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CONVERSIONS

ENGLISH AND METRIC EQUIVALENTS

Linear Measure:

1 inch = 25.4 millimetres
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PART 1
CLIMATE AND HYDROLOGY



1.1

CHAPTER 1

INTRODUCTION

LL1 Terms of Reference

The scope of the water resources studies and therefore of the

hyd

of

11,

In

rological studies required for themis covered in the Terms
Reference (Schedule "A", Scope of Work), mainly under Phase
para.24(5) which states:

"Water Resources and H drology: The consultants will as-
sess the long term requirements of water for urban, ind-
ustrial and agricultural use, locate the possible sources

required during the first six years of development with due
regard to costs and longer term developments.

The possible changes in the regime and discharges of rivers
and their consequences as a result of use of water for
various purposes, of discharge of waste water and of deve-
lopment activities in general including resulting ecolog-
ical and environmental changes, will be studied. Necess-
ary water management or conservancy measures should be
indicated whenever flooding, silting and pollution in the
lower reaches of the rivers are expected to increase beyond
acceptable limits. Due weight must be given to the tran-
sport function of the rivers in this context",

addition to this, para. 20(5) includes:

"Transport: The consultants will project future air, land
and water transport requirements, internal and external,
consistent with overall development".

para. 24(2) includes:

"Consideration should be given to the possible introduct-
ion of drainage and irrigation facilities within the semi-
detailed master plan area'.

and para. 24(4) includes:

"Hydrogeological conditions are not encouraging in terms
of underground water supply prospects, so that no signifi-
cant input of geological expertise is necessary to meet
the objectives of the regional study. Technical advice on
these matters can be provided by staff of the Geological
Survey when required by the Consultants",

1.1.2 Field Work

Field data collection finished at the end of October, 1973
because later records could not be used in the studies. All
field installations and other hydrological equipment were
handed over to the Government in November, 1973,



ment was made because of its advantages in data processing
and computing facilities.

The two main aims of the field programme were: -

(a) to collect information on the flow characteristics and
chemical quality of the surface waters likely to be
needed as sources for water supply;

(b) to collect climatological data for the assessment of
crop water and drainage requirements at a site repre-
sentative of the areas which might be developed.

These represented subjects in which the existing information
was limited, and yet which appeared most likely to feature in
the detailed projects during the first years of development.
Furthermore, they were considered to be 3 1thin the limit of
detailed supervision which could be exercised by one man (the
Counterpart Hydrologist).

Field investigations of the changes in river flow and regime
which might follow the development of the Study Area were
impracticable with the manpower allocated. Other field in-
vestigations which it was originally hoped to carry out, such
as suspended sediment sampling and surveys of flood 1levels
proved to be impractical, as the workload of the main progr-
amme fully occupied the available staff.

1.1.3 Division of Hydrological Studies

The hydrological studies which have been carried out are of
two kinds: -

(a) studies of the general hydrological characteristics of
the Study Area as a background for other work;

(b) studies related to particular projects.

The general hydrology and climate of the Study Area in addi-
tion to providing a background for development affect the
overall plans, particularly the choice of appropriate agric-
ultural developments. Project hydrological studies concern
the specific topics included in the Terms of Reference.

In accordance with the division of the hydrological studies,
this chapter has two main sections. A brief third section
contains recommendations for future climatological and hydro-
logical data collection. Much of the detailed material is
presented in the form of appendices, including summaries of
all the data collected during the field work.



12 THE REGIONAL SETTING
L21 The Land

The Fourth Division of Sarawak lies between the South China
Sea and the Penambo range, which forms the border with Kali-
mantan (Indonesian Borneo). It contains the basins of the
Batang Baram, the second river of Sarawak after the Rajang,
together with the Batang Kemena and smaller rivers draining
directly to the sea.

The Study Area covers some 5 800 square miles (15 000 square
kilometres) of the Fourth Division and lies between latitudes
3°00' and 4°35' north and longitudes 113°00' and 114°40' east.
On the north and east it is bounded by the Batang Baram, and
on the south by the Batang Kemena. Just over half 1lies in
the basins of these two rivers, the remaining central portion
being drained by smaller rivers (see Figure 1.1).

The northern and central parts of the Study Area are lowlands,
forming part of an extensive sedimentary basin which includes
almost the whole of the Third, Fourth and Fifth Divisions as
well as Brunei (Liecthi, P., 1960). Swamp or near-swamp con-
ditions prevail over large areas, particularly in the lower
portion of the Baram basin. Elevations in the south are hi-
gher, a ridge immediately to the north of the Batang Kemena
rising gradually from the sea to reach a maximum of 4k 330 feet
at Bukit Dulit close to where the Sungai Tinjar enters the
Study Area. Much higher relief occurs in the part of the
Baram basin which lies outside the Study Area, reaching to
7 950 feet at Gunong Murud. Y

The geology of the Study Area is dominated by soft, fine-
grained sedimentary rocks of very variable composition with
occasional limestone remnants, such as Bukit Subis. They have
low permeability and, in common with the widespread non-acc-
reting alluvial soils derived from them, a low resistance to
erosion (see Section 1.4.6).

Except in the swamp areas, and on the poorer soils where pat-
ches of heath (Kerangas) forest occur, the natural vegetation
of most of the Study Area is Mixed Dipterocarp Forest. Under
undisturbed conditions the continuous leaf canopy and surface
litter of this forest protect the soil from the direct and
destructive impact of rain and solar radiation.

122 Regional Climate

The climate of Sarawak is monsoonal in the sense that there
are distinct seasonal shifts in the prevailing winds in which
one persistent circulation system is replaced by a reverse
and equally persistent system (Ramage ,C.S.,1971). In Sarawak,
the two winds and the seasons over which they persist, are
known as the north-east monsoon (locally called the "landas")

3
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and the south monsoon. The south monsoon is less vigorous
than the north-east monsoon.

On the basis of this circulation pattern four seasons can be
distinguished: -

(a) the north-east monsoon ("landas"), usually established
by January and remaining dominant through February and
March;

(b) an inter-monsoon period of weaker circulation during
which the boundary between the retreating north-east
airstream and the advancing southerly airstream moves
slowly and erratically northward over Bormeo;

(c) the south monsoon, which persists from around May un-
til September;

(d) a second inter-monsoon period during which the air-
stream boundary passes back across Borneo in a south-
erly direction.

Figure 1.2 (based on figure 1 of Nieuwolt et al, (undated)
shows the general features of the circulation during these
four periods. Upon this overall circulation the Bornean and
other adjacent South-East Asian land masses impose large-scale
modifications. These, together with more 1local orographic
and diurnal effects, produce a great variety of sub-climates,
particularly with regard to rainfall.

Ramage (1971) recognises two main types of monsoon rainfall,
to which he applies the terms "rains" and "showers". "Rains"
originate from "deep nimbostratus with embedded cumulonimbus"
and "showers'" from "scattered towering cumulus or cumulonim-
bus'". Sharp distinction is not possible. In Sarawak, rain-
fall is predominantly of the "showers'" type. Infrequent, se-
vere "rains" however are associated with major floods such as
that of January and February, 1963 (see Section 1.3.7.3).

Even with the help of weather satellites, the distribution of
surface synoptic stations and particularly of upper air stat-
ions is too sparse to permit a satisfactory description of
the main synoptic situations which characterise Sarawak's

weather. It appears, however, (Ramage, C.S., 1971) that the
characteristic bad-weather systems mostly go through their
life cycles in situ, and that, contrary to earlier ideas,
moving disturbances are rare. While examples of various types
of distrubances can be given (Ramage, C.S., 1971), the search
for explanations is still under way. Thus, even excluding
the great detail of local diurnal and orographic effects, th-
ere is a long way to go before a satisfying description of
the climate of Sarawak can be given.
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13 GENERAL HYDROLOGICAL STUDIES
1.3.1 Outline

At the start of the Study, considering the available data and
the additional data which could reasonably be collected, it
was envisaged that the hydrological studies would consist ma-
inly of those needed for water supply and irrigation projects.
Other topics would be treated in a more general way. However,
following the initial broad assessment of land capability, it
became apparent that there was little scope for irrigation
projects, and that detailed hydrological work would conseq-
uently be confined to water supply schemes.

A climate station at Kabuloh had by then been established and
a considerable amount of work done on rainfall and evaporat-
ion; directed mainly towards the assessment of crop water
requirements. Although no final irrigation studies were car-
ried out, the information on rainfall and evaporation is pre-
sented. Also included as background information are estimates
of mean river flows and discussions of the historic flood and
drought.

As all these studies depended upon the nature and extent of
the basic data available, before describing the results it is
appropriate to outline the existing and Study Area hydrolog-
ical networks and data.

1.3.2 Existing Hydrological Network and Data

The hydrological network and data available at the start of
the Study are shown in Figures 1.3 and 1.4. A few rainfall
stations have records which extend back to the early years of
the century. However, most of the stations of all types were
established after the formation of the Hydrology Section (now
Hydrology Branch of the DID) in the early 1960's. Details of
the published data are given in Appendix I.1.

Even after the establishment of a Hydrological Section, the
relative inaccessibility of much of the Study Area, its dis-
tance from Kuching and the difficulty of obtaining suitable
staff and observers severely restricted hydrological activi-
ties. However, the completion of the Miri-Bintulu road early
in the Study period, and the provision of a Counterpart Hydr-
ologist posted to the Study Office in Miri, allowed an impor-
tant amount of hydrological field work to be carried out to
supplement the existing data.

At the start of the investigations there were 11 river gaug-~
ing stations, 2 climatological stations, and 23 rainfall st-
ations in operation in the Study Area.
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1.3.3 Hydrological Network and Data

The initial appraisal showéd that further data on stream f1-
ows and evaporation field work were required in order to pro-
vide an adequate basis for studying possible water develop-
ment schemes. The stations established and information

on
their records are shown in Figure 1.5.



FIGURE 1.3
BAR CHART OF RAINFALL AND CLIMATOLOGICAL RECORDS

5§ - Period of record
No. Station ; Facorias e E E g i E Remarks
Climate

M-1 Bintulu Class A evaporation pan w.e.f. Mar 1963

M-2 Miri Station moved to new site at airport in
Jan 1969, Class A evaporation pan w.e.f.
April 1963

Rainfall

4.1 Lutong G

k-2  Bintulu G| 1915-39 =

k-4  Marudi G| 1914-4o

h-5 Miri G| 1917-4o - S Station moved to new site 4-42 in Jan
1969; 1969 data estimated

4.6 Bekenu F

k-9  Long Lama P e s

k-12 Tanjong Lobang G e —

4-13 Nyabau F =T —

4-16 Niah » p— | —

4-17 Long Panai F -

4-18 Long Pilah F

4-21 Tubau P B T

4-22 Labang F —— -

4-23 Sebauh F m— e

4-32 Long Sabing P =

4-33 Long Jegan F o e

4-34 Long Teru F - -

4-36 Beluru G -

4-38 Rumah Luang P --k -

4-40 Bintulu Miri Mg. | F —-— Temporary gauge at mobile road construct-
ion unit camp

b-42 Miri (Airport) G e Initially construction camp site of
Meteorological Station, Jan 1969

4=45 Sungai Niah P

h-4%6 Sungai Sibuti P -

4-47 Sarawak 0il Palm| F e

4-48 Lambir F o]

A-1  Kabuloh G Research Branch, Department of Agricul-
ture

Autographic records e m—— |

Notes: 1. Climatological data are published in the Annual Climatological Summaries of the Malayan
Meteorological Service. Rainfall data are published in the Dept. of Civil Aviation (1958)
and from July 1962 in the Sarawak Hydrological Yearbooks. Unpublished data are on file
at DID Headquarters, Kuching.

2. Consistency of rainfall records assessed by double-mass plots;
G = Goodjy F' a Fair; P = Poor
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The two existing climatological stations at Mi

are near the coast, and their records are prﬂ%iél;r:::tBintulu
sentative of conditions in the main areas of existinrepre-
likely future agricultural development. Therefore a cfi g
ological station was established inland, at Kabuloh ?;t*
choice of iocations was limited by the availability of ro e
dent observers and sites of suitable exposure. Theybestr;!‘i-
ation was at the Agricultural Experimental Station at Kagt(:-
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FIGURE 1.4

BAR CHARTS OF RIVER RECORDS

Drainage Period of record
area
River and Neo. Gauge Rasiie
station Sauare type
ol 1962 {1961 | 1964 (1965 | 1966 | 1967 [ 1968 | 1969 (1970|1971
Batang Baram at i
Kuala Baram h-1 8 ﬁ?; R(W) L
Small dam for Bintulu
Sungel Nyabau at |, . 0.17 | R(W) water supply, Dam
Nyabau dam raised in 1968
Sungai Sibuti at =
Kelulit 4-3 REW) 2
Sungai Sibuti at i
Renchs Rancha -4 R(W) ) D
Sungai Sibuti at i3
Satap &h-5 R(W) D
Batang Baram at New recorder station
Marudi 5-6 REW) woe.f. 24-12-70
Some rough estimates
Sungai Liku 4-7 26 R(W) (B2 ::'-1'::_-‘-1 _“::g;- 1:::“
w
Batang Baram at Rating not yet fully
Liu Matu 4-8 [1 015 8 developed H
Rated mection u/s of
Batang Baram at 3
Long Pilah -9 3732 8 main ‘-u‘.ﬂ
Batang Tinjar at =
Long Jegan 4-10 923 » H
Batang Tutoh at 2
g Flibsbiond 4-11 [ 1 248 8 H
Discharge record Pro-
Sungai Sibiu h-12 60 s pared by Study
W
Sungai Opak 4-13 s D
Gauge height record
Sungai Sibuti b1k 67.5 8 mt-r—itt.:t
Gauge height record
Sungai Niah k-15 310 8 unreliable
B
Spot discharge mea-
Sungai Suai 4-16 219 5 surements only
B
Sungail Saeh i
Merah A-17 s 0
Sungai Saeh 1
Puteh 4-18 5 1]
Sungai Nusah at =
Kuala Nusah A-19 8 D
Legend; W.L. recorder (tidal) e ——— P = Port investigation
D = Drainage investigation
Wels revarder (mmrated) Py H = Hydroelsetric investigation
Staff gauge (rated) —— W = Water supply investigation
Staff gauge (unrated) —_— B = Bridge investigation
Weekly recorder R(W)
Staff gauge s

Note: Many records contain gaps which are not detailed here.

Source:

All stations o
Yearbook.

perated by the Drainage and Irrigation Department.

Information from Sarawak Hydrological
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loh. Details of the instrumentation and records are given in
Appendix I.2.

the Sungai Niah and Bintulu along the most recéntl
section of the Miri-Bintulu road.

Six rain gauges were established, mostly in the area between

: Y completed
Their purpose was to pro-
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BAR CHART OF STUDY CLIMATOLOGICAL, RAINFALL AND FLOW RECORDS

FIGURE 1.5

Period of recard

Type
No, Location of 1972 1973 Remarks
gauge
O{N|D FIM M|J
Climate
Al Kabuloh See Appendix 1.3 for de-
tails of meteorological
instruments.
Rainfall
B1 S0il loss experiment -] Gauge read periodically
by CDC staff
B2 Rumah Mamat l 8 Observer: Sebie ak Achoi
R .
: 7 With check gauge serviced
B3 | Mile 34 Bintulu-Miri R by MBP staff
B4 | Mile 24 Bintulu-Miri 5 Read weekly by MBP staff
i Observer: Yuseff Hj.
B5 Mile 8 Road Camp D Salleh
B6 |Mile 6 - Treatment ] W.e.f. totalisator check
Works site gauge installed, Observer
Siong King Hing
Al | Kabuloh R Read by staff of Agricul-
tural Research Station
Riverflow
c1 Sungai Liku R With 2x daily staff gauge
read by Lambir Waterworks
starf
cz2 Sungai Kejapil R No local gauge reader
C3 Sungai Sibuti R No local gauge reader
Ch | Sungai Niah R With 2x daily staff guage
readings by DID observer
c5 Sungai Suai R With 2x daily staff gauge
readings by Sebie ak
Achoi
ch Sungai Sibiu R With 2x daily staff gauge
by DID observer
Key: § = Storage gauge

D = Daily gauge

R = Autographic recorder (all pressure-bulb type except C1 which was float-operated)
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vide some information in an area where none was available and
for comparison with the previous streamflowmeasurements. The
Study rainfall stations were of various types, depending main~-
ly upon the availability of observers, and ranged from auto-
graphic gauges with daily check gauges, to totalising gauges
read at weekly intervals. Data from these rainfall stations
are given in the tables of Appendix I.3.

Six river gauging stations were established on the smaller
rivers in the Study Area along the line of access provided
by the Miri-Bintulu road. The number of these stations was
governed by the amount of work which could be done by a single
gauging team based on Miri. All the stations were equipped
with water level recorders. Details of the stations, and of
the records obtained, are given in Appendix I.4.

In conjunction with the stream gauging, regular water samples
were taken at Study gauging stations and submitted to the
Government Analytical Laboratory at Kuching for chemical ana-
lyses. The results are given in Appendix I.5.

Following the completion of the field work at the end of Oct-
ober, 1973 all the hydrological equipment and installations
were handed over to the Government. The Drainage and Irriga-
tion Department took over the river gauging and rainfall st-
ations with the river gauging and rainfall equipment, and the
Research Branch of the Department of Agriculture +took over
the climate station at Kabuloh, and its associated dinstrum-
ents and spares.

1.34 Climate - General

The temperature and humidity regime observed in the Study Area
is typical of lowland eguatorial climates. The mean annual
temperature is about 26°C (79°F) and there is little seasonal
variation. Figures 1.6 and 1.7 illustrate the monthly and
diurnal regimes and show that the main temperature and humid-
ity variations are diurnal.

1.3.5 Evaporation

A detailed discussion of evaporation is given in Appendix I.6.
The conclusion is that over the priority development areas
along the Miri-Bintulu road potential evaporation as indica-
ted by the Penman open water evaporation estimate is 1 700
mm per year (67 inches per year). Table 1.1 shows the esti-
mated monthly values.

14



MONTHLY TEMPERATURE REGIME

FIGURE 1.6
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TABLE 1.1 ESTIMATED PENMAN OPEN WATER EVAPORATION

J F M A M J J A S 0 N D |Year

mm/al4.2 |4.6 |4.8 |4.9 |4.8 |4.6 |4.7 |4.7 |4.9 |4.7 |4.5 |4.3 |4.66

in/dl0.17]|0.18]0.19|0.19/0.19|0.18(0.19|0.19|0.19[/0.19|0.19|0.17 [0.18

1.3.6 Rainfall
1361 General

An isohyetal map (Figure 1.8) of mean annual rainfall was
prepared as an indication of the water resources of the Area.
Since the longest continuous records extended from 1947, the
base period for the isohyetal map was taken as the 25 vyears
from 1947 to 1971.

The long-term means for Bintulu (47 years), Marudi (39 years
and Miri (43 years) are all within 2 per cent of the base per-
iod mean. The consistency of these three long-term records
was checked by double mass plot against other long-term rec-
ords (Kuching, Kilanas (Brunei) and Seria (Brunei) and found
to be satisfactory. Bintulu, Marudi and Miri were then used
as index stations. The records of other stations in the Study
Area were checked against the mean of the index stations by
annual double-mass plot. The consistency of the records as-
sessed by this method is shown in the bar chart of Figure
1.3. Six of the stations showed poor consistency.

The records of the stations other than the three index stat-
ions were all shorter than the base period, their means were
adjusted by the ratio of the index mean for the two periods.
In addition, approximate estimates of the means for the Study
Area rainfall stations were made by monthly correlation with
the nearest existing stations.

The final isohyetal map was based on 30 stations. Of these,
five were Study Area Stations and six were existing stations
whose records showed poor consistency, and less weight was
placed on these. Due to the low overall density of rainfall
stations, no data was omitted completely.

Previous isohyetal maps (Meteorological Service Singapore

1965, Nieuwolt et al, undated) were necessarily based on few-
er rainfall stations, but show the same general characteris-
tics. Figure 1.8 indicates that the mean annual rainfall ran-
ges from less than 2 500 mm (98 inches) to over 5 500 mm (220
inches). The area of lowest rainfall extends in a tongue
south-west from the swamps of the lower Batang Baram and Sun-
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gai Bakong across the middle of the Sibuti, Niah and Suai
basins. The area of highest rainfall lies along the south
eastern edge of the Study Area where the Batang Baram and
Batang Tinjar emerge from the highlands of the interior. The
main rainfall gradient is thus perpendicular to the coast,
falling at first and then rising steeply. The rainfall mea-
sured at station 4-46 (Figures 1.3 and 1.8) appears to be an-
omalous. The estimated figures for the Study Area rainfall

stations have been used only as an approximate guide plotting
the isohyets.

The variability of annual rainfall is illustrated in Figure
1.9 and of monthly rainfall in Figure 1.10. Within the gen-
erally rather even monthly distribution of rainfall there are
many differently detailed local patterns, as Figure 1.11 sh-
oOWS .

In an area of high rainfall without any pronounced or regular
dry season, the occurrence and duration of dry spells is of
importance. Figure 1.12 shows the results of an analysis of
dry periods at five stations. The mean annual maximum rain-
less period is between 10 and 20 days, and effectively rain-
less period (daily rainfall less than 5 millimetres or 0.2
inches) between 16 and 26 days. Once in ten years a rainless
period lasting between 20 and 30 days can be expected, and an
effectively rainless period of between 27 and 45 days. Areas
of lesser annual rainfall tend to have the longer dry periods.

Brunig (1971) considers that evapo-~transpiration from mature
forest is of the same order as open water evaporation, that
is around 4.7 millimetres per day. Thus,mean annual maximum
soil moisture deficits could be between about 50 and 100 mil-
limetres, and the ten year maximum deficits could reach 100
to 150 millimetres. Available soil moisture in mixed lowland
forest is estimated to be in the range 60 to 550 millimetres
(Brunig, E.F., 1971) depending on soil type, and for the most
common soils is in the range of 150 to 250 millimetres. Thus
appreciable soil moisture deficits could ocecur regularly, and
even exhaustion of the available soil moisture in the poorer
soils would be possible based on these figures. However, la-
boratory determinations of available water Capacity ca;ried
out by the consultants (see Chapter 4 of this Report) indi-
cate that this is not likely to ocfcur on agriculturally sui-
table soils. A soil at field capacity could support a plant
during a 20 day drought period without moisture stress occur-

ring provided that a soil rooting depth ofBGimcheawasavai-
lable.

1362  Diurnal Rainfall Regime

Diurnal rainfall data for Miri and Bintul
ed. The records from other stations sho
having autographic rain gauge data have
1lly and it was beyond the capacity of th

u have been publish-
wn on Figure 1.3 as
not been analysed fy-
e hydrological staff
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FIGURE 1.9
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FIGURE 1.10

MEDIAN RAINFALL AS PERCENTAGE OF MEAN ANNUAL RAINFALL
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FIGURE 1.12

OCCURRENCE OF DRY PERIODS
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to undertake this work. The autographic data from the climate
station at Kabuloh have been analysed. Figure 1.13 compares
the diurnal rainfall patterns for the months January, April,
July and October at the three stations. The full data for
Kabuloh are given in Appendix I.2.

1363 Short-Duration Rainfall

The possibility of producing generalised depth:duration:fre-
quency relationships for the Study Area on the lines used for
the United States and elsewhere (Hershfield, D.M., and Wilson,
W.T., 1957; Reich B.M., 1963) was examined. It was concluded
that at present there are not enough stations in Sarawak and
the adjacent territories with published short-duration rain-
fall data for meaningful generalisations to be made.

Frequency analyses of the maximum 1, 3 and 24-hour rainfalls
at Miri and Bintulu, which are tabulated in the Hydrological
Yearbooks, gave similar results for the two stations. Table
1.2 shows the estimated maximum for return periods of between
2 and 25 years, based on the 9 years 1963-1971 and the known
maxima in the period 1953-64.

TABLE 1.2  MAXIMUM SHORT-DURATION RAINFALL, MIRI AND BINTULU

Maximum rainfall for indicated return period

in years '
D i 2
?iziig? 2 2 il 25 Maximum of record
mm | in [mm | in | mm [in |mm | in |mm | in [P2te and
place
1| 71|2.8| 84|3.3| 89(3.5| 96|3.8/ 96| 3.80] 2-2-54

Bintulu

3 107 |4.2|132(5.2|145 [5.7 |160|6.3 [198] 7.79 12;:-?3
xr

24 [1606.3|200|7.9|225 |8.7|250|9.8 |326| 12,81 8-2-71
ntulu

The maximum falls for durations between 15 minutes and four
days for Miri and Bintulu in the period 1953-64 (meteo
ical Service Singapore, 1965) are shown in Figure 1,14, The
maximum falls at Kabuloh for durations between two minutes
and four days in the period October 1972 to October 1973 (13
months) are also shown. The monthly maxima for Kabuloh
given in Appendix Table I1.2.16.

rolog-

are
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FIGURE |.13

DIURNAL RAINFALL DISTRIBUTION
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FIGURE |.14

MAXIMUM RECORDED RAINFALL FOR VARIOUS DURATIONS
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1364 Rainfall Intensity

In the assessment of erosion risk, the overall intensity cha-
racteristics of the rainfall are of interest. Figure 1.15
shows the cumulative proportion of the total rainfall at Kabu-
loh during the 12 months from November 1972 to October 1973
which fell at various intensities. From studies in Africa,
Hudson (1972) found that in general only rain falling at in-
tensities exceeding 25 millimetres (1 inch) per hour caused
erosion. At Kabuloh about 40 per cent of the total rainfall
was at intensities exceeding this threshold. Comparative da-
ta for other sites in the Study Area are not available.

1.3.7 Runoff
1371 Average River Flows

All the river flow records in or near the FourthDivision are

short, so that estimates of average flows must be made by
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FIGURE .15

RAINFALL INTENSITY DISTRIBUTION AT KABULOH
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comparison with longer rainfall records. Three such appro-
aches have been used: -

(a) direct annual rainfall: run-off correlation;

(b) simulation of run-off from point rainfall using a com-
puter model of catchment processes (see Section 1.4.1.2
and Appendix I.7);

(¢) subtraction of estimated average evapo-transpiration
losses from catchment rainfall as indicated by the
isohyetal map (Figure 1.8).

All three approaches could be used for the Sungai Sibiu, as
four years of earlier flow records (July 1967 to June 1971)

were worked up. Since the rainfall data for Bintulu which
were used to estimate the mean flow of t+ o Sungai Sibiu cov-

ered the 25 year period 1947 to 1971, the estimated mean flow
also corresponds to this period.

Estimates for the other rivers were all based on less data.
In the cases of the Sungai Liku and Sungai Kejapil, results
of run-off simulation from the Miri and Kabuloh rainfall re-
cords could be used. For the other rivers, cross correlat-
ions with the Sungai Sibiu and with each other were used to
ensure that the estimates of mean flow were consistent. The
estimates are given in Table 1.3. They are unavoidably un-
certain due to the general shortness of the flow records. An
indication of the range of uncertainty, based on the range of
the estimates produced by different approaches, is also given
in the Table.

Compared with the Batang Baram, the resources of the
in the central part of the Study Area are small. To illus-
trate this, approximate figures for three gauging stations
in the Baram Basin are included in Table 1.3. Their mean f1-
ows reflect not only the much larger catchments, but also the
higher rainfall of the mountainous interior. However, these
large rivers are some distance from theimmediatedavelopment

areas, and it is upon the smaller ones that demands will fir-
st fall.

rivers

1372 Dry Weather Flows

Despite the high annual rainfall in the Study Area, Figure
1.12 shows that rainless or effectively rainless Periods of
some weeks duration are common. Comparison of the frequenc

and duration of river flow recessions and of effectively raz
inless periods showed that point rainfall data Provided use-
ful indices of recession duration, and that dry periods occur
simultaneously over wide areas. Combined with the observed
recessions at gauging stations, Figure 1,12 indicates that
low flows in the Sungai Sibuti, Sungai Niah and Batang Suai

can regularly be expected to fall to five Per cent or less o%
the mean. The Sungai Kejapil and Sungai Sibiu can be expect-
ed to fall between 5 and 10 per cent of the mean, ang onl

the Sungai Liku has low flows apparently eéxceeding 10 y
cent of the mean. ey
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The Sungai Liku, Sungai Kejapil and Sungai Sibiu probably owe
their better maintained low flows to the relatively higher
relief of their catchments, which permits the drainage of
small amounts of ground water. Although the Sungai Niah and
Batang Suai have areas of higher relief in their catchments,
these are small relative to their total catchment sizes. In
these rivers, as in the Sungai Sibuti, recession flows prob-
ably represent the drainage of channel storage only.

The apparently better maintained low flows in the Sungai Liku
may be deceptive, as they could be in error due to the un-
detected effects of downstream swamp areas on the low flow
control at the gauging station. Continued investigation is
required (Section 1.5).

While it is not possible at present to estimate satisfactor-
ily the low flow frequency characteristics of rivers in the
Study Area, the low flows which occurred in early 1973 were
severe. Rainfall records indicate that the 1973 drought had .
an average return period exceeding 20 years. Table 1.3 shows
the minimum flows recorded in 1973, and Table 1.4 the durat-
-ions of flows below various levels.

1373 Floods

No notable floods occurred during the periodof field invest-
igations, and records for the Study Area are +too short to
provide estimates of flood frequencies. However, the maximum
flows observed are given in Table 1.3. The major flood of
memory was that which occurred in January and February 1963,
The known physical aspects of the flooding have been reported
(Jeeps and Gates, 1964). No detailed hydrological or meteo-
rological investigations of this flood are known, nor was it
practicable to undertake these during this Study. The 1963
floods were particularly severe in the Fourth Division. Fig-
ure 1.16 (based on Jeeps and Gates, 1964, Figures 2 and 3)
shows the extent and duration of the flooding. The extent of
the flooding as shown is only approximate because the avail-
able topographic maps do not permit accurate delineation of
the peak levels. Extensive field work would have been requi-
red before peak flow estimates could have been made. It is
doubtful whether such an undertaking would now be practic-
able, more than a decade after the event.

Information on flood flows is generally scarce, and it is not
possible to assess the recurrence interval of the floods re-
corded during the field work (Table 1.3). Information from
local residents indicates that over-bank flows lasting from a
few days to one or two weeks are regular occurrences alon

the lower reaches of most rivers. Thedailyflowrecordscomf
puted on the Study for the Sungai Sibiu for the years 1967 to
1971 (Appendix I.1, Table I.1.3) indicate a mean annual maxi

mum daily discharge of 470 litres per second per square kil 5
metre (43 cusecs per square mile) and a five-year maximum 0;
1 300 litres per second per square kilometre (110 cusecs s

square mile). i
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TABLE 1.4 DURATION OF LOW FLOWS IN 1973

Number of days flow was below
Flow as indicated level
per cent

of mean | Sungai | Sungai | Sungai | Sungai | Batang | Sungai
Liku Kejapil | Sibuti Niah Suai Sibiu

10 0 88 69 52 51 30

8 0 80 67 ko k5 23

6 0 73 65 31 4o 9

i 0 70 56 29 15 3

2 0 18 51 15 2 0

1 0 0 50 0 0 0

1374 Water Quality

Samples of raw river water were taken at each of six Study
Area river gauging stations. Chemical analyses were carried
out by the Government Analytical Laboratory in Kuching. The
results of the analyses are given in Appendix I.5. All the
waters are basically similar, being agressive, soft and of
poor organic quality. They have high colour and turbidity.
All the waters sampled can however readily be treated to pro-
vide potable supplies (Supporting Report Number 6). The qua-
lity of the water in the Sungai Liku is marginally better th-
an the others.

As field work progressed, regular sampling of suspended sedi-
ment load became less important as the possible need for im-
pounding schemes for water supply purposes diminished. In
view of the heavy work-load of the field staff sediment samp-
ling was not undertaken. This aspect of water quality will
need thorough investigations in the future if impounding sch-
emes are proposed.

14 HYDROLOGICAL STUDIES
14.1 Water Supply Schemes

1411 Run-oforiver Schemes

Excluding the very small reservoir at Nyabau near Bintulu,
all existing or planned water supply schemes in the Study Area
are direct abstraction run-of=river schemes. Details of the
water supply schemes are given in Supporting Report Number 5.
Abstractions from the large rivers are not at present rest-
ricted by the available low flows, nor are they likely to be
restricted in the near future. Abstractions from the small-
er rivers may eventually be restricted.
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EXTENT AND DURATION OF THE 1963 FLOODS
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Dry weather flows in the smaller rivers have been discussed
in Section 1.3.7.2 above. As the low flows which occurred
in 1973 were of a return period estimated to exceed 20 years,
they were considered suitable as first estimates of the avai-
lable yields. Table 1.5 shows the proposed run-of-river sc-
hemes, estimated demands and, where appropriate, the 1973 mi-
nimum flow. It also shows the estimated average minimum f1-
ows, which have been assessed as described in Section 1.3.7.2.

1412 Impounding Schemes

It was anticipated at the start of the Study that for some
water supplies impounding schemes might be necessary, parti-
cularly in those areas where the catchments were liable to be
developed extensively. In the absence of long-term run-off
records, or of any run-off records which could successfully
be correlated with long-term rainfall records on a monthly
basis, a simple computer catchment model was used to simulate
monthly run-off from rainfall. The model is described in
Appendix I.7.

As no specific sites for possible impounding schemes were id-
entified during the Study, the basic results of the yield/st-
orage analyses are given here in dimensionless form. Figure
1.17a shows yield/storage curves for a 20 year return period
derived from the synthetic monthly run-off series for four
rainfall records (Miri, Kabuloh, Berakas and Bintulu). The
rainfall stations were selected as having reasonably long and
consistent records, and as representing a range of mean annual
rainfall typical of the main areas of development.

Two curves are shown for each station, curve A representing
relatively good infiltration and soil moisture capacity, and
curve B poor infiltration and soil moisture capacity (see Ap-
pendix I.7). Differences between the A and B curves are gen-
erally small. Differences between stations are greater, and
indicate that relatively less storage is needed in the wetter
areas. Being based on point rainfall data, the curves of
Figure 1.17 apply to small catchments only (up to say 10
square kilometres or 4 square miles). Thus they do not apply
to any of the gauged catchments in the Study Area.

Although this Report does not recommend the construction of
impounding schemes in the immediate development period, the
results of the yield studies give an indication of their pot-
ential. To apply the curves, a first estimate of mean annual
run-off can be made using the isohyetal map (Figure 1.8).
Average evapo-transpiration losses are 50 per cent of rainfall
up to a maximum loss of 1 700 millimetres per year. This est-
imation of losses is based on the results of the run-off sim-
ulation studies which indicated that, in the dryer areas,
evapo-transpiration is reduced below the potential rate by
the regular occurrence of periods of soil moisture stress

(see also Section 1.3.6.1).
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Figure 1.17 shows a yield/storage curve for a hypothetical 7
square kilometre (2.7 square mile) catchment in an area ‘of
2 800 millimetres (110 inches) mean annual rainfall, The es-
timated mean annual run-off is 1 400 millimetres (55 inches)
which is equivalent to 0.31 cubic metre per second (5.9 mgd)
The yield/storage curve is based on the Kabuloh cur’ve in Fig-
ure 1.17a, and therefore represents a conservative estimate
of the storage required. The available yield from this hypo-
thetical small catchment is of the order of the largest pro-
jected demands given in Table 1.5.

The yields indicated in Figure 1.17 are gross yields, from
which allowances for reservoir seepage and evaporation must
be subtracted. The net effect of evaporation during the cri-
tical drawdown period will be a loss of about 100 millimetres
per month. Seepage losses can only be assessed for particu-
lar sites.

1413 Roof Catchments

The use of roof catchments in areas where other systems of
water supply are either impractical or uneconomic is discuss-
ed in Supporting Reports Numbers 5 and 6. Roof catchments
are already used in a number of settlements in the Study Area.
The commonly used storage unit is a 400-gallon galvanised st-
eel tank.

To, give an indication of desirable storage provision and yi-
eld, monthly rainfall records from four stations (Miri, Bek-
enu, Kabuloh and Bintulu, see Figure 1.3) were analysed. Yie-
1ds and storages were calculated from the average minimum

rainfall for various numbers of consecutive months, allowing
for losses due to wetting of the roof area. These studies
indicate that, for reasonably efficient use of roof catchment

the storage supplied (in gallons) should at least equal th;
effective horizontal roof area (in square feet). With this
minimum storage, average yield (in gallons per day) is given
by multiplying the roof area by 0.045. For example, an 800

square feet roof with an 800 gallon tank should yield 36 gal-
lons per day.

If less storage is provided, then the yield is not

on roof area, and the storage is equiv:lenttx)abgutd;geg:egf
supply. Thus a 400 gallon tank with mnSOanuare feet rzof
can yield only about 20 gallons per day. Doubling the mini
mum recommended storage provision will increase the yield b;

a factor of about 1.6, and trebling the storage wil
the yield by about 2.0. & i

142 Irrigation

As the land suitability assessment progressed, it became app-
arent that only small areas were suitable for irrigatioﬂp
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Consequently no detailed studies of crop water and irrigation
requirements were carried out. However, the evaporation data
presented in Appendix I.6 are sufficient to enable crop water
requirements to be assessed if needed in the future.

1.4.3 Drainage Schemes and Flooding

Early in the studies, it became apparent that major drainage
schemes would not be included in the immediate development
plans. No drainage studies were therefore carried out.

Studies of flooding as applied to floodplain planning require
more detailed information on floodplain topography than is at
present available, and such investigations have not been car-
ried out for this Report. As no major engineering structures
e.g. dams, large bridges are proposed, detailed flood studies
for specific locations have not been needed. However, as a
general guide the available information on floods has been
summarised in Section 1.3.7.3 and the maximum recorded rain-
falls are shown in Figure 1.14,

144 Groundwater

The Scope of Work indicated that the prospects for ground
water development in the Study Area are not encouraging (Sec-
tion 1.1.1). As satisfactory surface supplies were availa-
ble, at least for the initial stages of developments, no fur-
ther investigation of ground-water was undertaken.

145 River Transport

Although locally important, the use of rivers in any major
inland transport role has not been considered practicable,
and transport planning has concentrated mainly on development
of the road network. As a result, hydrological studies of
the transport capacity of rivers were not required.

146 Possible Changes in River Regime
1461 Land Clearance

Land development for agriculture requires the initial clear-
ance of forest cover. Immediate, and to some degree perman-
ent, results are an increase in total run-off and in the sedi-
ment load of streams. The scale of these effects is diffi-
cult to predict., However, in the Johor Tenggara studies (Hun-
ting Technical Services Limited, 1970) field results indicat-
ed increases in peak floWs of the order of 100 per cent.
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Coupled with increased floods is decreased infiltration to
groundwater and a tendency for low flows to decrease due to
smaller groundwater contribution. Comparisons in the Johor
Tenggara area indicated low flows from developed areas as
little as 30 per cent of flows from equivalent jungle covered
areas. However, as low flows in the lowland catchments of
the Study Area have little groundwater contribution under no-
rmal conditions, development may not have so much influence.

Quantitative information on sediment run-off in the Study Area
is not at present available, nor was it practicable to moni-
tor it on a meaningful scale. In the Johor Tenggara invest-
igation (Hunting Technical Services Limited, 1970) approxi-
mate sediment run-off rates were varied between 100 and 300
tons per square mile per year, the higher figures being ass-
ociated with developed areas. Figures of the same order have
been quoted for other Peninsular Malaysian catchments (Doug-
EAN y Xoa ANOEY,

Measures which can be taken to mitigate the effects of alter-
ing the ground cover, such as the early establishment of co-
ver crops, contouring etc., are now widely adopted. Never-
theless, the sediment run-off from developed areas may remain
twice or more that of a comparable area of undisturbed forest.
Planning for areas downstreamof agricultural developments mu-
st allow for this.

1462 Roads and Tracks

Provision of access is an important part of overall develop~-
ment. The consequences of road construction in the Study
Area are similar to those of land clearance, but on a smaller
scale and in a more concentrated form. Construction stand-
ards should aim towards the most rapid possible stabilisation
of cuttings and embankments; so that zones of accelerated er-
osion do not remain after construction has been completed.

1463 Timber Extraction

The main damage caused by timber extraction arises through
poor standards of access track construction and skid tragl
alignment. The consequences are increased sediment run-off
and even the initiation of gulley type erosion of hill slopes

1464 Pollution

Increasing development brings with it the risk o
by effluent from villages, towns and factories, a
excess agricultural chemicals. The questions o'f e;‘f‘{i:;tasazg

waste disposal are discussed in Supporting Repo
5 and 6. RO s

f pollution
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The use of artificial fertilisers can lead to a marked incr-
ease in the nutrient concentrations of water draining from
the fertilised areas. Also, the use of certain types of per-
sistent poisons for weed and pest control can lead to accumu-
lation of poison in various food chains. Both effects can
lead to serious disruption of the local river ecology and may
possibly become a danger to the human population. Measures
to avoid trouble are suggested in Section 1.5.

15 RECOMMENDATIONS FOR FUTURE CLIMATOLOGICAL
AND HYDROLOGICAL FIELD WORK

1.5.1 General

The hydrological network for the Study Area was designed pri-
marily for short-term operation. Rapid and easy installation
of equipment was necessary to ensure the maximum period of
effective data collection. In consequence, many of the stat-
ions are not, in their present form, suitable for long-term
operation, nor would they all be needed as part of the per-
manent network. Table 1.6 summarises the situation. The ba-
sic recommendations in this table are the same as were made
during earlier correspondence with Government over the hand-
over of these field stations.

1.5.2 Climatological Stations

The equipment and layout of the climatological station at Ka-
buloh is suitable for long-term operation, and it is recomm-
ended that this station be kept in operation.

1.5.3 Rainfall Stations

Where the Study rainfall stations are at sites where suitable
observers are available (B2, B5 and B6, see Figure 1.5) it is
recommended that they be kept in operation. It is also reco-
mmended that the proportion of autographic gauges be increas-
ed, as it is the short-duration rainfall characteristics wh-
ich are least well documented.

154 Streamflow Stations

It is recommended that streamgauging continue on all the smal-
ler rivers which are or are likely to be used for water sup-
ply. Where practicable, gauging stations should be combined
with water supply intakes. All stations should be equipped
with water level recorders. Rivers which should continue to
be gauged are the Sungai Liku, Sungai Kejapil, Sungai Niah,
and Sungai Sibiu, in addition to the existing Government net-
work. New permanent gauges will be needed to replace stat-
ions C2, C4 and C6 (see Figure 1.5 and Table 1.6).
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1.5.5 Water Quality

It is recommended that routine chemical analysis be made of
raw water samples from gauging stations. The analysis results
should be published together with the other basic hydrolog-
ical data. Samples from rivers draining areas of concentra-
ted population, agricultural development or industry should
also be analysed to monitor the level of pollution and to
detect any dangerous increase. Water samples can readily be
taken by gauging teams as part of routine operations. Expe-
rience during the Study shows that the Government Analytical
Laboratory can accept the additional work load.
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PART II
LAND RESOURCES



SUMMARY

The Study Area covered about 3.5 mn acres. Of this area 2.2
mn acres were excluded as offering onlyvery limited agricul-
tural development opportunity. The choice was made mainly
on the basis of existing information and the study of the
aerial photographs. The remaining area was subjected to a
Detailed Reconnaissance or Broad Transect Survey, as a result
of which the most promising lands were selected for more in-
tensive study at a detailed or semi-detailed level. The area
selected at this stage comprised a number of blocks totalling
112 000 acres; within this area the aim was to select 50 000
acres for early development.

The main determinants of land quality and its suitability for
cropping in the setting of Miri-Bintulu are soil quality,
land slope and liability to flooding - the latter hazard be-
ing mainly confined to the lands of the river floodplains.
The land capability maps are therefore a synthesis of the in-
formation given on the soil maps and the terrain maps comb-
ined with knowledge of the geomorphology of the area.

The land suitable for agriculture is classified in six Classes
I to VI in descending order of merit, which is accompanied by
an increasingly restricted range of suitable crops and incr-
easing cost of development. The land class numeral is fol-
lowed by suffixed letters which indicate the nature of the
deficiency or difficulty which has determined the land class.

]

On the soil maps the units are the soil families or series in
common use by the Soil Survey Division. The effective root-
ing depth for crops is of paramount importance in assessing
the suitability of soils for crops, and an indication of this
depth appears on the soil maps.

The main soils of the region have been formed on sedimentary
rocks, ranging from sandstones to shales, and including some
limestone occurrences. The landscape is dominated by severe
dissection, steep sided hills and river floodplains. The st-
eep hills and river floodplains are accompanied respectively
by erosion hazards and liability to severe flooding, each of
which impose restrictions on agricultural development.

The soil on the slopes is susceptible to erosion, and in sur-
face run-off and by soil creep, material is constantly moving
down-slope, accumulating on the river floodplains or passing
beyond them to the sea. Even under a climatic regime which
allows rapid rock weathering the consequence of erosion is
that the upland soils are shallow, and combined with their
slope are suitable for only a limited range of crops, most of
which are trees. The high rainfall leaches the soils of
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much of their nutrient contents, and the soils are of low
fertility, and sustained cropping will require the use of
fertilisers.

The removal of the natural vegetationwill accelerate the pro-
cesses of leaching and erosion, and will require conservat-
ion measures on all but the gentlest slopes. Such measures
will add considerably to the cost of development and the di-
fficulties of management. As indicated above, in the valleys,
there are areas where soil material is accumulating and which
are without erosion hazards, although they are subject to
river flooding which is virtually uncontrollable.

In the 1.5 mn acres of the Broad Transect Survey a total of
590 000 acres was mapped as suitable for agriculture, that
is 60 per cent of the area was considered to be unsuitable.
In the suitable category the principal land class components
were: -

Land Class Acres
IIIw 42 000
IVe 80 000
IVw 44 000
Ve 147 000
Vie 109 000

The statement below sets out the crops most suitable for the
listed main land classes.

Land Class Crop suitabilities
IITw Rice, grasses, tree crops such as rubber, tea,

oil palms, coconuts and forests

IVe Grasses, permanent fruit trees, oil palms, cof-
fee, cashew nuts, rubber, tea, coconuts and for-
ests of various types

IVw Rice, grasses, sago and forest reserves

Ve 0il palms, coffee, cashew nuts,fruittrees,rub-
ber, forest plantations and forest reserves

Vie Rubber, tea, cashew nuts and fruit trees, coco-
nuts, forest plantations and forest reserves

There are smaller areas of higher land classes, includin

6 000 acres of Class I land with virtually no deficiencieﬁ
and some 3 000 acres of Class IIw which is subject to infre:
quent flooding of short duration. The principal land classes

also have marginal suitability for a number of other crops

As would be expected the area selected formore detailed sur-
vey had a higher proportion of suitable land viz, 72 per cent.
The principal constituents were:-

Land Class Acres
IIw & IIlIw 9 000
IVe 20 000
IVs 7 000
Ve 19 000
Vie 11 000
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The composition of the suitable land classes has changed sli-
ghtly from that of the Broad Transect Survey findings and the
range of suitable crops is not significantly changed.

The most promising area for development so far as proportions
of suitable land is concerned is the Sungai Karabungan Area

where 18 500 acres out of a total of 19 600 acres were found

to be suitable for agriculture, although the largest proport-

ion is suitable for grasses only. In this area around 6 000

acres is suitable for a wider range of crops.
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CHAPTER 2
INTRODUCTION

21 THE STUDY APPROACH

In accordance with the Scope of Work rubber and oil palms are
expected to become the main crops in the Study Area, but the
possibilities for crop diversification have also been fully
explored. The Scope of Work continues to say that '"Forest
exploitation will be the second major activity based on per-
manent forest reserves and timber cleared from land scheduled
for future agricultural development".

With these directions in mind the soil studies in the Area
were carried out in the following stages:-

(a) a stereoscopic aerial photo analysis of the entire
Study Area amounting to more than 3.5 mn acres of land,
supplemented by relevant physical resource data, which
resulted in a broad zonation of land possibly suita-
ble, and land unsuitable, for agricultural development

(b) based on the findings mentioned in (a) above, an area
was selected for soil studies at a broad transect le-
vel. This Detailed Reconnaissance Soil Survey gather-
ed sufficient data to prepare land resource maps at a
scale of 1:100 000. These maps form the basis for
what the Scope of Work describes as a semi-detailed
master plan and cover approximately 250 000 acres;

(c) based on the results of the Broad Transect Soil Survey
and other relevant information areas were selected for
a soil survey at a semi-detailed level. Such areas
were as far as possible located on land where timber
extraction was completed or apart from salvage opera-
tions near completion. A sufficiently large area was
selected to locate a 50 000 acre development project
for the period 1975-1980.

Thus, in accordance with the Scope of Work, soil and terrain
classification followed by land evaluation has been carried
out in two stages of the Study viz. a broad transect soil
survey (b) and a semi-detailed soil survey (c).

The original intention under. the Scope of Work was that a Soil
Suitability Map would be prepared for the Broad Transect Soil
Survey and the Semi-Detailed Soil Survey areas. These maps
would be based on the existing Soil Suitability Classificat-
ion (Wong, I.F.T., 1970). However, in agreement with the
Soil Survey Division of the Department of Agriculture, Sara-
wak, this was discarded and a modified system of Land Capab-
ility Classification was developed. The system adopted for
the Study has been based partly on "The Classification and
Evaluation of Land in Sarawak" (Andriesse, J.P., 1966). This
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departure from this intention was necessitated by Govern-
ment's wish for crop diversification. The land evaluation
procedures are described in detail in Chapter 5 of this Report.

The terminology and classification of soils and terrain is
that in general use by the Soil Survey Division. Because of
established land evaluation criteria some terrain and soil
classification parameters have been modified.

Terrain classes in this Study range over five degrees in each
class. With classes 1 to 5 inclusive regarded as suitable
for agriculture, the steep-land boundary has been placed at
25 degrees, which is the maximum in Terrain Class 5.

The soil classification used in this Study is that issued by
the Soil Survey Division, Department of Agriculture, Sarawak
as Technical Paper No.3. "A Draft Reclassification of Soils
in Central and North Sarawak'" (Scott, I.M., 1973). There is
need to emphasise that this soil classification system ass-
umes: '"that many, if not most of the definitions adopted wi-
11 be further refined and more basic alterations in approach
may also prove necessary. Such amendments can best be made ,
however, following the practical application of the system in
the field, and the classification is tendered in its present
form with that in view." (Scott, I.M., 1973, page i). There
is therefore again a need to emphasise that the definitions
of a large number of the soils mentioned in this classifica-
tion have been tested in the Study Area. And some

changes
have been proposed.

Prior to 1972 the Study Area had been covered by a variety of
soil surveys, ranging from reconnaissance to semi-detailed,
Most of these surveys had been reported on (Dames, T.W.G. and
Sutton, C.D., 1959; Wall, J.R.D., 1961-1967; Ahmad Haji Ebon
1967-1968; and Lim, C.P., 1970-1972) by the Soil Survey Divi-
sion of the Department of Agriculture, Sarawak. A wealth of
data was drawn from these earlier reports and maps, especial-

ly during the Zonation Plan period and theBroadTTanaectSoil
Survey.

The following sections of this chapter describe the methodo -

logy employed in this Study to classify, map and evalu
soils in the Study Area. . ate the

22 SOIL SURVEY METHODS

221 The Zonation Plan

The first stage of the Study consisted of a systemat
eoscopic study of the air photographs at a scale of ifg;tgga
for which a comprehensive legend was established. This leg
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end, which is discussed in more detail in Appendix VII, formed
the basis for the elimination of land which was considered
unsuitable for agricultural development.

This category of land generally included both terrain with
average slopes in excess of 25 degrees and peat swamps. The
latter have been excluded as land having no agricultural de-
velopment potential on the basis of its inherent character-
istics. The peats in the extensive swamps of the Study Area
are characterised by their very low degree of humification,
high acidity and very high loss on ignition. Where certain
agricultural crops have been successfully grownon such land
in Peninsular Malaysia, at least the degree of humification
has been considerably higher. However, so far research on
the use of the type of peat found in the Fourth Division has
been of low priority. Research has not shown a satisfactory,
large scale method of developing the peats of the Baram and
the Suai-Niah Areas for agriculture.

During this Zonation Plan period a considerable number of
spot checks in the field were carried out. Doubtful photo-
interpretation units were verified as to their actual terrain
and soil characteristics, and where necessary corrections on
the final zoning of land resources carriedout. Also discus-
sions with the Soil Correlator were held and familiarisation
trips made to standardise soil survey methods and to acquaint
the soils team with the major soil types found in the Study
Area.

222 The Broad Transect Soil Survey

Based on the results of the first stage of the Study, descr-
ibed above (Para. 2.1) an area of 633 000 acres was initially
selected. This area was roughly located south of the Sungai
Niah and north of Labang (Figure 2.1). Due to existing pop-
ulation concentrations it became clear that areas, east of
the Lambir-Subis Development Area, and near Labang and Tubau
along the Batang Kemena had to be included. Therefore the
total area studied at the Broad Transect Level amounted to
1 530 000 acres.

Soil survey sample areas (Figure 2.1) were selected on the
basis of the aerial-photo interpretation, the general geology
of the Study Area and the soil reconnaissance data available.
As speed in this type of study was in this case an important
factor, the ease of access to these sample areas was an added
and became an important factor in deciding on the location
of such areas.

The Sungai Karabungan Area, originally regarded and studied
as a sample area, but subsequently treated as part of the
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Semi-Detailed Soil Survey Area, was selected as a sample area
with the following considerations in mind: -

(a) it was known since the commencement of the Study that
the Kabuloh Family soils occur in limited areas along
the north western corner of the Sungai Tangit Oil Palm
Scheme, which is located close to the eastern boundary
of the Sungai Karabungan Area.
cussions with the Sarawak Land Development Board came
to the conclusion that these soils due to their limited
depth and other adverse characteristics are undesira-
ble for oil palm cultivation, and more detailed stud-
ies were necessary before alternative uses for these
soils could be made.

(b)

The Soils Team in dis-

during the Zonation Plan period the Study had some pre-

liminary ideas concerning the development of grazing
land for beef cattle and it was thought that these so-

ils were well suited for this purpose.

The study of sample areas is an imp
and land evaluation of any

is particularly crucial to ensure correlation and

isation of soil survey methods and clas

Soils Team.

ortant stage in the survey
area regardless of its

size., . It
standard-

sification within the
During the survey of these sample areas all soil
survey procedures were studied by the

combined Soils
from the Soil Survey Division and the Consultants.

Team

A large

number of soil profiles were also studied and classified in
the field by the combined team.

The total number of sites examined in th
ding the Sungai Karabungan Area is liste

e sample areas inclu-
d below: -

TABLE 2,1 DETAILED TO SEMI-DETAILED SURVEY AREAS
Number of Total
: Area ota
Area Location surveyed observation
Bores [Pits sites
acres
Sample Area|Mile 68, 300
A Miri-Bintulu Road| ° 278 | 12 290
Sample Area|Mile 51,
B Miri-Bintulu Road| * 800 [ 312 | 43 325
Sample Area |South east of
C Rumah Gindi on 4 950 | 326 13 339
Batang Suai
Sungai East of Sungai
Karabungan |Tangit SLDB 19 963 |1 089| 20 1 109
Area Scheme
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FIGURE 2/

LOCATION OF SOIL SURVEY\
AREAS STUDIED AT DIFFERENT



A more detailed description of the areas mentioned in Table
2.1 is given in Appendix II of this Report.

The knowledge gained from the survey of these more detailed
surveys was utilised in the routine survey of the Broad Tran-
sect Survey Area and also the Semi-Detailed Soil Survey. Us-
ing also data from earlier surveys, a number of transects were
located throughout this area. These transects and those of

previous surveys are shown on Maps 12 and 13, Soil Survey
Sites.

In this survey as well as in all those discussed in other
parts of this Report, data on soils, terrain, drainage, veg-
etation and other relevant information required for a 1land
evaluation were collected along traverses (rentis lines) cut
along fixed prismatic compass bearings. Distances along these
traverses were measured by tape (1 tape equal to 25 metres),
no immediate compensation was applied for rolling topography,
which resulted in roughly a five per cent reduction in length of

traverses on the map. The necessary adjustments were applied
at the mapping stage.

Soils, terrain and other relevant data were recorded in field
books used by the Soil Survey Division. These data were tr-
ansferred to Rentis Log Sheets, but bore and soil profile
pit descriptions were recorded on edge punched cards, which
serve as survey data retrieval cards.

Starting points of traverses were as far as possible located
at prominent points along rivers, streams, roads, logging

tracks and paths; this greatly facilitated-mappins accuracy

In certain cases logging tracks were traversed but then .
the soil observation sites were recorded on aerial phot
aphs and no Rentis Logs kept as distances along these tr
could not be measured with sufficient accuracy.

only
ogr-
acks

The soils were examined using a 5 cm (2 inches e

soil auger (Edelman model); augering was ganerlllzitzzr;it:h
of 120 cm (47 inches). According to the revised s0il clep
ification (Scott, I.M., 1973) the control section on whizﬂa-
soil is classified normally extends downwards to a depth ?
100 cm (40 inches) if its depth is not reduced by rockpor ok
fragments. The main features of soil morphology in 1der::
fying soil types (that is soil families or series) from aﬁ r
inspection were soil matrix colour and mottling, taxturger
consistency, the presence or absence of lateritic .concrei
ions, minerals, rock and rock fragments. Soil, terrain A
other relevant data were supplemented by observations aland
road cuttings stream and river banks. Field Procedures gns
the broad transect soil survey were to auger at interval o
not more than 225 metres (735 feet) or whenever a cha o
of soil type was apparent or suspected. Supplementaryggzsezf
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vations or check bores were made where required. No full de-
scriptions of these observations have been recorded; in most
cases only main features and the soil classification were en-
tered in the Surveyors' field note books.

Soil profile pits generally to a depth of 150 c¢m (60 inches)
were dug at representative sites or at sites of interest.
Another consideration in the location of soil pits in all
surveys was a representative distribution over the expected
soil mapping units. All the pits and their environment were
described in detail and sampled according to their diagnostic
or natural horizons. Soil samples collected were analysed
for their chemical and physical properties. Selected profile
descriptions with their chemical and mechanical analyses are
given in Appendix VI.

For the purpose of the Broad Transect Soil Survey a total of
221 km (137 miles) of rentis lines were traversed over a total
survey area of around 606 000 ha (1 530 000 acres or 2 344
square miles). During the reconnaissance surveys carried out
prior to this Study a total of 762 km or 473 miles were tra-
versed. This brings the total of traversed cut trace lines
which have been used in the mapping of the 1:100 000 land re-
source maps to 983 km or 610 miles. The total number of re-
corded soil observations amounts to 6 022 (Miri-Bintulu Study
793 plus pre-Study Surveys 5 229) including a number of soil
pits. Roughly 350 check bores were employed to aid soil and
terrain mapping. Therefore the blanket average observation
density is around 2.7 sites per square mile.

According to international standards this Broad Transect Sur-
vey or Detailed Reconnaissance Survey lies between a Semi-
Detailed and a Reconnaissance Soil Survey with a required
density of one to six observation sites per square km or 2.5
to 15 per square mile (IBRD/FAO, 1968 and Vink, A.P.A., 1963).
Aerial photo-interpretation was an important element at every
stage of the Study and the accuracy of the location of soil
and terrain boundaries, which to a large extent depends on
interpolation and extrapolation of field observations, was
increased considerably by the use of this technique. The ave=-
rage observation density formally complies with the above
mentioned internationally accepted standards.

22.3 The Semi-Detailed Soil Survey

In accordance with the Scope of Work an area sufficient for
the development of 50 000 acres net was surveyed at a semi-
detailed level. To achieve this net acreage experience has
shown that approximately twice the required acreage should be
surveyed. This target was achieved by the inclusion of the
Sungai Karabungan Area, an area which was studied as a sample
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area and is discussed in detail in Appendix II.

The following criteria were used in the selection of areas
to be covered by a Semi-Detailed Soil Survey:-

(a) areas were selected from land assessed as suitable for
agricultural development as shown on Maps 14 and 15,
Land Capability, scale 1:100 000.

(b) the distance between selected areas was kept as short

as possible, so as to simplify planning, implementat-
ion and management.

(c) ease of access and close proximity to existing roads.

(d) selected areas were as far as possible located on State
Land, but excluding unlogged or unlicensed Forest Re-
serves. This was because such areas would have imposed
an unacceptable delay in development.

The Beluru Area mentioned in Table 2,2 and which lies east of
the Lambir-Subis Development Area was selected because of its
proximity to the above development scheme and the considera~-
ble concentration of farmers in the area. Including the Sun-
gai Karabungan Area the areas selected for a semi-detailed
soil survey are listed below and shown on Figure 2.1 and

on
Maps 12 and 13, Soil Survey Sites.
TABLE 2.2 SEMI-DETAILED SURVEY AREAS
(ACREAGES AND OBSERVATION DENSITIBSJ
e
Tot nsity
surveysd observations o; :ic:::::r acres per site
Lecation observation Exéiuding] Tach
acres Bores | Pits sites* check n:h:::ng
bores bores
Sebubok-Sawai
Detailed Plan Area
Sungai Galasah Area 14 728 310 32 334 Il 22
Sungai Sawai Area 29 654 605 | 70 666 45 22
Sungai Sebubok Area 34 249 814 97 818 Lo 21
Total 78 631 1 729 | 199 1 818 43 22
Beluru and
Sungai Karabungan
Detailed an Areas
Beluru Area 12 869 234 26 256 50 25
Sungai Karabungan 19 963 | 1 089 | 20 1 109 18 e
Total 32 832 |1 323| 46 1 365 Figures not compatible
Total Semi- ; £s i ’ . :
Detailed Survey 111 3|3 052 | 245 3 183 Figures
Area ) g not compatible
Notes: * Total number of recorded observation sites exéludes those sites on

which an auger bore was followed by a soil profile it
site, thus number of bores plus number of pits is nzt ‘::a:h: same
total number of observation sites. 0 the

** BSungai Karabungan, 277 check bores added to obta

in aver
tion density, acres per site. age observa-
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As shown on Maps 12 and 13, Soil Survey Sites,in each of the
Survey Areas one or more base lines were cut utilising prom-
inent land marks which could easily and with reasonable ac-
curacy be recognised in the field. These base lines formed
the spines for the rentis system. All trace lines were cut
at fixed compass bearings, and distances along these 1lines
measured with the standard 25 m tape. Here too no allowance
was made for rolling topography. As required by the Scope of
Work the distance between cut trace lines is 600 m (1 969
feet). The Scope of Work also stated that the distance bet-
ween trace lines should not be more than 400m (1 312 feet).
Such a detail was however not mapable at the available publi-
shing scale. Furthermore it was found that most alluvial
valleys in the area selected for the Detailed Soil Survey
were generally less than 250 m (820 feet) wide and therefore
from a practical soil survey point of view and time availab-
ility too narrow for a more detailed survey.

In this survey the field procedure was to auger whenever a
change of soil type (in this case soil family or series) was
apparent or suspected. Consequently the maximum distance be-
tween observations was less than 125 m (410 feet). Many sup-
plementary observations or check bores were made. In the Se-
mi-Detailed Soil Survey Areas, the total number of check bores
is equal to the total number of recorded observation sites.

The soils and terrain mapping of the Sebubok-Sawai Detailed
Plan Area is based on one observation site per 22 acres (Table
2.2). This observation density complies with internationally
accepted standards, which requires for a Semi-Detailed Soil
Survey not less than one observation per 30 to 60 acres
(IBRD/FAO, 1968), or according to Vink (1963) one observation
site per 122 acres with the aid of aerial photo interpretat-
ion or one observation site per 14 acres without the use of
aerial photo interpretation. As this procedure has been used
throughout the study, it can be concluded that the observat-
ion density obtained is well within the limits set for Semi-
Detailed Soil Surveys. It must be emphasised again that both
the Broad Transect and Semi-Detailed Soil Surveys have been
conducted on a rentis layout.

The examination of terrain and soil features has been conduc-
ted using the same procedures as those described in Section
2.2 of this Chapter.

23 MAP COMPILATION
23.1 Aerial Photographs

The Study Area has a complete aerial photographic coverage at
a scale of 1:25 000 taken during the period 1963 +to 1971.
These photographs were used in the study of the Zonation Plan,
and also during the first part of the Broad Transect Survey.
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Good quality 1972 aerial photographic coverage at a scale of
1:25 000 for the southern part of the Study Area was availa-
ble for the post-field aerial photo-interpretation of the
Broad Transect Survey and for the entire Semi-Detailed Soil
Survey. It was unfortunate that, due to adverse weather con-
ditions and other commitments, the Lands and Survey Depar-
tment, Sarawak were unable to deliver aerial photographic co-
verage at a scale of 1:10 000 of the Sebubok-Sawai Detailed
Plan Area in time for the mapping of Terrain and Soils maps
of the Semi-Detailed Soil Survey Areas.

23.2 The Zonation Plan

The aerial photo interpretation of the Study Area at a scale
of 1:25 000 was compiled on to 1:25 000 print laydowns or un-
controlled air photo mosaics. These were reduced by photo-
graphic processes to 1:50 000, after which compilation on to
1:50 000 Topographic Maps, Series T735 followed. The aerial
photo interpretation maps at the above scale were then fair-
drawn on stable base materials, so that dyeline prints can be
made when required for future use.

To allow production of the Zonation Plan Map (Hunting Techn-
ical Services Limited and Hoff and Overgaard, 1972) the aer-
ial photo interpretation maps at 1:50 000 scale covering the
Study Area were generalised and areas considered as possibly
suitable for agricultural development delineated. These were
then plotted by pantograph on to the 1:250 000 base map for
which Topographic maps Series T503 were used.

233 Sample Areas

The terrain and soils data of Sample Areas A, B and C plotted
on 1:10 000 aerial photographs were compiled on to 1:25 000
machine plotted topographic maps. This compilation was car-
ried out with the aid of a Zeiss-Aero Sketchmaster. The
1:25 000 base map was rescribed and certain topographic det-
ails such as roads, tracks and streams added where
field information had been collected and could be
with recent large scale photographs.

adequate
verified

Detailed information on the terrain and soils pattern

on Maps 1 and 2 respectively. The rentis layout ofig;h:wn
survey areas and the location of the soil profile pits is :3
ven on Map 3. g

Sample Areas A, B and C were specifically surveyed for
study of soil classification, soil pattern and soi
ieg, and soil and terrain interrelationships,
ation map was regarded as irrelevant to this

the
1 propert-
A land evalu-
Part of the
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Study, because the size of these areas are rather small.

The mapping of the Sungai Karabungan Area was carried out in
the same way as the Sample Areas described above but as
1: 10 000 machine plot topographic maps were available this
area was mapped at a final scale of 1:20 000.

As discussed in Section 2.2 of this Volume the study of this

Sample Area was conducted with future agricultural development
in mind. The evaluation of the land is shown on Map 7, Land

Capability. This map has been produced from the Terrain (Map

4) and the Soils (Map 5) maps at the same scale viz. 1:20 000.

Map 6, Soil Survey Sites, gives a record of the location of

rentis lines and sampled soil pits.

The soil series has been used as far as possible as the map-
ping unit of the above areas. In cases where this mapping
unit proved to be too detailed the family, family intergrade
or family complex was employed, that is MERIT Family, BEKENU-
KAPIT Family intergrade or BIJAT/SEDUAU Family complex. Map-
ping of the Sample Areas was carried out during the same per~-
iod as the revision of the Soil Classification for North and
Central Sarawak. Certain minor soil criteria given on the
Sample Area maps are somewhat different from those recorded
on)the soils map covering the Semi-Detailed Survey Area (Map
17).

Soil depth phases are recorded as part of the soil annotat-
ions for example Bk.zcl.4: Bekenu Series, silty clay loam,
75 to 100 cm deep. These soil depth phases are agricultural
and not pedological depths and have been chosen to allow for
land evaluation of the land, in which available rooting depth
for agricultural crops is an important criterion (see Chapter
5, Land Evaluation). In contrast the Sungai Karabungan soil
map has four depth phases (0 to 50 cm, 50 to 75 cm, 75 to 100
cm, more than 100 cm), while Sample Areas A, B and C have be-
en mapped with five soil depth classes viz. O to 50 cm, 50 to
60 cm, 60 to 75 ecm, 75 to 100 cm and more than 100 cm. Depth
class 2 (50 to 75 cm, Sungai Karabungan Area) was found té be
too wide for oil palms,and this class was therefore split in-
to two: 50 to 60 cm and 60 to 75 cm.

The mapping of Terrain and Soils of the Sungai Karabungan Ar-
ea has been carried out by the Soil Survey Division in co-
operation with the Consultant Land Classifiers. Detailed de-
scriptions concerning this Area are given in Appendix II.4 of
this Report.
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234 The Broad Transect Soil Survey

All relevant data obtained during this survey and previous
schematic reconnaissance surveys, supplemented with post-field
aerial photo-interpretation were compiled on to the 1:25 000
air photographs. This information was then plotted on to the
1:50 000 Series T735 topographic maps by the use of the Ske-
tchmaster. The resulting Soils and Terrain maps were then
photographically reduced by a factor of two and compiled on
to 1:100 000 topographic base maps. These base maps have been
produced from the standard 1:50 000 Series T735 Topographic
Sheets by recompilation and re-draughting. Maps 8 and 9 and
Maps 10 and 11, respectively Terrain and Soils maps, give de~
tails of the terrain and soils pattern of the area studied.

There is a need here to emphasise that the choice of the pu-
blishing scale for land resource maps cannot be made on an
arbitrary basis, but is governed by the aim and purpose of
the survey and the density of observation (Section 2.2 The
Broad Transect Soil Survey), because at some stage during the
pre-feasibility study or the project implementation interna-
tional agencies might be involved. The observation density
is 2.7 sites per square mile (around one site per square km)
and was considered sufficient to publish the resource maps
for this survey at a scale of 1:100 000 (Vink, 1963 and

IBRD/FAO, 1968). Apart from technical considerations, there
are also some practical advantages to the scale of 1:100 000.
In soil mapping one square cm is considered a basic mapping
unit, and at a scale of 1:100 000 this equals one square km
(100 ha or 247 acres).

The Land Capability maps (Maps 14 and 15) of this survey area
have been compiled from the Terrain and Soils maps using the
same mapping scale.

Maps 12 and 13, Soil Survey Sites, show all the trace lines
traversed and used in the mapping of this survey area. These
maps also provide information on the location of Survey Areas
studied at other levels of soil survey, and the location of
soil profile pits. Those which have been sampled by this st-

udy have been allocated their appropriate map grid reference
according to map Series T735.

2.3.5 The Semi-Detailed Soil Survey

Due to weather conditions during flying and other
ances outside the control of the Land and Surv

the 1:10 000 aerial photographs covering this eyagg:;tm:::;
were not delivered in time for the post-field aerial photo-
interpretation. The 1:25 000, 1972 photographs were there-
fore used instead to locate the rentis system and soil obser-
vation sites and subsequently plot the terratnandaoil data
For each of the four survey areas, viz. Sungai Galasah, Sun:

circumst-
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gai Sawai, Sungai Sebubok and Beluru (Figure 2.1) the 1:25 000
aerial photos were assembled to form a print laydown. All in-
formation contained on these print laydowns was then compiled
onto stable drawing film. The resulting terrain and soil
maps, including all available topographic detail, were then
reduced to a scale of 1:50 000. These reductions were comp-
iled onto the standard 1:50 000 topographic map. (See Maps
16, 17 and 18). During this process it was found that slight
scale differences occurred between the reduced maps and the
1:50 000 base map. This acceptable discrepancy was mainly
caused by the fact that aerial photographs being seldom true
to scale; slight scale differences are particularly noticea-
ble between runs of photographs. Furthermore ground control
points were limited.

The mapping unit in this survey is the soil series, but soil
families have been mapped where subdivisions of families into
series was not catered for in the present soil classification
system.

Map 19, Land Capability, has been compiled from the Soils and
Terrain maps at the same mapping scale of 1:50 000.

2.3.6 Accuracy. of Mapping

Limitations to the accuracy of mapping at a given publishing
scale arise from a variety of factors, of which the following
need to be mentioned: -

- the accuracy of the base maps;

- the plotting of the cut trace lines on the topographic
base;

- the accuracy of the extrapolation and/or interpolation
of terrain and soil boundaries between observation si-
tes within the trace lines and of this information be=-
tween traversed trace lines. This depends on the level
of survey detail.

(a) in this Study the accuracy of the base maps must be
accepted as an unalterable fact;

(b) the location of the traversed trace lines has in all
cases initially been plotted on the aerial photographs,
either at 1:10 000 or 1:25 000 scale, and then trans-
ferred to the topographic base by means of photographic
reduction or by Sketchmaster. Field verification has
been possible by comparison of the course of the rentis
with the description given in the Rentis Logs;

(c) the major complication in locating soil boundaries st-
ems from the fact that the areas are often heterogen-
eous and in most cases do not have exact boundaries
but have a gradual transition. Certain areas in bet-
ween two trace lines could be overlooked because of
the grid pattern of survey. 1In general, however the
knowledge of the physiography of the area as revealed
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to a large extent by systematic aerial photo-interpre-
tation, is a sufficiently reliable guide for the loca-
tion of boundaries at a given publishing scale. Det-
ails concerning the procedures used and a discussion
of the aerial photo-interpretation and its legend ap-
pear in Appendix VII.

237 Soil Annotation and Colours of Mapping, Units of the
Published Maps

2371 Introduction

A brief explanation of the system for soil annotations and
colours of mapping units is required to be able to understand
fully the soil maps accompanying this Report.

The system followed for annotating soil mapping units is that
in general use by the Soil Survey Division, Department of Ag-
ricultural, Sarawak, consisting of a three-letter coding of
soil family names. On certain published maps the Division
used a combination of a one and two-letter system of annota-
tion (Andriesse, J.P., 1972). 1In the Study it was found adv-
antageous to use a two-letter annotation. The systemwas dis-
cussed and agreed upon by the Soil Survey Division.

The colour scheme selected for the soil mapping units is that
in general use by the Soil Survey Division. However the An-

derson Family was changed to a grey tone colour on the maps
published by this Study.

2372 Soil Mapping Unit Annotations

Soil annotations at the family level are indicated by c it
letters (BK = Bekenu Family). At the series level :rcgﬂbigi

ation of capital and lower case letters is used (Bk = Bekenu
Series). '

Intergrades between soil families, which in the Soil Classi-
fication System are regarded as proper families, are denoted
by a hyphen (-) between the intergrading families (BK-Kp
Bekenu-Kapit Family Intergrade). Complexes of two famil-’
are indicated by an oblique (/) between these families w%:;
the dominant family occupying first place (BK/KPnBeka:‘;u/;
pit Family Complex). It must be emphasised that complexes a;
more than two families have not been used in this Study, o

A complex of a family and a family intergrade, for
BK.3/BK-KP.1, has been mapped frequently at the
scale maps. In the soils legend such a

indicated as a complex of the first (BK =
the last named family (KP = Kapit Family),

instance
1:100 000
complex is always
Bekenu Family) anda
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A complex of soil series is indicated by an oblique (/) bet-
ween the letter symbols (Mr.c.4/Jk.c.4) with the dominant se-
ries awarded first place in the complex.

2373 Soil Mapping Unit Colours

Each soil family, family intergrade or family complex has been
allocated its standard colour which is that in use by the Soil
Survey Division. These colours resemble certain of the map-
ping unit's main features. Bottom land and alluvial soils
are in the green and blue hues of the colour spectrumand up-
land soils in the yellow, brown and red hues.

At the series level, the colours are ‘those of the family to
which the series belong. Series separation within each fam-
ily is achieved by employing grey tone dot or pattern screens.
These screens are related to the dominant texture for the
series. Fine regular dots or patterns for heavy textures such
as clays and silts and coarse regular dots or patterns for
light textured soils, loams and sands. Grey tone screens used
for series intergrades or complexes follow the same texture
pattern as that for the series; fine dots for heavy and coarse
for light textures, but the grey tone screens chosen have ir-
regular dots or patterns.

The 1:50 000 soil map of the Semi-Detailed Soil Survey Areas
shows mapping units where a series is mapped in complex with
a family intergrade e.g. Bk.zl.3/BK-KP.1. Bekenu series be-
longs to the Bekenu Family, and the colour used for the above
mapping unit is that for the first and last named family co-
plex, that is BK/KP. The series is identified by the use of
a grey tone screen e.g. for Bk, which is the same screen as
that employed for identifying the Bekenu Series when it is
mapped on its own.

