CS) orders, while only one class is identified in the Unsuitable (M)
order.

Land suiteblility subclasges are divieions within classes {except 1)
dimtinguished by the nature of the limitetions which have determined their classifics-
tion. Thay are denoted by a lower case letter following the class symbol.

The application of this classification to the five land niilization classes
- uninproved shifting cultivation and improved culiivation of wupland crops, pasture,
tree crops and paddy - is presented in Appendixes 5 to 9 and in Maps 4 to 8. The
relevant soil meapping units are displayed in Map 3 end theiy arveas in Table Ad.1.

A, LAWD SULTABILITY ORDERS AND CLASSES

Order/Class Definition
B o SULTABLE LAND Lend on which sustained use &/ for the defined land

wtilization type is expected bto yield benefits thet will
Justify required recurrent inputs withowl wascceptable
rigk 4o land vescurces on the site or in adjacent areas.
Recurrent inputs include repested materisl inputs such as
fertilizers, insecticides, pesticides, plant material, and
routine eultivation prectices which are lsbour and for
power intensive such as soil preparation, simple conserva
tion practices, weading, etc, Within the project area
gsuch inputs arve considered moderate; but will require the
provigion (by goveroment agencies) of imporbant technical
advisory services and credit facilities to the farmer.

_l/ "Sustained uge' does not necessarily imply continvous cropping, the wbilizaetion fype
can racognize the possibility of fallow periods, natweal or otherwige,



81 w Highly
suitable

B2 - Modervately
guitable

83 o Marginally
gsultable

8 - CONDITIONALLY
SUITABLE LAND

(81 e Conditionally
highly
sultable

082 ~ Conditionslly
moderately
gultable

LAY = Copdlitionally
marginally
gudtable

7

Definition

Land having no significant oy only minor limitations to the
suatalned application of the defined lend whilization type
that will not slgnificantly reduce production levels @nd/or
will not relse vreocurrent and miner inpute for production
&u&/&w sonservation above a remdily scoepltable lavel.

Land bhaving limitetions which in apgregste sre moderately
gavere for the sustained application of the defined lend
whildzation type that will reduce production levels amﬁ/ar
increase required recurrvent and minor inputs for produchion
&md/mr congervation to the extent that the oversll advanbage
to be galned from the wume, although ebill attractive, will
be inferior to that expechted on Clase $1 land.

Land bhaving limltations whioh in aggregate ave severs for
the suetained application of the defined land whiligation
type and will so reduce production levels amﬁ/mr g0 inerease
required inpubs on production &n&/or congervation, that such
expenditure will only be mavginally justified.

Land having cherscteristics which, at present, make it
ungultable for sustained use for the defined land whiliza-
tion type but which, subject to mensgement practices which
are not gpecified in the general definition of the land
whiligation type, could become suitable,

!

The management prectices referred to here are exclusively
Yone time "™ activities aimed st elfecting major, reasonably
permanent improvements such ag complex land reclamation

work which needs to be enbrusted to specialisits both for
planning and execublony uweually require the use of special
seuipmnent; and invelve high or very high coste. In addition,
recuwrrent inputs specified in the general definition of the
land wtiligation type would be regquired after lmplementation
of the major inprovement.

Lend having characterisgtics which, in general, preclude
magbained soonomio application of the defined land wiiliza-
tion dype bub which could be used end would be eguivalent in
auitebility to land of Cless 81 provided the special
managenent practices defined ab oless level wers implemented.

Land having characteristios which, in general, preclude

auah i economic applicastion of the defined lend whbilise-
Biem type. Suoh land, however, could be used provided the
speclial sgonent practices defined al subclase level were
Loplen bk would only be egquivelent ln sultebllity to

Tand. of Clase 82 as moderstely mevere limitetlons dindiombed
by the soboless symbol wonld remain.

Lend having charvscterietics which, in general, preciude
sustained economio applicetion of the defined lend uiilige~
tion type. Such land, however, could be used provided the
gpecisl management practices definad st subelase level were
implemented bub would only be eguivalent in eunltability te
1and of Class 83, as severe limitabions indicated by the sube
alases synbol would remaln.



Order/Class

W - UNBULTABLE
LAND

g w Unepuitable

Definition

band having cheracterisiics which sppesr o preciude its
sugbained use for the defined land wutiligation type orx
which would create production, uplkeep &nd/or congervation
problems, requiring a level of recurrvent inpuls wacceptable
ab the time of inbterpretation.

Land heving limitations which appear so seveye as to precinde
any posaibility of successful, susbtained uss of the land in
the defined mamner; oy having limitations which may be
purmountable in time but which cannot be corvected with
exdebing knowledge at presently accepbtable cogh.

B,  LAND SUITABILITY SUBCLASSES

{1t mhould be noted that the same kind of major limitetion denoting subclass may
ocour in different classes according to the intensity of that limitation.)

Subclass

@ - groslon

B - goll limitation
in the root zone

1w wnfavourable
topography

£ e flooding

d w impeded drainege

x - galinity

- goll acldity

Definition
Land with an erosion hasard or pest erosion demage.
Land compriping soils with problems such as shallowness,
unfavoureble texbure, stoniness or low fertility thet are

difficult to correch.

Tend whose relative position or relief (mavro or mioro)
1imits use Por orops and peddy {wetlsnd) riecs in pariticular.

Tend susceptible to flash floods or prolonged deep floodling,
or both, which demage the crops or limit cholce of oropus.

Lond whose use i limited by sxoess waber due to high waber
table, nlow pormesbility or slow surface drainage, or a
combination of all three,

Land whose major Limitation to use ls salinity.

Land comprising goils for which ewbreme acidity, diffioult to
gorract, s the major limitation for orop productlion.
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Table A4.1

LAND SUTTABILITY AREAS POR VARIOUS TYFES OF CULTIVATION

Area 1/
Shifting Upland Paghure Tree crops  Paddy (na)
\ cultivation OToDE

SULTABILITY CLASS AND SUBCLASS

MiE

Nif

Nif

Nif

C83x

76

704

1
2 Nif C52u-+a CS52a+a C83d $1/92a 143 067
3 S3f saf 828 083d 81 12 000
4 83£/H18 sor/cs1 s1/ser osea/osid S 19 308
5 N1d+£ 83a/C528 s1/83f 0834 51 37 308
I3 N1daf s3a/Cs2a s1/682a ¢s34. 81/s2a 10 586
7 Widst CS2ats 8315/C32a+s  CS3d+4s 81/82f+
a/C820/C83s 1 226 620
8 Wif C320ta /Cs28 0834 S2848 52 950
9 NLE 0828/C83e ¢83d 528/S3a 49 298
10 RERES 05284 G52 ot CE3d+a 83%/032&/
C33s 491 026
11 w1d 528 c53d 81 10 135
12 Nls Nig . Wlg Nig 11 399
13 Wig,d+f 0529/Mls 82s/0528/Mls Gggi/mxg 51/52¢/M1s 86 685
14 S2a/N1d $1/83d §1/s2s 828/033a S1/N14% 10 615
15 S3s 53 S28 828 W1t 7 040
16 Nle 83e S3e 83e N1t 49 T46 ¢
17 S3e $26 See S%e WLt 42 960
18 Vie S3e S3e $3e Wit 61 120
19 H3s S52e 828 828 W1t 13 020
20 S3e e S2e 8le Wi 7 906
24 $3e f2e 2 F2e Wit 3 120
20 Nle S3e 53e S3e Hit 2 040
23 Wie 93e/Nle 52e/83e S2¢/C53e W1t 77 960
24 S3e S2e S2e S2e N1% 11 200
25 S3a4e SRata S2pte S2mde Nit 16 520
26 S3s S28 S2s N1t 783 069
27 S3a 82w 828 N1t 23 920
28 $28/93e S2gte S S2¢/938 1 46 720
29 S3s S1/C82a+s  S1/82a4s 51/083a 81/82a/N1% 172 990
30 53¢ 505 52 51/828 W1t 45 020
39 838 828 Ses 81/828 WL 172 266
32 Wls Sag S0g S0 Wik 1§g 253
33 $36/Nls 828/ 38 SP 828 N1t 167 897
34 Wig S2s/lls S2e/S3s S28/53 W1t 51 160
35 Sog 1 s1 81 Wit 32 160
36 S3e S2e 42e S2e N1t 13 640
37 §2s/N1s 51/838 81/S2e 828 Wit 23 106
38 Ses/83s 828 828 528 N1t 27 053
A 4 288 122
Total area (excluding lakes) 2

1/
2/

Area compubed uming OTT Planimeter,

Mmeludes areas which were not identified on the vriginal soil mape.




Appendix 5

LAND SUITABILITY FOR UNINPROVED, UPLAND SHIPTING CULTIVATION

LAND UTILIZATION TYPE DEFLNITION

Rainfed farming of crops obther than paddy (webtland) vice in the study avea
mainly consists of o form of shifting rotation avound a sebtlement mite., A tree
CTOP (uﬂually rubber) im sptablished with cabch crops being grown for the first
bhree years. Catch crops include upland rice {pedi ladeng) which is often grown
together with maize, groundmots, beans, chillies, cassava, sweet potato, banava
and pineapple. Original opening of the land involves the felling of trees and
bushes, collection end burning of debris, uproobting or burning out of stumps,
second clearing, reburning and finally hoeing. The land is cleared during the
dry season (June to S@p%@mb@y)_in wost cases by hand,using axe, parang and hoe,
Beed melection is rudimentary {wimowing or floatetion), send most seeds are local
varieties saved from the previous yesr's crop. Nurgeries are geldom consbruched
and planting methods are primitive, planting material being dibbled or hoed in.