24 PHYSICAL AND CHEMICAL ANALYSES

The following analysis were carried out by the Environmental
Chemistry Laboratory of Hunting Technical Services Limited,
in England: -

A. Full series analysis

(i) Particle size

millimetres
Very coarse and coarse sand 2 - 0.50
Medium sand 0.50 = 0.25
Fine sand 0.25 - 0.10
Very fine sand 0.10 - 0.05
5ilt 0.05 - 0.002
Clay less than 0.002
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(ii) pH, soil-water suspension, 1: 2.5

(iii) pH, soil-potassium chloride suspension, 1: 2.5
(iv) Easily soluble potassium (acetic acid extraction)
(v) Easily soluble phosphorus (Bray and Kurtz, 1945)

(vi) Total available (6 NHC1l soluble) phosphorus,
potassium, calcium, magnesium

(vii) Cation exchange capacity (CEC)

(viii) Exchangeable cations: sodium, potassium, calcium,
magnesium

(ix) Base saturation.

B. Top two horizons of all series analysis:-

Organic carbon and total nitrogen.

C. On representative samples:-
(i) Trace elements; total copper, zinc, manganese
(ii) Silica - sesquioxide ratio
(iii) Clay minerals
(iv) Free iron oxide
(v) Analysis of fine clay fraction
(vi) Water dispersible clay
(vii) Soil permeability

(viii) Available water capacity. Soil moisture held at te-

nsions of 0, 1/10, 1/3, 1 and 15 atomosphere; bulk
density. :

Details of the methods and results of the analyses listed ab-
ove are discussed in Appendices III, IV, V and VI.

It must be noted that a number of analyses have be .
out to be able to place soils in a certain family 2? :::E::d
1

results used for that purpose have not been tabul .
Report. ated in this

62



CHAPTER 3
PHYSICAL FACTORS

31 GEOLOGY

The Study Area is formed exclusively of sedimentary rocks de-
posited in the North-west Borneo Geosyncline, and consists of
almost complete successions of sandstone and shale, with lime-
stone lenses. There is little lithological variation, and
strata of varying ages are almost indistinguishable in the
field.

Oldest rocks within the Area are the MainGeosynclinal Forma-
tion of the Setap Shale, Sibuti, Tangap and Nyalau Formations,
believed to be of Miocene age. Younger formations are the
Lambir and Belait Formations of Mio-Pliocene age. The youn-
ger deposits are represented by Quaternary terrace and allu-
vial deposits.

The older formation comprise a great thickness of mainly ar-
gillaceous strata: the Nyalau formation comprises a rather
more sandy facies which is contemporaneous with the argillac-
eous formations. The Mio-Pliocene Beiait and Lambir Format-
ions are predominantly arenaceous strata which overlie the
Setap Shale, Sibuti and Nyalau formations'in’synclinal basins.
Alluvial terrace deposits overlie older strata in places pa-
rticularly along certain coastal sections and along the in-
land margins of the present day deltaic areas. The approxi-
mate areas and location of the various formations is shown
in Figure 3.1.

The Setap Shale Formation is a thick succession of shale with
subordinate sandstone, and a few lenses of limestone. It oc-
cupies large areas between the Batang Baram and Batang Tinjar,
and to the north-east of the middle and lower section of the
Sungai Niah. South-west of this river, the formation becomes
increasingly interfingered by strata of the Nyalau Formation,
and gives way to the Nyalau Formation south of the Sungai Se-
milajau. The shale is typically silty and clayey, occasion=-
ally very fine sandy, and is moderately soft and well-bedded;
but hard, nodular shale does occur in some places. In the
valley of the Sungai Niah, more arenaceous beds occur near
the top of the formation containing, locally, sandy marlstone
and calcareous sandstone. The formation is moderately folded
in the Niah-Suai area, but more intense folding occurs to the
east in the Tinjar and Baram areas. The dip of the strata
appears to be mainly between 20 to 40 degrees in the Niah-Suai
area, but is much nearer the vertical in the Tinjar-Baram
area.

The Tangap Formation, is a calcareous formation within the
Setap Shale Formation, and includes the Subis Limestone mem-
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ber which forms Gunong Subis. The Tangap Formation comprises

calcareous shale, marl, greenish claystone and occasional beds
of limestone, with some non-calcareous shales and sandy beds.

The formation is gently folded, with dips of between 5 and 20

degrees.

The Sibuti Formation is composed of shale with some marl and
lenses of limestone, but the calcareous occurrences are less
frequent than in the Tangap Formation. The formation is mod-
erately folded with dips in the same range as the Setap Shale
Formation.

The Nyalau Formation is mainly arenaceous, but shale inter-
calations are common. South of the Batang Suai, the format-
ion appears to consist mainly of fine grained sandstones and
sandy shales with coarser grained sandstones increasing south
of Sungai Similajau. In the area of the Batang Suai head-
waters the formation largely consists of fine grained massive
sandstones giving rise to well marked ridges with dip and

scarp topography. The formation shows gentle to moderately
steep dips.

The Belait Formation consists of massive, thick beds of sand-
stone with subordinate shale. This formation forms some of
the highest land within the Study Area, Bukit Selikan (2 633
feet), Bukit Sekewa (2 278 feet) and the Dulit Range (between
3 000 and 4 200 feet). In the Dulit Range and immediately
west of the Batang Tinjar, the sandstone is comparatively co-

arse, but becomes rather argillaceous west of the Sungai Niah
headwaters.

The Lambir Formation is of limited extent within the
Area, and the main occurrences are in the Bakong area the
Lambir hills and east of Marudi. The formation consis%a of
sandstones and shales with calcareous sandstone and limestone
The sandstone is medium to fine grained, but occasionally co-:
arse near the top of the succession in the Lambir hills, and

in the Marudi area. The Lambir Formation is
e L generally gently

Study

Two further formations of limited extent are
Lambir hills and the Miri Ridge.
dominantly arenaceous in its upper
sandstone alternations occur.
largely of sand and poorly cons
with clay.

confined to the
The Miri Formation is pre-

part, but numerous shale-
The Tukau Formation is composed
olidated sandstone alternating

Terrace remnants occur in several places. The mai

south of Tanjong Kidurong, north-east and south oan:r;as are

lau, the Marudi area and the largest continuous area ata Nya-

ing north along the coast from Tanjong Bungai to Miri re:;h_
< 3 en
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eastward to Bakong. Most of these terraces lie between 30
and 100 feet above present sea-level, but locally, as on the
Miri Ridge, are rather higher.

Terrace remnants and sub-recent alluvia occur locally in river
valleys, especially in the valleys of the Sungai Similajau
and Sungai Tukau.

During the early Pliocene, folding of the strata occurred wh-
ich tended to produce structures trending north-east, and the
regional strike over much of the area is between east-north-
east, and north-north-east. The only major exception is in
the upper Tinjar valley where the strike runs north-west., Pa-
rticularly in the Suai area, the structur- consists of nearly
parallel synclines and anticlines trendiig north-east, often
accentuated by the development of faults,

Because of their unimportance, their location outside any of
the Soil Survey Areas and very limited occurrence the Tubau
and Kelalan Formations have not been described, but are shown
on Figure 3.1.

32 GEOMORPHOLOGY AND TOPOGRAPHY

The present morphological features of the area are considered
by Wilford (1961) to be the result of three cycles of erosion
each initiated by uplift and northwesterly tilting. The fi}sg
cycle was initiated by uplift, followed by regional penepla-
nation, of which only remnants exist e.g. in the Kelabit Hi-
ghlands, marked by accordant summits between 6 000 and 7 000
feet. This peneplain is thought to be of late Pliocene age.

A sgcond cycle of erosion started in the 1late Pliocene or
early Pleistocene by uplift and tilting of the peneplain for-
med during the first cycle. This uplift was of the order of
4 000 feet in the east, decreasing towards the west and north-
west. Rapid erosion following this uplift resulted in the
peneplanation of the area. It is considered that the
drainage systems were already in existence before the
of this erosion cycle, since their courses are
with the main structural trends.

main
start
at wvariance

A third erosion cycle was initiated by further uplift of the
second peneplain cycle, the uplift again being tilted to th

north-west, with maximum uplift of the order of 2 000 to 3 003
feet in the east, decreasing to 300 feet or less towards the
west. During this uplift, thought to have started in earl

to middle Pleistocene times, further folding related to thy
existing structural features led to some areas bein e

i u
and others downwarped, emphasising the north-eastegiypzizped
xld 1
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and variations in height between structural units. It is pos-
sible that this process is still active at the present. Sub-
sequent to the uplift described above, changes in sea-level
have occurred with some frequency, causing the fairly frequent
occurrence of marine and river terraces at wvarious levels.
The final rise in sea-level to approximately its present pos-
ition appears to have occurred about 5 500 years ago, and re-
sulted in the drowning of the major river valleys. Subsequ-
ently, deltas and flood-plains e.g. the Baram-Belait delta,
have very rapidly been built up, followed by fairly rapid peat
accumulation over much of the broader flood-plain and deltaic
areas.

The topography of the area is the direct result of the tec-
tonic and erosional history summarised above. The tilted up-
lift has resulted in high land to the east and south - east,
reaching a maximum height of 4 230 feet at Bukit Dulit in the
Dulit Range, and lower land to the west and north-west (see
Figure 3.2). This general decrease in height from south-east
to north-west has been interrupted and modified by the Plio~-
cene folding of the strata described above, and the differen-
tial upwarping and downwarping of renewed folding related to
the regional strike, producing a distinct north-east topogr-
aphic trend parallel to the regional strike as shown in Figure
3.2, especially in the Suai area. This has resulted in a
series of north-east trending ridges with intervening lower
areas.

East of the Batang Suai, the distinct north-east trend is less
obvious in the topography, largely due to the rather more ir-
regular structural trends. Steep, high ridges occur along the
edges of geological synclines. often forming an arcuate pat-
tern, with lower land in the middle as for example associated with
the Belait Formation between the Batang Suai and Batang Tin-
jar. The relatively gently folded sandstones of the Nyalau
Formation have, in places, given rise to a distinct dip and
scarp topography well shown between headwaters of the Sungai
Labang and Batang Suai.

The geologically very recent nature of the present erosion
cycle means that the normal processes of peneplanation are at
an early stage. The topography is characterised by intense
dissection by rivers and streams in their upper reaches and
rapid build-up of deltas and flood-plain in their middie and
lower courses, leading to a landscape of steep-sided hills,
mainly narrow crested in the higher land, and more rounded in
the lower, and generally wet, flood-plain alluvia, often peat
covered.

Only in areas of low topography, generally less than 300 feet
high in the west and north-western part of the area associated
with the minimum geological uplift and in the downfaulted
zones in the Suai area, do less steeply sloping, round topped
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hills occur. In these areas dissection is less severe, and
the topography has assumed a rather more mature outline. How-
ever, in certain of these low lying areas, a secondary disse-
ction cycle seems to have been initiated,; perhaps by slight
local uplift, resulting in steepening of the hill-slopes, and
fairly deep incision of the streams. Examples of this can be
found in part of the Niah Forest Reserve and the northern sec-
tion of the Similajau Forest Reserve. The gentlest non-allu-
vial topography appears to be associated with downwarped areas
of gently folded rocks with very low dips. Here, dissection
is slight and significant areas of low slope, often less than
5 degrees occur. One such area is associated with the Tangap
Formation in the Sungai Karabungan Area.

In the eastern part of the Study Area, drainage systems are
more or less parallel to the regional strike. These include
the Batang Baram, Batang Tinjar, Sungai Jelalong and others.
For a short distance the middle Tinjar is fault controlled
and flows across the regional strike. The rivers of the wes-
tern part of the Area, the Sungai Sibuti, Sungai Niah, Batang
Suai, Sungai Nyalau and Sungai Similajau all flow at roughly
right angles to the regional strike and topographic trend.
Their drainage courses must have been fixed prior to the pre-
sent erosion cycle, and have maintained themby downward cut-
ting of their beds to keep pace with the uplift which initi-
ated the present erosion cycle. This has resulted in a some-
what unusual distribution of present flood-plain alluvium.
The main areas of riverine alluvium tend to be aligned para-
llel to the strike while the major rivers largely responsible
for its deposition run at right angles to the strike. This
feature is well displayed in the Batang Suai drainage system,
where relatively extensive alluvial tracts occur in the low-
lying areas between the higher ridges. While tributary stre-
ams occupy these areas, it appears that much of the deposit-
tion is due to the damming effect and even backward movement
of water from the Batang Suai when in flood.

The main areas of flat land are the large Baram delta and in-

filled formerly drowned valleys of the Batang Baram and Batang
Tinjar, and the wide coastal swamp between Tanjong Bungai and

Tanjong Borgam. Deep peat forms the surface deposit over most
of these areas.

The shape of the slopes within the Study Area is relatively
simple (Figure 3.3). The intense dissection within the higher
land (in most cases anything over 300 feet) has resulted in
steep (more than 25 degrees) slopes with a straight outline
with sharp or very narrow convex crests, and immature topo-
graphic form. Lower areas are more mature with slopes in the
range 10 to 25 degrees and largely within 10 to 20 degrees,
and a convex-straight outline. Where overall heights are less
than 100 feet, and mainly less than 45 feet, a larger percen-
tage of the slope is convex in outline, with short-straight
sections and, occasionally, a very narrow concave foot-slope.
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FIGURE 3-3
DIAGRAMMATIC ILLUSTRATION OF MAIN SLOPE FEATURES

HIGHER LAND (OVER 300 FEET)

Deeply dissected: Dip and Scarp:

Steep straight siopes Steep Scorp siopes,
more gentle Dip slopes

MODERATELY HIGH LAND (100-300FEET)

Moderately dissected, rolling: Undulating to rolling:

Straight - convex siopes Deep secondary incision and steepen
of bottom siopes e

10-20*

LOW TO VERY LOW LAND
(LESS THAN 100 FEET)

Weakly dissected, undulating: Undulating:

Mainly convex slopes, Partially drowned by alluvium
narrow concave bottom slopes




More commonly, secondary stream incision has over-steepened

the bottom part of the slope. Where this incision is cons-

iderable as in the Niah and Similajau examples described ab-
ove, incised valley sides may account for up to 30 per cent

of the slope length from crest to crest. Some examples of
cross-sections of actual areas are given in the Sample Area
descriptions in Appendix II.

A common slope :pattern in higher areas of massive, relatively
gently dipping sandstone is the dip and scarp outline, with
short, steep scarp slopes and long much more gentle dip slopes
parallel to the rock dip. Where these forman almost contin-
uous succession, often arcuate in outline, they form cuesta
topography. This is commonly associated with the uptilted
edges of geological synclines e.g. along the mnorth - western
edge of the valley of the Sungai Jelalong.

In summation, the present topographical features are typical
of an immature or sub-mature geological erosion stage. Geo-
logical weathering is rapid, with a hot humid environment ac-
ting on relatively soft easily eroded parent rock, with the
resulting severe dissection, steep sided hills and rapid build
up of river flood-plains. It is a landscape which presents
considerable problems to agricultural development.

33 CLIMATE

The main elements of the climate have been detailed in Chap~
ter 1; only the features affecting the soil forming environ-
ment will be summarised here. Rainfall is heavy with average
annual totals varying from about 100 inches in the Baram del-
ta to 200 inches in the middle Baram and Tinjar areas. More
important is the fact that this rainfall is spread reasonably
uniformly throughout the year. On average no month has less
than four inches, and inmost areas except coastal ones, the
minimum monthly average is in excess of six inches. Thus the
area lies within a climatic zone characterised by a lack of
any true dry season. Mohr and Van Baren (1959) have devised
a classification which groups rainfall regimes according to
the number of dry and wet months, a dry month being one in
which less than 60 mm (2.4 inches) of rain falls, awet month
having more than 100 mm (4 inches). Within the Study Area,
no location has an average monthly rainfall of less than four

inches. Therefore, all parts of the area fall within Mohr and
Van Baren's Group I, defined as areas in which "there will be
a surplus of rain above evaporation during practically the
whole twelve months of the year." While this is true of long
term average for any month, there can and do occasionally oc=-
cur periods of drought in any month of the year. Neverthe-
less, as far as the soil environment is concerned, the Study
Area is one having a continuously wet climate.
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Temperatures are uniformly high with little seasonal or diur-
nal variation, while humidity is also uniformly high, varia-
tion being largely diurnal as an inverse function of tempera-
tures with little change in actual vapour content.

Monthly variation in average evaporation values is small, with
lowest average values in January and highest in May as der-
ived from Class A pan evaporation measurements. These indi-
cate maximum average values of 5.17 mm (0.20 inch) and mini-
mum values of 3.9 mm (0.15 inch) per day. These values are
derived from coastal station records (see Appendix I.1) and
because of the limitations of the technique the data should
be used with caution. Inland values are likely to be lower
by about 20 mm per year for every 10 km distance from the coast.
Comparison with the average monthly rainfall totals shows that
seldom does evapo-transpiration exceed the incoming rainfall.
While this statement is true of long term averages, there
will certainly be short term periods of drought when evapo-
transpiration will considerably exceed rainfall.

34 VEGETATION

The prevailing conditions of uniformly high rainfall and tem-
perature coupled with year long fairly high radiation inten-
sity provides the ideal environment for luxurious vegetative
growth. The natural climax vegetation is tropical rain for-
est, clothing all undisturbed areas with a dense vegetative
cover. Thus the constant alterations in the landscape due to
normal, inevitable geological erosion, the weathering of rocks
and the formation of soil occur under this dense vegetative
cover. The whole environment is an equilibrium, in which the
natural vegetation is an important component, and readily re-
sponding to the other factors affecting that environment. Re-
moval or alteration of the natural vegetation upsets the equ-
ilibrium, usually in an undesirable direction, by for example
accelerating erosion, affecting the removal and distribution of
plant nutrients, altering characteristics of water movement

in the soil, affecting run-off and causing changes in the soil
climate.

The nature of the vegetative cover does not differ much over
a wide variety of soils; generally the climatic factor tend
to be of over-riding importance. The main differences aris:
between aerobic and non-aerobic soils, with special vegetat-
ion associations occurring on deep peats and swamp forest ass-
ociations on poorly drained alluvia. Rather stunted, s

Kerangas Forest occurs on highly leached infertile te:?-ln
sands. Within the hill Dipterocarp Forest large Variati::i:

in quality have been noted. In some cases these are
to particularly shallow soils, and poor quality hill ;i;:::-d
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ocarp Forest has generally been noted in areas of low, fairly
gently undulating terrain with an average height of less than
30 feet above local alluvial level. Whether there is a true
correlation between these poor forest areas and areas of low
relief or whether the occurrence is purely accidental is not
known, and even if there is a correlation, no reasonable cause
can be indicated. Other areas of poor quality forest have
been noted where no unusual soil or terrain characteristics
occur.
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CHAPTER 4
SOILS

41 SOIL GENESIS

A soil is the product of the interaction of parent material,
climate, topography and organisms (including man) proceding
over a period of time. In the Study Area, the absolute time
scale during which the soil forming process has been active
is relatively short. As indicated in previous sections, the
landscape is young in the geological time scale, and there
are no extensive old land forms., However, the age of a soil
is not normally measured in terms of the length of time during
which active formation has proceded undisturbed, but rather
in terms of the stage of development the soil has reached. If
a given set of conditions is maintained a stage will be reac-
hed when further alteration of the soil body will be slight
and occur only very slowly. Such a soil is considered to have
reached an advanced stage of maturity. Under conditions of
intense weathering a soil will reach maturity in a shorter
time than where weathering is much less intense. A primary
factor in speed of weathering is climate, although parent ma-
terial plays a part. The uniformly hot, humid environment of
the Area provides ideal conditions for rapid weathering.

Within the Study Area there is little variation in the parent
rock on which the weathering process is active. As indicated
in the previous section, all rocks are sedimentary in origin
with little lithological variation. Fine textured rocks pre-
dominate since even the sandstones are mainly fine grained,
and are often argillaceous. The weathering and alteration of
rocks depends largely on their exposure to air and moisture
and the products of the decay of organic matter. The rate at
which the weathering process procedes depends both on the
physical and chemical properties of rock. In rocks which are
well jointed or which have a high proportion of other planes
of weakness, or are permeable, penetration by moisture and air
is rapid and weathering procedes correspondingly rapidly. The
generally fine textured sedimentary rocks of the Study Area

are not very permeable, and since many are no more than mod-
erately folded with few significant planes of weakness, the
weathering process is largely confined to a fairly massive,
compact surface. Even in the prevailing environment of pot-
entially rapid weathering, that is hot, humid conditions with
an abundance of rapidly decaying organic matter, the break-
down of the rocks is not very fast by wet tropical standards.
There are variations within areas of essentially similar ro-
cks: where folding is fairly severe and dips are steep, wea-
thering occurs rather more rapidly than in gently folded areas
of low dip. Extreme slowness of rock weathering within the
area is best seen in the low, very gently folded, almost hor-
izontally dipping strata of the Tangap Shale Formation. Wea-
thering associated with these rocks is further complicated by
their calcareous nature, and the tendency for a perched water
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table to occur above the relatively impermeable rock, reduc-
ing the supply of oxygen and curtailing the oxidation process.
Very slow weathering has also been noted associatedwith hard,
nodular shales of very low permeability. On the whole, the
deepest weathering recorded has been in medium grained sandstones
and soft calcareous marls. A further limiting factor in the
weathering process is that sedimentary rocks are themselves
the product of a previous weathering cycle. Therefore they
usually contain a high percentage of material whichis highly
resistant. Further, in the hot humid environment, the end
product is largely the formation of clay. Siltstones and esp-
ecially sandstones already contain high clay percentages.

Within the Study Area, therefore, a strong chemical weather-
ing environment is acting on rocks which have a high measure
of resistance to chemical weathering due to their generally
low permeability and their already residual nature. Deep rock
weathering appears to be limited to areas of true arenaceous
sandstones, soft calcareous marls and a few areas of well bed-
ded, steeply dipping shales. It could be added that, in cer-
tain parts of the Area, deep weathering along bedding planes
may be from a past erosion cycle rather than the present, par-
ticularly where iron cemented bands are in evidence.

In Chapter 3, the topography was described as being immature
with a preponderance of steep slopes and actively eroding dr-
ainage systems. Such a landscape presents a situation of
rather low stability. In terms of soil formation, a highly
critical balance exists between the weathering of rocks to
produce the surface mantle of soil, and;the forces which col-
lectively act to remove this weathering mantle and re-deposit
it elsewhere. In the environment obtaining in the Study Area
the removal of weathered material or wastage is very rnpid‘
especially on steeper slopes. On slopesin excess of 25 de ;
rees, evidence of very rapid removal of soil is abundant ﬂglg
most obvious features being soil slips and creep terrace{:tes
Loss of soil cover appears to occur largely through the medit;m
of mass movement, but surface wash is important on the finer
textured soils of low permeability.

Almost the sole agency responsible for the

transport and deposition of the products of weiirl;::'in:eiio::;:
ning water. Deposition of these products occurs in the middl
and lower reaches of streams and rivers and results in the
building up of flood-plains and deltas. The rapidit witﬁ
which flood-plains and deltas are being built up and t{a ve
large area of the delta which has formed within the last 5 Ogg
to 6000 years is a fair indication of the intensity f
erosion process. Wilford (1961) reported that the Baroam dt?e
ta is growing seaward at a rate of up to 30 feet per annu; &

Spoils within the Study Area are thus forming, and
in an environment where weathering of the rgék o g:::ifdormed,
raw material for soil formation is slow for a hot humid :n:l;e
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ronment and the removal of soil by erosion is rapid. The in-
evitable result is shallow soils; in a high percentage of all
auger and pit sites examined, partially weathered rock which
retains much of its original shape and nature and is easily
recognisable for what it is, occurs within three feet and a
very high percentage within four feet. Apart from limiting
the depth of the soil, the factor of rapid wastage conspires
to limit the degree of development or the maturity of the soil
body. Even in the intense weathering environment which ob-
tains in this area, the time scale available between initial
rock weathering and the final removal of soil by erosion is
too short to allow advanced development. Easily soluble pro-
ducts are quickly removed, but the predominantly high silt
contents, lack of friability, low content of water stable
clay, the presence of 2: 1 lattice clays (illite) and relat-
ively low contents of oxides (e.g. gibbsite and goethite) in-
dicate an intermediate stage of soil formation.

The luxuriant vegetation and the intense micro and macro fau-
nal activity contribute to soil formation by providing large
amounts of dead vegetative matter which is very rapidly bro-
ken down to provide a considerable supply of organic acids in
the soil leaching solution. No figures are available for the
Study Area but it has been calculated (D'Hoore, 1953)  that
equatorial forests of the former Belgian Congo produce 12 tons
of dry matter per hectare per year (0.4 ton per acre). Under
Sarawak conditions, the amounts will be of the same order.
In spite of this large annual supply of organic matter, its
mineralisation is so rapid that only the top2 to 12 cm (1 to
5 inches) shows any appreciable darkening, and this is more
generally confined to the top three inches. Apart from pro-
viding organic acids which greatly strengthen the leaching
solution, vegetation and organisms also play an important role
in facilitating the entry into, and transmission through the
soil body of water, especially in fine textured soils. Per-
meability tests on small soil cores reveal that, in the abs-
ence of root channels and insect tunnels, the permeability of
fine textured soils is as low as 0.004 cm per hour.

In summary the soils of the Study Area are the natural result
of the interaction between a climate characterised by unifor-
mly high temperatures and an excess of rainfall over evapora-
tion providing a strong leaching environment on rocks sedi-
mentary in origin, predominantly rather fine textured and re-
latively resistant to chemical weathering but offering limited
resistance to erosion by running water. This interaction

takes place in a geomorphologically young landscape of intense
dissection and steep slopes resulting in the rapid erosion and
removal of weathering products. The net result is generally
rather shallow, moderately weathered, highly leached soils,
with high contents of very fine sand, silt and clay. It must
be concluded therefore that this material is not an, ideal
medium for crop growth and production, and requires special
treatmemt and managerial practices such as the application of
fertilisers and erosion control.
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The foregoing section has been largely concerned with the de-
velopment of hill soils, where, under aerobic conditions, we-
athering is largely by processes of hydration and oxidation.

Within the large areas of alluvial deposits, soil forming pro-
cesses are different. Many of these deposits are permanently
saturated, and fresh material is constantly being added to the
surface. As has been indicated previously, the time factor
is important in soil development, and for many of the alluvial
soils the rate of deposition is so rapid that some of them
are no older than the date of the previous flood. Very little
time has been available for any soil development. Where the
soils are permanently saturated, anaerobic conditions exist
and little chemical alteration is possible in comparison with
the activity in soils which are at least intermittently aer-
obic. Secondly, in permanently saturated soil, little leach-
ing is possible, unless the groundwater is flowing steadily,
so that soluble products normally absent inwell drained soils
are present. Alluvial soils in this Area are very immature,
with very little evidence of weathering. In very poorly drai-
ned areas, the anaerobic conditions greatly reduce the faunal
activity which normally breaks down organic matter, and the
process is confined to anaerobic species. Their activity de-
pends on a ready supply of inorganic nutrients, which are gen-
erally low in this area. Thus, the rapidaccumulation of peat
deposits is favoured.

Soil formation in parent materials of the main terrace depo-
sits is also rather simple. The parent material is almost
pure silica sand, so virtually no weathering occurs within
the deposit. Soil formation is restricted to the deposition
of organic matter, with some iron humus compounds within the
deposit, mainly from groundwater. In many cases this soil
formation is no longer active, because no groundwater exists
within the present profile, and the soil may be considered
largely fossil.

42 SOIL CLASSIFICATION

Soil classification is the grouping of soils into units ac-
cording to certain observable or measurable properties. Most
commonly, the properties shown are those which result f.rom or
affect soil genesis, such that the classification should, as
far as possible, be a natural one which reflects the inier-
action of the many factors involved in so0il formation At
the highest level of classification, the properties co;uid
ered are genetic ones while more detailed characteristics ar;

used in progressively lower categories, including those used
as mapping units. "

In this Study, the higher levels of classification hav
been formally recognised or named: sufficient infgrmgzzgnn:t
o
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allow this to be done is not yet available, and the whole pro-
cess of classification is under review at the moment, the
eventual aim being to allow full classification of Sarawak
soils within the terms and definitions of the United States
Department of Agriculture Soil Classification, (A Comprehen-
sive System, Seventh Approximation and its Supplements Soil
Survey Staff, 1960 and 1967). Information available from this
Study is sufficient only to indicate the likely placement of
the so0ils in the higher categories.

Basically, the Seventh Approximation Soil Classification di-
vides all known soils into ten orders based largely on the
presence or absence of certain diagnostic sub-surface horizons.
The features of these diagnostic horizons are those arising
from the genesis of the soil. In Sarawak, only three diag-
nostic horizons which occur in humid environment are of int-
erest. Such horizons can result from the movement downwards
and deposition of the soluble and insoluble products of wea-
thering, or can be the result of weathering in situwith litt-
le effect from re-deposition. Evidence from soil profiles
would indicate that the character of the sub-soils appears to
depend little on movement and deposition within the soil.
Soluble salts are largely leached out of the soil, and there
is no evidence that the movement of clay in the soil has led
to its deposition in the sub-soil. This latter fact is of
importance because previously the soils of this area have been
considered as Red Yellow Podzolics, a group of soils charact-
erised by clay deposition in some sub-soil horizon. Certain-
ly nearly all hill soils show a clay increase with depth, and
this increase in the coarser textured soils is sufficient to
meet the quantitative requirements for an argillic horizon.
However, no true clay skins have been noted in the soil pro-
files and limited information from thin section analysis in-
dicates the absence of orientated clay (Scott, priv. comm.,
1973). The major peds do show a pale coloured skin especial-~
ly in the Merit family soils. The nature of this is not fully
known, but may represent gleying of the ped faces. During
heavy rain there is considerable water movement along major
structural planes in fine textured soils, and commonly in a
freshly dug soil profile pit there is free water on the larger
ped faces.

The major chemical characteristics are those of a heavily
leached but only partially weathered soil. Generally, the
cation exchange capacity (CEC) is about 25 to 30 me/100 g

clay. This value is quite high compared with the upper limit
of 16 me/100 g clay set for oxic horizons in the Seventh Ap-
proximation (1967). Therefore, the upland soils certainly

would not qualify as soils containing an oxic horizon. Pre-
liminary clay mineral analysis indicates that 2:1 lattice cl-
ay is a minor but important constituent of the clay fraction,
and there is a significant content of weatherable material in
the sense used in the Seventh Approximation. Further, mnone
of the soils, except for the special case of terrace sands,
show any of the characteristics of a spodic horizon. Almost
by elimination, the sub-soil characteristics of the wupland
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soils are those of a cambic¢ horizon. The main features of
the cambic horizon are the result of weathering in situ rather
than from additions of mineral material: thus the clay incr-
ease shown in the Merit and Bekenu families from B/C, C hori-
zons to the true B horizons is due to the progressive weath-
ering of the soil parent material rather than to additions of
clay derived and mechanically transported from overlying hor-
izons. However, upland soils do show a considerable increase
in the clay content from A to B horizons. This would indicate
that clay is lost from the A horizons, but, as explained ab-
ove, does not accumulate in the sub-soil: therefore, there
must be net loss of clay from the soil body. The mechanics
of this are uncertain, but lateral loss and transport of clay
must be effective during heavy rain. It has also been reported
however, that clear cutans have been observed on thin sections
collected from a Merit family profile in Central Sarawak (Sc-
ott, priv. comm., 1973). This would point at a certain move-
ment of clay down the profile. A shifting process by soil
fauna like termites and ants may also play a part together
with mixing of the upper part of the soil in tree fall. In a
few profiles there is some evidence that clay may be moved
through the soil profile into the underlying weathering rock,
particularly where it is broken up. The significance of this
is difficult to judge. It may be that the prevailing moist
or wet soil environment favours the transport of clay rather
than its deposition. The soil may seldom be dry enough to
encourage clay moved in suspension to adhere to ped faces and
pore walls. Further, there is some indication that sub-soil
porosity is generally low. As noted above, water movement
especially in the finer textured sub-soils, appears to bé
largely confined to fine cracks separating the major, coarse
soil aggregates and along root channels.

In terms of the Seventh Approximation Classification, the re-~
sidual upland soils merit inclusion in the Inceptisoi order
since they have a cambic horizon and lack, on present evid-
ence, any other diagnostic horizons such as spodic argillic
or oxic horizons. Further arrangement of the soiis within
this order should await more detailed study with the specific
aim of establishing a higher order classification.

This study has limited itself to the classificati

into units at family and series levels to allo:t;g;pgi 30113
final interpretation of the soils in terms of their agﬁic:?
tural potential. The accreting alluvial soils are immat ;
and all are likely to come within the definitions of the gr
tisol order. Other soils which have sub-so0oil horizons w.:;
very dark colours and relatively high organic matter cont lt
may come within the Spodosol Order, but at PR G RbED b s enis
insufficient data to indicate that these organic horize e £
definitely spodic in nature. In cases where thedafkc#; are
ed horizon lies at considerable depth (more than 1000 our-
40 inches), these soils may reasonably be considered as Emt:r
sols. Pallid soils within the Study Area are com aratin 1-
rare, and there is insufficient data to establish zh i vely
ationship to other upland soils. eAr'rels
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43 PHYSICAL AND CHEMICAL CHARACTERISTICS
- OF THE SOIL UNITS

43.1 Introduction

In this section the main physical and chemical properties of
the various families and series are described. In fact, the
chemical characteristics are described for the family, rather
than individual series, in most cases because there are no
significant chemical differences between series within one
family. Further, in most families one. series tends to be
dominant: for example the Merit and Bekenu series are highly
dominant in the Merit and Bekenu families respectively.

The classification of the soils within the Study Area is that
devised by the Soil Survey Division, Sarawak (Scott, 1973),
and is a classification at family, series and phase level.
The reasons for the lack of classification at higher 1levels
has been explained in the previous section.

In the first instance, soils are divided into two broad gro-
ups, accreting and non-accreting soils. The former includes
all soils forming within the present flood-plains of rivers
and streams and coastal alluvia. They are basically soils to
which additions of parent material are constantly being made.
The latter group includes all soils which are or have formed
in situations above present flood-levels and which do not re-
ceive additions of material on their surfaces other than or-
ganic matter from normal vegetative decay. A third broad
group includes organic soils; these are defined as having mo-
re than 30 per cent organic matter if the mineral fraction
consists of more than 50 per cent clay, more than 20 per cent
organic matter if the mineral fraction has no clay, and some
proportional intermediate value of organic matter if the clay
fraction is intermediate.

Within these three broad groups, further division is made on
other features of the control section, primarily texture and
colour. The control section is defined as that part of the
soil profile between 10 em (4 inches) and 100 cm (40 inches),
or to a lithic or paralithic contact, whichever is the shal-
lower. Depth to a lithic or paralithic contact is also a dia-
gnostic feature at this level of classification, the division
between very shallow or skeletal soils and others being set
at 25 cm (10 inches). Division within the accreting soils is
based on the electric-conductivity to separate riverine from
marine alluvia, with further division between gley and non-
gley soils and those occupying intermediate drainage posit-
ions. Divisions within non-accreting soils is made between
pallid and non-pallid soils, the former being defined as soils
having colour values of more than 5 and chromas of less than
3 according to the Munsell Colour notation as to the dominant
matrix colour of the control section. Special recognition is
made of soils with pallid upper horizons, and dark coloured
sub-soil horizons within the control depth having colour va-
lues of 5 or less and chromas of less than 5. The dark colo-
ured definition is intended to correspond to a spodic horizon
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where other classifying criteria are lacking. Sub-division
is made between dark horizons which are soft and those which
are hard enough to prevent penetration by a normal soil auger.
Separation between soils derived from calcareous or mnon-ca-
lcareous parent material is achieved by setting a limit of
pH 6 measured in some sub-soil horizon below 75 cm (30 inch-
es), or immediately above a lithic or paralithic contact if

shallower than 45 cm.

The major units of classification and mapping within the gr-
oups summarised very briefly above are soil families. These
are based on a number of characteristics of which textural
groupings are one of the most important. These groups are of
the normal soil textural classes with one major difference:
for the purposes of the family textural groupings the very
fine sand fraction is considered as silt. These textural gr-
oups are:-

(1) Sands
Sands; loamy sands coarser than loamy very fine sand.
(2) Coarse loams

Sandy loam, light loam, light silt loam and silt in which the
sand is mainly fine or coarser and the clay content is less
than 18 per cent.

(3) Fine loams

(Where the sand is mainly fine or coarser) sandy clay loam;

heavy loam, heavy silt loam, light clay loam, light silty clay
loam: clay content 18 to 35 per cent.

(4) Coarse silts

(Where the sand is mainly very fine sand) @ loamy very fine
sand, sandy loam, loam, silt loam, silt: clay content less
than 18 per cent.

(5) Fine silts
(Where sand is mainly very fine sand) sandy loam, loam, silt
loam, clay loam, silty clay loam, sandy clay loam: c1¢§ con-

tent 18 to 35 per cent.
(6) Clays

Sandy clay, clay loam, silty clay loam, sil

ay content more than 35 per cent. ,? y, clay: cl

The main physical and chemical properties of the s
tified during the course of this Study are describzi;geiizn-

432 Merit Family

Spils of this group are the single most important Isrou i
the Study Area. -They occupy 30 per cent of the Broad gra -
sect Soil Survey Area and 54 per cent of the semi-betﬁilza
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Soil Survey Area. They are mainly non-accreting residual so-
ils formed from shales and, occasionally, very fine grained
sandstones. A very minor component of the family is the Lupar
series in which the parent material is fine textured old all-
uvial material. The two major series within the family are
the Merit and Jakar series, differentiated on colour. The
Merit series has a hue of 10YR or yellower in some part of
the control section (100 cm or 40 inches) above 50 cm (20 in-
ches), while the Jakar series is redder than 10YR throughout
the control section. The basic criteria for the family are
that the weighted average texture of the control section be-
low the Ah horizon or 10 cm (4 inches) whichever is the deeper
be fine, that is it should contain more than 35 per cent clay
and that the matrix colours should not be pallid. Table 4.1
shows the main features of the particle size distribution.

TABLE 4.1 AVERAGE PARTICLE SIZE ANALYSIS VALUES
(PER CENT) FOR THE MERIT FAMILY

No. ggr::;gles Clay silt Verzaﬁine Other sand
in brackets
(gg) 21 39 19 21
(78) 33 45 13 9
b 39 41 12 8
(gg} 46 37 10 7
(?ﬁ? 47 34 9 10
(38) 43 35 9 13
Bng? . 40 40 8 12

The Merit family has a loam or silt loam Ah horizon about 5
cm (2 inches) deep on average, overlying clay loam sub-surf-
ace horizons which in turn overlie clay textured sub=soil B
horizons. Where partially weathered parent material horizons
occur, the texture decreases to light clay or clay loam, occ-
asionally silty clay loam. Silt contents are high throughout,
with minimum values in the B horizons and only very small
amounts of fractions coarser than very fine sand occur: these
are highest in the lower sub-soil horizons and ‘this increase
is largely due to iron-cemented particles. The organic carbon
content of the Ah horizon averages out at 3.8 per cent, and
considerably darkens the horizon. It is ahorizon of intense
faunal and bacteriological activity and in most cases is com-
posed largely of faecal pellets imparting a moderately to
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strongly developed crumb structure and very friable consist~-
ence. The horizon has a very high root density of mainly fine
feeding roots, but also contains shallow laterals. Porosity
is high, and the presence of this horizon is obviously very
important in its effect on the infiltration properties of the
soil. On steep slopes, the Ah horizon is often either absent
altogether, or is no deeper than about one and a half cm or
half an inch. On such sites, surface ‘wash appears to be too
high to allow the persistence of any depth of layer with si-
gnificant amounts of organic matter. It is likely that loss
of the Ah horizon may greatly decrease the infiltration of
water into the soil and thus increase the run-off with atten-
dant increased erosion hazard. In this respect the leaf 1lit-
ter is also important. It is seldom more than two leaves th-
ick and more usually is only of single leaf deep, but plays
a part in decreasing the splash effect of water droplets.

Underlying the Ah horizon, or at the surface if this is absent,
the Ae horizon is mainly of clay loam, occasionally silty cl-
ay loam texture. The organic matter content decreases sharp—
ly in this horizon and has little effect on soil structure.
This is weak to moderate, medium or coarse subangular blocky
and the consistence is friable to firm. The horizon is gen-
erally well rooted with moderate porosity, and faunal activi-
ty is usually high with numerous tunnels as a result of ant
and termite activity. This activity considerably aids the
movement of water, very much higher permeability values being
obtained from small core permeability tests where faunal act-
ivity is high than where it is absent. Faunal activity may

also have considerable effect in sorting and mixing the soil
in this horizon.

In most profiles there is a horizon, designated B1l, which has
properties intermediate between the overlying A horizon and
the underlying B horizons. The colour is usually either sli-
ghtly more red and has higher chroma than the Ae horizon. The
structure is both more strongly developed and coarser than
the overlying Ae horizon. Most commonly the structure is mod-
erate, coarse subangular blocky with a pale surface visible
on some of the peds. As explained in the foregoing section
the exact nature of this pale surface to the peds is not known
but it is important to note that they are in general not Cla'
skins. The consistence is firm, occasionally very firm anz
the porosity is low. Evidence of faunal activity is ua:mll

present, but at a much lower intensity than in the overl iny
Ae. The intensity of rooting is less than in the Ae hori:onsg

Maximum clay contents occur in the B2 horizons w
ture is clay, occasionally silty clay and rarelyh;;z::;m 2;:-:;;

loam. As has been explained, it is not thought t
increase is dve to clay derived from the ow:zgrlyiz:t;:;:iszgizy

The maximum clay content is due to weathering in situ and the

accompanying net loss of clay from the surf
horizons. The B horizons are the most Btr;;;f:dc:tlxg;:t;sf:;?
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ere there is a colour increase with depth, but frequently co-
lour alters little with depth and an increase in chroma of
two units often represents the maximum colour change from A
to B horizons. In many profiles the significance of colour
variation is rather vague. Evidence is insufficient at the
moment to indicate whether differences in colour are due to
minor differences in the parent material or to differences in
the weathering environment. Colour differences do not appear
to correlate with any significant variation in measureable
physical or chemical characteristics. Soil structure in the
B horizons is usually both most strongly and most coarsely
developed. In many profiles a degree of coarse prismatic st-
ructure occurs, most easily seen in the profile after it has
been left open for a time and has dried out a little. Water
movement appears to be concentrated along these coarse struc-
tural planes, and the aggregates are invariably pale surfaced
The main structural aggregate is a coarse angular, less com-
monly subangular blocky, the peds are moderately to strongly
developed. 1In some profiles a subsidiary structure of medium
to fine rather wedge shaped peds occurs. These units are in-
complete in that they are not separated from neighbouring pe~-
ds at all points on their circumference. The significance or
reason for this kind of ped is not at present known. Consis-
tence in B horizons is firm to very firm and porosity very
low. There is generally a very low level of faunal activity
in comparison with overlying horizons and water movement wi-
thin peds is rather restricted. Measurements of small core
permeability indicate that permeability may frequently be less
than 0.005 cm per hour, and water movement in the horizon de-
pends heavily on the fine cracks separating the major peds.
Root density in B horizons is very low, and the generally
high compaction and low porosity does not provide a very sat-
isfactory environment for root development,

In a very high percentage of all soils of the Merit family
there are iron concretions present in the B horizons. The
upper boundary of these concretions is nearly always abrupt
and forms an obvious layer in the soil profile. Nevertheless,
these concretionary layers do not appear to constitute a se-
parate genetic horizon, since they can and do occur at any
level in the B horizons and occasionally in the A. They ap-
pear to be largely a residue of rock weathering. Many expo-
sures show the presence of iron concretions along cleavage
planes of little altered rock. In some cases they are prob-
ably geological, but in most they appear to have derived from
a previous weathering cycle interrupted by the uplift which
initiated the present rock and soil weathering cycle. The
concentration of these concretions into distinct layers is
probably largely the result of slow colluvial processes on
the generally steeply sloping landscape, although sorting by
faunal activity may also have been an important factor. In
many bottom slope positions these concretions occur on the
surface and scattered throughout the profile, and it is likely
that in such cases the soil is of largely colluvial derivat-
ion. The upper boundary, as noted, is usually clearly defi-
ned, and lies at an angle roughly parallel to the ground sl-
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ope. The concretions themselves are usually only moderately
hard and can be broken in the fingers. Many show the impress
of the original parent material and are often described as
iron cemented parent material. Others are less obvious in
this respect, and have a soft earthy centre. Less commonly,
the concretions are distinctly pipe-like. The density of
concretions is highly variable, but can reach as much as 80
per cent by volume of the horizon. 1Inconcentrations greater
than 50 per cent the concretionary horizon is strongly limi-
ting to rooting and the concretionary layer usually defines
the effective rooting depth. 1In a few cases, very high den-
sities have been seen to provide a barrier to water penetrat-
ion due to the very close packing of the concretions, the fine
interstitial material and the complete lack of discernible
structure. The base of the concretionary layer is usually
the soil parent material, but occasionally the density of the
concretions decreases fairly abruptly and a B horizon with a
low concretionary density occurs. In most cases the depth of
soil weathering and the effective depth of the soil from the
point of view of plant rooting are very different. This cre-
ates some problems in deciding the limits for depth phases:
ideally in a soil classification these should refer to the
depth of the solum, the depth of soil development. However,
in the conditions in the Study Area these would seldombe the
same as the effective rooting depth and since the end result
of the Study is a land capability assessment, depth phases
have been used as effective depth. Obviously it is possible
to indicate both parameters, but to do so greatly complicates

the mapping procedure: for practical reasons this has been
avoided.

In the Merit family, about 25 to 30 per cent of all profiles
examined show sub-soil horizons in which the nature of the
original parent material is obvious although generally heav-
ily weathered. These constitute the C and B/C horizons. the
latter tending to be mixtures of partially weatheredroci:and
well weathered soil material occurring as discrete patches in
the same horizon. Colour is much paler in these horizons
than in the overlying B horizons, frequently being grey. When
the parent rock is well weathered, there is little structure
and the horizon is very compact; roots seldom penetrate into
it. In some cases the B/C and C horizons retain the original
rock structure and tongues of an overlying horizon penetrate
into the underlying rock, parts of which show cementation b

iron oxides. More rarely, the B horizons abruptly overlie z
C horizon of little altered parent rock whichretains the ha-
rdness of the original rock. This occurs most frequently wh-
en the shale parent rock is little folded and gently di yin

and there is a lack of planes of weakness along which pﬁatﬁé
and air can penetrate to institute weathering: thus the we-
athering process is confined to the surface of the rock In
some nodular shales the weathering process also i ears} &

slow, and core boulders are common in such Casesp Beto e
the B2 horizons and the B/C and C horizons describ;d bween
there is commonly a horizon, designated B3 WhiCh}u“!ma 2ve’
the characteristics of B2 horizons exceptthatcolourijfzftzﬁ
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rather paler, small pieces of weathered shale are present and
the clay content is lower. This horizon is more closely re-
lated to the B2 horizons, but contains properties of the un-
derlying C and B/C horizons. Structure is wusually weaker
than in the overlying B2, consistence is very firm and the
horizon commonly, but by no means invariably, contains the
highest concentration of iron concretions.

There is a basic relationship between slope and effective soil
depth within the Study Area. As indicated in the Sample Area
descriptions in Appendix II, effective depth decreases with
increasing slope. Further, on steeper slopes, generally th-
ose steeper than 25 degrees and with slope lengths greater than
50 metres, effective depth varies with position on the slope.
The minimum depth occurs on bottom slopes and maximum depth
on the upper third; consequently, mapping of soil depth is
complex even at fairly large scales of mapping.

The average chemical characteristics of the Merit family are
summarised in Table 4.2. Exchangeable cations are highest in
the Ah and lowest in the B horizons, but overall values are
extremely low. Values tend to increase somewhat in B/C and C
horizons because of the more active release from rock weath-
ering. Total cations on the other hand are lowest in the Ah
horizon and increase steadily with depth. Total calcium is
an exception, the highest levels occurring in the Ah and Ae,
with only very low levels in the rest of the profile. This,
and the distribution of the exchangeable cations,illustrates
the very efficient concentration of available nutrients in

TABLE 4.2 AVERAGE CHEMICAL CHARACTERISTICS FOR
THE MERIT FAMILY

Exchangeable Total
Horizon pH ;:;igg’ nutrients & ;2%; Per cent
No. of samples |soil/water - & Img/100 g soil esoil g base
in brackets 1:2.5 saturation
Ca |Mg | K Ca|Mg | K | P
(;g) 4.6 0.9/0.7]/0.3 |20|127|129|42] 17.2 12.1
(1;;) 4.8 0.3[0.3]0.1 | 6|162[163|24]| 13.6 5.0
(113) 5.0 0.1|0.1{0.1 | 3]169|177[18]| 12.4 3.5
(1§§§ 5.1 o.1lo.1]0.1 | 2|200]215|20| 12.5 3.3
{1?§f 5,1 o.1lo.1l0.1 | 2|211|237|21]| 12.0 3.7
(23)' 5.3 0.2|0.3]0.1 | 3|231]|233]|21| 12.5 4.3
B{ﬁ3? ¢ 5.2 0.1lo.5l0.2 | 3|276|278|23] 12.8 8.1
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the vegetation and the surface few inches of the soil. The
values for total cations are quite high and indicate the re-
latively immature stage of weathering of the present soil,
while the very low exchangeable values are to be expected in
heavily leached soils derived from parent materials relative-
ly low in weatherable minerals. This is emphasised by the
very low percentage base saturation, particularly in the B
horizons. The relatively much higher value in the Ah horizon
emphasises the degree to which available nutrients are con-
centrated here. Apart from the Ah horizon, the cation exch-
ange capacity (CEC) is very uniform throughout the profile in
spite of the range in clay content revealed in Table 4.1.
The lower clay values in the A horizons, particularly in the
Ah, might be expected to yield somewhat lower CEC values; but
this is more than made up for by the higher organic content
of these horizons. The pH values increas« graduallywith de-
pth, the A horizons being strongly acid.

Apart from the micro-nutrients described above, micro-miner-
als are also important in plant growth. The table below shows
average values for soils of the Merit family,

TABLE 4.3  AVERAGE PROFILE TRACE ELEMENT LEVELS (P.P.M.)

Cu Mn Zn
10 68 . 4s

These average values indicate that micro-nutrients levels are
low but probably adequate. However, considerable variation
occurs, and in many cases the micro-nutrient levels are rat-
her marginal. These levels could become critical when fert-
ilisers are applied and the whole nutrientbalanca:ischanged.
In general, there is some relationshipbetweannﬁﬁroinutrient
levels and levels of total cations, higher levels of the for-
mer occurring when levels of the latter are high. In this
connection, these levels appear to have some definite geogra-
phical distribution, and it is tentatively suggested that low
general levels of both macro and micro-nutrients are associ-
ated with areas of poor primary forest. Examples are Sample
Area B, parts of Similajau Forest Reserve and the Kemena Area
Here nutrient levels are very low, and the forest quality i;
generally very poor. There is also a possibility that this
effect may relate to some extent to soil families,. This is
further discussed in Sections 3.5 and 3.16.

A very minor series within the Merit family is the Lupar ser-
ies which includes fine textured soils derived from old all-
uvial deposits. These soils are very difficult to disting-
uish in the field from other soils in the Merit family ginge
their physical properties are very similar to the Merit and
Jakar series. They are usually distinguished by general to-
pographic features and by the presence in some of a horizon
of rounded quartz gravel and, occasionally, an obvious disg-
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continuity between the alluvial material and the older surface
on which it was deposited. However, the limited laboratory
data would indicate that these soils are extremely low in
plant nutrients, a fact to some extent not inconsistent with

the poor quality forest they support.

433 Bekenu Family

Soils of this family are largely derived from residual parent
material, and occupy 20 per cent of the Broad Transect Soil
Survey Area and 3 per cent of the Semi-Detailed Soil Survey
Area. The main source parent rock of this family is very fine
grained sandstones and rather sandy and silty shales. Very
small areas of Bekenu soils are derived fromold alluvial ma-
terial, and have been tentatively included in a separate ser-
ies, the Tukau series. The main series are the Bekenu and
the Sarikei series, differentiated on colour in the same way
as the Merit and Jakar series in the Merit family. The basic
criterion for the Bekenu family is that colour should not be
so pale as to qualify as a pallid soil, and that the average
texture of the control section should be fine or coarse silty.
Most Bekenu soils are, in fact, fine silty. Clay content in-
creases gradually from A to B horizons and decreases in the
B and C horizons. Bekenu family soils contain similar silt
contents to Merit family soils, but have almost double the
very fine sand content. The content of coarser sand fractions
is also much higher. The main features of the particle size
distribution are given in Table 4.4.

TABLE 4.4 AVERAGE PARTICLE SIZE ANALYSIS VALUES
(PER CENT) FOR THE BEKENU FAMILY

Ngﬁﬁgiégigt:s Clay | sit¢ | VOrY Hne | o¢her ‘sand
(gg) 12 37 30 21
(ii) 20 40 2l 16
(50) 25 37 24 14
(Eg} 29 32 22 17
(gg? 29 36 20 15
(323 31 34 17 18

B{C? ';‘ C 22 45 20 13
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The Ah horizons have an average organic carbon content of 4.6
per cent. Texture is normally a light loam and the structure
is moderate medium crumb with very friable consistence. This
horizon is on average 5 cm (2 inches) deep and seldom exceeds
10 cm (4 inches) so that, although it is frequent and persis-
tent under natural vegetation, it can be quickly lost when
land is cleared and cultivated. The importance of the Ah hor-
izon in water movement has already been discussed in the sec-
tion on Merit family soils.

Underlying the Ah horizon is the Ae horizon, containing con-
siderably more clay than the Ah. The texture of this horizon
is generally a heavy loam or silt loam, occasionally heavy
fine sandy loam. Structure is moderate medium subangular
blocky and consistence is friable; rather more so than in the
case in the Merit family. Porosity is high, and faunal act-
ivity usually considerable. The horizon is well rooted.

The B horizons are marked by an increase in texture with light
clay loam, very fine sandy clay loam and silty clay loam being
the most common textures. Occasionally the texture in deep
soils may reach heavy clay loam or even light clay, but the
average clay content of the control section must not exceed
35 per cent. Structure is rather more strongly developed and
the peds are coarser than in the Ae. The most commonly occ-
urring structural designation is moderate, occasionally str-
ong coarse subangular blocky, with firm consistence. Poro-
sity is moderate to low. The B horizons of the Bekenu family
soils are, on the whole, less compact than those of the Merit
family and structure rather less strongly developed and agg-
rates smaller in size. Evidence of a prismatic or near pris-
matic aggregation is less obvious in Bekenu soils, and the
formation of a distinct surface to the individual peds is less
marked. Water movement through the B horizon is more
than in Merit family soils, and appears to be less concentrat-
ed along specific structural planes., 1In general, the horizon
is a better rooting medium than in soils of the above ment-
ioned family. Concretionary iron layers are as common in the
Bekenu family as they are in the Merit family, and are the
main feature limiting effective root depth. The nature of
these concretionary layers is the same as in the Merit family,

rapid

The lower horizons of the Bekenu family profile are

and C horizons and are marked by the presence of ident
rock material. Within the normal depths described in
pit, these horizons occur leéss commonly in the Bekenu famil
than in the Merit family - in about 16 to 18 per cent of ca 4
in the former as opposed to 25 to 30 per cent in the 1aw|;1;::_:iB
This may indicate a greater depth of weathering in the Beken.
family related to the greater permeability of the parent rocku
The texture of the B/C and C horizons is generally a ve fi .
sandy or silty clay loam, occasionally light clay ltm::y Stne
ucture is generally weakly expressed, and miy be"1imtted 11:—
the structure inherited from the weathering parent rock, C .
sistence is usually very Iirm, Buf 18 3&rgely 5 FORET & 02;‘

the B/C
ifiable
a soil
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the degree of weathering in the horizon. In some cases, the
C horizon may be relatively little altered parent rock. What-
ever the degree of compaction, rooting in the horizon is us-
ually very sparse or absent altogether. As in the case of
the Merit family, there is often present a horizon +transit-
ional from B2 to B/C and C horizons in which the character-
istics are usually more akin to the B2, but include some char-
acteristics of the underlying B/C and C horizons. Most com-
monly it contains the greatest volume of iron concretions.

TABLE 4.5 AVERAGE CHEMICAL CHARACTERISTICS FOR THE BEKENU FAMILY

Exchangeable Total
Horizon pH cations nutrients CEC Per cent
No. of samples me /100 mg/100 g soil|me/100 g base
in brackets soil/water % soil saturation
Ca Mg K |Ca|Mg | K | P
(gg) 4.8 0.9 [ 0.5[0.3[32| 58| 57|40| 14.5 11.9
(2;] 5.0 0.1|o0.1]0.1| 3| 75| 62|20 9.4 327
B1
(32) 5.1 <0.1 <0.1(0.1| 1| 92| 74|15 8.1 2.9
B21
(41) 5.2 0.1 [<0.1(0.1]| 1| 97| 88(15 8.6 3.0
B22
(29) 5.2 0.1 <0,1]|0.1| 2|106[103]14 8.2 E P
(32) 5.4 0.2 [o0.1]0.1] 4|113]122]19 9.3 5.0
B{CH? ¢ 5.3 <0.1]0.1]|0.1| 2[108]|112]17] 9.0 3.1

The main chemical characteristics of the Bekenu family are
given in Table 4.5. This shows a distribution very similar
to that for the Merit family, but lower levels of both exch-
angeable and total cations except for levels of total calcium,
which are similarly very low in both families. The average
levels of total cations is about half that of the Merit family,
Cation exchange capacity is considerably lower than for the
Merit family, but shows the same relationship between hori=
zons. The lower levels are related to the lower clay contents
as shown in Table 4.5. Base saturation are very similar in
the two families except that the increased percentage base
saturation of B/C and C horizons in the Merit family is mnot
paralleled in the Bekenu family, Possibly this reflects the
higher permeability of these horizons in the Bekenu family
and the consequent greater degree of leaching.
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The effect of the lower fertility levels of the Bekenu family
is difficult to determine. One feature is the even higher
concentration of exchangeable cations in the Ah horizon in the
Bekenu family than in the Merit family. The main areas of
Bekenu soils, as for example, the Similajau Forest Reserve
area are generally areas of poor primary forest cover. There-
fore, it is suggested very tentatively that there may be a
correlation between forest quality and inherent soil fertil-
ity. It should be pointed out that areas of very shallow
Bekenu family soils (where the depth of the solumis shallow)
are excluded from this generalisation: they and the Bekenu-
Kapit family intergrade characterised by having C horizons at
shallow depth can have relatively high inherent fertility le-
vels largely due to their extreme immaturity. These soils
are commonly found on high, steeply sloping areas and have a
forest quality that is often quite high, suggesting a possi-
ble divergence in the kind of land suitable for forestry on
the one hand and agriculture on the other, where no external
input of fertility is considered. There does appear to be a
case that the areas most suitable for agriculture in terms of
topography may be the areas which have the lowest potential
for forestry. The evidence for this in this Study is admit-
tedly very vague, incomplete and imprecise; but is worthy of
further study, particularly where there is, or may arise,
competition between forestry and agriculture for land.

The importance of inherent fertility levels in the agricult-
ural development of Bekenu family soils is relatively limited
and fertiliser inputs will be necessary to achieve optimum
yields, but the need for fertility balance should again be
stressed. The level of leaching losses of applied fertilis-
ers may be slightly higher in the Bekenu family than in Merit
family because of the higher permeability of the former,

The average levels of micro-nutrients in the

Bekenu fami
are shown below. amily

TABLE 4.6 ~ AVERAGE PROFILE TRACE ELEMENT LEVELS (P.p.M.)
FOR THE BEKENU FAMILY 3,

Cu Mn Zn
5 21 18

These values are much lower than in the Merit famil and
micro-nutrient deficiencies are a distinct p°sﬂibility' .
ecially where manurial treatments may upsetthaexistii i 2-
her delicate nutrient balance. The zinc levels are pagtizu-

larly low. However, all levels are near the criti i
where deficiency symptoms could be expected. cal point

In general, the Bekenu family is more favourable f
growth in terms of its physical properties than is :;e gi:g:
family, but rather less so in chemical characteristics
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The two main series within the Bekenu family are the Sarikei
and Bekenu series. The latter is by far the more important;
but, apart from the colour difference which separates them,
there do not appear to be any differences in their physical
and chemical characteristics. A very minor soil, the Tukau
series, is developed from old alluvial material. No laborat-
ory data are available for this series, butit is likely that
nutrient levels will be lower than for the other two series.

434 Nyalau Family

Only very limited areas are occupied by soils of this family
within the Broad Transect Soil Survey Area and the Semi-Det-
ailed Soil Survey Area, the figures being 6 per cent and 0.3
. per cent respectively. They have formed from mediumand fine
grained sandstones and contain more sand than do either the
Bekenu and Merit families, particularly in the grade sizes
coarser than very fine sand, as shown in Table 4.7. A minor
component of the family is soils with similar textural char-
acteristics formed in old alluvial parent material. These

are soils of the Sabangang series. All other soils of the
family are included in the Nyalau series. The clay percentage
distribution is very similar to that of the Bekenu family,
but as mentioned above, the sand and silt distribution is very
different. Like the other two families described, clay con-
tent increases with depth and reaches a maximum in the lower
B horizons. Colour is often very uniform throughout the pro=
file, there being no change in hue with depth, and only minor
chroma changes.

TABLE 4.7 AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE NYALAU FAMILY

Horizon i
No. of samples Clay Silt Verzaizne Other sand
in brackets

?2) 19 4 26 19 52
) 20 19 17 A
?;) 2k 21 12 43
?g} 28 20 | 9 43
?g? 32 18 10 40
B3

B/C & C Insufficient data
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The Ah horizon is dark coloured due to its relatively high
organic matter content. The usual texture of this horizonis
light sandy loam, occasionally loam, with a weak to moderate
crumb structure and very friable consistence. As with all Ah
horizons, there is a high density of fine feeding roots and
intense faunal activity.

The underlying Ae horizon is sandy loam, loam or, occasional-
ly, a sandy clay loam in texture. The horizon is weakly str-
uctured and friable to very friable. Porosity is high and
the horizon is usually very well rooted with a high degree
of faunal activity. The permeability of this horizon is high.

Underlying the Ae horizon, the Bl horizon is transitional to
the true B2 horizons and is marked by an increase in clay
content. The usual texture is sandy clay loam. Structure is
weakly developed, and the units are rather coarser than in
the Ae horizon. Consistency is friable and the porosity is

high with fairly high permeability. The horizon is generally
well rooted.

The B2 horizons are marked by a further increase in the clay
content and, occasionally, a slight reddening of the colour.
The usual texture is sandy clay loam, but may reach sandy clay
in the deeper profiles. However, the fine textures do not
usually occur within 100 cm (40 inches) of the surface. The
structure is weak to moderately coarse blocky with friable to
firm consistence. The pale coloured surface skin on indivi-
dual peds which is so obvious in the Meritfamily'isonly“very
weakly expressed in the Nyalau family. The B2 horizons of
the Nyalau family contain a higher root density than in either
the Merit or Bekenu families and the Nyalau family appears
to present little impediment to root development in the sub-
soil horizons. The porosity of the B2 horizons is moderate

and sub-soil permeability is probably quite high. As in th;
Bekenu and Merit families, iron concretions occur in the B2
horizons, but are usually less dense than in these two fami-
lies and do not so frequently present a barrier to rooting

Nyalau soils are generally the most deeply weathered of th;
residual soils, probably as a result of the greater permeab-

ility of the parent rock and consequently its more rapid we-
athering.

The deep sub-soil B/C and C horizons are usually below

depth of normal soil inspection. Where they have been SZhe
they are coarser than the overlying B2 horizons Al A gezn

erally lacking in structure. They are much less

com
in Bekenu.and Merit families. soils. pact than

The chemical characteristics of the family shown i

are very similar to those of the Bekenu family ex:2£:%i§~4.8

ther lower values of exchangeable potassium and lower ng_
L]
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TABLE 4.8  AVERAGE CHEMICAL CHARACTERISTICS FOR THE NYALAU FAMILY

Exchangeable Total
Horizon H cations nutrients CEC Per cent
No. of samples me/100 g soil |mg/100 g soil [me/100 g base
in brackets soil/water soil saturation
Ca |Mg K |Ca|jMg | K |P
Ah 4.8
(4) . 0.2 |0.3]10.1] 4]"55] 55|40 10 7
‘t‘;) 4.9 |<0.1 0.1 0.1]| 1| 69| 64|21 6 3
B1 ’
(%) k.o el 1. 0 Ener 21T o] A 6 2
?;} 5.0 0.1 k0.1 |<0.1] 2| 95| o412 6 4
?g? 5.1 0.1] o ko.1| 2|107]110]13 6 4
B3
B/C & ¢ } Insufficient data

although the clay content is very similar in the two families.
The family is poorly supplied with plant nutrients, but this
may to some extent be overcome by the deeper rooting possible
in this family. The leaching losses of applied fertiliser
are likely to be very high because of the high permeability
‘and low CEC. Response to fertiliser may well be greater in
this family than in the other two, but optimum results from
fertiliser may require more frequent, smaller applications
than in the case of the other families, particularly the Mer-
it family. The limited information available on micro-nutri-
ent levels indicates that Nyalau soils are very deficient in
this respect with copper and zinc less than 5 and 10 p.p.m.
respectively. With values as low as these, micro-nutrients
may well limit the response to applied fertiliser.

435 Peninjau Family

Soils of this family have formed in medium and coarse grained
sandstones of rather low coherence and with a very low cont-
ent of weatherable material.

Soils of this family have been described only in one small
area south-west of Beluru in this Study. They are also re-
orted as occurring in the Lambir Hills (Wall, 1965c). In the
Beluru area they are very deep, friable, featureless soils
of loamy medium and fine sand texture and yellowish brown
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colour throughout. They are confined to very steep-sided,
isolated ridges of Lambir formation. There is little evidence
of horizonation, and they must be strongly leached to consi-
derable depths. The associated vegetation is a rather light,
open poor quality primary forest, and frequent periods of some
moisture stress must occur. The soil has, probably, very low
levels of plant nutrients.

4.3.6 Kapit Family

Soils in which the parent material occurs within 25 em (10
inches) of the soil surface are considered shallow or skelet-
al soils. The parent material may be little-altered, comp-
act rock, or more heavily weathered rock in which the original
compaction has been sufficiently reduced to allow the material
to be penetrated by an auger. 1In the first case the shallow
soil is considered to belong the Meluan family; in the second
to the Kapit family. The first is of rare occurrence within
the areas studied. The second occurs more frequently, but
seldom occupies discrete areas of any size: usually, it oc-
curs as a complex with soils of either the Bekenu or Merit
families or with the Kabuloh family. This latter family will
be described in a later section.

The Kapit family occurs most frequently in high, very steeply
sloping land, where the soil wastage due to natural geological
erosion is more rapid than the renewal of soil by weathering.
Rarely, Kapit family soils are found in areas of low relief
associated with very compact shale parent material which ap~
pears to weather very slowly. Kapit family soils are very
simple profiles with only a shallow A horizon overlying the
C horizon. The texture of the A horizon is rather variable

depending on the nature of the parent material, but is mainl;f
very fine sandy or silty clay loam to clay loam. Obviously
the depth of soil available to plant roots is very limited.
The C horizon, although physically penetrateable by roots

does not provide a good root medium, probably due to the lac],:
of easily available nutrients in the horizon. Total cations
are high because of the immature nature of the soil, and ex-
changeable levels are also rather higher than in the more
mature soils. Insufficient data are available to Provide
meaningful average values, but one profile description with
the relevant laboratory analyses is given in Appendix VX

43.7 Merit-Kapit and Bekenu-Kapit Family Intergrades

More common than the very shallow soils Just described are
soils in which the lithic or paralithic contact occurs within
50 cm (20 inches) of the surface. In this Study, the dense
concretionary layer occurring in many soils has been consid-
ered to be a paralithic contact. Soils in which the weathered
parent rock C horizon or the dense concretionary layer occurs
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within 50 cm (20 inches) of the surface are considered as
occupying an intergrade position between the Kapit family de-
scribed above and the deeper soils of the Bekenu or Merit
families. Thus they are the Bekenu-Kapit and Merit-Kapit fa-
mily intergrades, separated on the basis of texture in the
same way as the Merit and Bekenu families. These soils are
characterised by the lack of a true B2 horizon, and the pre-
sence only of the transitional B1, and B3 horizons. Textures
are very variable, ranging from very fine sandy clay loam to
clay and relate mainly to the parent material, but also +to
the degree of weathering. Because of this variability, no
attempt has been made to give average textures.

The Merit-Kapit and Bekenu-Kapit family intergrades are char-
acterised by an A3, B, B3, B/C and C type profile. The Ah
horizon is frequently absent or less than half an inch in de-
pth and appears to be related to the steep slopes and conse-
quently high degree of sheet wash associated with these int-
ergrade soils. The efficient depth is by definition in this
Study limited to depth of less than 50 cm (20 inches). Soil
structure is usually weak, coarse blocky with a fairly high
root density. In many cases, iron concretions occur through-
out this depth and are found at the soil surface.

The average chemical characteristics of these intergrade fam-
ily soils are given in Table 4.9. These show that the levels

TABLE 4.9 AVERAGE CHEMICAL CHARACTERISTICS FOR THE BEKENU-KAPIT
AND MERIT-KAPIT FAMILY INTERGRADES

Exchangeable Total
Horizon pH cations nutrients CEC Per cent

No. of samples Sedlfwatir me/100 g soil |mg/100 g soil|me/100 g base

in brackets soil saturation
Ca|Mg | XK {ca|Mg | x [P
?g) 4.7 |o.9]1.1 |o.4|21|173]154 (37| 16.9 18.2
?5) 4,8 |0.3]0.3 |0.2| 8|144|164|26| 13.9 7.2
?;} 4,9 |o0.1]0.2 |0.1| 2|198|209|23]| 13.5 .2
(Eg] 5.1 |0.1/0.3 |o.1| 3|222|23128] 12.0 5.1
B’%?? . 5.3 |0.10.4 [o.1| 3|269|234[21] 13.2 5.9
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of total cations are very similar to the Merit family, but
that their exchangeable values are slightly higher, as is the
base saturation percentage. The levels of exchangeable mag-
nesium are significantly higher than in any of the families
so far described with a calcium: magnesium ratio of less than
one in nearly all horizons. Micro-nutrient levels are avai-
lable for only one profile, but this would indicate that the
levels are relatively high and that no deficiency is likely.
On the whole, the main limiting factor of these intergrade

soils is their shallow depth.

438 Kabuloh Family
4381 Introduction

Soils of this family are derived from calcareous parent mat-
erial of residual origin. Apart from this feature, their main
common characteristic is that at some depth below 75 cm (30
inches) they have a horizon with a PH in excess of 6. Ano-
ther feature of Kabuloh family soils is that they have a base
saturation which is much higher than for any other residual
family. The individual series within the family differ from
each other markedly in both physical and chemical character-
istics, and will be described separately. The area occupied
by soils of the Kabuloh family is restricted to an area north-
east and south-west of the limestone hills(ﬂ?Gunong Subis in
the Sebubok and Sungai Karabungan Survey Areas. Within these
areas they occupy 9 and 2.9 per cent respectively, but only
less than half a per cent of the Broad Transect Soil

Survey
Area as a whole.

4382 Kabuloh Series

The Kabuloh series soils are generally shallow and derived
from calcareous shales. They differ from the other residual
soils in that they are immature, with an Ah,Ae,Bj.(:profile
sequence and no true B2 horizon. In this way the series is
related to the Bekenu-Kapit and Merit-Kapit family intergra-
des as immature soils. The main difference is that the Kab-
uloh series must, by definition, be deeper than 50 em (20 in-
ches) to a lithic or paralithic contact
Texture is rather variable, but is main
Within the control section, the average
than 35 per cent. Average particle size
given in Table 4.10.

vand it is calcareous.
ly clay loam on clay.
clay content is more
analysis data are

The Ah horizon is usually very dark colou
tent of organic matter and a high carbon:nitrogen ratio rel-
ative to the other major residual series, The horizon has a
well developed crumb structure with a friable consistence

On these calcareous soils the organic matter is rather 183;
well humified and mineralised than in the non-calcareous sSo-
ils. The horizon is well rooted with high faunal activity,

red with a high con-
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TABLE 4.10 AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE KABULOH SERIES

No.lf)ofr:::ngles Clay "Pwiay s Vexy fine (i} Jppigng fog
in brackets
?2) 24 48 20 8
?Z) 32 51 14 3
1(3;) 41 42 15 2
6 40 42 17 0

The underlying Ae horizon is pale coloured, the major hue be-
ing 2,5Y. This rather olive colour is a feature of the ser-
ies, and is common to all horizons. The structure is weakly
developed blocky with a firm consistence and rather low poro-
sity. The texture is most commonly clay loam. In the field,
the permeability of this horizon appears to be low, and the
texture appears finer than the laboratory data show it to be.

The underlying B3 horizon is transitional in character between
a B2 and C horizons. It is usually clay loam or clay in tex-
ture, the clay content being high in a few cases. Structure
is very weakly developed blocky to massive with a very firm
consistence and low porosity. Permeability appears to be very
restricted, and rooting is not very well developed in this
horizon. Commonly, this horizon contains hard, nodular man-
ganese concretions up to 5 mm in diameter.

The lower C horizon is usually pale coloured clay or clay
loam, very compact and massive with very low porosity. Root~-
ing is frequently absent in this horizon. As in the B3 hor-
izon, there are manganese concretions present in some of the
soils. It is thought that these concretions are the result
of the present weathering cycle unlike the iron concretions
of the residual soils described in the foregoing sections.
Their presence may be an indication of the frequently water-
logged condition of these soils.

A feature of the Kabuloh series is the frequency with which
the soil rests abruptly on unaltered parent rock. The actual
primary weathering zone appears to be very narrow. This is
likely to result from the very compact, impermeable nature
of the parent rock, its generally gentle dip and lack of stru-
ctural planes of weakness at a high angle to the soil surface.
This leads in many cases to the formation of a perched water
table during heavy rain and frequent saturation of the over-
lying soil.
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TABLE 4.11 AVERAGE CHEMICAL CHARACTERISTICS FOR THE KABULOH SERIES

Exchangeable Total
Horizon pH cations nutrients CEC Per cent
No. of samples me/100 g soil | mg/100 g soil|me/100 g base
in brackets |S°0il/water — soil [saturation
Ca (Mg | K |ca|Mg| K |P
?2) 6.2 23.4(2.0|0.4 [547 [389 | 144 43| 15.9 85.1
‘?2) 5.8 11.0/1.20.2/205 (294 108 19| 13.4 72.6
’?g) 6.5 19.20.8[0.2(334 [520|190|20| 15.6 100
v 7.5 [29.1/1.0(0.1{533(622/234|19 15.7 | 100

The main chemical characteristics are summarised in Table

4.11. This shows a very different picture to the other resi-
dual soils. Base saturation is very high, due largely to the
relatively high levels of exchangeable calcium. Levels of ex-
changeable magnesium are also higher than in the other resi-
dual soils, but of a much lower order thancalcium.ﬁxchange-
able potassium is not much different. Thusthenntriéntratios
are very differnt in the Kabuloh series. Calcium : magnesium
ratios are high and increase with depth. The high base sat-
uration percentage, and particularly the very'high levels of
exchangeable calcium, are characteristics which are uncommon
in soils of a potentially highly leachingenvironment.There_
fore, these soils must be considered immature, the rate of
weathering slow. The soils fall into two broad categories

those occurring on steep slopes where the combinationcﬁ?sio&
weathering and relatively rapid wastage ensures that
formation is incomplete and those on gentl
tage is slow, but weathering also very sl

The other major characteristic which sets the Kabuiohf:zii:.
Sk s

apart from the other residual soils is the m
found in all horizons. uch  higher pH

The micro-nutrient levels found i

t
The n this series are shown be-

TABLE %.12  AVERAGE PROFILE TRACE ELEMENT LEVELS (P.P.M.)
Cu Mn Zn :

20 267 122
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These are very much higher than for any other soil so far con-~
sidered, and deficiency in this respect does not appear like-
ly. However, in these relatively high pH soils, the possib-
ility of unavailability of iron should be considered, espec-
ially since iron levels are relatively low.

4383 Karabungan Series

The general physical properties of the Karabungan series so-
ils are very similar to soils of the Merit family, and they
can be difficult to distinguish in the field. However, the
calcareous nature of the parent material can normally be de-
termined by a simple acid test because, in nearly all cases,
the C horizon occurs within normal inspection depth in these
soils. The soil colour covers the same range as the Merit
family and the rather pale olive colours associated with Kab-
uloh series are restricted to the B/C and C horizons and occ~-
asionally to the B3 horizon. The Karabungan series appears
to represent a more mature expression of soil formation from
calcareous parent material, It is a soil with an Ah, Ae, B2,
C horizon sequence. It is a soil with a high average profile
clay content, and is the finest textured of the residual soils
as shown in Table 4,13. This is a reflection of the generally
fine nature of the parent material. Karabungan soils occur
on sloping topography at gradients between the very steep and
very gentle categories characteristic of the Kabuloh series,

TABLE 4,13 AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE KARABUNGAN SERIES

Nzﬁﬁgiégﬁgigs Clay | siit | Very fine | gupnor sand

(?g) 24 49 22 5
?g) 38 b7 12 3
B1 Insufficient data
%) 55 35 8 2
63 50 39 9 2
?g) 47 41 6 6

B{io? G 46 b1 10 3
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The Ah horizon has the characteristics common to all Ah hori-
zons, a high organic matter content, well developed crumb st-
ructure and friable consistence with high root density. Tex-
ture is normally heavy loam or silt loam.