Planting usually starts in September or Ocbober asccording to the onset of
the reins and is cevried oub by the fammey and his Ffamily without exbernal help.
Use of fertilizer ism rare, although better farmers upe compost, urea and
superphogphate. lland weeding im undertaken at least twice, with weeds being
either used ag compost for banenas or left on the field. Poisonouns baits and
cloge fencing protect catch crops againgt pigs, monkeys snd rabts; but insect
pests and plani diseases are rarely controlled. Hervestlng is by traditional
hand methods which are both labour and bime consuming. Cabch crops are inber.
cropped with rubber for about thres years, after which the vubber iz allowed to
grow wild., Tapping starts when the Trses are four to five years old and
contimies until they are about 15 years old when the rubber and sscondary growib
ars cleared and burned and the whole cycle renewed,

A farmer and his femily seldom cultivate more than 3 ha per year due to
restrictions because of lack of men, animal or machine power. The majority of
cabeh crops im used for home consumption with sufficient planting material being
regerved for the following year's crop. Any vemsining product is sold at the
Local market or to buyers from the large towns. Prices, however, are generally
low because uniform harvest times for each product throughout the ares vesult in
glut market pericds, Rubber io bapped irregularly,on dry days. Labtex is
processed in wet briock or sheot form and is slored submerged in sireams and
ponds close to the village and ig sold through middle men when prices rime or
there is a need for ready cash,

Land suitability for unimproved, upland, shifting cultivation as given below
and in Table AS.1 on sn area basis, and as illustrated in Map 4, is a statement
of prevailing suitability for rainfoed crops obther than paddy (wetland) rice in
the project area, and is presented to show comparable evaluabions between existing
crude farming methods employed in present land use and improved {arming mebhods
apgumed for development alternatives, Because of this, the conditionally suitable
order iz not relevant to this claspification as by delinition, neither minor
recurrent nor major improvemente in the e

are consideros duation.,




LAND BSULTABILITY CLASSIFICATION . UNIMPROVED, UPLAND CULTIVATION

S - BULTABLE LAND

81 - Highly
puitable

82 « Hoderately
suitable

w
e
&

83 = Merginally
pultable

showing identified land uwnite in project avea

Definition

Lend heving no significant or only wminor limite
tiong to the sustained spplication of unimproved,
upland, shifting ewltivation that will not
significantly reduce profduction levels below a
readily accepbable level.

Lend baving limitations which in sggregele asre
moderately severe for the mstained applicebion
of wnimproved, upland, shifting cultivetion that
will reduce production levels to the exbent that
the overall adventage to be gained from the wuse,
although atill attractive, will be inferior to
that expected on Class 81 land., One subclass is
identified in the project arear

Land comprising deep to moderately deep undulating
to rolling, well drained, Jlosmy and clayey soils,
ococasmionally with atones in the upper layer, having
moderately permeable mubsoils and e moderate
available water holding owpacity. Surfsce solle
hawe an average o high orgenic maibter cowtent and
bage gaturation of between 35 and 7%%@ Negerven of
wastherable minevals in the subsoil range from falr
o very low or nil. Reaction ranges from pH 4.5 %o
6450

The maln limitabions Ho the applicemtion of unimproved,

upland, shifting cultivetion im the relatively rapid
decline in Ffertility after such aveas have been

eleaved and oulbivated for wore them two yeears. Obher

problems include stoniness and slight %o moderate
gusceptibility o erosion when cleared.

Tand hoving limitations which in aggregete are meverae

for the sugtained application of unimproved, uwpland,
ghifting oultivabtion and will so reduce production
Tevels that the overall advantege to be galned from
the uvee will only be merginal. Three subclesmes are
identified in the proiect areas

Lend conprising deep, moderately deep and ghallow,
undulating to hilly, well drained, loamy and clayey
aoils which are occasionally yrwwcllvw They have
moderately to slowl shle gubsoils and &
moderate to low aval s walter holding ¢ wvviy
Organic matter content in wmvs@@w layers ig

*

ahey
o 4 .
ranging from 1 to over Sp. age paburation wf surface

Happing unit

Hone
identified

35, and parts
of 14, 28,
a7, 38

15, 19, 26,
27, 30, M
and parbts of
25, 29, 33
38



Order/Class

836 (comt'd)

a3

Definition
auile is wswally less than ﬁ@%v although
Rend ginas formed on residuum derived from
Limeatons have a base saluration of over T5%.
Rewerves of weabtherable winerals in subsoils
are low or nil, excepting Rendsines which have
high reserves. Resotlon vanges from pH 4.5 to
5.5, agaln excepbing Rendszinas which have pH
values ranging from 6.0 40 T.7.

Hain Limitebtions to the application of wnimproved,
upland, shifting oultivation includs shellowness,
stoniness aod fthe rapid decline in Tertility afber
such aress are oleared and ocultivated, In addition,
these golls are wlightly or moderately susceptible
to eropion when oleared,

Lend comprising deep to moderately deap, rolling

to hilly, well drained, losmy and clayey soils

with modersetely o slowly permesble subsoils and

# moderste svailable water holding capuoity.

Orgeande matter content in warface layers is veriable,
ranging from 1 Yo over 5%. Base seluwration of
surface soils is usually lems than 35% but may
occagionally be higher, Reserves of wealherable
winerals in subseils are low or nil., Reaction renges
From p 4.5 to 6.5,

The main Limitation to the applicabion of wnimproved,
upland, sh g cultivation is the guscepbibility
Ho sheet and rill erosion. Obher problems imeolude
the repid decline of fertility after clesring and
sultivation end the loms of organic mabber and
degradation of mpoil struobure,

Land comprieing deep, modevately well %o somewhat
poorly dreined, loamy and elayey soils, Submoils
perneabllity is woderats and avellsble water holding
capacity 18 moderate to high., These soils have a
characteristio microwreliof of sbandoned levees and
river channels. Organio matbter content in surface
layers is aversge, renging Trom 2 to 5%, Base
saturation of subpoils renges from %0 to 75% and the
raperves of weabherable minersls ara falv. Reaotion
rangas Lrom pH 4.% to 6.4.

P g

The main limitation to the application of unimproved,
upland, shifting ouldivation i the suscepbibility of

11, 20, 21,
24, 36 and
partes of
25, 28

3 ond paris
of 4

these soils to flash flooding during high water stages

of the rivers as well ss a reletively high water-table

level during the reiny seasmon.
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Drder/Class Definition

N .. UNSUITABLE LAND

Happing wait

N1 - Unsuiteble Land having limitations which appear so severe
as to preclude any possibility of successful,
sustained, unimproved uplend shifting culiive-—
tion. Four subclasses are identified in the
project area.

Hi£ Land comprising deep, level, very poorly drained 1, 2, 8, 9
clayey to loamy soils occupying back swemps, tidal end parts of
gwamps and bobtitom lands and which are subject to 4y 5y 6, 7,
deep prolonged flooding by river water and salt 10, 13

water, In the latter case salinity is an
additional problem, while soils of the back swamps
may be potentially extremely acid,

Nid Land comprising deep, level, poorly drained, clayey, 11 and parts of
loamy and orgeanic soils with a wabter-table &t or 5, 6, Ty 10, 13,
near the surface of the greater part of the year. 14, 39
Wetness precludes their use for sustained,
unimproved, upland, shifting cultivation and such
gsoils may be extremely acid and of unfavourable
texture in the root zone.

Nis Land comprising deep or moderately deep, well to 12, 32, 34 and
excessively drained, gravelly stony snd sandy parte of 13,
goils on undulating, rolling and hilly terrain. 33, 37

Limitetions include low or very low avallable
water holding capacity, low moil fertility, high
gravel and stone content, unfavourable sand
texbure, and sumceptibility to erosion on steeper
slopes which preclude the sustained applicabion
of unimproved wupland, shifting cultivation.

Nlas Land comprising shallow to deep, well to 16, 18, 22, 23
excesgively drained soils on hilly or mountainous
terrain. The dominant limitetion which precludes
the smustained application of unimproved, upland,
ghifting cultivation is the very severe
sugceptibility to sheet, rill and gully erogion
if these areas are cleared. Ofther problems include
rapid decline in fertility if cultivated, and the
inoidence of stoniness and rockinessg in places.
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LAND SULTABLLITY FOR UNIMPROVED, UPLAND SHIFTING CULTIVATION WiTH
PROPORTTONAL DIBTRIBUTION BY ARBA AND FERCENT

Clase Soil mapping wnit hves (ha) 4

ORDER He  SUITABLE LAND

81 Highly suitable -
52 Moderately suiteble 35 32 460 0.8
83 Marginally suiteble 3, 15, 17, 19, 20, 21, 24, 1 151 681 26,8

25, 26, 27, 30, 31 and 36

52/83  Asmociation of 28, 38 T3 773 1.7
moderately and
marginally suitable

Tand

Subtotal avea 1 257 614 29,3
QORDER N= UNSUITABLE LAND

N1 Unsuitable 1, 2, 5, 6, 7, 8, 9, 10, 2 636 092 6145
11, 12, 13, 16, 18, 22,
23, 32, 34 end lakes

HSubtotal area 2 636 092 61.5

SEOCTATIONS OF SUTTABILITY ORDERS
82/N1  Associabion of 14, 37 33 721 0.8

woderately sultable
and wasuitable land

83/M1  Associstion of 4y 29, 33 360 695 8.4
marginally suitable
and wnguiteble lend

Subtotal ares 394 416 9.2

Total ares 4 288 122 1000
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Appendix 6

LAND SULTABILITY FOR UPLAND CROPS ASSUMING IMPROVED CULTIVATION FRACTICES

LAND UTILIZATION TYFE DEFINITION

The land uwbtilization type Tor upland crops is not specific for any single crop,
but refers to all moderate-rooling cultivated crops adapbted to climatic conditiong
prevailing in the project area, excepting peddy (wetlend) rice. Sustained cultivation
is envigaged following a prescribed rotabtion including fallow periods, Sound
husbandry is assumed in so far es it is expected thate

- draught enimsls snd, in gome ingbances, btractors will be introduced as a power

gourcse for land preparation including the ploughing in of plant residues instesd
of burning;

= good planting material is avallablej

-  fertilizer appliocation (inorg&nic and orgenic) snd liming is made in sufficient
guantitiens and in suliable combinations to engure improvement and meintensnce
of fertllity;

-  adequate peat, weed, inseot and plant disease control i established;

~ @imple levelling and erosion conbrol messures are applied.

With +the exception of levelling and eroslon conirol meassures, all assumed improved
caltivation prectices are reourrent. Such repeated material inpute are considered
moderate; but will necessiitate the provision of important technical advisory services
and eredit facilities to the farmer. Levelling and erosion controls envigsged are "one
time" inputsy but only simple measures which may be exscuted with hand or animal power
are assuned.

Lend suitability classification is given below, and Table 46.1 shows 1and
suitability class arems while Map 5 indicetes their geographicel distribution.



80

LAND SULTABLLITY CLASSIFICATION - UPLAND CROPS ASSUMING
IMPROVED CULTIVATION PRACIICES

vder/Class Definition Mapping !

§ - SUITABLE LAND

51 - Highly Lend having no significant or only minom 35 and parts of
sultable Timitations to the susbained cultivation 14, 29, 37
of npland crops that will not significantly
reduce production levels &mﬁ/om will not
ralge requived recurrent and minor inputs
Tor production amd/or songervation above a
readily acceptable lavel,

82« Hoderabely Land having limitations which in sgeregate are
sulteble moderately severs for the sustained culiivetion

of upland crops that will reduce production
levels and/ov increase regquired recuprrent snd
minor inputs for production and/mr GONE SV g
tion to the extent that the overall advantsge
te be gained from the use, although shill
attractive, will be inferior to that expecied
on Clasa 51 land, Three suboclasses as
identified in the project area:

gz Lend comprising deep, moderately wall to 3 and part of
agomewhat poorly drained, loamy apd olayey 4

goils. Subeoil permesability is moderate and
svallable water holding cspacity is moderate
to high, These solls have a characteristic
micro.r-lief of sbandoned leves and river
channela. Under improved cultivation practices
these golls can be used for cultivation of a
veariety of crops; but the susceptibility to
flash flooding by river water ln the rainy
geason, together with additional drainage
problems caused by a perdodically high groune
water table make them only moderately suited
Tor the wmustained cultivation of upland orops.

28 Land comprising deep %o moderately desp, well 19, 26, 27, 30,
drained, wnduleting to wrolling, claysy or 31, 38 and
lvamy solls, occeslonally with stones and parts of 25,
gravel in the upper layers. Subsolle sare 28, 13, 34

moderately psrmeable and sveilable water
holding capacity is moderate. Main limitae
tlong to the sustained cultivation of upland
crops include the diffleulty in maiwmbaining
Tertility due to low regerves of wealher
able minerals in the subsoil, stoniness,
moderately poor soil workebility and alight
sugeepbibllity to erosion « all of which will
tend to increase required recurrent and minor
inpute for produchlon and/or congervation,



OrdaréClaem

S2e

83 —~ Marginally
sultable

334

S3s

Definition

Land comprising deep to moderately deep, well
drained, predominantly rolling clayey or loamy
soils. Subgoils are moderately permeable and
available water holding capacity ie moderste,
The main limitation to the sustained cultiva~
tion of upland crops on these soils is their
moderate sumceptibility to erosion. In addition,
reserves of weatherable minerals are low in the
gubsoil meking for problems in maintaining
fertility and clayey soil may have moderately
poor workability. Limitations tend to increase
required recurrent snd minor inputs for conservam
tion and production.

Land having limitations which in aggregate are
gevere for the sustained cultivation of upland
crops and will so reduce produchion levelm and/
or so increage required luputs on production
and/or oonmervation, that such expenditure will
only be marginally justified. Three subclasses
are identified in the project areax

Land comprising deep, level or nearly level,
poorly to somewhat poorly drained, olayey or
loamy moils with moderate to glowly permeable
subsgoils. These moils are too wet for upland
crops during the greater part of the rainy
seagon when groundwater tables are abt or near
the surface. Although not commonly flooded by
gbtreams or rivers, surface flooding by rainwater
may occur for short periods, Obher problems
include poor workability and low reserves of
weatherable minerals in subsoils. A veriety of
upland crops may be grown during the dry season
but the drainage problem limits production to
quick growing varieties,

Land comprising shallow, moderstely deep and
deep, well to excessively drained, undulating

$0 hilly, loamy or clayey soils which are often
gravelly. They have moderately to slowly
permeable subsoils and a moderabte to low
available water holding capacity. Limitations

to their sustained use for upland crops include
shallownens, stoniness, difficulty in maintaining
fertility due to low reserves of weatherable
minerals in the submoil and loss of organic matter
content when cultivated, and alight to moderate
puscepbibility to erosion which will so increase
required inputs on production and conservation
that such expenditure will only be marginally
justified.

Mapping Unit

17, 20, 21,
24, 36 and
parts of 25
and 28

pexrts of 5, 6,
14

15, 32, paris
of 33, 37



Order/Class

S3e

OS5 = CONDITIONALLY

051 = Conditionally

032 = Conditionally

Cide

SUITABLE LAND

highly
suitable

moderately
sultable

82

Definition

Land comprising shallow to deep, well o
excesgively drained soils on hilly or
mounbainous terrain, The dominant limitation
to their mustained use for upland crops is the
very severe susceptibility to sheet, rill and
gully ervogion if cleared and cultivated. Other
problems include rapid decline in fertility if
cultivated and the incidence of stoniness and
rockiness in places, Simple erosion control
measures may allow the cultivetion of upland
orope on less severe slopes; but this together
with inorease in vequired vecurrent inputs on
production and conservabtion will make such

axpenditure only marginally justified.

Land having charactervistics which, in general,
preclude sustained, economic cultivation of
upland crops ag defined for the land utiliza~
tion type; but which could be used and would
be equivalent in suitability to lend of

Clags S1 provided that excess wetness is
eliminated by the construction of drainage
works, and reguired recurrent and minor inputs
are implemented.

Land having characteristics which, in general,
preclude sustained, economic cultivation of
upland crops. Such land, however, could be
uged provided the sgpecial management practices
defined at subclass level were implemented but
would only be equivalent in suitaebility to land
of Class 82 as moderately mevere limitations
indicated by the subclass symbol would remain,
Two subclasses are identified in the project
arseas

Lend having limitations of webness which, in
general, preclude the susbained sconomioc oultivar
tion of uplend crops; but could be used for this
purpose provided drainage works were consbructed
and required recurrent and minor inputs were
implemented, Suitabllity would then be equivalent
bo lend of Class 52 ag moderately severe limita-
piong of poor soil workability, unfavourable
fexture, and diffioulty in maintaining fertility
would remain,

Mapping Unit

16, 18, 22 and
part of 23

pert of 4

11, parts of
Q? 5’ 7? 89 9?
10, 13, 29



Order/Clags

C32a

083 = Conditionally
marginally
suitable

C33a

N ~ UNSUITABLE LAND

N1l = Unsuitable

N1f

Nlse

Definition

Lend having limitations of wetness which, in general,
preclude the sustained economic cultivation of
upland crops; but could be umed for this purpose
provided drainage works were congtructed and required
recurrent and minor inputs were implemented.,
Suitability would then be equivalent to laund of
Clase 32 a8 moderately mevere soil acidity would
1imit choice of crop and production. Other prcblems
would include poor soil workability end difficulty
in maintaining fertility.

Land having characteristics which, in genersl,
preclude sustained, economic cultivaiion of upland
crops. Such land, however, could be used provided
the special management practices defined st subclass
level were implemented; but would only be equivalent
in suitability to land of Class 53 as severse limitas
tions indicated by the subclass symbol would remaln,
One subclasp isg identified in the project areas

Land having limitebions of wetness which, in general,
preclude the sustained, economic cultivation of
upland crops but could be used for this purpose
provided drainage works were congtructed and recurrent
and minoy inputs implemented. Suiltebility would then
he equivalent to land of Clasas 53 as severe solil
goldity would limit cholce of crop and production.
Other problems would include poor soil workability
and difficulty in maintaining fertility.

Land having limitations which appear so severe as to
preclude any possibility of successful, sustained,
cultivation of uplaend crops; or having limitations
which may be surmountable in time but which cannot
be corrected with existing lknowledge at presently
acceptable cost., Three subclassges are identified
in the project areas

Land comprising deep, level, very poorly drained
clayey to loamy soils which are subject to deep
prolonged flooding by salt wabter and whioh ocoupy
positions in tidsl swamps. Such soils, besides being
imundated throughout the year, are also highly saline.

Land comprising deep to moderately deep, well to
excessively drained, gravelly, stony and sandy soils
on undulating, rolling end hilly terrain. Limitetions
include low or very low available water holding
capacity, low soil fertility, high gravel and sione
content, unfavourable sand content and susceptibility
$o erosion on steeper slopes.