The Ae horizon is heavy clay loam, occasionally 1light clay
texture. Colour is nearly always of 10YR hue and in this
respect the series most closely resembles the Merit series of
the Merit family. Soil structure is moderate medium to coarse
subangular blocky with moderate porosity. The horizon is gen-
erally well rooted with high faunal activity.

Transitional horizons between A and B2 are mainly absent in
this series, and the A2 horizon is directly underlain by B2,
The latter has a high clay content (over 50 per cent on ave-
rage). Commonly, the colour of the B2 horizons are stronger
and redder than the overlying A3. Soil structure is moder-
ately to strongly developed and is usuallvarycoarseblocky.
Evidence of a coarse prismatic structure is also present, pa-
rticularly where soil pits have dried out. Pale coloured sk-
ins on individual peds are very common and well developed,
and, as in the Merit family soils, water movement appears to
be largely between peds: movement within peds is very rest-
ricted. The horizon is very compact with low porosity, and
somewhat restricts rooting. Concretions are less common in
the B2 horizons of this series than inmost other soils. Man-
ganese or manganese/iron concretions occur in some profiles,
but more commonly the manganese occurs as soft patches
coatings on small sections of ped faces. Manganese
on small parent material fragments is also common .

cretions like those in the Merit, Bekenu and Nyalau family
soils are usually lacking, and the prevalance of manganese
either as coatings or concretions can help to differentiate
this series from the Merit family soils, although some of the
last mentioned soils can show similar evidence of manganese .

and
coating
Iron con-

The B3 horizon is usually slightly less red than the B2 hori-
zons with a slightly lower clay content and less well deve-
loped structure. When concretions are present, the greatest
volume is usually in this horizon. Parentrockfragménts are
usually present.

The B/C and C horizons are often the same colour as the soils
of the Kabuloh series. They are very compact, weakly struc-
tured or massive, and have a very low porosity, They rest-
rict rooting and usually define the lower limit of

. ; eff i
depth in this series. An abrupt transition from soil :gt::f
altered rock is much less common than in the Kabuloh series

1

but abrupt transitions do occur,

The average chemical characteristics shown in Table b.14 in-

dicate that the Karabungan series occupies a Position inter-
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TABLE 4. 14 AVERAGE CHEMICAL CHARACTERISTICS FOR
THE KARABUNGAN SERIES

Exchangeable Total
Horizon pH cations nutrients CEC Per cent
No. of samples ) me/100 g soil | mg/100 g soil|me/100 g base
in brackets soil/water soil saturation
Ca Mg | K | Ca (Mg K P
Ah
(12) a5 9.4 12.6|0.41161 (187 9236 2171 54.8
(gg) 5.4 2.2]0.8l0.2]| 3833718226 15.0' 18.8
B1 Insufficient data
(Eg; 5.8 J.212.3]10.2| 20(321|250|25 15.8 21,4
Bee 6 8lo.2| & 2 6
(6) D 1.7(0.8]0. 31309252 (25 15.0 b
?g) 5.7 2.4)2.1/0.2| 35[413]281]23 14.5 31.2
3{25? > 6.7 13.9/1.4(0.2[785 |334 | 147 [19 17.8 80.1

mediate between the Kabuloh and Merit family soils. Levels
of both total and exchangeable cations are considerably high-
er than in the Merit family as is base saturation, but are
very much lower than in the Kabuloh series, except in the
B/C and C horizons, where the calcareous nature of the parent
material becomes obvious. The base saturation percentage wo-
uld appear to be a reasonable feature to distinguish between
the Karabungan series and the physically very similar Merit
series within the Study Area, but the present level of 35 per
cent suggested in the Draft Reclassification of Soils in Cen-
tral and North Sarawak (Scott, 1973) is too high. While this
is acceptable in the Kabuloh series, a limit of 15 or 20 per
cent might be more appropriate for the Kabuloh family as a
whole. " In the Study Area, the base saturation of the Merit
family soils is very low, and is very unlikely to approach
either of these levels. Whether these limits would fit the
soils in Sarawak as a whole will have to await detailed in-
formation from other areas. The levels of micro-nutrients
from the limited information available are adequate for plant
growth.

4384 Tangap Series

The Tangap series is developed in calcareous sedimentary ma-
terial, possibly calcareous marl. It has been encountered
only in the Sungai Karabungan Area and is of limited extent.
It is a deeply weathered soil, parent material being encount-
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ered only at depths below 60 inches in soil pits. Thus, al-
though for the present included in the Kabuloh family, it does
not meet the requirement of having a pH of 6 or more in all
horizons below a depth of 75 cm (30 inches). However, as a
soil unit it does possess other characteristics which are not
found in other soils. It has distinctly red B2 horizons of
very fine texture with an increasing degree of white mottling
with depth until the lowest C horizons are pallid with prom-
inent red mottling. Some Merit family soils do exhibit con-
siderable mottling in their deeper sub-soils due to a fluct-
uating water table, but they do not show the near white mat-
rix colours of great depth seen in soils of the Tangap series.
The series is found on low, very gently undulating topogra-
phy, often associated with the Kabuloh series. The parent ma-
terial would seem to be very easily weathered.

The main feature of the soils is their great depth of fine
textured material, the B2 horizons often extending beyond 150
cm (60 inches). The soils are weakly and coarsely structured
with very low porosity, and their internal drainage is poor.
However, the heavy sub-soil mottling and very pale matrix col-
our would not appear to be due to impeded drainage, and it
may be that mottling did occur in the Presence of a fluctuat-
ing water table, which has since lowered. 1Inany case, these
series do appear to exhibit in their variegation some of the
characteristics often associated with soil formation in humid
climates. The very compact nature of the sub-soil is not id-
eal for tree crops, although it is difficult to judge to what
extent yields might be affected. There isno distinct limit-
ing horizon as is the case with most hill soils, Manganese

concretions are common in the sub-soil, but they are not dense
enough to limit rooting.

Average particle size analysis values and che
istics are given in Tables 4.15 and k.16,
from only three profiles is available these
as a broad guide only. They indicate that
percentages are higher than for Merit soils
the Karabungan series. There would be some
evidence available, of including these 80ils in the Kabuloh
family as at present defined. Nevertheless, they are signi-
ficantly different from the Merit family which is the onl
other family into which they could be included on the presen{
definitions, and they are known to be associated with calcar-
eous parent rock. The pH is likely to reach .6 only at great
depth. Some revision of the definitions of the Kabulohgfam—
ily may be required,

mical character-
Because analysis
figures are given
base saturation

problem, on the

439 Kayan Family

Soils of this family are of riverine alluvium der
occupy very small tracts in the Study Area,
cur within the valley of Sungai Tukau and som

ivation and
They mainly oc-
€ sections of
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TABLE 4.15 AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE TANGAP SERIES

Horizon Very fine
No. of samples Clay Silt 4 d Other sand
in brackets fan
?2) 19 47 26 8
?g) 35 48 13 4
?g% 54 31 9 6
?ﬁ? 59 30 8 3
B/%z? c 58 30 8 4

TABLE &.16 AVERAGE CHEMICAL CHARACTERISTICS FOR THE TANGAP SERIES

Exchangeable Total
Horizon pH cations nutrients CEC Per cent
No. of snmplen, s ator me/00 011 | mg/100's Roit|ne/i00 f ~Thase
Ca |Mg | K |Ca|Mg | K | P
?g) 5.9 5.2[1.1]o0.4 121|183 83[48] 21.3 14,6
?g) 5.1 1.4]0.4 0.2 264|224 |136(30] 13.6 13.8
?g; 5.4 1.6]0.2(0.1| 15|299|194|30] 13.4 12.0
?g? 5.8 2.8l0.3]0.2| 32[356|210{30] 13.8 20.2
Bffz? = 5.6 5.2(0.5/0.3] 42]257 150 19] 15.6 30.6

the Sungai Similajau in the Similajau Forest Reserve. They
are commonly associated with Bemang family soils. Kayan fam-
ily soils are deep, very friable, almost structureless sands
and loamy sands with a low content of very fine sand. The
colour is 10YR or yellower throughout, and only one series
(the Kayan series) has been recognised. No chemical analyses
are available for these soils, but their nutrient status is
likely to be low, and their agricultural suitability is lim-
ited by their low retention capacity of both water and nut-
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rients, Incorporation of organic matter would considerably
alleviate both, and they are likely to be useful for veget-
ables, and certain fruit crops.

43.10 Bemang Family

These soils occur more widely than those of the Kayan family.
They are found on the highest parts of the levees of larger
rivers, and in the middle and upper sections of smaller str-
eams, mainly those draining fine sandstone and sandy shale
areas, and are often associated with non-accreting soils of
the Bekenu family. Two series are recognised, the Bemang se-
ries consisting of deep, rather friable and weakly structured
fine silty soils, with only rarely a more shallow variant in
some narrow valleys where the alluvium ovarlies partially we-
athered shale at shallow depths. 1In most cases the profile

is uniform in both colour and texture, and there is 1little
obvious horizonation. Rather coarser soils of coarse loam
texture are included in the Similajau series of the Bemang
family. Here again the soils are deep, friable and weakly
structured, but horizonation due to depositional layers is
more commonly found in this series than in the Bemang series.
Soil colour in both series is generally 10YR or yellower, and
they are soils with little profile development. The agricul-
tural potential of the Bemang family soils is high, and they
are suitable for a wide range of crops, but are subject to
occasional flooding. Although the family has a widespread
occurrence throughout the Study Area, individual units are
seldom of any size, and development of these soils separately
will rarely be possible. The average chemical and physical
characteristics are shown in the tables below.

TABLE 4.17  AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE BEMANG FAMILY

Horizon T T
. Cl Sy
Nintgigzizi:s s e sand Other sand
Ah
(8) 18 “ly 25 %
Other horizons
(9) 49 42 16 o
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TABLE 4,18 AVERAGE CHEMICAL CHARACTERISTICS FOR THE BEMANG FAMILY

Exchangeable Total
Horizon pH cations nutrients CEC Per cent
Nc_:. of samples aoil/iatls me/100 g soil {mg/100 g soils (me/100 g base
in brackets soil saturation
Ca |Mg| K |[Ca|Mg | K |P
Ah
(9) 4.7 2.2(1.1]/0.2(58 |140 | 128 |41 13.4 26.6
Oth i
"(';;‘)”1““3 5.0 0.1]0.3|0.1| 3|169|171]16] 10.5 5.8

"Other Horizons" in the above tables are the weighted average
values for all horizons other than the Ah horizon. Compared
to the Bekenu family, which is the non-accreting soil most
similar to the Bemang family, the texture is very similar.
However, the alluvial soil has slightly higher total exchang-
eable bases than the residual soil, particularly of exchange-
able magnesium. Total cations are considerably higher except
for calcium. Levels of micro-nutrients are higher. The one
set of analyses available shows values of 10, 105 and 54 for
copper, manganese and zinc respectively, so that deficiency
in these elements is not expected.

43.11 Seduau Family

Of the well drained accreting soils, the Seduau family is the
most widespread. The major part of the levees of larger str-
eams and many of the smaller streams are occupiedby soils of
this family which are characterised by a clayey texture, and
contain more than 35 per cent clay. In common with other
well-drained alluvial soils they show 1little horizonation,
but are more compact than either the Kayan or Bemang family
- soils. Structure is usually better developed and is medium
or coarse blocky. Like soils of the Bemang family, these are
suitable for a wide range of crops, but again seldom occupy
individual areas of any size, because their occurrence is li-
mited to levees and some smaller well drained valley units.

Data from only two profiles are available. These indicate
that the base saturation percentage is higher than in the
Merit family, and that exchangeable magnesium is the major
exchangeable cation. Total cations are very similar for the
two families. Generally the nutrient status of soils of the
Seduau family is rather better than of many residual soils.

4.3.12 Pakan Family

These are poorly drained alluvial soils of riverine origin.
They fall within the textural groups coarse and fine loamy
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and coarse and fine silty. These are strongly gleyed, per-
manently or nearly permanently saturated soils with little
discernible profile development. Some textural variation oc-
curs within the control section, but this is rarely strongly
contrasting. Such variation as does occur is largely due to
depositional differences.

Within the Pakan family, two series are recognised, again de-
fined in terms of texture. The dominant series is the Pakan
series with a control section texture of fine silt. Coarse
silts and coarse and fine loams are included in the Dangkar
series, which does not occur in large enough units to be map-
pable within the Semi-Detailed Soil Survey Area. No labora-
tory data are available for this family.

4313 Bijat Family

The major family within the poorly drained riverine alluvia
is the Bijat family, characterised by a clayey texture, con-
taining more than 35 per cent clay. These are largely per-
manently saturated soils with little or no horizonation. They
are structureless and mainly unripened, with little inherent
cohesion. It is difficult to extract these soils with an
Edelman auger, because they appear to break down to a semi-
fluid state when penetrated by the auger. There seems no
doubt that major physical changes occur when these soils are
drained. The effect of permanently lowering the water table
on unripened soils was not examined within the Study Area,
but experience from elsewhere suggests that the gradual com-
paction of such soils on drainage can lead to the development
of an uneven micro-relief which would pose some roblems in
for example field levelling for wet land rice cultivation.

Two series are recognised within the Bijat famil i
series with 25 cm (10 inches) or less oii’ an mt:)lrga’n?c:e Se;ea:td;
surface horizon, and the Bijat family withoutiisurfaée peaty
horizon. Analysis from only one profile is available. This
indicates that the level of exchangeable bases is rather hi-
gher than for most well-drained soils as is the percentage
base saturation. The pH is lower throughout the profile, and
lacks the tendency to increase with depth common to b;tter
drained soils. Levels of total cations are moderate. In this
example organic carbon content is high, the highest value
occurring in the sub-surface horizon and yielding a high car-
bon:nitrogen ratio. This indicates the lower degree of min-
eralisation in a mainly anaerobic environment.

43.14 Bemang-Pakan Family Intergrade
The Bemang-Pakan intergrade of medium textured soils occurs

widely in smaller drainage valleys. The actual d
: vt : rai .
ditions included within the family intergrade Var: zgﬁzizzi-
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ably from moderately, through imperfectly, to poorly drained.
The physical characteristics of these soils are likewise rat-
her varied. The less poorly drained members are deep, fairly
friable with weak, occasionally moderately developed blocky
structure. Mottling is well developed, and the degree of
gleying increases with depth. Like the well drained Bemang
family, these soils provide a good rooting medium. The less
well drained Bemang-Pakan family intergrade is more massive,
but nevertheless still reasonably friable. The rooting depth
is largely a function of water table depth, which, although
highly variable over the year, is usually within the control
depth.

This family intergrade is a group of soils which possesses
considerable agricultural potential, providing the necessary
drainage amelioration can be achieved. Their major disadvan-
tage lies in a proneness to flooding of variable severity and
duration which could make control both difficult and costly.
It is this latter feature which could be the main 1limiting
factor to annual and semi-perennial crops. Only towards the
poorly drained limit of the intergrade will tree <crops be
seriously affected. Average chemical and physical character-
istics of this intergrade family are given below.

TABLE 4.19 AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE BEMANG-PAKAN FAMILY INTERGRADE

Horizon
No. of samples Clay 511t YouK.tiun Other sand
r sand
in brackets
Ah
16 26
(3) b7 11
Rest
26 4 22
(6) 2 7

TABLE 4.20 AVERAGE CHEMICAL CHARACTERISTICS FOR THE
BEMANG-PAKAN FAMILY INTERGRADE

Exchangeable Total
Z cations nutrients
Horizon CEC Per cent
No. of samples soil,plﬁater me /100 g soilmg/100 g soil me/100 g base

in brackets

soil saturation
Ca |Mg | K |Ca|Mg | K |P

Ah

¢3) 4.5 0.7]0.6l0.2|15|117|121[48] 14.4 11.4
‘(‘g?t 5.2 <0.1|0.2|0.1| 2|127|140]14 8.5 5.8
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43.15 Seduau-Bijat Family Intergrade

The soils of this family intergrade are the fine textured
equivalents of the Bemang-Pakan family intergrade. They are
generally more strongly and coarsely structured than the Be-
mang-Pakan family intergrade soils and considerably more com-
pact, but are still deep soils providing a good rooting medium
except where limited by a near permanent water table at depth.
Like the Bemang-Pakan family intergrade, frequent if short-
lived flooding is a major limitation to agriculture. This
intergrade comprises the largest and most commonly occurring
group of alluvial soils within the survey areas.

TABLE 4.21 AVERAGE PARTICLE SIZE ANALYSIS VALUES (PER CENT)
FOR THE SEDUAU-BIJAT FAMILY INTERGRADE

Horizon Vi
No. of samples Clay Silt ¥ dna Other sand
in brackets o
Ah
(3) 21 46 26 7
Rest
&) 47 38 9 6

TABLE 4.22 AVERAGE CHEMICAL CHARACTERISTICS FOR THE
SEDUAU-BIJAT FAMILY INTERGRADE

Exchangeable Total
cations nutrients
Horizon
pH me/100 g soil|mg/100 g soil| CEC Per cent
Ng.ﬂ: anﬂptes soil/water g me/100 g base
n rackets so0il saturation
Ca |Mg| K |[Ca|Mg | K | P
Ah 4.8 1.4
%) . .411.0|0.3|71(155|108]|52 13.14 23.1
Rest
(6) 5.0 0.1|0.5(0.1] 2|183|171]| 14 10.0 8.4

The above average chemical characteristi &

high base saturation percentage due 1ar;§iy522w :ngiatlvgiy
magnesium. The latter, compared to the residual soiln$ea e
pears to be a feature of most alluvial soils in th s, ap-
Within the Seduau=Bijat family intergrade; the chemical o1
acteristics vary with the drainage status of the s;?a char-
poorer drained members showing higher‘exChangeable'Vaiués-J:§;

the better drained soils. This is probab
ial leaching. probably due to different-
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43151 Hydrologic and Textural Sequences of Riverine Alluvium

The whole spectrum of riverine alluvial soils forms a dist-
inct hydrologic sequence of soils and, to a lesser extent, a
textural sequence in most river and stream valleys. The hy-
drologic sequence runs at right angles to the river or stream
and consists of increasing gleying and progressively higher
water tables as one procedes from the levee position to back
swamp position. Similarly, a much less obvious textural gra-
dient can be detected along the same axis. Some diagramatic
sections are shown in Figure 4.1.

In broader valleys the drainage sequence is extended to in-
clude a rapid transition from very poorly drained mineral so-
ils to increasing peat accumulation. Only in the larger river
valleys is it possible to map these sequences as separate
units even at the field mapping scale of 1:25 000 employed in
the Semi-Detailed Soil Survey Area. Usually, the sequence
must be indicated by the family or family intergrade or by a
complex where no one unit predominates, and the valley unit
is mapped accordingly. But it should be remembered that sma-
ller though significant areas of the well and very poorly
drained units will almost always occur.

4.3.16 Terrace Soils

Soils where the main characteristic is a humus sub=soil or
spodic B horizon occur on both old alluvial deposits and on
the product of in situ rock weathering. The common require=-
ments for the formation of the spodic horizon appear to be
coarse textured highly siliceous parent materials in an en-
vironment indicating a high persistent water table. Itecis
likely that the deposition of the organic matter associated
with some sesquioxides has been by ground water.

The alluvial materials in which a spodic horizon has develop-
ed are highly siliceous sandy deposits, probably mainly of
marine origin. Since many of these soils are now found in
positions well above any local or regional water table, it is
likely that the horizon is now, at least, partly fossil. Se-
dimentary parent materials within which a spodic horizon has
formed are likewise coarse textured and highly siliceous. In
these cases, a ground water formation is also likely. They
are generally found overlying highly siliceous sandstones of
rather limited permeability and very gentle dip, encouraging
a high water table.

The siliceous terrace deposits have given rise to soils whose
main characteristics are the presence of a sub-soil B horizon
rich in organic matter imparting a dark coloration. This B
or spodic horizonm may or may not be cemented. The nature of
the cementing material is not fully known and may be due en-
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tirely to humus or to humus!sesquioxide compounds, more like-
ly the latter. In the classification, a division is made at
family level between those soils possessing a cemented spodic
horizon and those without.

43161 Miri Family

Soils with a cemented spodic horizon are included in the Miri
family, and the alluvially derived members in the Miri series.
Typically the series shows a bleached, nearly white sub-sur-
face horizon overlying a very dark, hard, cemented sub-soil
horizon, which in turn usually overlies a pale coloured deeper
sub-soil. Occasionally, the dark horizonmay overlie an older
weathered residual soil or even partially weathered rock, wh-
ere the alluvial deposit is shallow. The cemented spodic
horizon is impermeable to water, and a perched water table
frequently occurs after heavy rain in the larger units domi-
nated by very gentle slopes. Occasionally this perched water
table may be sufficiently persistent for shallow peat forma-
tion at the surface. Humus accumulation at the surface also
. occurs in better drained situations due to very slow breakdown
of organic matter in soils with extremely lownutrient levels
and correspondingly low faunal activity. However, this occurs
only under undisturbed Kerangas Forest conditions. Once this
forest cover has been removed, regeneration appears to be
confined to a scrub type vegetation which does not supply su-
fficient organic debris to maintain a humus layer. The layer
gradually disappears, and bleached sand occurs at the surf-
ace. Miri series soils are characterised in the Study Area
by very high contents of fine and very fine sand, and very
low contents of clay and coarser sand. Generally, these soils
provide a very poor medium for plant growthwith almost negl-
igible inherent fertility and very low capacities for water
and nutrient retention, apart from problems of depth and wat-
erlogging associated with the impermeable spodic horizon.

Soils of residual derivation with a cemented spodic horizon,
have not been described during this Study, but are known to
occur within the area. They are similar to the Miri series
and are included in the Bako series. The main difference is
that the size of the sand fraction is more variable.

43162 Silantek Family

Soils with uncemented spodic horizons are dincluded in the
Silantek family. The Buso series includes such soils deve-
loped in parent material of alluvial origin. Apart from the
permeable nature of the spodic horizon, the Buso soils are
essentially similar to those of the Miri series. The main
difference is that the spodic horizon is a barrier neither to
water nor root penetration, and Buso soils are generally well
to excessively drained. However, their agricultural potent-
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ial is little better than the Miri soils. Their main resid-
ual equivalents are soils of the Silantek series. These soils
occur in similar situations as the Bako series and the two
series generally occur together. No explanation can be ad-
vanced as to why the spodic horizon is cemented in some places
and not in others. Miri and Buso series soils occur side by
side in identical parent materials of the same age; differ-
ences may be due to slight variations in the nature of the
humus and sesquioxides deposited in the sub-soil from the
ground water. Analyses for one Miri and one Buso series soil
are available, and are given in Appendix VI.

4.3.17 Soils with Pallid Horizons

The soils of this group have a very limited occurrence within
the Study Area. They have a wide range of textures developed
in variable parent materials, but possess the common property
of pale colours throughout the control section. They are cha-
racterised by very low levels of sesquioxides; in most cases
this may be a factor of local parent materials very low in
iron, but a few may have resulted from conditions favouring
the loss of oxides from the profile.

43171 Tika Family

Pallid soils coarser than loamy very fine sand are included
in this family. 1In the Study Area, only the Bintulu series
of this family hqs been identified. This is developed in
highly siliceous terrace materials and occurs in association
with Miri and Silantek family soils. The Bintulu series is
in fact mainly a very deep Miri family soil in which the spo-
dic horizon occurs well below the control depth. In other
words, they are soils with a very thick A horizon. These so-
ils have been called giant Podzols. The jusfification for
considering these soils as a separate family is that because
the spodic horizon lies well below the control deptﬁ itwill
not be possible to identify it during a soil surve y

er or pit inspection. y from aug-

43.18 Other Soils

Alluvial soils of marine origin have not been
during this Study. They have been described an
previous reconnaissance surveys. In this Stud
been possible to reclassify existing data i

Draft Reclassification (Scott, 1973% and tor;aieerglgr:efrtehe' L
of distribution from detailed examination of the aeriaflﬁjon
tographs. | i

investigated
d?ﬂppedduring
Y it has only

During the preliminary studies to choose areas f

: or t
Transect Soil Survey areas of organic soils were A Arasd

largely ex-
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cluded. Therefore, little examination was made of these
soils, and no chemical data are available. During the Broad
Transect Soil Survey, sufficient checks were made to determine
the boundaries of areas of organic soils where ground inform-
ation was previously lacking, but most of the mapped areas are
the result of information from previous reconnaissance stud-
ies and examination of the aerial photographs.

44 AVAILABLE WATER-HOLDING CAPACITY (AWC.)

In Appendix IV, the percentage of moisture held at various
pressures is given in Table IV.1. These are expressed in

terms of percentages by weight. It is generally more conven-
ient to express these values on a percentage/volume basis or
in terms of depth of water per unit depth of soil, this is
effected by multiplying by the bulk density. In determining
the total amount of available water it is customary to use
that amount of water held by the soil between field capacity
and wilting point. These essentially field values are appro-
ximated in the laboratory by suction pressures. The pressure
of 15 atmospheres is accepted as a reasonable approximation
of the wilting point. Field capacity is generally equated
with a pressure of 1/10 or 1/3 atmospheres, the highest value
commonly being considered the best approximation of field ca-
pacity in fine textured soils. However, the low 1/10  at-
mosphere value is being increasingly used in many different
soils, and this is the value that has been adopted in this
Study. Therefore, the total available water is the differ-
ence between the water held at 1/10 and 15 atmospheres. In
the table below, the total amounts of available water expres-
sed in inches per inch of soil depth are, given as profile
averages for some of the major families.

TABLE 4.23 AVERAGE AVAILABLE WATER HELD AT VARIOUS DEPTH

Jator Reiy Merit | Bekenu | Nyalau | Kabuloh BemangTPakan
by depth Family | Family | Family Family ¥amiLy
in inches Intergrade
1 0.24 0.23 0.24 0.21 0.33
12 2.9 2.8 2.9 2.5 k.o
24 5.8 ey 5.8 540 7-9
36 8.6 8.3 8.6 7.6 11.9

These figures indicate that relatively large amounts of water
are held by the soils in the Study Area, with little differ-
ence between the families, although their textures vary con-
siderably. The main feature all these soils have in common
is a high content of very fine sand and silt, and Figure .2
shows a fairly strong positive relationship between silt and
very fine sand content and available water holding capacity.
The full significance of this relationship is restricted be-
cause of the lack of information on soils with a high content
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FIGURE 4.2

THE RELATIONSHIP BETWEEN AVAILABLE WATER CAPACITY
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of coarse sand, but it does appear that texture alone might

give a useful indication of availablewatmrholding capacity.

It should be pointed out that a plant will suffer moisture
stress long before the actual wilting point is reached
\ 1

that yields will be affected at lower suction levels Mi?g
important is the amount of readily available moisture. This

is rather difficult to define and will var
plant; but, generally, it is considered th

about 50 per cent of the total water held c:: .gzgi:ting ::
undue stress occurs. Thus the amount of readily avail gle
water held by a Merit family soil'is about 0.12 inch er‘;nch
of soil, or 4.3 inches for a three-foot soil dépth I}his :
a high value, and indicates that water stored % .the SOi;

Yy from plant to
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would be capable of enabling the plant to survive consider-
able periods of drought without undue water stress. If daily
potential evapo-transpiration is of the order of 0.2 inches
per day (probable a high value for this area), thena soil at
field capacity could support a plant during a 20 day drought
without moisture stress occurring, provided that a rooting
depth of 36 inches was available. Obviously, as soil depth
decreases, the amount of easily available water also decr-
eases. A further factor which is important in relation to
the amount of water available to plants is the presence of
iron concretions in the soil. The measured available water
holding capacity values confirm that the presence of iron
concretions markedly depresses the available water holding
capacity. For example the average available water in inches
per inch for Merit family soils containing iron concretions
is 0.16 compared to 0.24 for soils without these concretions.
This lower figure is derived from soils containing between
10 and 30 per cent of iron concretions by volume from field
estimates. The actual volume of iron concretions in the small
cores on which the AWC determinations were made was not det-
ermined. However, it appears that AWC is reduced by a per-
centage slightly larger than the percentage of concretions
by volume. If a given horizon contains 30 per cent by volume
of iron concretions, then the AWC to be expected from the soil
texture should be reduced by at least 30 per cent.

In short, tree crops are likely to suffer from water stress
only where soil depth is very restricted or where the soil
contains large amounts of concretions. This fact may be of
particular importance in relation to cocoa which appears to

be very sensitive to moisture stress. In the Study Area, the
high value of AWC per unit depth and the 1lack of frequent
prolonged drought periods is likely to allow successful pro-
duction on shallower soils than those wusually recommended.

45 EROSION
4.5.1 Introduction

Perhaps the best examples of erosionor soil wastage have been
recorded in the United States of America. Bennett (1955) es-
timated in 1947 that in that country 282 mn acres of agricul-
tural land had been ruined or seriously damaged by accelerat-
ed erosion. A further 775 mn acres of agricultural and for-
est land had been affected by erosion or were susceptible to
erosion processes if incorrectly used. The author adds that
large tracts of this land could have been protected and that
the damage was not done maliciously, but was entirely due to
ignorance. It may be correct to assume that erosion in Sar-
awak would be unlikely to reach such serious proportions, but
it is important to realise that this country has limited land
resources. Millions of acres are either mountainous, consist
of deep peat, suffer from seawater intrusion or have other
agriculturally adverse conditions.
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Chapter 4, Section 1, discusses in detail the reasons for the
occurrence of large areas of shallow soils within the Study
Area. In this Section it is sufficient to summarise the more
important factors which may have an effect on the erodibility
or vulnerability of the soil to erosion.

The generally rather shallow, highly leached soils are the
product of a weathering process, acting on parent rock which
is sedimentary in origin and predominantly fine textured. Due
to factors explainedin this Chapter the permeability is low and
therefore run-off could, under unfavourable conditions, be
high.

Within the Study Area, erosion is almost entirely due to wa-
ter. The nature and degree of erosion which occurs is a func-
tion of many variables, primarily rainfall duration and in-
tensity, slope angle and length, vegetative cover, soil fact-
ors and human disturbance. The average annual rainfall varies
from about 90 to nearly 200 inches with frequent storms of
high intensity. Under these conditions, the potential for
erosion is considerable. One of the major effects of rain-
fall in erosion is the dispersive and splash effect of the
raindrops. The energy released by the impact of the raindrop
breaks down the soil aggregates and brings the finer soil
particles into suspension in the rainwater., Under the effect
of gravity on a slope, this will result in soil being moved
downhill. This movement is enhanced by surface run-off which
preferentially removes clay and silt. A further effect of
rainfall impact is to seal pore space with dispersed soil ma-
terial decreasing infiltration and thus increasing run-off.
Under certain conditions, on steeper slopes, mass movement of
soil occurs. This catastrophic form of erosion is caused by
lubrication of the soil profile by excess water. An example
of this type of erosion is discussed in Section ;e

The angle and length of slope is an important factor in det-
ermining the amount of erosion that will occur. It has been
found by many workers that for a given soil and rainfall

erosion increases with the angle and length of slope. Recen%—
ly completed experiments at the National College of Agricul-
tural Engineering at Silsoe (England), which are part of the
Road Research Laboratory studies on road embankments. have
shown that erosion is directly proportionate to the slope
angle up to the extreme slope of 75 degrees. It has been coﬁ«
cluded that soil loss increases with the increase of the 1
of slope (Hudson, Priv. Comm., 1974). angle

The Study Area is characterised by steep slopes. b .
tensity of dissection is such that slope 1ength!isu;°:he 1n;
except in the higher areas, L : grea

Good vegetative cover has a considerable effect i i

erosion. This is achieved in several ways; by iﬁteizguz%ng
and reducing the impact of raindrops on the soil surfacp 128
decreasing the velocity of run-off, the direct 2 ind:;eci
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stabilising effect of roots and the encouragement of bacter-
iological activity with its effect onsoil structure and poro-
sity.

452 The Soil Erodibility

Various soil factors effect the erodibility of the soil.

Wischmeier (1971) has used four soil factors to determine the
erodibility factor of a soil - a textural factor dependant
on the content of silt plus very fine sand and medium and
coarse sand, soil organic matter, soil structure and permea-
bility. From these factors a nomograph has been constructed
which will allow the erodibility factor of any soil to be de-
termined. This factor is used by several workers to calcu-
late soil loss under a given situation, which includes rain-
fall, land use and crop and land management (Hudson, 1971).

The erodibility of a number of widely occurring soils in the
Study Area has been calculated using Wischmeier's method; but
these figures should be regarded as tentative, as this method
has not yet been conclusively tested under Sarawak conditions.
Using the average particle size analyses values of four soil
families and average organic matter content (= organic carbon
x 1.72), the erodibility is indicated below. The figures used
in the computation of Table 4.24 are those given in Tables
4.1, 4.2, 4.4, 4.5, 4,7, 4.8, k.10 and 4.11.

TABLE 4.24 APPROXIMATE AVERAGE ERODIBILITY FOR THE MERIT,
BEKENU, NYALAU AND KABULOH FAMILIES
(AFTER WISCHMEIER, JOHNSON AND CROSS, 1971)

Erodibility factor
Soil profile
horizon Merit Bekenu Nyalau Kabuloh
Family Family Family Family
Ah g.15 0.23 0.22 0.22
Ae 0.45 0.48 0.33 0.34
B1l 037 0.46 0.41 -
B2 0.37 0.43 0.46 0.37
B3 0.34 0.39 B 0.36
B/C 0.34 0.54 - 0.35

In the above table the low erodibility of the Ah horizon is
demonstrated and emphasises the erosion-reducing character-
jstics of this surface horizon. Once this horizon is removed,
the exposed underlying soil is highly erodible, particularly
in the case of the Merit and Bekenu families soils. The latt-
er family would appear to be the soil with the lowest resis-
tance to erosion of the major upland soils., As will be exp-
lained later in this section, all the soils in the Study Area
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have a high erodibility factor and the need for comservation
measures must be emphasised.

45.3 Erosion Created by Environmental Imbahnce

Human interference in the natural balance is normally a posi-
tive factor in increasing erosion, as mentioned in Section
5.1. This imbalance is mainly created by destroying the nat-
ural vegetation and replacing it by crops, which have less
effect in maintaining soil stability.

Within the Study Area evidence of erosion is widespread. Un-
der natural primary forest the rate is fairly slow, but is
nonetheless significant, and increases with increasing angle
of slope (Hudson, 1971). Below 25 degrees erosion is primar-
ily by splash and surface wash but above 25 degrees mass move-

ment becomes increasingly important as shown by the frequent
occurrences of slip terracettes and soil slips. Above a slope
of 25 degrees soil depth is usually very limited. Relation-
ships between slope and soil depth are discussed in Appendix
I1. Considerable field evidence has been collected of the
above forms of soil wastage. Some examples have been report-
ed in The Zonation Plan (Hunting Technical Services Limited
and Hoff and Overgaard, 1972). Catastrophic forms of erosion
have occurred and still occur in the Lambir hills, where land
with slopes in excess of 20 degrees on mainly Nyalau family
soils have been planted to rubber. This soil is derived from
poorly consolidated rock with frequently alternating bands
of sandstone and shale. This leads to a situation where soil
permeability decreases very rapidly with depth, tending to
produce a slip plain on which the upper part of the soil can
move when saturated with water. Aerial photographic evidence
has shown that about 10 per cent of the area has been ruined
by land slips on such terrain. Less obvious, but neverthe-
less serious, erosion forms have been observed along Sungai
Tru near Rumah Belulok. In this location field observations
showed that in a period of about five years the depth of a
Merit family soil was decreased by 12 to 16 inches ona slope
of 29 degrees. This is equivalent to a soil loss of arouﬁd
450 tons per acre per year, which is 100 times greater than
the maximum acceptable natural loss. Other evidence can be

observed along roadside cuttings where slumpi
even at low angles of repose, are common. PAREQE, the cuts,

From the erosion point of view, the most hazardous
agriculture at present widely practised in the
pepper growing. The pepper vines are planted at
intervals up and down the slope and are clean afairly wide

there is a considerable area of bare soil exporggd:d :ﬁ that
rect impact of rain and run-off. When this .'Pract:i_cg is e di-
: carr-

ied out, as it frequently is, on steep slopes
soil loss is disturbingly high, as shown ir’;. T;Iblt.tetg ;;te of

form of
Study Area is

Another form of cultivation conducive to g

eri
is the shifting cultivation of dry land ri o4s8 s0il losses

¢e, especially wh-
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ere the intervening fallow periods are short (Nye and Green-
land, 1960). There is considerable evidence within the areas
studied that fallow periods are shorter than they should be
for soil recovery and decreasing. Most of the fallow examin-
ed was less than eight years old and considerable areas less
than five years. Serious erosion has frequently been observed
in these areas as indicated by the frequent occurrence of sh-
allow soils under shifting cultivation as compared with the
average depth under primary forest.

On the above evidence it can be concluded that control mea-
sures are necessary to counteract the forces of erosion acting
on a soil that has limited resistance to surface wash and
other forms of erosion and for the proper use of important
land resources. ;

As has been explained above, the best erosion control is a
dense forest cover, either primary or secondary. Run-off is
slowed down and percolation of rain water increased due to
the litter layer and the permeability of the underlying top
soil, which has a relatively high humus content. The closed
forest canopy also reduces the impact of rain on the forest
floor.

454 Erosion Trials

In The Zonation Plan (Hunting Technical Services Limited and
Hoff and Overgaard, 1972) it was recommended that the wupper
gradient limit for cultivation under Sarawak conditions be
placed at 25 degrees (46.5 per cent). This limit was chosen
on the basis of field observations carried out during the
Zonation Plan period, supported by experience from other co-
untries. Furthermore, soil studies carried out in the Sample
Areas (Appendix IT) indicate that a large percentage of the
land above 25 degrees has a soil depth of less than 24 inches.
On such land terracing and platforming are more likely to in-
crease the chance of accelerated erosion and soil slip than
reduce it. For example, a six-foot bench terrace cut ina 25

degree slope requires a soil depth of over 30 inches to be
effective.

Simple erosion trials were carried out on

subjected to different agricultural practigtgferggzurzloﬁeg
gives the location of these trials. Three pairs of plots ;f
ten by one metre were located under one year old oil alm
One single trial of ten by one metre was sited in reczntl.
planted pepper interplanted with chillies, yams and onionsy
and one single trial on two months old natural regrowth ma:
inly consisting of lallang and low scrub, which eff&r&ed :
Zeasonable cover. Details of these trials are o

2D e

The object of these simple tests was to assess the soil loss
on a range of slopes and to determine more accurately the up-
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per slope limit for agriculture under conditions prevailing
in the Study Area. Trials A, B and'Cm@tgtréatéd bi-monthly
with a weedicide to test the soil loss on bare soil surfaces.
The reason for this rather unnatural treatment in a hot humid
climate is that to a certain extent such a surface will exist
under older plantings of rubber and - palm when the tree
crowns have closed and the cover crop has receded. Also tree-
base erosion (especially noticeable in rubber) resulting in
a form of pedestal erosion, will increase.

Trial D2 situated in a one year old pepper gardenwas treated
in exactly the same way as the surrounding garden. Trial D1
was left untreated to assess the effect of young regrowth on
erosion. R

The trials were terminated after running for one year. The
soil collected in the drums at the bottom of each plot was
air dried and weighed. It must be emphasised that the collec-

ting drums were emptied only once during the course of the
trials.

4.5.5 Soil Loss Quantified

The results of the erosion trials cattriéd out between October
1972 and October 1973 are given in Table 4.25. No explanat-
ion can at this stage be offered for the considerable diff-
erenpce between the two plots of Trial B, however, no such di-
fferences have been recorded between the plots of Trials A
and C. It is surprising that the soil loss of Trial A on a
slope of 35 degrees (70 per cent) is considerably lower than
in Trial B on a slope of 26 degrees (49 per cent). No con-
clusive explanation can be offered for this result. But au-
gerings at site A have shown that the profile has lost its A
horizon and that only a few inches of the B horizon are left
so that little erodible material was available when the triais
were established. It was also observed that the trial

- ; it
was just above the neck point of this 35 degree slope; :152
part of the foot slope on which this experiment was carried

out had been cut for the Beluru Road alignment (
5 see Fi
4.3). It must also be pointed out that practically no rﬁ?;ﬁ

fall was recorded between mid-December, 1972 and 7
1973 (see Chapter 1). » 1972 and mid-March,

The soil loss of Trial D2 was considerable: at ;

tons per acre per year, it was eight times his;;iﬁs:;:;43;§3
allowable limit (Hudson, 1972) of five tons T BT e e
This demonstrates clearly that pepper cultivation pr {iar.
are overdue for a change and that the use of 'ﬁerrp N G8s8
cover crops, involving a different planting densit ace: and
tern, should be seriously considered. _ Yy and pat-

Trials B and C also showed that eroéisﬁ_ﬁ#“s .
of 25 degrees is unacceptable, and the soil igg:’din 2:xcess
ree slope are susceptibBle of contr°¥i??1f 1”demohs:;atege§;
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the above trials that erosion hazards on slopes greater than
25 degrees are in the long run unacceptable and that 'this
slope therefore is recommended as the upper limit for agric-
ultural development.

It must be emphasised that the above conclusions are based on
trials which have been operated for one year and must there-
fore be regarded as tentative. However, these trials and evi-
dence reported in Chapters 3 and 4 and Appendix II are suff-
jciently convincing to accept the upper 1imit of 25  degrees
for agricultural development in Sarawak. Tt is also recomm-
ended that these erosion trials are continued for a number of
years and that trials under different environmental condit-
jons than those so far studied are undertaken.It would for ins-
tance be valuable to study the so0il loss under natural vege-
tation and shifting cultivation.

456 Laboratory Assessment of Erodibility

In the above section the effect of slope on the amount of soil
lost from the profile has been discussed. Soils also have
inherent susceptibility to erosion related to their charact-
eristics. These were briefly discussed in Section 4.5.2 above;
but erodibility can also be assessed by artificial means,
that is by exposing a soil sample to a rain simulator.

Four soil samples were analysed in this way, the results are
given in Table 4.26 and details are given in Appendix IX.

Sample A Bekenu family
Sample B Bekenu family
Sample C Merit family
Sample D Nyalau family

TABLE 4.26 SOIL ERODIBILITY

Measured soil loss in gm Erodibility
Soil Replications Erodlbll%ty fac?or
type computation|according to
i s Wischmeier
1 2 3 4
Sample A
Bekenu |47.15|48.00|50.25(50.20|48.90 207 0.21
family
Sample B
Bekenu |51.00|45.55|48.22|44.00|47.19 184 0.18
family
Sample C
Merit |50.00|53.10(58.95|60.67|55.68 260 0.26
family
Sample D
Nyalau [21.00[23.70|25.40[24.23|23.58 24 0.02
family
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To measure directly the erosion under standardised laboratory
rainfall conditions a modified Morin-type rainfall simulator
(Hudson, Priv. Comm., 1973 and Morin 23_&&,.}967) was used.
The rainfall intensity simulated was at a rate of 95 mm (3.8
inches) per hour for a duration of 30 minutes.

The mean measured soil loss suggests that the Nyalau family
sample has the lowest erodibility, although the organic matter
is low and sand content high. These factors seem to have
been offset by the good structure and good permeability of
this soil. The erodibility factor for this Nyalau family soil
is much lower (0.02) than that given in Table 4.24, where the
Ah horizon has an erodibility factor of 0.22. The reason for
this is that Sample D above has been collected in the Lambir
Hills where the members of the Nyalau family contain a high
percentage of coarse sand. Nyalau family soils occurring in
the soil survey areas are generally derived froma fine grain-
ed sandstone. Both Bekenu family soils have high silt cont-
ents, poor structure and permeability. This accounts for them
being at the upper half of the range in Figure 4.4. The Merit
family soil appears to be moist vulnerable to erosion. It
has little sand, very poor structure and low permeability.

It needs emphasis that the above erodibility results should
be regarded only as an indication of the vulnerability to er-
osion of the tested soils. It should also be remembered that
the samples have been collected from one single horizon in
four different locations as shown in Appendix IX. Firm con-

clusions cannot therefore be drawn at this stage and further
studies are recommended. 3

457 Soil Conservation Measures

It has been emphasised in the above sections that soil 1loss
under certain conditions is high, and it has been concluded
that the upper gradient limit for agricultural development
should be 25 degrees. However at slopesof less than 25 deg-
rees soil losses can still be considerable and therefore coﬁ_
trol measures should be enforced. These measures consist of
contour cultivation and planting, the use of cover crops
platforming and terracing. Table 4.27 is meant to beagu}i)dé

for erosion control measures in future de
velopment and ic~
ultural improvement schemes. P agric
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FIGURE 4.4

RELATIONSHIP BETWEEN COMPUTED ERODIBILITY
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CHAPTER 5
LAND EVALUATION

51 INTRODUCTION

The Scope of Work emphasises the importance of establishing
a maximum diversified cropping pattern in the Study Area. Al-
though traditional agriculture, especially shifting cultiva-
tion, should be modernised or phased out, such agricultural
practices have been considered within the framework of land
evaluation.

The preparation of a regional development plan involves the
inventory and analysis of all relevant resource data. The
main objective of such a process is the submission of recom-
mendations for the best utilisation of the land on a rational
basis. Such recommendations are based on what is generally
known as a Land Capability Classification. A land capability
classification map has been made for certain parts of the
Study Area.

The Land Capability Classification, together with the relevant
Land Capability Maps (Maps 7, 14, 15 and 19), is presented in
such a way that this resource information is accessible to a
wide variety of disciplines.

A land classification is an interpretation of the soil and
terrain characteristics of an areaj; it groups these charact-
eristics in such a manner as to indicate the potential capa-
bility of land for agricultural or other purposes. There are
various systems by which the capability or suitability of land
resources can be analysed using the basic information avail-
able on the physical resources and, to a certain extent, the
chemical properties of the soils. The Land Capability Class-
ification employed in the current Study pays due regard to
other workers in this field (Klingebiel, A.A. and Montgomery,
P.H.,1961; Haatjens, H.A., 1963; Andriesse, J.P., 1966; Thom-
as, P., 1968; and Wong, I.F.T., 1970 and 1972).

All these classification systems are based on a similar app-
roach; but only those developed by Andriesse (1966), Haatjens
(1963), Wong (1970) and Thomas (1968) consider all forms of
land use - annual, semi-perennial and perennial crops. These
classification systems have the following specific factors in
common: -

(a) the soils are classed according to their permanent ch-
aracteristics;

(b) the capability of a soil is better when a wider range
of crops can be grown than that of a soil with a narr-
ower rangej;

(c) the soils are grouped according to the severity of crop
growth limiting factors;
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(d) they are mainly direéféﬂwto'agriculture though to a
certain extent also .t;ow__ar_da flo_resi_try.

The Scope of Work required that the Study ".... be guided as
far as practicable...." by the Soil Suitability Classificat-
jon standardised for Malaysia. This Soil Suitability Class-
ification (Wong, I.F.T., 1970) does not claim to be a soil
suitability classification for specific crops e.g. grasses,
groundnuts, hill padi, cocoa, 0il palm, rubber, etc., which
require specific interpretations of the soil and terrain data.
Although, certain refinements in the parameters have been ap-
plied since 1970 (Wong, I.F.T., 1972), it was considered im-
“practicable to apply this system in its enirety to the Study.
It was found that the range of a number of limitations to crop
growth, were too broad to allow reasonable assessment of crop
diversification prospects. For instance Class I (Wong, I.F.T.,
1972) has been defined as being suitable for the widest range
of crops, but a slope of up to 12 degrees has been allowed.
The effective soil depth or depth to strongly compacted layer
(Wong, I.F.T., 1972) has been divided into four rather broad
classes: less than 10 inches (25 cm), 10 to 25 inches (25 to
50 cm), 20 to 40 inches (50 to 100 cm) and 40 to 50 inches
(100 to 125 cm). Also in terms of drainage criteria this sy-
stem was found to be insufficiently precise for the Study.

The Land Capability Classification adopted for this Study is
largely based on Andriesse's work in 1966 and which is, like
other classification systems in use in many parts of the wor-
1d, based on the classification developed by Klingebiel and
Montgomery (1961). An essential difference between the system
adopted by this Study and that of Klingebiel and Montgomery
is that these authors only cater for annual crops whereas
Andriesse's system caters for annual, semi-perennialiuulper-
ennial crops. However, the main factors on which the capab-

ility classes are based remain the same, that is hazards of
use and long term productivity.

¢

To be able to group soils consistentl i 3%
L &3 y within a capabilit
classification a number of assumptions and criteria ﬂuat bz

established. For the capability classificati i :
Study, they were as follows:- ation used in this

(1) The system is an interpretive classification based on
the effect§ which soil and terrain characteristics
(slope, soil texture, soil depth, effects of past ero-
sion, permeability, water holding capacity and clay

content) may have when used for th -
in Section 5.3, Table 5.9. e crop groups listed

(2)

The classification is based on
: : permanent, unalt bl
soil and terrain characteristics. Howevér ig ciiiaiﬁ

cases soils were upgraded where i
' ro p
sidered economically feasible e.g?pinvzgzntzwere c?n
Pendam-Mukah family intergrades. P
(3) The soils are grouped into capability classes and sub-
classes according to their degree and number of 1imi-

tations 1o USE O e damage when used. Each cap-
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ability subclass includes a number of different soil
families and/or soil series.

(&) Most soils in Sarawak have a low to very low fertility
level and the use of fertilisers is assumed to become
a common practice under all types of management. Ther-
efore, in determining the capability of the majority
of soils the nutrient levels have been ignored, except
in those cases where nutrient imbalance is serious as
in the Miri, Silantek, Tika families and other similar
sandysoils.

(5) The capability classification is not a productivity
rat ing .

(6) The level of management is not a criterion; but it is
possible to assign each capability subclass to its
appropriate management type, including small - holder
development.

(7) The capability classification of certain soils will
change if irrigation, drainage and reclamation meas-
ures are applied to such land. In these cases the ba-
sic resource maps will change as well. But the bunding
of large tracts of land suffering from seawater int-
rusion has been regarded as uneconomical at present,
unless high value crops can be found.

(8) Distance to markets and accessibility to development
areas are not criteria for the capability groupings.
Soils in remote areas have been classed solely accord-
ing to limitations to use or risk of soil damage due
to combinations of resource characteristics.

(9) It is expected that crop husbandry and management will
advance, whereby certain crops now placed in a given
capability class could in the future, with the appli-
cation of new techniques or mnew variations, be upgrad-
ed to a higher class. These advances however would
not alter the terms of each land capability subclass.

52 THE LAND CAPABILITY CLASSIFICATION SYSTEM

The adopted classification system identifies land in terms of
its suitability for groups of crops (see Section 5.5) and
includes wet land rice as well as sago and forest plantati-
ons .

As mentioned earlier, the land classification for this Study
is largely based on system developed by Andriesse (1966); but
the latter permits the use of slopes up to 35 degrees in the
classes suitable for agricultural crops, whereas, for reasons
discussed above (Section 5 of Chapter 4), slopes in excess of
25 degrees are excluded for agricultural development in the
system adopted for the Study. The Miri-Bintulu classificat-
ion has been designed to cater for the different levels of

soil investigations employed in the Broad Transect and the
Semi-Detailed Soil Surveys and is related to the particular
conditions of terrain and soils that are encountered in the
Study Area, The classification has seven main classes, as
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follows: -

Class 1

Class 11

Class I1III

Class 1V

Land with no or few limitations to use; capable of
supporting a wide range of climatically adapted

annual, semi-perennial and perennial crops.

The soils in this class are deep (deeper than 100
om/40 inches) well drained, and the land is mostly
flat or nearly level with slopes of less then 3
degrees (5.5 per cent). No drainage, flood prot-
ection or erosion control measures are required.

Land with slight to moderate limitations or haz-
ards to use, but capable of supporting a wide range
of climatically adapted annual , semi-perennial and
perennial crops.

The soils in this class are deep (deeper than 100
cm/40 inches), with good or slightly restricted
drainage, the land is flat to gently undulating
with gradients of less than 5 degrees (8 to 9 per
cent). If flooding occurs it is infrequent and of
short duration. Some minor drainage, flood prot-

ection and erosion control measures may be requi-
red.

Land with a number of minor, and one major, limi-~
tations or hazards to usej capable of supporting
a restricted number of annual crops, but a wide
range of semi-perennial and perennial crops.

The soils in this class are moderately deep to
deep (deeper than 75 cm/30 inches). Drainage is
imperfect or better. The land is flat to undulat-
ing with gradients of less than 10 degrees (17 to
18 per cent); flooding on flat land is infrequent
and of short duration. Some minor flood protect-

ion and drainage and, on undulating land major er-
osion measures may be required.

Land with not more than two major and a
minor l}mitations or hazards to usej; capable of
supporting a very restricted number of annual cr-

ops, and a moderate range of semi-perennial
perennial crops.

number of

and

The soils in this class can be moderate llow
(deeper than 60 cm/24 inches). The htlii izidlin
this class can have slopes to a maximumof 15 deg-
rees (%6.? per cent). Flat alluvial land in this
r_:lass is water-logged most of the time and flooding
is common and of moderate duration. Flood prot-
ec?lon and drainage measures required to improve
this land to a standard suitable for dry land crops
would be extensive and probably uneconomic. The

un@ulat1ng sloping land requires certain conserv-
ation measures.
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Class V Land with two or more major, and a number of minor,
limitations or hazards to use; capable of support-
ing a very restricted number of annual crops and
a small range of semi-perennial and perennial crops.

The soils in this class can be shallow (deeper th-
an 50 cm/20 inches). The hilly land in this class
can have slopes of up to a maximum of 20 degrees
(36.5 per cent). Flat alluvial land in this class
is continuously water-logged and flooding freq-
uent. Flood protection in this class may have to
be such that it precludes the cultivation of most
crops. Intensive erosion control measures are re-
quired on the steeper slopes, especially between
15 and 20 degrees (26.7 and 36.5 per cent).

Class VI Land with severe major limitations or hazards to
use; capable of supporting a very restricted num-
ber of annual crops and a restricted range of per-
ennial crops. Under certain conditions a potent-
ial exists for timber plantations.

The soils in this class can be shallow to very
shallow (deeper than 25 cm/10 inches). The hilly
land in this class can have slopes up to a maximum
of 25 degrees (46.5 per cent), which is regarded
as the upper limit of land suitable for agricul-
tural development. Flat land is continuously wa-
ter-logged and flooding excessive, which precludes
this land from agricultural development. Inten-
sive erosion control measures are required on sl-
opes between 20 and 25 degrees (36.5 and 46.5 per
cent).

Class VII Land unsuitable for most forms of agricultural de-
velopment and mainly suitable for forest and wild
life reserves, and forest under controlled expl-
oitation.

Upland soils are shallow to very shallow and the
terrain very steep and dissected.

Soils on flat alluvial land are very poorly drain-
ed and subject to continuous flooding.

53 THE CAPABILITY SUBCLASSES
53.1 The Delineation of Subclasses

To indicate the kind of limitation within a particular land
capability class, Classes II to VII have been divided into
specific subclasses according to factors affecting crop grow-
th and soil conservation. It has been possible to limit the
number of subclasses to a minimum, even for the Semi-Detailed
So0il Survey Areas. The subclasses (or limiting factors to
crop growth) are the mapping units on the Land Capability maps
(Maps 7, 14, 15 and 19). The following subclasses have been
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- soil limitations within the rooting zone : suffix - s

- excess water or internal drainage limit-

ations and flooding hazards . sisuffix - w
- soil and erosion hazard limitations : suffix - se
- soil, internal drainage limitations and

flooding hazards 1 | utq, bosd) : suffix - sw

t!;,il ¥
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Depending on the final mapping scale, the mapping units in-
evitably include a certain percentage of impurities, admixt-
ures of another class. The percentage of impurities within
a particular mapping unit is of course related to the level
of survey: the Semi-Detailed Soil Surveyhas a lower percent-
age than the Broad Transect Survey. Ashas been explained in
Chapter 2, Section 3, the land classes have been derived from
the terrain and soil mapping units.

Table 5.1 gives the capability classes and subclasses of the
system adopted for this Study, together with the criteria for
crop growth limitations. The soil families and series appro-
priate to each subclass have been listed for those soils which
occur within the boundaries of the Study Area. A list of crop
groups suitable to each subclass has alsobeen given; parent-
heses are used to indicate marginality. These

cro rou
are discussed in Section 5 below. R !

5.3.2 Subclass Criteria

A description of the subclasses, which play an important
i i mp art
in the final planning of an area, is required to apprec?.ate

the application of the Land Capability Classification in this
Study.

Three basic groups of limitations on which the subc

3 1
based have been given in Section 3.1 above. The thszzi ?;i
subclasses mentioned are essentially combinations of the fhree

basic groups. The parameters employed for each
as follows. ach subclass are

5321 Slope S

Erosion is, as has been explained in ¢

a serious hazard to the usﬂ of land__iiegez';:ﬁai-°§ndCh;Pte€h4s
overriding limitation to agricultural productivity oy Bl e
areas. The principal factor controlling '1i.ai)ility't er large
is slope. It must be emphasised again that the Przlso caean
try-wide agricultural slope limit of 35 de ent coun-

5 de ;
carded and the upper limit set at 25 ST SEFesthan beon dis-

degrees,
assumed that adequate conservation meﬁﬁlslresawig‘ftbiet tgzdbeeg
' an
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TABLE 5.1

LAND CAPABILITY CLASS I AND IT
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maintained, especially between 20 and 25 degrees (26.7 and
36.5 per cent). In this connection Hudson (1971) reports th-
at in an experiment on the management of identical adjacent
plots of maize,the loss of soil was 15 times greater on that
which was badly managed.

Slope classes are as quoted on the Terrain maps (Maps 1, 4,
8, 9 and 16): O to 5 degrees, 6 to 10 degrees, 11 to 15 de-
grees, 16 to 20 degrees, 21 to 25 degrees, 26 to 30 degrees
and over 30 degrees. But for land capability classification
purposes the O to 5 degrees range has been split into 3 deg-
rees maximum and 5 degrees maximum respectively to cover all-
uvial soils and residual soils on very gently sloping upland,
Furthermore, no division is applied for slopes over 25 deg-
rees. The following table gives the maximum permitted slope
for each subclass.

TABLE 5.2 SLOPE AND LAND CLASSES
Permitted Permitted Permitted
CLASS slope CLASS slope CLASS slope
in degrees in degrees in degrees
I 3 IVe 15 Vie 25
Ile 5 IVs 10 Vis -
Ids 3 IVw 3 Vise 20
IIw 3 IVse 10 Visw -
I1T1e 10 Ve 20 Vile over 25
I11s 5 Vs - VIilis -
IIIw 5 Vw 3 VIIw 3
IlIse o Vse i5 VIiise over 20
Vsw 3
5322 Soil
The criteria used in defining the soil families and series
are to a large extent also used in designating land capabi-

1lity subclasses. A considerable number of land classes are
therefore based on the family and series definitions as out-
lined in the Soil Classification (Scott, 1973). The descrip-
tions of the families and their appropriate series are dis=
cussed in Chapter 4. But many soil families and series  are
sufficiently alike in use characteristics to make other cri-
teria, such as drainage and slope, of more importance. In a
few cases soil texture has been a limiting criterion, as for
example in Subclass IIIse where the "g" gignifies a coarse
loam texture associated with the Saratok family and the Nyalau
family when occurring pure or in complex with Merit or Bekenu
families. An overriding factor in land use planning and land
management is the effective rooting depth available to plants
and this criteria is used for most soils. In Chapter 4, Sec-
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tion 1, it has been pointed out that, due to the weathering
conditions of the parent rock and the rapid erosion, the re-
sulting soil available to plant growth has a limited depth.
It was found that a high percentage of observations had shal-
low soils. :

It must be emphasised that the accepted criteriaare based on
minimum crop requirements. The following table gives the mi-
nimum effective soil depth within each subclass.

TABLE 5.3 EFFECTIVE SOIL DEPTH AND LAND CLASSES

Permitted Permitted Permitted
CLASS | soil depth CLASS | soil depth CLASS | soil depth

cm (inches) cm (inches) cm (inches)
I 100 (40) IVe 75 (30) Vie 60 (24)
Ile 100 (40) IVs 60 (24) Vis 25 (10)
I1s 100 (40) IVw 75 (30) Vise 60 (24)
IIw 100 (40) IVse | 75 (30) Visw ‘i
I1le 100 (40) Ve 60 (24) Vile -
IIIs 75 (30) Vs 50 (20) VIis 25 (10)
IIIw 100 (40) Vw - VIIw -
IIIse 100 (40) Vse 60 (24) VIise "

Vsw 60 (24)

5323 Drainage and Flooding

The drainage classes used in this Study are those i .
: v
the Soil Survey Manual for Malayan Conditions (Laamg ﬂ:dnpa:;r_l

ton,. 1966), which in turn are based on those gi
v
18 (Soil Survey Staff, 1951). given in Handbook

In a study of this type covering a limited peri 3

; iod
possible to make a broad assessment of the fll’oodoh;z;:;.: 01;1)'
awn largely from circumstantial evidence and inference y dr-

As drainage and water-logging are inherent ch a4

many soil families, these soils fall easily i:r;;:::;u_stlcs of
framework of the classification. And, in gerieral dln. the
criteria for the different land classes apply to fl,at ai;::;‘gi

land; but in some cases they are also limi
residual soils. ting factors in the

The drainage and flooding criteria i :
follows. n each subclass are as
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TABLE 5.4

DRAINAGE AND FLOODING CRITERIA IN LAND CLASSES

Visw
VII

VIe, Vis, VIise

Very poor

CLASS Drainage criteria Flooding criteria
T Well None
ITe,Ils Well to moderately well |[None
ITw as 1Ile, Ils Infrequent and of
short duration
I1Te Very well to moderately -
well
I1Is, IIIse Imperfect to very well -
IIIw Imperfect Infrequent and of
short duration
IVe, 1IVs Imperfect to very well -
IVse Moderately well to very -
well
IVw Very poor and poor Common and of short
duration
Ve, Vse - -
Vs Excessive to imperfect -
Vw Very poor Frequent
Vsw Very poor or excessive Frequent

5324 Other Criteria

Two other criteria no
and depth of surface peat.

textures according to the

A discussion of these groupings
although an imp

3.

terion,

rooting zone:

Surface peat,
ility classification,
but has been inc

t so far discussed are the texture groups

The former is a grouping of soil
Soil Classification (Scott, 1973).

it is also a parameter in terms of

Classification.

is given in Chapter 4, Section
ortant factor in the capab-
is not separated as an independent cri-
luded in soil limitations within the

54 MAPPING AND DISTRIBUTION OF LAND CLASSES
5.4.1 Mapping Procedures of the Land Classes

As has been explained in Cha
ping units have been ob
information under the s
section and applying certain assumptions descr

taine

troduction to this Chapter.
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The general procedures used in deciding the land capabl}lty
mapping units need explanation. This is especially required
for the Sungai Karabungan Area (Map 7 In-?hia area soils
occur which, although shallow, rest on very - gentle slopgs,
that is the Kabuloh family soils. A number of characteristics
of this soil, such as poor structure, compactness and low per-
meability, could make this soil a problematic medium for plant
growth, especially as there is little agronomic information
for such crops as pasture grasses and fodder. It will be
shown that the Kabuloh family presents special problems in
the Land Capability system, and it has been noted that this
soil and other soils derived from calcareous shales or marl
fit uneasily in the adopted Capability Classification.

North of the access road into the Sungai Karabungan Area a
large unit of VIs (see Map 7) has been mapped. The consti-
tuents of this unit are very shallow soils of the Kapit and
Merit families on terrain of Classes 3, 4, 5 and 6. But land
class VIs can also consist of shallow Kabuloh family soils
occurring over Terrain Classes 1, 2 and 3 as mapped in an area
north of the headwaters of the Sungai Karabungan. In the fir-
st case this unit is unsuitable for all forms of agriculture
and the area would best be left under forest. But in the se-
cond case a VIs unit is suitable (although marginally) for at
least one crop that is grasses for grazing (crop group 6,
Table 5.9). From the above discussion it can be concluded
that when lands for grazing (crop group 6, grasses) and fod-
der crops (crop group 7) have to be identified, and if the
soils resemble those of the Kabuloh family, then the Terrain,

and possibly also the Soil, maps of the appropriate area must
be consulted.

Table 5.5 shows the land classes suitableeﬁuimarginally sui-
table for crop groups 6 and 7.

The Land Capability maps of the Broad Transect Survey Area
(Maps 14 and 15) and the Semi-Detailed Soil Survey Area (Map
19), at scales of 1:100 000 and 1:500001@spectively,havebe-

en mapped on the basis of the same principles as the Sungai
Karabungan Area.

In the above survey areas the procedure was first to delineate
all areas with slopes exceeding 25 degrees and those with
slopes of less than 5 degrees, The latter indicated flat ar-
eas with alluvial deposits, but also areas with residual so-
ils on slopes of less than 5 degrees. A further division w
then made on the basis of the soil maps, and the appro ria:Z
capability subclass appended to each mapping unit. Inpar
with slopes of over 25 degrees the soil EXbe Nis Leeorea eag
the unit labelled Class VlIe, indicating a serious eroszn
hazard. The remaining areas were classified using both ¢t .
rain and soil information and guided by the parameter er;
out in the Land Capability Classification described abgvese
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TABLE 5.5 SUITABILITY FOR CROP GROUPS 6 AND 7,
SUNGAI KARABUNGAN AREA

I 6 + 7 -

ITw 6 + 7 -

IIIe 6 + 7 -

IVe 6 + 7 =

IVs 6 +.7 P

IVw 6 Selected grass species

Vw 6 Selected grass species

Ve 6 Between 15 and 20 degrees slopes,
after trials

Vis 6 Marginal, trials required on
slopes between 15 and 20 degrees

54.2 Land Assessment at Different Survey Levels

There is a close correlation between the level of survey or
soil observation density and the use possibilities of the end
product: the land capability maps. Every aim and objective
requires its specific level of survey and scale of the final
published map.

Appendix VIII gives a description of the procedures and re-
sults achieved during the Zonation Plan study. Figure VIII.1
of this Appendix shows the areas assessed as possibly suit-
able for agricultural development. These areas have been de-
lineated on the bases of aerial photo-interpretation, earlier
schematic reconnaissance soil surveys supplemented with quick
field checks carried out in areas requiring clarification.
It is clear therefore that conclusions drawn and planning
executed on the basis of such scant information must be re-
garded as tentative, and more detailed soil and terrain in-
vestigation are essential before any plans for these areas
can be drawn up.

Land assessed as suitable for agricultural development at the
Broad Transect Soil Survey are shown in Figure 5.1 together
with the land assessed as possibly suitable for agriculture
in the Zonation Plan study. A comparison of these areas cl-
early indicates that at the more detailed survey level of the
Broad Transect Survey considerable areas, previously assessed
as suitable, had to be excluded. Information collected at
the Broad Transect Soil Survey and presented in the form of
Land Capability maps (Maps 14 and 15), can serve as a base for
regional planning only in the broadest of terms. For example,
because the main development areas are known, a plan for a
long term trunk road network can be drawn up and certain new
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population centres can be tentatively located, but they may
have to be shifted in the light of later findings. It must
also be emphasised that at this stage insufficient informat-
ion is available to indicate acreage figures for the develop-
ment blocks with any degree of accuracy.

It is only after more detailed surveys that a solid base for
development planning can be offered. Figure 5.2 compares
land evaluated at Broad Transect and Semi-Detailed Soil Survey
levels. This figure demonstrates clearly that considerable
tracts of land assessed as suitable for agricultural develop-
ment at the Broad Transect Survey were found to be unsuitable
at the Semi-Detailed level of soil survey. In this case the
total reduction amounted to 30 per cent. For Beluru the fig-
ure was even higher - 50 per cent.

54.3 Distribution and Area of Land Classes
5431 The Broad Transect Soil Survey Area

The distribution of the various land capability classes is
illustrated on the Land Capability maps (Maps 14 and 15) at
a scale of 1:100 000. The areas suitable for agricultural
development on the basis of the assessment at this level of
survey have been generalised on Figure 5.1.

The gross acreage covered by each subclass is listed in Table
5.6 a more detailed breakdown of the acreages mentioned below
are given in Appendix VII.

The Land Capability maps covering this survey area showa ty-
pical alternating pattern of land assessed as suitable and
unsuitable for agriculture. The largest concentrations of
suitable land are situated between the Lambir-Subis Develop-
ment Area and the Batang Suai in the Niah and Similajau For-
est Reserves. Long tracts of suitable land continue into the
southern part of the Similajau Forest Reserves. But these
tracts become narrow and interrupted by unsuitable land, to
such an extent that north-east of Bintulu the majority of the
land is unsuitable for any agricultural development. Land
suitable for market gardening is not available within a 10 to
15 miles radius from this town; but a long elongated stretch
of Class I land occurs north-west and south-east of the Bin-
tulu-Miri road, the total area amounting to 4 300 acres. No
other sizeable areas of land suitable for annual and semi-
perennial crops occur around Bintulu. The majority of the
suitable land near this town can only be planted to perennial
crops.

North of Sebauh, and along the Batang Kemena upstream from
Labang as far as Tubau, narrow tracts of Class III land occur.
Provided the intensity of flooding, which occurs along a river
of this size, is not too serious, these areas could be used
for the cultivation of annual and semi-perennial crops. The
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TABLE 5.6 GROSS AREA OF LAND CLASSES
(TO THE NEAREST 100 ACRES)

Broad Transect Survey Area

Land suitable for Land unsuitable for
agriculture agriculture
CLASS AL CLASS ARk
(acres) (acres)
1 6 700 Vs 47 500
I + IVe 500 Vs 4+ VIIs 300
IIw 3 200 Vsw 5 600
ITw + Ve 900 Vise + VIsw 3 100
ITe + VIe 300 Vis 71 600
IIIw 41 600 Visw 40 200
Ille 100 Vile 496 100
I1le + IVw 600 VIIs 245 400
IITe + IVe 200 VIIs + IVe 600
IIIw + IIlIs 400 VIIs + IVs 1 300
IIIs + Ve 300 Viise 28 700
IIls + VIe 300
IVe 79 600
IVe + IIlw 1 100
IVe + IVw 2 800
IVe + IVs 600
IVe + Visw 100
IVe + VIs 1 200
IVw . 43 700
IVw + Ve 2 100
IVw + Vs 1 700
IVs 26 300
IVs + 1 400
IVs + IIIw 2 700
IVs + IVw 1 100
IVse 2 200
Ve 147 500
Ve + 1 1 600
Ve + IVe 25 000
Ve + IVs 1 600
Ve + Vs 26 600
Vw 20 800
Vse 19 700
Vs + Vie 1 600
Vie 108 900
Vise 15 700
Total area Total area
suitable 589 700 unsuitable 940. 400
Total area mapped - 1 530 000 acres
Note: Area includes Semi-Detailed Soil Survey Area, but ex~-

cludes the Sungai Karabungan Area.

soil and terrain pattern between Labang and Tubau is complex
and further, more detailed soil and terrain investigations
are required before an accurate evaluation of the use possi-
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bilities can be given.

The area south-east of the Semi-Detailed Soil Survey Area and
situated in the Sawai Protected Forest appears to be suitable
for a wide range of perennial crops. But whether areas suit-
able for annual and perennial crops exist will have to be
decided after a more detailed survey.

The area directly south of the Lambir-Subis Development Area,
and east of the Miri-Bintulu Road has extensive units of Class
Ve+Vs. At the 1:100 000 mapping scale these classes could
not be separated. Class Vs has been regarded as unsuitable
for all crops and only marginally suitable for grasses, cCoco=
nut and cashew. Any definite cropping pattern for this area
should therefore be based on more detailed soil surveys.

North of Bekenu (see inset,Map 14) large areas of IIlIw, IVw
and IVe occur. Most of the land around this town is occupied,
but it is felt that other crops than those grown at present
could be successfully cultivated.

Table 5.6 shows that, of a total mapped area of 1 530 000
acres, only about one-third of the surveyarea - 589 700 acres
has been assessed as suitable for agricultural development.

5432 The SemiDetailed Soil Survey Area

The Land Capability map (Map 7) of the Sungai Karabungan Area
at a scale of 1:20 000 shows the distribution of the various
land classes mapped. The linear pattern typical for the soils
and terrain in the Study Area as a whole is also apparent in
the land capability pattern of this area, which has been map-

ped at a much larger scale than the Broad Transect Survey
Area. '

The areas unsuitable for any agricultural d

ncentrated in the north-west. Large areas §¥eé:£2i2;‘¥§;gi-
soils are present, resulting in the widespread occurrence oz
Class VIs. As has been discussed in Section 4.1 of this Cha-
pter, Capability Class VIs is regarded as marginally suitabl
for the development of pastures because land with slope 4
ceeding 15 degrees must be subjected to trials befofg " ex;
areas are cultivated. Similar trials should be carried suct
on land of Class Ve, which occurs axtensivély in this arezu

Table 5.7 shows that 93 per cent (18 492 y i

for some form of agricultural developmznt?czzz)itsmuzzifable
phasised again that about half of the area (3 400 ac e)em..
Class VIs may prove to be unsuitable for grasses ftres of
completion of necessary trials. after the
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TABLE 5.

7 GROSS AREA OF LAND CLASSES

(QUOTED TO THE NEAREST ACRE)

Sungai Karabungan Area
Land suit- Land unsui-
CLASS able for |Percentage | CLASS| table for |Percentage
agriculture agriculture
I 31 2 Vs 332 2
ITw 2 062 10 Vile 252
IIle 483 VIIs 888 h
Ve 1 018 5
IVs 2 739 14
IVw 1 012 5
Ve MBS 5 b 17
Vw 295
Vie 368
VIs 6 867 34
Total 18 492 93 Total 1 472 7
Total area mapped 19 964 acres

The capabilities of the Beluru Area, shown as an inset on Map
19, are considerably more limited than the Sungai Galasah,
Sungai Sawai and Sungai Sebubok Areas. Of the total of 12 869
acres surveyed just under half of the area, or 6 422 acres,
is suitable for agriculture. This land is concentrated in

the centre of the Survey Area and consists mainly of Class
IVe, 3 400 acres. An area of Class IVw dissects the above
mentioned land class and amounts to about 1 000 acres. This
land, consisting of Seduau-Bijat family intergrades, could

possibly be utilised for a rice irrigation scheme.

Map 19, depicts the capabilities of the Sungai Galasah, Sun-
gai Sawai and Sungai Sebubok Areas. The total area surveyed
amounts to 78 631 acres, of which about two-thirds (55 017
acres) is suitable for a wide range of climatically adaptable
crops. Land Classes IVe, Ve and VIe make up the bulk of the
suitable land (see Table 5.8 and Appendix VII.2). They are
only suitable for tree crops. An area of about 3 000 acres,
consisting of Class IITe and IIIw, could be used for cocoa;
but it must be emphasised that, before this cropis cultivated
on a large scale, information from a trial presently underway
in the Sungai Tangit Scheme of the Sarawak Land Development
Board should be analysed. Observations gathered so far show
clearly that this crop will be subjected to less favourable
conditions here than anywhere else. -

151



TABLE 5.8

GROSS AREA OF LAND CLASSES

(QUOTED TO THE NEAREST ACRE)

SEMI-DETAILED SOIL SURVEY AREA (SUNGAI SEBUBOK,
SUNGAI SAWAI AND SUNGAI GALASAH AREAS)

feahid ‘@iRtG Percentage Lang Unsnin Percentage
CLASS a?le for A e ad CLASS ta?le for e total
agriculture agriculture
3 - - Vs 3 370 3.70
IIw 2 314 2.50 Vis 4 469 4.90
ITIw 4 304 4,70 Visw 229 0.30
I1le 2 759 1.90 Vile 19 857 21.70
II1s 906 1.00 VIIs 2 136 2.30
IVw 1 976 2.20
IVe 18 669 20.40
IVs b 431 4.80
Vw - -
Ve 16 052 17.50
Vse Lo -.10
Vie 10 691 11.70
Ve+VIe 288 0.30
Total 61 439 67.10 Total 30 061 32.90

Total area mapped - 91 500 acres

55 CROP GROUPS AND THEIR DEMANDS ON
TERRAIN AND SOILS

5.5.1 Introduction

A Land Capability Classification for a particular region is
not complete without a statement of the climatically adapted
crops acceptable for each capability subclass. The decision
as to whether a crop is acceptable for a certain environment
is based on the minimum soils and terrain conditions under
which that crop will give acceptable growth and yields. Each
crop will only thrive within a certain range of physical and
chemical soil conditions. Some crops are more tolerant of
adverse conditions than others. For example o0il palm and
rubber can be grown under a wide range of terrain and soils
conditions, but cocoa is more particular about its environ-
ment. If the soil criteria for certain crops are to be est-
ablished then the tolerance range for each crop and group of
crops with similar demands must be known.