Mapping Unit

parte of 2,
69 79 80 109
24

part of 9

12, paris of
13, 34
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Wle

84

Definition

Land oconprising shallow to deep, well 4o
excessively drained woils on hilly terrain.
The dominent limltation is the very severs
sugeeptibility to sheet; i1l snd gully
srogion if such areas are oleared. Other
problemsg include rapid deoline in fertility
i cultivated, and the ilucidence of stoniness
snd rockiness in places,

Mapping Unit

part of 23
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Table A6 .1

LAND SUITABILITY FOR UPLAND CROPS 4

SSUMING IMPROVED CULTIVATION PRACTICES
WITH PROPORTIONAL DISTRIBUTION BY AREA AND FERCENT

Class 8011 Mapping Unit Area (ha) %
ORDER 82 SUITABLE LAND
1 Highly suitable 35 32 160 0.8
8z Moderately suitable 3, 17T, 19, 20, 21, 24, 1 218 414 28.4
25, 26, 27, 28, 30, 31,
36, 38
83 Marginally suitable 15, 16, 18, 22, 32 302 199 7.0
g1/83 hesociation of highly 14, 37 33 721 0.8
and marginally
suitable land
S2/83  Association of 33 167 897 3.9
moderately end
marginally suitable
land
Subtotal area 1754 391 40.9
ORDER C3z CONDITIONALLY SUITABLE LAND
031 Conditionally highly - o o
suitable
cs2 Conditionally 2, Ty 8, 10, M 1 923 807 44,9
moderstely sultable
33 Conditionally e - an
marginally suitable
€32/083 Association of 9 49 298 Tet
conditionally
moderately and
marginally suitable
Tand
Subtotal area 1 973 105 46.0
ORDER N1l: UNSUITABLE LAND
wi Unsuitable land 1, 12 and lakes 104 129 Zod
Subtotal ares 104 129 2od
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Table A6,1 (cont'd)

laas Soil Mapping Unit Avea (ha) %

ASBOCIATIONS OF SUITABILITY ORDERS

91/082  Association of 29 172 990 4ol
highly suitaeble and
conditionally
moderately suitable
Land

82/081  Assooiation of 4 19 808 0.5
moderately suitable
and conditionally
highly suitable
Land

83/052  Association of 5, 6 A7 894 1o1
marginally suitable
and conditionally
moderately sultable
land

82/N1  Association of 34 51 160 1.2
moderately sultable
and unsuitable land

$3/W1 Asgoclation of
marginally suitable
and unsuitable land

ny
s

77 960 1.8

C32/N1  Assooistion of 13 86 685 2.0
' conditionally
moderately suitable
and unsultable land

Subkotal 456 497 107

Total nres 4 288 122 1000
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Aggendi%wl

LAND SUITABILITY FOR PASTURE ASSUMING IMPROVED CULTIVATION PRACTICES

LAND UTILIZATION TYPE DEFINITION

No pasture or forage crop development is found in the project sres at present
except where grass and legume experimental plots have been established. Livestock,
in mogt instences, simply exist in and around the villages, ruminent snimals renge-
grazing by day and returning to the village at night; or belng rounded up pericdically
after fending for themselves in bush and forest. The carrying capacity of grazing
aress ia low due to seasonal shoriege of grazing and the low nutritive quality of
netive grasses, espacially the widespread alang-slang {Imperats cylimdrica) which is
only palateble during the young shoot stage of growth. Consequently, suitability
evaluation for sustained grass and legume production is made, assumings

~ ghallow rooting grasses and legumes, well adapted to local climate and soil
conditions are established;

-~ adequate fertilizer application is made and inooulants and phosphatic
fertilizers are applied if required by the legume established;

- fencing and controlled grasing sre introduced;

- drinking water is provided;

- fire-breaks ave esbablished;

- corrale are built for working the animalas

- waeeding, fence and corral maintenance are carried oubs

- pharmacevticals are provided for use againsgt internsl parasites and other
animal diseases;

- good planting material and sound breeding stock are made available.

It is envisaged that pasture could be esteblished either as a sector of mixed
farming providing a source of both animal power and protein; or as ranching in more
remote, spersely populated areas, Inputs required are both recurrent, as in the case
of wesding, fertilizer application, inoculation, grasing conbrol, fence and corral
maintennnce, etc., and "one time" opevations such as fencing, corrael building and
initial purchase of breeding stock and planting material. Levels of input are
considered moderate; bubt will require the provision by govermment sgencies of training
in liventock husbandry, veberinary extension services end importent farmer credit
facilitien.
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Land suitability classification is given below, followed by Table AT.1 which
shows land suitability olase areas propoviional distribufion, while Map 6 indicates
their geogrephiocal digbribution.

LAND SUTTABILITY CLASSIFTCATION .. PASTURE ABSUMING IMPROVED CULTIVATION PRACTICES

Mapping Unit
Order/Class Definition ~RRRIRE S
8w SUTTABLE LAND

H51 - Highly suitable Tand having no significant or only minor 35, parts of
Timitetions bo sustained wee for pasbure that 4, 5, 6, 14,
will not significently reduce production levels 29, 37
and/or will not raise required vecurrent and
minor inputs for production and/mm congervablon
above s resdily acceptable level.

82 = Moderately Lend having limitations which in aggregate are
suitable moterately mevers for susbtalned pasture thab

will reduce production lewvels and/or increase
required recurrent snd minor inputs for
production am&/or conservation to the exbtent
that the overall advantage to be gained from the
uga, although still attractive, will be
inferior to +that expected on Class 81 land,
Four subclaswes are identified in the project
arans

gar Land comprising deep, poorly drained, loamy to part of 4
olayey soils. Subsoil permeability is alow
and sveilable water holding cepacity is modsrabe
to high., Rellef is level to undulating with a
microrelisf of sbandoned levess and river
channels. The water-bable is abt or nesr the
surface for st least six months in most years,
and the soils ave flooded by viver water duwrlng
the rainy season. The main Limitation to the
sugbained application of pasture i susceptibility
$o fleoding with additional problems of drainage
and Low fertility which restrict production end
1imit choloe of sdapbed grasses and legumes to
those capable of withetending waterlogging.

g2a Land comprising deep, poorly to somewhal poorly part of 29
drained, loamy to clayey solls with slowly
permeable subsoils and moderate to high svallable
water holding capacity, Rellef isg level. The
water~table is at or near the surface for less
then six months in wost yesrs snd falls below 1 m
during the dry ssason., The maln limitetion to
the sustained applleation of pasture is moderately
pavers soil acidity, additlonsl problems being
poor drainsge and low fertility which tend fo
increase vaqulred recurrent and minor inpubs.



Order/Class

528

83 - Marginally

4

suitable

89

Definition Mapping Unit

Lend comprising deep, moderately deep and sghallow, 3 11, 195, 19,
somewhat poorly, moderately well and well drained, 26, 27, 30,

loamy to clayey soils on level, undulating and 3y 32, 33,

rolling terrain, Subsoil permeability is moderate 38, and parta
to mlow and available wabter holding capacity is of 13, 14, 25,
moderate to high. 28, 29, 34,37

Soil limitabtions in the root zone include difficulty
in maintaining fertility due to low reserves of
weatherable minerale in the subsoil, shallowness,
gtoniness, unfavourable texture and slight
sugceptibility to erosion which tend to increase
required recurrent and minor inputs and/or reduce

production.

Land compriging deep and moderately deep, well 17, 20, 21,
drained, loamy to clayey soils, which ave 24, 36, and
occasionally gravelly or stony, on rolling to perts of 23,
hilly terrain. Permeability in subsoils is 25, 28

moderate, ag im available, water holding capscity
The principal limitation to the sustained applica-
tion of pasture is the hazard of sheet and »ill
erogion., Other problems include difficulty in
mainbtaining soil fertility, organic matter and
gtructure, poor workability and stoniness in
places. Limitations are moderately severs and
tend to increase required recurrent and minor
inputs on production and conservatbion.

Lend having limitations which in aggregete are
gsevere for sushained pasture and will go reduce
production levels and/or g0 increase regquired
inputs on production and/or conservation, that
guch expendifture will only be marginally
justified. Three subclasses are identified in
the project area:

Land comprising deep, poorly drained, clayey and 9, parte of
organic soils on nearly level terrain. Subsolls 5, Ty 8
are generally slowly permeable and available waber

holding capacity is high. The water-table level ism

ig at or near the surface for up to ten monthe in

most years. During the rainy season these soils

are flooded by river water, rainwater, and runoff

water from adjscent uplends to depths of 1 m or

more. TFlooding is the dominant limitationg butb

in addition problems of poor drainage, low soil

fertility, severe seil acidity and poor goil

workability exist which reduce production levels

whilet choice of grasses and legumes mugt, from

necessity, be resiricted to varieties able to

withstand waterlogeging.
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Mapping Uni:

dw&m» m Clams

S3s Land compri part of 34
moderately wel
goils with a h
permnsak
waber holdl ‘
tlong bo ¥ pasture
include sbon ning
fortility, orgs strusturs ,
and glight bo me c t0o srogion
whioh reduce production levels inoresse
regquired inputs.
80 Land oomprd Bo 16, 18,

sxcegsively d

and part of
monnhaloous Lery 23
thedr g
the very sover i1l
and gully erosion blema
inelude rapld decl he
incidence of mbtond 8BS w& places,
Simple srosion allow
pasture to be ¢ 35p Blopos;
but this tog rulred
racurrent suoh
axrpenditure
G5 - CONDITIONALLY
SUTPABLE TAND
C8YL w Conditionally Lend heving of None
highly preciude identified
suitable pagbure

typay but which
sgquivalent in
provided i
impleme:

tioes wore

32 - Conditionally Land
moderately preciude
suitable paEture .

provided 1
defined at subclass 1
but would only be
to land of
limitati
would remain.
in the projesct

032a Land having parte of 2,

general, pre 8 d, sconomic Ty 8, 10, 13
applicati on wi“ e %x,m*w but conld be used Lfov

thig purpose pro flood
sonbrols were oc aourrant
and minor inputs were implemented. Suilt ‘bllﬂ;y
would then be : :



Claaa(Order

¢328 (cont'd)

C32a

C33 « Conditionally
marginally
suiteble

N - UNSUITABLE LAND

N1 ~ Unsuitable

N1f

Nis

91

Definition

moderately severe limitations of poor soil
workability, unfavoursble texture, and
difficulty in maintaining fertility would
remalis

Land heving limitations of wetness which, in
general, preclude the sustained, economic

Mapping Unit

parts of 2,
6, T, 10

application of pasture: but could be uped for
this purpose provided drainage works and flood
controls were constructed and required recurrent
and winor inputs were implemented. Suitability
would then be squivalent to land of Clams 852 as
moderately msevere soil acidity, poor soil
workability end difficulty in maintaining
fertility would remain as limitations.

Lend having characteristics which, in general, none

preclude sustained, economic applicetion of identified

pasture. Such land, however, could be uged
provided the special management practices
defined at subclass level were implemented;
but would only be equivalent in suitability
40 land of Class 353 as severe limitations
indicated by the subelass symbol would remain.

Lond having limitations which appear #o gevere
as to preclude any possibility of successful,
gustained application of pasture; or having
limitations which may be surmountable in time
but which cannot be corrected with existing
knowledge at presently acceptable cost. Two
gsubclasses are identified in the project areas

Land comprising deep, level, very poorly drained,
clayey to loamy soils which are subject to deep
prolonged flooding by salt water and which ocoupy
positions in tidal swemps. Such soils, besides
being inundated throughout the year, are also
highly saline.

Land comprising deep, exceasively drained, sandy 12 and parte

soils on undulating terrain. Such soils have an of 13
unfavourable sand texture (more than 90% sand in

the fine earth fraction), low or very low available

water holding capacity, low organic matbter content

in surface soils, low fertility and very low

regserves of weatherable minerals in subsoils.



Table AT.1

LAND SULTABILITY FOR PASTURE ABSUMING IMPROVED CULTIVATION PRACTICES
WITH PROPORTIONAL DISTRIBUTION BY AREA AND PERCENT

ass S0i1 Happing Unit Aves {(he) %

ORDER 8¢ SUITABLE LAND
$1 Highly suitable a5 32 180 0,8
82 Hoderately suitable 3, 11, 15, 17, 19, 20, 21, 1 585 739 370

24, 25, 26, 27, 28, 10, 39,
32, 33, 36, 38

83 Harginally sulteble 9, 16, 18, 22 162 204 3.8
81/82  Associabion of 4y 14, 29, 37 226 519 5.3
highly and
noderately
sultable land
Sl/ﬁ-l%?, Agsociation of ) a7 208 0,8
highly and
marginally
suitable land
82/83  Associstion of 23, 34 129 1420 3.0
moderately and
marginally

sultable land

Subtotal arsa ' 2 173 0%0

wn
P
-3

ORDER C82  CONDITIONALLY SUTTABLE LAND

081 Conditionally - . -
highly suitable

382 Conditionally 2, 10 634 093 14.8
moderately
suiteble

33 Conditionally - -
marginally
suitable

Subtotal srea 634 093 14,8

ORDER N2 UNSUITABLE LAND
W1 Unpuitable Ty 12 and lekes 104 129 204

Subtotal ares 104 129 2odl




93

Table AT.1 (ocont'd)

Class

Soil Mapping Unit

Area {ha)

%

51/082 Association of
highly suitable
and conditionally
moderately
suitable land

55/082/ Association of

N1 moderately
gpuitable,
conditionally
moderately
sultable and
unguitable land

83/C82 Assoclation of
marginally
suitable and
conditionally
moderately
sultable land

ASBOCIATIONS OF SUITABILITY ORDERS

6

7, 8

10 586

86 685

1219 5719

2,0

29.8

Subtotal area

1 376 850

3261

Total area

4 288 122

100.0
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Appendix 8

LAND SUITABILITY FOR TRES CROPS ASSWMING IMPROVED CULTIVATION PRACTICES

LAND UTILIZATION TYPE DEFINITION

The bterm "bree crop' ism defined here asg & grouping of all deep rooting, orchard
and plantation cash crops, including rubber, oll palm, coconut, coffee and Lrulis
which are well adapbed to climedic conditions preveiling in the study avem. Such
srops are grown in order to oblbain s partial product from the plant; a ssasonal
harvest; and & product whoge quelity musgt be constant and adapied to a parrow range
of well defined uses. The suitebility evaluation for smustalned tree crop ocultivation
ig made assumings

-~ Anitial land clearing and preparstion using animal power or trachor;
- availability of good planting waterial;

- adeguate application of fertilizers {(organic and inorganic) and lime;

e egtablishment of wellw-adapted cover plante:
w control of weeds, pesbts and plant diseasess

w introduction of simple soil erosmion control messuves where necessery, which
can be implemented using hand labour or animal powery

-~ provision of adegquate fire breakss

w imbroduction of harvesting (including Heves tapping) and farm processing
fechniques to maintain consbant gquality of the product.

Inputs required are both recurrent, as in the case of fertilizmer applications,
weeding, pest and diseass controly and Yone time" operaiions such as ervosion sontrol
measures. Levels of input are considered wmoderate; but will reguire the provision
by government agencles of important extension services and farmer cradit facilities.

Torest im not included in the definition, This is beceouss edsphic requirvements
may or may not be baken into account when oreating or maintalning forvest. Alforesta
tion may be recommended on soile of widely differing productivity and the choloe of
where and when to establish or waintain forest is largely dependent on the purpose
o be smerved {(i.e. timber production ox oomﬁmrva%ion) and the place of forestyy in
national and regional development atrategy.

Land suitability classification is given below, followed by Table A8.1 showing
Land guitability class areas and proportional disbribution, while Map 7 indivates
thelr geographical distribution.



LAND SUITABILITY CLASSIFICATION - TREE CROPS ASSUMING IMPROVED CULTIVATION PRACTICES

Order{Clasa

8 - SUITABLE LAND

31 ~ Highly
suituble

52 - Moderately

suitable
a2s
S2e
43 - darginally
guitable

Definition Happing Unit
Lgnd having no gignificant or only minor limita- 35, parts of
tiong to sustained use for tree crops that will 29, 30, 31

not significantly reduce production levels and/or
will not raise required recurrent and minor
inputs for production and/or conservation above
a readily acceptable level.

Land baving limitations which in aggregate are
moderately severe for sustained tree crop cultivae
tion that will reduce production levels and/or
increase regquired recurrent and minor inputs on
production and/or congervation to the extent that

"the overall advanibage to be gained Trom the use,

although still attractive, will be inferior to
that expected on Clags 51 land., Two subclasses
are identified in the project area:

Land comprising deep and moderately deep, well 19, 26, 27, 32,
drained, predominently undulating, loamy to 33, 37, 38, and
clayey soils which occagionally contain gravel parts of 14,

and stones in upper layers and have moderate 25, 30, 31, M

gubgoil permeability and available waber holding
capacity. Soil limitations in the root zone
include difficulty in maintaining fertility due
to low reserves of weatherable minerals in the
gubsoil, stoniness, shallowness, unfavourable
texture, and slight susceptibility to erosion
which tend 4o increase required recurrent and
minor inpute and/or reduce production.

Leand comprising deep and moderately deep, well 17, 20, 21, 24,
drained, loamy %o clayey soils which are 36, and parts
oscoasionally gravelly or sbony, on rolling to of 23, 25, 28

hilly terrain. Subgoil permeability and
available water holding capacity are moderate.
The principal limitabion to the sustained
cultivation of tres crops is the hazard of

sheet and rill ercsion. Other problems include
difficulty in maintaining fertility, organic
matier content and structure, poor workability,
shallowness and stoniness in places., Limitam
tions are moderately severs and tend to increase
reguired recurrent and minor inputs on production
and congervation.

Land having limitations which in aggregate are
gevere for sustained tree crop cultivation and
will so reduce production levels and/or so
increase required inputs on production and/or
congervation, that such expenditure will only
be marginally justified, Two subclesses are
identified in the project area:



Mapping Unit

Order/CL Boy Dafinition

S3m Lond comprising modarately desp and desp, well to parts of
moderpbely well dralned, lommy bo olayey soils 28, 36
which mey have a high gravel or sbone content,
on rolling to hilly terrain. Subsoil permeability
and availsble weter holding capacity are moderate.

Prinocipal limdtations to the sustained cultivation
of tree crops are shallowness, stoniness, difficuliy
in maintaining fertility, organic matter content and
structure snd slight to moderate susceptibility to
erosion which reduce production levels and/mr
increase reqguired inpubs.

530 Land comprising shallow to deep, well to excessively 16, 18, 22
drained soils on hilly o mountainous terrain. The
dominant limitetion to their sustained application
to tree crops in the very severse susceptibility to
gheet, rill and gully erosion if cleaved. Other
problems include rapid decline in fertility and the
incidence of shallownese, stoniness and rockiness in
places. Simple erosion control measures may allow
the cultivabion of tree orops on less sfeep wlopes;
but this, together with increase in regquired production
inpute, will ms such expenditure only merginally

ified.