5.5.2 Criteria for Climatically Adapted Crops

the
for a

Table 5.9 sets out
terrain criteria

range
wide

of acceptable
variety of

soils
crops.

and
These
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TABLE 5.9

RANGE OF ACCEPTABLE

SOILS AND TERRAIN CRITERIA FOR CROP GROUPS WITH SIMILAR DEMANDS

(ADAPTED FOR SARAWAK CONDITIONS FROM JOHOR TENGGARA REGIONAL MASTER PLAN)

Main Crops and Main Crops and
group crop groups Soil and terraim criteria group Stobtgitiupe Soil and terrain criteria
Annual 1: Slope: 0 to 3 degrees. Depth to acid sulphate layer: dee-
b 4 Rice Drainage: moderately well to very RES) *has 73 oAR(00, dnahes)
(wet land) poorly. Workability: less than 25 per cent
Plooding: frequent and protract- of surface stones and rocks.
ed, provided controllable. 5y Slope: O to 5 degrees, with comn-
Effective soil depth: deeper than Tulses servation to 10 degrees.
30 em (12 inches). sove Veans Drainage: very well to imperfect.
Boil texture: heavier than loam ¥ % Flooding i none
if water table higher; otherwise maize, ng .
sandy clay loam and heavier. i Effective soil depth: desper than
D T 50 em (20 inches).
epth of surface peat: less than chillies
50 cm (20 inches) if well humi- Soil texture: excluding loamy sand
fied and with high base status, and lighter textures, and heavy
otherwise less than 30 cm (12 clays.
inches). Depth of surface peat: less than
Depth to acid sulphate layer: dee- 50 cm (20 inches).
per than 50 cm (20 inches). Depth to acid sulphate layer: dee-
Workability: surface stones and per than 75 c¢cm (30 inches).
rocks less than 25 per cent; no Workabilit
¥: less than 25 per cent
submerged timbers in peat. of surface stones and rocks.
21 Slope: O to 5 degrees, with con- Semi &1 sla
- pe: 0 to 15 degrees, to 20 de-
Groundnuts, | "°rvation to 10 degrees. perennial | . grees only-after successful trials,
vegetables, ::;i"“” very well to moderately FRARN (pasture) Drainage: no restrictions as a wide
Sobieéo v range of adaptable grass species
Flooding: none. could be avallable.
Effective soil depth: deeper than Flooding: infrequent and of short
50 cm (20 inches), some veget- duration, but could be frequent
ables require minimum of 75 em in certain topographic positions.
(30 inches). Effective soil depth: deeper than
Soil texture: excluding sands and 50 em (20 inches).
heavy-clays. Soil texture: mo restrictions as
Depth of surface peat: less than & wide range of adaptable grass
50 em (20 inches); some vegetab- species could be available.
les could thrive on a depth of
over 120 cm (48 inches) provided :;p:: ?:D'r::;::””"  eiaiats
peat is well humified and with 2
acceptable base status. Depth to acid sulphate layer: dee-
Depth to acid sulphate layer: des- per than 50 cm (20 inches).
per than 75 cm (30 inches). Workability: less than 50 per cent
Workability: less than 25 per cent LN aCuEn, shonas aARd fpeks.
of aurfacs stones snd recks. 7 Slope: O to 5 degrees, with con-
3 Slope: O to 5 degrees, with con- Arsseds sarvation to 15 degrees.
Rice servation to 15 degrees, (fodder) , Drainage: very well to imperfect.
{dry land) Drainage: well to imperfect. on“} Flooding: infrequent and of short
Flooding: mot applicable. EFAEP e darisd.om.
itro la Effective soil depth: desper than
Effective soll deépth: deeper than - ?!}
50 om (oM sootien) grass \ 50 em (20 inches).
vativ Soil texture: excluding loamy sand
:::l-:::::::; :::::_;':1:::“ Ko, I.‘l‘llqts’ and lighter textures. For vetiver
grass heavy clays excluded.
g::;g.“ PUESROE Jonti SO% N~ Depth of surface peat: less than
. 25 em (10 inches).
2;:&2:;1':.“’ sulpbate laysr: wot Depth to acid sulphate layer: dee-
g s per than 50 cm (20 inches).
Workability: less than 25 per cent
Workability: less than 25 per cant
of surface stones and rocks. 9 JF SUiFPane stomss and rocks.
: Due to its lower yields and the accele-
rated orosion hazard, this type of rice culti- Hotss. (1) a aardus L. var, SX80
vation should gradually be phased out, and the .
acreage of wet land rice increased. (2) “; on nardus L. var. genuinus
bt Slope: O to 5 degrees, with con- (3) Andropogen ziganoides Urban
Tapioca, RS 16 S0 AR 3 8: Slope: 0 to 10 degre with con-
yams, Drainage: very well to imperfect. B : servation to 15 deg .
avast Flooding: mnone. ; sugar cane, nr::.u-gm very wall tomoderately
potatoes, Effective soil depth: deeper than Fipetin ol
ginger 60 em (24 inches). i Flooding: none for ramie and pa-
Y papaya paya; infrequent and of short du-
turmeric SPd papseras; sxciuding inands wnd ration for banana and suger cane.

heavy clays.

Depth of surface peat: less than
50 cm (20 inches) if peat well
humified and with high base sta-
tus over 50 em (20 inches),

Effective soil depth: deeper than
60 cm (24 inches).
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TABLE 5.9 (cont'd)
Main and Main Crops and
o CE::’:""P. Soil and terrain criteria Memspamy ] PRty <ot Soil and terrain criteria
Semi- B: Soil texture: excluding loamy sand 12: Slope: O to 25 degrees, above 10
perennial | (cont'd) and lighter textures. Rubbas, degrees with conservation.
b Depth ?r l\lrtaul’p-.tl less than G Drainage: very well to imperfect.
25 em (10 inches). §
Borin LAl siiebass Aavars Gons Brasil nut, :::.mnl““: infrequent and of short
sty Al 1 R cr i FES RN SoE) oy Sgepie shon
Waor ¥: less per cen’ an, om ches) .
of aurface sVoRlE sud Todks, ?-n“o Soil texturs: excluding sandy loam
1 l’iﬂ and lighter textures,
9? 1 : i il g “::.::- 25 L’-&’ Depth of surface peat: less than
Pineapple rainage: very wa impe . 75 cm (30 inches) for rubber and
Flooding: none. tea 100 cm (40 inches), provided
t is well humified and with
Effective soil depth: desper than pes
25 cm (10 inches) if well drained. PASTRIE I e SeaTN
Depth to acid sulphate layer: dee-
Soil texture: excluding medium and
coarse sand and heavy clays. pex than 100 cm (40 inches).
Workability: less than 50 per cent
Depth of surface peat: deep peats
allowsd if drained, well humified 9f sukdace stones and rocks,
and with high base status. 13: Slope: 0 to 25 degrees, above 10
.:::t.h toa;:dc:ut;:n:::::x: dee- Cooamuss degrees with conservation.
Workability: lesa than 25 per cent SAshew uat :::“* P '::, xadk oo :r:et-
of surface stones and rocks, few e tl.::l infrequant and of short
submerged timbers in peat. a »
Effective soil depth: desper than
Perennial | 10: Slope: 0 to 25 degrees, above 10 50 em (20 smu:? e
bt o Cocoa, degress vith somservatisn, Soil texture: mo restriction.
peppér, 3::::“”' well and  moderately Dopth of surface peat: less than
ol Kl 75 em, deeper Af peat well humi-
i Flooding: none for pepper, but fied and of acceptable base sta-
?\rocldo infrequent and of short duration tus.
en for cocoa, citrus, avocado. man-
h"'l‘ggrng_l. Sostesn and mango. ::gtzh: -;;4 o:ugg-:;:h?:{a des-
mangosteen Effective soil depth: desper than
Workability: less than 50 per cent
(garo ), :’t:.tu: ““h"); A 2 Sf aubfide stonss and reiks.
a exture: excluding loamy »
?mgo ” and lighter tcxtu;u. Citrus, Forest 14: S5lops: O to 30 degrees,
t : -
w :i.ﬁ:’:m:::‘ ::: ;:;:'-:i.z'::'! :‘(:::r:‘nut Drainage: very well to imperfect.
:il”. luh‘n Kabuloh family so- iy :‘ Flooding: infrequent.
" e o a, | Effective soil depth: deeper than
D;pth ?:B.M::.]p..t‘ less than ck, var.){ 50 em (20 inches).
: it bt i bamboo, Soil texture: no restriction but
’::ﬂ:u::-:x::l N‘:nu.g::ll dee- forast ::: sand and loamy sand suitable
- plantations, @ species would have to be
Worksbility: less than 25 per cent PN £ T
of surface stones and rocks. 0:::‘01‘;:‘ Depth of surface peat: no rest-
iction for re lba; Mixed
: exploitation ||
BT e v 1 N [T e A
OL1 ke, mansgerial demands oil palm is re- FESNROrRLISH §on: nut 1::1.:1::- 7jb:: m :l::-
Coffee garded as marginal on slopes be- es). 3
(Robusta and | tween 20 and 25 degrees, there
Libarical, | are however no adverse effects Depth of acid ﬂllrtuu layer: dee-
arecanut to growth or yield, Forl:hn:l 100 cm (40 inches), not
- applicable to mangrove species.
Dra e: well and moderatel
rambutan, “1:"'“‘ g Workability: not applicable.
nutieg; Flooding: nome, for oil
palm fl-
cloves, ooding up to q'u week would be A2 AL S 80 3 Sayrenn
alad ::c;::m:. but coffee for short- Sago Drainage: poor and very poor,
Mo . Flooding: no restrictions.
Effective soil depth: deeper than
60 cm (24 inches). 50 (15 DLyt depper than
Soil texture: excl sandy loam
and Lighter textures.® :::11::::::" excluding loamy sand
Depth of surface peat: less than
50 em (20 inches). I;;F:: ?:ol::::::}piltl loss than
Depth toacid sulphate layer: des-
per than 100 em (40 inches). :::tth:: .;:t:n%s.:::;::f, e
Workability: less than 50 per cent 3
of surface stones and ro:h. Yorkahilitys mot Sppiicsble.
16: No restrictions,
Forest and
othar
reserves
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criteria have been set at the lowest level of acceptability:
that is where crops can still maintain an acceptable 1level
of yield. The table has been simplified by grouping crops
with similar demands on terrain and soils. Crop groups with
the same growing period have also been combined.

The terrain and soil conditions listed in the Table have
been adapted to the less favourable environmental conditions
in Sarawak and it must be stressed again that many of the
criteria would reflect marginal conditions to plant growth
and crop yield in other parts of South East Asia. For inst-
ance a slope of up to 10 degrees for the cultivation of gr-
oundnuts, vegetables and tobacco can hardly be called a gene~-
rous criterion, nor is a soil depth of 75 em (30 inches) for
cocoa, pepper and citrus. The consequence of the lowering of
the soils and terrain criteria is that a greater demand will
be placed on management practices.

The criteria used are those for soils in their natural state;
therefore human interference has been ignored. The range of
crops listed in Table 5.9 has been selected on the basis of
their climatic adaptability with no consideration for their
economic feasibility. It is not claimed that all the clima-
tically adaptable crops have been included in the Table.
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APPENDIX 1
TABULATED CLIMATOLOGICAL AND HYDROLOGICAL DATA

[1 EXISTING CLIMATOLOGICAL AND HYDROLOGICAL DATA

General Climate

Selected climatological elements are published by the Malay-
sian Meteorological Service in the form of an Annual Climat-
ological Summary. These elements are listed in Table I.1.1.
During the Study, Summaries were available for the years up
to and including 1968. The Malaysian Meteorological Service
also prepares monthly abstracts in a less detailed format.
These contain the elements which are listed in Table TI.1.2.
During the hydrological studies, these monthly abstracts
were available for the months up to and including October
1973.

Rainfall

Monthly rainfall totals for the period up to 1957 have been
published (Department of Civil Aviation, 1958). The Hydro-
logy Branch now acts as a central pool for all Sarawak rain-
fall data. With effect from July 1962 daily rainfall figures
for most stations have been regularly published in the Hydro-
logical Yearbooks of the Drainage and Irrigation Department.
At present this series covers the periodup to December, 1971.
Later figures have been made available when requested.

For the years between 1957 and 1962 the only published rain-
fall data is that for Meteorological Stations. However, the
records for this period are available at the Headquarters of
the Drainage and Irrigation Department in Kuching. Also all
available monthly figures for stations in the Study Area were
assembled on the Study office files.

There are at present few autographic rain gauges in Sarawak.
Reasonably long-term records are available for the meteorolo-
gical stations at Miri and Bintulu. Maximum rainfalls for
variable durations in the period 1953-1964 have been publis-
hed (Meteorological Service Singapore, 1965) but the indivi-
dual annual maxima for this period are not available. Since
July 1962, annual maxima 1, 3 and 24 hour rainfall for Miri
and Bintulu have been published in the Sarawak Hydrological
Yearbooks.

As indicated in Figure 1.3, intermittent autographic data are
available for Marudi, Long Lama and Nyabau, but the incomplete
nature of these records reduces their value.

Evaporation

The standard evaporation instrument in Sarawak is the American
Class A evaporation pan. With the co-operation of the Meteo-
rological Service, the Hydrological Section installed Class
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TABLE I.1.1 ELEMENTS PUBLISHED IN THE ANNUAL CLIMATOLOGICAL
SUMMARIES OF THE MALAYSIAN METEOROLOGICAL
SERVICE

Pressure

Monthly mean 07 hours pressure

Temperature

Monthly mean 08, 14 and 20 hours, mean for 24 hours
Monthly mean maximum and minimum

Monthly highest maximum and date

Monthly lowest minimum and date

Monthly mean hourly temperature from autographic records
Monthly number of days with temperature in various ranges

Relative humidity

Monthly mean 08, 14 and 20 hours, mean for 24 hours
Monthly mean hourly relative humidity from autographic
records

Rainfall

Monthly total

Greatest day's fall in month and date

Number of days in month rainfall exceeded .01, 0.5 and 2.0
inches

Number of rain days in month

Monthly totals of rain by hours as registered by autographic
rain gauge

Cloud

Monthly mean cloud in oktas at 08, 14 and 20 hours

Sunshine

Monthly mean sunshine duration
Monthly mean hourly sunshine duration

Wind

Monthly percentage frequency and mean v
the various directions

Monthly number of hours with wind speed in various ranges

elocity of wind from

General weather

Monthly number of days with hail, thunder, fog,

over
blue sky fast - o
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TABLE I.1.2 ELEMENTS PUBLISHED IN THE MONTHLY ABSTRACTS
OF THE MALAYSIAN METEOROLOGICAL SERVICE

Pressure

Daily mean pressure

Temperature

Daily maximum, mean and minimum temperature

Relative humidity

Daily mean relative humidity

Rainfall
Daily total

Sunshine
Daily total

Wind

Daily mean speed
Speed and direction of highest gust each day

Evaporation

Monthly total Class A pan evaporation (if available)

Note: Daily mean values of temperature and relative humidi-
ty are based on 24 hourly values from autographic re-
cords.

A evaporation pans at Miri and Bintulu meteorological stat-
ions in April and March 1963 respectively. In the Fourth Div-
ision, but outside the Study Area, a pan was operated at Long
Akah (April-June 1963) and more recently at Bario (September
1971) but these records are at present too short to be of
value. Daily records from the Hydrological Section stations
are published in the Hydrological Yearbooks.

Rivers

The locations of Government river gauging stations in the
Fourth Division, and the type and extent of their records are
shown in Figure 1.4. At the outset, following the establish-
ment of the Hydrological Sections, it was intended to collect
hydrological data for all general development needs (1962/63
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Hydrological Yearbooks, Introduction). The overall plan be-
hind the hydrological network was however not elaborated. It
appears that most of the stations were essentially single
purpose. With the separate creation of the State Drainage
and Irrigation Departments in January 1967, new stations after
that date tended to be more exclusively orientated towards
Drainage and Irrigation projects.

The main headings under which river gauging stations have be-
en operated are summarised below. These are not based on any
official plan, but represent the Study's assessment. These
headings are also noted in the bar chart of Figure 1.4.

(a) Drainage Studies

Eight of the nineteen stations shown in Figure 1.4 are essen-
tially connected with drainage schemes. They are concentrat-
ed in the lower Sungai Sibuti (Paya Selanyau Scheme) and low-
er Sungai Niah basins. They are all unrated stations, recor-
ding levels only, and many are tidal. Records from these
stations will have been used in Departmental studies of the
drainage schemes in those areas, but have not been used in
the Consultants' studies.

(b) Bridge Site Investigations

Gauges 4-14, 4-15 and 4-16 were established on the Sungai
Sibuti, Sungai Niah and Batang Suai near the proposed cross-
ing points of the Miri-Bintulu road. The main purpose of
these guages was to provide flood level information for the
eventual design of permanent bridges over these rivers. This

was also part of the purpose of the gauge on the Sungai Sibiu

(c) Port Investigations

The main purpose of the tide gauge at Kuala Baram (4-1) was
the hydraulic investigations of the Kuala Baram area as part

of the investigation of the possibility of establishing a deep
water port at Kuala Baram.

(d) Hydro-electric Investigations

A preliminary study of hydro-electric potential in Sarawak
(Snowy Mountains Authority, 1962) identified a number of pot-
entially feasible hydro-electric developments on the major
rivers of Sarawak including the Batang Baram. Following from
this, gauging stations were established on the Batang Baram
and its tributaries, the Batang Tinjar and Sungai Tutoh. In
due course, these records will be invaluable. However ma jor
hydro-electric schemes do not enter into devel : .
mes in the period covered by this report, and
the stations in the Baram basins have been us
information only in the present studies,

(e) Water Supply Investigations

This area of investigation has been perhaps w

the existing hydrological network, afthough a:rs:h:ervigsezi
level of development this has not been of great consepuenc
Other than on the large rivers where quantity is not : rogl
lem, discharge measurements have in the past been made atpfo
stations (4-12, 4-14, 4-15 and 4-16). However, at two stur
tions (4-14 and 4-15) the gauge height recordp}ovedinsuffi:
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ciently reliable to be used, and at 4-16 there was no contin-
uous gauge height record. It was therefore possible for the
Study to construct a daily discharge record only for station
4-12 on the Sungai Sibiu. At the other stations effectively
only spot discharge measurements were available.

Daily gauge height and, where available, discharge figures
are published in the Sarawak Hydrological Yearbooks. Records
for the Sungai Sibiu (station 4-12, Figure 1.4), which were

worked up by the Study, are given in Tables I.1.3 and I.1.4
and the rating curve used shown in Figure I.1.1. The flows
are based on published daily gauge heights.

TABLE" 1.1%3 SUNGAI SIBIU AT MILE 6, DISCHARGE
MEASUREMENTS MADE FROM 20-12-66 TO 18-8-68

Measure- ;ﬁ?gﬁl Bischarge 322::2; ve?g:?ty Defiping
ment Date rating
No. Pest | Cusecs | Sgiare [Feet per | LV

1 20-12-66 13.65 1 360 574 2:97 1
2 21-12-66 1558 1 590 708 2.8> 1
3 21-12-66 15.42 1 580 733 2,45 1
1 21-12-66 15.30 1 530 669 2.29 1
5 11-3-67 13.0 1 300 570 1.99 1
6 11-3-67 13.15 1 330 559 2.38 1
7 12-3-67 14.05 979 645 1.52 1
8 12-3-67 13.85 1 600 618 2.58 1
9 12-3-67 13.50 1 030 619 1.67 1
10 13-3-67 13.20 1 360 596 2.29 :
11 13-3-67 13.12 1 370 585 2.34 1
12 17-8-68 6.1 302 218 1.39 1
13 17-8-68 6.0 290 214 1.35 1
14 17-8-68 5.9 264 212 1.25 1
15 18-8-68 5.6 216 199 1.09 1
16 18-8-68 5.5 232 194 1.20 1

Note:

Measurements made by Hydrology Branch, Drainage and Irrigat-
ion Department; data from file at DID Headquarters, Kuching.
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TABLE I.1.4.1

. SUNGAI SIBIU
MEAN DAILY DISCHARGE IN CUSECS - 1967
Date Jan  Feb Mar Apr May Jun Jul  Aug Sep oct Nov Dec
1 996 196 185 162 159 147 132 720 352 1 062
2 1 110 159 741 150 153 138 123 317 263 734
3 982 132 867 138 141 132 117 337 468 357
13 727 141 322 138 138 122 107 hoo 372 221
5 1 712 389 206 129 130 129 112 337 241 1 078
6 657 478 221 159 127 125 138 120 254 62 1 734
7 159 150 189 117 122 127 213 259 2 04h
8 127 293 150 h16 127 122 112 175 292 2 316
9 1 204 272 246 217 117 127 107 221 217 1 756
10 1 110 185 196 162 115 132 102 213 192 389
11 1 380 14k 168 162 112 125 182 217 225 203
12 1 204 127 150 144 115 141 162 203 206 182
13 1 186 229 138 853 636 156 112 192 178 138
14 327 282 14 1 778 590 127 112 272 221 122
15 433 250 199 1 hso 815 484 110 1Y 389 927 138
16 1778 203 150 532 292 2 215 102 875 250 1 070 153
17 3 025 221 156 233 277 2 499 107 378 196 520 150
18 & 798 433 564 182 282 1 756 217 196 182 450 210
19 6 650 Ll 249 1 240 1530 ka2 456 322 153 734 1 480
20 5 075 217 657 8%0 2 433 225 225 196 153 456 713
21 3 h1o 196 259 890 2 008 1 o054 352 213 153 264 551
22 1231 203 203 263 2 303 671 282 264 159 233 526
23 2 277 210 199 770 8od 372 203 372 203 221 1 05k
24 2 381 171 292 433 273 273 165 221 246 214 508
25 1 668 147 185 270 237 214 168 178 203 264 307
26 162 138 182 671 221 200 182 357 185 357 217
27 138 178 454 224 185 159 974 196 362 5k
28 130 185 272 225 171 127 706 210 720 332
29 935 127 210 a21 200 185 135 337 502 450 508
30 1 4ho 138 203 189 185 192 129 837 516 337 322
I1 1 267 175 168 171 138 189 277
Total
e 8 000 12 950 17 075 14 o64 115 9 434 8056 11864 20 326
M
s 267 418 569 A5k 165 3 260 398 656
Me
) 7.53 11.8 6.1 12.8 467 8.88 7.35 11.1 18.6
Mo
R 14l 225 306 20k 88.8 169 4o 213 353
Runoff
- 186 204 268 221 81 14y 127 237 320
Runoff
o h.96 8.03 10.58 8.72 3.17 5.85 k.99 9.38 12.60
Peak
c:-oc‘ 35-4 35.1 68.9 70.8 12.9 27.6 20.4 30.3 65.6

Catchment area = 155 8q. km = 60 aq,
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SUNGAIL SIBIU

MEAN DAILY DISCHARGE IN CUSECS - 1968

TABLE I.1.4.2

Date Jan Feob Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 241 132 99 b2z 1 249 342 297 147 217 268 3 8o 141
2 1 178 114 95 603 1 430 217 237 135 199 217 2 843 153
3 433 272 91 307 609 1 857 225 122 225 159 2 008 127
4 ha2 272 81 192 268 1 603 241 1k 210 250 551 159
5 770 210 95 268 178 496 590 383 175 538 450 433
6 450 144 91 217 162 383 411 357 168 292 1 880 229
7 263 165 109 153 144 307 268 1 054 182 317 1 712 1 195
8 233 327 109 307 141 433 217 636 171 1 4Bo 1 hoo 577
9 192 178 109 362 159 1 734 175 570 168 990 332 259
10 213 127 127 225 217 912 165 711 117 741 joR 213
11 182 147 117 162 159 378 245 272 93 538 175 1 675
12 159 127 B9 229 1 054 jaz Rz 168 hay 478 1k 699
13 153 127 99 206 1 006 337 268 168 433 427 127 347
1h 153 123 81 210 692 272 245 287 347 427 122 1 152
15 272 127 119 307 245 268 175 1 086 259 4oo 129 352
16 8oo 112 95 357 456 2 068 141 741 233 56 127 282
17 1 030 104 87 282 322 852 117 254 297 268 210 282
18 3132 102 129 233 245 367 171 199 hay Lk 342 ha2
19 317 102 357 203 171 250 k] 192 357 302 229 570
20 245 97 159 664 210 199 1 613 168 317 168 307 484
21 217 91 177 307 159 178 1 635 147 259 122 268 11
22 165 107 664 206 127 189 982 127 317 490 307 7&_1
23 153 99 692 400 117 159 570 95 259 1 070 194 1 332
24 150 97 777 182 119 122 196 112 282 1 144 713 1 koo
25 144 ho? 520 150 196 112 217 162 153 1 679 Jh2 1 390
26 144 93 670 132 657 112 203 192 189 1 BBo 250 596
27 132 164 1 915 199 1 520 156 150 150 259 490 175 307
28 135 153 1 Boo 389 1 592 127 206 119 47 383 156 241
29 122 150 1 778 785 1 961 127 153 122 352 1h1 138 225
30 124 250 7ht 1 550 394 162 124 joz 2 155 122 860
31 11k 225 727 153 122 2 567 643

Total

cuuui 9 638 110 11706 9 oo 17 B42 15 273 11 123 B 963 7 741 22 081 19 k35 17 897

days

Mean 31 142 378 313 576 509 359 289 258 713 648 577

cusecs

Mean i 8.80 .02 10.7 8.86 16.3 1. b 10.2 8.18 7,30 20.1 18.3 16.3

cumecs

e 167  76.4 203 168 310 274 193 155 139 383 9 310

::noff 152 65 184 148 281 ab1 175 11 122 348 306 282

fnmort 5.97 2.55 7.26 5.83 11.06 9.47 6.89 5.56 4.80 13.69 12.05 11.09

Peak 33.4  11.5 s4.2  22.2 55.5 58.6 86,3 30,8 13.3 72.7 90.0 W74

cumecs

Catchment area = 155 #q. km = 60 sq. miles
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SUNGAI SIBIU ;
MEAN DAILY DISCHARGE IN CUSECS - 1969

TABLE I.1.4.3

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nev Dec
1 416 141 389 378 830 119 206 83 594 185 4oo 852
2 342 129 254 178 422 124 150 129 990 570 241 395
3 koo 147 127 156 720 138 233 138 272 182 629 958
h 785 104 119 127 416 292 192 93 268 175 362 734
5 762 87 112 119 189 225 203 83 203 199 241 hoo
6 322 77 99 117 138 237 210 75 185 250 ha7 1 285
7 206 69 97 14k 135 2hs 217 83 272 1 086 792 1 070
8 182 67 97 127 122 2100 . 297 77 221 570 1 k9o 734
o 175 i 95 217 570 1y 590 91 17 438 2 oBo 438
10 165 162 105 263 1 204 221 250 91 144 532 1 846 636
11 122 122 129 245 282 199 643 8s 132 1 222 860 590
12 k62 317 860 168 a8z 182 538 127 124 538 1 376 974
13 1 603 520 590 150 1 712 317 k2 132 124 307 905 1 285
14 927 322 317 138 1 054 192 213 119 119 332 657 1 984
15 332 229 312 122 229 297 312 144 114 268 1 361 1 949
16 337 159 250 132 189 2 394 268 150 199 259 1 470 1 624
17 347 122 233 117 156 2 580 438 203 175 287 1 152 38
18 210 124 196 544 196 1 811 282 144 150 229 643 35z
19 182 135 127 629 165 596 272 405 119 217 462 j22
20 162 852 122 352 185 272 583 oo 114 183 167 456
21 138 1 186 104 217 259 225 650 250 114 259 J07 1 490
‘gz 124 292 129 770 254 189 357 830 32z 678 254 2 634
23 93 210 185 713 196 185 210 383 307 427 317 1 624
24 77 182 199 J12 185 162 147 389 259 337 263 557
25 95 153 250 297 165 141 127 551 250 233 263 1 520
26 112 129 k0o 254 438 135 114 490 263 196 287 1 kg0
27 241 132 277 196 347 124 112 317 268 192 282 875
28 450 1 135 770 352 250 1h1 107 352 272 196 297 220
3 it 863 466 133 . SUE SRR 389 11 450
30 n: 1:: 643 141 124 89 2 621 192 2 164 262 307
31 13 t 129 81 2 394 B60 570
Total
::;:u 10292 7 375 7526 B 35 12 313 12 380 B 658 13 0oo 17 14 160 21 104 29 713
Mean
conden 332 263 243 278 379 413 279 h19 305 457 703 958
Mean
cumecs 9.40 7.4k 6.88 7.88 0.7 11.7 7.20 11.9 8.63 12,9 19.9 27.1
Mean
M.G.D. 179 1h1 131 150 204 222 150 225 164 246 178 515
Runoff
o 162 116 118 131 194 195 136 205 144 223 332 469
Runof f
- l 6.38 ° L.57 4,66 5,17 7.63 7.67 5.3 8.06  8.67 R R
Peak
cumecs 45.4 33.6 244 21.8 48.5 73 18.4 7h.2 73.5 61.3 58.9 7h.6
Catchment area = 155 sq. km = 60 8q. miles
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TABLE I.1.4.4

SUNGAT SIBIU
MEAN DAILY DISCHARGE IN CUSECS - 1970
Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 Bo7 297 114 213 292 2 621 1 4ho a7 168 317 254 292
2 383 are 112 213 508 "2 553 “'%1 323 203 478 203 221 468
3 277 233 112 292 3oz 2 056 564 168 h74 210 228 1231
i 2 092 372 117 196 322 2 290 394 225 292 233 468 845
5 2 164 1 078 119 207 213 2 189 h22 178 213 372 272 hos
6 950 1 915 119 250 189 2 368 287 185 317 1 258 282 456
7 692 ' 1 380 394 B22 175 2 420 268 974 217 882 520 hos
8 643 557 438 367 168 685 225 1267 233 596 822 367
9 998 277 422 277 564 327 213 950 367 h27 322 277
10 622 245 292 282 685 241 213 352 16 433 287 245
11 132 217 237 830 297 206 192 890 237 636 438 213
12 hoo 210 210 1 592 189 175 159 1 078 277 583 367 192
13 332 203 178 1332 185 168 156 713 277 433 327 221
14 317 192 196 1 520 171 153 156 508 207 616 327 221
15 1.078 171 942 1 4Bo 175 1hh 159 897 277 272 o7 206
16 1 361 194 622 Boy 162 141 150 W38 1 582 229 322 213
37 622 150 250 367 150 182 1hly 609 462 213 678 352
18 33z 147 307 259 138 213 159 912 268 671 L 57
19 322 1h4 263 912 206 210 150 636 217 927 287 622
20 307 144 192 1 603 144 138 327 337 203 762 4oo 496
21 297 132 322 2 056 182 117 352 241 196 337 792 450
22 8o7 124 516 1 903 182 112 287 185 203 217 1 380 317
23 770 122 312 1 144 168 109 196 185 777 905 1723 268
24 hoo 114 189 713 189 109 203 182 867 867 650 225
25 j22 119 150 W68 378 112 196 178 J4a 268 o7 1 869
26 292 114 111 462 217 210 168 153 217 225 k56 1 857
27 h16 114 221 jo2 hoo 966 317 750 203 468 W68 1 204
28 378 119 h16 287 526 1 118 217 150 189 462 352 748
29 312 770 352 adz 282 297 259 182 462 302 367
30 259 307 254 8oy 229 277 165 182 287 282 263
11 245 206 734 196 182 a89 734
Total
cuao:-! 19 529 9 306 9 116 21 762 500 22 B44 9 B07 13 B97 10 S4O0 15 160 1k 306 16 386
days ]
Mean
Saa N 630 332 294 725 106 761 316 h4B 351 489 477 529
M : " g
s ) _are . oo 0.3 20.5 8.66 - 21.5 ' 8.9 12.7 9.93 13.8 1.5 | 15,0
::;"' ! 339 179 158 190 165 hoo 170 241 189 263 257 285
1 307 146 10l 343 150 360 154 219 166 239 225 258
Runoff} 12,30  5.76  5.65  13.49  3.89 14,16 _ 6.08 8.61 6.53 9.40 8.87  10.16
Poak
pln sl 61.3 5h.2 26.7 58.2 22.8 74.2 37.5 35.9 &4.8 35.6 48.8 . 53.9

Catchment area = 155 sq. km = 60 sg, miles
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‘TABLE I.1.4.5

SUNGAI SIBIU
MEAN DAILY DISCHARGE IN CUSECS - 1971

Date Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

1 1701 720 317 178 135 322 206 1 022 636
2 1 380 1 450 307 958 132 199 203 383 544
3 1 294 1 657 292 622 132 B8o7 229 282 456
3 1 118 1 44o 268 389 1h1 422 b11 245 389
5 603 792 225 664 171 302 352 237 1 520
6 k16 1 046 237 Lhly 141 196 277 167 1 k4o
7 k33 1 892 221 352 196 692 196 456 603
8 394 2 008 210 213 168 347 162 1 603 347
9 389 5 561 199 jo2 156 241 144 1 603 322
10 352 5 h17 206 400 147 ° 357 138 882 1 144
11 302 3 768 168 433 141 322 135 484 1 249
12 263 1 915 150 268 138 199 182 352 882
13 664 577 141 250 138 182 532 287 526
14 302 394 144 175 144 171 508 245 433
15 254 347 147 168 138 199 263 282 394
16 217 1 361 150 159 132 282 250 603 183
17 206 912 150 153 132 263 241 koo 1 249
18 185 800 150 156 129 317 233 327 875
19 178 734 156 150 127 221 213 394 557
20 175 727 144 153 127 178 221 603 1 846
21 171 590 144 147 124 175 250 748 2 446
22 206 5hk 147 150 127 165 312 1 213 966
23 178 478 233 153 129 141 450 1 010 557
24 175 357 272 156 132 135 347 882 1 592
25 576 1 285 302 236 138 138 372 262 1 213
26 1 276 1 267 277 206 162 1.38 629 2 316 450
27 2 394 8oo 259 153 203 144 762 2 008 277
28 2 486 378 210 144 287 144 1 062 1 490 250
29 2 607 199 132 272 159 692 882 b11
39 : 97:, ’:2 o8 259 150 383 875 1 222
31 93 182 189 1 430 1 ake

Total .

::;:c.s 24 755 39 217 6 389 B 196 4 887 7 708 11 785 23 310 26 419

Mean

cusecs 799 ¥ 4ot 0% 73 138 257 380 777 852

Mean

cnnecll 22.6 39.6  5.83  7.73 W47 7.9 10.8 22.0 24,1

Mean

e 430 754 111 147 8s 138 204 418 458

Runoff

8 6 101
- 389 15 129 77 121 185 167 516
Runoff
. 24.2 . ? ”
in 15.3 3.96 5.08 3.03 k.78 7.30 14,45 16.37
e 80 SR W 157 8.98 27.1° 8.13 - ag.9

ho.5 65.6 69.3

Catchment area = 155 8q. km = 60 sq. miles
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12 RECORDS FROM THE CLIMATE STATION AT KABULOH

STATION DESCRIPTION
1.. Location

Latitude 4°07' north; longitude 113°07' east. Elevation 20
metres (65 feet) approximately. The station is situated opp-
osite the office of the Agricultural Research Station, which
is reached by a spur road leaving the main Miri-Bintulu road
at Mile 28%.

2. Establishment

The climate instruments were installed by the Study Staff on
the 5th and 6th October, 1972. The daily rain gauge at the
site has been in place since January 1965. It was not moved.

3. Instruments

3.1 Temperature

Sheathed pattern maximum and minimum thermometers; Casella
thermohygrograph with weekly charts; all in Stevenson Screen;
installed 6th October, 1972,

3.2 Relative Humidity

Sheathed pattern wet- and dry-bulb hygrometers; Casella hair
hygrograph (thermohygraph); all in Stevenson Screen; instal-
led 6th October, 1972,

3.3 Rainfall

(a) Standard 5 inch daily gauge with rim at approximately
0.5 metre (1.6 feet) above ground,already at the site
since January 1965.

(b) Standard 5 inch daily gauge with rim at approximately
1.2 metres (4 feet) above ground; installed 31st Jan-
uary, 1973.

(c) Kent 5 inch natural siphon daily autographic rain gau-
ge (on loan from DID) with rim at approximately 1.2
metres (4 feet) above ground; installed 6th October,
1972.

3.4 Sunshine

Cambell-Stokes pattern sunshine recorder Type III-A; instal-
led 6th October, 1972.
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3.5 Incoming Radiation

RIMCO-CSIRO integrating pyranometer; installed 6th October,
1972.

3.6 Wind

Munro cup-counter anemometer type IM119 reading in kilometres
cup axis set at 2 metres (6.6 feet) above ground level; in-
stalled 6th October, 1972.

3.7 Evaporation

American Class A evaporation pen (100&11& manufactured) with
hook gauge and still-well; standard exposure; installed 6th
October, 1972.

L, Exposure

The exposure at the site is good. The Experimental Station
provides a wide area clear of tall trees, particularly to the
east and west. Sunshine and radiation records are not aff-
ected by any appreciable screening of the horizon. The near-
est building is the two storey office of the Experimental St-
ation which is about 7.5 metres (25 feet) high, and 4.0 met-
res (130 feet) north-east of the climate station enclosure.

TABLE I.2.1 CLIMATOLOGICAL SUMMARY

1972 1973
Datail Total M
Nov Dec Jan Fab Mar Apr May Jun Jul Aug Sep Oet g B i e
Ma: ir temperatu
“-.. a g Q 25.3 24.3 24,3 a4.2 25.5 25.3 24,5 25.1 244 k.4 24,8 24.7 - 24.7 -
Mpan air temperature
st St d ag 26.3 26.1 26.0 364 26,5  26.9  26.3  26.4 261 25.9 25,8 26.4 - 26.3 -
Moan maximam tomp-
Gaturad oy Toeg, L1 330 33e 33A  sma U aag gng U hmh ad' Pal kel =] 4
Moan minimom temp- ’
s mlioy o 92.9 23.3 22.2 22.8 23.0 24.1 4.2 82,7 e 2a.3 22.8 a1.9 - 28,9 =
Mean of A and B o  27.5 7.2 a7.1 27.6 27.7 28,2 28,1 27.7 27.3 7.0 g 7.2 - 27.5 .
Wighest maximam ©C  33.8 3h.2 33h 35.2 FLES TN 1Y ] .7 2.6 .0 BL7S ] 1.1 3. - h 5.2
Date 14 n 18 3 10 " 19 16417 21 a7 16 15 - - Feb 23
Lowest minimum L | 20.2 20.0 20.5 20.5 21,9 20.5 2.5 2.0 21,3 21,5 21,5 20.0
. * - .
Date J0 30 u8 5 3 1" n ] 7 26 L] Ll Jan 28
ot - an
Moan relative humid-
ity at 0800 % 90 9 9 9 93 94 L] 9k 9 94 93 e J: 93 o
Maan relative humid- £
ity over @4 hours W L 98 86 86 86 b7 A8 87 86 B6 B7 a7 - a7 ~
Mean vapour pressure
over zip:anr: uh 39.9 9.6 28.5 29.1 29.5 Jo.7 29.8 29.7 9. 8.7 28.7 29.8 » 29.4
Maan saturation def- " "
deit er 24 «7) 77 5.6 . 6! .
g e 5.7 5.6 S.11 h.77 5.22 5.49 5.3 .99 4,09 : 5,18 2
Me, dail ind rum
e R B R B | T T s R e T 90.9 - B30
Total rainfall
{08oo-0800) mm 204 170 1 15 79 bEL] a7y ads ash 178 177 a7 2 274 1@y
Greatast day's fall =
. ¥ Loyl | 64 18 9 16 59 Ll L] M 48 AB By .Y
Date 3 9 7 8 17 15 6 5 b1} 24 2 ™
' - Oct 28
Clasas A pan svapor=
ation | wmidey (VO BB NN 35 LTI BT WS 30 4o ks b U e
Mean dally sunshine
durstion  hours/day L 7.4 6.97 6.1 A0 3.80 6.34 6.70 6.79 5.5 S.01 6.18 6.25
Mean daily global o " %
radiation a0 13 hoy 196 h3o0
cals/cm®/day 4 s i ol g say ALl vy LT -

Penman open water
Svaperatisn  Ma/day h.63 h.69 h.52 467
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I3 THE STUDY RAINFALL STATIONS AND RECORDS

INTRODUCTION
The locations of the Study rain gauges, the types of gauge
and periods of record are shown in Figure 1.5. Details of

short-duration rainfall at Kabuloh have been given in Figures
1.14 and 1.15 and in Table 1.2.16. This Appendix gives mon-
thly rainfall at the other six rainfall stations and daily
rainfall at four of them. Daily totals are not available for
the storage gauges C1 and Ci4. The monthly totals for these
storage gauges have where necessary been adjusted to true
months by comparison with totals at adjacent stations.

On the completion of the field work and data reduction, all
original gauge readings and autographic rain gauge charts were
handed over to the Drainage and Irrigation Department, Kuch-
ing.
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STUDY RAINFALL STATION - RUMAH MAMAT
(DAILY TOTALS IN mm)

Longitude: 113°38' east

Latitude: 3°33' north

TABLE I.3.1

Elevation: 20 m

1972 1973
Day Sok v. Rews. Dae Fan Feb . Mar Apr May  Jun Jul Aug Sep Oct
: s X 0.8 = 12,4 - 5.8 7.1 o
4 0.5 - 38.1 - 10,3 B8 110 - 62.0
3 = - 10.4 . 264 47,8 17.9 83,6 1.3 5.1
4 - - 10.7 11.0 - 15.2 - - 3.3
5 = - 10.9 15.2 48,3 = - 4.8 -
6 - 82.3 - 46.9 15.5 0.8 - 14.6 -
7 5.3 - 48.0 9.4 - 13.7 6.9 21.9 -
8 2.8 - - - 5.3 31.8 3.8 5.3 -
g9 b.3 - 1.0 ' 4% 5.8 - 59.2 4.1 0.8
10 = - 32.0 1.8 74k - - 17.3 9.9
11 - - 15.2°  15.4 - - 108 - 71330 -
12 - 9.1 0.3 - - - - 0.8 -
13 1.0 h.1 - 8.9 - - 1.3 - 1h.2
14 - 1.3 . 216 3.8 - 8.6 1.0 1.3 1.8
15 - 15.7 B.6 3.8 - - 3s3 - Ak -
16 25.9 1.3 6.3 - - 15.8 - 2.4 10.9
17 - 50.5 17.8 28.8 - - 0.4 2.7 5.1
18 I"':;t‘h““ - - 7.3 - 3.6 - 9.3 0.8 50.5
19 - 36.1 - 25.4 - - - 0.9 3.8 10.9
20 - 1.8 29,2 10.6 33.5 - - - 39.5 1.5
a4 - 0.5 1748 3+3 - 15.0 - 2.5 4.6 35.6
22 - 2h.9 - 2.0 7.6 - - - 19.1  72.6
23 - 10.2 - 16.6 35.1 7.4 - 29.2 . 16.3
2k 7 5.6 4¢3 - - 12.0 1.0 16,8 57.4 19.6
25 < . £ 3.6 15.0 s 2.3 - 0.3 29.7
28 = 12.4 - 27.7 - 6.4 3.3 - 8.4 21.6
27 - - - 16.8 5.8 18.3 4.8 - 8.6 4.3
28 7.6 7 2 1.7  11.9 - 4.7 4,6 9.7 a
p” & 4.3 50.0 17.4 60.5 12.9 - 3.2 &
10 - . 1.0 7.0 6.4 25,2 48.3 & v
31 - 1.5 3.8 k.3 10.4 65.3
Total 131.3 225.9 389.7 320.3 346.4 170.3 239.0 296.4 441.0




TABLE I.3.2

STUDY RAINFALL STATION - MILE 34, BINTULU
(DAILY TOTALS IN mm)

Latitude: 3°23' north Longitude: 113°27' east Elevation: 80 m
1972 ! - 1973
Day
Apr May Jun Jul Aug Sep
% 3.6 3.8 0.3 4.4 -
2 = 7.0 2.0 3.8 10.3
3 17.2 60.6 14.2 - 5.2
4 23.0 - 23.0 1.7 0.3
5 o o VI s 50.9  15.6
6 - 110.0 57.4 - 31.4 k1.9
7 777 1.4 2.3 - 9.1 1.3
8 - 0.2 - - 0.9 30.8
9 5.4 37.8 - 4.7 53.6 1.1
10 13.1 23.1 49.8 38.7 0.1 0.7
11 15.1 - 27.8 - 4.8 43.1
12 6.9 - 1.3 - - 18.5
13 - 2.0 - - 2.2 i
14 6.9 6.0 - 5.0 - 0.9
15 3.5 12.3 - - - 11.5
16 29.0 - - 1.6 0.5 5.4
17 18.6 k.1 - - 5.0 0.7
18 15,5 1.6 8.1 0.5 12.0 18.2
19 17.2 0.9 - - 0.5 29.1
20 24.7 2.9 - hi.2 - 7.0
21 - 6.9 jo.s5 - - 10.2
22 5.9 2.9 4.5 - - 5.6
23 23.0 - 11.0 0.5 6.0 1.0
24, 70.8 16.9 - 1.6 25.7 19.4
25 2.3 0.3 20.5 2.9 - 1.4
26 - - h.5 - - 7.6
27 - 3.7 h1.3 5.0 0.8 7.0
28 hoh 3.8 2.8 52.7 3.9 6.7
29 - 5.2 38.3 6.2 0.4 -
30 36.3 4.0 18.4 19.9 34.8 -
31 10,7 5.8 8.1
Total u 332.4%  401.6 225.8 260.6 308.6




STUDY RAINFALL STATION - MILE 18, BINTULU

(DAILY TOTALS IN mm)

TABLE I.3.3

Latitude: 3 15' north Longitude: 113 16' east Elevation: 30 m
1972 1973
. Oct Nov  Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
¥ RN N R 5 - = W3 64 18 s
a & 3 = = 25.4 29.2 3.8 - 7.6
) ;L - 5.3 - 7.6 16.5 3.3 y 19.1
4 23.6 - 26.4 55.1 2.3 - 14,2 12.7 38.1
5 - 14.5 - L 7 T - - 28.7 8.9
6 g 26.2 - 27.4 48,3 - - 25.4 -
» - - 6.4 58,9 20.3 - 42,9 741 ~
8 0.5 - 38.1 21.6 6.4 - 2.8 1.3 9.4
9 i 38.6 Badh 155 - 42.7 5.3 12.7 -
10 - - 9.7 4.1 63.5 - 35.8 2.5 -
11 - - 3.3 3.6 76.2 - - 10.9 3.0
12 - - 17.8 - 1.8 - - 25.4 -
13 - 38.1 - - - - 2.3 - -
" - - - 14.0 - - - - 12.7
15 18.5 7.6  63.5 4.3 - - - 12.7 12.7
16 22.9 9.9 29,2 2.0 x & % 27.4 =
17 0.5 31.8 - - - 10.7 - 25.4 19.6
18 1.5 - 5.1 9.1 - - 2.3 1.5 -
19 In;;:;hd 3.6 23.9 bt - 16.8 2.3 30.7 1.8  30.%
20 5 28.7 34.3 20.3 - - 46.7 - 3.8 25.4
21 - - 28.4 2.8 4.3 - - - 1.3 5.1
s 0.5 - - 11.4 19.1 ~ - - 3.8 17.3
25 - - - 3o.0 114 33.0 - - 52.6 25.4
24 - 35.8 = 3.0 . : = 26.9 2.5 24,9
25 . 6.1 - - 2.5 7.4 h1.7 3.8 - 58.4
ak - 8.1 - 3.3 - - - - 9.4 19.6
27 - - - - 0.8 11.9  29.3 - 11.7 8.6
28 & - . 12.7 5.6 15.5 h.6 - 4.8  94.4
29 3.3 1.5 = h.8 79 5.4 124 3.6  25.4
30 - - 35.3 1.5 12.7 13.4 - i 8.6
3 2 % . 45.3 . 3.0
Total 1498 820.3--303uh— BP0 R 1090ty —tgny 320.8 4544
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TABLE I.3.4

STUDY RAINFALL STATION - MILE 6, BINTULU
(DAILY TOTALS IN mm)

Latitude: 3 14' north Longitude: 113 09' east Elevation: 30 m
&d 1972 1973
Cet  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1 - - 24.6 - - h2.9 33.5 - 10.7
2 - - 8.9 17.3 45.2 - 15.2 2 1
3 & - . n 15.5 - 26.7 - -
i 28.7 - 42.7 45.2 5.8 21.8 21.3 15.7 2.5
5 - - - 15.5 - 12.4 2.3 66.3 -
6 - 4.0 10.9 - 8.1 - - 45.2 -
7 1.8 47.2 68.8 23.1 15.2 - 5.1 8.6 7.4
8 0.3 - - - 25.9 - - 22.6 -
9 - 25.9 34.8 5.6 b.1 52.8 2.3 - -
10 - 15.2 - 18.3 50.3 - - - -
11 - 7.9 - - ba. b - 20.3 - -
12 - - 31.2 12.4 - - - 47.2 -
13 - 80.5 15.0 - - - - - >
14 47.0 6.1 37.6 9.6 - 15.5 15.2 - 5.8
15 - 53.1 50.0 31.8 - 48,3 - » -
16 - 17.3 46.0 - - - - 2.7 26.9
17 6.6 0.9 - - 5.6 - - - -
18 42.9  59.9 - 6.1 - 75.7 - - -
9 S8 o the hd ol e Fiend  work: FRuiLE
20 - - - 16.3 - 4o.6 - - 33.8
21 1.3 2h .4 - 8.1 - 11.7 27.9 - - 104 . 4
22 - - 68.1 - - - - - -
23 - 5.8 - - k1.1 - - - 40.6
24 - - = 17.5 - - - 26.9 20.3
25 - 21.8 2.3 - - - - - - 26.9
26 - 7.4 8.1 7.9 16.3 - 17.8 - - 24.9
27 = 15.5 40.9 - - - - - 26.9 26.9
28 - - - 25.9 5.6 12.7 - - 24.9 31.5
29 2 - - - - 11.2 - - -
30 - 5.3 47.2 2h. b - 26.9 27.6 - -
31 - 3.8 - - 37.3 5.3
Total 202.2 534.8 535.8 276.4 283.1 353.2 @260.6 A3j0.1 273.2
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I3 THE STUDY RIVER GAUGING STATIONS AND
RECORDS

INTRODUCTION

This Appendix contains the records from the Study river gaug-
ing stations. The station locations are shown on Figure 1.5.
For each station a brief description is given, followed by a
table summarising the available discharge measurements and a
figure showing the rating curve of curves used. Finally there
is a table of daily mean discharge.

All the stations were equipped with water-level recorders,
and the daily discharge figures are based on three - hourly
mean gauge heights. The reason for this sub-divisionis that
five out of the six instruments were pressure-bulb recorders
with a circular chart. For three-hourly periods the time-
base of the charts can be taken as linear, which facilitates
the reading of mean gauge height.

The base gauge at each station was a staff gauge, and where
practicable all recorder traces were corrected so as to agree
with staff gauge observations.

Flows for periods when recorders malfunctioned were calculat-
ed from staff gauge observations, whem available, or were
estimated using rainfall data, comparison with adjacent stat-
ions and recession curves. It was not possible however to
estimate the missing flows for Sungai Kejapil in October 1973
as a large flood occurred towards the end of the month which
damaged the installation. The station was not re-opened fol-
lowing this flood as the end of the field work period had
been reached.
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DESCRIPTION OF RIVER GAUGING STATION

Name: Sungai Liku at Lambir Waterworks
Location: Station C1 on Figure 1.5
Latitude: 4°918' north Longitude: 114°02' east

Catchment area: 66.2 square kilometres
25.6 square miles

The gauge is at the intake of the Lambir Waterworks. The
turnoff to the waterworks is at 8% mile Miri-Bintulu Road.

Establishment:

Water level recorder installed by Study staff on 1st November,
1972.
Gauges:
(a) Staff gauge range 34 to 54 feet, part of PWD intake
equipment;

(b) Lea float operated weekly water level recorder on loan
to the Study from DID. Chart zero set to 34 feet on
staff gauge.

History:
No previous flow records. The station was operated by the

Study from 1st November, 1972 to 31st October, 1973. During
November 1973 it was handed over to the DID. i

Channel and control:

The channel bed is sandy and banks steep. Channel alignment
appears reasonably stable. Control is channel. Itis possi-
ble that at very low flows there are backwater effects from
swamp areas downstream, though the evidence is at present in-
decisive. Over<bank flow starts at gauge height 44 feet.

Discharge measurements:

Discharge measurements were made by current meter at a section
180 metres (600 feet) upstream of the gauge. Wading measure-
ments at low and medium flows, boat measurements at high f1-
OWS .

Regulation and diversion:

The waterworks intake at the gauge abstracts between 50
100 1/s (1 and 2 mgd). There are no upstream diversions
regulation. The rating applies to the net
of the intake and daily discharges are subse
for abstraction. Daily discharge figures re
gross flow.

Accuracy:

Flows up to 6 cumecs (110 mgd) are fair,
uncertainty about very low flows. Further measurements are

needed at levels below 36 feet. The high flow rating is ten-
tative being based on a single measurement.

and

or
flow downstream
quently corrected
pPresent natural

though there is some

Co-operation:

Daily staff gauge observations and raw wate

r abst
were provided by the PWD. raction data
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DISCHARGE MEASUREMENTS MADE BY STUDY STAFF FROM 6-11-72 TO 8-10-73

SUNGAI LIKU AT LAMBIR WATERWORKS

TABLE I.h.1

Discharge

Gauge i Net Surface Cross- Mean
P R height st A discharge width section veloeity No:of D:i::in;
ment Date vertical ng
No. dadare Metre sections °;:T.
Metre Cumecs Cumecs Metre i per
second

1 6-11-72 37.23 2.07 2.01 11.7 7.98 0.260 21 1

2 21-12-72 36.25 0.934 0.864 10.2 .74 0.197 19 1

3 30-12-72 36.10 0.779 0.679 10.0 k.05 0.192 18 1
13 9-1-73 36.00 0.714 0.644 10.0 3.84 0.186 17 1
5 13-1-73 i5.80 0.515 0.445 9.0 3.14 0.164 16 1
6 26-1-73 35.50 0.389 0.319 9.0 2.51 0.155 15 1
7 2-2-73 35.40 0.369 0.289 9.0 2.37 0.156 15 1
8 9-2-73 35.50 0,394 0.313 9.5 2.62 0.150 15 1
9 6-4-73 37.80 2,27 2.19 12.3 9.57 0.237 19 1
10 11-4-73 43.25 23.4 23.3 16.8 34.2 0.683 10 1
11 28-4-73 39.25 6.12 6.03 13.5 15.8 0,388 26 1
12 4-5-73 37.75 2.78 2.70 12,0 9.08 0.306 23 1
13 25-5-73 36.85 1.43 1.34 11.3 5.79 0.248 21 1
14 31-5-73 37.10 1.57 1.49 12.0 6.58 0.239 21 2
15 B8-6-73 37.30 1.84 1.75 11.5 7.19 0.255 22 2
16 22-6-73 36,40 0,823 0.728 10,0 & .05 0.203 19 2
17 10~7-73 37.33 1.838 1.77 11.5 7.05 0.261 21 2
18 10-7-73 37.30 1.756 1.68 11,5 7.12 0.247 21 2
19 17-7-73 36.45 0.787 0.699 10.0 441 0.179 19 2
20 24-7-73 36.15 0.561 0.482 8.0 3.91 0. 144 16 2
21 2-8-73 38.05 2.25 2.15 13.5 10.0 0.225 24 2
22 8-8-73 38.4ko Y &, 34 13.0 12.7 0.349 12 2
23 13-8-73 38.136 3.02 2.94 12.5 10.8 0.279 24 2
24 24-8-73 36.18 0.641 0.550 9.0 4.39 0.146 16 2
25 27-8-73 36.16 0.650 0.549 9.9 3.23 0.202 19 2
26 10-9-73 38.60 b1k h.05 131.5 13.4 0.309 26 2
27 17-9-73 37.25 1.58 1.49 12.0 6.99 0.226 22 2
28 24-9-73 16.70 0.914 0.832 10.8 k.89 0.186 20 2
29 1-10-73 16.48 0.758 0.66) 10.4 4.35 0.174 19 2
30 8-10-73 37.00 1.16 1.07 2

Note: Due to rounding of figures for publication the calculation of discharge from the quoted area

and velocity may not agree exactly with the discharge figure above.
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UNGAI LIKU AT LAMBIR WATERWORKS
MEAN DAILY stcm IN CUMECS FROM 1-11-72 TO 31-10-73

TABLE I.4.2

1972 1973
D
e Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1 242 3.03 1.82 0.355  0.333 0.526 1.81 1. 31 1.40 h.19 1.07 2,44
2 1.19  11.0 1.61 0,366 0.3313 1.23 1.33 7.90 3.24 3.27 0.945 2.30
3 0.957 6.74 1.03 0,375 0.330 1.04 2.66 23.6 2.32 1.62 0.877 2.35
b 0.765  5.56 0.820 0.373 0.439 0.680 3.90 13.8 11.8 2.51 1.64 3.01
5 0.687 2.41 0.717  0.371  0.9%1  11.1 ‘2.74 1.30 7.53 2.35 0.987 6.29
6 1.50 1.67 0.679 0.364 o0.407 3.h9 9.55 3.13 5.21 1.00 0.809 4,38
7 1.43 1.42 0.673 0,390 0.366 1.77  16.2 2.32 3.27 0.927  5.67 3.69
8 0.911  1.44 0.802 0,387 0,368 1.83 3.04 1.93 2.03 3.46  29.4 2.85
9 0.764 7.30 0.713 0.392 0.354 1.34 1.91 1.78 2.30 3.10 18,9 2.57
10 0.671  6.95 0.612 0,386 0.342 1.12 2.01 1.43 2.08 1.93 5.02 3.65
11 0.729 2.77 0.575 0.368 0.34%0 14.0 2.12 h.43 1.49 1.41 2.84 3.29
12 1.34% 1.94 0.538 0.348 0.337 6.71 1.82 3.66 281 12.8 2.18 2.67
13 1.03 1.45 0.516 0.362 0,338 2.47 1.23 1.93 1.05 5.51 fe71 2.56
14 0.866 1.27 0.516 0.371  0.348 1.81 1.03 1.45 0.951 1.97 1.62 2.46
15 0.779 .12 0.522  0.359 0.341 2.46 0.954 1.18 0.983 1.29 2.40 2.68
16 0.855 1.00 0.522 0.422 0.343 34.6 0.894 1.05 1.07 1.01 3.15 2.31
17 0.792 0.964 0.493 0.898 1.47 9.78 0.807 0.911  0.827 0.873 1.88 2.42
18 X0 0.877 0.473 0.488 6.02 25.9 0.737 1.22 0.816 1.65 1.49 2.21
19 1.88 1.20 0.452 0.398 1.87 6.21 1.34 1.42 0.733  1.28 1.27 2.29
20 2.19 1.49 0.456 0.375 1.07 3.1 2.15 1,01 0.680 0.968 1.93 2.46
21 3.56 0.944  0.45% 0.366 0.776 2.45 1.47 0.825 0.66k 0.849 1,27 2.07
22 h.21 0.965 0.448 0.357 2.27 1.96 1.57 0.755 0.59% 0.765 1.09 2.19
23 3.46 0.848  o0.430 0.352 1.59 2.63 1.03 0.783 0.597 0,707 1.11 2.14
24 1.63 0.828 0.409 0.333 0.%00 2.26 0.859 0.786  o0.624 0.643 1.05 h.29
25 3.59 1.65 0.403 0.340 0.710 1.84 1.01 1.06  0.682 0.826 0.964 h.17
26 15.1 2.63 0.383  0.33% 0.985 2.09 1,30 7.57 0.648 0.790 0,889 5.139
27 3.15 1.16 0.380 0.333 0.64% h.57 7.84 5.31 0.602  0.647 0,851 8.74
28 2.42 0.905 0.376 0.337 o0.670 6.46 5.28 2.04 0.54%2  0.577  1.09 22.4
29 1.54  0.798  0.367 1.09 2.47 1.91 1.50  0.538 o0.540 0.978  8.76
30 2.39 0.790 0.3:: 0.770 1.96 1.34 1,44 0.819  0.514 1.09 8.95
31 0.711 0.3 0.612 1.48 0.752  0.755 17.5
o i 63.27 83 18 10 6
cumecs 5 73. «91 +90 27.71 160.2 83,32 = 2
e 3.3 100.8 58.05 60.63 96,17 145.5
Mean
otseds 841 2,98, 0,610 .0.389 0.89%; 5.3h .. 8.69 3.36  1.87 1.95  3.21 4.69
Mean
M.G.D. ho.1 h5.2 11.6 7+39 17.0 101 51.1 638 8-y Yede 89,1
Runoff ?
g 82.6 96.3 . 2h.7 th.2  36.2 209 109 132 75.7 1 79Ut 126 190
Runoff
in 331 B8 BT SRR TN 52 3.0 3.1 s 7.5
Peak
el 25 22.4 16.5 3.01 1.32 9.36 b, 0 30.1 J2.2  (20.0) (20.0) 41.0 h3.9

Catchment area = 66

180

+2 5q. km = 25.6 sq. miles
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DESCRIPTION OF RIVER GAUGING STATION

Name: Sungai Kejapil downstream of Bekenu road bridge
Location: Station C2 on Figure 1.5
Latitude: 4°06' north Longitude: 113°956' east

Catchment area: 92 square kilometres
35 square miles

The gauge is located about 15 minutes walk downstream of the
bridge at Mile 2% Bekenu Road. The path starts on the left
bank some 90 metres (100 yards) from the bridge.

Establishment:
Installed on 20th October, 1972 by Study staff.

Gauges:
(a) Staff guage range O to 6 metres in three sections;

(b) Negretti and Zambra pressure bulb water level record-
er, weekly chart, range 0 to 6 metres.

History:

During the period 1st April, 1969 to 31st July, 1969 flow me-
asurements were made by Sarawak 0il Palm at two temporary
works on the Sungai Luak above and below its confluence with
the Sungai Telis. The catchment at the Sungai Telis confl-
uence is about 27 square kilometres at 30 per cent of the
catchment of the present gauge. The present installation was

damaged by a flood on 23rd October, 1973 and the recorder not
subsequently re-installed.

Channel and control:

The low flow control is formed by a rock outcrop about 6 met-
res (20 feet) downstream of the gauge. Above about 1 metre
this control is progressively drowned, and channel control is
established. This change leads to reverse curvature over

part of the rating (Figure I.4.2). Over-bank flow starts at
about 3.2 metres. The river bed is sandy and the banks soft

The surrounding area is covered by open forest. :

Discharge measurements:

Wading measurements are made up to gauge height 1.1 metres at
a section just below the low-flow control. High flow measure-
ments are made from the road bridge upstream. There are no
significant inflows between the bridge and the gauge.

Regulation and diversion:

There are two small water supply intakes on the S i

un
upstream. The abstractions during the period of reg:id Eﬁzk
estimated to have been of the order of 0.002 cumecs (0,05
mgd) and no adjustment has been made for them. y

Accuracy:

The accuracy of flows up to 2 cumecs

(38
er flows are approximate only. 38 mgd) is good. High-

Co-operation:

No local observer.
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TABLE I.4.3

SUNGAI KEJAPIL DOWNSTREAM OF BEKENU ROAD BRIDGE
DISCHARGE MEASUREMENTS MADE BY STUDY STAFF FROM 21-10-72 TO 15-10-73

sedabhdag? ha:::l:t Discharge s::ﬁ::’ f:;:ut-i.n.n va’;:::ty o ' Defining
ment Date e L vertical :::_:_:s
No. Metre Cumecs Metre :::::. per bt L No.
second
1 21-10-72 0.64 0.267 h.7 " 1.76 0.151 19 i
2 23-10-72 0.95 2.00 8.1 6.19 0.323 24 1
3 2-11-72 0.99 1.88 8.5 6.20 0.303 17 1
4 13-11-72 0.87 1.47 7.8 4,56 0.256 16 1
5 21-11-72 2.07 6.90 10.7 12.7 0.544 9 1
6 21-12-72 0.82 0.972 703 3.93 0.248 14 1
7 29-12-72 0.75 0.556 6.5 2.80 0.198 12 1
a8 5-1-73 0.65 0.318 5.5 1.84 0.173 8 1
9 12-1-73 0.68 0.339 5.5 1.98 0.171 8 1
10 17-1-73 0.60 0.177 4.5 1.45 0.122 7 1
11 24-1-73 0.56 0.130 4.5 1.31 0.099 6 1
12 31-1-73 0.52 0.098 4.3 1.19 0.082 6 1
13 14-2-73 0.52 0.092 3.5 0.810 0.114 6 1
14 21-2-73 0.51 0.081 3.5 0.835 0.097 5 3
15 14-3-73 0.55 0.119 k.0 0.360 0.331 7 1
16 k-4-73 0.63 0.239 4.5 0.744 0,322 8 1
17 11-4-73 0.88 1.76 6.2 3.80 0.464 12 1
18 17-4-73 1.99 8.06 7.0 12.9 0.626 13 1
19 24-4-73 1.76 5.26 79 9.56 0.550 7 1
20 2-5-73 0.95 1.72 8.2 6.21 0.276 15 1
21 16-5-73 0.80 0.803 6.7 3.76 0.214 12 1
22 22-5-73 0.84 1.00 7.0 h.o1 0.250 13 1
23 29-5-73 1.28 3.47 9.0 9.33 0.372 17 1
2k 19-6-73 0.98 2.00 7.9 6.13 0.326 12 1
25 26-6-73 - 0.76 0.599 6.3 2.84 0.211 11 |
26 3-7-73 0.87 1489 7.4 h.39 0.281 12 1
27 17=7-73 0.83 0.937 7:5 4,38 0.214% 13 1
28 24-7-73 0.69 0.352 6.5 2.60 0.136 10 1
29 8-8-73 0.89 1.40 7.8 5.72 0.243 8 1
30 20-8-73 0.93 1.66 7.7 5.81 0.286 15 1
31 28-8-73 0.87 1.32 7.7 5.62 0.235 15 1
32 17-9-73 0.88 1.27 7.9 5.68 0.223 15 1
33 24-9-73 0.89 1.40 8.0 5.79 0.241 15 1
34 1-10-73 0.82 0.858 7.4 h.35 0.199 14 1
35 9-10-73 0.73 0.476 6.7 3.32 0.143 13 i
36 15-10-73 0.75 0.525 6.9 3.39 0.154 13 1

Note: Due to rounding of figures for publication the calculation of discharge from the
quoted area and velocity may not agree exactly with the discharge figure above.
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SUNGAI KEJAPIL D/S OF BEKENU ROAD BRIDGE
MEAN DAILY DISCHARGE IN CUMECS FROM 20-10-72 TO 22-10-73

TABLE I.4.4

1972 1973
Day
Oct Nowv Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1 3.43 10,0* 0,409 0.093 0.061 0.102  3.09 2.58 1.2 3:79 ' 1. 0.86
2 2.23 15.0* 0.396 0.093 0.056 0.108 2.00 b1 1.13 h.bo 5.33 0.64
b i 0.963 13.0* 0.396 0.093 0,054 0.403 1,16 10.0 1.27 3.51 3.38 0.51
4 0.627 10.0* 0.367 0.101 0.058 0,313  0.910 19.3 3.27 2.16 1.92 0.59
5 0.529 15.0* 0.295 0.102 0,084 0.931  2.99 14,5 6.62 1.29 3. k1 0.54
6 2.58 9.0* 0.275 0.102 0.073 1.67 5.12 9.01 h.71 0.994 2,35 0.49
7 7:18 5.0°* 1.10  0.102 0.069 0.806 12.5 8.86 3.70 0.916 2.69 0.49
8 2.0* 2.5*  1.21 0,202 0.06L 0.454 11,9 9.33 2.53 1.69 9.98 0.49
9 1521 2.0* 0.853 0.233 0.058 0.322 5.46 10,3 4.93 3.0 21.6 0.47
10 0.843 10.0*  0.508 0,211 0.061 0.246 3.37 8.51 9.84 §.01 " 31.7 1.65
11 1.02 15.0*  0.393 0.166 0.061 1.62 2.70 12.2 h.02 3.75 12.8 2.42
12 1.37 20.0*  0.350 0.108 0.058 5.99 1.86 " a1.2 2.42 5.80 5.47 1.03
13 1.49 10.0* 0.251 0,097 0.079 3.35 1.28 19.0* 1:4% 134 3.72 0.67
14 0.986 6.0* 0.206 0.093 0.098 1,18 0.925 15.0° 1.09 h.85 2.73 0.60
15 0.817 3.0* 0.186 0,087 0.123 0.659 0.858 11.0° 0.881 2.82 2.23 0.561
16 0.750 1.9* 0.177 0.076 0.119 4.73 0.805  8,0° 0.821  1.89 1.77 0.527
17 0.750 1.4* 0.177 0.092 0.111 7.54 0.663 h.5* 0.943  1.42 .33 0.506
18 6.03 1.0* 0.162 0.110 0.115 - 12.3 0.511 3.0* 0.969 2.05 1.21 0.413
19 10.4 0.9* 0.1h6 0,119 0.288 18,5 0.492 2.00 1.08 2.4 111 0.534
20 0.253 15.3 1.1*  o0.141 0.104 0.200 12.5 1.8* 1.37 0.797 1.77 0.999 1.236
21 0.229 10.7 0.859 0.13% 0.087 0.147 7.0* 1.0* 0.943 0.687 1.43 3.31" 0.71h
22 0.316 6.12 2.18  0.130 0.073 0.129 3.5 0.9* 0.964  0.573 1.25 2.60 0.566
23 1.37 5.54 1.27 0.130 0.069 0.343 8.0 0.777 0.8h5 0.409 0.911 1.96
24 1.48 3.55 0.895 0.130 0.063 0.277 h.Bo 0.720 0.839  0.377  0.945 1.9
25 0.564 2.h1 0.687 0.118 0.061 0.158 3.ho0 0.573 0.650 0.307 2.4k 1.02
26 0.339 12.7 1.97  0.109 0.061 0.117 3.21 1.94 0.589 0.879 3.52 0.859
27 0.321 15.9 1.20  0.102 0.061 0.097 2.64 1.81 1.58 0.952 1.91 0.650
28 0.433 B.o* 0.695 0.100 0.061 0.093 2.49 2.97 1.01 2.54 1.16 1.85
29 0.378 h.o* 0.549 0.093 0.087 2.03 3.43 0.615 2.55 0.799 2,08
30 0.321 3.o0* 0.510 0.093 0.094 1.67 hoha 0.640 4,09 0.489 1,22
31 0.386 0.479 0.093 0.111 3.30 k.63 7.98
Total
;::u 132.4 163.1 9.23  2.82  3.54 112.% 81.6 202.5 71.7 89.4  138.4
Mean
“:.“l huhi1 5.26 0.300 0.101 0.114 3.75 2,63 6.75 2.11 2.88 h.61
Mean
N.G.D. 9.7 ¥7.3° 270 091 0.99 338 2.y 60.8  30.8  25.9 4.5
Runoff
pri 124 153 8.7 2.6 3.3 106 76.6 190 67.3 83.9 130
Runoff
in 39 6:0 ~ 0 TGRSR L S T R
Peak
cumecs S0%i SaNSE O.9ns 2.0 155 238
Note: * estimated
Catchement area = 92 aq. km = 35 89. miles
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FIGURE I.4.2
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DESCRIPTION OF RIVER GAUGING STATION

Name: Sungai Sibuti at Miri-Bintulu road bridge

Location: Station C3 on Figure 1.5
Latitude: 3°59' north Longitude: 113956' east

Catchment area: 227 square kilometres
87.8 square miles

The gauge is on the left bank immediately upstream of the
road bridge at Mile 35 on the Miri-Bintulu road.

Establishment:
Installed on 1st November, 1972 by Study staff.

Gauges: i
(a) Staff gauge O to 7 metres in three sections;

(b) Negretti and Zambra pressure bulb water level record-
er, weekly chart, range O to 6 metres.

History:

Site of DID staff guage and peak stage indicator for bridge
investigation. Twenty-one earlier discharge measurements av-
ailable. The Study Station was handed over to DID during
November 1973.

Channel and control:

The low flow control is formed by an obstruction at the site
of the proposed permanent bridge. At medium and high flows
channel control will be effective. Comparison between Study
and earlier DID discharge measurements indicates that the
controls are reasonably stable. The river bed and banks are

muddy with some sand. Over-bank flow starts at about 6 met-
res.

Discharge measurements:

Discharge measured by current meters. Wading measurements at
low flows. High flows measurements from the bridge.

Regulation and diversion: None

Accuracy:

Discharge figures are far up to 20 cumecs

8 =
roximate above this. (380 mgd) and app

Co-operation:

No local observer.
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SUNGAI SIBUTI AT MIRI-BINTULU ROAD BRIDGE
DISCHARGE MEASUREMENTS MADE BY STUDY STAFF FROM 24-10-72 TO 19-10-73

TABLE I.4.5

Measure- ;:iugsh‘t Discharge S:::::s fe?t.i.o-l: ve:.l;:x;t No. of _D:::?iu
ment Date Sq“.;:-__-ﬂ;i;;x vertical curv:‘
No. Metre Cumecs Metre et per sections e

second
1 24-10-72 0.326 1.06 8.5 8.67 0.122 17 1
2 29-12-72 0.725 2.95 10.5 12.6 0.233 18 1
3 4-1-73 0.455 1.15 8.5 10.1 0.114 16 1
4 12-1-73 0.140 0.438 8.8 6.58 0.067 El 1
5 26-1-73 -0.31 0.081 3.5 1.01 0.080 5 1
6 21-3-73 1.72 8.64 15.9 27.2 0.317 11 1
7 18-4-73 b % ¢ 3%.% 18.3 50.2 0.663 11 1
8 26-4-73 2.29 17.5 13.7 32.4 0.541 8 1
9 11-5-73 1.65 9.57 12.8 18.5 0.518 8 1
10 17-5-73 0.935 4.97 10.9 140 0.417 8 1
11 25-5-73 1.740 10.83 iz2.2 21.2 0.512 9 1
12 15-7-73 1.185 6.78 11.3 18.0 0.376 11 1
13 29-6-73 1.44%0 9.77 12.2 20.5 0.477 7 2
1 20-7-73 0.56 2.35 9.90 10.9 0.216 10 2
15 3-8-73 1.19 7.09 11.0 17.5 0.406 11 2
16 10-8-73 2.02 14.72 12.5 29,9 0.493 13 2
17 17-8-73 0.565 2.46 9.75 10.9 0.226 10 2
18 29-8-73 0.70 3.39 11.0 13.1 0.259 11 2
19 12-9-73 1.35 8.89 11.9 18.5 0.152 12 2
20 28-9-73 2.07 17.9 14.4 29.2 0.115 11 2
21 k-10-73 1.47 3.21 12.8 7.10 0.457 12 2
22 11-10-73 0.64 3.25 10.0 11.8 0.197 9 2
23 19-10-73 0.36 1.99 9.5 9.06 0,181 9 2
Note: Due to rounding of figures for publication the calculation of discharge from the

quoted area and velocity may not agree exac
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MEAN DAILY DISCHARGE IN CUMECS FROM 13-11-72 T0 31-10-73

SUNGAT SIBUTI AT MIRI-BINTULU ROAD BRIDGE

TABLE 1.4.6

188

1972 1973
D
i Oct Nov Dec Jan Feb Mar Apr May ~Jun Jul Aug Sep Oct
1 11.0. “.40 0 0 3,66 7214 @ 30000 4,91 @8.3.  85.1 4.3
2 13.5 1.24 o 0 2.49 " 19.1 25.0° 3.76 15.0 15.6 10.0
3 30.8 g.22 0 0 7-33° 13.8 35.0° 3.33 7+53 8.69 7.60
4 28.7 1.48 0o 0 5.850 th.e  UouDe,  5.8% .92 9.93 10.0
5 1h.3 1.08 o0 ] 7.7727 16.8 95.0° 13.0 3.61 11.9 11.2
6 7.63 0.786 o 0 17:% 16.0 27.0* 20.2 2.84 8.68 10.5
7 5.38 0.603 o 0 21.1 15.5 35.0* 24.) 2.30 6.285 10.2
8 5.47 0.540 o 0 14.0 14.8 28.9 19.0 8,04 27.7 7:33
9 11.7 0.503 © 0 8.18 14,3 26.5 22.7 24.2 34,7 5.29
10 39 0.487 o 0 S99 138 22.2 26.6 171 27.8 3.92
11 34.6 0.4%0 o ] 9.40 10.7 21.9 18.1 9.95 14.2 3.19
12 27.1 0.495 © o 9.48 12.0 21.0 9.57 7.36 9.15 3.32
13 5.48 25.1 0.581 o 0 9.24 1 13.7 16.8 6.09 7.30 9.36 2.59
1h 7.70 15.8 0.537 © 3.47 8.32 9.79 11.0 b3k 5.80 8.56 2.76
15 8.40 8.86 0.460 o0 5.16 22.2 8.04 7.80 3.47 3.99 5.57 3.10
16 6.68 .« 5.98 0.403 0 16.3  73.3 6.58 565 2,91 2.89 5.0 2.63
17 6.26 k.h0 0.356 0 16.7 27.2  5.03 k.68 3.09 2.31 8.60 1.83
18 6.10 3.09 0.337 0 16.6 12,6 4.37 3.50 5.28 3.19 ' 15.4 1.40
19 5.66 2.30 '0.321 0 23.4 34.6 4.72 118 3.45 6.21 ' 11.6 1.39
20 8.66 2,22 .0.080 0O 19.5 33.1 h.27 5.61 2.20 6.52 7.64 2.33
21 23.4 1.75 0.216 0 12.8 32,5 3.00  3.47  1.64 b9k . 5.26  4.03
22 28.1 1.26 '0.179 0  15.5 28.2 528 3,68  1.19  12.73  3.95  3.29
23 26.3 2.22 0.152 © 25.2 17.7 5.81 11.2 1.03 9.64 8.58 2.19
24 22.8 5.92 '0.09% 0  19.5 12.7 7.63 8,35 1.22 6.13  9.09  4.51
25 17.9 15.5 0.055 o© 13.8 9.85 11,5 6.38 1,15 5.82 5.09 13.7
26 35.9 15.8 0 0 20.9 ;5.& 8.75 5.6 0.795 9.27 3.84 4.7
27 37.2 2.1 0 0 19.7 25.6 12,3 4,81 0.717 6.76 3.35  17.0
28 21.4 6.57 o 0 1h.7 24.7 22.0 9.24 3.72 b.61 11,9 30.1
29 10.0 3.60 0 9.77 20.3 26.3 11,5 15.4 3.28 22,1 35.2
2 Lt I 9 3870 4730 35:9 .Gk 34 2.30  19.7  35.3
3 1.65 o 3.86 35.9 .35.1 15.1 31.0
" Total
::;:c. 380.6 13.50 0 262.7 505.7 410.7  4B6.4  296.2 250.0 364.3 1305.8
Mean
cu-ncs' 12.3 0.43 1] 8.47 16.9 13.2 16.2 9.55 8.06 12.1 9.86
Mean
M.G.D. 234 8.17 0 161 321 251 108 181 153 230 187
Runof
14
mm X ? o e 193 156 185 112 95 138 116
Runoff
in 2T DRR O N e S 5 el @ T
Peak
s 36.4 2.54 o 25.7 34.8 37.0 36.1 11.6 5.8 35.6
Note: * estimated
Catchment area = 227 sq. km = 87.8 5q. miles
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DESCRIPTION OF RIVER GAUGING STATION

Name: Sungai Suai upstream of Miri-Bintulu road bridge.