C8 « CONDITIONALLY
SUITABLE LAND

081 = Conditionally  Land having che Loy which, in general, preclude none

highly sugtained, ecor £ tree crops as identified
puiteble defined for th type; but which could

e wwe
of Clage 51 provided that
were implemented,

C82 - Conditionally Land having ol

moderately gustained, economic application of tree
sultable 1w, however, could be

ES 1

practices defined al subclaps level ware
ented; but wonld only be squivalent in suitability
to land of Class 32 as moderately severe limitations
indicated by the subelass symbol would remain. Two
subolagsges ere identified in the project aress

o82d band heving limitations of wetness cauned by a partes of
seagsonally hiegh
flooding which, in general
aconomic application of tre
nasd for thiz purpoge provic insge works and
flood controle w songtructed and required
recurrent and wmincr inputs wvere implemented.
Suitability would then be equivalent o land of
Class 32 as the pronounced vidge and swale micro.
relief characterisitic of these moils would wake
water-table level difficult to control, possibly
leading to periods of excessive webness in the

root gone in places and even water shoriag
elaowhere,

groundwater-table and periodic 4
PrEc

lude the sustained,
buh could be




OrderfCIaBs

0828

¢33 = Conditionally

083d

C93s

Cd3e

marginally
suiteble

97

Definition

Lend with shallow effective soil depth which,
in general, precludes the sustained, economic
application of tree crops; bubt could be umed
for this purpose provided deep planting holes,
stone and rock removal and deepening of the
topsoil were effected. Suitability would then
be equivalent to land of Class S2 as even afier
improvements suggested, effective soil depth
could only be increased to a limited degree and
would remain a moderately severe limitation.

Land having characteristics which, in general,
preclude sustained, economic application of itree
cropg. Such land, however, could be used provided
the special management practices defined at
subclass level were implemented; but would only
be equivalent in suitability to land of Class 83
ag severe limitations indicated by the subclass
gymbol would remain. Threes subclasses are
identified in the project areas

Land having limitations of wetness which, in general,
preclude the sustained, economic application of tree
crops but could be used for this purpose provided
drainage works were constructed and required
recurrent and minor inputs were implemented.
Suitability would then be equivalent o land of
Class S3 as water-~table level would still be high
enough to limit mature, deep~rooting plants during
the rainy seasmon despite drainage measures. Other
problems include poor soil workability, difficulty
in maintaining fertility and moderately severe to
gevere soil acidity.

Land having limitations of wetness which, in general,
preclude the sustained, economic application of tree
crops; but could be used for this purpose provided
drainage works were constructed and required recurrent
and minor inputs were implemented. Suitability would
then be equivalent to laend of Class S3 as problems of
severe soil acidity, poor workability, low fertility
(including possible trace element deficiencies),
unfavourable texture and subsidence in the case of
organic soile would remain as severe limitations.

Land having limitations resulting from very severe
accelerated erosion which, in general, preclude the
susbained, economic application of tree cropaj but
could be usmed for this purpose provided costly end
1abour-intensive conservation measures such as
contour and mini-hexagonal terraces were applied and
required recurrent and minor inpuis were implemented.
Suitability would then be equivalent to land of
Class 53 evosion control would be impractical on
gteeper slopes., Other problems include difficulty
in maintaining fertility, shallowness and stoniness

Mapping Unit

15

2? 39 51 6'
8y 9, and

parts of 4,
Ty 10, 13,
14, and 29

Ty 10

part of 23



Nim

SRRV

- Uneultable

Definition

in places as well as difficulties in
harvesting the produch dua to the steeply
gloping nature of the terrain.

Land haviaog limitationg which appaar so severs
ag to precinde any poselbility of successful,
gustained appllcation of tree crops; or having
Timitations whick may be surmounteble in time
but which cannot be corrected with exlating
knowledge ot presently acceptable comb, Two
gubclasees are ifdentified in the project aress

Land comprising deep, level, wvery poorly dralned, 1
olayey to loamy soils which are subject bo deep
prolonged flocding by salt water and which ccoupy
positions in the +tidal pwamps, Such solls, beeldes
veing inundated throughout the yenr, are also

highly saline,

Tand comprising d

Mapping Uni

4

N
AV NP

vop axcesglvely drained, sandy 12 and part

goils on wndulating berrain, Such solls have an of 13

unfavourable sand bexture (move than 50% sand in
the fine serth fraction), low or very low
svallable water holding capacity, low organic
mebter content In surface soils, low feriility
and very low reserves of weatherable minersls in
gubsolle.
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Table A8,1

WITH PROPORTIONAL DISTRIBUTION BY AREA AND PERCENT

Class Soil Mapping Unit Area (ha) %
ORDER Sz SUITABLE LAND
a1 Highly suitable 35 32 160 0.8
a2 Moderately sultable 7, 19, 20, 21, 24, 25, 26, 1 351 664 30.6
27, 32, 33, 36, 37, 38
83 Marginally suitable 16, 18, 22 112 906 2.6
51/82 Agsociation of highly 30, 3 217 286 5ot
and moderately
sultable land
$2/83  Association of 28, 34 97 880 243
moderately and
marginally
guitable land
Subtotal area 1775 896 41.4
ORDER CSs¢ CONDITIONALLY SUITABLE LAND
C31 Conditionally highly e o o
guitable land
c32 Conditionally 15 T 040 0s2
moderately suitable
land
Cs3 Conditionally 2, 3y 5 6, T, 8, 94 10, 11 2 032 999 47.4
marginally suitable
land
€82/033 Amsociation of 4 19 808 0od
conditionally
moderately and
marginally suitable
land
Subtotal area 2 059 847 48.0
ORDER N: SUITABLE LAND
Wi Unsuitable 1, 12 and lakes 104 129 24
Fubtotal area 104 129 2ol
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Table A8.1 {cont'd)

Clues S0il Mapping Unit Area (ha) 4

ASSOCTATIONS OF SULTABILITY ORDERS

91/083 Association of 29 172 990 4o
highly suitabls and
conditionally
marginelly sultable
Land
82/083 Associstion of 14, 23 88 575 2.4

moderately suitable
and conditionally
marginally sultable
Land

c23/N1  Association of 13 86 685 2,0
conditionally
marginally suitable
and unewitable land

Subtotal ares 348 250 8.0

b @ e

Total area A 268 122 100.0
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endix 9

LAND SULTABILITY FOR PADDY (WBTLAND) RICH ASSUMING TMPROVED CULPIVATION PRACTICES

LAND UTILIZATTION TYPE DEFINITION

Dotermining land sultebility for paddy is complicated by the need for controlled
flooding. The weber (apert from irrigated areas ) comes from direct rainfall, natural
flooding by else of water ln rivers and stresms, diversion from stream chennels, and
by roneff and seepage from adjecent higher sreas. In additlon to the amount,
digbribution and dependebility of the waber supply, ite salinity end other chemleal
gualities end the ailt load eve of ilmportence in growth of rive.

In this study, land suitability evelusbiong for the susieined cultivation of
paddy (wetland) rice are made assuming that lend placed in orders S and CS receives
guffictent water and has charaoteristics which allow water to be held on the surface
for perlods long encugh to mature one orop of rice in most years. In this regard,
congbruction of paddy bunds and drainage/irrigation ditches are considered egsential
required inpute and it le sssumed that these are constructed by Yhe Larmer himselfl
or by the farmer with govermment aponsored techunical and mechanical sld, However,
lLarge-suale irrigaﬁimn/@raim&g@g flood sontrol struchures and land reclamation
projects sre not included in this initlal assumption. In addition it is asswied
that the following recurrent and minor inputs are implemanted:

w land preparvetion including levelling and puddling wtiliming animal-drawn
implementu?

w  field sanitetion and bund end dltob medintenancej

w proper prapareblion and protection of mursery sliesy

- uge of welledresged seed of warietlies well adapbed o prevalling olimete snd
goll conditions;

saape oonbrol

e rvow planking to facilitate weed, pest and 4i
- adequate Tertiliser and lime sppliostlon in required smounts and combinationsg
w havvest by slokles

« drying before storage in pab.prool stores.

A g K 7 L 1 seds o EEXN: Y Y e ey ods B
With the exception of initial bund, dralnage/irrigation diboh amm&ﬁw&m@i@ugﬁhw
majority of dnpubs ave recurvent 1 miners Levels of inpubts sre coneldepred moderate

111 requive the provieion of important extension
arnment agencled.

for the project apes; however, they v
peprvices and faymer ovedit faclli
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Land suitebility olassification is listed below. Table A9.1 gives land
ility class aveas and proportional distribution, while Map 8 indicates their
phical dimtribution.

LAND SUITABILITY CLASSIFICATION — PADDY (WETLAND)
RECHE ASSUMING IMPROVED CULTIVATION PRACPLICED

Dafinition Mapping Unit

8 o SUITABLE LAND

Land hoving no significant opr only ninor Limddew B4y By 1
tiong to dhe suwbained culbivetlon of paddy and parte a“
{wotland) vios that will not signifiomntly reduoe 2, 6y Ty 13,
produstion levels and/or will not relwe vecquived 14

roourrent and miney dnpubs sbove o vesdily

ancepbable lovel.

5

02w Modersbely Lond heving limitetions which iv aggregate ave
suldable moderately severe for the musboined cultivation

¢ paddy (wetland) w&a& that will reduse prodnow

tlon levaels snd/or dnorease redgulered peouyrent

and minor lnpubs f@@ produstion amd/cw GODY ULV B

tlon o bhe exbent that the overall advantage

40 be polned Prom the use, slthough still

ahbractlve, wiii be inferior to that expeoted

on Olewe 81 lend. Three subslawpes ave

Ldentified in the prejest ayreal

gaf Land comprdning deep, level, poorly o very poorly part of 7
drained olayey to loamy solls with slowly permeable
wubgoils and high available waber holding cepaclty.
The principel limitation o the sustained oultive
tlon of paddy te excessive flooding by river overflow
whish rematins Long enough to demage the orop. Obher
problemns dnolude diffloulty in maintedining fﬁrtili%y
and moderately severs soll acldiby.

H2e Tand comprising desp, level, poorly to very poorly Jparke of 2,
dradined cloyey do loamy soils with slowly permeable 6, T, 8, 28
pubroils and high avellable water holding capacity.

Very ghrong scldity is the main limitation as 1%
Timits availebility of plant nutrients. HResponse
to ferbllizers is low on these soils unless they
are limed, which raises recurrvent inpubs on
production.

52w Land comprising deep, level, poorly to very poorly parts of 8,
drained, c<layey to loamy solls with glowly permeable 9, 13
pubsoils and high available water holding ocapacity.

The main limitation is low fertilidy which requires
heavy fertilization to correct deficiencies which
raiges reguired recurvent inpubts on production.
Other problems may include very strong acidity and
excessive {looding and occasional lack of waler,
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Order/Clapa Definition Mapping Unit
83 - Marginally Lend having limitations which in asggregate are
suitable govere for the susteined cultivation of paddy

(wetland) rice and will so reduce production
levels and/or conservation, that such expenditure
will only be marginally justified. Two mubclasses
are ldentified in the project aveas

93a Land comprising deep, level, poorly to very poorly part of 9
drained, clayey or loamy moils with slowly permesble
subgoils and high asvellable water helding capacity.
foil reaction ig exbremely acid, with pH values
below 4.5 on dried surface soll, In addition, most
arsas of these smoils are subject to prolonged
flooding from rivers or rmoff wabter. Bxbrome
acidity is the main Limitation to sustained paddy
cultivation as it limite avallability of plent
nubrients. Response to fertilizers is very low
unlesa the moile are heavily limed which raises
recurrent inpute on production to such a level
that such expenditure will only be marginally
Justified,

53s Lond comprising deep, level to nearly level, poorly  part of 10
to very poorly drained soils with orgaenic surface
layers 40 cm or mere thick. BSubsoile ave moderabely
permeable. Main limitations include poor workebility
of organic surface sgolls, low f@rtility‘(inoluﬁing
possible trace element deficiency), very strong
acidity and prolonged flooding in places, all of
which raise required inputs on production to such a
level that such expenditure will only be marginally
Juatified,

08 w CONDITIONALLY
SULTABLE LAND

C81 = Conditionmally Lend having char gtics which, in general none
highly preclude the sustained, economic cultivation of identified
pultable paddy (wetland) rice as defined for the land

ubilization type; but which could be used and
would be equivalent in sulbability to land of
Class 91 provided that special management
practices were implemented,

082 « Conditionally Land having characteristics which, in general,

moderately preclude the sustsined, economic culitivation of
puitable paddy (w&tl&nd) rice, Such land, howsver, could

be used provided the special management practices
defined at subelass level were implemented; but
would only be equivalent in suitability to land
of Claps 92 as moderately severe limitations
indicated by the subclass symbol would remain.
One subeclass is identilfied in the project area:
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] an g Mapping Unit
vder/Class Definition EEPRICE I
Ghze Lend subject to deep, prolonged flooding or parts of |,
permanent inundation which, in general, precludes 10

the susbained, sconomic culitivation of paddy; but
could be used for this purpose provided flooding
control was esbtablished through the construction
of major drainag@/irmigation works, and required
rvasurrent and minor ilaputs were implemented.
Suitability would then be equivalent to land of
Clags 92 ap very sbtrong acidity would remain as
a limitetion, and response to fertilizers would
be Low without liming, thus raising recurrent
inputs on production.

083 w Conditionally Land heving chavecteristios whichyin general,
marginally preciude the sustained, economic cultivation of
suitable paddy (webland) rice. Such land, howsver, could

be used provided fthe special management mneasures
defined at subolass level were implemewbed; but
would only be egquivalent in sultability to land
of Class 53 as gevere limitations indicabed by
the subelass symbol would remain. Two subclasses
are identified in the project area:

08 3 Land of the tildal swamps regularly inundated by 1
sea water which, in general, precludes the
sugtained, economic cultivation of paddy; bub
sondd be used for this purpose provided reclamg-
tion works were congtructed and regquired recurvent
end minor inpubs were implemented. Sulbability
would then be egquivalent to land of Class 83 as
salinity would remain too bigh for optimun rice
yields due to the lack of adequate sources of
non-saline water necesgsary for the drainag@/irrigam
tion desmalinization processa.

G5 3m Land comprising deep, poorly drained orgenic soils parts of T,
having characteristics which, in general, preclude 10
the sustained, economic cultivation of paddy; but
which could be used for this purpose provided
dr&inag@/irrigatiﬂn works were counstructed capable
of maintaining flooding level and required recurrent
and minor inputs were implemented. Suitability would
then be egquivalent %o Class 53 as poor soil
workability, very strong acidity, low fertility and
dangsy of subsidence would remain limitations,.

N - UNSUITABLE LAND

N1 - Unsguitable Land having limitations which appear so severe ag
to preclude any possibility of successful, sustained
paddy (wetland) rice culbivation: oy having limita-
tions which may be surmountable in time but which
cannot be porrected with exisbing lmowledge at
presently acceptable cost, Two subclassen are
identified in the project area:
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Order/Class Definition Mapping Unit
Nila Land compriging deep, excessively drained, sandy 12, part of
soils on wndulating terrain. Such soils have an 13

unfavourable sand texture (move than 90% mand in
the fine esarth fraciion}), low or very low available
water holding capacity, low organic matter combent
in surface soils, low fertility end very low
reserves of weatherable minerals in subeoils. Water
cennct be held on the surface for periods long
enough $o mature one crop of rice,

N1t Land comprising e wide renge of soils, varying in 15, 16, 17,
depth, texbure, remction, Ffertility, amounts of 18, 19, 20,

coarse fragmenis and slope. Relief may be 21y 22, 23,

wnduleting, rolling hilly or mountainowsy but in a4, 25, 26,

all ceses glopes sre too steep or topographio 27, 28, 30,

posltion ls too high for water to be impounded 3, 32, 33,

pucossefully For paddy (wetland) rice, 34, 35, 36,

37, 38, and

pexte of 14,
29
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Fable 4.1

LAND SUTTABILITY FOR PADDY (WEDTLAND) RICE ASSUMTNG IMPROVED CULPTVATTON
PRACTICES WITH PROPORTICHAL DISTRIDUTION BY AREA AND PRRCENT

Clans Soil Mapping Unit hrea (ha) 9o

ORDER H5: SUITABLE LAND

1y suitable By Ay Gy 11 79 251 1.0
Moderately wsultable 8 52 959

33 Marginally suiteble - - -

81/82  Association of highly 2, 6 153 653 3.6
and moderstely suitable
Tand

%é/ﬁ} Apgoviation of G 40 908 1,1
moderately and
marglnelly

puitable land

Subtotal ares 335 161 7.8

ORDER CS: CONDITIONALLY SUITABLE LAND
081 Conditionally - - -
highly sultable

cs2 Conditionally - - -
moderately suitable

53 Conditionally 1 16704 1.8
marginally suitaeble
Subtotal avea 76 T04 1.8

ONDER N: UNBUITABLE LAND

i Unsuitable 12, 15, 16, 17, 18, 19, 20, 1888 321 44,0
21, 22, 23, 24, 25, 26, 27,
28, 30, 31, 32, 33, 3, 35
36, 37, 38, and lakes

Subtotal ares 1 888 1321 44,0

ASSOCIATION OF SUITABLILITY ORDERS

81/92/ Associablon of highly 7 1226 620 28.6
£82/083 suitable, moderately

aultable, conditionally

moderately suitable and

conditionally marginally

guitable land

81/82/ Asmociation of highly 29, 13 259 675 61
N3 suitable, moderately
pultable and unsuitable
land
$3/082/ hegociation of marginally 10 491 026 11.4
cs3 suitable, conditionally
moderately suitable and
conditionally marginally
suitable land
$1/M1  Asmociation of highly 14 10 615 0,3
guitable and wnsuitable
Tand
Subtotal aren 1 Gl a0 AG o4

Total area 4 282 g0 100,0
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Appendix 10

SUMMARY OF FOREST INVENTORY RESULTS I I'HUER SEPARATE ARBAS OF SUANP FOREST

(sse@ I“i&}‘) 9 )

AREBA DAY ARBA vBY AREA UCM
Species (vol/ha/m3) by diameter (vol/ha/m3) vy diameter |(vol/ha/m3) by diameter
classen classes classes
35-49 50 35 % 13549 50 3B % | 45-49 50 35 %
MERANTY +
Shorvea spp 2.59 4,32 6,91 1197 1656 6,69  B.25  9.7% 6,33 21,40 27.83 22.29
PULAT +
Alsbonia
pneumatophora  1.62 19,70 271,32 36,93 3.35 35,22 38,57 45.60 0,36 5.89  6.25  5.02
PRUPUK 4
Lophopetalum  3.48 1,34 4,82 8,35 0,81 0,87  1.68 1,99  6.71 6,97 13.68 10.98
DIELUTONG -+
Dyera . .
costulata 1426 1.80 3,06 5 30 116 2.77T  3:93 4.65 0,66 6.06 6.72 5,39
Subtotal
4 species 8,95 27216 36,11 62,55  6.08 4%.55 852,43 61.99 14.06 40.32 54.30 43.68
TRRENTANG 4
Campuosperma
auriculata 2,03 1.83 3,86 6.69 2,18 3.59 8,77 6.82
RETTAT 4
Ganua -
motleyana 2,02 137 339 5,07 0.68 0,68 1.36 101
LABUK -+
Bndospsrmum
malaccense 0,88 1,40  2.28 2,69 0,55 0,53 1,08 0,87
Other species 3.44 1,85 .29  10.41 1,70 2.46 416 4.90  17.64 19.18 36,82 29.56
Total , .
floaters 1732 33,61 50.93 88,21 11.44 52,28 63,72 75,32 32,25 60,03 92.28 Td.11
MENGCERLS «+
Koompassia ) )
malaccensis 0,30 1,32 1,62 2.81 0,90 3,06  3.96 T.68
BENEAL
Nauclea .
orientalis 124 0.62 186 322 0.15 .04 0,19 0.22 0,32 0.21 0.53 043
Other mpecies 1,10 L5 3,35 3,96 0,22 0.36 0 0.58  0.46
Total sinkere 1,54 194  3.48 6,03 2415 5035 7.50  B.BG 0,54 0.57  1.11 0.89
Total P PR - -
commercial 18,86 35,59 S4.41 04.26 13.59 57.63 71.22 83.18 33.50 060.60 93.39 75.04
Total non- ) . . -
commercial 1,53 1,80 2,33 5,76 4.86 0 RS0 13360 16,02 10,74 20041 31,15 24.00
TOTAL 20,39 37.35  S7.74 100,00 18,45 66,13 94,50 100,000 43,53 91,01 124,54 100.00