Location: Station C5 on Figure 1.5
Latitude: 3°34' north Longitude: 113°38' east

Catchment area: 686 square kilometres
265 square miles

The gauge is about 300 metres (1 000 feet) upstream of the
bridge. The recorder and lower staff gauge is on the right
bank. The upper staff gauge is on the left bank. There is
an access path on the left bank. Access to the recorder is
by boat.

Establishment:
Installed on 19th December, 1972,

Gauges:
(a) Staff gauge O to 10 metres in five sections;

(b) Negretti and Zambra pressure bulb water level record-
er, weekly chart, range O to 6 metres.

History:
DID staff gauge installed 4th December, 1967; range 65 to 97
feet. No regular gauge height observations. Eight earlier

spot discharge measurements at medium stage. Station handed
over to DID during November 1973.

Channel and control:

The control is formed by the channel downstream of the gauge.
At low flows the record shows a marked diurnal fluctuation
which is due to tidal backwater. As a consequence of this
the low flow rating is poor (Figure I.4.4). The bed and banks

are of silt and clay and reasonably stable. Over-bank flood
begins at about eight metres.

Discharge measurements:

Discharges measured by current meter. Wading measurements at

low flows immediately upstream of the bridge. Medi -
flows measured from the bridge. g ium and high

Regulation and diversion: None

Accuracy:

Discharge figures between 5 cumecs (95 mgd)
(2 700 mgd) are fair. Discharges below this
and above are approximate only.

and 140 cumecs
range are poor

Co-operation:

Twice daily staff gauge readings by local observer
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TABLE I.4.7

SUNGAI SUAI U/S OF MIRI-BINTULU ROAD BRIDGE
DISCHARGE MEASUREMENTS MADE BY STUDY STAFF FROM 1-12-72 TO 14-9-73

Measure- ;ﬁ?ﬁg: Discharge S:;ﬁ::o si::::; vegzzgty No. of D:f:nin;
ment Date Metre vertical c:ﬂ*’:‘
o Metre Cumecs Metre Square ik sections No.

metre 'chgﬂ
1 1-12-72 h.55 73.0 29.0 128.7 0.567 9 1
2 19-12-72 2.25 21.8 26.8 79.6 0.274 17 1
3 11-1-73 0.73 5.36 13.0 12.6 0.426 25 1
H 26-1-73 0.01 1.43 8.5 5.41 0.264 15 1
5 2-2-73 0.20 2.05 10.3 7.33 0.280 20 1
6 9-2-73 0.00 0.763 9.0 3.45 0.221 16 1
7 16-2-73 0.05 1.45 10.2 6.11 0.238 19 3
8 2-3-73 0.60 3.06 12.0 9.22 0.332 21 1
9 23-3-73 5.86 138 42.0 183.3 0.754 11 1
10 13-4-73 5.60 123 38.1 176.2 0.699 23 g
11 18-5-73 4.35 64.5 32.0 111.9 0.576 20 1
12 22-6-73 0.85 6.97 13.0 16.7 0.418 12 1
13 13-7-73 1.19 8.12 14.5 18.8 0.432 27 1
14 17-8-73 1.00 7.06 13.0 15.7 0.450 11 1
15 14-9-73 1.87 19.9 17.7 32.2 0.618 11 3

Note: Due to rounding of figures for publication the calculation of discharge from the
guoted area and velocity may not agree exactly with the discharge figure above.
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SUNGAT SUAL U/S OF MIRT-BINTULU ROAD BRIDGE
MEAN DATLY DISCHARGE IN CUMECS FROM 19-12-72 TO 31-10-?)

TABLE

1.4.8

1972 1973 :
Day - —-
= Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1 4,56  2.11 K75 3.1 59.9" | 33.9° 176" 113 138 26.9
2 6.05 2.20 2.60 19.0 47.5" 61.0" 191" 126 155 21.9
1 4.67  1.87 1.86 7% Gt 1 71 g | GEMSRNEER |- i} 139 154 542
4 5.20  1.56 3.25 70.2* 80.4 157* 163" 148 154 111
5 4,90 1.18 4,66 86.0" 103 169" 11t 135 115 96.2
6 5.35  1.08 2.73 62.0° 132 166" 1.6 65.1 3.8 60,6
7 4,14 0.58  s56.8 40.7° 149 159" 384 12.7 7.5 31.4
8 6.67  0.46 10k so.1t 137 179" 27.6 233 55.0 17.2
9 8.82 0.90 B8s.2 90.0" 79.0 193" 39.3 .5t 94,0 11.5
10 8.90  2.06  20.2 45.7" 33.5 198 61.8 17t 11h 8.78
11 bogh . 2,16 13.6 s52.3" 23.9 202" 33.6 115" 76.6 B.04
12 3.k1 3.55 #.60 109" 5.6 203" 14.6 hg.7t 47.9 8.39
13 2.66  2.65  13.7 119* 26.9 205" 9.49 17.6" 36.6 6.66
1 2.30  2.03  52.0 60.5" 30.0 185" 6.93 10.1* 21.3 16.8
15 §i69.0 ‘1,95 L 6 811" 40.8 134t 5.33 2.85% - 146 16.5
16 45.2 1.79  _ 50.3 115" 39.5 42.0" Wb 8.39" 21.8 22.2
17 32.8 145 36.4 128" 11.6 10.1" 3.85 7.25  29.8 10.9
18 10.4 .32 76.9 127* 57.3 5.95" 3.49 5.05 23.1 6.97"
19 25.6  S.46 | 1.09 119 121" 86.3 #.3" Vs 5.09 13.7 bz k'
20 14.5  4.04 1.99 118 139" 5h.5 18.6% 2.8) 6.25 21.7 27.7*
21 35.3 3.13 2.28 73.0 7t 26.5 8.56" 2.1 6.87 52.8 114"
22 By RS0 Y107 a7t 29.5 701 1.79 4,98 53.5 119"
23 69.4  2.16 221/ 8 50.2" 13.0 20.0 1.79 3.82 49.9 103"
2k 46.2 © 1.71  z.68° 82,8 38.1" 71875 SARH 3.24 4.80 LU 98.8"
25 53.1 1.43 18.9 29.4 26.3" 117* 16,2 2,60 18.2 91.1 i3a. 9
26 4.6 1.29 10.5 16.8 h2.3* 78.9" 14,13 6.83 17.0 122 167"
27 19.6 1.2k B.0o0 18,5 W16t 46.5° 37,1 .65 2.93 68,4 178"
28 198 1307 7.9 9GS 65.8" 4z.5° 60.8 3.63 §.73 US4 191"
29 .3 1.4z 20,8 hz.9" 59:3% 08 7431 1.69 63.3 183"
10 9.10  1.47 21.7 39.1" 85.1" 134 h0.6 3.90 454 158*
31 6.28 1.64 49.5 86.7" 76.5 67.2 105*
Total
:_.ul 193.9 88,78 1366.2 2 2001,  1.947.4  2899.h  1.317.2  1.298.7 1 985.8 2 203.6
ays
:lm“ 6.25 3.17 LLTS 73.4 62.8 96.7 hz.5 k1.9 66.2 71.1
Mean .
M.G.D. 119 60.2 a8 1 395 1 193 1 837 Bos 796 1 258 1 351
Runof f
e 2h & 11.2 172 277 245 365 166 164 250 278
:I:anrr 0.96 0.4 6.8 10,9 9.6 1hk 6.5 6.5 9.8 0.9
Poak
cumecs 52.4 =] i bt 149 203 193 19 155 (193)
Bate: + Based on 2x daily staff gauge observations

Catchment area = 686 sq. km = 265 sq. miles
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FIGURE 1.44




DESCRIPTION OF RIVER GAUGING STATION

Name: Sungai Niah at Rumah Lebih

Location: Gauge C4 on Figure 1.5
Latitude: 3°44' north Longitude: 113947! east

Catchment area: 725 square kilometres
280 square miles

The gauge is on the right bank immediately upstream of the
Rumah Lebih landing area, and about 300 metres (100 feet) down-
stream of the road bridge.

Establishment:
Installed on 19th November, 1972.

Gauges:
(a) Staff gauge O to 8 metres in three sections;

(b) Negretti and Zambra pressure bulb water level record-
er, weekly chart, range O to 6 metres.

Historx:

DID staff gauge installed at temporary bridge in November
1967; DID rating curve based:n129dischargemeaaurements. DID
staff gauge removed when the temporary bridge structure re-
placed by permanent bridge in late 1972,

Channel and control:

The control is formed by the channel downstream of the gauge.
At low flows the record shows a marked diurnal fluctuation
which is probably due to tidal backwater effect. The back-
water effect on the rating (Figure I.4.5) is not detectable.

Discharge measurements:

Discharge measured by current meter. Wading measurements at
low flows and boat measurements at medium and high flows.
Measuring section immediately upstream of the road bridge.

Regulation and diversion: None

Accuracx:

Discharge figures are up to 50 cumecs (950 mgd) anda = s
mate above this. g Pproxi

Co-operation:

Twice daily staff gauge readings provided b

Yy local DID obser-
vers.
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TABLE I.4.9

SUNGAI NIAH AT RUMAH LEBIH
DISCHARGE MEASUREMENTS MADE BY STUDY STAFF FROM 21-11-72 TO 17-10-73

Gauge Surface Cross- Mean
height Plachargs width section velocity Defining
Measure- No. of ti
ment Date vertical FASVERS
No Square e sections ot Tk
" Metre Cumecs Metre Fpom per No.
second
1 21-11-72 2.03 26.10 24,1 51.1 0.511 16 1
2 10-1-73 0.81 6.72 16.0 18.6 0.362 31 1
3 24-1-73 0.13 0.973 8.0 6. 44 0.151 15 1
N 31-1-73 0.02 0.503 8.0 1.88 0.280 14 1
5 14-2-73 0.11 0.836 8.5 2.78 0.301 16 1
6 21-2-73 0.03 0.586 8.5 2.23 0.262 15 1
7 14-3-73 2.86 47.82 25.3 67.9 0.704 15 1
8 2h-4-73 2.22 34.12 24 .1 60.2 0.567 15 1
9 9-5-73 2.37 31.71 25.9 57.4 0.552 14 1
10 18-7-73 0.85 6.89 17.5 20.1 0.7343 32 1
11 22-8-73 0.59 3.93 15.7 14.9 0.263 15 1
12 18-9-73 1.885 26.67 22.6 k2.5 0.628 14 1
13 17-10-73 0.89 9.00 17.7 21.8 0.413 19 1

Note: Due to rounding of figures for publication the calculation of discharge from the
quoted area and velocity may not agree exactly with the discharge figure above.

195



SUNGAI NIAH AT RUMAH LEB

MEAN DAILY DISCHARGE IN CUMECS FROM no-u-am TO 31-10-7)

TABLE 1.4.10

AT ol T8 v
it wsitalf |t < vk
i Oct  Nov Dec Jan Feb Mar Apr iln_,;: o Y S dul Aug Sep Oct
1 1.4 3.0 " o.59 " al6s  SGE T sEy  oBs OB 57.7 101 20.8
2 33.1 3.12 0.62 1.86 6.32 2.7 71.2 6.8 56.7 98.1 13.0
1 36.1 2.73 0.66 1.53 19,5 2).8 9%k 22,9 49.6 70.7 27.9
4 80.9 2.91 0.65 .50 . 8.8 100" 136 20.0  37.1 65.3  61.3
5 48.4 7408~ 0:59 o TioL [ LA s o e P U N k8.1 38,7
]
6 16.6 3.66 0.5  0.94 7.27 8z.0* 125 54.1 141 18.3  26.0
7 22.6 2.50  0.47  Bl67 9.76 ' 107* 117 1.6 6.73 12.9 17.3
8 24.6 4.38  0.50  32.2 19.9 92.0" 119 26.7 7.06° 33205  10.7
9 36.9 8.19 2.26, , 10.7 0.2 33.0 119 44.6 16.2 hh.5 7.84
10 62.9 6.67  3.18 k.64  15.3 49.0" 107 Bh.o 28,3 32.5 6.66
11 38.5 3.83 2.02 10.1 38.7 76.0* 67.5 6h.0  47.7 17.7 9.14
12 49.3 2.62 1,62  &.29  92.7 67.0" 50.3 | R B 28.6 7.h8
13 60.2 2.01 1.24 8.03 92.9 76.0% 28.0 10.8 B.46 1.9 .79
14 53.9 1.68  1.01 k2. 504 61.0" 4.7 7.86 5,94 15,1 4.03
15 TR 1.42  0.85  2h.1 75.5 67.0" 9.90 6.25  4.74 10.1 13.3
16 21.0"  15.2 0.78 27.2 82.3 72.0" g8y 5.01 4.0 11.5  19.6
17 11.0% g 0.69  18.3 67.2 30.0* . 5.78 4.07 3.80  17.5% 9.78
18 8.0 446 0.63  79.9 65.4 16,6 443 5.82 5.01 23.6 8.35
19 6.0" 2.87  0.60 108 78.2 15,1 3.63 h.25 .46 13.7 10.4
20 31.4 s.o* 2.15  0.56 120 103 11.6 10.8 2.94  6.23 8.78  43.3
21 37.5  27.0°° 167  0.60 74.5 101 9.18  s.g83 2,05  6.60 . 11.3  36.8
22 4.7 ' 90.0* .39  0.79 74.8 60.2 10.2 20.1 2.05  4.26 4.5 14,1
a3 B0.7 - 105" 1,23 3.02 948 421 31.8 6.8 2.06 .49 4s.3 8.85
24 84,1 128" 1.06 19.7  60.7 30.7. 39.5 30.5 1.85  2.9h 29.2  47.6
25 50.3 1ot 0.87 40,0  67.6 7.6 21.9 2.7 1686 (159,56 1 Npu6 i iigey
26 67.9 128" 0.77 13.7  4a.3 8,1 24.8 4.9 5.40  19.6 43.5 193
27 89.1 61.0" 0.69 h.72  1B.2 63.6 22.8 29.1 2.88 8.11 18.7 155
28 62.h  15.0"  0.67 382 17.6 ' 43,9 63.4 62.7 8 M s sk
29 29.7 9.94 0.66 9.16 29.5 67.2 4.1 7.18 3.25 21.7 129
30 21.4 6.77 0.65 6,44 22.1 107 51.6 17.3 10.3 4.9 65.9
31 5.33 0.62 6.29 113 k5.3 s55.2 29.4*
Total
;“;’:“I PRI TR e W TR ATl s e 1 247.1
a
oo | 45.7  3.33 380 31.6 5.6 53.6 B9 ma ok s T
Me
l.:ﬂ- 868 63.3 72.2 600 866 1 018 1 062 403 331 625 264
Runoff
- 169 12.3 13.7 117 163 198 200 78.2 64.0 117 148
e
gl | b LN e 6.4 7.8 L e Y S S 5.8
ak
'::““ 25.0  AB.1 123 110 (116) 139 87.2  90.4 103 139
Note: + Based on 2x daily starr gauge observations
Catchment area = 725 sq. km = 280 89, miles
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DESCRIPTION OF RIVER GAUGING STATION

Name: Sungai Sibiu at new waterworks intake

Location: Station C6 on Figure 1.5
Latitude: 3°12!' north Longitude: 113°06!' east
Catchment area: 155 square kilometres

60 square miles

Approximate as final version of 1:50 000 scale topographic map
not complete. The gauge is on the right bank about 300 metres
(1 000 feet) upstream of the road bridge and at the temporary
intake and pumping station. The access track leaves the Bin-
tulu-Miri road at about Mile 6%.

Establishment:
Installed on 18th December, 1972.
Gauges:

(a) Staff gauge O to 6 metres in three sections;

(b) Negretti and Zambra pressure bulb water level record-
er, weekly chart, range 0 to 6 metres.

Historx:

Existing DID staff gauge at the road bridge downstream esta-
blished in December 1966. Rating based on 16 discharge mea-
surements. Daily discharge computed by the Study from pub-
lished gauge height data (see Appendix I.1, Table I.1.4).

Channel and control:

The control is the channel downstream of the gauge. The bed
is sandy and the banks of silt and sand. The channel is well
defined and reasonably stable. At low flows the record shows
diurnal fluctuations which are probably due to tidal back-
water effects, which reduce the accuracy of the
(Figure I1.4.6).

Discharge measurements:

rating curve

Discharges measured by current meters.
measured by wading just downstream of th
measured from suspension footbridge just
ge.

Regulation and diversion:

Low and medium flows
€ gauge. High flows
upstream of the gau-

The record has not been adjusted to
the temporary pumping station immedi
gauge.,

Accuracy:

Discharges up to 45 cumecs (860 mgd) are fai .
charges above this are approximate only. ir to good. Dis-

allow for abstractions at
ately upstream of the

Co-operation:

Twice daily staff gauge readings by local DID observer
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TABLE I.4.11

SUNGAI SIBIU AT WATERWORKS IiiAKE
DISCHARGE MEASUREMENTS MADE BY STUDY STAFF FROM 17-12-72 TO 19-10-73

e negyie- - Disshargs _STTISSS __Sroses ve:.‘:::ty No. or  Defining
::nt Date » Metre vertical ::rv:‘
y metre Cumecs Metre R per FenLiony No.
metre second
1 17-12-72 1.40 3.37 13.4 11.2 0.302 8 1
2 18-12-72 2.07 11.5 15.3 21.3 0.541 10 1
3 5-1-73 1.47 5.06 16.0 14.0 0.361 29 1
4 12-1-73 1,12 2.69 14.0 10.1 0.265 27 1
5 25-1-73 0.78 1.07 14.0 5.11 0,209 21 1
6 1-2-73 0.76 0.67 13.5 5.64 0.119 24 1
 d 8-2-73 0.60 0.56 12.3 3.82 0.148 20 1
8 15-2-713 0.76 0.47 13.0 5.46 0.087 22 1
9 1-3-73 0.87 1.26 12.8 6.89 0.183 18 1
10 15-3-73 2.46 14.8 16.0 28.4 0.522 10 1
11 22-3-73 4.13 43.9 18.3 59.8 0.734 6 1
12 12-4-73 1.35 3.83 15.4 14.4 0.265 30 1
13 19-4:-73 1.69 6.41 18.0 19.2 0.335 34 1
14 26-4-73 2.67 16.8 15.5 32.6 0.514 8 1
15 11-5-73 2.58 17.0 14.6 27.6 0.616 9 1
16 18-5-73 1.20 2.80 14.0 12.1 0.232 25 1
17 24-5-73 1.51 4.81 14.0 16.2 0.297 26 1
18 30-5-73 1.01 1.97 1h.0 9.50 0.206 26 1
19 15-6-73 1.53 5.70 13.4 19.9 0.286 11 1
20 21-6-73 1.07 2.07 14.5 10.8 0.191 24 1
21 6-7-73 2:79 20.90 15.3 33.5 0.624 9 1
22 13-7-73 1.47 3,83 15.5 17.2 0.222 12 1
23 20.7073 137 2,01 13.5 21.3 0.177 14 1
24 27-7-73 1.44 4.58 12.5 16.6 0.276 12 1
25 3-8-73 1.64 6.57 11.9 12.7 0.371 12 1
26 10-8-73 2.59 19.0 15.5 33.4 0.568 8 1
27 16-8-73 1.25 2.80 14.6 12.4 0.225 13 1
28 23-8-73 1.13 2.30 13.2 10.5 0.218 25 1
29 14-9-73 2.31 14.8 14.0 26.6 0.554 14 1
10 28-9-73 1.88 9.10 14.0 20.9 0.435 13 1
31 5-10-73 2.83 19,2 15.2 33.8 0.570 14 1
32 12-10-73 1.32 3.42 16.1 12.5 0.273 15 1
33 9-10-73 1.46 4,48 17.0 14.9 0.300 14

Note: Due to rounding of figures for publication the calculation of discharge from the
quoted area and velocity may not agree exactly with the discharge figure above.
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SUNGAI SIBIU AT WATERWORKS INTAKE
MEAN DAILY DISCHARGE IN CUMECS FROM 17-12-72 TO 31-10-73

TABLE I.4.12

1972 1973
D
. Oct  Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
1 14.0 0.83 1.28 6.19 19.3 2.55 18.1 30.6 13.3 3.28
2 25.5 0.76 0.98  12.7 7.95 1.4 T8yt 11.6 18.1 2.95
3 14.8 0.78  0.90 473 476  5.74  9.80°  6.17  15.9 8.96
4 6.28 0.69 0.85 3.61 22,8 k77 20,5t 7.67.  25.2 25.4
5 k.53 0.59 0.62 12,1 191 4.57 24.6% 9.69 8.01 19.3
6 4.18 0.62 0.95 4.2 16.7 5,98 at6iat 5.03 5,98 5.34
7 6.30 0.54 9.17 4.65 W16 18.8 9.16 8.64 30.2 4.25
8 15.6 0.46 5.48  50.3 368.4 22.7 6.30 14.8 32.2 6.85
9 5.59 0.40 2.29 38.3 28.4 13.2 6.9 B.54 19.1 1.63
10 3.38 0.40 9.77 8.15 12.7 25.8 5.4 16.5 11,4 8.31
11 2.61 0. 44 3.63 6.27 16.9 63.6 B.76 22.8 9.39 5.75
12 2.20 0.60 1.88 3.90 9,18 67.7 5.29 8.87 26.3 3.36
13 2.04 0.75 21.1 3,85 5.39 56.4 h.o4 5.23 17.6 2.89
14 1.97 0.81 17.9 B4 3.86 18.9 3.7 3.82 11.7 3.89
15 2.47 0.73 9.66 704 h.16 4.82 3.11 3.18 21.7 h.68
16 3.88 0.67 16.9 20.4 471 3.54 3.12 2.88 22,7 5.36
17 3.75 2.91 0.76 6.57 26.8 2.97 2.98 h.55 3.16 11.6 3.71
18 3.36 2.14 1.38 11.3 21.6 2.68 2.55 h.20 4.36 6.80 3.66
19 3.10 1.80 1,05 10.4 7.0h 3.09 3.63 3.13 9.45 5.17 5.20
20 2.95 1.67 0.72 7.09 7495 2.33 2.97 2.48 9.29 11.2 16.5
21 2.57 1.47 1.50 38.7 B.20 2.35 -2.18 11.6 §.32 10.7 25.3
22 2.74 1.28 2.96 &h.0 16.7 2.27 5.06 13.9 2.88 h.93 11.9
23 21.2 1.13 1.78 36.8 24,5 5.01 18.5 h.46 2.435 22.1 17.3
24 21.9 1.06 1.09 16.2 19.5 5.98 7.56 2.97 3.09 22.6 29.5
25 29.4 0.93 5.04 .77 6.75 3.11 3.28 5.68 12.3 8.18 54.8
26 36.7 0.80 3.99 3.19 14,2 2.61 2.78 .31 .77 6.63 4.5
27 2.6 0.74 2.95 2.91 7.53 2.16 2.93 6.95 2.83 10.7 58.9
28 11.3 0.75 1.95 3.22 5.53 2.43 2.97 11.7 2.86 B.77. 60.9
29 4.99 0.72 3.78 4,66 2.18 19.5 17.1 2.15 5.33 49.3
30 3.43 0.80 2.03 11.4 1.94 22.1 19.5 h.oh 3.93 24.9
31 2.90  0.86 1.75 .15 25.9 18.7 8.1
Total
::;:“I 134.3 ‘35.24 296.1 hoy.8 295.9 h16.6 366.3 253.1 4a7.2 528.7
:.u.:n 4.33 1.26 9.55 13.5 9.55 13.9 11.8 8.13 14,2 17.1
Me.
ohh 82.3 23.9 181 as7 181 264 224 154 270 385
r
2'“’ ] 74.8 19.6 165 225 165 232 204 140 218 294
R
“:“‘“' 2.9 7.7 6.5 8.9 6:5 9.1 B.o 5.5 9.4 11.6
Peak
handh 26.2 7.45 b6.9 65.1 5.0 68.3 5h.4 3.0 7.4 65.3

Note: + Based on 2x daily staff gauge observations
Catchment area = 155 sq. km = 60 sq. miles
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I5 CHEMICAL ANALYSES OF RAW WATER SAMPLES

INTRODUCTION

Regular raw water samples were taken at the six Study Area
river gauging stations. The station locations are shown on
Figure 1.5. Samples were taken by hand and usually at depths
of about 0.3 metres (1 foot) below the water surface. As sui-
table glass sample bottles were not available in sufficient
numbers, plastic bottles were used.

Samples were sent in weekly batches by air freight from Miri
to Kuching. This meant that storage periods of wup to one
week occurred between sampling and arrival at the Government
Analytical Laboratory. Parameters such as Biochemical Oxygen
Demand which are sensitive to such storage periods were there-
fore excluded from the analyses.
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6 EVAPORATION STUDIES

GENERAL

Both evaporation pan data and climate data suitable for use
with the wvarious evaporation formulae are available in the
Study Area. Although the American Class A evaporation pan
has been recommended by the World Meteorological Organisation
as a reference instrument, in practice it has many drawbacks.
Some of these stem from a lack of appreciation of the need
for strict adherence to the prescribed installation, operat-
ion and maintenance standards, and some from the basic unsui-
tability of the Class A pan in certain environments. In the
Study Area, and indeed throughout much of South-east Asia,
frequent intense rainfall causes water to splash out of the
pan, and can lead to over-estimates of evaporation on rainy
days. Systematic corrections cannot be made for splash nor
for departures from standard operating procedures. Conseq-
uently the pan data must be used with caution. The hydrolog-
ical studies have not made use of pan data, and they are pre-
sented here only for the sake of general comparison.

A more satisfactory basis for the estimation of evaporation
is the combined energy balance and bulk aerodynamic equation
first put forward by Penman (1947). Estimates using this app-
roach were made for Miri, Bintulu and Kabuloh, and are des-
cribed below.

CLASS A PAN EVAPORATION

There are nine complete calendar years of Class A pan data
for Miri and Bintulu. For this period the annual totals are: -

Miri 1 800 millimetres (71 inches)
Bintulu 1 730 millimetres (68 inches)

In January 1969, the Meteorological station at Miri was moved
some miles from Kampong Wireless to its present site at the
Airport. Double-mass comparison with the Bintulu data does
not show any changes in the Miri data corresponding to this
move, so the series is considered te be homogeneous.

For the sake of comparison with the Penman evaporation esti-
mates (see below) monthly average pan evaporation was comput-
ed for the six years 1967 to 1972. These figures are shown

in Table I.6.1.
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TABLE I.6.1 MONTHLY CLASS A PAN EVAPORATION IN MILLIMETRES
PER DAY AND INCHES PER DAY (1967-72)

Station

Month Miri Bintulu
- Millimetres | Inches | Millimetres | Inches
January 3.99 Ovab7 4,24 0.167
February L.57 0.180 4 L5 0.175
March 4.70 0.185 4,93 0.194
April 5.05 0.199 4,93 0.194
May 55 17 0.203 5.03 0.198
June 4,95 0.195 4,60 0.181
July 5.05 0.199 k.55 0.179
August 5.00 0.197 k.90 0.193
September 5.13 0.202 k.75 0.187
October 4,98 0.196 4,55 0.179
November 4. 49 0.177 4 34 0.171
December 4,19 0.165 4,29 0.169
Year k.77 0.188 4,62 0.182

Pan evaporation observations were started at Kabuloh during
October 1972 (Appendix I.3, Table I.3.8). Table I.6.2 comp-
ares the pan evaporation at all three stations.

During the twelve month period covered by Table I:6.2, the
pan evaporation totals at Miri and Bintulu were 104 per cent
and 93 per cent of their respective nine year means. The
total for Kabuloh is therefore probably within five per cent
of the mean.

THE PENMAN OPEN WATER EVAPORATION ESTIMATE
General
The Penman equation may be written in general form as:

EO=HA—HB+EA

where Hp = Afr « RA (a1 + agn/N)(1 - r) (1)
A
EA = AE‘( . a7(a8 + ag.Up) (e, - eq) (3)
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11 as a sunshine recorder (instrument details and daily re-
cords are given in Appendix I1.2).

Based on averages for "ten-day" periods (1st to 10th, 11th to
20th and 21st to end of each month), a regression analysis
was carried out. The results are shown in Figure I.6.1. The
least squares regression equation for estimating RI/RA was:

RI/RA = 0.34 + 0.31 n/N

This equation was used to estimate incoming radiation at Miri
and Bintulu. The values of the constants are appreciably di-
fferent to those obtained at other equatorial stations, as
Table I.6.4 shows and support the need for local verification.

FIGURE I.6.1|

CORRELATION BETWEEN RADIATION AND SUNSHINE
AT KABULOH

o6}
R
-1 =034+ 031
Ra > % N Y
0571 ‘ »® A ¥
R
Ra x
o
04}
03}
03 04 05 0.6 a7

Note : Based on 10-day averages for the period Nov. 1972 - Sept. 1973

Ry = Measured incoming radiation
Theoretical vertical radiation in absence of an atmosphere

5
L]

Observed sunshine
Maximum theoretically possible hours of sunshine

=
n
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TABLE I.6.4 COMPARISON OF VALUES OF COEFFICIENTS aq AND ap

Station Latitude aq ag Source
Kabuloh 4°07' north | 0.34 | 0.31 | Miri-Bintulu Study
?%2§2p22§3r) 1°21' north | 0.25 | 0.47 | Chia (1969)
e Sty | 1019 morth | 0.23 [ 0.46 | Chia (1969)

Kuala Lumpur | 3207' north | 0.24 | 0.41 | Miri-Bintulu Study
from unpublished
data

The validity of equation two, estimating the net outgoing
longwave radiation, has been less often investigated. Fitz-
patrick and Stern (1965) found that the coefficients in Pen-
man's version of equation two did not suit a dry monsoonal
environment in Western Australia except during warm wet per-
iods. The same authors conclude that Penman's version of the
bulk aerodynamic term (equation three) could be seriously in
error in a dry and windy environment. As the Study Area has
a warm humid climate it seems that errors in using Penman's
versions of equations two and three in the Study Area should
be relatively small. Since they could not readily be direct-
ly investigated within the framework of Study field work,
Penman's constants were used. For the units indicated in
Table I.6.3, they are aj = 0.56, ay = 0.008, as = 0.1,

ag = 0.9, ay = 0.26, ag = 1, ag = 0.006.

Climate Elements

Temperature

The published mean temperature figures for Miri and Bintulu
are based on 24 hourly values from autographic records. They
are therefore true means which do not require correction

Vapour Pressure

For Miri and Bintulu it was necessary to calculate
our pressure from mean temperature and relative h
vapour pressure figures are not published.
Kabuloh, for which hourly figures of wvapour :

calculated from thermohygrograph data, Ehe trE:e;:zigl w;ze
vapour pressure was compared with the mean calculatedY frzz
monthly mean temperature and relativa.humidity. Figure I1.6.2A
shows that the systematic difference is very small The ; .
son for this is that there is little diurnal Varia;ioncu‘iz:
pour pressure.

mean vap-
umidity, as
Using data from
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FIGURE 1.6.2
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(B) saturation deficit correction

Saturation Deficit

Mean figures for saturation deficit are needed for equation
four. Again for Miri and Bintulu it was necessary to calcu-
late the monthly mean saturation deficit from monthly mean
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air temperature and relative humidity. Records for Kabuloh
were used to compare saturation deficit as calculated from
monthly data with mean saturation deficit based on hourly

calculations. Figure I.6.2B shows the results. Within the
sensitivity of the data, the saturation deficit based on hour-
ly data was 15 per cent greater than the deficit based on
monthly data. The estimated monthly saturation deficits for
Miri and Bintulu were therefore increased by 15 per cent to
allow for this.

Wind

Equation four requires mean wind speed at two metres (6.6 feet)
above the ground. The anemograph recording heads at Miri
and Bintulu are at 12.5 metres (41 feet). Further, since Aug-
ust 1964 and October 1963 respectively the two stations have
been equipped with totalising anemometers at about 0.6 metre
(two feet) above ground level. Comparison of mean wind speeds
at the two heights indicated that the speeds at 12.5 metres
should be multiplied by 0.7 to give an estimate of the speed
at two metres. This factor was used for Miri and Bintulu.

Results

Final monthly Penman estimates for Miri and Bintulu were cal-

culated for the years 1967 to 1972. The average monthly and
annual values for that six-year period are shown in Table

I.6.5.

TABLE I.6.5  PENMAN Eo IN MILLIMETRES PER DAY AND INCHES
PER DAY, 1967-72

Station
Month Miri Bintulu
Millimetres | Inches | Millimetres | Inches

January 4,45 0.175 4 42
February 4,86 0.191 4.75 g.ig;
March 5.06 0.199 5.00 0.197
April 5.23 0.208 5.03 0.198
Meay 5.10 0.200 .90 0.193
June 4.87 0.191 k.67 0'134
July 5.00 0.196 4.71 0.185
August 5.10 0.200 4.77 0.188
S oDt BRDAY: 5.17 0.023 4.93 0.194
October 5.06 0.199 4.81 0.13
November 4.77 0.187 4L.60 0.132
December §.55 0.179 k.39 0.1?3

Year 4 .94 0.194 4.75 0.187
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Table I1.6.6 compares the Penman estimates for the three stat-
ions over the twelve months for which Kabuloh data are avai-
lable.

TABLE 1.6.6 PENMAN Eo IN MILLIMETRES PER DAY,
NOVEMBER 1972 TO OCTOBER 1973

Station
Month
Miri Kabuloh Bintulu

1972
November 5.00 4.63 4 .80
December 4.90 4.75 L.68
1973
January k.97 4,66 k.71
February 5e1 L.67 5.11
March 5.32 k.72 5.03
April 5.30 5.04 5.00
May 5.06 4.82 4 .90
June 5.03 4,84 4.90
July 5.00 4.79 4 .90
August 5.06 4,82 4.90
September 4,93 t.95 k.77
October 510 5.0% 5.00

Year 5.07 4.81 4.89

Although individual monthly values at the three stations have
no correlation, the average rates at Miri and Bintulu, exp-
ressed as a fraction of the annual rate, are very similar.
Table I.6.7 shows the mean distribution for these two stat-
ions, and can be applied to Kabuloh and elsewhere in the Study
Area in the absence of other information. The distribution
shows two peaks, in April and September, which correspond to
the periods of peak insolation at the latitude of the Study
Area.

TABLE 1.6.7 MONTHLY PENMAN Eo RATE AS A FRACTION
OF THE ANNUAL RATE

F M A M J J A S 0 N

The annual totals of Penman Eo show little variation, all
values being within four per cent of the mean. For the twelve
months November 1972 to Octéber 1973 the totals for both Miri
and Bintuluwere three per cent greater than their six year means.
Allowing for this, the estimated six year mean for Kabuloh is
1 710 millimetres.

pifferences in annual Penman Eo between the three sites are
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of the order of six per cent. Bintulu, with higher rainfall and
less insolation, has a smaller Eo than Miri. Kabuloh, with
less rainfall than Bintulu, nevertheless shows a slightly

smaller Eo. This difference may not be significant, but eq-
ually may be an indication of decreasing Eo with distance

from the coast. Such a decrease has been observed in the

lowlands of West Malaysia (Nieuwolt, 1965; Wycherly, 1966).
However, the data at present available do not define these
variations from the Study Area in such a way as to permit
reliable estimation for places without direct observations.
For the present it appears that the total for Kabuloh may be
most representative of the Study Area as a whole, which is
therefore taken as 1 700 millimetres per year or 4,65 milli-
metres per day.
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L7 COMPUTER RUNOFF MODEL

INTRODUCTION

In order to be able to estimate the yield/storage character-
istics of possible impounding schemes without long-term run-
off data, it was necessary to simulate monthly run-off from
rainfall. The simple catchment model described by Haan (1972)
appeared adaptable to small catchments in the Study Area.
This model operates on rainfall and potential evapo-transpi-
ration. As proposed by Haan it uses daily input data and in
fact operates on an even shorter time scale by using stand-
ardised diurnal distributions to represent the average inten-
sity of precipitation.

In adapting the model, it was decided to use monthly rainfall
and monthly Penman open water evaporation as basic inputs.
While it would reduce the accuracy of the resultant monthly
run-off estimates, this approach was necessary because much
of the long-term rainfall data was in the form of monthly
totals only and also to reduce to a minimum the time needed
to adapt the model.

MODEL OUTLINE

The model outline in the form finally used is shown in Figure
I.7.1. It consists of three parts:-

(a) Surface

At the surface a proportion of the incoming precipitation is
intercepted by the forest canopy. Following the findings of
Brunig (1971), Kenworthy (1969) and Low (1972) interception
was taken as 35 per cent of rainfall. The intercepted rain-
fall satisfied part of the evaporation demand. Of the remain-
ing 65 per cent of rainfall, a variable proportion was con-

sidered to run directly off into surface water channels, and
the remainder to enter the upper soil storage.

(b) Upper soil storage

Following Haan (1972), soil water storage was split into upper
and lower parts. The upper storage was considered to have a
capacity of 25 millimetres. Infiltration first filled this
storage and any excess became inflow to the lower soil stor-
age. Residual potential evapo-transpiration was supplied
freely from the upper storage, to the 25 millimetres limit on
its capacity, and the storage adjusted accordingly.

(c) Lower soil storage

The lower soil storage had a variable maximum capacity. It
was not considered that appreciable storage existed below the
root zone, and so the limit of the lower soil storage was set

\
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" FIGURE 1.7.1
RUNOFF MODEL OUTLINE
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between 50 and 550 millimetres corresponding to the range of
root zone storage reported by Brunig (1971). Inflow from the
upper storage which caused the lower storage to exceed its
capacity was added to run-off. Any residual potential evapo-
transpiration not satisfied by interception or the upper soil
storage was then supplied from the lower soil storage at a
rate decreasing linearly to a minimum of five millimetres per
month depending on the state of the lower storage. Finally
a variable proportion of the remaining storage was considered
to contribute to run-off in the following month.

Altogether the catchment model has three parameters whose

values can be varied to represent different types of catch-
ment. As with all such simplified run-off models, these para-
meters correspond only approximately to actual physical char-
acteristics. However, this is sufficient for some degree of
reasoned judgement to be used in selecting parameters values.
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OPTIMISING MODEL PARAMETERS

For most cases, values of the three parameters would have to
be selected by using judgement. However, the programme was
so written that if short periods of comparable rainfall and
run-off data were available, optimum values of the three para-
meters could be found automatically so as to minimise the
overall cumulative error in the estimated run-off values.
This optimisation procedure was possible for an eight month
period of record for the Sungai Sibiu (station C6, Figure

1.5):

Three of the Study rainfall stations (B4, B5 and B6 on Fig-
ure 1.5) together with Bintulu (4-2 on Figure 1.3) gave an
indication of monthly catchment rainfall over the months Feb-
ruary to September 1973. For seven out of these eight months
the simulation procedure produced estimates, after optimising
the three variable parameters, which were within 15 per cent
of the observed value. The error in the first month was
greater than this, probably through the influence of the ini-
tial soil moisture status which had to be estimated. The per-
formance of the model with Sungai Sibiu data, of which the
rainfall could only be considered an approximation to catch-
ment rainfall, was encouraging. The optimised parameter val-
ues were 70 per cent for direct run-off of residual rainfall
after subtraction of interception losses, 300millimetres max-
imum water storage in the lower layer and 40 per cent of the
net lower storage appearing as run-off the following month.

SIMULATION FROM LONGER RAINFALL RECORDS

There were no other catchments for which even approximate
areal rainfall figures were available. For the yield/storage
studies four rainfall records were chosenas being represent-
ative of the main development areas (4-2, 4-5, 4-6 and A-1
in Figure 1.3). The consistency of these records had been
checked and found to be good, or fair in the case of 4-6 (see
Chapter 1, Section 1.3.6.1).

Of the many possible combinations of the three variable model
parameters which could have been used, two combinations were
selected so as to represent fairly extreme cases. The values
are given in Table B 19 3 S0 [

Both sets of parameters in Table I.7.1 are intended to repre-
sent forested conditions with a well developed canopy. The
poorer soil gives a generally more rapid catchment response
and more frequent appearance of soil moisture deficits. In
consequence, particularly in the drier areas, run-off is in-
creased and actual evapo-transpiration depressed below the
potential rate. Table 1.7.2 summarises the variations in
actual evapo-transpiration rates, deduced from simulated run-

ot
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TABLE I.7.1

PARAMETER VALUES USED IN RUN-OFF SIMULATION

Poor soil Good soil
Parameter e
Value Remarks Value Remarks

Direct run-off | 70% | Soil with low 50% Soil with moderate
fraction infiltration infiltration capa-

capacity city
Maximum lower | 75 mm | Shallow soil 325 mm | Deep soil (for
soil water tropical forest)
storage
Return flow 70% Rapid drainage 30% Slower drainage
from lower soil due to imper- from deeper
water storage meable under profile

layer

TABLE I.7.2

EFFECT OF SOIL CONDITION ON

EVAPO-TRANSPIRATION
Hean . soniais ; Mean annual
Station Period rainfall SoLa loss as

Cisen) condition percentage

Penman Eo
4-2 Bintulu | 1947-1955 Good 98
1958-1972 e Poor 91
k-5 Miri 1947-1968 3 000 Good 88
Poor 78
4L-6 Bekenu 1953-1972 2 950 Good 88
Poor 78
A-1 Kabuloh | 1965-1972 2 730 Good 87
Poor 76

Note:

As Figure 1.17 has shown, the differences in average
are not of great significance when yield/storage
are considered.

Soil condition refers to Table I.7.1.

losses
relations

The reason for this is that the greater loss-

es from catchments with deeper so0ils are offset by better

maintained low flows.

Within the Study Area, most catchments

could be expected to fall somewhere between th i
good soil conditions of Table I.7.1. Catchmen:spggrtaglljgfi
ulating middle areas of the river basins would tend to have
the poorer conditions, and those in the Lambir hills or hills
south of the Sungai Suai (Figure 1.1) to have the better con-
ditions.
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APPENDIX II
SAMPLE AREAS

1 SAMPLE AREA A
II.1.1 Location

The area (5 200 acres) is located at mile 68 of Miri-Bintulu
road and runs roughly north-south on either side of the road
for a distance of nearly 10 kilometres (6.2 miles).

I1.1.2 Survey Density

So0il Survey within the area was conducted along parallel ren-
tis lines cut at 400 metres (1 300 feet) intervals for a dis-
tance of slightly over 2 kilometres (1.2 miles), and linked
at either end by lines cut for a distance of just under 10
kilometres. Auger inspection was carried out with full re-
corded descriptions at an average interval of 200 metres (650
feet) along the rentis lines, with further check bores where
necessary. A total of 290 sites was recorded including 12
fully sampled soil pits, giving an average density of one
site per 18 acres; but, including the check bores, the den-
sity of observation is rather greater than this.

I1.13 Geology

The 1:250 000 scale geological map (Baram-Suai Area accompan-
ying Memoir No. 13 Haile, 1962) indicates that the northern
two-thirds of the area is covered by deposits of the Nyalau
and Setap Shale Formation, the latter predominating. Setap
Shale Formation is described by Haile (1962), as "blue grey
silty and clayey shale, occasionally sandy, well bedded, mod-
erately soft and lignitic in some bands, but hard and nodular
in others". Within the Sample Area, the shale was seen to be
predominantly of a very fine sandy, to silty texture. In the
areas with a higher elevation, fine grained sandstone occurs
on the hill tops in places, and appears to be the eroded rem=-
nant of an upper sandy bedj; a similar occurrence is described
for the Setap Shale Formation in the valley of the Sungai

Niah.

The subordinate areas of Nyalau Formation are not really re-
cognisably different from the the Setap Shale. The formation
is described as grading into the Setap Shale Formation, and

is mostly fine grained.

The southern third of the Sample Area is shown on the Geolog-
ical map as alluvium, but was found in the field to consist
of very low, undulating hills, with only very subordinate

alluvium.
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From Table II.1.1 it can be concluded that:-
In B3 73 per cent of all sites are less than 15 degrees;

In B2 80 per cent of all gites are more than 20 degrees, 48
per cent more than 25 degrees, and 60 per cent
equal to or greater than 24 degrees;

In B3/B4 85 per cent of all sites are less than 15 degrees, 60
per cent less than 10 degrees.

Main slope range in B3 is 11 to 15 degrees;
Main slope range in B2 is 21 to 30 degrees;
Main slope range in B3/B4 is 6 to 10 degrees.

Hill heights are as follows:

B3 Maximum height 130 feet, generally 50 to 100 feet;
B2 Maximum height 210 feet, generally 100 to 150 feet;
B3/B4 Maximum height 50 feet, generally less than 50 feet.

The frequency occurrence of slopes within various slope ran-
ges for the API units are shown in Table II.1.1 and in Figure
IT.1.3.

In the B3 API unit main frequency peaks occur within the ran-
ges 10 to 11 degrees and 14 to 15 degrees. A further smaller
concentration occurs at 22 to 23 degrees. This latter range
may reflect the steeper slopes associated with wvalley and
headwater erosion imposed on low hills. The former ranges
appear to be the normal slopes for the sub-mature topography
of the B3 API unit, where a subsequent erosion cycle is eit-
her absent or limited.

/

Within the B2 unit, a frequency peak occurs in the slope range
20 to 21 degrees; further concentrations occur at 24 to 25
degrees and more than, or equal to, 30 degrees. It is thought
that the 20 to 21 degrees and 24 to 25 degrees concentrations
represent the lower hills within the unit, which are less
affected by active valley and valley head erosion. The maxi-
mum concentration at more than or equal to 30 degrees probably
represents the heavily dissected, immature topography of the
higher hills, where valley incision and headwater regression
are particularly active. Thus the B2 unit may include two
topographic types, the gentler slopes within the 20 to 21 de-
grees and 24 to 25 degree ranges, which are associated with
sub-mature topography, and the steep (more than or equal to
30 degrees slopes) associated with immature topography.

The B3/B4 unit represents a mixture of mature and sub-mature
topography, the former including the ranges O to 5 degrees,
6 to 7 degrees and 8 to 9 degrees which together make up 51
per cent of all slopes, and the latter represented by the
slight concentration in the range 14 to 15 degrees, and some
33 per cent of all slopes in the range 12 to 17 degrees.
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NUMBERS OF SLOPES MEASURED
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Soils of the Bekenu family are found overlying rocks with a
particularly high content of silt and very fine sand. The
average clay content of the control section is less than 35
per cent, but the combined values of silt and very fine sand
ensure textures of coarse and fine silty. Soils of this fami-
ly, which occupy a smaller area than the Merit family, are
divided into two series on the same colour basis as the Merit
family soils. As in the Merit family, it is difficult to se-
parate the two series at a field mapping scale of 1:10 000,
and complex units have to be used.

The common occurrence of shallow soils within this area has
already been mentioned. Where a limiting horizon occurs wi-
thin 20 inches of the soil surface, but is deeper than 10
inches, such soils are regarded as intergrades between skel-
etal soils and the corresponding non-skeletal family. The
main intergrade family is the Bekenu-Kapit family intergrade,
which has the textural characteristics of the Bekenu family
but has a limiting horizon within 20 inches of the surface.
This limiting horizon may be either a B/C or C horizon or a
layer of dense concretions. The Merit-Kapit family inter-
grade also occurs, but occupies a much smaller area than the
Bekenu-Kapit family intergrade.

Alluvial, accreting mineral soils occur within the sample
area, but the individual units are too small to map. Soil
families recognised are the Seduau and Bijat families and the
Seduau-Bijat family intergrades. Very small areas of the
Bemang family also occur.

[I2 SAMPLE AREA B
IL2.1 Location

Sample Area B, covering 4 800 acres, is located atMile 51 on
the Bintulu-Miri road, some seven miles south of the Sungai
Suai bridge. The area runs east-west on either side of the
road for a total length of just over 9.5 kilometres (6 miles)

I1.2.2  Survey Density

The soil survey was conducted along 26 parallel rentis lines
cut in a north-south direction and 400 metres (1 300 feet)
apart. These rentis lines were linked at either end by two
cross-lines of just over 9.5 kilometres (6 miles) in length,

The length of the parallel lines was approximately 2 kilome-
tres (1.2 miles) each.
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The terrain was continuously recorded along each of these cut
lines and detailed soil descriptions from auger borings re-
corded at an average interval of 200 metres (650 feet). 1In
addition 13 soil pits were dug at representative sites to al-
low detailed sampling of the soil for a wide range of analy-
ses. A total of 325 sites was recorded in this Sample Area,
giving an overall survey density of one recorded observation
site per 15 acres.

.23 Geology

Rocks of the Setap Shale Formation occupy the greater part
of the area, with a very small area of Nyalau Formation in
the extreme north-west, according to the 1:250 000 scale Geo-
logical Map accompanying Geological Survey Memoir 13 (Haile,
1962). The Setap Shale Formation is described as consisting
largely of shale with subordinate sandstone. Much very fine
sandy and silty shale does occur, but there are also large
areas of fine and medium grained sandstone; it is not known
whether the latter represents a greater extent of the Nyalau
Formation than shown on the Geological Map or simply a sand-
stone member of the Setap Shale.

The Geological Map indicates that large areas of alluvium oc-
cur at either end of the area. In the western end, true all-
uvium does not cover large areas and is limited to stream va-
lleys. Most of the area indicated as alluvium is in fact
occupied by undulating terrain composed of very low hills
generally less then 30 feet high. In the eastern part of the
area, alluvium covers a significant area, associated with the
Sungai Dulang and Sungai Laham, but intervening areas are oc-~
cupied by very low, undulating terrain.

The Sample Area crosses the Pait Anticline and Paroh Syncline
part of the general north-east to south-west trending anti-
clinal-synclinal system. The Pait fault separates the higher
hills of the Pait Anticline from the low undulating terrain
in the western third of the Sample Area.

1124 Topography

The anticlinal-synclinal system described above dictates the
terrain outline of the Sample Area. The higher, more dissec-
ted terrain is associated with the Pait Anticline, while low-
er, gently undulating terrain is associated with the Paroh
Syncline in the east and the downthrown side of the Pait Fault
on the west. Maximum hill heights within the anticlinal area
are of the order of 130 feet, with general levels of Yo - %o
100 feet. In the synclinal and downfaulted areas, hills are
generally less than 30 feet high, with many in the range 10
to 20 feet. Within the higher area, hills and ridges are
aligned roughly north-east to south-west along the direction
of the anticline. 1In the low lying areas, the hills show no

particular alignment.
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During the preliminary aerial photo-interpretation, the area
was divided into four API units. API unit B2/B3 roughly co-
incides with the Pait Anticline, while units B3 and B3/B4
correspond to the Paroh Syncline and the downfaulted area

east of the Pait Fault respectively. The fourth API unit Bl
occupies only a small area in the north-east associated with
the alluvium of the Sungai Laham. Active dissection of the
higher land of the B2/B3 unit is frequently seen, particular-
ly in headwater regression of small streams. The lower areas
appear to have reached a much more advanced stage of lands-
cape maturity, with no active dissection.

The following table shows the slope distribution within the
various API units. Within the B2/B3 unit, 49 per cent of all
sites measured have slopes in excess of 20 degrees and 21 per
cent have slopes exceeding 25 degrees. Only 5.5 per cent of
sites have slopes exceeding 20 degrees in the B3 unit with
figures of one per cent and nil for units B3/B4 and B4 resp-
ectively. Within units B3/B4 and B4 slopes of 10 degrees or
less predominate, the percentages being 77 per cent and 86
per cent respectively.

Figure II.2.1 shows the frequency distribution of measured
sites within narrow slope ranges for the API units. The dis-
tribution within unit B2/B3 is fairly uniform, but peaks do
occur in the ranges 10 to 11 degrees, 14 to 15 degrees and 22
to 25 degrees. Within the B3 unit, the peaks are at 0 to 5
degrees, 10 to 11 degrees and 14 to 15 degrees. The 0 to 5
degrees peak in the B3 unit reflects the low, gently undulat-
ing nature of much of the unit in this area. The peaks at 10
to 11 degrees and 14 to 15 degrees in both the B3 and B2/B3
units appear to represent the fairly mature topography of the
lower hills. The 22 to 25 degrees peak and the secondary pe-
ak at 30 degrees, or greater in the B2/B3 unit, represent the
rather immature topography of the higher areas, and more clo-
sely resemble the normal B2 unit. The unit B3/B4 shows a
similar slope distribution to the B3 unit, but with a very
much higher percentage of gentle slopes. The Bh unit reflects
its alluvial nature; nearly all slopes are less than 5 deg~
rees. Typical cross-sections through the various units are
shown in Figure II.2.2.

11.2.5 Vegetation

Two areas of secondary regrowth occur within the area. One
in the northern part of the Sample Area immediately west of
the main road is associated with the shifting cultivation ar-
ea of Rumah Mamat, where the secondary growth varies in age
from two to five years. The second is an area of much older
secondary regrowth mixed with some much older trees. It is
difficult to judge the age of the secondary, but it is prob-
ably at least 20 years old. It is an area remote from any
known longhouse, and there is no evidence that it was ever
cleared for cultivation. It is possible that the forest was
severely damaged during a freak storm.

243



TABLE I1I.2.1 PERCENTAGE OF MEASURED SITES FALLING WITHIN
VARIOUS SLOPE RANGES BY API UNITS

Percentage of measured sites
Slope range
in degrees | ,py unit | APT unit | APT unit | API unit

Bl4 B3/Bk4 B3 B2/B3
0-5 71.4 43.5 24.3 0.9
6 - 10 14.3 33.3 33.8 12.4
11 - 15 0 1453 20.3 15.9
16 - 20 14.3 1.4 16.2 22.1
21 -'25 0 1.0 b.1 27 .4
26 - 30 0 0 s i | 18.6
over 30 0 0 0 = B
Total 100.0 100.0 100.0 100.0

FIGURE IL.2.2
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The rest of the area is covered by Hill Dipterocarp Forest;
apart from a small area of swamp forest in the eastern edge
of the area. About one-third of the forest area ' has been
logged within the past 18 months. The unlogged forest repre-
sents the poorest quality forest so far  encountered. There
are virtually no large trees and an apparently low density of
economic species. There is considerable evidence of a high
frequency of tree fall, particularly east of the main road,
very often associated with shallow soils; but there is only
a slight correlation between: soil and forest quality, which
does not explain the overall very poor quality of the forest.
The only important species recorded with any frequency is
belian, associated with low hills and alluvium, and meranti,
usually of small girth, found on the higher hills of the B2/B3
unit. There is some, rather vague, evidence that the poorest
forest occurs on the shallowest soils. The relationship bet-
ween soils and forest quality is something about which very
little appears to be known, but, if such a relationship does
exist, it is of considerable importance for the proper allo-
cation of land use.

11.26 Soils

The soils of this area fall into three broad groups, residual,
alluvial and organic. Residual soils occupy the greater part
of the area and have developed more or less in situ from the
weathering of the parent rock. There is some evidence that
some of the characteristics of these soils may be due to a
previous soil weathering cycle when the conditions were some-
what different from the present. The very frequent occurr-
ence of a dense stony layer largely composed of iron concre-
tions and iron-cemented rock fragments may indicate a stage
when soil formation was associated with a fluctuating water
table, a condition required for the formation of such feat-
ures. These conditions do not exist for hill soils at the
present, but could have existed prior to the geological up-
1ift that initiated the present weathering cycle.

Other important characteristics like texture are largely de-
termined by the nature of the parent material. Fine textured
shales give rise to fine textured soils, sandy shales and
fine grained sandstones to medium textured soils and coarse
textured soils are derived from coarser grained sandstones.
Further, in nearly all the residual soils there is a textural
gradient, textures becoming finer with depth. Based on the
textural characteristics, the residual soils are divided into
three groups based on the average texture of the control sect-

ion. The three groups are fine, coarse and fine silty and
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loamy as defined below. e Cae and TAaE

Clayey Fine and coarse silty loamy

Clay, clay loam Clay loamand silty clay Sandy loam, medium
and silty clay loam (with less than 35 and coarse sandy

loam (with more per cent clay), very clay loam, loam
than 35 per cent fine sandy loam, silt (with more than 15
clay), silty loam, very fine sandy per cent medium
clay, fine sandy clay loam, loam (with and coarse sand),
clay less than 15 per cent light clay loam.

medium and coarse sand)
very fine sandy loam
and silt loam.

These fine, medium and coarse textured groups define the Mer-
it, Bekenu and Nyalau families respectively.

Within the Merit and Bekenu families two series each are re-
cognised based on colour. Soils with colours of 10YR or yel-
lower within 20 inches of the surface are included in the
Merit and Bekenu series, and redder than 10YR throughout the
control section are included in the Jakar and Sarikei series.
Only one series, the Nyalau series, has been recognised with-
in the Nyalau family.

The Jakar series is of much more common occurrence in this
area than in Sample Area A, especially in the eastern half of
the area. The Bekenu and Sarikei series occur largely in the
western part, while the Nyalau series is confined to two small
areas of medium and fine grained sandstone. Intergrade fami-
lies are recognised where a limiting horizon occurs within
20 inches of the surface, but deeper than 10 inches. These
are the Merit-Kapit and Bekenu-Kapit family intergrades. The

depth phases shown on the soil map (Map 2) are indications of
the effective depth for plant rooting.

Alluvial soils are divided into three broad groups on the
basis of their internal drainage characteristics as revealed
by matrix colours and the Presence or absence of mottling.
The well drained group of soils, characterised by yellowish
or reddish colours and very little mottling, are divided into
families on the basis of the control section texture.
textured soils containing more than 35 per cent clay are in-
cluded in the Seduau family, loamy and silty soils in the
Bemang family. No coarse textured alluvial soils occur in
this Sample Area. Very poorly drained soils have pale matrix
colours and very little reddish mottling. Family division is
is as the well drained group.
Fine textured soils are included in the Bijat family and loams
and silts in the Pakan family. No coarse textured poorly dr-
ained alluvial soils occur. Intermediatedrainagecategories
are covered by family intergrades - the fine textured members

grade and the loams and silts
in the Bemang-Pakan family intergrade.
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The alluvial soils occupy rather larger areas, and represent
soils of relatively high potential, provided certain existing
restrictions can be removed such as poor drainage and the
tendency to flash flooding.

Organic soils are the product of the accumulation of organic
debris under anaerobic conditions, which limit the rate of
breakdown and oxidation of organic matter so that the const-
ant replenishment of debris is much faster than its break-
down, thus allowing considerable depths to accumulate. These
organic soils are characterised by their very low humificat-
ion, very high water content and high wood content. They are
included in the Anderson family when the peat is deeper than
40 inches. Within this Sample Area, only two small areas of
Anderson family soils have been identified, occupying very
poorly drained valleys.

The residual soils of the Merit, Bekenu and Nyalau families
are the dominant soils of the area. One of the major charac-
teristics of these soils is the presence of the concretionary
layer described above. This layer is usually thicker than
12 inches and is an effective barrier to root development.
Thus, the depth of soil available to plant roots is limited
to the soil overlying this layer. This effective soil depth
is related to slope, particularly on hills higher than 50 feet,
but significant areas of very shallow soils do occur on very
low hills with gentle slopes. However, shallow soil depths
occur more commonly on the steeper slopes. The percentage of
sites examined with effective depths of 24 and 20 inches or
less are given in Table I1II1.2.2.

TABLE II.2.2 SLOPE RANGE AND EFFECTIVE SOIL DEPTH

Percentage of sites | Percentage of sites

Slope range 24 inches 20 inches
in degrees effective depth effective depth

0 =-5 13.4 10.4

6 - 10 34.2 16.4

11 - 15 29.5 20.5

16 - 20 20.4 10.2

21 - 25 31.4 2547

26 - 30 59.1 50.0
more than 30 66.6 66.6
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I3 SAMPLE AREA C
IL3.1  Location

This Sample Area, covering some 4 950 acres, is 1located 4
kilometres (2.5 miles) south-west of RumahﬁinditnxtheSungai
Suai, and runs approximately 9.0 kilometres (5.6 miles) in a
north-westerly direction from the Sungai Sebatang to the head-
waters of the Sungai Derais. The area is bisected by the
Sungai Po, which flows into the Sungai Suai at Rumah Gindi.

1132 Survey Density

tervals of 400 metres (1 300 feet) on a bearing of 214 deg-
rees. The rentis lines were linked at either end by a cut
line 10 kilometres (6.2 miles) in length. The length of the
-eross rentis lines varied from 2 kilometres (1.2 miles) at
the south-eastern end of the area to 2.4 kilometres (1.3 mi-
les) at the north-western end. The lines were cut with com-
pass and chain only, resulting in approximately a five per
cent reduction in length on the map due to the rolling topo-

The survey was conducted along these cut lines, auger insp-
ection being conducted at an average interval of 200 metres
(650 feet). A total of 339 sites was described, of which 13
were soil pits fully sampled for a wide range of analyses
including available water holding capacity and subsoil per-

meability. This coverage gave an overall survey density of
one observation site per 15 acres.,

IL33  Geology

Two Formations are represented within the Sample Area, the
Setap Shale Formation and the Nyalau Formation. Lithologic-
ally, there is not much variation between the two formations.
Both contain arenaceous and argillaceous members, but gener-

ation area south of the Sungai Similajau and the largely arg-
illaceous Setap Shale, Sibuti and Tangap Formations to the
north, giving rise to a fairly complicated interfingering of
the Nyalau and Setap Shale Formations.

Within the Sample Area, the Nyalau Formation appears to con-
sist largely of fine grained sandstone; but coarser grained
sandstones occur locally, Usually as remnants on hill tops,
where they are associated with distinct di
graphy, the upper scarp face being marked by cliffs up to 25
feet high. Within this formation,

stone has been identified, but the

small. The area occupied by the Ny
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The Setap Shale Formation occupies the greater part of the
Sample Area. In most cases the formation consists of a rather
sandy shale with only small areas of truly argillaceous sedi-
ments. This may be a reflection of its occurrence between
predominantly argillaceous and arenaceous areas.

A third geological type occurs within the area. This is the
Jerudong Terrace Material, significant areas of which are
shown on the Geological Map as occurring outside the Sample
Area. The area of this deposit within the Sample Area is
small, and appears to be the highly eroded remmnants of a for-
merly more extensive area. Certainly the deposit is very
shallow and rests uncomformably on the older weathered rock.
The deposit is described by Haile (1962) in Memoir 13 as an
"unbedded, pure white, medium grained sand". Partof the de-
posit in the Sample Area fits this description, but the grea-
ter part is a finer textured, yellowish brown material con-
taining distinct layers or stonelines of very rounded quartz
pebbles.

The area lies within the general north-east to south-west tr-
ending anticlinal-synclinal system. Most of the area is syn-
clinal in nature, but in the extreme south-east impinges on
the edge of a much higher ridge of which the highest point is
at 740 feet.

I1.34 Topography

The north-east to south-west geological trend appears to have
had less effect on the topography than in other areas. In
the extreme south-east, ridges are aligned parallel to this
trend, but the only other distinct alignment of hills is an
arcuate pattern in the centre of the area perhaps related to
the Batang Syncline. Apart from these two cases, the pattern
of hills and ridges is rather haphazard. The maximum hill
heights are about 150 feet in the extreme south-east and 130
feet elsewhere, with more general levels between 60 to 80

feet.

During the aerial photo-interpretation carried out for The
Zonation Plan, most of the area was mapped in the B3 and B2/B3
API units. As shown in Table II.3.1, within the B2/B3 unit,
slopes are very variable, but tend to be steep, with 32 per
cent of all sites examined greater than 20 degrées and 18 per
cent greater than 25 degrees. The comparative figures for
the B3 unit are 13 per cent and 7 per cent respectively. Sm-
all areas of the B2 unit also occur, but are too small to
allow meaningful analysis; most of the slopes lie in the 25

to 35 degrees range.
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TABLE II1.3.1 PERCENTAGE OF MEASURED SITES FALLING WITHIN
VARIOUS SLOPE RANGES BY API UNITS

S1one Canie Percentage of measured sites

in. degrecs AP1 Unit B2/B3 API Unit B3
0 -5 7472 10.9
6 - 10 23.0 32.0
11 =148 19.2 21.8
16 - 20 18.3 20.2
21 - 25 13.5 7.6
26 - 30 15.4 5.9
more than 30 2.9 0.8

A feature of this area is the very active present erosion cy-
cle associated with valley head regression and incision of
the upper reaches of small streams. This has had a consider-
able effect in increasing the gradient of slopes, especially
when associated with low hills, and has resulted in much less
favourable terrain than might have been expected from examin-
ation of the aerial photographs. Some of the badly dissected
low hills cannot be identified at even 1;10 000 scale, due to
the very small size of individual valley-hill-valley units and
the blanketing effect of the forest canopy. The high degree
of dissection appears to be due to the fact that much of the
area is a low-level watershed between several drainage sys-
tems.

Figure II.3.1 shows the frequency occurrence of measured si-
tes within narrow slope ranges. In API unit B3 main peaks
are recorded within the ranges 8 to 13 degrees and 20 to 21
degrees, the former relating largely to the more mature topo-
graphy within the unit, while the latter is related to the
secondary incision cycle described above. Within the B2/B3
unit the spread is much more uniform, illustrating the more
complex nature of this unit. However, the frequency distri-
bution does show similarities with the B3 unit, with peaks in
the ranges 8 to 13 degrees and 20 to 23 degrees. The much
higher occurrence of slopes equal to or greater than 24 de-
grees reflects those parts of the unit with characteristics
more akin to the B2 unit. Line 25 in Figure 1I1I.3.2 shows
this mixture of B2 and B3 type units. Line 19 is more like
B3 in height and general outline, but has been subjected to
severe incision by streams, giving a higher percentage of
steep slopes than is normal for B3, Line 17 is a rather spec-
ial case, illustrating scarp and dip topography, with alter-
nating steep and relatively gentle slopes. Figure 1I1I1.3.3
shows typical cross-sections within the API unit B3.
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NUMBERS OF SLOPES MEASURED -

FIGURE II 3.1
SLOPE ANALYSIS

20+ API Unit B3

0O5eT78 9101 I2lll4l!ill7ﬁl.”2ll2!ll4ﬂ.!?llﬂ;io

4 API Unit B2/ B3

18 19 20 21 22 252425 26 27 28 20> 36

SLOPE RANGE IN DEGREES

FIGURE L 3. 2
TOPOGRAPHIC CROSS SECTIONS

Cress-sesflon  with horizontal and wverticel sceles squal

------ Croms - section with X 2 wvertical sxeggeration

’

Maximum Hill holght obove (seel base level A 130 feet,

LINE 23 82/ 83
" OGeneral Hill helght above local Bese level = 10019130 fast. e

- " e

UINE 11 §2/83
Maximam HIll height above loeel boss level = 130 reer
A =4 i~ General Hill height abeve local base level =" 8015100 fest

\ / -~ -
(s " >, \\_‘ / ~_ o
~ ~. it RV

5 ’
rd b ~ ¥ . .
,‘/‘\‘“‘-\\V) Nﬁ. L T T._:U’ —a 3y et T el

g

80 100 180 800 250 300 380 400 480 800 880 800 @80 TBO 800 860 900 980 K000

Maximum HIll height above local base lovel 2= 130 feat
Osnaral Wil height obeve local base 1ovel == 80 10 B0 fem
~

)I "\_ s - o

HORIZONTAL DISTANCE IN METRES



FIGURE IL.3.3
TOPOGRAPHIC CROSS SECTIONS
-~ —— Cross fon with mal ond  vertical scoles equal

------ Cross-section wim X2 ¥ vertical exaggerafien:

% LINE 21 B3 Maximum Hill helght above local bose level - 80 fesl.

lm ;. General Mill helght dbove local base level === 8010TO feet.
- \ - - ~

L e I B 2

fey ” o TR
S L — & S A w—-—_—ﬂ\-——’—-ﬁ‘-——-—.\"\:—:“: ”
i P oA ) e Ry oo WL, L G T .
O S0 (00 180 200 280 300 350 40C 450 500 550 600 650 TOO TSO 800 @80 SO0 S50 000 080 1100 1180 (200 2SO

150+ Moximum Hill height ebove local base level = |30 feet.
LINE 20 B3
(& Genaral Hill height abeve local boss level == 801070 fael:
1001 A
(40) .
."\\ 5 x\
— R ey L —m D it~ O S

m‘ﬁmmmmmmmmHMTwmmmm 1000 1080 (00 B0 1200 1280

VERTICAL DISTANCE IN METRES
o
3

t’sﬂ LINE 8 B3
Mamimum Hill height above local base ievel -~ 80 feat,
l%‘ General Hill helght above local base level -~ 30 feet.
&) 4 A o
e SN S S —==s P

0 80 00 150 200 2850 300 350 400 450 300 580 600 €350 700 78O 800 850 900 960 000 1080 10O 1180 1200 1290

HORIZONT AL DISTANCE IN METRES

IL3.5 Vegetation

The area is covered by Hill Dipterocarp Forest, of which some-
what over one-third has been logged. In the unlogged section
(part of which is in the Similajau Forest Reserve) the timber
is of good quality both in terms of size and frequency of
economically important species. The main species noted are
meranti, kapor, belian and medang. Poor quality timber occ-
urs on terrace material and on steep, shallow soils, but no
firm relationship has been worked out between soil, slope and
timber quality.

I1.3.6  Soils

Residual non-accreting soils occupy the greater part of the
Sample Area. These are derived from the solid rock, and are
characterised by rather weak horizonation and an increase in
texture and compaction with depth. A feature of the area is
the relatively shallow effective depth of the soil. In most
cases weathered parent rock occurs within four feet, a rather
shallow depth for most humid tropical soils. This is largely
the result of the immature nature of the terrain. The depth
of any soil is largely the equilibrium between the rate of
soil renewal due to weathering and the rate of surface 1loss
due to erosion. In this area, the erosion rate is rapid, and
as a result no great depth of soil can build up. By compar-
ison, the slower erosion rates on mature topography in Penin-
sular Malaysia allows a much greater soil depth; weathered
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parent rock seldom occurs within 10 feet, and is often deeper
than this.

A common feature of the residual soils in the area is the occ-
urrence of a subsoil horizon containing iron concretions and
laterised parent rock. The origin of this material is not
yet clear. It may be residual from the ‘weathering of the
. parent rock, or may have resulted from a previous pedological
cycle in which laterisation was the main mode of formation.
The content of concretions and stones within this horizon is
rather variable, but can be as high as 80 per cent. The hori-
zon is usually thicker than 12 inches, and is definitely lim-
iting to root development, especially where the stone content
is high. 1In consequence, the effective depth of s0il from an
agricultural view point is the depth of soil overlying this
stony horizon. Effective soil depth is related to slope,
shallow depths occurring more commonly on steeper slopes where
rate of erosion is generally higher for any given soil type.
The percentage of sites examined with soil depths equal to or
less than 24 and 20 inches for various slope ranges are given
in Table II1.3.2.

TABLE II.3.2 SLOPE RANGE AND EFFECTIVE SOIL DEPTH

Siope irange PercegZagﬁcﬁgssites Perceggagﬁcﬁissites
$8,998r298. |/ offective depth effective depth
0 -5 9.5 4.8
6 - 10 20.3 10.1
11 - 15 18.6 11.6
16 - 20 Ly 4 26.7
21 - 25 34.8 30.4
26 - 30 58.3 45.8
more than 30 50 .0 50.0

Conclusions from the above table are as follows:-

(i) 20 per cent of all sites have an effective depth of
20 inches or less;

(ii) 39 per cent of all sites on slopes equal to or grea-
ter than 21 degrees have effective depths of 20 in-
ches or less; 30.2 per cent of sites in the slope
range 21 to 25 degrees have effective depths of 20

inches or less;
(iii) 30 per cent of all sites have an effective depth of
24 inches or less;
i 3 er cent of all sites on slopes of 21 degrees or
bt erﬁ have effective depths of 24 inchesor less; 34.8

of sites within the slope range 21 to 25 degrees
have effective depths of 24 inches or less.

253



Rather surprising is the high percentage (20 per cent) of
sites within the slope range 6 to 10 degrees with effective
depths of 24 inches or less; most of these sites are in foot-
slope areas below steeper slopes, and have possibly been aff-
ected by colluviation, with resulting concentration of con-
cretions and stones into thick stone lines. Of importance in
assessing agricultural potential is the high percentage of
shallow soils within the rather marginal slope range 21 to 25
degrees. Erosion within this slope range is relatively rapid
under natural, undistrubed forest, and will almost inevitably
be accelerated under agricultural usage, unless very specific
erosion control measures like properly designed bench terr-
aces are taken. Therefore, any soil which at the outset is
of inadequate or very marginal depth for economic crop prod-
uction, should not be considered for agricultural production
on these steep slopes. The prevalence of shallow soils on
slopes steeper than 25 degrees emphasises the inadvisibility
of cultivation on such slopes.

These residual soils have been divided into rather broad gr-

oups. There are three main families differentiated largely

on the basis of the texture of the control section. Soil tex-
tures are divided into three broad groups as shown in Appen-

dix- Tle2e

These textural groups together define the Merit, Bekenu and
Nyalau families. Within the Sample Area, the Merit family
predominates. A fourth family occurs sporadically in areas
too small to map; this is the Kapit family, occurring on the
steeper slopes, and characterised by shallow depth to weath-
ering rock (10 inches or less) and generally stony nature.