Appendix 11
LIST OF PREDOMINANT FOREST SPECIES IN PALEMBANG SWAMP FOREST

Loeoal
namne

Seientific name

Batimated

total

volume %

Bpecific
gravity

Properties and uses

6!@

7.

10,
1o

12,

13.

Meranti
Meranti

Haranti,
paja

Heranti

Henaws,

Palad

Prapuk

Jelubong

Ketian

Id juk
Pianyeu

Myristica
mandaranhan

Sungldt wpp

Shorea ovalis

Shores Leprosula

Shorea platyocarpa

Shorea dasyphylla

Andsopbers marginata

Dipterocarpacesae

Alstonia pneunaiophora

Lophopetalum spp

Dyare costulata

Ganua motleyans

Myristica spp

Horafieldia spp

1025

)

Bl

46

Ty

0055

0.59

0,34

0,45

0.43

0,56

( Al1l belong %o the light Red Meranti Group

and are included in Nalayan Forest Sexvice
Prade Leaflet (MFS/TL) Wo. 8 & 9. They are
guitable for general construction,
furniture, panelling and plywood. The woo
ig attractive and finishes well., It
usually contains a high percentage of
gilica which makes it difficult to work,
bt can be peeled successfully and planes
and turns easily to a smooth surface
(UPs/TL Wo, 35 and Malpyon Forester,

Vol. XIIT),

Bagy timber to work, giving a good finish.
Prone to blue sapstain when green but not
during seasoning., DBrown in oolour. Has
been peeled successfully.

Soamnons very well. Basy to work, giving
8 good finisgh. Hoderately durable,
(MPS/TR Wow. 36 & 34)., Strength at least
comparable with Meranti. Appears suitable
for plywood, general construction and
furniture.

Documented in MFS/TL No. 13, Basy to work
end Tinishes well, but not very strong or
durable; also very prone to sapstain if not
treated, Good for internal consiruction
when strength is not required, Moras
suitable for special purposes, such as
drawing boards, blackboards, wooden models,
battens for plywood chests, clogs, etc. It
is particularly good wood for patieri
making and has proved successful for
bhattery separators. Timber test results in
HES/TL No. 34.

Included in the Nyabtoh group in Malaysia
MFS/TL No, 13, Timber test results in
MFS/TL Fo, 34. Works and finishes well,
but not as hard or strong as other Hyatoh
(Palequim spp). Suitable for flooring,
furniture, joinery, consbtruction plywood,
dooy and window frames,

A11 included in the Penarahan group in
Halaysia (MPS/TL No. 18). The species
which produce dark coloured wood provide
a high quality timber., The lighter
coloured timber does not produce ag good o
finished appearance as Meranti, thousgh it
could be mixed with Meranti for goneral
carpentry work., Tt isg not durable and
should be treated.
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Tegtimated -
Local s PLIATOO (e
Specific name totay  opecific Pronert e A
name aravit ropertios and uocon
volume % OTEVEEY

Na,

14 Terentang Cempnogperna

Both species ave commen in Malavaeis ar
puteh auriculata 16 040 / lalaysio and

dooumented in MFS/PL No, 12. ‘Timber tent
regults in f«m&l&/’I‘L Noo« 3d4. A poor timbear
generally of wnatiractive grey appearay

é Trees are usually swallish and cCarry somg

ciagreo of spongey heart defect, It can
peeled, The main demand is For matchesn
matoh box mamalacture.

be

15,  Tereuvteng Campnoaperma
meran macrophylla 0,48

16, Henggorim Koompaseia Oy 0.95 Known as Kempaz in Mal aysia. Documented in
malaccensin MFS/‘?L No. 10, A strong and fuirly durable

timber suitable for parquet 1 <:<)r*jfz»,c;,,
rallway sleepers and heavy consbruciion.
Pimber test resulte in BFS/TL No. 34,
been peeled successfully to produce core
veneer and slices to produce decorative
veneer, Abnormal tiseus (included phi «wm"}‘
often found in the wood %o produce k
nechanical weakness.

1T Labu Endospernun O’ 0.45 Cnown ng ©
malacoensia

sendole in Malaysie. A light,
soft, and fairly weak timber. Timber test
results in MFS/TL We, 3, bub nachines
well to a smooth finish: WPE/ML Ho. 35.
Seagong woll with low shrinkoge vale:
KWW‘%/"}.“L Ho, 36, Suitable for furniture and
plywood.

19, Balan Palagquinm Ol 0661 Included in the Nyatoh group in Halaye
roatrabun and decumented in MPS/TL No. 13. A Lirvet

class general utility wood suitnble for
all forms of internal congbructiion.
Selected wood ig very abtractive and in
demand Ffor high-grade Turniture wanuf
The timber is prone to insect abback
tranted,

19,  Benkal Nauclea O 0.58  Known as Hempayan in Halayein, buil no
orientalin information received, In other placen,
Papua Hew Cuinea and Samoa, the generan
produces an attractive golden yolls
coloured wood, shrong, fairly durable and
prized for decorative furniture.

20, Oeronggeng  Cratoxylon Omet 0,47 Documentod in MPS/L No, 12, Timber
arborescens seagons and works well and can be mixe
with Tight Red Mersnti, though it is not
ag strong.  Has on adbractive aalmon pink
colour. 1% is very suitable for furnifore,
internal joinery, and making small houschold
wtonsila. Timber test results are given in
WFS/T5 Noo 34.

The machaniand

&

1. Simpur Dillenia 3.l D properties of De gror

goortechium eiyen in NRG/TL Hoo 3 and are

nlwrp s LY AN
wnble working prope

Cordor L sy bnb

hog ronge

22 Simpur Wormia pulachello Deel N4 Like Mo, 21, alsoe aowenber of the family
- Tawan M ilenincona,  Propactios probabls wery
2 Y

RET IO,
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Fig. 23 - RELATION BETWEEN EXPECTED LIFE OF PROJECT AND
DESIGN DISCHARGE - OGAN , KOMERING AND UMPU
KANAN RIVERS .
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Fig. 46
MONTHLY MEAN RO/RF COEFFICIENTS ( December 13972 - July 1974 )

Sireamflow /Discharge stotion at | Wofershed Months of y 8 ar Mean

Areg Dec -

km N Dl i F Ml AalmM]d |y | Al S| O] Moy
Qgon/ Barurajao 20955 0.85{0.60,0.52/0.4%9/0.65/0.81|0.70.0.81 3.72/0.71 /1081 |1.52] 0.62
Komering/ Marfapura 3638.0 0.2410.5710. 76/0.6821 .75/ 0.80, | .04 1.54{2.88{0.5310.88/1.18 | 0.74
Lengkayap / Batuputih S77. 1 0.93/0.66/0.53/0.63;0.79{0.91]0.65/0.95/2.88/0.56, 066,071 { 0.70
Lempuing / Cohyabumi 1163.8 0.4010.40{0.84/0.78 1.0%9.0.69]0.38/0.8410.70{0.5110.50[0.27; 0. 70
Giham/ Rontou  Jongkung 532.0 0.16/0.24/0.43|0.85]0.8710.73072{0.7113.08/0.27|12.08/7.24 | 0.5%
T;hmif Tanjung Agung 502.0 0.11 10.45]0.52]1.1011.02/0.73|0.76]0.75{2.34/0.35/1.69|3.38]{ 0. 78
Umpu / Negeri Botin Baru 386.0 0.1410.38/ 0.63.0.73/0.83{0.70:0.63{0.9812.84/0.31 |4.88|9.77; 0.65
Besay / Banjormasin 591.0 0.47/0.858/0.60/0.99/0.93/0.78| 1 .47{4.02,3.78) - - - 10.8!
Umpu Kanon/Pakuan Rotu 3888.0 0.0710.28/045,0.48/0.71]10.868] - [0.72/2.63/0.20/1.08|1.440.50
Total number of observgtions HICTNE B ECT B A B 1 e 1 17 16 5 i7 13 12 1 1
Mean () 0.46/0.42{0.62/0. 73086 0.76/0.78] 1.33/2.63/0.47/1.27 |1 2.35
Stondard deviagtion (&1 0.58102010.28/0.358]10.34/0.11 | 0.38] 1.63] 1.79]0.32/1.28 |3.03
Coefficients of varigbility Yo 210 41 1 45 0 48 32 1 14 180 11221 6B | 88 | 99 | 129

!
| USE THESE MONTHS
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