The soil families are divided into series on the basis of
colour and the nature of the parent material, whether resid-
ual or alluvial. The Merit and Jakar series are residually
derived soils of the Merit family and differ in colour, the
former having a hue of 10YR or yellower in some part of the
profile above 20 inches, while the latter is redder than 10YR
throughout. Similarly, the Bekenu family is divided into the
Bekenu and Sarikei series, the former being the less red of
the two. Within the residually derived soils of the Nyalau
family, only one series is recognised, the Nyalau series.
Within the Merit and Nyalau families two further series are
recognised developed in old alluvial parent material. The
Lupar series is similar in all physical characteristics to
the Merit series except that it frequently contains a layer
of rounded quartz pebbles, which betrays the alluvial nature
of the parent material. Occasionally the bi-sequent mnature
of the profile is obvious, with the old alluvial material
overlying residual material. Similarly, the Sabangang series
is similar to the Nyalau series except for the features men-
tioned above.

Some limited areas of old alluvial material characterised by
highly quartzose sands have given rise to soils with a dis-
tinct humus subsoil horizon. In this area, the horizon is



not cemented, and the soil belongs to the Buso series of the
Silantek family.

Accreting alluvial soils are separated into drainage categor-
ies and further divided into families on the basis of the
average texture of the control section. Well drained soils
of fine texture, that is containing more than 35 per cent
clay, are included in the Seduau family, while those of loamy
and silty texture are in the Bemang family. No coarse text-
ured well drained alluvial soils occur. Very poorly drained
soils are divided into families on the same textural basis as
the well drained soils to give the Bijat soils which are fine
textured, and Bemang soils which are medium textured.

Intermediate drainage features are covered by family inter-
grades giving the Seduau-Bijat family intergrade and the Be-
mang-Pakan family intergrade respectively for fine and medium
textures.

4 SUNGAI KARABUNGAN SAMPLE AREA
IL41 Introduction

Field work on this Sample Area was carried out by the Soil
Survey Division of the Department of Agriculture, Sarawak in
co-operation with the Consultant Land Classifiers. The com-
pilation and mapping of the Soils and Terrain maps (Maps 4
and 5) has been the responsibility of the Soil Survey Divis-
ion as was the compilation of this Appendix.

In 1972, the Sarawak Land Development Board intended to exp-
and its oil palm area westward of its planted Ladang Dua Area
at Sungai Tangit but examination of a previously published

Soil map and Report (Lim, 1970) indicated that a large per-
centage of this area (Ladang Lima) consists of soils derived
from calcareous shale parent material. Apart from the 1lack
of agronomic data to show the growth response of oil palm on
this soil type, these calcareous soils are severely restric-
ted by the very shallow rooting depth, as a large percentage
of these soils were found to rest not on soft weathered par-
ent material as is the case with most non-calcareous shale
derived soils, but on indurated shale bed rock.

At this time, the National Livestock Corporation also request-
ed the Department of Agriculture to identify and investigate
in detail an area of around 5 000 acres for the purpose of
establishing the first large scale cattle production centre
in the State. One area upstream fromBintulu along the Sungai
Sebungan was surveyed at a semi-detailed level in early 1972
but was abandoned due to access and other difficulties. Be-
cause the Sungai Karabungan Area was regarded as unsuitable
for oil palm it was subsequently earmarked for cattle prod-
uction, as this area not only has the advantage of better
access but the whole area has an aggregate of about 20 000
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acres of State Land where the forest had been logged and was

thus available for immediate development, as soon as soil sur-
vey of the area has proved its suitability for its intended

purpose.

I1.4.2 Location

The surveyed area lies approximately 40 to 50 miles south-west
of Miri. It is sited approximately five to two miles in a
north-south direction from the Miri-Bintulu main road and
access into the area is provided by a reasonably good timber
road from Mile 41 of the Miri-Bintulu Road which continues
north-westward towards the Sibuti River and southward almost
bisecting the whole length of the surveyed area. Towards the
south, another gravelled timber road extends westward into
the Survey Area but only fails to link up with the north-south
timber road by a gap of about two miles.

I1.43 Survey Density

As mentioned in Chapter 2, Section 2, the surveyed area was
also covered in the aerial photo-interpretation during the
Zonation Plan study (Appendix VIII). The land types identi-
fied were relied upon, partly as a guide to the nature of the
terrain to be encountered but more important, as this area
formed the first of the four sample areas studied jointly by
the Sarawak Soil Survey Team and the Consultant Soil Scient-
ists, it provided the testing ground for the accuracy of the
air photo interpretation, standardisation of soil mapping
techniques and soil correlation amongst members of both teams.

The method employed in the field survey is one adopted as
standard practice by the Soil Survey Division. This involves
the cutting of a base line (rentis) from an easily identified
point both on topographic maps and air photographs. The sta-
rting point for the base rentis was the western end of the
timber road which extends from Mile 47 of the Miri-Bintulu
Road. This rentis was cut at a bearing of 270 degrees until
it met the edge of shifting cultivation. Along this base
line, cut lines perpendicular to it were cut at fixed inter-
vals of 400 metres along fixed compass bearings (see Map 6).
No compensations were made for reduction of rentis length
due to slope, but for a large part of the area, except for
the northern and southern parts, the slopes were not suffi-
ciently steep to offset the horizontal distance*hm:severely.
Moreover, the area is criss-crossed by a large number of tim-
ber tracks which serve to rectify any minor deviations of
distances and bearings of these cutlines. Along each cut
line, the data on soils, terrain, drainage, vegetation and
other relevant information required for land evaluation were
collected. The soils were examined at intervals of 200 met-
res; at each point the soils were described in detail down to

depths of 100 to 200 centimetres or to the surface of the in-
durated bedrock, whichever is shallower. Between this inter-
val check bores also examined the change, if any, of soils bet-
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ween bores of fixed intervals of 200 metres. 1In the Sungai
Karabungan Area it was found at the early stage of the survey
that there was considerable difficulty in identifying and
differentiating soils formed from the calcareous shale from
the more widespread and common hill soils formed from non-
calcareous shale parent material. In soil augerings where
the soil parent material shale, or shale fragments, could be
obtained these were tested with hydrochloric acid for imme -
diate confirmation of lime reaction and hence enabled classi-
fication of the soils within the family of calcareous soils.
In cases where this procedure could not be followed due to
the unavailability of weathering parent material and ambig-
uity arose as to its position in the classification system,
small samples of subsoil were collected and forwarded to the
Agricultural Department’s Research Laboratory at Semongok for
pH determinations. The total number of soils determined for
pH in this way was 415. Results of the pH values were later
used in classification of the specific soil bores and in map-

ping.

I1.4.4  Geology

The area is built up of two formations - the Tangap Formation
and the Subis Formation, both of Miocene age. The Tangap For-
mation comprises calcareous shale, marl and greenish clay-
stone. The formation is gently folded, dips of 5 to 10 degrees
are most common although Haile (1962) has noted folding up to
20 degrees as also usual. Within the survey area, this cal-
careous shale occurs as almost horizontally bedded silty sh-
ale, and intercalations of limestone are uncommon in the
central part of the area but to the south-west in Ulu Sungai
Tangap which is probably grading into the lower part of the
formation, pinacles of coral-algal limestone are found ex-
posed on the surface.

Calcareous marl as evidenced from the soil distribution pat~-
tern, appears to occur mainly in the central part of the Sur-
vey Area. Here, despite the rapid surface erosion by streams
and tributaries of the Sungai Karabungan, rapid soil weather-
ing as shown by the comparatively deeper soils formed from
this type of parent material than from bedded calcareous sh-
ale elsewhere, has nevertheless kept pace with erosion and
surface soil removal. In the south small intercalations of
non-calcareous Sibuti Formation shale with Tangap Formation
has resulted in patches of non-calcareous soils in an area of

predominantly calcareous soils.

The calcareous Tangap Formation pitches north-eastward and is
overlain by the Sibuti Formation which is composed dominantly
of shale with minor but impersisten? lenses of siltstone and
sandstone; no single sandstone bed is reported to be contin-
uous over a large area. From this shale formation the steep
and dissected hills in the north and north-east part of the

survey area are formed.
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I11.45 Topography

The Survey Area forms the watershed between two main river
systems, the Sungai Niah to the south and the Sungai Sibuti
to the north. From this watershed small tributaries radiate
north, west and southward into the main rivers and the only
sizeable streams encountered in this area are the Sungai Kara-
bungan which flows south and then westward into the Sungai.
Niah and Sungai Separoh in the north which in turn flows into
the Sungai Sibuti. A large part of the area, particularly
the central area, is therefore devoid of any reliable stream
which can be depended upon for water supply. The Sungai Se-
paroh probably lies too far to the north to have any contri-
bution to the area while the location of the tributaries of
the Sungai Saeh to the west are too peripheral to have any
significance either. The only large streamin the whole area
can be counted on for water supply is the Sungai Karabungan.
It is most important that some consideration be given to make
the best use of the water from this stream, with some provi-
sions to protect the unnecessary contamination following de-
velopment of the Area and measures to protect against acce-
lerated erosion hazards.

The terrain of the area reflects the two important geological
factors, the contrasting lithologies and the regional strike.
The two lithologic units, calcareous shale which includes
marl, and non-calcareous shale which also includes subordin-
ate sandstone give rise to marked difference in landforms.
The area in the north and extreme south are formed from non-
calcareous shale. In areas where the shale beds are strongly
dipping, with dips exceeding 40 degrees, the hills are steep-
ly sloping and rise to over 300 feet. Three fairly massive
blocks of steep hills are present in the area, two in the
northern half, from which the Sungai Karabungan and Sungai
Separoh originate, and one block in the south-west. 1In the
extreme northern part, active erosion and secondary dissect-
ion by the headwaters of Sungai Separoh has reduced the area
to undulating low hills where summits are aligned almost at
right angles to the original strike.

In the central part of the area where calcareous shale and
marl predominate, the landform comprises low hills in which
the absolute amplitude rarely exceeds 100 feet. The lower
relief is due mainly to the chemically more erodible calcar-
eous shale under the acidic weathering environment. However,
there are few fairly extensive terrace-like surfaces of 50 to
100 feet rising above the local alluvial level which still
retain the original strikej; these surfaces are characterised
by steep scarps with exposed shale beds and large boulders
are commonly found at the lower slopes. Valleys separating
these surfaces are mostly dry and marked by sink holes, indi-
cating that subterranean drainage is active. Marl is found
associated with calcareous shale mainly in the eastern part
of the central area. The topography comprises undulating low
hills which are seldom more than 50 feet above the alluvium;

hill slopes are gentle and merge into poorly drained collu-
vium and alluvium.
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In the south, intercalations of non-calcareous shale with
calcareous shale have produced more steeply sloping and higher
hills amongst gently sloping low hills and more extensive and
broad river alluvium associated with the Sungai Karabungan
and Sungai Tangap. In the south-west, patches of crystalline
coral limestone, being more resistant than calcareous shale,
remain as rugged pinacles on the surface.

Figures II.4.1 and II.4.2 are sections plotted from slope
measurements collected from the field. These sections attempt
to present the landform diagrammatically in some parts of the
area. Figure IT.4.1 (lines D15 and D16 from west ¢to east)
shows the steeply sloping and dissected hills formed from
strongly dipping shale and sandstone in parts of the northern
area; while Base Line A from west to east shows the charact-
eristic topography formed from calcareous shale and marl in
the central part of the area; hills are all less than 100 feet
above local alluvium and the slopes are long and gentle, with
eastern scarp slopes and gentle dip slopes grading into all-
uvium. Figure II.4.2 (lines B7 and B8 from west to east)
shows that the topography of the south consists of steeper
hills as compared to the central part, with extensive tracts
of flat alluvium towards the east formed by Sungai Karabungan.

The terrain data collected also help to confirm the accuracy
of the land type identification from air photograph interpre-
tation. Examples of trace lines are given to show this in
Table II.4.1.

TABLE IT.4.1 API UNITS OF ELEVEN TRACE'LINES

Percentage of
g =n trace line
Trace line API unit
Metres Les;sghan Over 25°
Base Line A 6 825 B3 99 1
A15 2 225 B3 100 0
A16 4 825 B3 93 7
A26 3 500 B3 93 7
A31 2 500 B3 100 0
B1 2 250 B3 97 3
B9 2 250 B3 100 0
cé6 1 975 B3 95 5
B15 1 450 B2 58 42
D8 1 425 B2 49 51
D13 1175 B1 17 83

From these random sections it is possible to conclude that
air photo-interpretation of land type B3 has 97 per cent of
the terrain with slope below 25 degrees and only 3 per cent
with slopes in excess of 25 degrees. This confirms the hypo-
thesis that B3 land type is almost entirely suitable for agri-
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culture on topographical criteria. Land type B2 is considered
as marginal or unsuitable for agriculture and the field data
show that only 53 per cent has slopes less than 25 degrees
and 47 per cent exceeds 25 degrees. Land type B1l is consid-
ered unsuitable for agriculture and from the data of one trace
line, 83 per cent exceeds 25 degrees. The overall prelimin-
ary air photography interpretation is shown by field data as
being highly accurate for the Sungai Karabungan Area.

I1.4.6  Vegetation

The whole area has been logged; the main logging operation
had ceased just prior to the beginning of the soil survey but
secondary extraction appeared to resume after the completion
of the survey.

There is a marked relation of the quality of timber and the
soils, as the more dissected and hilly northern and southern
parts of the surveyed area formed from non-calcareous shale
supports a much denser and better quality forest as demons-
trated by the very intensive logging in both these areas. In
the area covered by calcareous soils, trees are relatively

small, with few good quality timber species, mainly charact-
erised by very small trees and abundant Creepers associated

with lianas. Consequently, little of this forest has been
logged.

There is evidence of rapid encroachment of the primary forest
on the northern, western and southern edges of the survey
area by shifting cultivation. No attempt is made in the Re-

port to determine the area of land affected in recent years
in this manner.

11.4.7 Soils

As mentioned in Chapter 2, Section 2.2, the occurrence of
calcareous soils of the Kabuloh family formed from calcareous
shale and related rock types, were thought to occupy a large
part of the Sungai Karabungan Area. The intention of this
survey was to differentiate and characterise these soils at
the series level if possible, because of the important effect
of their occurrence on the intended development of the whole
area. Consequently, Kabuloh family soils were mapped as ser-
ies or complexes of series while soils formed fromother non-
calcareous material were mapped at the family level.

Four soil depth phases were used, these were 0 to 50 centi-

metres, 50 to 75 centimetres, 75 to 100 centi

than 100 centimetres. These depth phases aﬁémgﬁgﬁi azﬁ mziz
soil map by a number coding of 1, 2, 3 and 4 respectively
The soil depth phases, as pointed out in Chapter 2, are agri:
cultural rooting depths and are not pedological dé%thg Soil
depth is measured from the soil surface to the upper sarface
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of the lithic or paralithic horizon as defined in the revised
soil classification for soils in Central and North Sarawak
(Seatti I Mer-1977) .

Seduau Family

Seduau family soils are the only well drained accreting soils
in the area. They are mapped along the actively accumulating
levees of the main rivers as well as in well drained interior
valley floors. Their distribution is confined to narrow belts
generally about 100 feet wide along these streams. Soils
nearest the river have more loamy texture and lower clay con-
tent and apparent bulk density; also these soils are well
drained and free from mottles within a depth of 100 cm (40 inc-
hes). With increasing distance from the river, the clay tex-
ture increases and drainage becomes imperfect.

The soils have a weakly developed blocky structure, with fa-
int pale yellow or light grey mottles in the lower part of
the profile and horizon differentiationis only weakly expres-
sed.

The average particle size analysis from four profiles is
shown in Table II.4.2. Sand, mainly as very fine sand frac-
tion, is highest in the Ah horizon. Silt content throughout
the profiles is 40 per cent or higher, while clay increases
regularly with depth. The average texture is a light silty
clay.

TABLE 1I.4.2 AVERAGE CHEMICAL AND MECHANICAL ANALYSES OF FOUR PROFILES OF SEDUAU FAMILY

Pnrﬂt“l.:llz::zﬂ pit ol Exchangeable cations
Depth per z.m Texture soil/water | soil/KC1 me/100g soil
(em) 1125 1: 2.5
Sand | §ilt | Clay Ca Mg Na K CEC | CEC/clay
0=5 31 b7 22 | Loam 5.5 .6 14%.4 2.1 | 0.15]|0.38 | 21.5 98
5-25 18 52 30 | Silty clay loam 4.9 3.9 2.88 4.0 |0.15]| 0.2 | 15.9 53
25-50 12 L] k1 | Silty clay 5.1 3.8 1.15] 1,05 (0.2 |0.15] 15.9 19
50-100 9 42 49 | silty clay 5.3 3.9 1.23 | 0,85 | 0.2 | 0.15 | 15.0 I
over 100 11 ho 40 | Clay to silty =1nyJ 5.3 3.9 2.38 | 0.85 ]| 0.2 | 0.2 J 15.5 31
Per. cant Nutrients
mg/100g soil
Base Total Organic Cc/N Total Available
saturation N carbon ratio P K Mg ca B X
69.5 0.367 5.46 15 41 126 361 291 0.5 0.20
J0.8 0.214 1.64 8 24 1hi J89 ho 0.15 0.11
18.4 18 168 h16 17 0.05 0.08
18.0 16 168 398 15 0.05 0.07
26.6 16 182 395 29 Nil 0.07
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The average chemical characteristics for four profiles are
given in Table II.4.2. pH figures are higher in the Ah hori-
zon and lowest in the Ae horizon; thereafter the values re-
main almost constant at 5.1 to 5.3. These pH figures are sl-
ightly higher than those of Seduau soils elsewhere and the
effect of calcium from the neighbouring calcareous hill land
is the main cause. Carbon values are high in the Ah horizon
but low in the Ae horizon, thereby giving a moderately high C/N
value for the Ah and a lower value for Ae horizons. Calcium
and magnesium are the two dominent exchangeable cations whose
values are high in the Ah and Ae horizons. Exchangeable K is
low in all horizons. The base saturation percentage and ca-
tion exchange capacity are highest in the Ah. Cation exchange
capacity of clay exceeds 30 milliequivalents/100 grammes in
all horizons and this is incompatible with the cation exchange
capacity limit for clay of Seduau soils which has been fixed
at 30 milliequivalents/100 grammes for Seduau family in the
revised classification. If cation exchange capacity/clay is
used as a parameter in soil family definition, then 30 milli-
equivalents/100 grammes appears slightly low and 35 milli-
equivalents/100 grammes could be used. The classification

and mapping of this soil family was too advanced to permit
changes but it poses the problem of either to raise the cat-
ion exchange capacity/clay limit of Seduau soils or to place
Seduau soils in Sungai Karabungan area in another new family.

Reserve calcium is highest in the Ah and is caused by accret-
ing calcareous material from the surrounding calcareous shale;
reserve magnesium values are much higher than other alluvial
soils like the Bijat family or residual soils like the Merit
family but are comparable to those for Kabuloh family though
not as high. Reserve pPhosphorus and potassiumvalues are low.

Bijat Family

Bijat family soils are Poorly drained clay formed from accre-
ting parent material. These soils are coloured light grey
to grey, clay content being more than 35 per cent. Strong
brown or reddish yellow mottles are common within the control
section. The Bijat family comprises two series, the Bijat
series which is without any surface peat and is the dominant
soil in the mapping unit, and the Sebandi series which has a
maximum thickness of 25 em (10 inches) of muck overlying clay.
over Sebandi series is only a minor component within the
mapping unit. Bijat soils are massive, structureless and
firm in the moist state. In the Sungai Karabungan area, Bi-
jat soils occur in poorly drained sites of interior valleys,
particularly in the northern part, in colluvial sites and in
small basin swamps notably in the lower part of Sungai Kara-

bungan. The acreage mapped is 1 056 or five per cent of the sur-
vey area.

Two Bijat pit profiles were sampled and analysed. The aver -
age particle size analysis and the chemical properties are
shown in Table II.4.3. The texture is shown by analysis to
consist of clay, with a marked increased in clay content from
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TABLE II.4.3 AVERAGE CHEMICAL AND MECHANICAL ANALYSES OF TWO PROFILES OF BIJAT FAMILY

Pa:nt:fyl:‘:i e pH pH Exchangeable cations
Horizon per cent Texture soil/water | soil/KC1 ®e/100g. soil
11 2.5 5
Sand | Silt | Clay Ca Mg Na K CEC | CEC/clay
Ah 32 Lo 26 | Loam 5.3 4.3 4.2 | 2,0 | Ni1 | 0.4 | 11.5 il
Ae 10 42 48 | Silty clay 5.8 4.3 2.9 |2.1|N1|0.3] 10.7 22
B1 5 25 70 | Clay a2 3.5 0.8 ]|3.6|0.2[0.3]11.1 16
B2 6 19 75 | clay 4.9 3.5 k.6 | 2.4 | 0.3 ] 0.2 | 11.5 15
c J 12 22 66 |clay 5.2 J 3.6 |4.2|2.7]0.5 0.1J‘11.3 18
EsSsEasaw I':HIHSHI=========1‘4k==$H=Iﬂllxl-====r==l=l t-n!===,-=!===llllt--'CHI.HIK-EEI:IJBEI'K!SIEJ
Nutrients
Per cent mg/100g soil
Base Total Organic C/N Total? Tasair’
saturation N carbon ratio P K Mg Ca P K Mg Ca
58 0.55 4,23 9 25 17 33 b2 53 126 181 701
50 5 20 36 23 35 149 196 476
il 5 21 39 6 22 179 213 3J01
65 3 18 35 3 33 112 161 301
67 3 17 36 3

Notes * Profile from non-calcareous site
** Profile from calcareous site

48 per cent to 71 per cent within 25 cm (10 inches) depth.

The chemical data show a very variable level of exchangeable
calcium, total calcium, magnesium and potassium between the
two profiles. The Bijat family sampled from a non-calcareous
site shows that the pH values and calcium levels are similar
to those in Bijat soils from other areas, being characterised
by low pH and low exchangeable calcium but magnesium values
are much higher than those for normal Bijat soils. The Bijat
family sampled from a site strongly influenced by calcareous
parent material is characterised by slightly higher pH wval-
ues, high exchangeable and total calcium levels. The levels
of total calcium, magnesium and potassium are five to ten
times higher than those from a non-calcareous site. The evi-
dence of the analysis clearly shows the chemical differences
of Bijat soils are attributed to the different environments
of the surrounding area which forms the source of parent mat-
erial for Bijat soils. These calcareous Bijat soils resemble
those formed from alluvium in limestone areas in West Sarawak
such as the Paya Megok series. Total levels of phosphorus
are low in all Bijat soils though they are somewhat higher
in calcium~-rich soils. Values of total sodium, available pho-
sphorus and potassium are low in all Bijat soils.

Bijat and Seduau Family Complex

This mapping unit occupies only a small area (144 acres) and
is mapped in alluvium behind well drained levees of the lower
Sungai Karabungan where imperfect and poorly drained heavy
textured soils of Seduau and Bijat families occur in complex

associations.
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Bekenu Family

Bekenu soils are formed from very fine grained sandstone or
silty shale parent materials. These soils occupy a very
small percentage of the area (54 acres or 0.3 per cent) and
are mapped on low hills in the northern part.

Bekenu soils have very fine sandy loam texture in the A hori-
zon and are coloured dark yellowish brown. The soil is moist
and friable, with crumbly structure. The B horizon has very
fine sandy clay loam, clay loam or silty clay loam texture
and is coloured uniformly 10YR, colour increase is rarely more
than 2.5 units with depth, and the soil has a weak, coarse
subangular blocky structure and is moist and firmin consist-
ency. The maximum colour increase extends beyond the B hori-
zon and is best expressed in the B3 or BC horizon where wea-
thering fragments of parent materials are found. Bekenu soils
are less compact than Merit soils formed from very fine grain-
ed parent materials, and are all less than 75 cm (30 inches)deep
overlying weathering parent material or the paralithic hori-
zZon.

Bekenu-Kapit Family Intergrade

Soils of Bekenu-Kapit family intergrade are formed from simi-
lar parent material as Bekenu soils but differ by having a
lithic or paralithic contact within 50 cm (20 inches) from the
surface. These soils are characterised by having a weakly
developed B horizon and a weak coarse blocky structure. 1In
a large number of these soils, the B horizon rests ona para-
lithic horizon of clay loam to clay mixed with soft weather-
ing rock fragments. Iron concretions or compact stonelines
are rare. Most of these soils contain coarse roots in the
deeply weathered paralithic horizon.

No profile of these soils was sampled or analysed but the
chemical characteristics are not expected to differ markedly
from other residual soils like the Merit family. The acreage

mapped is small, only 32 acres or 0.2 per cent of the survey
area.

Merit Family

Soils of Merit family are formed from non-calcareous parent
material which is comprised almost entirely of shale with
subordinate very fine grained sandstone and siltstone: Merit
soils occupy 2 785 acres or 13.6 per cent of the survey area

These soils occur mainly in the northern parts where nohm.
calcareous rock types predominate and occur only as small

patches in the south where non-calcareous shale occurs inter-
calated with calcareous shale.

Merit family comprises three series and these have already
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been detailed in Chapter 3, Section 2. Although no attempt
was made to map these soils at the series level both the Merit
and the Jakar series were identified in the area. Merit ser-
ies has hue of 10YR or yellower in some part of the control
section above the first 50 cm (20 inches) while Jakar series has
hue redder than 10YR throughout the control section. An exam-
ination of the Merit soils from bore descriptions may indi-
cate the distribution of the two series; 45 per cent of the
soils examined have hues of 10YR or yellower throughout the
control section and thus qualify for the definition of Merit
series and of the remainder 55 per cent have hues redder than
10YR in some part of the control section and most of these
soils would qualify for the Jakar series.

Of the three depth phases mapped, the moderately shallow ph-
ase with depths of 50 to 75 cm (20 to 30 inches) occupies the lar-
gest area, with an acreage of 2 172 or 77 per cent of all Merit
soils mapped. Most of these soils are found in the northern
part and are associated with the Merit-Kapit family inter-
grade. The general relationship whereby the shallower soils
are found on steeper slopes does not entirely apply to this
area as 75 per cent of the moderately shallow soils occur on
slopes of less than 25 degrees and only 25 per cent on steep-
er slopes. This is one of the most significant features of
both the Merit soils and the Merit-Kapit family intergrades
and the shallowness of these soils may in part be due to the
rapid erosion and truncation carried out by the headwaters
of Sungai Separoh and its tributaries.

Nearly all Merit soils have a thin Ah horizon which rarely
exceeds five cm (two inches) but this is absent on steeper slopes
as a result of slope wash. This horizon is generally coloured
dark greyish brown with patchy faint dark brown and grey mot -
tles due to surface gleying. This horizon is moist and fri-
able, with crumbly structure and abundant organic matter and
abruptly overlies the Ae horizon with a thickness ranging
from five to 15 cm (six inches) and is coloured 10YR or redder.
This Ae horizon has clay loam or fine sandy clay loam text-
ure, weak medium blocky structure and firm consistence. On
the lower slopes strongly weathered, moderately indurated re-
sidual rock fragments of colluvial origin are found admixed
with the soil.

The transition from the A to the B horizon is expressed by an
increase in texture from clay loam to clay though the actual
thickness of this B1 horizon may be thin. The B2 horizon can
be recognised by a fairly distinct clay increase, witha tex-
ture of clay or very fine sandy clay., This horizon has weak
to moderate subangular blocky structure and is moist and firm
while porosity is low. Some structural faces are stained
brown or dark brown by organic matter leached from upper hor-
izons. Root density is low and roots consist of fine root-
lets and a few coarse tap roots. The B2 horizon merges eit-
her into a B3 or BC horizon, depending on the amount of wea-
thered parent rock fragments present. But for‘the|noderately
shallow phase, weathered rock fragments of over 50 per cent
of the volume are encountered within 75 cm (30 inches) depth.
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These weathered rock fragments are soft and easily crushed
to a clayey texture. 1In soils which show marked increases
in hue with depth, the maximum hue is often reached in this
horizon and represents the maximum illuviation of iron and
the rock fragments show a greater degree of induration due to
laterisation by iron as compared to those in the paler col-
oured soils. The BC horizon is compact and not easily augered
but the material when augered is friable and dry. Deep cut-
tings and pits show that the boundary of the weathering mat-
erial and the soil is highly irregular and the weathered zone
may extend to depth of over 250 cm (100 inches) before the relat-
ively unweathered dark grey shale is reached.

TABLE IT.4.4 AVERAGE CHEMICAL AND MECHANICAL ANALYSES OF THREE PROFILES OF MERIT FAMILY

Particle size Exchangeable cations

Horizon ;::l::::: Texture snil?&ntnl‘ loi!;:"!l((:l ue/IoNg soil
1:2.5 112,58
Sand | Silt | Clay Ca | Mg | Na K CEC | CEC/clay
Ah 28 48 24 | Loam .6 3.6 0.9 1.3 /0.2 ]|0.4]11.3 LY
Ae 16 50 34 | Clay loam k.o 3.8 0.2 0.5]0.2]|0.2]10.9 32
B1 15 42 43 | Silty clay 5.0 3.9 0.1]0.5]0.2(0.1]11.2 26
B2 19 35 46 | Clay 5.0 3.9 0.1/0.3]|0.2|0.2] 11,2 24
B3 15 38 47 | Clay 5.4 3.9 0.3|0.3|0.1]0.2]11.2 24
BC 12 b2 46 | silty clay 5.5 k.0 0.1}0.6|0.1]|]0.2] 11.2 23
-;,—.:::n:=:====J=====Jln==::x=====|=======é======,=t===d==n======J====£==a-==z=====:::======z:n=u:=====
i
Base Total Organic c/N Total Available
saturation N carbon ratio T K Mg Ca Mg /K P K
15.5 0.32 6.48 20 45 71 149 12 K1 0.7 0.24
7.6 0.148 1.95 13 31 117 207 3 1.8 0.1 0.12
5.8 13 133 232 4 1.7 0.1 0.12
5.6 21 153 248 3 1.6 Nil 0.10
5.7 16 165 267 6 1.6 Nil 0.07
8.5 14 174 250 2 1.4 Nil 0.10

The average particle size analysis values of three profiles
of Merit soils are shown on Table II.A4.4. The Ah horizon has
the highest content of sand fraction and sand content of the
other horizons remains almost constant. Silt content exceeds
40 per cent in all horizons except the B2 and B3 horizons
which reflects a high silt content in the parent material.
There is a significant increase in clay content from the A to
the B horizons but no single B horizon displays any distinct
clay bulge. The average texture of Merit soils from the ana-
lysed profiles is a light clay or silty clay.

The average chemical characteristics are given in Table IT1.4.4.
This shows that the Ah horizon has the highest carbon content
but low nitrogen, hence giving a high C/N ratio for the Ah
horizon and a medium ratio for the Ae horizon. The pH values
for the A and the B1 horizons are similar to other Merit soils
but those for the subsoil horizons are slightly higher
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nearly half a unit than those of Merit soils in the Lambir-
Subis area. All the exchangeable cations levels are low and
comparable to other Merit soils. The cation exchange capa-
city values average 11 milliequivalents/100 grammes for two
profiles and are comparable to values for average Merit soils
in other areas but in one profile the average cation exch-
ange capacity values are high throughout the profile and this
also appears to correlate with the lower values for total
potassium. However, the average cation exchange capacity va-
lues of clay still fall below the upper limit of 35 milliequi-
valents/100 grammes permitted for Merit soils. The values of
base saturation percentage are no different from other Merit
soils and these are low throughout the profile. The levels
of total calcium for all profiles are low while those for mag -
nesium and potassium show a gradual increase with depth, in-
dicating that the release of these cations to the soil prob-
ably lies in the clay minerals associated with the weathered
parent material and is less affected by factors like soil or-
ganic matter. Merit soils studied outside the survey area
have a ratio of total magnesium to potassium of almost 1 : 2
but in the survey area, this ratio decreases from 2.1 to 1.4
from the Ah to the BC horizon. The ratio of magnesium to pot-
assium is also related to the concentration of the extractant
used and a comparison of the values of total magnesium and
potassium obtained by using 8NHC1l and concentrated HC1l acid
shows that the higher concentration of the extractant decr-
eases the ratio from two to less than 0.5. Higher potassium
values obtained from the stronger extractant suggests that a
considerable amount of this is released from a breakdown of
the clay lattice.

Merit-Kapit Family Intergrade

Soils of Merit-Kapit family intergrade are formed from simi-
lar parent material to the Merit family but differ only by
their shallow depth, with a lithic or paralithic contact wi-
thin 50 em (20 inches) of the surface. The area mapped under
this unit is 3 708 acres or 18.48 per cent, being the largest
of all the soil mapping units in the survey area. Of these,
over 50 per cent occur on slopes exceeding 15 degrees.

As with Bekenu-Kapit soils, the Merit-Kapit soils have a weakly
developed B horizon and the Ah horizon is generally missing
due to surface erosion. The BC horizon which occurs within
50 cm (20 inches) depth contains a matrix of clay and soft wea-
thered fragments of weathered parent material. Stonelines of
laterised parent material are a more persistent feature as
compared to the Bekenu-Kapit soils and these are found to be
more common on gentle slopes and on hills of lower amplitude.
On the steeper slopes the BC horizon merges into deeply wea-
thered and compact parent material which is difficult to aug-
er. Nevertheless, the stonelines or weathered parent rock do
not completely prevent many coarse roots extending into these

horizons.

No profile of Merit-Kapit soils was sampled for analysis but
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chemical data for these soils elsewhere have indicated little
difference from Merit soils. The main limitation of these
soils is their shallow rooting depth.

Kabuloh Family

Kabuloh soils are formed from calcareous shale or marl and
they were first identified and mapped at series level by Wall
(1964) at the Kabuloh Agricultural Station. More recent semi-
detailed soil surveys in the Lambir-Subis area have shown the
more widespread occurrence of these soils and that they are
agriculturally important to the development of the Lambir-
Subis area (Lim, C.P., 1970). Because of the importance of
Kabuloh soils in the Sungai Karabungan area, these soils have
been studied in more detail than other soils in the area and
hence soils of this family were mapped as far as possible at
the series level.

Kabuloh soils are clay or silty clay in texture and chemical
parameters have largely been relied upon to differentiate
these soils from others with similar textures. Kabuloh soils
have a pH of over 6.0 and exchangeable calcium of more than
five milliequivalents in some horizons below a depth of 75 cm
(30 inches) or immediately above a paralithic or lithic hori-
zon if shallower than 75 cm (30 inches).

Three series were mapped; these are the Kabuloh, Karabungan

and Tangap series. The first two series have field and chem-
ical characteristics that are easily distinguished from other
heavy textured soils derived from non-calcareous parent mat-
erials. The third series possesses physical properties which
almost resemble a strongly coloured and variegated deep phase
of the Jakar series but the chemical properties of the cont-
rol section in most cases is no different from those of Merit

soils except for the strongly calcareous nature of the parent
material.

Kabuloh Series

Kabuloh series soils are formed from calcareous shale parent
material, with clay or silty clay texture, hue 10YR or vel-
lower, pH Ho0 over 6.0, base saturation 100 per cent and ex-
changeable calcium over five milliequivalents throughout the
control section. The hue and high base saturation are the
most important characteristics which separate Kabuloh series
from the other two series of the Kabuloh family.

Kabuloh series soils are mainly mapped in the central part of
the area. Of the three phases mapped, the moderately shallow
phase (50 to 75 cm/20 to 30 inches) occupies 1 194 acres or 71 per

centlof the Kabuloh series soils. The moderately shallow ph-
ase is separated from the skeletal soils = Kabuloh-Kapit fa-
mily intergrade by the minimum depth requirement of 50 cm (20
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imetres overlying a lithic or paralithic contact. Examinat-
ion of the bore descriptions shows that Kabuloh soils with 50
to 60 cm (24 inches)depth occupy 70 per cent of the area and
the remainder of the area is covered by soils deeper than 60 cm
(24 inches). These figures correlate with the relative area
distribution of the depth phases mapped.

TABLE II.%.5 AVERAGE CHEMICAL AND MECHANICAL ANALYSES OF THREE PROFILES OF KABULOH FAMILY

Particle size
i o AFpasesty; at e
Horizon per cent Texture soil/water | seil/KC1
1129 1:3.5
Sand | 5ilt | Clay Ca Mg | Na K CEC | CEC/clay
Ah 31 4o 29 | Clay loam 6.7 5.9 27.4 1'2.2 I'e.1 [0 5 |'15.1 52
Ae 20 48 32 Clay loam 'S 5.0 22,2:1 1.2 ] 0.1] 0.3 1] 15.4 48
B 22 4o 38 | Clay loam 6.5 4.8 27.9 | 1.0 | 0.1 ]| 0.2 | 11,7 31
B3 12 48 4o | Clay 8.4 7.0 J 30.9| 1.2 | 0.1 | 0.2 | 11,2 28
ﬁ::ﬂlﬁ!==’:====-_.|===‘-'t=”l'tlz=$=====z=:==d=======r!=!J====:==z= bl::sﬂt:::z:!::l::::::.thz:::::!lllFlJ
Nutrients
Per cent mg/100g soil
Base Total Organic C/N dotal Available
saturation N carbon ratio P K Mg Ca Mg /K T K
100 0.450 7.23 16 ho 192 535 775 2.8 0.4 0.20
100 0.231 2,17 9 29 212 624 haz 2.9 0.1 0,11
100 19 273 675 486, 2.5 0.1 0.07
100 31 263 922 688 3.5 0.1 0.7

Table II.4.5 shows the average particle size analysis from
four profiles of Kabuloh series. These soils have a silt
content of 40 per cent or over for all horizons. The clay
content of the B horizon averages 38 to 40 per cent which in-
dicates a light clay texture.

The Ah horizon is coloured dark greyish brown, is moist and
friable and has a crumb structure. The carbon content is high
but the carbon : nitrogen ratio is comparable to that of the
Ah horizon of Merit soils. This horizon is well rooted and
usually contains abundant white ants and earthwroms.

The Ae horizon is generally thin, being less than 10 cm (4 in-
ches) thick. This horizon is coloured 10YR or 2.5Y withisa
clay loam or silty clay loam texture, is moist and firm, with
a weak to moderate subangular blocky structure. The soil is
mottled with abundant fine black particles of organic matter
or manganese. In many soils examined, there are abundant
white ants within this horizon.

The change from the Ae horizon to the B horizon is abrupt and
is difficult to distinguish clearly particularly by augering.
The B horizon has a hue of 10YR or 2.5Y and differs little
from the Ae horizon while the texture becomes heavier, with
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an average clay loam to clay texture. This horizon is moist,
firm to very firm, with moderately well developed coarse ang-
ular blocky structure which improves to strong coarse prism-
atic upon drying. The very firm consistence experienced in
field descriptions is caused by the low porosity as the tex-
ture shows an average clay content of only 40 per cent for
this horizon. Rooting is poor and consists of few fine roots
and occasional coarse roots. Like the Ae horizon, fine black
organic matter or manganese is present dispersed throughout
the horizon. 1In most Kabuloh soils, particularly the shallow
phase, the B horizon changes abruptly into the BC horizon
which consists of dark olive grey clay mixed with soft clayey
shale. There is a marked increase in moisture content in the
BC horizon, giving the soil a slightly soapy consistence.

This BC horizon contains abundant soft black manganese nod-
ules and the concentration is highest at the BC and C contact
where coarse moderate indurated manganese nodules are deposi-
ted. The BC horizon has a weak blocky structure, tending to-
wards massive with depth. Tree roots either stop or flatten
at the lower part of this horizon, suggesting that there is

a physical and chemical restriction to root development beyond
this depth.

The average chemical characteristics are shown in Table II.4.5.
All horizons have pH values of more than 6.0. Levels of ex-
changeable calcium are high and increase with depth and those
for magnesium are moderately high in all horizons. The ratio
of calcium to magnesium is also high and increases with depth.
The high exchangeable calcium accounts for the very high base
saturation values of 100 per cent for all four profiles exam-
ined and clearly differentiate Kabuloh series from the other
two series of the Kabuloh family. Levels of exchangeable po-
tassium and sodium are low and comparable to those of other
residual soils. Levels of total calcium and magnesium are
high. Although high levels of calcium tend to suppress the
levels of potassium, total potassium levels are comparable to
or higher than those of residual soils like the Merit family
and are twice as high as those of the Karabungan and Tangap
series. The ratio of magnesium to potassium increases from
2.8 in the Ah horizon to 3.5 in the B3 horizon, while the
ratio for Merit soils decreases from 2.1 to 1.4 from the sur-
face to the subsoil. Levels of available phosphorus and pot-
assium are no different from those of other hill soils,

The physical and chemical properties of Kabuloh series are
markedly different from other hill soils. Furthermore, these
soils are characterised by their shallow rooting depth and in
nearly all the moderately shallow phases mapped, over 80 per
cent of the soils rest directly on relatively unweathered sh-
ale (lithic horizon) instead of grading onto strongly weath-
ered parent material (paralithic horizon). The lithic horizon
is impenetrable to rooting while the paralithic horizon of
other residual hill soils provides a medium for some coarse
tap roots. This impenetrable lithic horizon is one very ser-
ious limitation to the use of most of these soils. The ab-
sence of a deep weathering zone is attributed to the low per-
meability of the parent material, the absence of any fracture
planes at a high angle to the soil surface, and the gentle dip
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of the shale beds. The active weathering parent rock is con-
fined to a zone several inches thick, and is best observed
after rainfall when a perched water table is formed at the
soil-rock interface. Weathering of the calcareous shale is
considered to operate by dissolution of the calcareous parent
rock material by the slightly acidic soil solutions moving
from the upper soil horizons.

The average profile trace element levels have been shown in
Table 4.12 (page 100) and it is thought that the levels of
copper, manganese and zinc are present in sufficient amounts.
The unavailability of boron, copper, iron, zinc and manganese
should be kept in mind in view of the high pH of these soils.
Severe boron deficiency symptoms have been noted on isolated
mature oil palms grown on moderately shallow Kabuloh series
soils at the Kabuloh Agricultural Station. For pasture, for
example, the pH of these soils should be kept not higher
than 6.0.

Karabungan Series

The Karabungan series is formed from calcareous shale parent
material similar to that of Kabuloh series. This series was
first established in this area and the soils are different-
iated from Kabuloh series by having a colour change of at
least 2.5 units in some part of the control section and the
values of base saturation and pH H20 are lower than those of
Kabuloh series.

The morphology of the upper part of a Karabungan profile re-

sembles that of the Kabuloh series while the lower part re-

sembles the Merit soils. However, the colour increase and

the heavier textures of the B horizons are characteristic fea-
tures of these soils. Moreover, the weathering parent mat-

erial which is normally reached within the soil examination

depth can be tested with dilute acid to confirm its calcar-

eous origin.

Most Karabungan soils have an Ah horizon coloured dark yellow-
ish brown, with a loamy texture, crumb structure and friable
consistence. The organic matter content, as with most other
residual soils, is high, giving a high carbon to nitrogen

ratio.

Karabungan soils occupy 1 293 acres or 7.3 per cent of the
survey area and of these 701 acres are moderately shallow (50
to 75 e¢m/20 to 30 inches), 525 acres are moderately deep (75
to 100 c¢m/30 to 40 inches) and only 67 acres are deep (over
100 cm/40 inches). These soils are mapped in the eastern and
southern parts of the survey area and over 90 per cent of these
soils occur on slopes of less than 20 degrees.

The Ae horizon is coloured 10YR or yellower and its hue re-
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sembles that of the Kabuloh series. The thickness of this
horizon ranges from five to 15 cm two to six inches with clay loam
or silty clay loam texture, moist to firm consistence and the
structure is moderately well developed blocky. This horizon
is well rooted and frequently contains abundant termites and
coarse pores.

The transition from the Ae horizon to the B horizon is abrupt,
being characterised by a marked change in colour from 10YR
to 7.5Y or redder. The clay content, as shown in Table I1.4.6,
is over 50 per cent. This horizon has a firm to very firm
consistence, with a coarse moderately developed blocky struc-
ture which improves to coarse prismatic on drying. Pale yel-
low mottles are common and become prominent with depth.

TABLE II.4.6 AVERAGE CHEMICAL AND MECHANICAL ANALYSES OF FOUR PROFILES OF KARABUNGAN SERIES

P“.';_l"a'l‘;l:e:i" oH - Exchangeable cations
Horizon per :ent Texture soil/water | soil/KC1 me/100g soil
1:2.5% 1:82.5
Sand | §ilt | Clay Ca Mg | Na K CEC | CEC/clay
Ah 16 42 22 |Loam 5.8 h.9 13.4 | 2.9 ]| 0.1 | 0.6 | 27.6 100
Ae 20 46 34 | Silty clay loam 5.8 3.9 6.1 1.7 0.1 ]|0.3| 18.0 52
B1 12 39 49 | clay 5.4 3.9 5.110.8|0.1]|0.2)17.4 35
B2 10 33 57 | Clay 5.8 h.0 9.1/0.8|0.1|0.2] 18,3 32
B3 10 k1% 56 |Clay 6.0 bk 11.1 | 0.6 | 0.1 | 0.2 | 16.7 29
BC 10 | 37 | 53 |clay 6.3 4.8 | 18.0|0.8|Ni1 0.2 L21.8 41
EEEsrsssssaSEsSsSsSasSs=saas===as ::==nn=t===Jlll--n-z:.uuh::::::nlln-:::::-:z-tt.::k:::: EEEETE SIS EEEE
we/ 068 met1
Pase Total Organic C/N Total Available
saturation N carbon ratio p K Mg a Mg /K b K
68.5 0.373 6.52 18 32 bl 166 204 3.8 0.4 0,27
9.6 0.235 2.83 12 23 5h 218 66 k.0 0.4 0.12
1.4 13 62 226 b7 3.7 0.1 0.30
h6.9 a3 [l & 238 64 3.6 0.1 0.31
73.6 10 66 233 116 3.5 0.1 0.31
80.2 1 53 174 155 3.3 0.1 0.10

The B2 horizon generally merges into a deep B3 horizon with
a matrix colour similar to the B2 horizon but with prominent
pale coloured mottles. The average texture is also a heavy
clay and consistence is firm to very firm. Structure is weak
coarse blocky tending towards massive with depth.

The BC horizon has an average thickness of 50 cm (20 inches)
which differs from the Kabuloh series where the BC horizon is
almost absent. This horizon is coloured dark grey or light
olive grey and clay is present admixed with dark grey soft
clayey shale. The structure is massive, soft and soapy and
after heavy rain a perched water table may form at the lower
part of the horizon above the shale bedrock. This horizon is
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poorly rooted and the few fine roots present tend to flatten

“at the lower part of the horizon as in BC horizon of Kabuloh
series indicating that marked changes in chemical character-
istics and higher pH probably restrict root development. Soft
manganese concretions are present in abundance in this hori-
zon but like the Kabuloh series, stonelines or iron concret-
ion are absent.

Karabungan soils were observed to be best developed on slopes
ranging from 10 to 20 degrees. On slopes less than 10 deg-~
rees, Kabuloh series soils predominate. Thus on some of the
fairly extensive terrace-like surfaces where there is a cont-
inuous gradation in slope from almost flat to steeply slop-
ing, the Kabuloh to Karabungan series soil sequence relation-
ship can be mapped as a soil catena as shown in Figure II1.4.3.

FIGURE IT. 4.3

KABULOH - KARABUNGAN SOIL SERIES DISTRIBUTION IN RELATION TO
TOPOGRAPHY AND DRAINAGE

———— a b c ' d l
I |
abundant
manganese concrefions hd
s outcro
T A et AT, ﬁ% _..’.

a . Karabungon series soils-moderately deep phase
on slopes exceeding seven degrees .

b . Kabuloh series soils-imperfectly drained, gritty
phose, at footslope with abundant manganese
concretions throughout profile .

¢ [ Kabuloh series soils- moderately well drained
aond . moderately shallow phase on siopes less

than seven degrees .

d : Alluvial / colluvial seoils on valley floor.

The more intense weathering of the soils on the steeper slopes
(10 to 20 degrees) has resulted in the greater depth of soil
formation normally associated with the Karabungan series as
compared to Kabuloh series soils on more gentle slopes (less
than 10 degreas). On these more gentle slopes there is often
a perched water table above the shale bed and which inhibits
the differential mobilisation and oxidation of iron and man-
ganese within the soil. This perched water table is similar
to that formed above the humus pan of groundwater podzols.

The BC horizon with this perched water is expected to be sub-
jected to more anaerobic conditions and under the high pH
prevailing in a weathering horizon, this favours the precip-
jtation of manganese as stable oxides (probably as Mn (OH2).
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On sites where there is a wide fluctuation of water table and
where lateral enrichment of manganese by seepage water occurs,
the manganese hydroxide may oxidise auccessivelyiu)Mn30& and
MnOp which is the stable phase over the whole pH range. This
appears to be confirmed by the presence of shallow Kabuloh
soils described at the lower footslope containing abundant
well formed and indurated manganese concretions throughout
the profile and also on the soil surface.

On slopes exceeding 10 degrees, the less frequent occurrence
of a perched water table induces a more aerobic condition.

Although the weathering horizon is still weakly reducing as
shown by the presence of abundant soft manganese nodules in
the BC horizon of Karabungan soils, the B horizons are gener-
ally well drained and oxidising conditions prevail. This oxi-
dising condition coupled with the higher degree of maturity
of soil development on steeper slopes, results in a varying

degree of rubification or reddening caused by the presence of
iron oxide.

The average chemical characteristics of Karabungan soils are
shown in Table II.4.6. The pH Hp0 values of the A andB hori-
zons are all less than 6.0 and only the B3 and BC horizons
have pH values exceeding 6.0. Exchangeable calcium 1levels
are about half of those of Kabuloh series but they show simi-
lar trends; the Ae, B1 and B2 horizons have the lowest values
and fall within a range of 5.0 to 10 milliequivalents but in-
crease in the B3 and the BC horizons. Exchangeable magnesium
levels are also comparable to those for Kabuloh series and
are higher than those for Tangap series or Merit family. The
percentage base saturation (see Figure IT.4.4) is lowest in
the B horizons, which are only 50 per cent saturated but val-
ues rapidly increase with depth to over 80 per cent. The ave-
rage cation exchange capacity values are higher than those of
Kabuloh and Tangap series by five milliequivalents. However,
the cation exchange capacity/clay of all horizons are less
than 35. Levels of total calcium show similar trends as Kab-
uloh series; the lowest levels are found in the B horizons
and increase sharply with depth. The levels of total magne-
sium, potassium and phosphorus are lower than Kabuloh and
Tangap series and the Merit family (see Figure II1.4.5). The
low potassium levels result in the high potassium : magnesium
ratio for all horizons.

Tangap Series

The Tangap series is formed from calcareous,mainly marl,sedi-
mentary parent material. This series was first established
in this area as the result of the survey. These soils are
characterised by their strong and variegated coloured subsoil,

with hues of at least 2.5 units higher than 10YR; and their
greater soil depths.

Chemical paramgters are also used to differentiate these soils
from other series of the Kabuloh family and Merit family soils.
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FIGURE I 4.5

AVERAGE CHEMICAL ANALYSES VALUES BY HORIZONS FOR
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Tangap series is tentatively defined as having a pH Hs0 of
6.0, base saturation over 35 per cent and exchangeable cal-
cium of clay of more than five milliequivalents belowa depth
of 75 cm (30 inches) or immediately above a paralithic horizon.
However, in a large number of bore descriptions, no weather-
ing parent material was reached because of the great depth of
the soil and pH determinations of samples within the control
section of 100 cm (40 inches) give values of less than 6.0 and
hence do not satisfy the requirement of 6.0 within the control
section. In many deep pit profiles, samples taken at depths
of 100 to 150 cm (40 to 60 inches) do give pH H20 values of 6.0 and
higher and the parent material also gives a strong reaction
with the hydrochloriec acid test, hence proving that the parent
material is calcareous although the soilsarelnorphologically
similar to those derived from non-calcareous rock types. In
s0il mapping based on the diagnostic features within the con-
trol section identification and differentiation from other
s0oils is not easy and must be inferred from the association
of these soils with Kabuloh and Karabungan soils and the pre-
sence of calcareous parent material.

Like the Kabuloh and Karabungan series, about 80 per cent of
the Tangap soils are mapped on topography with slopes of less
than 20 degrees, and they are found on undulating low hills
in the central part of the area. Some of the low hills merge
imperceptibly with colluvium and alluvium, particularly in
areas bordering Sungai Karabungan. As noted above, the Tangap
soils are mainly deep and of the total acreage of 1 319 acres
(6.4 per cent of the total area) 1 061 acres are deep (more
than 100 cm (40 inches), 82 acres are moderately deep (75 to
100 ¢m/30 to 40 inches) and only 176 acres are moderately
shallow (50 to 75 e¢m/20 to 30 inches).

The Ah horizon of the Tangap series is coloured brown or dark
yellowish brown, which is not as dark as the Ah horizons of
Kabuloh or Karabungan series which have a lower carbon cont-
ent. The carbon : nitrogen ratio for this horizon is there-
fore much lower. This horizon has a loam to clay loam tex-
ture, with a moist and firm consistence, a crumb structure
and is well rooted.

The Ae horizon is generally better developed than in the Kab-
uloh or Karabungan series and ranges from five to 15 cm ( two
to six inches) thick. This horizon has silty clay texture, and is
coloured 10YR or redder. Most soils show a colour increase
by at least 2.5 units over 10YR within this horizon and pale
yellow mottles are common. The soil is moist and firm, with
a weak blocky structure and fine moderately hard iron mang -
anese concretions may be present.

The B horizon has hue of at least 2.5 units redder.than 10YR
and most soils are coloured 5YR or 2,5YR, with prominent pale
yellow mottles which increase with depth giving a variegated
matrix colour. The texture is clay, with a clay content of
50 to 60 per cent (see Table II.4.7) which is comparable to
the B horizons of Karabungan series and is much higher than
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TABLE I1.4.7 AVERAGE CHEMICAL AND MECHANICAL ANALYSES OF THREE PROFILES OF TANGAP SERIES

r Particle size Exchangeable cations
analyses ol i me/100g soil
Horizon per cent Texture soil/water | soil/KC1
11255 1:1 2.5
Sand | 5ilt | Clay Ca Mg | Na K CEC | CEC/clay
Ah 22 49 29 | Clay loam 5.2 3.9 104 0,5 101 1 0.2]123.5 6
Ae 11 47 2 Silty clay 4.9 3.8 0.3 ]|0.2]|0.1] 0.2 |12.3 2
B2 10 3h 57 | Clay 5.2 .0 0.2.|0 0.1]0.2 | 11.5 20
B3 13 34 53 | Clay 543 h.0 0.3{0.1}0.1]|0.2 | 11,8 22
BC 10 36 54 Clay 5.3 4.0 0.9|0.2|0.1|0.2]11.8 22
b z.—.::;===z==::L-:::.—Ls::::l::s:===:_—.;==L=:=z======z|=====:==:======L=z=====::L====':=====|==;=====_v:
] o, o
Base Total Organit /N Total Available .
saturation N carbon ratio p K Mg s Ma /K p K
16 0.201 2.59 13 a7 137 186 20 1.4 Owi 0.12
8 0.116 0.97 8 33 175 222 6 1.3 Nil 0.08
33 232 283 i 1.3 Nil 0.09
6 30 204 2hs 4 1.2 Nil 0,11
14 25 169 231 11 1.4 Nil 0.13

the B horizons of Kabuloh series or Merit family. The struc-

ture is weak coarse blocky to massive. Iron-manganese con-

cretions are also present, dispersed throughout the soil but

not in concentrated stonelines as in some Merit family soils.

Locally at colluvial sites, these concretions are found in

large volumes which constitute a serious impedence to root-

ing. In more detailed mapping some of these soils could be

mapped as a gritty phase of the series. The variegated or

pallid subsoils and the well formed concretions present in

varying amounts suggest that Tangap soils were probably formed
in a weathering regime with a fluctuating water table which

has since lowered. The soil forming conditions therefore app-
roximate to those which produce ground water laterite which

is characterised by a deep and pallid zone in the subsoil.

The B horizons generally extends beyond the limits of the con-

trol section to merge with a deep B3 horizon with variegated

colours of reddish yvellow and pale yellow. The BC or weath-

ering horizon is reached in most cases at a depth of 150cm (60
inches).

Stonelines or laterised shale fragments are almost absent in
most Tangap soils. This is one physical diagnostic feature
which can be used to differentiate Tangap series from most
Merit soils where stonelines or shale fragments commonly over-
lie firm weathering shale.

The average chemical characteristics of Tangap soils from
four profiles are shown in Table II.4.7. The pH Hp0 values
of all horizons, including the BC horizon, is less than 6.0

The level of exchangeable calcium within the control sect;o;
is less than five milliequivalents but rises to more than 10
milliequivalents in the C horizon (see Figure II.4.6) thus
showing clearly that the parent material is calcareous The
percentage base saturations almost parallel those of .Merit
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soils. Likewise, the cation exchange capacity, total cal-
cium, magnesium and phosphorus of Tangap series are compara-
ble to those for Merit soils, as shown in Figures II.4.5 and
II.&-G.

Kabuloh/Tangap Series Complex

This mapping unit comprises a complex of Kabuloh and Tangap
series. These soils, with a total acreage of 166 acres, are
mapped in the south-western part of the survey area, being
bordered by Kabuloh-Kapit family intergrade, Kabuloh series
and Merit soils. Slopes are less than 15 degrees, and out-
crops of crystalline coral limestone are common on the sur-
face. All the soils are moderately shallow, being 50 to 75
cm (20 to 30 inches) deep.

Kabuloh/Karabungan Series Complex

This mapping unit comprises a complex of Kabuloh and Karabun-
gan series. The total acreage is 238 and these soils are
mapped on the upper parts of hill slopes and because of the
intimate association of these soils and slope as shown in
Figure II.4.3; separation into individual series is difficult.
The soils mapped are moderately shallow (50 to 75 cm (20 to 30

inches) and are associated with Kabuloh and Tangap series and
a complex of Karabungan and Tangap series.

Karabungan/Tangap Series Complex

This mapping unit comprises a complex of the Karabungan and
Tangap series and two depth phases are mapped: the moderate-
ly deep phase occupies 928 acres and the moderately shallow
phase occupies only 90 acres. These soils occur on lowhills,
mainly on slopes of less than 15 degrees and are surrounded
by shallower calcareous soils of the Kabuloh-Kapit family in-
tergrade.

Kabuloh-Kapit Family Intergrade

Soils of this mapping unit differ from the moderately shallow

hase of Kabuloh series by having a depth ofless than 50 cm
Fﬁo inches) over a lithic or paralithic horizon. Soils shal-
lower than 25 cm (10 inches) overlying a paralithic horizon be-
long to the Kapit family. This mapping unit occupies 3 121
acres or 16 per cent of the survey area, and is distributed
widely over the central and southern part of the survey area.
More than half of these soils occur on slopes of less than
10 degrees and only less than 10 per cent on slopes greater
than 20 degrees.

These soils have Ah and Ae horizons similar to those of the
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moderately shallow phase of Kabuloh series and they overlie
a weak B horizon. Like the Kabuloh series they are charact-
erised by their narrow weathering zone and very abrupt change
from soil to bedrock. The BC horizon consists of dark grey
weathered shale admixed with dark olive grey clay containing
abundant manganese concretions. A perched water table is us-
ually encountered within this horizon, giving the weathered
shale and clay a soft soapy consistence as in Kabuloh series
soils.

The occurrence of shallow soils on gentle slopes is accounted
for by the low permeability, the gentle dip of the shale bed
and the absence of fracture zones at high angles to the soil
surface which facilitates weathering by soil solution. On
steeper slopes, the rapid wastage coupled with the slow rate
of weathering ensures that soils are shallow and immature.
Boulders and rock outcrops were observed to be locally abun-

dant.

The shallow soil depth and the absence of a deep weathering
zone as in other residual soils like the Merit-Kapit family
intergrade, presents a very serious limitation to the use of
Kabuloh-Kapit soils. Any indiscriminate removal of the upper
part of the profile such as by deep ploughing during land
clearing or by undesirable land management practices could
drastically reduce the existing shallow rooting depth.

Kapit Family

Soils of Kapit family are shallow or skeletal and have less
than 25 cm (10 inches) of soil from the surface to the parent
material of strongly weathered shale,sandy shale or fine sand-
stone, The area mapped under this unit is 344 acres and occu-
pies one discrete block of steep and strongly dissected hills
with an amplitude of over 300 feet. The soil profile consists
of a thin A horizon with fine sandy loam to clay loam texture
and shale gravels may be present. The underlying BC horizon
consists of clay or sandy clay mixed with soft rock fragments.
The C horizon of weathered parent material is compact, firm
and difficult to auger.

No profile of Kapit soils was sampled and analysed but the
levels of exchangeable and total cations are expected to be
higher than Merit soils because of their immature nature.

Kapit/Merit-Kapit Complex

These soils are formed from shale and sandstone and they are
mapped on several isolated and strongly dissected high hills
in the north and the extreme south-west of the area. In these
areas the delineation of the skeletal soils -~ Kapit family
from the deeper Merit-Kapit family soils - is difficult. The
deeper soils occur mainly on the upper slopes and hill summits
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and the skeletal soils occur on lower slopes where th?re is
active erosion and soil removal. The acreage mapped is 408
or 2.0 per cent of the survey area.

11.4.8 Land Capability

The Land Capability Classification and the limits of the seven
Land Classes have already been discussed in detail in Chapter
5. In the Sungai Karabungan area, all the seven classes were
mapped. Three of the five subclasses distinguished in the
classification for this area are:-

- Erosion hazard limitations S E e A e SR e R e B
- Soil limitation within the rooting zone ..... s

- Excess water or internal drainage
limitations and flooding hazards ..cccecocess W

The land for subclass "w" with internal drainage limitations
and flooding hazards is relatively easy to map as this incl-
udes flat land formed by poorly drained alluvium or colluvium.
However, subclasses "e" and "s" for erosion hazard and soil
limitations have been found difficult to define. The arbit-
ary limits of rooting depth of 60 centimetres (24 inches) is
used as the minimum depth requirement for crop growth. Land
in which the soils are deeper than 60 centimetres (24 inches)
and with slope exceeding 10 degrees is classified according
to the erosion hazard as shown in Table II.4.8.

TABLE IT.4.8 LAND CLASSES DELINEATED ACCORDING TO SLOPE
WITH MINIMUM ROOTING DEPTH OF 60 CM (24 INCHES)

L ginimum Slope Erosion
and class soil depth
gt spme degrees hazard
1le 100 (40) < 5 Slight
I1le 100 (%0) <10 Moderate
IVe 75 1.:(39) <15 Moderate
Ve 60 (24) <20 Severe
Vie 60 (24) <25 Severe
Vile No limit Over 25 Severe

Table II.4.9 shows the land classes delineated by effective
rooting depth because of the shallow rooting depth and the
impermeable shale which commonly underlies the bulk of the
calcareous scils. The classification strongly emphasises
the minimal rooting depth of 60 centimetres (24 inches)
the erosion hazards of soils shallower than 100 centimetres
(40 inches) on hill slopes. The minimum soil depth and the

corresponding permitted slope for the erosion hazard i
are shown in Table II.4.9. ard ratings

and
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TABLE II.4.9 LAND CLASSES DELINEATED ACCORDING TO

SOIL DEPTH
Land Minimum §01l depth Slope Brosion hazatd
class cm (inches) degrees
Ils Over 100 (40) €5 Slight
IIls Over 75 (30) < 5 Moderate
IVs Over 60 (24) <10 Moderate
Vs 50 to 60 (20 to 24) | No limit | Moderate to severe
Vis 25 to 50 (10 to 20) | No limit -
VIIs <25 (<10) No limit Severe

(a) Land with slight erosion hazards

Land with less than five degrees slope and soils are deeper
than 100 centimetres.

(b) Land with moderate erosion hazard

Land with slopes of less than 10 degrees and soil depth of at
least 60 centimetres (24 inches) or land with slopes of less
than 15 degrees but with soil depth greater than 75 centi-
metres (30 inches).

(¢) Land with severe erosion hazard

Land with slopes more than 75 degrees and soil depth of less
than 75 centimetres (30 inches).

Table II.4.10 shows the acreages of the land classes mapped.
The dominant soil series or complexes of these series and
families are also shown.

CLASS ' I

This land occupies 31 acres and comprises levee alluvium with
a maximum slope of three degrees; soils are well drained, dee-
per than 100 centimetres (40 inches) with no flooding and
with none or a slight erosion hazard. The soils are mapped
as Seduau family and occur entirely in the upper valley of
the Sungai Separoh in the northern part of this area.

CLASS II

Of the three subclasses e, s and w, only subclass w was map~-
ped. Class IIw occupies 2 062 acres and comprises alluvial
levees of up to three degrees as in Class I but the land is
subject to infrequent flooding of short duration. The soils
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TABLE II.4.10 LAND CAPABILITY CLASSES - SOILS AND ACREAGES

Terrain Soils Percentage
class Family or Series g -4 of area
I Seduau 331 2
IIw Seduau 2 062 10
Ille Merit, Karabungan, Tangap 483 2

IVe Merit, Bekenu, Kabuloh,
: Karabungan, Tangap 1 018 5
IVs Merit, Bekenu, Kabuloh,

Karabungan, Tangap 2 739 14
IVw Bijat, Seduau/Bijat 1 012 5
Ve Merit, Bekenu, Kabuloh,

Karabungan, Tangap 34317 17
Vs Merit, Bekenu, Kabuloh,

Karabungan, Tangap 332
Vw Bijat 295
Vie Merit, Bekenu, Kabuloh,

Karabungan, Tangap 368 2
Vis Kabuloh-Kapit, Bekenu-Kapit,

Merit-Kapit 6 867 34
VIile Merit 252 1
VIIis Kapit, Merit/Kapit, Merit-Kapit 888 Y

Total 19 964 100

Note For more detailed inventory of the acreages of the map-

ping units refer to Appendix VIiI.3, Tables VII.3.1 to
VII.3.3-

are well to moderately well drained clay and are deeper than
100 centimetres (40 inches). The area mapped lies in the mid-
dle part of Sungai Karabungan and the upper parts of its tri-
butaries. Land of this class has a slight or no erosion
hazard.

CLASS III

Of the four subclasses e, s, w and se, only one subclass, e,
was mapped. Class IIle comprises land with slopes of less
than 10 degrees and the soils are over 100 centimetres (40
inches) deep, mainly on the Tangap soil series of the Kabuloh
family. The area mapped totals 1 083 acres and occupies low
hills in the upper Sungai Karabungan valley. The erosion haz-
ard of this class is rated as moderate,
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CLASS IV

This class has four subclasses: e, s, w and seas:h1ClassiII,
three subclasses, e, s and w were mapped.

Class IVe

This class occupies 1 018 acres and comprises land with sl-
opes up to 15 degrees and the soil depth is at least 75 centi-
metres (30 inches). Compared to class IIIe land, slopes are
steeper and soils are shallower. The soils are almost entire-
ly of the Merit family. The erosion hazard of this class is
rated as severe.

Class 1IVs

This class occupies 2 739 acres and comprises land with slopes
up to 10 degrees and the minimum soil depth is 60 centimetres
(24 inches). The slope is greater and soil depth shallower
than those for class IVe. Merit soils occupy only a small
part of the area mapped, the rest being Kabuloh, Karabungan
and Tangap series or complexes of these series which occur in
the central and southern half of the survey area. The erosion
hazard of this class is rated as moderate.

Class IVw

Land of this class occupies 1 012 acres and comprises poor or
very poorly drained flat alluvium or interior valleys of the
lower Sungai Karabungan which are subjected to frequent flood~-
ing of moderate duration. The soils are fine textured clay,
deeper than 75 centimetres (30 inches) and they include Bijat
family or a complex of Bijat and Seduau families.

CLASS V

This class has five subclasses: e, s, w, se and sw but only
subclasses e and s were mapped.

Class Ve

Class Ve land has slopes up to 20 degrees and a minimum soil
depth of 60 centimetres (24 inches). This subclass occupies
37317 acres, the second largest unit after Class VIs. The
soils comprise small areas of Merit family in the mnorthern
half but are mainly Kabuloh, Karabungan and Tangap series or
their complexes in the southern part. The erosion hazard is

rated as severe.
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Class Vs

Class Vs land has no slope limit but the minimum soil depth
is only 50 centimetres (20 inches). The area mapped is small,
332 acres, and the soils are mainly Karabungan series. The
erosion hazard is rated as moderate to severe, depending on
the slope.

Class Vw

This class of land occupies 295 acres and comprises very poor-
ly drained flat alluvium and interior valleys which are sub-
jected to frequent flooding. The soils are deep, fine tex-
tured clay of fine Bijat family.

CLASS VI

This class has four subclasses: e, s, se and sw buf only two
subclasses e and s were mapped.

Class Ve

This class occupies 368 acres and comprises land with slopes
exceeding 25 degrees and minimum soil depth of 60 centimetres
(24 inches). The soils consist mainly of Merit and Bekenu
families. Because of the steep slopes, erosion hazard

is
rated as severe,

Class VIs

This class occupies 6 867 acres and comprises land with soils
of 25 to 50 centimetres (10 to 20 inches) deep and because
of the limitation of shallow soil depth, no slope limit app-
lies to this class. This class includes large tracts of Kab-
uloh-Kapit and Merit-Kapit family intergrades and small areas
of Bekenu-Kapit family intergrade. The Kabuloh-Kapit family
intergrade occurs on terrain with slopes of less than 15 dég-
rees but with careful management practice, some of thislland
can be used for pasture. On the other hand, the Merit-Kapit
family intergrade occurs mainly on slopes steeper than 15
degrees and the shallow soils on these slopes rule out any
possibility for agricultural use and the land is best 1left
under forest. As Class VIs land occupies 34 per cent of the
survey area, and much of this lies in the area considered for
pasture development, the shallow Kabulohaoilstnlgentleslope
must be distinguished from shallow Merit soils of this land
class from the soil and terrain maps.
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CLASS VII

This class has four subclasses: e, s, w and se but only sub-
classes e and s were mapped.

Class Vile

This class occupies 252 acres and comprises land with slopes
exceeding 25 degrees. The steep slopes preclude using this
land for agriculture even if the soils are deeper than 25
centimetres (10 inches). The soils of this unit consist of
Merit-Kapit family intergrades. The erosion hazard of this
class is rated as severe.

Class VIIs

This class occupies 888 acres and comprises land in which the
soils are shallower than 25 centimetres (10 inches) deep which
is insufficient for crops even if these soils occur on gently
sloping land. This unit includes some of the highest hills
in the area and the soils are all classified as Kapit family.
Land of this class is unsuitable for agricultural use and is
best left under forest. The erosion hazard for this land
class is rated as severe.

289



APPENDIX 111



APPENDIX HI
METHODS OF SOIL ANALYSES

L1 FULL SERIES ANALYSIS

(i) Particle Size Analysis

40 g of soil were dispersed by shaking overnight with sodium
hexameta phosphate/sodium carbonate solution. The suspension
was then transferred to a one litre cylinder, made up to vol-
ume and mixed. A Bouyoucos hydrometer was used to take read-
ings after the following settling times:-

(a) 46 seconds, to give silt plus clay content, that is
the fractions 0.05 to 0.002 mm and less than 0.002 mm
respectively;

(b) five hours, to give the clay content;

(c) total sand (fraction greater than 0.05 mm) content was
obtained by subtracting the figure found in (a) from
100 per cent.

The samples were wet-sieved through a 100 micron sieve and
the sand dried at 105°C. The dried samples were then put
through a nest of sieves giving the fractions of 2 to 0.50
mm (2 000 to 500u), 0.50 to 0.25 mm (500 to 250u), 0.25 to
0.10 mm (250 to 100u) and 0.10 to 0.05 mm (100 to 50u). The

. fraction 100 to 50u was obtained by difference, using the value
obtained from the Bouyoucos hydrometer.

(ii) pH Soil : Water Suspension, 1: 2.5

A Pye Unicam model Universal was used for the pH determinat-
ion; 50 ml of deionised water were added to 20 g of soil. The
suspension was stirred and allowed to settle. After one hour
the pH of the Supernatant liquid was measured.

(iii) pH Soil : Potassium Chloride, 1: 2.5

0.5 ml of NKC1 was then added to the above suspension (see
(ii) above), stirred and allowed to settle. The pH of the
supernatant liquid was then measured with a Pye pH meter men-
tioned under (ii) above.

(iv) Easily Soluble Potassium

4 g of soil were extracted by shaking with 20ml of 0.5N ace~
tic acid for one hour. Potassium was determined by atomic
absorption.
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(v) Easily Soluble Phosphorus

This analysis has been adapted from the method of Bray and
Kurtz (1945). 2 g of soil were extracted by shaking for one
minute with Bray Z solution (0.03 N ammonium fluoride in 0.1
N hydrochloric acid). Phosphorus was determined on the ex-~-
tract by the molybdenum blue method.

(vi) Total Available (6NHC1 soluble) Phosphorus, Potass-
ium, Calcium and Magnesium

0.5 g of finely ground soil were weighed into a test tube and

2.5 ml of 8 N hydrochloric acid were added following by heat-
ing on an aluminium block at 95°C for two hours. 2.5 ml of

deionised water were added and the contents of the test tube

mixed, centrifuged and the clear supernatant liquid decanted

into a clean test tube. Phosphorus was determined on this

extract by the vanadate-molybdate method. Potassium, calcium

and magnesium were determined by atomic absorption spectro-

SCOpYy.

(vii) Cation Exchange Capacity (CEC)

4 g of soil were shaken twice with triethanolamine buffered
barium chloride solution, pH 8.2 in order to replace all ex-
changeable cations with barium. Excess bariumwas removed by
shaking with water. The sample was then shaken witha solut-
ion of magnesium sulphate of known concentration. This rep-
laced the exchangeable barium by magnesium, at the same time
removing barium from solution as barium sulphate. The mag-
nesium remaining in solution was determined by titration with
EDTA using Solochrome black 6B as indicator. The cation ex-
change capacity is calculated from the difference between the

amount of magnesium added and the amount remaining in solut-
ion.

(viii) Exchangeable Cations - Sodium, Potassium, Calcium
and Magnesium

4 g of soil were extracted by shaking with 20 ml of N ammonium
acetate solution at pH 7.0 for one hour. Calcium and magne-
gsium were determined by atomic absorption spectroscopy using
strontium chloride as a releasing agent to overcome interfer-
ence by aluminium or phosphate. Sodium and potassium were
also determined using atomic absorption methods, utilising
strontium chloride as an ionisation buffer.
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(ix) Base Saturation

By calculation.

Il2 ANALYSES OF TOP TWO HORIZONS OF
ALL SERIES ANALYSES

(i) Organic Carbon

A weighed sample of finely ground soil was digested with a
known amount of potassium dichromate and concentrated sulp-
huric acid. A known amount of deionised water was added and
an aliquot filtered off. The amount of Cr*** in the filtrate
was determined colorimetrically. 1In the calculation of the
results, it was assumed that only 77 per cent of the organic
carbon present had been oxidised.

(ii) Total Nitrogen

A weighed sample of finely ground soil was digested with con-
centrated sulphuric acid, potassium sulphate and selenium.
After digestion the sample was made alkaline with caustic soda
and the released ammonia was steam-distilled into boric acid
containing a mixed indicator of bromocresol green/methyl red.
The ammonia was then titrated against standard sulphuric acid.

I3 ANALYSES OF REPRESENTATIVE SOIL PROFILES

(i) Trace Elements - Total Copper, Zinc and Manganese

A known weight of finely ground soil was digested witha con-
centrated nitric/perchloric acid mixture. The samples were
evaporated to dryness and the residues leached with hydro-
chloric acid. Copper, zinc and manganese were measured in
the acid leachate using atomic absorption techniques.

(ii) Silica-Sesquioxide Ratio

A weighed sample of finely ground soil was fused in a platinum
crucible with sodium carbonate. The crucible containing the
fused mass was then placed in an evaporating basin, covered
with water and left overnight to soften. All the material
was removed from the crucible and washed inta a basin. The
sample was then acidified with hydrochloric acid and the so-
lution evaporated to dryness and baked. The residues were
leached with 6 N hydrochloric acid and filtered. The residue
in the filter paper (silica) was washed with dilute hydroch-
loric acid and deionised water, followed by ashing ina plat-
inum crucible and weighed.

The filtrate was méde alkaline with ammonia solution and the
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precipitated iron and aluminium hydroxides were filtered o_ff,
dried and ashed in a silica crucible, after which weighing
followed.

(iii) Clay Minerals

A sample of 2 mm sieved soil was dispersed by shaking over-
night with Calgon solution and the clay fraction separated
off by differential centrifugation. Free iron oxide was re-
moved by treatment with sodium dithionite and sodium citrate.
After this pretreatment the sample was divided into two frac-
tions. One fraction was saturated with potassium, whilst the
other fraction was saturated with magnesium. X-ray diffrac-
tion was then carried out on the K and Mg saturated samples
in order to identify the clay minerals present in the sample.
Representative samples were also examined by Differential
Thermal Analysis to verify the x-ray results.

(iv) Free Iron Oxide

A weighed quantity of finely ground soil was extracted by
shaking overnight with sodium acetate buffer, pH 3.8 and so-
dium dithionite. Ferrous iron was determined in this extract
colorimetrically by the thioglycollic acid method.

(v) Analysis of Fine Clay Fraction

100 g of soil were dispersed by shaking overnight with sod-
ium hexametaphosphate/sodium carbonate solution. The suspen-
sion was then transferred to a one litre measuring cylinder,
made up to volume and mixed. A Bouyoucos hydrometer was used
to take readings after a settling time of seven days, giving
the amount of fine clay remaining in suspension.

(vi) Water Dispersible Clay

100 g of soil were shaken with deionised water overnight. The
suspension was transferred to a one litre cylinder, made up
to volume and mixed. A Bouyoucos hydrometer was used to take

readings after five hours, giving the amount of water disper-
sible clay.
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(vii) Soil Permeability

Samples of undisturbed soil were collected in the field using

a core sampling device described in the USDA Agriculture Hand-
book No. 60 (1954). The rate at which water was able to pass

through these undisturbed cores was measured ina closed cir-

cuit system having a constant head of water, above and below

the soil.

(viii) Available Water Capacity (AWC)

Soil moisture held at tensions of 0, 1/10, 1/3, 1 and 15 at-
mospheres and bulk density. Soil samples were collected in
the field using the core sampler mentioned under ITI.3 (vii).

The dry weight of the undisturbed soil in the core was deter-
mined and the bulk density calculated.

Subsequently the cores were saturated with water, placed in
a porous plate apparatus and subjected to pressures of 10y
1/10, 1/3 and 1 atmosphere. After each pressure stage the
samples were removed and weighed to determine the moisture
content at the above mentioned pressures.

The samples were then transferred to the high pressure cham-
ber and the soil moisture content determined when in equili-
brium at a pressure of 15 atmospheres.
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APPENDIX 1V
SOIL MOISTURE DETERMINATIONS

IVl INTRODUCTION

Soil moisture can only be extracted by plants when the forces
by which that moisture is held are lower than the tension in
the plant tissues. Plants suffer moisture stress when mois-
ture in the soil has been depleted due to low rainfall and
evapo-transpiration and the remaining moisture wunavailable
to plants. High soil temperatures, which often occur on cul-
tivated land deplete soil moisture reserves especially when
the crop is in its early stages and the soil surface is bare.

Only a certain part of the moisture reserves within the soil
are available to the plant. This range is called the "avail-
able water content'" or available water capacity (AWC).

There are several methods to determine the AWC: -

(a) by laboratory determination using the porous plate and
pressure membrane apparatus as used in this Study and
described in Chapter 4, Section 4;

(b) by calculation on the basis of Salter and Williams'!
method (1967).

The AWC is defined as the moisture held by the soil between
field capacity - the highest moisture content - and permanent

wilting point - the lowest possible moisture content for plant
growth.
In the laboratory these conditions are simulated by using

tensions of 1/10, 1/3 and 15 atmosphere respectively. In this
Study the 1/10 value has been used as an approximation for
the field capacity. The moisture content is expressed on a
dry basis; it is however more useful to know the moisture
content by volume of the soil. This is calculated by the bulk
density or apparent specific gravity. The bulk density is
the weight of dry soil per unit volume and thus includes the
space occupied by soil solids and the pore space in a parti-
cular volume of soil. The bulk densities of the soils studied
range from 1.00 to 1.80. Obviously the higher values are gen-
erally found in the sandy soils.

Many research workers generally quote the following amounts
of water remaining in the soil after wilting point has been

reached: -

Sands approximately 0.5 inch per foot of soil
Loams approximately 1.5 inches per foot of soil
Clays approximately 2.5 inches per foot of soil
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Table IV.1 lists the moisture holding characteristics of a
number of selected profiles. Other profile characteristics
are given in Appendix VI. 1In the above mentioned Table the
following basic calculations have been used:-

(a) AWC by weight percentage = moisture held at1/10 of an
atmosphere minus moisture held at 15 atmosphere;

(b) AWC in volume per cent = AWC in weight per cent times
BD;

(¢) AWC in inches per soil horizon

~ AWC _volume per cent x depth
fi 100
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TABLE 1IV.1

MEASURED AVAILABLE WATER CAPACITY FOR SELECTED PROFILES

Soil Percentage moisture retention on dry AWC AWC AWC
Pamily Site Sanple Depth weight basis at pressure B.D. wt. val. inohas
or No. No. inches g/cc per
0 1/10 1/ 1 10 Pe Per
serien atm, atm, ar.-J. atm. atm. c-nrt cent Horizen

Jk.fac. b A396 Ao128 0-7% k3.5 32.1 29.3 27.8 11.6 1.22 20.5 25.0 1.9
AD129 T¥-16 27.5 23.4 21.8 20.8 153 1.34 10.1 13.5 1.4
A0130 16-25 32.0 28.9 27.4 26.4 16.0 1.53 12.9 19.7 7
A0131 25-36 29.7 24.8 23.2 21.6 13.4 1.79 11.4 20.4 .2
Mr.c.5 B766 AO145 0-8 40.9 3% 29.6 26.3 12.6 1.24 20.7 5.7 .1
AO146 8-15 ho.7 28.6 27.4 26.6 16.8 1.48 11.8 17.5 .2
AD147 15-22 1.0 33.1 29.3 27.8 18.7 1.58 13.4 21.2 1.5
Mr.c.5 ALsS6 A0166 0-21 46.6 40.3 38.s5 36.9 29.6 t.4o 10.7 15.0 32
Mr.c.h ALS7? AD169 0-12 55.3 k1.2 37.4 34.9 21.5 1.05 19.7 20.7 2.%
AD170 12-23 38.1 354 31.5 30.% 25.5 1.44 7.6 10.9 1.2
A0171 23-37 ho.2 34.9 13.8 32.3 27.3 1.34 7.6 10,2 1.4
Mr.c.3 ALBS AO185 0-8 38.0 34.1 31.7 30.4 16.0 1.38 18.1 25.0 2.0
A0186 8-30 h2.2 39.9 38.0 36.4 23.0 1.3 16.9 22.5 5.0
Mr.c.h A4B9 A0188 0=-10 5h.2 51.2 h7.4 5.4 23.3 1.25 28.0 35.0 3.5
A0189 10-32 49.2 45.5 42.8 1.6 2h.6 130 20.9 28.2 6.2
Mr.c.b Alh9 AD191 0-11 33.9 29.7 26.8 25.0 10.4 1.46 19.3 28.2 «1
AD192 11-19 29.6 27.2 2h.9 23.7 13.1 1.56 1h.1 22.0 .8
A0193 19-35 30.5 27.6 25.6 24,5 14.0 1.58 13.6 21.5 oA
Mr.c.b B108 BoO28 0-2 51.5 46.0 43.5 h2.1 23,0 1.49 2h.0 15.8 1.0
BOO29 2-10 45.0 40.9 39.0 37.6 24,4 1.50 16.5 24.8 2.0
BOO30 10-27 44,2 k1,5 39.0 37.2 23.0 1.59 18.5 29.4 5.0

Mr.c.4 BOOY BOO33 0-1% 51.2 39.2 35.9 37.2 11,3 1.16 27.9 32.4 0.

BOO 34 1%-8 3.5 30.7 28.7 SLT% 1h.6 1.42 16.1 22.9

B0O035 8-22 377 31.5 29.8 27.0 17.0 1.851 14,5 21.9 3

BK.zcl.5 B134 BOOA2 0-7 33.5 36,4 3147 29.8 10.2 1.29 26.2 13.8 2.4
BOOA3 7-19% 51.4 36.4 32.3 30.2 11.3 1.24 5.1 31.1 3.9
BOOUY 19%-33 48.5 Jjo.o 28.0 26.8 11.5 1.35 18.5 25.0 1.4
Mr.c.h B178 BOOAG ¥%-8 h6.4 39.7 37.1 34,9 19.7 1.33 20.0 26.6 2.0
BOO4T 8-12 46.7 8.5 36.1 .2 22.9 1.26 15.6 19.7 0.8
BOOAS 12-33 42.3 37.0 35.0 31.3 22,5 1.ho 1h.5 20.3 4.3
KB-KP,1 B24)3 BOOS56 1-5% 57.5 50.1 7.0 bh.o 22,2 1.4o 27.9 39.1 1.8
BO057 5%-23 52.8 47.8 4.8 42.3 22,3 1.h9 25.5 38.0 6.7
Jk.zc.5 B247 BOO67 0-5% 54.6 45.4 ho.6 37.4 13.4 1.22 32.0 39.0 2.1
BO0O6S 5%~16 39.9 35.2 32.7 1.5 14,9 1,32 20.3 26,8 2.8
BO069 16-27 35.3 33.6 31.9 30.8 16.8 1.60 16.8 26.9 3.0
BO0O70 27-43 36.8 34.9 33.4 1.9 19.1 1.60 15.8 25.1 .0
Bk.zel.5  BA03  BOO8Y RAR: M M@ e e BBE Lasieastd . 350 38
B00%0 12-19% 31.8 28.0 25.1 23.1 9.8 1.45 18.2 26.4 2.0
BO091 19%-135 28.3 26.3 2h .6 22.8 11.7 1.56 14.6 22.8 3.5
Mr.c.h Ba17 BO216 0-h% 43.8 35.4 32.7 30.9 21.4 1.8% 1h.0 17.2 0.8
pO217 h4-15 7.2 33.3 .3 30.1 21.2 1.47 12.1 17.8 1.9
Bo218 15-26 39.7 4.3 2.4 31.6 23.2 1.33 1.1 14.8 1.6
BK.z1.4 BBA4E B0O230 0-6 52.0 39.0 331 29.9 14.8 1.15 2h.2 27.8 1.7
BO231 6-15 56.6 36.0 31.8 28.5 1h.7 1.21 21.3 25.8 2.3
BO232 15-26 36.4 jR.0 a8.9 27.2 18.4 1.38 13.6 18.8 2.1
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TABLE IV.1 (cont'd)
Soil Percentage moisture retention on dry A:c A\i’f AWC
o wt. vol.
Family Site Sample Depth FEERRE SRELE AL JLENsTS B.D. 1n::a-
or No. No. inches o 1/10 173 1 10 g/cc Per Per ho:i.:on
series atm. atm. atm. atm., atm. cent cent
Mr.c.b BB6B Bo234 0-7 50.2 0.0 34.6 31.8 16,4 1.17 23.6 q?.s 1.9
BO235 7-18 42,3 35.0 31.9 29.6 19.9 1.28 15.1 19.3 2.1
BO236 18-27 34,5 30.9 28.9 26.8 22.4 1.h0 8.5 11.9 1.1
BO237 27-39 36.3 32.9 30.8 29.0 23.1 1.48 9.8 14.5 1.7
Jk.c.3 BB82 BO240 5-12 ha.3 37.4 k.1 31.5 22.0 1.33 15.4 20.5 1.4
Boz2k1 12-18 377 33.8 31.7 29,9 24.6 1.4 9.2 12.3 0.7
BO242 18-25 38.7 25.5 33.8 32,3 28.3 1.44 7.2 10.4 0.7
MR-KP. 1 B933 BO262 0=t h1.3 32.4 30.4 29.3 24.3 1.33 8.1 10.8 0.5
BO263 12 50,0 b4 6 ha.h 4o.5 32.5 1.33 12.1 16.1 1.2
BO26& 12-24 49.4 43.1 k1.5 39.4 32.8 1.18 10.3 12.2 1.5
Mr.c.b B934 BO265 0-5 38.5 30.6 28.6 26.6 19.7 1.39 10.9 15.2 0.8
BO266 5-16 36.3 29.7 28.2 26.7 21.5 1.40 8.2 11.5 59
BO267 16-32 34.6 29.2 27.7 25.9 20.7 1.47 8.5 12.5 2.0
Kg.c.5 c549 €0003 4-8% 59.4 51.7 49.2 46.7 28.7 1.37 23.0 1.5 1.4
coook 81426 55.8 53.8 52.3 50.4 30.8 1,60 23.0 6.8 6.4
Kg.c.hb c108 c0036 -8 46.5 43.3 hi.5 40.1 25.4 1.58 17.9 28.3 A
0037 8-18 b1 k1.3 39.8 38.9 26.0 1.62 15.3 24.8 .
coo38 18-28 h7.3 h1.1 39.4 37.8 28.2 1.50 12.9 19.4 5
Bk.zcl.5 ph16 Doo23 1%-81% 37.7 31.6 26.7 23.6 7.6 1.33 24.0 31.9 2.2
poo2k Bu-25 10.7 28.5 25.8 2h.1 11.0 1.52 17.5 26.6 k.4
D025 25-45 30.9 a7.¢ 25.9 24,3 12.9 1.50 14.3 21.5 4.3
Mr.c.2 D552 DOOALB 1%- 6% 36.2 29.7 26.3 23.7 L BT 1.33 18.6 24.7 1.2
DOO4Y 6%-15 33.1 29.7 27.7 25.9 15.1 1.47 14.6 21.5 1.8
DOOS50 15-36 30,2 27.2 26.1 24.8 15.2 1.57 12.0 18.8 3.9
Bm.zel.5 D1012 Do214 0-16 51.4 37.8 34.8 33.1 12.5 1.26 25.3 31.9 5.1
Do215 16-30 38.9 344 32.6 31.6 10.0 1.38 24.4 33.7 k.7
BM, 5 01035 Do236 3-25 4h,9 31.2 24,4 22.1 11,5 1.23 19.7 24,2 5.3
DO237 25-43 44,7 34.2 28.7 24,7 12.9 1.17 21.3 24.9 k.5
0238 43-54 34.8 28.1 25.5 23.4 11.9 1.30 16.2 21.1 2.3
00239 54-62 35:5 32.6 31.6 30.2 22.8 1.8 9.8 13.2 1.1
Tg.c.5 488 E0009 2-9 39.7 37.5 35.4 33.4 18.1 1.42 19.4 27.5 2.0
E0010 9-35 37.0 36.4 35.2 33.9 23.9 1.45 12.5 18.1 .7
E0011 35-61 37.2 35.3 33.9 32.6 23.0 1.480 12,3 18.2 .7
E3k6 E003) 2W-11 30.9 25.9 21.5% 18.9 7.6 1. 44 18.3 26.4 2.2
E0034 11-26 279 25.3 22.6 20.8 9.8 1.58 15.5 24.5 3.7
E0035 26-38 28.8 26.8 24.9 23.4 11.9 1.58 14.9 23.5 2.8
Mr.c.5 E4h2 E0050 0-6 54.6 h3.2 37.2 4.6 11.8 1.08 31.4 33.9 2.0
E0051 6-14 36.2 30.9 28.9 27.0 14,6 1.38 16,3 22.5 1.8
E0052 1h-23 35.2 31.9 30.4 29.4 16,9 1.60 15.0 24,0 2.2
E0053 23-38 36.7 35.7 3h.2 32.4 20.2 1.63 15.5 25.3 3.8
Mr.c.) EOJ0 EO154 0-6 41,0 33.3 28.9 25.6 1h. b 1.29 18.9 24 .4 1.5
E0155 6-15 33.0 29.4 27.3 25.7 18.1 1.48 5 16.7 1.5
E0156 15-23 35.9 33.7 31.0 29.2 21.2 1.43 11.5 16.4 1.3
Mr.c.5 Fhbh Fo180 3-12 47.6 39.0 36.9 34.8 20.2 1.20 18.8 22.6 2.0
Fo181 12-39 ho.6 37.2 35.4 344 22.2 1.34 15.0 20.1 5.4
Fo182 39-49 43.3 ho.3 38.2 37.1 23.7 1.30 16.6 21.6 2.2







APPENDIX V.1

TS
TABLE V.1 ToEe By Element (ppm)
Element (ppm) Sample g
Element (ppm) Sample i No. Cu Mn :
Sample | z No. Cu Mn - - 28 58
No. Cu  Mn . - £ 65 :%g 6 26 =
18 B00O4B 18 # 60 090 7 39 3
Nooid 4 N BOOKY e £ 62 pose ° A3 37
vt A T ook 0 =
D001 40 i3 16 # L £0093 n 17
Dot 1o |38 A B003s 18 4 b Bogo & 29
D0016 10 <5 27 B0O053 .. 4 86 ¥ 3 20 15
BOO24 8 3 45 BOO54 ¥ 87 80 3 31 20
10 214 BO055 x2 95 Bod3a 53 7
80026 6 14s % o SR ¢ A 80233 5 gy e
- G i R B0O57 2 8 80234 & e
B0028 9 8 8 21 # BO235 37
58 BOO5 # 160 3 4 1
B0029 12 37 67 BOO59 3; # 7 80:37 8 50 43
B000Et ) 1386 s A% o & O Boocs 18 & 67 Bo28 B R
BOO
TR ok 33 & & | R ek
0035 8
cone i a8 poved 3 gy | s b R
0037 138 77 6 R i BOZ43 a5
o . o MEOS o N W 630 74
20 A0067 262 14
cooks 3 o 51 -7 A S Y - -
e 4w B e 1l soars g 4ok
BO047 1 68 67 AO H 10 13 BOSTS 11 117 &
BOO4S 18 53 56 A0089 ‘ 10 19 SovTS 12 151 7
BOO‘I9 15 120 65 A0O%1 5 10 16 Bozso 9 &7 EB
B0O050 b 86 60 A0092 3 10 a2 BO281 13 44 51
BOO51 2l L 80 A0DG3 18 18 8 1k 45
372 B0127 7 BO282 %5 48
B0052 13 83 6 14 25 8 15
18 120 BO128 33 BD283 g
B0k 16 360 100 BO129 - 8 B0284 : Ll
BOO56 21 372 H D0077 4 5 TA Bo28s 2 8 Iy
Saghs 26 146 g, D0078 g 14 16 Boig 9 104 38
B0058 = ,,33 83 i 9 14 24 A0164 13 3255 8
B0O059 1 290 95 30162 2 16 27 A0167 15 1 { 9
B0060 000 28 62 s 9 24 oS AD169 7 - i6
BO061 12 300 67 50153 13 20 ot A0170 J 2 60
B0062 AD< 1 Bik 72 i 10 14 A AO171 12 4 77
B006 3 20 4 o il 14§ 9 18 12 173 12 325
18 33 BO178 18 AO
R T R T A
BO066 23 Bo180 11 2 17 A0175 H 95 18
o SR S N - T Mol odme BB
5
ggggg 6 38 zg B0187 12 fg 65 50123 13 100 65
ety o b 0 S S Bl #
9 Bo1 h7 265
c0033 17 Bhra 22 AR R e 26 el AL Yo 20
17 BO2 2 20
ngg 17 162 3 BO212 B 32 A0192 3 : =
20035 18 164 le 50313 A 50 AD193 A 20 18
0039 e e 2 BO214 12 i9a %43 A019h ; 196 e L ks
€0099 > 38 10 i o 39 il ':0:5; 5 91 51
c0100 4 12 13 ALE9 11 5 53 =8 ;6 7 89 63
0101 g a1 Aortp S flbresade s 1 B2 i 7 104 1 | 165
c e 6 62 2 AO111 % 50 7h E(l!‘).Sa 8 174 60
cotia R LN A0143 2~ 24 32 Sof3e7 e 4ol? Jaks o)
corto 6 H 23 AGIES 8 24 29 : 199 A g -
cou-'i 8 6 8 AQ125 8 14 44 :ozm 10 154 35
£0026 2 54 14 A0126 9 16 b9 . 9% 65
A - i 20 i A0127 4 E0201 12 123 =i
pres 4 y; 18 D0176 5 % 28 i 1 285 84
sooze’ 3 . a6 boizh . & . 1a 29 gosoh o 1953 aps
] 3
“0032 z 33 E; DO179 ; ;2 37 Boggg I? 500 65
B00B9 : 3 15 by 9 35 3 vo16s 7 4 4
i Do 8 0 1
50092 4 18 2 E0072 3 = 4y PotTt £ 134 55
30092 5 16 25 E0073 P 18 71 :01;2 13 68 51
B0033 gy Boshs o4 +cdgis 194 .t 185 5y
B009%4 L4 ;ﬂ 8 i p 32 68 Fo173 4 115 36
' 3 B0076 12 42 F0220 107 44
g 9 1 16 21
; 3 16 st E0077 16 37 30 Fggaz g 43 57
E003 i 20 15 Foolh1 6 22 37 023 9 11 57
E0Q03 i 20 p-d FOO42 i8 W7 FO 2 6 29 55
E0035 6 26 FOO4 3 9 16 50 Fo22
zoozg 13 # 2; FOOh ] 10
pook7 16 #

Note: # Insufficient sample
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V2 CLAY MINERALS
V.21 Introduction

The analyses on clay minerals have been conducted by the De-
partment of Biochemistry and Soil Science, UniversityCollege
of North Wales, at. Bangor.

The following preliminary report on the clay mineralogy of
the Study Area has been compiled by Dr. D.A. Jenkins of the
above Department.

The analytical programme has involved 87 clay samples ( 2u
esd) from 17 profiles. They have been examined by x-ray dif-
fractometry on Philips equipment (PW 1011/1050/1352) wusing

CuKs (Ni filtered + p.h.s.) generated at 40kV/20mA, a slit
system of 1°9/1 mm/1°, scanning speed of 1° 20/minute and dam-
ping time of 2 seconds. Traces were obtained for pipetted

slides of the following samples:-

(a) untreated (2 to 50° 20);

(b) pretreated plus dithionite/citrate buffer and NaOCl
and subsequently

- saturated +

- saturated + M§+2; treated + ethylene glycol;

- saturated + K

- gatgrated + K*; heated to 300°C, 500°C, 550°C or
QOYCs -

On the basis of the relative peak heights obtained in these
traces, the profiles may be grouped qualitatively according
to their clay mineralogy into the five groups listed below.

(i) Profiles A432, A490, B403, B845, B882, D1034, D1077,
E364, E442, E590, E710 and FL65 :

Preliminary examination of the analyses indicates that these
12 profiles have a fairly similar clay mineralogy. This com-
prises Kaolinite (?) as a major constituent together with

mica, chlorite, vermiculite and inter-stratified (12A°) mat-
erial, In general the vermiculite increases towards the sur-
face at the expense of either chlorite, mica, or both, to be-
come a minor or even a major component. The chlorite is gen-
erally heat unstable and is mostly a minor component although
it is a major component in two profiles (B403 and E710). The
mica varies from a trace toa minor component. Of the other
detected minerals, quartz is mostly a constant minor consti-
tuent, although in one profile (B403) it is concentrated at
the surface, and in another (A432) with depth. Goethite is
present as a trace constituent throughout, incrgggzﬁg__ﬁith
depth in one profile (E710). Lepidocrocite is also a trace
constituent except in B882 and B845 where it is absent; in
three profiles (E364, E590 and E710) it increases with depth.

(ii) Profile C719

This profile bears similarities with those
that kaolinite (?) is a major component and

of group (i) in
mica a minor con-
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stituent concentrated at depth; however, chlorite is absent
and vermiculite increases to become a ma jor component at the
surface. Quartz is also a major component and the profile
is note-worthy in that Lepidocrocite increases in abundance
becoming a major component at the top; a trace of Geothite
is also present.

(iii) Profiles E587 and F390

In these two profiles kaolinite (?) is a major constituent,
but so also is a chlorite (heat stable at depth, becoming un-
stable towards the surface) and irregularly inter-stratified
(12A°) material, whilst mica and vermiculite are absent (ex-
cept for the top 2 cm of F390 where vermiculite is present).
Goethite is a minor component, quartz a trace component, and
lepidocrocite absent.

(iv) Profile C488

This profile is dominated by a well crystalline kaolinite wi-
th minor amounts of vermiculite developing in upper horizons
at the expense of mica; chlorite is absent. uartz is also
a minor component, goethite increases with depth; lepidocro-
cite is a trace constituent.

(v) Profile D089

This profile is distinctive in that it is dominated by a
montmorillonite and vermuculite, with mica, kaolinite (?) and
quartz as minor constituents. Iron oxides are not detectable.

To complete the analytical programme, it is hoped to confirm
the presence and nature of the kaolinite (?) (for example
DMSO treatment) and to seek for such additional minerals as

ibbsite and halloysite. Selected samples (nine) from four
profiles have been subjected to DT analysis on Standata equi-
pment; it is planned to complete similar analyses on samples
from the remaining thirteen profiles.
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APPENDIX VI
SELECTED SOIL PROFILE DESCRIPTIONS

The following profile descriptions of a number of soil fami-
lies, series and family intergrades have been selected because
these profiles had been sampled for certain special reasons
such as soil moisture determinations and other physical and
chemical analyses and are representative of the families,
series and family intergrades discussed in this Report.

Index to profiles described.

Sample Areas Broad Transect Survey Semi-Detailed Survey

B108 A225 B713
B247 A24l B714
B279 A259 B747
B403 A265 B890
c708 A280 B968
C719 B462 D920
c488 B586 D1091
c678 D630 E514
D089 D751 E587
FO71 E638

E710

E726

F376

F367

F368

F606
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Site No.: B108

Map Reference: Sample Area A Line 22/Tape 64

Topography: Upper part of 20 degrees north facing convex
slope

Parent Material: Shale

Soil Family/Series: MERIT/Merit

Vegetation: Logged primary
Drainage: Moderately well

Description for specified depth

0-2 inches

Yellowish brown (10YR 5/4); fine sandy clay loam; moist and
friable; moderate organic matter content; moderate medium
crumb structure; medium pores; abundant medium to fine roots.
Smooth gradual boundary to:

2-10 inches

Yellowish brown (10YR 5/6); clay loam; moist and firm low or-
ganic matter content; moderate medium angular blocky struct-
ure; fine cracks; medium pores; many medium to large roots;
few fine shale fragments. Smooth gradual boundary to:

10-27 inches

Brownish yellow and strong brown (10YR 6/8 to 7.5YR 5/8); ma-
ny medium distinct grey (10YR 5/1) mottles; clay; moist and
firm; low organic matter content; moderate coarse angular

blocky structure; medium cracks; fine pores; many fine and

medium roots; many fine shale fragments. Clear wavy boundary
to:

27-34 inches

Brownish yellow and light brownish grey (10YR 6/6 and 10YR
6/2); many medium prominent red (2.5YR 5/6) mottles; clay;
moist and very firm; few fine roots; many shale fragment. Ab-
rupt wavy boundary to:

34-54 inches

Strongly weathered shale with some manganese and iron origin-
al structures still obvious.

54-62 inches

Very compact partly weathered shale,

: iron and manganese; cla
skins on fragments. . : 4
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CHEMICAL AND MECHANICAL ANALYSES

3o7

Site No. B108
Map Reference Sample Area A Line 22/Tape 64
Soll Family MERIT
Soil Series Merit
| Partical Size Analyses Percent pH oH
I Soil / Water Soil / KCI
g _E 'E g Sand Silt Clay 1: 25 1:285
| A2 §_ 2000 — uoo—]zun- 100 —
. i %0u | 20y | 100y 50 4
16218 } B0028 |I 0-2 ! 0.5 0.8 13.3 2h.4 35 26 §.6 3.7
16219 | Boo29 | 2-10f 0.3 | 0.5 | 10.5 X [ 32 44 5.0 3.9
| | [
16220 Isoosu [10-27| 4.0 | 0.8 | 6.0 11.2 | 24 54 ‘ 5.2 h.o
16221 | BOO31 |27-34| 2.5 ‘ 1.0 2.0 11.5 29 54 ‘ 5.2 4.0
16222 | BO032 |3k-54| 5.3 ‘ 2.3 3.0 10.4 40 89 | 5.4 3.9
| | | ‘
|
Exchangesble Cations Milliequivalents J Percent [ ¢
/ 100g of Sail [ [ A /N
SEEY [ tomi | OO pao
Ca f Mg | Na / K CEC / |  Corbon ’
R L S O ___._I___ i ALY
| | |
0.4 [ 0.9 | 0.2 | 0.3 J 22.1 rl 0.260 |  3.78 14.6
0.1 [ 0.5 i 0.2 0.2 18.5 0. 140 1.46 10.4
! | |
0.1 [ 0.3 r 0.2 | 0.1 17.3 |
' |
0.1 | 0.1 | 0.3 0.2 17.9 |
{ |
0.1 | 0.8 0.3 | 0.2 18.3 ' | |
| ' | |
| BN ST f |
Nutrients : Milligrams / 100g of Soil
Total Available
Pl x| M Ca P L K
27 561 837 h.3 0.3 0.16
17 | 92| 230 1.6 0.2 0.11
17 81| 194 2.1 0.2 0.07
9 | 1th | 2h7 1.1 0.2 0.07
12 B9 | 288 1.1 0.2 0.09




Site No.: B247

Map Reference: Sample Area B Cut Trace Line 14 /Tape 23

Topography: 20 degrees slope facing south

Parent Material: Shale

Soil Family/Series: MERIT/Jakar

Vegetation: Poor primary
Drainage: Moderately well

Description for specified depth

0-5% inches

Yellowish brown (10YR 5/4 to 5/6); loam; moist and friable;
moderate organic matter content; moderate medium subangular
blocky structure; many medium pores; abundant fine and medium
roots. Smooth gradual boundary to:

5%-16 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam to clay loam;
moist and firm; low organic matter content; moderate medium
and coarse subangular blocky structure; few fine cracks; many
medium pores; abundant fine and medium roots. Smooth gradual
boundary to:

16-27 inches

Reddish yellow (7.5YR 6/8); clay to clay loam; moist and firm;
low organic matter content; moderate to strong coarse pris-
matic, and moderate coarse angular blocky structure; many me-
dium cracks; few fine pores; few fine and large roots. Smooth
clear boundary to:

60+ inches

Yellowish red (5YR 5/8); many medium distinct strong brown
and yellow (7.5YR 5/6 and 10YR 7/6) mottles; clay; moist and
very firm; low organic matter content; structureless; abund-
ant iron stained shale fragments.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. B247
Map Reference Sample Area B, Cut Trace Line 14/Tape 23
Soil Family MERIT
Soil Series Jakar
Partical Size Analyses Percent pH pH
i Soil | Water Soil /
E i Sand Sin Clay 1:26 1:28
z § £ | 2000 - 500 — 250 — 100 —
500 p 250 p 100y 50 p
18332 BOOGT 0-5%| Nil 0.3 0.3 16.4 60 23 4.8 3.8
18333 BOO68 |5W-16| 0.3 0.5 0.5 13.7 55 30 4.9 3.9
18334 BOD69 |[16-27| 0.3 0.3 0.5 15.9 47 36 5.1 3.9
18135 BOO70 |27-43| 0.5 0.3 0.3 13.7 bh 41 5.2 k.0
18136 Boo71 |[h3-60| 2.0 0.5 0.5 9.0 1'% 46 5.2 4.0
Exchangeable Cations Milliequivalents Parcent
/ 1009 of Soil CN
Total N ol Rato
Ca Mg Na K CEC Carbon
0.2 0.2 |¢ 0.1 0.1 11.0 0.129 1.81 1h.0
0.2 0.1 (€ 0.1 0.1 10.7 0.074 0.79 10.7
0.3 0.1 |¢ 0.1 0.1 10.3
0.1 [¢ 0.1 ¢ 0.1 0.1 10.4
0.1 [¢ 0.1 [< 0.1 0.1 10.1
Nutrients : Milligrams / 100g of Soil
Totsl Available
P K Mg Ca P K
33 | 116 188 1 0.1 0.09
22 | 120/ .211 3 0.1 0.04
16 | 130| 236 3 Nil 0.03
13 | 1h1] 255 3 Nil 0.04
15 | 161] 274 3 Nil 0.04
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Site No.: B279

Map Reference: Sample Area B, Line 23/Tape 1

Topography: Mid-slope of 27 degrees east facing slope

Parent Material: Shale

Soil Family/Series: MERIT/Merit

Vegetation: Primary forest - logged recently
Drainage: Well drained

Description for specified depth

0-2 inches

Yellowish brown (10YR 5/4); loam; moist and friable; low or-
ganic matter content; weak crumb structure; many pores; abun-
dant large roots; fine faunal activity - ants. Smooth diff-
use boundary to:

2-11 inches

Yellowish brown (10YR 5/6); silt loam; moist and friable; low
organic matter content; weak, medium subangular blocky stru-
cture; abundant fine pores; many roots; fine faunal activity.
Diffuse smooth boundary to:

11-31 inches

Strong brown (7.5YR 5/8); few fine faint pale yellow (2.5Y
7/4) mottles; clay; moist and firm; weak, coarse subangular
blocky structure; many fine pores; many medium roots; medium
faunal activity - ants; silt skin cutans. Clear smooth bou-
ndary to:

31-51 inches

Strong brown to yellowish red (7.5YR 5/8 to 5YR 5/8); many
medium distinct yellow (2.5Y 7/6) mottles; clay; moist and
firm; compact, weak to moderate coarse subangular blocky st-
ructure; few fine pores; few fine roots. Abrupt smooth bou-
ndary to:

51-65 inches

Yellowish red (5YR 5/6); many medium distinct pale yellow
(2.5Y 7/4) mottles; clay, plus many large soft pieces of sh-
ale; moist and firm; weak, coarse subangular blocky structu-
re-compact; few fine roots. Diffuse smooth boundary to:

65-71+ inches
Red plus pale yellow and white (2.5YR 5/6 plus 2.5Y 7/4 and

2.4Y 8/0); clay, plus many soft silty shale fragments; moist

and firm; structureless to weak coarse subangular blocky st-
ructure; few fine roots.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. B279
Map Reference Sample Ares B Line 23/Tape 1
Soil Family MERIT
Soil Series Merit
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
i g‘ Sand Siit Clay 1: 25 1:28
2 g }._., 2000~ | 500~ | 250 | 100—
500 p 250 p 100y 50p
181366 coo72 0-2 2.5 1.0 h.5 26.0 i3 23 k.9 X7
18367 Co073 2-11 0.3 0.5 4.0 9.2 W6 ho 4.9 h.0
18368 coo7h  [11-31 0.3 0.5 3.3 7.9 38 50 5.0 1.9
18369 €0075 |31-51 0.8 1.0 2.8 h.k 38 53 5.2 .o
18370 coo76 [51-65| 12.7 1.3 2.3 5.7 30 48 5.4 b1
18371 €0077 |65-74 4.5 0.5 3.5 8.5 35 48 5.3 h,0
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil S e
Total N Ratio
Ca Mg Na K CEC Carbon
0.7 1.0 0.1 0.3 11.5 0.293 h.74% 16.2
0.1 0.2 |¢o.1 0.1 11.2 0.100 1.11 11.1
0.1 0.1 < 0.1 0.1 10.8
0.1 0,1  |€£0.1 0.1 8.9
0.1 0.1 < 0.1 0.2 11.0
0.2 0.1 [¢0.1 0.2 11.3
Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P ' K
b4 [120 | 198 13 0.2
20 [161 | 258 3 0.1
13 [198 | 302 1 Nil
12 |21h | 314 3 Nil
20 |22hk | 293 1 Nil
16 242 | 298 1 Nil
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Site No.: B403
Map Reference: Sample Area C Cut Trace Line 18/Tape 8

Topography: Site on upper part of north-west facing 20
degrees slope

Parent Material: Sandy shale
Soil Family/Series: BEKENU/Bekenu

Vegetation: Logged primary

Drainage: Moderately well
Description for specified depth
0-% inch

Dark brown (10YR 4/3); organic loam; moist and friable; high
organic matter content; moderate fine crumb structure; large
prominent pores; abundant fine and medium roots; termite ac-
tivity. Smooth abrupt boundary to:

14- 12 inches

Brownish yellow (10YR 6/6); light fine sandy loam; moist and
friable; low organic matter content; weak to moderate medium
angular blocky structure; large prominent pores; abundant me~
dium and large roots; termite activity. Smooth clear bound-
ary to:

12-19% inches

Brownish yellow (10YR 6/8); few medium distinct grey (2.5Y
5/0) mottles; fine to medium sandy clay loam; moist and firm;
low organic matter content; moderate coarse angular blocky

structure; medium and large prominent pores; many medium and
large roots; termite activity. Smooth clear boundary to:

19%-35 inches

Reddish yellow (7.5YR 6/6 to 6/8); few medium distinct grey
(2.5Y 5/0) mottles; fine to medium sandy clay; moist and fi-
rm; low organic matter content; moderate, coarse angular bl-
ocky structure; fine coarse cracks; medium prominent pores;
few fine and medium roots; termite activity. Smooth and cl-
ear boundary to:

35-45% inches

Reddish yellow (5YR 6/8); many medium prominent grey (2.5Y
5/0) mottles; medium sandy clay to clay; moist andvery firm;
low organic matter content; weak to moderate coarse angular
blocky structure; fine coarse cracks; fine and medium promi-
nent pores; few fine and large roots. Smooth gradual bound-
ary to:

45%-61 inches

Light red to reddish yellow (2.5YR 6/8 to 5YR 6/8); many me-
dium prominent grey (2.5Y 5/0) mottles; medium sandy clay to
clay; moist and very firm; low organic matter content; weak
and moderate angular blocky structure; fine coarse éracks-
fine and medium prominent pores. Wavy abrupt boundary to: :

61-69+ inches

Light red to reddish yellow (2.5YR 6/8 to 5YR 6/8)

; . 3 man -
dium prominent grey (2.5Y 5/0) mottles; clay; mois% andyv:§
firm, low organic matter content; fine prominent pores; ab ¥
ndant stones of sandy shale. ! i
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CHEMICAL AND MECHANICAL ANALYSES

Site No. BhO3
Map Reference Sample Area C, Cut Trace Line 18/Tape 8
Soil Family BEKENU
Soil Series Bekenu
Partical Size Analyses Percent pH pH
. Soil | Water Soil / KCI
5 Sand Silt Clay 1:25 1:285
§= 2000~ | 500- | 260- | 100—
500 p 250 100y 50
20193 BOOBY =12 0.3 0.5 17:5 23.7 &3 15 h.7 3.9
20194 BOO90 | 12-19%| 0.4 0.9 19.2 19.5 h2 18 4.8 3.9
20195 BOO91 | 19%-35 0.3 0.5 17.8 18.4 4o 23 5.0 4.0
20196 Bo092 | 35-45%| 0.4 0.6 15.1 18.9 37 28 5.1 4,0
20197 B0093 |45%-61 0.8 0.3 9.8 19.1 7 33 5.1 h.0
20198 BOO94 | 61-69 7.0 1.5 6.5 15.0 37 33 5.4 b1
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil —{ CIN
Total' N . Ratio
Ca Mg Na K CEC Carbon
0.1 0.1 |€ 0.1 0.1 9.3 0.242 1.38 5.7
0.1 0.1 0.1 0.1 9.3 0.113 0.78 6.9
0.1 0.1 (¢ 0.1 |< 0.1 9.0
0.8, |< 0 0.1 0id 8.4
0.2 _|< 0.1 0.1 0.1 8.6
0.2 |< 0.1 0.2 0.1 9.1
Nutrients : Milligrams |/ 100g ol Soil
Total Avsilable
Pl k| ma Ca P L K
23 | 54 61 2 0.1 0.05
17 | 49 64 1 Nil 0.03
14 | 56 70 Nil Nil 0.02
16 | 75 86 Nil 0.1 0.03
23 |104 | 103 Nil Nil 0.04%
31 117 96 Nil Nil 0.05




Site No.: C708

Map Reference: Sample Area C Cut Trace Line 14/Tape 70

Topography: Site on 7 degrees slope facing south-west

Parent Material: Fine sandstone, fine sandy shale

Soil Family/Series: BEKENU/Bekenu

Vegetation: Unlogged primary forest

Drainage: Well drained

Description for specified depth

0-1% inches

Very dark greyish brown (10YR 3/2); loam; moist and friable;
high organic matter content; structureless to weak medium sub-
angular blocky structure; few fine cracks; few fine pores;
abundant medium roots; common faunal activity. Abrupt smooth
boundary to:

1%.-11 inches

Brownish yellow (10YR 6/6); fine sandy loam to fine sandy
clay loam; moist and friable; low organic matter content; mo-
derate coarse subangular blocky and crumb structures; many
medium cracks; abundant medium pores; abundant medium and
large roots; medium faunal activity. Clear smooth boundary
to:

11-20 inches

Reddish yellow (7.5YR 6/3); few fine faint pale yellow (5Y
7/3) mottles; fine sandy clay loam; moist and firm; coarse
moderate subangular blocky structure; abundant medium pores;
abundant medium roots; fine faunal activity. Clear wavy bo-
undary to:

20-38 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam to fine sa-
ndy clay with abundant moderately hard or hard platy reddish
brown (5YR 4/3) gravel and stones; moist and friable; coarse
weak subangular blocky structure; few medium cracks; few fine
pores; many medium roots. Clear wavy boundary to:

38-56 inches
Strong brown (7.5YR 5/6); many fine distinct mottles - grey
(10YR 6/1); fine sandy clay plus abundant soft sandy shale

fragments; moist and firm; massive structure: few fine _
few fine roots; abrupt smooth boundary to: 1 pores;

56+ inches

Strong brown (7.5YR 5/6); firm fine sand.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. c708
Map Reference Sample Area C, Cut Trace Line 14/Tape 70
Soil Family BEKENU
Soil Series Bekenu
Partical Size Analyses Percent pH pH
Soil | Water Soll / KCI
é é g Sand Silt Clay 1: 25 1:26
z g z § S| 2000— | 500- | 260— 100 —
500 p 250 p 100y 50
20216 €0105 | O0-1% 2.0 0.4 1.3 46.3 46 [ h.6 3.4
20217 c0106 |[1%-11 0.3 0.2 1.6 19.9 59 19 h.7 3.7
20218 c0107 |11-20 2.1 0.5 2.1 20.3 ko 26 4.9 3.8
20219 c0108 |20-38 6.4 1.3 3.1 17.2 b3 29 5.2 3.9
20220 €0109 |38-56 1.6 0.5 1.5 15.4 55 26 5.2 3.9
20221 c0110 | 56+ 4.5 2.0 3.4 32.1 h7 11 k.9 3.9
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil N
m Ratio
Total N
Ca Mg Na K CEC Carbon
3.5 1.4 043 0.3 $1.7 0.588 B8.64 1h.7
0.1 0.1 |< 0.1 0.1 10.3 0.084 1.18 14.0
0.1 0.1 |<0.1 0.1 9.0
0.1 0.3 [¢o.t 0.2 9.6
0.1 0.2 |¢<0.1 0.2 10.4
0.2 0.5 |<0.1 0.2 8.8

Nutrients: Milligrams / 100g of Soil
Toul Aveilsble

P | K| Mg o | P K
45 58| 54 130 0.4 0.20
20 78| 61 2 0.1 0.06

Nil Nil 0.07
25 | 110| 78 Nil Nil 0.09
16 | 132| 86 2 Nil 0.11
27 80| 94 7 0.2 0.13
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Site No.: C488

Map Reference: Sungai Karabungan Sample Area Cut Trace Line
BASE LINE A/Tape 78

Topography: Site on gentle hill crest, sloping 2 degrees
east

Parent Material: Shale

Soil Family/Series: KABULOH/Karabungan

Vegetation: Extracted primary forest

Drainage: Imperfect

Description for specified depth

0-2 inches

Brown (10YR 5/3); loam; crumb structure; moist and friable;
abundant fine and medium roots. Clear smooth boundary to:

2-9 inches

Yellowish brown (10YR 5/8); prominent fine and medium pale
yellow to reddish yellow (2.5Y 7/4% to 7.5YR 7/6) mottles;
clay; subangular blocky structure; moist and firm; many fine
and medium roots; few magnesium and calcareous concretions.
Clear wavy boundary to:

9-35 inches

Red (2.5YR 5/6) prominent fine and medium pale yellow to red-
dish yellow (2.5Y 7/4 to 7.5YR 7/6) mottles; clay; subangular
blocky structure; moist and firm; few fine and small roots;
few magnesium and calcareous concretions. Clear boundary to:

35-61 inches

Red (2.5YR 5/6) prominent pale yellow (2.5Y 7/4) mottles;
clay; angular blocky structure; moist and firm; few manganese
and calcareous concretions. Clear and wavy boundary to:

61-73 inches

Yellowish brown (10YR 5/4) prominent medium and coarse white
to yellowish red (10YR 8/1 to 5YR 5/6) mottles; clay; angular
blocky structure; moist and firm; few manganese and calcar-
eous concretions. Clear and irregular boundary to:

73-84 inches

Grey (10YR 6/1); shale; moist and very firm;

few manganese
and calcareous concretions.

Clear and wavy boundary to:
84-90 inches

Grey (10YR 6/1); clayey shalej moist and very firm.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. c4Bs
Map Reference Sungai Karabungan Sample Area Cut Trace BASE LINE A/Tape 78
Soil Family KABULOH
Soil Series Karabungan
Pertical Size Analyses Percent pH 1 pH
Soil | Water Sail / KCI
g E Sand sii Clay 1:28 1:28
g g 2 g £ 2000- | 500~ | 250 | 100 —
500y | 250y | 100m 50p {
16293 E0008 0-2 1.5 1.3 33 24.9 48 23 5.3 k.o
16294 E0009 2-9 2.0 1.0 1.0 10.0 53 33 4.8 3.8
16295 E0010 9-35| 3.0 1.3 1.5 6.2 35 53 5.1 5.0
16296 E0D11 | 35-61| 1.0 0.8 1.3 11.9 37 48 5.4 h.1
16297 gooi2 |61-73| 1.8 1.% 1.5 7.2 38 50 5.3 h.o
16298 E0013 | 73-84| 0.3 0.3 0.5 5.9 38 55 74 6.2
16299 E0014 | B84-90| 0.8 1.0 2.5 77 48 4o 8.5 7.8
|
Exchangeable Cations Milliequivelents Percent
/ 100g of Sol T p: CiN
Total N o Ratio
Ca Mg Na K CEC Carbon
2.4 0.4 0.2 0.2 17.6 0.232 3.55 15.3
0.3 0.1 0.2 0.2 13.7 0.120 1.36 11,9
0.1 {¢0.1 0.2 0.1 12.8
0.3 € 0.1 0.2 0.1 12.5
2.2 0.1 0.2 0.1 12.0
6.5 0.k 0.2 0.1 9.8
16.9 043 0.2 0.1 13.6

Nutrients: Milligrams / 100g of Soil
soo> Feimekid Availstle.

P K Mo Ca K

39| 4o 61 28 0.1 0.07
36 | 49 70 5.9 0.1 0.06
46| By | 109 2.6 Nil 0.07
k2 | 77 B2 3.8 Nil 0.07
36 | 67 72 17 Nil 0.10
31| 56 61 80 0.1 0.15
23| 35 75 5 121 0.2 0.09
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Site No.: (€678 -
Map Reference: Sungai Karabungan Sample Area Cut Trace Line

45/Tape 1
Topography: Site in low rise, mid slope 13 degrees to the
south

Parent Material: Calcareous shale
Soil Family/Series: KABULOH/Tangap

Vegetation: Logged forest
Drainage: Well drained

Description for specified depth
0-1 inch

Dark greyish brown (10YR 4/2); loam; weak fine subangular bl-
ocky structure; moist/dry loose; few cracks; many fine pores;
abundant large roots. Clear wavy boundary to:

1-4 inches

Yellowish brown (10YR 5/4); clay loam to clay; moderate med-
ium subangular blocky structure; few fine cracks; many fine
pores; abundant large roots. Clear smooth boundary to:

4-16 inches

Yellowish red (5YR 5/6); clay moist and firm to very firm;
moderate coarse prismatic structure; few fine cracks; many
medium pores; abundant large roots; patchy cutans on few peds,
some pores. Clear smooth boundary to:

16-27 inches

Yellowish red (5YR 5/6); few fine faint pale yellow brown
(2.5Y 7/4 to 10YR 5/6) mottles; clay; moist and firm; moder-
ate coarse prismatic structure; few fine cracks; many medium
pores; many fine roots; patchycutans on few peds, some pores.
Diffuse wavy boundary to:

27-39 inches

Yellowish red (5YR 5/6); few fine distinct pale yellow (2.5Y
7/%) mottles; clay; moist and firm to very firm; moderate me-
dium angular blocky structure; few fine cracks; few fine por-
es; many fine roots. Clear wavy boundary to:

39-60 inches

Light yellowish brown (2.5Y 6/4); abundant coarse prominent
red (2.5YR 5/6) mottles; clay; moist and firm to very firm;
moderate medium angular blocky structure; few fine cracks;
few fine pores; few fine roots. Diffuse wavy boundary to:

60-75 inches

Light olive grey (5Y 6/2); abundant coarse prominent; yello-
wish brown (10YR 5/6) mottles; clay and weathered shale; mo-
ist and firm to very firm; weak coarse subangular blocky st-

ructure; few fine cracks; few fine pores; few fine roots.
Diffuse wavy boundary to:

75-90 inches

Yellowish brown plus grey (10YR 5/6 Plus 5Y 6/1); clay plus
soft shale; moist firm structureless; few soft manganese fr-
agments; augered beyond 90 inches.
90-110 inches

Grey plus yellowish brown (5Y 6/1 plus 10YR 5/6);
soft shale; moist firm; few soft black manganese c

110+ inches
Dark grey (5Y 4/1); shale (not sampled ).

clay plus
oncretions;
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CHEMICAL AND MECHANICAL ANALYSES

Site No. c678
Map Reference Sungai Karabungan Sample Area Cut Trace Line AS5/Tape 1
Soil Family KABULOH
Soil Series Tangap
Partical Size Analyses Percent PH pH
Soil | Water Soil / KC1
g g ‘g Sand Silt Clay 1:28 1:25
3 g F § £ | 2000~ | 500— | 260 | 100—
500 p 250 4 100y 50 p
16272 cook1 0-1 2.0 2.5 3.0 34.5 ho 18 6.1 5.1
16273 coohz 1-4 0.8 %3 1.8 5.1 48 33 5.1 3.9
16274 C0043 h-16 0.3 0.8 %3 14 .6 35 L8 5.8 3.8
16275 coohkh |16-27 0.5 1.0 1.5 21.0 23 53 5.6 b0
16276 cooks [27-39 0.8 1.3 1.8 15.4 27 56 5.8 b2
Exchangeable Cations Milliequivalents Percent
/ 100g of Seil i
Total N o Ratio
Ca Mg Na K CEC Carbon
7.6 1.4 0.2 0.5 31.9 0.330 7.h0 22.4
34 ot 0.2 0.2 18.9 0.200 h.32 21.6
2.3 0.4 0.2 0.2 20.8
4.3 0.4 0.2 0.1 19.5
8.0 0.6 0.2 0.1 18.8
Nutrients : Milligrams / 100g of Soil
Total Available
Pl x| me Ca 0 i
36 62| 256 200 0.3 0.28
25 81| 328 51 0.1 0.11
13 | 110| 399 20 Nil 0.09
11 | 123| 438 19 Nil 0.09
12 110 428 89 0.1 0.09
]

2

1




Site No.: D089

Map Reference: Sungai Karabungan Cut Trace Line A4/Tape 16

Topography: Undulating

Parent Material: Calcareous shale

Soil Family/Series£ KABULOH/Kabuloh

Vegetation: Logged primary
Drainage: Imperfect to poor

Description for specified depth

0-1% inches

Dark greyish brown (10YR 4/2) fine sandy clay loam; moderate
medium and fine crumb structure; moist and friable; many fine

pores; many fine and medium roots; faunal activity. Smooth
clear boundary to:

1%-5 inches

Olive brown to dark yellowish brown (2.5Y 4/4 +to 10YR 4/4)
clay to clay loam; moderate medium subangular blocky struct-
ure; moist and firm; many fine pores; many fine and medium
roots; faunal activity. Smooth clear boundary to:

5-21 inches

Light olive brown (2.5Y 5/4 to 5/6); many, medium fine brown
(10YR 4/4) mottles; clay, weak coarse angular blocky to weak
coarse prismatic structure; moist very firm; few coarse cra-

cks; few fine pores; few to many fine roots; faunal activity.
Wavy abrupt boundary to:

21+ inches

Solid, grey rather flaggy calcareous very fine sandy shale.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. DoBg
Map Reference Sungai Karabungan Cut Trace Line Al/Tape 16
Soil Family KABULOH
Soil Series Kabuloh
Partical Size Analyses Percent pH pH
¢ Soil /| Water Soil / KCI
e § Sand Silt Clay 1: 26 1:25
g 5 g § = | 2000 - 500 — 250 — 100 —
500 p 250 p 100p 50 p
18311 BOOS5B 0-1%| 0.5 1.0 1.5 12,0 37 48 6.5 7
18312 BOO59 | 1%-5 1.0 1.0 0.8 17.2 47 33 6.1 b9
18313 BOOGO 5-21| 0.5 0.5 0.5 13.5 ho 45 6.2 b.5
Exchangeable Cations Milliequivalents Percent =
/ 100g of Seil 53
Total N Ratio
Ca Mg Na K CEC Carbon
26.6 2.6 0.1 0.5 11.5 0.510 8.12 15.9
21.6 1.8 0.1 042 23.0 0.266 2.67 10.0
24 .4 2.0 0.1 0.2 11.4
Nutrients: Milligrams / 100g of Soil
Total Available
Pl oK | Mg Ca P K
h? | 198 | s32 781 0.3 0.30
31 224 618 hob 0.1 0,11
20 | 291| 789 438 Nil 0.08
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Site No.: A225

Map Reference: Broad Transect Survey, Cut Trace Line
R26/Tape 5

Topography: Site in back swamp of river valley
gr

Parent Material: Alluvium

Soil Family/Series: BIJAT

Vegetation: Young secondary swamp forest

Drainage: Poor

Description for specified depth

3=-0 inch
Humified litter
0-10 inches

Dark brown (10YR 4/3); few fine distinct reddish brown (5YR
5/3) mottles; very fine sandy clay loam; moist and very fri-
able; medium faunal activity; high organic matter content;
moderate medium subangular blocky structure; many medium and
fine cracks; many large pores; abundant medium roots. Clear
wavy boundary to:

10-21 inches

Very dark greyish brown (10YR 3/2); few fine distinct reddish
brown (5YR 5/3) mottles; light clay loam; moist and friable;
high organic matter content; fine faunal activity; weak med-
ium subangular blocky structure; many fine cracks; many fine
pores; many fine roots. Diffuse smooth boundary to:

21-32 inches

Greyish brown (10YR 5/2); few fine distinct reddish brown
(5YR 5/3) mottles; clay loam to clay; moist and firm; low or-
ganic matter content; massive structure; few fine roots, Di-
ffuse smooth boundary to:

32-49 inches

Greyish brown (10YR 5/2); clay; wet and sticky; massive str-
ucture,
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CHEMICAL AND MECHANICAL ANALYSES

Site No. A225
Map Reference Broad Transect Survey, Cut Trace Line R26/Tape 5
Soil Family BIJAT
Soil Series
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
E g _g g‘ Sand Silt - Clay 1: 285 1:25
%, 1 E- § S | 200- | 500— | 280~ | 00—
500 p 250 p 100p 50 p
20125 ADO54 0-10| Ni1l Nil 0.3 25.7 50 24 4.8 i 2
20126 AD055 |[10-21( Ni1 Nil 0.3 17.7 50 32 k.9 3.7
20127 A0056 [21-32| Wil Nil 0.3 20.7 50 29 5.0 3.4
20128 A0D57 [32-49| Ni1 Nil 0.8 20.2 47 32 k.6 3.1
Exchangeable Cations Milliequivalents Percent —[
/ 100g of Soii o
Total N Onpon Ratio
Ca Mg Na K CEC Carbon
0.6 0.5 0.1 0.2 11,6 0.423 h.20 9.9
0.5 0.5 (gl g § 0.1 12.% 0.291 7.72 26.5
0.2 0.5 |< 0.1 0.1 10.5 0.096 1.99 20.7
0.2 0.7 0.1 0.1 9.9 0.055 0.58 10.5
Nutrients: Milligrams / 100g of Soil
Total Available
P | x| mg Co P K
65 110| 129 12 L7 0.14
30 | 107]| 119 11 0.8 0.08
12 110 109 1] 0,2 0.07
8 93| 109 1 0.2 0.05
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Site No.: A244

Map Reference: Broad Transect Survey, Cut Trace Line
R13/Tape 81.5

Topography: Site on upper slope of low hill near flat sum-
mit, facing 3 degrees east

Parent Material: Sandstone

Soil Family/Series: BEKENU/Bekenu

Vegetation: Open poor primary forest

Drainage: Well drained

Description for specified depth

%-0 inch
Leaf litter; high organic matter content.
0-1 inch

Dark yellowish brown (10YR 4/4); light fine sand; moist very
friable; high organic matter content; weak fine crumb struc-
ture; common medium cracks; abundant medium and large roots.
Clear wavy boundary to:

1-8 inches

Yellowish brown (10YR 5/6); light fine sand; moist and fria-
ble; low organic matter content; weak medium subangular blo-
cky structure; common fine to few fine cracks; many fine and
medium pores; many medium and large roots. Diffuse smooth
boundary to:

8-15 inches

Strong brown (7.5YR 5/8); few fine faint yellowish red (5YR
5/6) mottles; fine sandy clay loam; moist and friable; weak
medium subangular blocky structure; common fine to few fine cr-
acks; many fine and medium pores; many fine roots; few coarse
hard sandstone fragments; laterised parent material. Clear
irregular boundary to:

15-32 inches

Strong brown (7.5YR 5/8); many fine distinct yellowish red
(5YR 5/6) mottles; very fine sandy clay; moist and firm, mo-
derate medium subangular blocky structure; few fine cracks:
few fine roots; abundant large hard and soft laterised sandl
stone fragments; hard laterised sandstone from 32 inches.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. A2kh
Map Reference Broad Transect Survey, Cut Trace Line R1)/Tape 81.5
Soil Family BEKENU
Soil Series Bekenu
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
g %‘ Sand Silt Clay :25 1:25
3 gg §= 2000— | 50— | 250— | 100—
' ! 500 p 250 p 100y 50
21677 A0058 1-8 1.0 2.0 17.0 23.0 39 18 4.5 3.7
21678 A0059 8=18| 2.7 1.5 18.3 20.5 31 26 5.4 b1
21679 A0060 |15-32| 22.8 4.8 10.3 9.1 20 33 5.6 h.3
Exchangeable Cations Milliequivalents Percent ool
/ 100g of Soil RO . S A
nic i
Total N oo Retio
Ca Mg Na K CEC Carbon
Nil 0.2 |< 0.1 0.1 1h.1 0,150 3.48 23.2
Nid | [0l ¢ 0.3 0.1 7.9 0.032 0.56 17.5
Nil Nil  |€ 0.1 0.1 10.2
Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
47 58 70 1 Nil 0.08
28 | 75 96 Nil 0.1 0.07
65 | 68 By Nil 0.2 0.06
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Site No.: A259

Map Reference: Broad Transect Survey, Cut Trace Line
R12/Tape 14

Topography: Site in very gently undulating terrace, slope 4
degrees west

Parent Material: Older alluvium

Soil Family/Series: MALANG

Vegetation: Mixed, heath-type and poor Dipterocarp primary
Drainage: Moderately well

Description for specified depth

1-0 inch
Leaf litter
0-2 inches

Dark yellowish brown (10YR 3/4); loamy fine sand; moist and
very friable; high organic matter content; structureless;ab-
undant fine roots. Abrupt smooth boundary to:

2-18 inches

Light grey (10YR 7/2); many coarse distinct greyish brown
(10YR 5/2) mottles; and humus staining; fine sand; moist and
loose; low organic matter content; structureless; few fine
pores; many fine and medium roots. Clear wavy boundary to:

18-28 inches

Dark brown (10YR 4/3); many coarse prominent mottles - mode-
rately cemented; few medium pores; few fine roots. Diffuse
smooth boundary to:

28-39 inches

Dark yellowish brown to dark brown (10YR to 7.5YR 4/4); many
coarse prominent dark brown (7.5YR 3/2) mottles; fine sand:
moist and slightly hard; high organic matter content; struc:
tureless - slightly cemented. Diffuse smooth boundary to:

39-59 inches

Dark brown (10YR 4/3); fine sand; moist and hard; low organic
matter content; structureless - moderately cemented.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. A259
Map Reference Broad Transect Survey, Cut Trace Line R12/Tape 14
Soil Family MALANG
Soil Series
Partical Size Analyses Percent pH pH
Soil | Water Sail / KCI
g é g Sand Silt Clay 1: 26 1:286
z g z § = | 2000 — 500 — 250 — 100 —
500 250 100y 50p
21680 A00B61 0-2 1.0 8.3 35.3 35.4 17 3 h.9 » 1%
21681 A0062 2-18| 0.3 3.3 38.8 26.6 25 6 5.5 b4
21682 A0063 [18-28| 0.3 0.5 35.3 27.9 23 13 5.4 k.5
21683 AO064 [28-39| 0.3 1.0 4o.8 24,9 12 21 5.4 k.6
21684 AD065 |39-59| 0.3 14.3 47.0 10. 4 12 16 5.6 4.7
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil et T
Total N “ Rutio
Ca Mg Na K CEC Carbon
0.2 0:7 | 0.1 0.2 17.0 0.158 6.50 41.1
Nil Nil (< 0.1 Nil 11.5 0.031 0.25 8.1
0.1 Nil < 0.1 Nil 18.0
Nil Nil < 0.1 Nil 14.5
Nil Nil (< 0.1 Nil 9.9
Nutrients: Milligrams | 100g ol Soil
Total Available
Pl x| mg Ca B o
27 15 | 20 6 0.6 0.21
8 2 2 Nil 0.1 0.01
107 | 12| 12 Nil 0.6 0,01
55 | 1| 44 Nil 0.2 -
ki | ko | 32 Nil 0.2 0.01
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Site No.: A265

Map Reference: Broad Transect Survey, Cut Trace Line

R39/Tape 66

Topography: Site in flat, level river valley

Parent Material: River alluvium

Soil Family/Series: BEMANG-PAKAN Family Intergrade

Vegetation: Grasses
Drainage: Imperfect

Description for specified depth

0-6 inches

Dark yellowish brown (10YR 4/4); few fine distinct yellowish
red (5YR 5/6) mottles; very fine sandy loam; moist and fria-
ble; high organic matter content; strong fine subangular bl-
ocky structure; medium faunal activity; many fine cracks;
abundant fine and medium pores; abundant medium roots;

6-16 inches

Pale brown (10YR 6/3); many fine distinct yellowish red (5YR
5/6) mottles; very fine sandy clay and loam; moist and fria-
ble; structureless; weak medium subangular blocky structure;
many medium cracks; many fine pores; many fine and medium

roots;

16-23 inches

Light brownish grey (10YR 6/1); many mediumdistinct yellowish

red (5YR 5/6) mottles; very fine sandy clay and loam; wet and
sticky;

23-32 inches

Grey (10YR 6/1); few fine distinct yellowish red (5YR 5/6)
mottles; fine loamy sand; wet and slightly sticky.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. A265
Map Reference Broad Transect Survey, Cut Trace Line R39/Tape 66 .
Soil Family BEMANG-PAKAN Family Intergrade
Soil Series
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
§ 3 ! g‘ Sand Silt Clay 1: 285 1:25
3 g =§ E £ | 2000~ | 500- | 250— | 100—
500 p 250 4 100p 50 p
21690 ADO7 1 0-6 Nil 0.5 h.8 23.7 45 26 4.9 3.9
21691 A0072 6-16| Nil 0.3 7:3 19.4 37 36 59 4.0
21692 A0073 | 16-23| 0.3 0.3 16.8 26.6 33 23 5.4 4.0
21693 A0074 | 23-32] wi1 0.5 26.5 32.0 25 16 5.6 4.1
Exchangeable Cations Milliequivalents Percont
/ 100g of Soil /N
Total N gorhe Ratlo
Ca Mg Na K CEC Carbon
0.7 6.3 [€ 01 0.2 15.5 0.217 2.0h 9.4
0.2 0.1 [< 0.1 0.1 11.0 0.087 0.85 9.8
0.1 0.1, |< 0.1 0.1 5.8
0.1 0.1 <0 0.1 3.4
Nutrients : Milligrams / 100g of Soil
Totsl Available
P K Mg Ca P K
59 | 80 82 17 0.7 0.11
30 112 98 3 0.2 0.03
16 | 70 64 1 0.2 0.03
14 | 49 43 Nil 0.3 0.03




Site No.: B#462

Map Reference: Broad Transect Survey Cut Trace Line
R19/Tape 11

Topography: Middle of 10 degrees north facing slope

Parent Material: Very fine sandy shale

Soil Family/Series: MERIT/Jakar

Vegetation: Heavily logged primary
Drainage: Moderately well

Description for specified depth

0-5 inches

Brownish yellow (10YR 6/6); loam; slightly moist and friable;
low; organic matter content; moderate medium subangular blo-
cky structure; abundant pores; abundant fine and large roots.
Smooth clear boundary to:

5-15 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam to fine sandy
clay; slightly moist and very firm; low organic matter cont-
ent; moderate to strong coarse subangular blocky structure;
abundant pores; many to abundant medium and large roots.
Smooth abrupt boundary to:

15-21 inches

Reddish yellow (7.5YR 6/6); fine sandy clay; slightly moist
and very firm; low organic matter content; weak to moderate
medium angular blocky structure; few pores; few medium and

large roots; many iron concretions. Smooth abrupt boundary
to:!

21-54 inches

Very compact grey (2.5Y 6/1); very fine sandy shale with red-
dish yellow (5YR 6/8); clay containing iron concretions in
thin bands.

334



CHEMICAL AND MECHANICAL ANALYSES

Site No. Bhb2 .
Map Reference Proad Transect Survey Cut Trace Line R19/Tape 11
Soil Family MERIT
Soil Series Jakar
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
E 'E § g Sand Sit Clay 1:'25 1728
‘gg ag §a 2000 - | 500 | 250~ | 100—
500 p 250 p 100y 50 p
20082 BO114 0-5 0.5 0.5 1.8 18.2 53 26 4.6 3.6
20083 BO115 5-15 0.8 0.5 1.5 13.2 b6 38 4.8 3.7
20084 BO116 | 15-21 7.3 0.8 3.8 12.1 38 41 5.1 3.8
20085 | BO117 |21-54| 7.8 0.8 4.5 4.9 16 46 5.3 3.9
Exchangeable Cations Milliequivalents Percent .
) 100g of Soi ™
Total N o Ratio
Ca Mg Na K CEC Carbon
0.2 0.2 |¢ 0.1 0.1 11.1 0.092 1.21 13.2
0.1 0.1 je Bit 0.1 11.0 0.084 0.54 6.4
1 0.3 |¢c0.1  |< Oul 0.1 10.9
0.1 |<0.1" [< 0,1 0.1 11.7
Nutrients : Milligrams / 100g of Soil
Totsl Available
P K Mg Ca P K
20 85| 105 13 0.1 0,08
1% | 110| 1tho 1 ' Nil 0.05
27 135 154 1 0.1 0.05
23 | 182 | 176 2 0.1 0.08
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Site No.: B586

Map Reference: Broad Transect Survey, Cut Trace Line
R47/Tape 181.5

Topography: Site in upper part of 13 degrees north-east
facing slope

Parent Material: Sandstone

Soil Family/Series: BEKENU/Bekenu

Vegetation: Six year secondary
Drainage: Well drained

Description for specified depth

0-4 inches

Black (10YR 2/1); organic fine sandy loam; moist and very
friable; very high organic matter content; weak fine crumb
structure; abundant fine and large roots. Smooth abrupt bo-
undary to:

4-12 inches

Yellowish brown (10YR 5/6); light fine sandy loam; moist and
friable; moderate to low organic matter content; weak medium
angular blocky structure; abundant pores; many fine and med-
ium roots. Smooth and clear boundary to:

12-20 inches

Brownish yellow (10YR 6/6); very fine sandy loam; moist and
friable; low organic matter content; weak to moderate medium
subangular blocky structure; abundant pores; many fine and
medium roots. Smooth merging boundary to:

20-32 inches

Brownish yellow (10YR 6/8); light loam; moist and firm; low
organic matter content; moderate medium subangular blocky

structure; many pores; many fine and medium roots. Smooth
abrupt boundary to:

32-43 inches

Brownish yellow (10YR 6/8); fine clay loam; moist and
firm; low organic matter content; structureless
rare fine roots; abundant iron concretion.
ndary to:

very
i many pores;
Wavy abrupt bou-

43-59 inches

Mainly iron concretions; some very fine sandst
one fragm
and small pockets of clay loam as in above horizon. g
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CHEMICAL AND MECHANICAL ANALYSES

Site No. B586
Map Reference Broad Tramsect Survey, Cut Trace Line R47/Tape 181:.5
Soil Family BEKENU
Soil Series Bekenu
Partical Size Analyses Percent pH pH
- Soil /| Water Soil / KCI
E‘E g e Sand Silt Clay 1:25 1:28
S: ; - gé 2000 ~ 500 — 260 — 100 —
500 p 260 p 100p 50p
21733 BO146 0-4 0.3 0.5 1.5 71.7 18 8 6.1 &.9
21734 BO147 h-12 0.3 0.8 6.8 k1.1 35 16 5.5 h.0
21735 BO148 12-20 Nil 0.3 6.5 39.2 36 18 5.5 k.0
21736 BO149 |20-32 0.3 0.5 7.0 36.2 30 26 5.6 b1
Exchangeable Cations Milliequivalents Percent i
/ 100g of Soil _ /N
Total N . Ratio
Ca Mg Na K CEC Carbon
7.3 2.4 |< 0.1 0.5 33.9 0.328 B.14 24.8
0.4 0.2 |< 0.1 0.1 10.6 0.096 1.68 17.5
0Lt & o [¢0.1 0.1 7.3
0.4 0.1 |€0.1 |€ 02 6.7
Nutrients: Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
53 | b4 59 176 0.2 0.47
36 | 37 53 8 0.5 0.08
23 | 39 59 1 0.2 0.04
17 | 49 73 7 0.2 0.02
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Site No.: D630

Map Reference: Broad Transect Survey, Cut Trace Line
R9A/Tape 17

Topography: Site near ridge top with 20 to 40 degrees north
west facing slope

Parent Material: Sandstone

Soil Family/Series: NYALAU/Nyalau

Vegetation: Moderate to good primary
Drainage: Well drained

Description for specified depth

0-% inch

Very dark greyish brown (10YR 3/2); light sand; slightly mo-
ist, very friable; high organic matter content; moderate cr-
umb structure; abundant pores; abundant fine and large expo-
sed roots. Smooth abrupt boundary to:

14£-2% inches

Yellowish brown (10YR 5/8); light sandy loam; moist and fri-
able; low organic matter content; moderate coarse angular
blocky structure; abundant pores; many fine and medium roots.
Smooth gradual boundary to:

21%-10 inches

Brownish yellow (10YR 6/8); light sandy loam; moist and fri-
able; low organic matter content; moderate coarse angular
blocky structure; abundant pores; many fine and medium roots.
Smooth gradual boundary to:

10-23 inches

Brownish yellow (10YR 6/8); sandy loam to sandy clay loam;
moist and friable; low organic matter content; weak to mode-
rate coarse angular blocky structure; abundant pores; many
fine and medium roots. Smooth merging boundary to:

23-39 inches

Reddish yellow (7.5YR 6/6); sandy loam; moist and firm to
moist and friable; low organic matter content; weak coarse

angular blocky structure; many pores; many medium and large
roots. Smooth merging boundary to:

39-58 inches
Reddish yellow (7.5YR 6/6); sandy clay loam; moist and firm;

low organic matter content; structureless to weak coarse an-
gular blocky structure; many pores; few medium roots.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. D630
Map Reference Broad Transect Survey, Cut Trace Line R9A/Tape 17
Soil Family NYALAU
Soil Series Nyalau
Partical Size Analyses Percent pH pH
Soil / Water Sl / KCI
Eg é "g‘ Sand Siit Clay 1:25 1:25
g 3z E Z § £ | 2000 - 500 — 250 — 100 —
500 p 250 p 100y S0p
20077 BO109 %-2%{ 0.5 2.8 h4.8 18.9 17 16 4.7 4.0
20078 BO110 |2%-10| Nil 1.8 b4, 12.9 18 23 h.8 .2
20079 BO111 10-23| Nil 1.8 h3.5 13.7 15 26 5.1 4.2
20080 BO112 |23-39| Nil 2.0 ha.5 14.5 15 26 4.7 3.9
20081 B0113 |39-58] Ni1 2.0 41.8 15.2 15 26 4.8 3.7
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil CiN
Total N - Ratio
Ca Mg Na K CEC Carbon
0.1 0.1 0.1 0.1 10.0 0.143 1.93 13.5
0.1 |< 0.1 1C01 0.1 ey 0.066 0.68 10.3
0.1 |< 0.1 [< 0.1 |¢ 0.1
0v2 K 0.1 "< 0,1 |% 0.1 6.6
Os1 < 0,4 Nil Jd< 0.1 5.9
Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P
30 31 48 3 0.3
17 29 51 4 0.1
10 37 68 & 0,1
7 Il 75 1 0.1
7 51 78 1 Nil
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Site No.: D751

Map Reference: Broad Transect Survey, Cut Trace Line
R50/Tape 113

Topography: Site on upper part of 6 degrees north-east
facing slope

Parent Material: 01ld alluvium

Soil Family/Series: BEKENU/Tukau

Vegetation: Primary forest, Engkabang, Belian, Keruin etc.
Drainage: Moderately well

Description for specified depth

0-2 inches

Dark yellowish brown (10YR 3/4); fine sandy loam; moist and
friable; high organic matter content; weak medium crumb str-
ucture; large pores; abundant medium and large roots; medium
faunal activity. Clear smooth boundary to:

2-12 inches

Yellowish brown (10YR 5/4); few fine distinct pale yellow

(2.5Y 7/4) mottles; fine sandy loam; moist and friable; low
organic matter content; weak medium angular blocky structure;
medium pores; many medium and large roots; fine faunal acti-
vity. Clear wavy boundary to:

12-25 inches

Brownish yellow (10YR 6/6); few fine distinct pale yellow
(2.5Y 7/4) mottles; fine sandy loam; moist and friable; low
organic matter content; structureless to weak medium angular
blocky structure; medium pores; few fine roots. Clear wavy
boundary to:

25-44 inches

Pale yellow (2.5Y 7/4); few fine distinct 1light grey (5YR
7/1) mottles; fine sandy loam; moist and friable; low organic
matter content; structureless to weak angular blocky struct-
urej medium pores; few fine roots. Clear wavy boundary to:

4L -76 inches

Pale yellow (2.5Y 7/4); few fine distinct 1light grey (5YR
7/1) mottles; fine sandy loam; moist and friable; low organic

matter content; structureless to weak angular blocky struct-
ure; medium pores; few fine roots.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. D751
Map Reference Broad Transect Survey, Cut Trace Line R50/Tape 113
Soil Family BEKENU
Soil Series Tukau
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
%‘ Sand Sin Clay 1: 28 1:28
g gg §= 2000 — | 500— | 250— | 100—
500 p 250 p 100p 50 p
21771 DO096 0-2 1.0 6.8 12.8 32,4 28 19 k.5 3.5
21772 Do097 2-12 0.3 0.5 27.0 jo.R 31 11 5.4 4.3
21773 D009%8 12-25 Nil 0.8 24.8 30.4 31 11 5.1 k.o
21774 po099 | 25-44 Nil 0.5 22.0 33.5 30 14 5.5 .3
21775 DO100 |4h-76 Nil 0.8 34.8 30.4 25 9 5.5 5.3
Exchangeable Cations Milliequivalents Percent 2
/ 100g of Soil /
Total N 9 Ratio
Ca Mg Na K CEC Carbon
0.1 0.3 |¢ 0.1 0.2 18.2 0.299 5.26 17.6
Nil | 5 P T P o Y 4.0 0.029 0.40 13.8
Nil Nil [< 0.1 .|< 0.1 10.0
Nil Nil <D.1 |< 0.1 3.6
Nil Nl C ¢ @il |g0v1 2,2 |
Nutrients : Milligrams / 100g of Soil
Total Available
P | K| Mg Ca P K
49 . 39 48 ] 1.8 0.13
12 Jjo 43 Nil 0.3 0.01
10 | 31 43 Nil 0.2 0.01
5 | 41 48 Nil - 0.01
3| 5 36 Nil - 0.01
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Site No.: FO71

Map Reference: Broad Transect Survey Cut Trace Line
R6/Tape 14

Topography: At foot of 18 degrees slope facing west

Parent Material: Sandstone
Soil Family/Series: BEKENU/Bekenu

Vegetation: Primary forest
Drainage: Well drained
Description for specified depth
0-2 inches

Brown (10YR 5/3); fine sandy loam; moist and very friable;
moderate organic matter content; weak fine crumb structure;
many fine roots. Abrupt smooth boundary to:

2-8 inches

Yellowish brown (10YR 5/6); few fine faint reddish yellow

(7.5YR 6/6) mottles; fine sandy clay loam; moist and friable;
low organic matter content; weak fine crumb structure; few

fine cracks; few fine pores; many large roots. Abrupt smooth
boundary to:

8-18 inches

Yellowish brown (10YR 5/8); few fine faint reddish yellow and
pale yellow (7.5YR 6/6 and 2.5Y 7/4) mottles; fine sandy clay
loam; moist and friable; low organic matter content; moderate
medium subangular blocky structure; few fine cracksj few fine
pores; many large roots. Abrupt smooth boundary to:

18-29 inches

Yellowish brown (10YR 5/8); few fine faint reddish yellow and
pale yellow (7.5YR 6/6 and 2.5Y 7/4) mottles; fine sandy clay
loam; moist and friable; low organic matter content; moderate
medium subangular blocky structure; few medium cracks; few

medium roots. Clear smooth boundary to:

29-44 inches

Reddish yellow (7.5YR 6/8); many fine distinct red (2.5YR 5/6)
mottles; very fine sandy clay; moist and firm; moderate med-
ium subangular blocky structure; few medium cracks; few fine
and medium roots. Abrupt smooth boundary to:

44 -66 inches

Reddish yellow (7.5YR 6/8); many fine distinct red and yellow
(2.5YR 5/6 and 10YR 7/6) mottles; clay; moist and firm; mod-
erate medium angular blocky structure; few mediumcracks; few
medi:m roots; few medium concretions. Abrupt smooth bound-
ary to:

66-72 inches
Reddish yellow (7.5YR 6/8); many fine distinct yellow (10YR
7/6) mottles; clay; moist and firm; moderate medium angular

blocky structure; few fine and medium roots; few fine concre-
tions and weathered sandstone fragments.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. FO71
Map Reference PBroad Transect Survey Cut Trace Line R6/Tape 14
Soil Family BEKENU
Soil Series Bekenu
] Partical Size Analyses Percent pH pH
: Soil | Water Soil / KCI
E é g‘ 4 Sand i Silt _Chy__ 1: 25 1:25
-} g 2 § £ | 200~ | 500~ | 260~ | 100—
500 250 p 100p 50p
20109 FO006 0-2 0.3 2.3 11.8 37.6 4o 8 LT 3.5
20110 FO007 2-8 Nil 0.3 1.0 ! 36.7 46 16 h.5 3.7
20111 F0008 8-18 Nil 0.5 9.0 | 28.5 b3 19 h.6 3.8
20112 FO009 |18-29 0.3 0.3 7.5 29.9 38 24 4.9 3.9
20113 FO010 |29-44 0.3 0.3 6.5 28.9 o 29 5.0 3.9
20114 FOO11 |44-66 Nil 0.3 6.8 25.9 36 31 5.0 4.0
20115 Foo12 |66-72 0.5 0.5 b.3 877 41 26 5.2 k.0
Exchangeable Cations Milliequivalents Percent e
i Totsl N e Ratio
Ca Mg Na K CEC Carbon
0.3 0.9 |[< 0.1 0.4 11.0 0.299 k.07 13.6
0.1 0.1 Nil 0.1 9.2 0.071 0.94 13.2
0.2 0.1 Nil [< 0.1 8.5
0.1 |< 0.1 Nil 0.1 8.5
0.2 [<0.1 Nil 0.1 8.4
0.1 [¢ 0.1 Nil 0.1 8.3
0.2 |€0.1 Nil 0.1 8.4
Nutrients : Milligrams / 100g of Soil
Total Avsilable
P K Mg Ca P K
38 | 49 53 10 0.8 0.15
19 | 44 59 2 0.2 0.05
13 | 46 59 3 0.1 0.03
1k | 54 70 1 Nil 0.0k
13| 75 86 1 Nil 0.04
13 | 78 Bl 2 Nil 0.06
14| 91 82 2 Nil 0.08
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Site No.: B713

Map Reference: Sungai Sawai DP4Y north/Tape 21

Topography: Gently sloping low hill less than 10 feet,
upper slope 11 degrees

Parent Material: Shale

Soil Family/Series: MERIT/Jakar

Vegetation: Young secondary growth
Drainage: Well drained

Description for specified depth

0-5 inches

Brownish yellow (10YR 6/6); many medium faint grey (5YR 5/1)
mottles; fine sandy clay loam; moist and firm; low organic
matter content; moderate medium subangular blocky structure;
many fine pores; abundant fine and medium roots; much faunal
activity. Smooth clear boundary to:

5-13 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam to fine sandy
clay; moist and firm; much faunal activity; moderate coarse
subangular blocky structure; coarse fine cracks; many fine
pores; many fine roots; few charcoal fragments. Smooth clear
boundary to:

13-31 inches

Strong brown (7.5YR 5/8); many coarse faint pale yellow (2.5Y
7/%) mottles; clay; moist and very firm; fine faunal activi-
ty; weak coarse prismatic and moderate coarse angular blocky
structure; coarse medium cracks; few fine pores; few fine
roots. Abrupt wavy boundary to:

31-52 inches

Yellowish red plus strong brown (5YR 5/8 plus 7.5YR 5/8); ma-
ny medium distinct pale yellow (2.5Y 7/4) mottles; clay; mo-
ist and very firm; weak coarse angular blocky structure; co-
arse fine cracks; few fine pores; few fine roots in top; mo-
derate medium laterised parent material; many concretioﬁs.
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CHEMICAL AND MECHANICAL ANALYSES
Site No. B713
Map Refersnce Sungai Sawai DP&4 north/Tape 21
Soil Family MERIT
Soil Series Jakar
Partical Size Analyses Parcent pH pH
Soil / Water Soil / KCI
g‘ Sand Silt Clay 1: 25 1:25
g 3 g 3_, 2000~ | 500— | 260— | 100—
500 p 250 100y s0p
22610 BO161 0-5 0.5 0.5 11.8 25.2 37 25 5.0 4.0
22611 BO162 5-13 2.5 0.8 10.8 20.9 32 33 5.2 4.0
22612 B0163 |13-31 0.5 0.5 10.5 21.5 32 35 5.3 h.1
22613 BO164 |31-52 6.0 1.5 5.8 16.7 27 43 5.5 b2
Exchangeable Cations Milliequivalents Percent 4
/ 100g of Soil )
Organic Ratio
Total N
Ca Mg Na CEC Carbon
<0.1 (< 0.1 0.1 0.1 15.3 0.090 0.829 9.211
<0.1 (¢ 0.1 0.1 0.1 9.4 0.062 0,452 7.290
0.1 [¢ 0.1 0.1 [< 0.1 6.7
<0s1. 1€ Q.1 0.1 0.1 10.8
Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
11 ; T 1 0.2 0.03
5 9 8 1 0.1 0.02
6 8 8 1 Nil 0.02
13 14 12 Nil Nil 0.03




Site No.: B714

Map Reference: Sungai Sawai Cut Trace Line 33 north/Tape 32

Topography: 14 degrees mid-slope of low hill

Parent Material: Silty shale

Soil Family/Series: MERIT/Jakar

Vegetation: Secondary
Drainage: Moderately well

Description for specified depth

0-4 inches

Light yellowish brown (10YR 6/4) many medium prominent light
red (2.5YR 6/6) mottles; fine sandy clay loam; moist and firm;
low organic matter content, moderate medium subangular blocky
structure; many pores; abundant fine and large roots; medium
faunal activity. Smooth clear boundary to:

11-24 inches

Reddish yellow (5YR 6/8); many coarse distinct yellow (2.5Y
7/6) mottles; clay; moist and very firm; low organic matter
content; weak coarse prismatic and weak to moderate coarse
angular blocky structure coarse medium cracks; few pores; few
fine roots; few iron concretions; fine faunal activity, stone
line at bottom of horizon. Smooth abrupt boundary to:

24-35 inches

Reddish yellow (7.5YR 6/6); clay; moist and very firm; low
organic matter content; weak coarse angular blocky structure;
few pores; rare fine roots; many iron concretions; abundant
shale fragments. Smooth abrupt boundary to:

35-61+ inches

Compact, light grey silty shale.
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Nutrients: Milligrams / 100g of Soil
Total Available
P | K Mg Ca P K
18 | 14 16 1 0.3 0.07
18 | 16 16 1 0.1 0.05
16 | 22 23 1 Nil 0.08
11 |47 37 1 Nil 0.12

3h7

CHEMICAL AND MECHANICAL ANALYSES
Site No, B714
Map Refersnce Sungai Sawai Cut Trace Line 33 north/Tape 32
Soil Family MERIT
Soil Series Jakar
Partical Size Analyses Percent pH pH
4 S Soil /| Water Soil / KCi
8 E g Sand Silt Clay 1:25 1:25
5 2 g g j = | 2000 - 500 — 250 — 100 —
500 p 250 p 100 50y
22614 BO165 o=k 1.8 2.0 19.5 11.7 35 30 4.8 k.0
22615 BO166 h-11 75 2.3 13.8 6.4 27 43 5.2 §.0
22616 BO167 11-24 k.3 1.5 6.0 5.2 28 55 5.4 4.2
22617 BO168 |24-35 2.5 1.3 2.8 0.4 38 55 5.5 4.1
Exchangeable Cations Milliequivalents Percent L
/ 100g of Soil = ¢/
Total N ¢ Ratlo

Ca Mg Na K CEC Carbon

0.1 0.2 0.1 0.1 9.4 0.132 0.583 h.417

0.1 0.1 0.1 0.1 12.6 0.073 0.564 7.726

0.1 0.1 0.1 0.1 15.6

< 0.1 0.1 0.1 0.2 17.2




Site No.: B747

Map Reference: Sungai Sawai Cut Trace Line 80/Tape 60

Topography: Mid-slope of 25 degrees north-east facing slope

Parent Material: Sandstone (7 )

Soil Family/Series: MERIT/Jakar

Vegetation: Logged primary

Drainage: Moderately well

Description for specified depth

0-3 inches

Yellowish brown (10YR 5/4 to 5/6); loam; moist and friable;
moderate organic matter content; moderate, medium and fine
subangular blocky structure; abundant pores; abundant fine
and medium roots. Smooth clear boundary to:

3-14 inches

Reddish yellow (7.5YR 6/6); heavy clay loam; moist and firm;
low organic matter content; moderate medium subangular blocky

structure; many pores; many fine and medium roots. Smooth
clear boundary to:

14-24 inches

Strong brown (7.5YR 5/8); clay; moist and firm; low organic
content; moderate to strong coarse subangular blocky struct-
ure; few to many pores; few fine and large roots; few fine
sandstone fragments. Smooth clear boundary to:

24-33 inches

Yellowish red (5YR 5/8); heavy clay; moist and very firm; low
organic matter content; moderate, coarse angular blocky str-
ucture; few to many pores; rare fine roots; many fine sand-
stone fragments. Smooth clear boundary to:

33+ inches

Fine grained sandstone with pockets of yellowish red (5YR
5/8), clay.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. B747
Map Reference Sungai Sawai Cut Trace Line 80/Tape 60
Soil Family MERIT
Solil Series Jakar
Partical Size Analyses Percent pH pH
3 Soil | Water Soil / KCI
_é ig g Sand Silt Clay 1: 25 1:25
i g Az g‘_, 2000 — 500 — 250 — 100 —
500 p 250 100p 50
22631 | Bo182 0-3 1.8 1.3 8.8 b 37 38 4.3 3.9
22632 BO183 3-14 9.5 143 8.5 9.7 34 43 4.6 .0
22633 BO184 | 1h4-24 750 1.8 g21.3 [ #\ 6.6 25 48 5.0 | .o
226734 B0185  |24-33 5.0 135 6.3 6.8 25 55 5.2 b1
Exchangeable Cations Milliequivalents Percent &
/ 100g of Soil r
Total N P Ratio
Ca Mg Na K CEC Carbon
0.1 0.1 0.1 0.2 20.0 0.225 1.137 5.053
0.1 |< 0.1 0.1 0.1 16.8 0. 126 1,039 8,246
<0ty le 0 0.1 0.1 b4
¢0:1 604 0.1 0.1 144
Nutrients : Milligrams | 100g of Soil
Total Available
P K Mg Ca P K
25 | 18 16 2 0.3 0.06
21 | 17 15 1 0.1 0:09
20 | 17 13 Nil 0.1 0.06
16 | 19 13 1 Nil 0.07
|
v i
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Site No.: B890

Map Reference: Sungai Sebubok DP89 north/Tape 68

Topography: Near crest of 26 degrees west facing slope

Parent Material: Shale

Soil Family/Series: MERIT/Merit

Vegetation: Logged primary forest
Drainage: Moderately well

Description for specified depth

0-6 inches

Light yellowish brown (10YR 6/4); clay loam (heavy); moist

and firm; low organic matter content; moderate, medium suban-
gular blocky structure; many pores; abundant roots; medium

faunal activity; 20 per cent shale fragments. Smooth clear
boundary to:

6-20 inches

Brownish yellow (10YR 6/6); clay; moist and very firm; weak
to moderate medium subangular blocky structure; fine coarse
cracks; few pores; many roots; fine faunal activity; 40 per
cent shale fragments. Clear irregular boundary to:

20~50 inches
Light yellowish brown (10YR 6/4); clay, moist and firm; str-

uctureless; fine to medium coarse cracks; few pores; few ro-
ots; 75 per cent shale fragments. Smooth clear boundary to:

50-61 inches

Mainly grey silty shale; many large coarse stones showing
onion-skin weathering.
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CHEMICAL AND MECHANICAL ANALYSES
Site No. Bégo
Map Reference Sungai Sebubok DP89 north/Tape 68
Soil Family MERIT
Soll Series Merit
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
e 'E é %‘ Sand Silt Clay 1: 25 1:25
5z @z 3 = | 2000 - 500 — 250 — 100 —
500 p 250 p 100p 50p
23906 Boz4h | 0-6 h 1.4 1.4 5.8 33 50 4.9 k.0
23907 BO245 | 6-20 3.9 0.8 0.7 8.6 29 57 5.3 .1
23908 Bo246 |20-50 2 0.3 0.5 11.2 34 52 5.2 h.1
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil o
Total N P Ratio
Ca Mg Na K CEiC Carbon
0.3 0.6 0.1 0.3 17.5
<0.1 0.4 0.1 0,2 16.4
0.1 0.9 0.1 0.2 16.4
Nutriemts : Milligrams / 100g of Soil
Total Avsilable
P K Mg Ca P K
26 298 364 8
26 | 337 U445 3
24 | 337 569 3
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Site No.: B968

Map Reference: Sungai Sebubok pp82 South/Tape 55

Tonographx: Lower part of 23 degrees slope

Parent Material: Silty shale

Soil Family/Series: MERIT/Merit

Vegetation: Logged primary
Drainage: Well drained

Description for specified depth

0-6 inches

Yellowish brown (10YR 5/6 to 5/8); fine sandy clay loam to
clay loam; moist and firm; low organic matter content; mode-
rate to strong medium subangular blocky structure; many por-
es; many fine and large rootsj; much faunal activity; few iron
concretions. Smooth clear boundary to:

6-15 inches

Brownish yellow (10YR 6/8); clay; moist and firm; low organic
matter content; moderate medium to coarse subangular blocky
structure; many pores; many fine and medium roots; few faunal
activity; many iron concretions. Smooth clear boundary to:

15-29 inches

Reddish yellow (7.5YR 6/8); many medium distinct reddish ye-
1low plus grey (7.5YR 7/6 plus 10YR 5/1) mottles; clay; moist
and firm; low organic matter content; weak, coarse angular

blocky structure; medium coarse cracks; few pores; few roots;

few faunal activity; many iron concretions. Smooth clear bo-
undary to:

29-39 inches

Brownish yellow (10YR 6/8); abundant medium prominent reddish
yellow plus grey {(7.5YR 7/6 plus 10YR 5/1) mottles; clay; mo-
ist and very firmj; low organic matter content; weak coarse
angular blocky structure; fine coarse cracks; few pores; few

roots; many iron concretions plus shale fragments. Wavy ab-
rupt boundary to:

39-48+ inches

Compact light grey, iron stained, silty shale.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. B968
Map Reference Sungai Sebubok DP82 south/Tape 55
Soil Family MERIT
Soil Series Merit
Partical Size Analyses Percent pH pH
Soil [ Water Soil / KCI
E g‘ Sand Silt Clay 1: 25 TI2H
- g i £ | 2000~ | 500- | 260~ 100 —
500 4 260 p 100y 50 p
24175 Bo280 | 0-6 5.0 4.3
24176 po281 | 6-15 5.8 4.4
24177 poz8z2 (15-29 5.2 .4
24178 B0o283 [29-39 5.3 h.h
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil cN
Total N ¥ Ratio

Ca Mg Na K CEC Carbon

0.1 0.6 Nil 0.2

0.1 0.3 Nil 0.2

Nil 0.2 Nil 0.1

Nil 0.1 Nil 0.1

Nutrients: Milligrams / 100g of Soil

Total Available
P K Mg Ca P K
k1 | 166 134 2
25 (215 | 141 2
22 |254 191 1
25 | 244 181 1
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Site No.: D920

Map Reference: Sungai Galasah DP12/Tap 106

Topography: Upper part of 14 degrees slope west facing

Parent Material: Shale

Soil Family/Series: MERIT/Merit

Vegetation: Logged primary, few big and some medium size
trees

Drainage: Moderately well

Description for specified depth

0-2 inches

Dark brown (10YR 4/3); loam; moist and friable; high organic
matter content; weak fine crumb structure; few fine pores;
abundant medium and large roots; medium faunal activity. Cl-
ear smooth boundary to:

2-10 inches

Yellowish brown (10YR 5/8); few fine distinct pale vyellow
(2.5Y 7/4) mottles; clay loam; moist and firm; low organic
matter content; weak medium angular blocky structure; many
medium pores; many medium and large roots; few faunal activ-
ity. Clear wavy boundary to:

10-21 inches

Reddish yellow (7.5YR 6/8); few fine distinct yellow (2.5Y
7/6) mottles; clay; moist and firm; low organic matter cont-
ent; weak moderate subangular blocky structure; coarse medium
and few fine cracks; medium pores; few fine roots; fine fau-
nal activity. Clear wavy boundary to:

21-37 inches

Yellowish red (5YR 5/8); many medium distinet yellow (2.5Y
7/6) mottles; clay; moist and firm; weak medium subangular

blocky structure; coarse medium and few fine cracks; fine po-
res; few fine roots; abundant loose pieces of shale. Clear

wavy boundary to:

37-50 inches

Yellowish red (5YR 5/8); abundant coarse distinct yellow and
light grey (2.5Y 7/6 plus 7.5YR 7/0) mottles; clay; moist and
firm; structureless; few fine roots; abundant laterised shale
fragments. Clear wavy boundary to:

50-59 inches

Soft freshly forming shale fragments, with some 1
own (10YR 5/6) clay forming. : yeilowish br-
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CHEMICAL AND MECHANICAL ANALYSES

Site No. D920
Map Reference Sungai Galasah DP12/Tape 106
Soil Family MERIT
Soil Series Merit
Partical Size Analyses Percent pH pH
Soil /| Water Soil 7 KCI
Eg gg g Sand sit | Clay 1:25 1:25
® 3 2 §= 2000— | 500~ | 250— | 100— %
500 p 250 p 100p 50p
23722 po1B2 | 0-2 h.8 3.8 8.8 23.4 ho 20 4.6 3.9
23723 Do183 | 2-10 0.5 0.8 7.3 14 .4 39 38 h.5 4.1
23724 D0184 [10-21 0.5 0.5 5.0 12.0 29 53 5.1 4.2
23725 D0185 [21-37 6.8 1.5 3.8 10.9 24 53 5.2 .3
23726 po186 |[37-50 6.0 2.8 4.0 12.2 25 50 5.3 .3
23727 D0187 |50-59 5.3 3.3 3.5 11.9 29 48 5.4 h.2
Exchangeable Cations Milliequivalents Percent C
/ 100g of Soil /N
Organic Ratio
Total N
Ca Mg Na K CEC Carbon
0.3 0.5 0.1 0.3 20.3
Nil 0.1 0ud 0.1 14.3
Nil |¢ 0.1 0.1 0.1 13.7
£0.1 |< 0.1 0.1 0.1 1.7
Nil |< 0.1 0.1 0.1 14.5
Nil |< 0.1 0.1 0.1 14.6
Nutrients: Milligrams / 100g of Seil
Total Available
P K Mg Ca P K
24 | 284 | 222 2
54 254 192 9
22 | 4o6| 283 2
26 | 4so| 1319 1
28 hzo 293 2
22 [ 435]| 293 1

355




Site No.: D1091

Map Reference: Sungai Sebubok Cut Trace Line DP96
north/Tape 9

Topography: Site on lower slope, 12 degrees facing
south-east

Parent Material: Shale

Soil Family/Series: KAPIT

Vegetation: Logged primary forest
Drainage: Moderately well

Description for specified depth

0-~7 inches

Yellowish brown (10YR 5/4); clay loam; moist and friable; low
organic matter content; moderate medium subangular blocky str-
ucture; few cracks; many pores; many fine and medium roots;
fine faunal activity; many laterised pieces of shale; clear
wavy boundary to:

7-16 inches

Yellowish brown (10YR 5/8); few fine distinct vyellow (2.5Y
7/6) mottles; clay; moist and firm; low organic matter cont-
tent; weak medium subangular blocky structure; few cracks;
many pores; few fine roots; small faunal activity; abundant
laterised pieces of shale. Clear wavy boundary to:

16-38 inches

Yellowish brown (10YR 5/8); clay; moist and firm; weak medium
subangular blocky structure; few cracks; few pores; few fine
roots; abundant laterised pieces of shale.

Clear wavy boun-
dary to:

38-59 inches

Yellowish brown (10YR 5/8); clay with 90 per cent shale.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. D1091
Map Reference Sungai Sebubok Cut Trace Line DP96 north/Tape 9
Soil Family KAPIT
Soil Series
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
! @ g Sand Silt Clay 1:285 1:25
3 g g E_ 2000~ | 600~ | 260~- | 100—
500 p 250 p 100p 50
24055 Do25k 0-7 1.5 0.8 0.8 22.9 64 10 5.3 4.5
24056 DO255 7-16| 10.8 3.8 3.9 12.5 113 23 5.3 b.h
24057 Dpo256 | 16-38| 14.3 3.9 3.3 11,5 37 30 5.2 4.3
24058 po257 | 38-59| 11.1 2.4 249 30,2 34 20 5.6 4.3
Exchangeable Cations Milliequivalents Percent Pros
/ 100g of Soil
Total N - Ratio
Ca Mg Na K CEC Carbon
2.t 1.3 |[< 0.1 0.5 11.7 0.111 2.392 21.549
0.5 0.5 |< 0.1 0.1 12.4 0.049 0.598 12,204
0.1 08" {< 041 0.1 12.9
0.2 0.5 (< 0.1 0.1 11.2
Nutrients : Milligrams |/ 100g of Soil
Totsl Available
P K Mg Ca P K
41 | 117| 140 41 0.6 0.32
2h | 225| 261 10 043 0.08
24 181| 273 5 0.1 0.07
25 | 196]| 319 L 0.1 0,08




Site No.: ES514

Map Reference: Sungai Sawai Cut Trace Line DP42
south/Tape 10

Topography: Site on low hill ridge, 4 degrees sloping north
east

Parent Material: Shale

Soil Family/Series: MERIT-KAPIT Family Intergrade

Vegetation: Logged primary forest
Drainage: Well drained

Description for specified depth

0-7 inches

Yellowish brown (10YR 5/8); few fine distinct pale yellow
(2.5Y 7/4) mottles; clay loamj; moist and friable; low organic
matter content; weak crumb structure; mediumprominent pores;
abundant medium and large roots; termites hole. Clear smooth
boundary to:

7-15 inches

Strong brown (7.5YR 5/6); many medium distinct strong brown
to light grey (7.5YR 5/6 to 2.5Y 7/2) mottles; clay; moist
and firm; low organic matter content; moderate subangular
blocky structure; fine coarse cracks; fine prominent pores;

few fine roots; many coarse iron stains. Clear wavy boundary
to:

15-26 inches
Reddish yellow (5YR 6/8); clay; moist and very firm; low or-
ganic matter content; structureless; medium coarse cracks;

few fine dead roots,laterised shale and many coarse iron
stains. Clear wavy boundary to:

26-45 inches

Shale bed with coarse iron stains.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. E514
Map Reference Sungai Sawai Cut Trace Line DP42 south/Tape 10
Soil Family MERIT-KAPIT Family Intergrade
Soil Series
Partical Size Analyses Percent _pH pH
: Soil | Water Soil / KCI
g ‘g Sand Silt Clay 1: 28 1:28
3 B g § £ | 2000~ | 500- | 280~ | 100—
500 p 250 100p 50p
23487 E0082 0-7 2.8 1.5 5.2 17.5 47 26 h.5 4.0
23488 E0083 7-15 3.1 1.0 5.7 14.2 37 39 4.8 5.0
23489 E0OB4 15-26 5.4 1.9 Fe1 9.6 27 53 5.1 4.1
23490 E0085 | 26-45 3.6 1.0 2.6 17.8 32 43 5.3 4.2
Exchangeable Cations Milliequivalents Percent
/ 100g of Soi _ Sy
: Total N s Ratio
Ca Mg Na K CEC Carbon
0.1 0.2 0.1 0.2 15.2 0.151 2.161 14,312
0.2 0.1 0,1 0.1 12.8 0.083 0,871 10. 494
0.1 0.1 0.1 0.3 14.2
0.1 |< 0.1 0.1 0.1 13.0

Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
26| 152 | 109 6 0.3 0.10
20| 181 | 131 Iz 0.2 0.05
30| 269 | 170 1 0.1 0.06
14 | 230 | 170 1 0.1 0.10
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Site No.: E587

Map Reference: Sungai Sawai Cut Trace Line DP52 north/Tape O

Topography: Upper part of north-west facing slope
Parent Material: Soft sandstone

Soil Family/Series: BEKENU/Sarikei

Vegetation: Logged primary forest
Drainage: Well drained

Description for specified depth

0-7 dinches

Yellowish brown (10YR 5/8); fine sandy loam; moist and fri-
able; low organic matter content; weak crumb structure; med-
ium prominent pores; abundant fine and medium roots; white
ant faunal activity. Clear smooth boundary to:

7-17 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam; moist and
friable; weak crumb structure; fine coarse cracks; medium pr-
ominent pores; many fine roots; many termite holes. Clear
smooth boundary to:

17-30 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam to clay lo-
amj; moist and friable; weak subangular blocky structure; me-
dium coarse cracks; medium prominent pores; few fine roots.
Diffuse wavy boundary to:

30-42 inches

Reddish yellow (5YR 6/6); fine sandy clay loam to clay loam;
moist and friable; structureless; fine prominent pores; few
fine roots. Diffuse wavy boundary to:

42-54 inches
Reddish yellow (5YR 6/6); fine sandy clay loam; moist and

friable; weak medium subangular blocky structure; fine prom-
inent pores; many weakly cemented iron concretions.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. E587
Map Reference Sungai Sawai, Cut Trace Line DP52 north/Tape 0
Soil Family BEKENU
Soil Series Sarikei
Partical Size Analyses Percent pH pH
Soil | Water Sail / KCI
E g E g g‘ Sand Silt Clay 1:285 1:25
Xs 2 }: 2000 — 500 — 250 — 100 — g
500 p 250 p 100p 50p
23534 E0129 0-7 0.5 0.5 22.8 18.2 41 17 4.9 4,0
23535 E0130 7-17| 0.3 0.3 22.0 17.4 33 27 4.8 h.1
23536 EO131 |17-30| 0.5 0.3 20.5 15.7 33 30 5.0 bt
23537 E0132 | 30-42| 1.3 0.3 20.0 13.h 33 32 5.1 &.3
23538 E0133 |42-54| 16.5 2.3 14.3 11.9 25 30 5.1 h.3
Exchangeable Cations Milliequivalents Percent &
/ 100g of Soil N
Organic Ratio
Total N
Ca Mg Na K CEC Carbon
0.1 (< 0.1 P | 0.1 10.8 0,097 1.598 16,474
€0.1 Nil 0.1 |¢ 0.1 9.6 0.042 0.675 16.071
0.1 Nil 0.1 |[< 0.1 8.4
0.1 Nil 0.1 | 0,1 6.9
0.1 e B 0.2 0.1 6.8
Nutrients ; wnw | 100g of Soil
Total Available
P | K| Mg Ca P K
35 18 ho 1 0.2 0.01
30 | 20 50 1 0.1 0.01
25 |25 59 1 0.1 0.01
26 28 66 Nil 0.1 0.01
50 |66 8o 1 0.1 0.01
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Site No.: E638

Map Reference: Beluru - Cut Trace Line DP56 East/Tape 38.5

Topography: Site on low hill ridge, sloping 8 to 10 degrees
north

Parent Material: Shale

Soil Family/Series: KABULOH/Karabungan

Vegetation: Logged primary forest
Drainage: Well drained

Description for specified depth

0-3 inches

Yellowish brown (10YR 5/4); clay loam; moist and friable; hi-
gh organic matter content; weak crumb structure; medium pro-
minent pores; abundant medium and large roots; many termites
holes. Clear wavy boundary to:

3-12 inches

Yellowish brown (10YR 5/4); few medium distinct strong brown
(7.5YR 5/6) mottles; fine sandy clay loam to clay; moist and
friable; low organic matter content; moderate medium subang-
ular blocky structure; fine prominent pores; many medium and
large roots. Diffuse wavy boundary to:

12-21 inches

Yellowish brown (10YR 5/6); few medium distinct strong brown
and pale yellow (7.5YR 5/6 to 2.5Y 7/4%) mottles; clay loam to
clay; moist and firm; low organic matter content; moderate,

medium angular blocky structure; fine prominent pores; few
fine roots; many manganese stains. Diffuse wavy boundary to:

21-30 inches

Yellowish brown (10YR 5/6); clay; moist and firm; medium co-
arse cracks; few fine and medium roots; many manganese;

sta-
ins. Diffuse wavy boundary to:

30-41 inches

Light olive brown (2.5Y 5/4); clay plus weathered shale; many
iron concretions plus manganese stains. Clear wavy boundary
to:

41-50 inches

Light grey (10YR 7/1); weathered shale bed.
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CHEMICAL AND MECHANICAL ANALYSES
Site No. E638
Map Reference Beluru - Cut Trace Line DP56 East/Tape 38.5
Soil Family KABULOH
Soil Series Karabungan
Partical Size Analyses Percent pH pH
; Soil | Water Soil / KCI
g E‘ Sand Silt Clay 1:25 1:285
| g g § £ | 2000 | 600~ | 260~ | 100—
500 p 2650 p 100p 50p
23565 E0160 0-3 0.8 1.0 3.5 18.7 58 18 L.8 h.2
23566 E0161 3-12 0.3 0.5 3.0 18.2 50 28 4.8 4.0
23567 E0162 12-21 0.3 0.3 2.8 15.6 W6 35 5.0 k.0
23568 EO163 |21-30 0.3 0.3 2.8 17.6 43 36 5.8 4.3
23569 E0164 | 30-41 0.5 0.5 3.3 11.7 48 36 6.3 5.1
231570 E0165  [41-50 1.3 15 2.5 11.9 48 35 6.5 5.3
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil -
Total N g Ratio
Ca Mg Na K CEC Carbon
1.6 1.5 0.1 0.5 12.5 0.169 2.802 16.580
0.2 0.5 0.1 0.1 10.5 0.076 1.056 13.895
0.2 0.4 0.1 0.1 12
$.43 0.4 0.1 0.1 12,4
9.0 1.2 0.1 0.1 12.8
10.6 . # 0.1 0.2 16.7

Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
22 152 | 202 39 0.5 0.32
18 [ 215 | 222 8 0.1 0.07
16 | 254 | 263 7 0.1 0.06
21 | 313 | 3I04% 173 0.1 0.06
21 | 283 | 319 178 0.1 0.06
24 [ 337 | W45 190 0.1 0.08
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Site No.: E710

Map Reference: Sungai Sebubok Cut Trace Line DP97
south/Tape 65

Topography: Site on middle of south facing 38 degrees slope

Parent Material: Soft sandstone

Soil Family/Series: NYALAU/Nyalau

Vegetation: Primary forest
Drainage: Well drained

Description for specified depth

0-5 inches

Brown (10YR 5/3); few fine to medium distinct pale yellow to
strong brown (2.5Y 7/4 to 7.5YR 5/6) mottles; medium sandy
loam; moist and friable; low organic matter content; crumb
structure; medium prominent pores; abundant medium and large
roots; few fragments of laterised soft sandstone. Clear wavy
boundary to:

5-17 inches

Brownish yellow (10YR 6/6); medium sandy clay loam; moist and
friable; weak subangular blocky structure; fine coarse cra-
cks; medium prominent pores; abundant fine and medium roots;
termite activity. Clear wavy boundary to:

17-30 inches

Reddish yellow (7.5YR 6/6); medium sandy clay loam; moist and
friable; moderate subangular blocky structure; medium coarse
c¢racks; fine prominent pores, few fine roots; many weakly ce-
mented iron concretions. Clear wavy boundary to:

30-50 inches

Reddish yellow (7.5YR 6/6); fine sandy clay loam; moist and
firm; many fragments of laterised; soft sandstone and iron
concretions. Clear wavy boundary to:

50-58 inches

Grey (10YR 6/1); weakly cemented fine sandstone.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. E710
Map Reference Sungai Sebubok Cut Trace Line DP97 south/Tape 65
Soll Family NYALAU
Soll Series Nyalaun
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
gg g g‘ Sand Silt Clay 1: 25 1:28
o 3 H 3 = | 2000- | 500 - 250 — 100 —
500 p 250 p 100p 50p
23953 E0190 0-5 1.8 3.5 36.2 19.5 23 16 k.7 k.2
23954 E0191 5-17 0.9 2.5 40,2 14.6 19 2) 5.0 .2
23955 E0192 |17-30 1.5 2.0 37.6 9.9 21 28 5.1 .3
23956 E0193 | 30-50 2.1 1.9 38,4 10.6 19 28 5.3 b4
Exchangeable Cations Milliequivalents Percent o
/ 100g of Soil
Total N et g
Ca Mg MNa K CEC Carbon
0.2 0.1 0.2 0.1 8.1 0. 106 2.112 19.925
Ni1l |¢ 0.1 0.1 0.1 5.9 0.037 0.493 13.324
6.1 ¢ 001 0.1 f¢ 0.1 7.8
<0172 0.1 0.1 0.1 Ty
Nutrients: Milligrams / 100g of Sail
Total Available
P K Mg Ca P K
46 B4 73 6 0.6 0.09
24 | 98 91 2 0.1 0,03
21 | 120 | 114 3 0.1 0.03
Zo | 147 | 128 1 0.1 0.04
|
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Site No.: E726

Map Reference: Sungai Sebubok, Cut Trace Line DP97
north/Tape 9

Topography: Site on upper hill ridge sloping 4 degrees
north-west

Parent Material: Shale

Soil Family/Series: MERIT/Merit

Vegetation: Logged primary forest
Drainage: Well drained

Description for specified depth

0-3 dinches

Dark yellowish brown (10YR 4/4); loam; moist and friable; hi-
gh organic matter content; weak crumb structure; fine coarse
cracks; medium prominent pores; abundant medium and large ro-
ots; termite activities. Clear smooth boundary to:

3-13 inches

Yellow (10YR 7/6); very fine sandy clay loam; moist and fri-
able; low organic matter content; moderate, medium subangular
blocky structure; medium prominent pores; many fine and med-
ium roots; few termite activities. Clear wavy boundary to:

13-30 inches

Reddish yellow (7.5YR 6/6); clay loam to clay; moist and fi-
rm; low organic matter content structureless; fine coarse
cracks; weathered laterised parent material; sandy shale and
iron concretions. Clear wavy boundary to:

30-54+ inches

Hard cemented shale bed.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. E726
Map Reference Sungai Sebubok Cut Trace Line DP97 north/Tape 9
Soil Family MERIT
Soil Series Merit
Portical Size Analyses Percent | PH pH
ieh Soil | Water Soil / KCI
E g‘ Sand Silt Clay 1: 25 1:256
_.g Eg §= 2000 -~ | 500~ | 250 - | 100—
500 p 250 p 100p 50p
23974 E0211 | 0-3 1.3 0.6 0.5 20.6 61 16 b.4 3.9
23975 E0212 | 3-13 1.9 0.3 0.8 10.0 56 (e 4.8 .1
23976 E0213 (13-30 4.6 : % | 1.5 7.8 52 r Ba. .| 5.0 4.2
23977 E0214 | 30-54+| 10.4 3.4 2.9 6.3 59 ' 28 | 5.3 4.2
i
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil o
Total N - Ratio
Ca Mg Na K CEC Carbon
0.2 0.3 0.1 0.2 16.6 0.218 4.152 19.046
0.1 L E TR U 6 | 0.1 10.6 0.055 0.528 9.600
Nil Nil [k 0.1 0.1 9.6
<0t g Qa1 it 0.2 75
Nutrients : Milligrams [/ 100g of Soil
Total Available
' K Mg Ca P K
68 87 96 7 0.8 0.10
22 | 107 | 117 2 0.1 0.03
24 | 166 | 144 Nil 0.1 0.03
26 | 221 | 148 1 0.1 0.07
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Site No.: F336

Map Reference: Sungai Sawai, Cut Trace Line DP39/Tape 31

Topography: Site in flat dry, valley area

Parent Material: Recent alluvium

Soil Family/Series: SEDUAU-BIJAT Family Intergrade

Vegetation: Logged primary forest
Drainage: Subject to flooding

Description for specified depth

0-3 inches

Yellowish brown (10YR 5/4); clay loam; moist and friable; hi-
gh organic matter content; weak fine crumb structure; many
cracks; many pores; many roots. Clear smooth boundary to:

3-10 inches

Brownish yellow (10YR 6/6); few fine faint yellow plus red-
dish yellow (5Y 8/6 plus 7.5YR 7/6) mottles; clay loam; moist
and friable; low organic matter content; weak, medium suban-
gular blocky structure; many cracks; many pores; few roots.
Clear wavy boundary to:

10-25 inches

Light yellowish brown (10YR 6/4); many coarse distinct strong
brown (7.5YR 5/6) mottles; clay moist and firm; low organic
matter content; moderate, medium angular blocky structure;
few cracks; few roots. Abrupt wavy boundary to:

25-45 inches
Yellowish red (5YR 5/8); many coarse distinct light grey (5Y

7/1) mottles; clay; moist and firm; moderate medium angular
blocky structure; few cracks; few roots.
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CHEMICAL AND MECHANICAL ANALYSES

Site No. F336
Map Reference Sungai Sawai Cut Trace Line DP39/Tape 31
Soil Family SEDUAU-BIJAT Family Intergrade
Soil Series
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
g g Sand Silt Clay 1: 25 1:25
3 ; g § = 2000_— 500 — 250 — 100 —
500 p 250 y 100p 50 p
23644 FO104 0-3 0.8 1.0 11.3 13.9 53 20 4.8 k.3
23645 FO105 3-10 0.3 0.5 9.0 12,8 48 30 4.8 4,2
23646 FO106 |10-25 0.3 0.3 10.0 9.4 38 42 5.3 k.3
23647 FO107 |25-45 0.8 0.8 8.5 9.9 35 45 5.0 4.3
Exchangeable Cations Milliequivalents Percent i
| 100g of Soil
Total N fopie Ratio
Ca Mg Na K CEC Carbon
0.3 0.8 0.1 0.2 11.2 0.146 1.908 13.069
< 0.1 0.6 |<0.1 0.1 9.1 0.080 0.633 7.913
0.1 0.7 0.1 0.1 11.9
0.1 0.9 [<0.1 0.1 11.4
Nutrients: Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
1| 156 | 131 2 0.7 0.13
12 | 230 | 181 1 0.2 0.07
11 | 230 | 192 5 0.1 0.04
10 | 254 | 213 4 0.1 0.06
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Site No.: F367

Map Reference: Sungai Sawai Cut Trace Line BASE LINE A/
Tape 45.5

Topography: Flat river valley

Parent Material: Recent alluvium

Soil Family/Series: SEDUAU/Seduau

Vegetation: Logged primary forest

Drainage: Imperfect

Description for specific depth

0-2 inches

Dark yellowish brown (10YR 4/4); loam; moist and very fria-
ble; high organic matter content; weak fine crumb structure;
few cracks; few pores; many roots. Clear smooth boundary to:

2-8 inches

Yellowish brown (10YR 5/4); few fine faint yellow (2.5Y 8/6)
mottles; clay loam moist and friable; high organic matter co-
ntent; weak medium subangular blocky structure; many cracksj;

many pores; many roots; many manganese stains. Clear wavy
boundary to:

8-19 inches

Yellowish brown (10YR 5/4); few fine faint yellow (2.5Y 8/6)
mottles; clay loam; moist and friable to firm; low organic
matter content; weak, medium subangular blocky structure; ma-

ny cracks; few pores; few roots; many manganese stains, Clear
wavy boundary to:

19-26 inches

Yellowish brown (10YR 5/6); few fine distinct yellow (2.5Y
8/6) mottles; clay loam; moist and firm; low organic matter
content; moderate medium subangular blocky structure; few

cracks; few pores; few roots; many manganese stains. Clear
wavy boundary to:

26-45 inches

Strong brown (7.5YR 5/6); many fine distinct yellow (2.5Y
8/6) mottles; clay; moist and firm; low organic matter cont-

ent; moderate medium angular blocky structure; few cracks;
few roots. ;
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CHEMICAL AND MECHANICAL ANALYSES

Site No. F367
Map Reference Sungai Sawai Cut Trace Line BASE LINE A/Tape 45.5
Soil Family SEDUAU
Soil Serles Seduau
| Partical Size Analyses Percent pH pH
Sail /| Water Soil 7 KCI
o % Sand Silt Clay 1: 25 1:25
g ,E g Ei 2000~ | 600~ | 250- | 100—
500 p 250 p 100 50y
23657 FO117 0-2 1.3 1.0 2.8 13.9 61 20 'S b,1
23658 FO118 2-8 0.3 0.3 0.8 10.6 58 30 | 4.9 4.3
23659 FO119 8-19| N1l 0.3 0.8 7.9 56 i5 5.0 4.3
23660 FO120 | 19-26| 0.3 045 1.3 6.9 51 ko 543 4.7
23661 FO121 | 26-45| Nil Nil 1.5 2.5 48 48 5.3 4.5
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil cM
Total N o o Ratio
Ca Mg Na K CEC Carbon
0.4 1.1 0.1 | 0.2 15.0 0.231 2.700 11.688
0.1 0.8 0.1 | Ol 12.9 0.123 1.038 B.439
0.2 0.6 a.'% | ‘bt 11.0
< 0.1 0.5 0.1 | 0.1 10.7
< 0.1 0.5 0.1 | 0.1 10.8
Nutrients : Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
32 | 196 | 181 8 0.6 0.13
20 | 244 | 222 3 0.1 0.06
16 | 230 | 213 1 0.1 0.03
11 | 230 | 202 1 Nil 0.06
11 | 298 | 252 1 Nil 0.03
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Site No.: F368

Map Reference: Sungai Sawai, Cut Trace Line DP31
south/Tape 13

Topography: Site in flat bottomed river valley
Parent Material: Recent alluvium

Soil Family/Series: BEMANG

Vegetation: Logged primary forest

Drainage: Imperfect

Description for specified depth

0-3 inches

Yellowish brown (10YR 5/4); loam; moist and friable; high or-
ganic matter content; weak fine crumb structure; few cracks;
few pores; many roots. Clear smooth boundary to:

3-17 inches

Yellowish brown (10YR 5/6); clay loam; moist and friable; high
organic matter content; weak crumb structure; many cracks;
many pores; many roots, Abrupt smooth boundary to:

17-30 inches

Yellowish brown (10YR 5/6); few fine faint yellow (2.5Y 8/6)
mottles; clay loam; moist and friable; low organic matter
content; weak medium subangular blocky structure; many crac-
ks; many pores; few roots. Abrupt wavy boundary to:

30-43 inches

Yellowish brown (10YR 5/6); few fine distinct vyellow (2.5Y
8/6) mottles; clay loam; moist and firm; low organic matter
content; weak medium subangular blocky structure; few cracks;
few pores; few roots; weathered manganese fragments. Abrupt
wavy boundary to:

43-60 inches

Yellowish brown (10YR 5/6); few fine distinct yellow plus re-
ddish yellow (2.5Y 8/6 plus 5YR 6/6) mottles; clay loam; mo-
ist and firm; weak medium subangular blocky structure;
roots; weathered manganese fragments,

few
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CHEMICAL AND MECHANICAL ANALYSES

Site No. F368
Map Reference Sungai Sawai, Cut Trace Line DP31 south/Tape 13
Soil Family BEMANG
Soil Series
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCI
E g‘ Sand Silt Clay 1: 25 1:25
3 gg §= 2000 — | 600— | 250 — | 100—
500 p 250 p 100p 50p
23662 FO122 0-3 1.3 3.3 3.8 18.6 50 23 4.5 4.3
23663 FO123 3-17| Nil 0.3 1.8 9.9 58 30 bh.9 4.3
23664 FO124 17-30| Nil Nil 1.3 12.7 53 33 5.2 4.4
23665 FO125 | 30-43| Nil Nil 0.8 8.2 53 38 5.2 bl
23666 Fo126 | 43-60{ Nil Nil 4.5 13.5 47 35 5.4 k.5
Exchangeable Cations Milliequivalents Percent b
/ 100g of Soil i
Total N e Ratio
Ca Mg Na K CEC Carbon
1.0 1.5 0.1 0.3 16.7 0.116 3.404 29.345
0.1 0.9 |¢ 0.1 0.2 12.1 0.275 1. 164 4.23)
0.1 0.7 |< 0.1 0.1 9.5
0.1 0.7 [¢ 0.1 0.1 8.0
0.1 0.6 [< 0.1 0.1 8.2
Nutrients: Milligrams [ 100g of Soil
Total Available
P K Mg Ca P K
k1 (205 | 202 19 0.8 0.18
20 (298 | 263 6 0.1 0.10
12 {230 | 263 3 3 0.06
8 |230 | 222 2 0.1 0.0k
8 244 | 222 2 0.1 0.03

373




Site No.: F606

Map Reference: Sungai Sebubok Cut Trace Line DP111/Tape 64

Topography: Site in lower part of 10 degrees west facing
slope

Parent Material: Calcareous shale

Soil Family/Series: KABULOH/Kabuloh

Vegetation: 01d secondary
Drainage: Moderate

Description for specified depth

0-4 inches

Dark greyish brown (10YR 4/2); clay loam; moist and friable;
high organic matter content; fine crumb structure; many po-
res; many fine roots. Clear smooth boundary to:

4-11 inches

Yellowish brown (10YR 5/4); few fine faint pale yellow (2.5Y
7/4) mottles; clay loam; moist and firm; high organic matter
content; weak medium subangular blockystructure;manycracks;
few pores; many fine roots. Clear smooth boundary to:

11-25 inches

Light yellowish brown (10YR 6/4); few mediumdistinct reddish
yellow plus pale yellow (7.5YR 7/6 plus 2.5Y 7/k) mottles;
clay; moist and firm; low organic matter content; moderate
medium subangular blocky structure; few cracks; many fine
roots. Clear wavy boundary to:

25-34 inches

Light olive brown (2.5Y 5/4): few fine faint light grey (10YR
7/1) mottles; clay; wet very sticky; low organic matter con-
tent; few cracks; few fine roots;:

34+ inches

Calcareous shale.

374



CHEMICAL AND MECHANICAL ANALYSES

Site No. F606
Map Reference Sungai Sebubok, Cut Trace Line DP111/Tape 64
Soil Family KABULOH
Soil Series Kabuloh
Partical Size Analyses Percent pH pH
Soil | Water Soil / KCt
E g g‘ Sand Silt Clay 1: 2.8 1:25
3 35 §= 2000~ | 500~ | 2850~ | 100
500 p 250p | 1004 ‘ S0p
24214 Fo264 0-4 21.2 h.0 1.2 | 5.6 l 39 29 6.2 5.7
!
24215 Foz265 4-11 3.0 0.7 1.0 ! 12.3 [ 33 50 6.0 S+4
24216 FO266 11-25( Nil 0.2 0.2 ‘ B.6 29 62 6.0 5.0
[
24217 FO267 |25-34 0.7 0.5 | 0.7 7.1 31 60 8.0 7+1
| |
Exchangeable Cations Milliequivalents Percent
/ 100g of Soil G
Organic ~ | Ratio
T —  Total N
Ca Mg Na K CEC Carbon
26.6 3.2 0.1 0.4 23.2 0.393 7.032 17.893
10,0 2.1 0.1 0.2 20.8 0.116 1.450 12,500
18.1 1.3 0.1 0.2 20.7
38.8 0.8 0.1 0.1 25.2
Nutrients: Milligrams / 100g of Soil
Total Available
P K Mg Ca P K
&4 | 176 304 625 0.5 0.13
18 | 126 | 304 335 0.1 0.07
13 [ 229 | 398 345 0.1 0.07
21 | 221 | WAS 650 1.8 0.03
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APPENDIX VII






AL

LINDVLA Y11

AREA MEASUREMENTS — TERRAIN, SOILS AND

LAND CAPABILITY

VIL1 BROAD TRANSECT SURVEY AREA
TABLE VII.1.1 TERRAIN
Area in acres Perfentige of

c1l total land area

ass

Sheet 1 | Sheet 2 Total Sub-class | Class

1 231 400 | 188 500 419 900 27454
1+ 2 9 100 7 900 17 000 LAY
1 + 3 4 300 2 300 6 600 0.43 29.38
1 + 4 3 400 900 4 300 0.30
1 + 5 - 600 600 0.03

2 30 800 28 800 59 600 3.90 %.03
2 +.3 900 1 200 2 100 0.13

3 95 700 62 700 158 400 10.40 10.40

4 92 500 63 300 155 800 10.20 10.23
b + 5 600 - 600 0.03

5 90 800 77 900 168 700 11.05 11.14
5 + 6 1 500 - 1 500 0.09

131 000 43 800 174 800 11.45 29.45

6 ; 7 36 200 | 238 200 274 400 18.00

2 76 300 5 400 81 700 5.35 5.35 |
Total | 804 500 | 721 500 | 1 526 000 99.98 99,98

377




TABLE VII.1.2 SOILS
Porcentage of P:F:‘l’;t:ﬁﬂdo"
Bvbed Ares in acres tot:le:au Symbol Area in acres o ar..‘“‘
Sheet 1 Sheet2 Total _ "0~ Class Sheot 1 Sheet 2 Total clags Clans
KY - 200 200 0.01 BK.2 3 700 - 3 700 0.24
KY.5 - Boo 8oo  0.05 Bl.g 6 900 3 000 9 900 0.65
KY.BM.5 - 2 100 2 100 0.13 ;.. |BK. 5 100 10 300 15 4oo 1.01
KY-TT.5 - 150 1500 0.10 * ml.g 300 300 600 0.0h
KY~TT 1 900 - 1 50 0.12 BK.A/5 6 900 76 600 B3 500 5:47
KY/SL.& - 100 100 0.01 BK/NY, 3 15 300 - 15 300 1.00
—— BK. 4/BE-KP. 1 600 34 600 35 200 2.3J0
BM.5 - 5 100 5 100 0.3 Bl 500 - 500 0.03
BM/BJ.5 300 100 hoo o0.02 BE/MR.4/5 1 300 21 koo 22 700 1.49
BM-PK.5 12300 7 200 B8 400 0.55 0.95 | BK-KP.1 23 500 500 24 ooo 1.57
BM/KY.5 - hoo oo o0.02 BE.3/BK-Kp.1 13 600 11 000 24 6oo 1.61 23.87
BM/BK . &4 > 500 500 0.03 BK.2/3/BK-KF.1 31 100 600 31 700 2.07
BK.2/3 8 8oo - & Boo 0.57
50,5 1800 1100 & 00 0.32 BK.3/4 2 900 27 200 10 100 1.97
SD/MR.A 800 400 1 200 0.08 2.73 | BEK/MR.) 8oo 28 8oo 29 600 1.94
5D-BJ.5 20 400 15 400 35 800 2.35 BK/MR .4 4 8Boo 4 Boo 0,31
BK/MR.5 foo 500 1 300 0.08
T 500 - 500 0.03 BE/TT - 100 100 0.01
TT.5 4 700 100 &% 800 0.31 BE/NY.3/4 - 2 100 2 100 0.13
TT.5/16 4 ooo - 4 000 0.26 0.76 | BK/MR.3/4 - 20 Boo 20 Boo 1.36
/MK - Boo 800 o0.05 BK.2/BK-KP.1 - oo hoo 0.02
TT.5/MK - 1 700 1 700 0.11 ===l
MR.2 | 25 100 - 25 100 1.64
BJ.3 - 1900 1900 0.12 MR.3 43 600 1 hoo 47 ooo 3.08
BJ.5 19 000 4 300 23 j00 1.52 MR A 37 200 22 300 59 500 3.90
B /MK 6 300 7 900 14 200 0.93 MR.5 2 7 900 10 700 0.70
BJ.5-AN.3 200 % 200 0.01 MR.2/3 16 hoo 7 200 43 600 2.8
BJ/SD.5 6 100 100 6 200 0.h0 MR.3/4 64 200 32 600 8oo 6.3
BJ/MK.5 500 - 500 0.03 MR.4/5 6 600 25 200 31 800 2.08
BJ.5/AN 1 2 500 - 2 500 0.16 MR-KP. 1 &4 300 - &% 300 2.90
BJ /AN - 1200 1200 0.07 , 4, |MR/BK.2 10 000 500 10 500 0.69
BJ/AN I Boo 2000 2 800 0.18 4 MR/BK. 3 14 000 2 500 16 500 1.08
BJ/AN I1 2800 1900 4 700 0.30 MR/BK. & 3 koo 37 300 4o 700 2.66
BJ.5/MK 3 000 - 3 000 0.29 MR/BK.5 - oo oo 0.05
BJ.5/BK.3 1 4oo - 1 400 0.09 MR/BK.2/ 8 000 2 900 10 zgg 0.71
BJ.5/MR.3 500 - 500 0.03 MR/BK. 3/ 11 600 15 8oo 27 1.79 "
BJ.5/AN 600 - 600 0.04 MR/BK.h/5 3 600 20 600 24 200 1.59 .70
BJ.5/MR. 4 1 900 - 1 900 0.12 MR.4/BJ .S - 1 000 1 000 0.06
BJ-5D.5 600 - 600 0.04 MR.4/AN T 1 hoo - 1 hoo 0.09
BJ /MR - 600 600  0.04 MR/NY.3 4 100 - & 100 0.26
BJ-FD.5 500 - 500 0.03 MR/AN TII - 200 200 0.01
MR.2/KP.1 1 000 - 1 000 0.06
BL/AN T 300 - 300  0.02 o 03 MR.2/3/KP.1 8oo - 8oo 0.05
BL-TT.5 200 - 200 0.01 \; MR.2/3/BJ.5 2 200 - 2 200 0.14
MR.2/3/AN.1 - Jj00 300 .02
R 5900 1600 7 500 0.49 0.4%9 |MR.2/3/MR-KP.1 18 100 - 18 100 1.18
MR.3/5D.5 2 200 - 2 200 0.14
MI. 900 - 900 0.06 MR, 3/MR-KP, 1 - 1 000 1 000 0.06
MI. 200 4oo 600 0.0 0.12 | MR.5/5D-BJ.5 - 600 600 0.04
MI/SL.4 - hoo hoo  0.02 MR, 3/4/MR-KP . 1 - & 200 & 200 0.27
MR.4/5D-BJ.5 - 4 000 & poo 0.26
SL 200 - 200 0.01 i
SL.4 200 500 700 0.04 KB.2 Boo - Boo 0.05
SL.5 120 1800 3000 0.20 KB.3 hoo - hoo 0.02
SL.4/5 1 700 - 1700 0.11 1.78 | xB.h - - - - 0.20
SL/MI A 9 600 9 100 18 700 1.22 KB.2/3 1 600 - 1 600 0.10
5L.5/IG 1 000 - 1 000 0.06 KB-KP.1 500 - 500 0.03
SL/TR. & 2100 2 100 0.1
Sk/KR.& - - - - PD LT - hoo 0.01
PD/RI 900 600 1 500 0,10 0.18
K. 4 - 500 500  0.03 . o | PD-MK 300 “ 300  0.02 %4
TK/MK - oo %00 0.03 g PD/NK 8oo - Boo 0.05
SR.A4 - - - - 16 18 500 3 200 21 700 1.42
SR/KR, - 2000 2000 o0.13 2% |1g/mN 500 - 500 0.03 145
PI/MN.1 koo - hoo 0.0z oo AN I 33 800 10 600 4 koo 2.91
PJ.2/MN.1 700 - 700  0.04 * AN II 49 200 18 500 67 700 §.43
— AN 111 55 600 80 700 136 300 8.93
KR/BG. A4 - 800 B00 0.05 0.05 | AN/MK - 1 700 1 700 0.11
AN/TT 600 - 600 0.04
NY.2 koo - koo 0.03 AN/MR. 4 600 - 600 0.04 16.72
NY.3 00 100 400 0.02 AN 1/11 - 400 Koo 0,02
NY.& 1 5 600 7 4oo 0.48 AN I/MK 400 1 500 1 900 0.12
NY.5 e g 000 z 000 0,20 AN 1I/MK oo - 00 0.02
NY.5/MN - hoo hoo 0.28 AN I1/BJ.S - hoo hoo 0.02
NY.3/4 - 900 900 0.06 AN IT1I/MR.4 - 1 300 1 300 0.08
o R 7 900 hoe o Yoo o0
. 300 0.5 KP.1 5 600 - 5 600 0.36
NY/BK. ) g 900 6 000 9 900 0.65 ME 7 000 12 900 19 900 1.30
NY/BK. b 000 22 400 30 400  1.99 MK, 3/4 900 - 900 0.06 173
NY/Pd.h 1hoo - 1 400 0.09 B8.81 | MK.2/KP.1 200 5 200  0.01
NY.3/NY-KP.1 - 5700 5700 0.37 v
NY.4/NY-KP.1 - 19 Bo0 19 Boo 1,29
NY.2/MN.1 700 - 700 0.0h4 :
NY/BK.2/3 6000 1100 7 100 O.46
NY/SL.& 2 100 - 2 100 0.14
NY/SL.5 1 500 00 2 200 O0.14
NY . 4/MN - 00 400 0.02
NY.2/KP.1 6 900 - 6 900 0.45
NY/BK,3/% 500 - 500 0.09
NY-KP.1 9 900 - 9 %00 0,65
NY.2/3/NY-KP.1 - 8 hoo 8 hoo 0.55
NY/PI.5 Ly SR k700  0.30 Total 804 500 721 500 1 526 000 100.08 100.08

378



TABLE VII.1.3

LAND CAPABILITY

Land Class

Area in acres

Percentage of
total land area

Sheet 1 Sheet 2 Total Sub-class Class
1 300 6 400 6 700 0.43 0. 46
I + IVe - 500 500 0.03 .
Ilw 3 200 - 3 200 0.20
IIw + Ve 900 - 900 0.05 0.27
Ile + Ve - 400 4oo 0.02
I1le 100 - 100 0.01
111w 20 900 20 800 41 700 2.73
I1le + IVe 200 - 200 0.01
IITe + IVw - 600 600 0.03 2,82
I1Is + Ve - 300 300 0.01
11Is + Vle - 300 300 0.01
I1Iw + IIls - 4oo 400 0.02
IVe 30 000 44 600 74 600 4.88
IVs 7 600 18 8oo 26 400 : 5
IVw 34 900 8 8oo0 43 700 2.86
IVse 2 200 - 2 200 0.14
IVs/I 4oo - 400 0.02
IVw + Vs 1 700 - 1 700 0.11
IVw + Ve 1 200 900 2 100 0.13 10.50
IVe + Illw 100 1 000 1 100 0.07
IVe + Vis 1 200 - 1 200 0.07
IVe + s 600 - 600 0.03
IVe + Vs 500 - 500 0.03
IVs + IIIw - 2 700 2 700 0.17
IVs + IVw - 1 100 1 100 0.07
IVe + IVw 2 200 600 2 800 0.18
IVe + Visw - 100 100 0.01
Ve 75 100 72 300 147 400 9.65
Vs 4o 200 7 300 47 500 .11
Vw 9 200 11 600 20 800 1.36
Vse 16 700 3 000 19 700 1.29
Vsw 2 000 3 600 5 600 0.36
Ve + s 26 600 - 26 600 1.74 19.45
Vs + VIe 1 600 - 1 600 0.10
Ve + IVe 25 000 - 25 000 1.63
Ve + IVs 1 600 - 1 600 0.10
Ve/1 1 600 - 1 600 0.10
Vs/VIis - 300 300 0.01
Vie 39 600 69 300 108 900 v 4o k|
Vis 47 100 24 500 71 600 4.69
Visw 29 000 11 200 40 200 2.63 15.68
Vise 11 700 4 100 15 800 1,03
Vise/VIisw 3 100 - 3 100 0.20
Vile 207 200 288 900 496 100 32.50
Vils 130 800 114 600 245 4oo 16.08
Viise 27 800 1 000 28 800 1.88 50.57
VIIs + IVe oo 200 600 0.03
VIIs + IVs - 1 300 1 300 0.08
Total 804 500 721 500 1 526 000 99.75 99.75
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VI2 SEMI DETAILED SOIL SURVEY AREA

TABLE VII.2.1  TERRAIN
Sungai Sungai | Sungai Sub-
c1 Galasah Sawai Sebubok total Beluru Toth)
ass
Area in acres
1 3 622 4 001 3 540 11 163 1 510 | 12 673
1+ 2 - - 595 595 - 595
2 891 3 742 5 239 9 872 1 177 | 11 049
2V - » 509 509 - 509
2 % 3 5 - - - 1 003 1 003
3 2 695 7 418 4 905 15 018 9-=9q TA7 739
3V 328 - 4 800 5 128 k9 5 174
Iy 3 165 2 611 2 255 8 031 1 714 9 745
Lv 19 - 4 806 4 825 93 4 918
b + 5 - - 334 334 - 334
5 897 3 958 | 2 187 7 O42 686 | 7 728
5V - - s911 o213 914 3. 125
5 + 6 ” - 37 37 - 37
6 1 027 1 172 1 320 3 519 1 486 5 005
6V - - - - 463 463
6 + 7 2 084 6 590 1 486 10 160 1 022411 208
7 - 162 25 187 31 218
Total | 14 728 29 654 | 34 249 78 631 | 12 869 | 91 500
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TABLE VII.2.2 S0ILS

Sungai Sungai Sungai

ik Galasah Sawai Sebubok Sub=total SRpre Tatal
Area in acres

Bm.zl.5 525 - - 525 99 624
Bm.zcl.5 - 190 124 314 - 314
BM-PK.5 L 81 51k 595 - 595
5D.5 93 - " 93 - 93
SD/BJ.5 - - - - 854 854
SD-BJ.5 111 3 033 321 3 W65 - 3 465
SD/BM. 5 216 - - 216 - 216
S5d.c.5 - - 786 786 155 941
Bj.c.5 568 - - 568 25 593
BJ.5/MK 204 - - 204 = 204
Bk.zl.2 - - - - 93 |
Bk.zcl.3 111 221 1 514 1 846 - 1 BL46
Bk.zl.4 - - - - 68 68
Bk.zcl.k - - 155 155 - - 155
Bk.zcl.5 - - L9k b9k - 4ok
Bk.zcl.3/4 - - 111 111 - 111
BK-KP.1 136 1 049 526 1711 8o 1791
Pk.zcl.2/BK-KP.1 - 50 - 50 - 50
NY /SL.5 12 - - 12 - 12
NY/MR.3 37 - - 37 - 37
NY-KP.1 229 - - 229 - 229
Mr.c.2 155 - 99 254 1 339 1893
Mr.c.3 2 785 624 3 757 7 166 142 7 308
Mr.c.h 630 2 446 792 3 868 3 186 7 054
Mr.c.5 656 2 471 3 497 6 624 - 6 624
Mr.c.2/3 1 061 - - 1 061 1 413 2 474
Mr.c.3/h - 1 470 334 1 Boh - 1 804
Mr.c.4/5 1 308 6 239 14 031 21 578 488 22 066
Mr.c.2/MR-KP,1 736 - - 736 - 736
Mr.sc.5 25 - - 25 - 25

Mr/Jk.c.b/5 - - - - - -
Mr/Jk.c.2/3 - - - - 124 124
Mr/Jk.c.3 31 573 - 6004 - 604
Mr/Jk.c.h 303 716 1 292 2 311 235 2 546
Mr/Jk.c.5 192 624 - 16 - 816
Mr/Jk.c.4/5 - 923 - 923 1 382 2 305
MR/BK.4/5 93 289 - 382 - 382
MR-KP.1 2 291 26 148 2 465 2 370 4 B35
Mr.c.2/MR-KP.1 - - - - 816 816
Mr.c.3/MR-KP.1 - 6 167 1 564 7 931 - 7 931
Kb.c.3 - - 1 341 1 341 - 1 341
Kb.c.h - - 1 107 1 107 - 1 107
Kb.c.5 - . 142 142 - 142
KB-KP.1 - - 593 593 - 593
Kb/Kg.c.3 - - 235 235 - 235
Kb.c.3/KB-KP.1 - - 49 ho - 49
AN I 266 26 - 292 - 292
AN II - 277 - 277 - 277
AN 1/11 940 - - 940 - 940
AN I/III - 63 - 63 - 63
AN II/III 507 289 - 796 - 796
MK 278 13 - 291 - 291
MK/AN 1 229 - - 229 - 229
Kg.c.h - - 315 315 - 315
Kg.c.3/KB-KP.1 - - 260 260 - 260
Jk.c.3 - 122 - 122 - 122
Jk.c.5 - 135 148 283 - 283
Jk.c.3/h - 530 - 530 - zzo
Jk.c.h/5 - Wil - bll - b
Jk.c.4/MR-KP. 1 - 50 - 50 - 50
Sk.zcl.3 - 197 - 197 - 197
-~ Jk.fsc.5 - 116 - 116 - 116
' Total 14 728 29 654 34 249 78 631 12 869 91 500
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TABLE VII.Z2.3

LAND CAPABILITY

Sungai

Sungai

Sungai

Sub-

Galasah | Sawai | Sebubok | total |Beluru| Total

Class
Area in acres

I . £ g ™ & %
IIw 846 6 826 1 678 636 | 2 314
IIIw 111 3 349 844 4 304 - 4 304
I1le 130 1 341 288 1759 - 1 759
IIIs - - 906 906 - 906
IVw 958 12 - 970 | 1 006 1 976
IVe 1 242 7 199 | 6 794 15 235 | 3 434 | 18 669
IVs t1d 1079| 3 185 4 375 56 | & 431
Ve o 4 v & 2 s
Ve 3 627 3 915 7 405 14 947 1 105 | 16 052
Vs 1 007 - 115 1122 | 2 2481 '3 370
Vse ) - - 49 - k9
Vie 741 3713 6 052 10 506 185 | 10 691
Vis 1 149 517 | 2 451 4 117 352 L 469
VIsw 229 - - 229 - 229
VIiIe 3 095 7 869 2> 095 16 059 3 798| 19 857
VIiIs 1 433 654 - 2 087 49 | 2 136
Ve + VIe - - 288 288 - 288
Total 14 728 29 654 | 34 249 78 631 |12 869 | 91 500
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APPENDIX VIII
AERIAL PHOTO-INTERPRETATION

VILl INTRODUCTION

Stereoscopic examination of air photographs is widely used in
soil and land use studies. If used with discretion it will
add considerable knowledge concerning the physical character-
istics and accessibility of the areas under study. It is also
a tool with which the accuracy of soil and terrain mapping
units can considerably be improved.

Under dense forest conditions the value of aerial photographs
can be considerably reduced by the masking effect of the tree
canopy, this is especially the case in areas with gentle topo-
graphy where slope characteristics are difficult to identify,
but other characteristics such as drainage are recognisable.

In this Study aerial photo-interpretation has been used at
all stages. The Zonation Plan Map (Hunting Technical Ser-
vices Limited and Hoff and Overgaard, 1972) was largely based
on this technique, but vital and valuable information coll-
ected during the schematic reconnaissance soil surveys prior
to this Study has been used together with spot checks in the
field to verify photo mapping units.

The compilation of the Soils and Terrain maps covering the
Broad Transect Survey Area has,to a large extent, been based
on this interpretation technique.

In the Semi-Detailed Soil Survey Areas where the observation

density is considerably closer than in the areas mentioned

above, air photo-interpretation was less helpful. However,

the interpolation of soils and terrain boundaries was consid=-

erably aided by this technique. Also the accurate plotting

of survey trace lines was initially done on the air photo-

graphs their course was then verified with the Rentis Log de-
scriptions.

VII2 DISCUSSION OF THE AERIAL PHOTO-INTERPRETATION

LEGEND

The legend given in this Appendix is that used in the Zonat-
ion Plan mapping. The experience gained during the first
stage of the Study was utilised in the study and mapping of
the more detailed survey area. Therefore photo unit charact-
eristics used in the Zonation Plan Study were with some modi-
fication also used in the Broad Transect and Semi - Detailed
Survey Areas. It was not found necessary to publish separate
legends for these two areas.
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FIGURE WViIl .|

AGRICULTURAL DEVELOPMENT
NG AREAS IDENTIFIED FROM AERIAL
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LUTONG

./ Assessed as possibly m

j suitable for agriculture
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Statute Miles

SOURCE: Bosed on schematic reconnalssance
soll surveys supplemented with
systematic oerial photo Interpretation
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(i) Land Type A

Steep, very rugged terrain developed on bedrock. Structural-
ly controlled, elevation generally above 1 000 feet.

Al . =

A2 -

AJi-

ALk -

Very steep, rugged terrain with structurally controlled
valleys. Dark even tone, moderately coarse texture,
white crowns are common above the upper strata of the
forest canopy. Generally under primary forest.

Steep to very steep hills, less rugged than Unit A1,
ridges are broad at base, slopes may be concave. Med-
ium textured, dark grey tone. Generally under primary
forest.

Valley in Land Type A, where these are predominantly
flat-floored. V-shaped valleys arenot differentiated.

Prominent dip-slopes with heath-like vegetation genera-
1lly above 500 feet. Fine textured, small trees, dense
middle canopy.

(ii) Land Type B

Hills
feet,

B1 -

Blv
pa’ <

B2v -
B3 -~

B4 -

and ridges at low elevation, generally less than 1 000
developed on bedrock.

Steep hills, moderately to strongly dissected by flat-
floored or V-shaped valleys too small to delineate at
photo scale. The unit includes isolated areas of cl-
eared and secondary forest. Coarse textures with dark
grey tone.

Steep sided, V-shaped valleys of Unit B1l.

Moderately steep hills, dissected by flat-floored val-
leys too small to delineate at photo scale. Areas of
secondary growth and shifting cultivation are common.
Coarse textures with medium dark grey tone.

Steep sided valleys of Unit B2, flat-floored.

Undulating terrain, often cultivated. Areas of second-
ary growth have variable texture and grey tone.

Broad and flat-floored valleys of Land Type B that are
sufficiently wide or clearly defined by topography or
by differences in canopy to be delineated.

(iii) Land Type C

Wide alluvial plains, predominantly non-peaty.

Gl -

River valleys, identified by position along major riv-
ers, correlating with lighter tones (if cleared), or
less uniform canopy (if under primary forest) than in
surrounding alluvial areas. The unit is generally bo-
unded by Unit C2 or Land Type D.

Sub-divisions:~
Cir - Levee ridges;
Cilp - Pointbars;

Clo - Ox-bows and old river channels;
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C1s - Mainly mangrove vegetation identified by position
at the lower reaches of major rivers. Smooth can-
opy, fine textures, dark grey tone.

C2 - Alluvial backswamps, generally non-peaty but in some
cases the alluvium may be overlain by shallow peat.
Medium coarse and fine textures with medium grey tone,
commonly cleared for cultivation or under secondary
growth. The uncleared areas in this unit are identif-
ied by coarser textures and irregular canopy with dark
grey tones. Sometimes the unit is transitional to Unit
D‘]-.

€3 - Colluvial fans along the foot of high ridges and hills.
Generally cultivated or under secondary growth. The
light tones indicate better drainage conditionmns.

(iv) Land Type D

Wide alluvial plains, predominantly peaty. The land type is
identified by distinctive pattern of canopy in primary forest
and with less certainty in cultivated or cleared land, by dark
tones and by topographic position.

D1 - Peaty backswamps and peat filled valleys, identified by
their position.

Sub-divisions: -

D1b - Peaty backswamps. Medium coarse textures and
regular canopy of dark grey tone;j

Div - Peat filled valleys. Coarse textured, irregular
canopy and dark tones.

D2 -~ Transitional zone between D1 and D3 Units. Broken ir-

regular canopy which is sloping upwards towards Unit
D3. Dark grey tones.

D3 - Domed peat areas. Fine to medium textures and 1light
tones. The unit which is "pock-marked" due to fallen
or dead trees has widespread occurrence as discrete
areas along the lower and middle reaches of large riv-
ers.

D4 - Flat peat basins. Fine to medium textures and 1light
to medium tones, smooth canopy. Included in this unit
are peat basins which have circular lineaments.

D5 =~ Possibly eroded peat domes within Unit D3. The canopy
is lower than the surrounding D3 Unit. Dark grey tones

with medium coarse textures. Possibly heath-type vege-
tation.

D6 - Unit cancelled.

D7 - Coastal peaty plains. Rather featureless terrain, with

medium textures and dark grey tone. This unit excludes
the Baram-type peat areas.

Sub-divisions: -
D7c¢ - Coastal peaty plains lying directly behind Land
Type S. Low canopy with medium even textures;

D7i - Inland section of the coastal peaty plain. Vege-
tation more mature, canopy shows higher
which often grow in clusters.
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(v) Land Type S

Low beach material.

S1 - Spits and bars. Identified by their position on the
present beach, often too narrow to delineate at photo
scale. Light tones.

S2 - Parallel light toned beach ridges and dark toned swales
lying behind the present beach. Mainly scrub vegetat-
ion.

S3 - Level, old beach situated between Miri and Lutong lying
at same level as Units S1 and S2, but more mature. Dark
grey tones with smooth textures. Low vegetation, us-
ually cultivated. Watertable possibly low.

S4 - Parallel dark toned ridges. Identified by their posi-
tion behind S2 on older beach, its level similar to S1
and S2. This unit lies along rivers running parallel
to the present coast line. Vegetation moderately high,
generally uncultivated. Watertable is thought to be
high.

(vi) Land Type T

Alluvial and marine terraces. Identified by a more or less
flat topography at a raised level.

T1 - River terraces above 1 000 feet. Dense, uniform, med-
ium to fine textures and medium grey tones canopy.

T2 - Raised beach and terraces at highest level, 300 to 1000
feet elevation.

T3 - Raised beach and terraces between 50 to 300 feet elev-

ation. Medium textures, medium to dark grey tones where
forested, or smooth light tones where cleared. Eroded
surface.

T4 - Raised beach and terraces at lower level than T3. In-
termediate between S3 and T3 Units. Generally cultiv-
ated.

(vii) Miscellaneous Land Type

U - Built-up urban areas.
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APPENDIX IX
EROSION

IX1 DETAILS OF SAMPLES TESTED FOR LABORATORY
ERODIBILITY

Samples collected at four locations in the Study Area have
been tested in the laboratories of the Asian Institute of
Technology in Bangkok, Thailand. Details of these samples
are as follows:-

Sample A
Bekenu family

Sample B
Bekenu family

Samgle C
Merit family

Sample D
Nyalau family

Location: Bukit Peninjau, near Erosion Trial
C on 21 degrees slope. Area planted to oil
palm in 1972, ground cover planted, but sur-
face largely uncovered.

Sampling depth: % to 6% inches.

Description: Fine sandy clay loam field tex-
ture overlying 8 inches of clay loam over clay;
containing moderate contents of sandstone and
shale fragments.

Laboratory texture: Silty clay loam.

Location: Bukit Peninjau near Erosion Trial
A on 35 degrees slope. Area planted to oil
palm in 1972, ground cover planted, but sur-
face largely uncovered.

Sampling depth: 1 to 7 inches.

Description: Field texture loam, O to 6 inches
overlying 4 inches of fine sandy clay loam
over clay, containing high percentage of fine
sandstone and shale fragments.

Laboratory texture: Silt loam.

Location: Low hillock in SOP Estate. One year
old o0il palm with thick ground cover of leg-
umes and grasses.

Sampling depth: 6 to 12 inches.

Description: Field texture clay loam to clay
overlying stone free clay at 15 inches. Over-
lying very stony clay.

Laboratory texture: Silty clay.

Location: Top of steep hill in the Lambir hills,
young regrowth.

Sampling depth: 3 to 9 inches.
Description: Field texture sandy clay loam.

Laboratory texture: Sandy loam.
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