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ABSTRACT

Coal Mining operation in the forest lands caused significant forest ecosystem disturbance. Therefore, management of
mined-out forest lands must be conducted thoroughly following land clearing, topsoils spreading, mining waste
treatment, land rehabilitation (reclamation and Revegetation). Concerning expected ecosystem recovery, mined-out
forest lands rehabilitation must be carried out covering land arrangement, soil erosion-sedimentation control, and land
revegetation. These three aspects were evaluated to assess whether successful or not based on the performance of land
reclamation, soil erosion-sedimentation land revegetation (planted areas, growth percentage, plant species, the
composition of fast-growing and long-lived species, plant health). This study was conducted at PT Santan Batubara
mining concession of 507.3 ha in large with 469.14 ha has been cleared and 24.47 ha already rehabilitated with a fast
growing and long life plants species. Rehabilitation score were 81.83 (OPD-Komodo 2010: 5.39 ha); 88.0 (IPDa-
Komodo 2010: 5.11 ha); 87,3 (KO-Komodo 2010: 2.24 ha); 89.3 (OPDb-M2 2011: 1,72 ha); 85.8 (OPDa-M2 2010:
8.54 ha); 84.7 (OPDc-M2 2011: 0.37 ha); 85.2 (OPDd-M2 2011: 1.10 ha) respectively, with the total score 602.1 and
86.0 in average. The score of ecosystem related to foodweb recovery based on incoming herbivores - predators -
carnivores without top carnivores was found to be 70, classified as the prospective status of ecosystem recovery. The
prospective status indicates that the processes of forest ecosystem recovery have been in the expected direction.

Keywords: Soil Erosion-Sedimentation, Ecosystem Recovery, Land Reclamation, Forest Rehabilitation,
Land Revegetation

1. INTRODUCTION Open-pit/cast mining system applied by PT Santan
Batubara consist of land clearing - blasting - stripping -

Coal Mining operation in the forest land causes mining - backfilling - topsoils spreading - planting

significant forest ecosystem disturbances. Therefore,
forest ecosystem management must be conducted
thoroughly following land clearing, topsoils spreading,
mining waste treatment, land rehabilitation (reclamation
and Revegetation), and all things related to pre-mining -
post-coal mining activities [1, 2, 3, 4]. The utilization of
non-renewable natural resources should be rational,
efficient and not wasteful [2]. Post mining land remains
as degraded material layers cover the aggregate crushed,
broken porous soil structure, rock fragments mixed coal,
and disappear layer of organic material. Besides that,
terrible drainage, incapable soil water holding water
capacity, and high soil density and temperature (25, 30).

works. This mining operation method is expected to
minimize the open area resulting from coal mining
operation using various heavy equipment. Coal mining
covers land clearing, blasting, topsoils stripping,
extracting overburden materials, mining operation,
hauling and crushing, and loading coal onto coal
transporters. The direct impact is the structure and
function of ecosystems damage due to coal mining
operation [1]. PT Santan Batubara concerns the
mandatory  obligation and is responsible for
rehabilitating minedout forest land to restore forest
ecosystems' structure and function.
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Concerning the ecosystem restoration, the Ministry
of Forestry Government of Indonesia (FoF-Gol)
declares Permenhut P.76/2008 about forest reclamation
and rehabilitation to convene forest functions,
authorities and responsibilities, local authorities and
concession holders to organize degraded land
rehabilitation work in planning, implementation,
monitoring and evaluation [15, 16]. Furthermore, the
technical instructions of forest reclamation activities are
then elaborated in P.4/Menhut-11/2011 about forest
reclamation guidelines and technical education related
to stakeholders and assessment procedure as mandated
by Permenhut P.60/Menhut-11/2009 on the guidelines
for the assessment of the forest reclamation [17, 18, 19].

Post-mining forest land area is not ready to be a
medium for supporting plant growth. Therefore forest
rehabilitation efforts must be carried out on land
arrangement, erosion-sedimentation control, and land
revegetation, especially in the post-mining forest land
areas. Monitoring and evaluation are conducted over
these three degraded land rehabilitation aspects to
understand and formulate best ecosystem recovery
practices [08, 20, 24].

This study's main objective was to evaluate the
progress of land rehabilitation works carried out at post-
mining forests lands in complying with its obligation
and achievement properly. The expected result and
benefits were to understand degraded land rehabilitation
successfulness of it's rehabilitated forest lands, which
will also be used to improve and develop an instrument
of decision making policy related to the actual condition
of mined-out forest lands.

2. METHOD

2.1. Study Area

The mining concession under status IPPKH - ljin
Pinjam Pakai Kawasan Hutan (Utilization Forest
Permit) of PT Santan Batubara was 16.700 ha in large
located in Kutai Kartanegara Regency, 8.172 ha in East
Kutai Regency, and 58 ha in Bontang City. Evaluation
of mined-out forest land rehabilitation and its potential
ecosystem recovery was carried out based on land
arrangement criteria, soil erosion-sedimentation control
measure, land revegetation, and ecosystem recovery
status [16]. This study was conducted at nearly 25 ha of
OPD-Komodo site (5.39 ha), IPDa-Komodo site (5.11
ha), KO-Komodo site (2.24 ha), OPDb-M2 site (1.72
ha), OPDa-M2 site (8.54 ha), OPDc-M2 site (0.37 ha),
as well as OPDd-M2 site (1.20 ha) respectively (Figure
1).
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2.2. Study Procedure

The study procedures to evaluate rehabilitation
works carried out at post-mining forest lands are as
follows:

MIPPKH
PT Santan Ba
—

BONTANG

Figure 1 The study area of PT Santan Batubara
concession

2.2.1. Land Arrangement

Land arrangement's primary parameter is void
backfilling, land preparation, slope stability, and
topsoils spreading. Scoring of backfilling and the land
arrangement was applied by comparing work progress
to the plan set up in technical mining and environmental
planning. Observation of slope stability was done
directly in the field related to landslide movements. At
the same time, soil depth after topsoils spreading was
measured purposively in the area by using a soil hand
auger.

2.2.2. Soil erosion and sedimentation

The field installation of soil and water conservation
infrastructures such as check dam, drop structures, and
drainage channels were observed whether working
correctly or not with its function and benefits. Legume
cover crops (Lcc) intended to retard excessive overland
flow and increase infiltration capacity were done by
assessing Lcc growth after land preparation. Soil
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erosion and sedimentation were observed by identifying
soil erosion types and it's distribution.

2.2.3. Revegetation

The revegetated mined-out area was observed within
rehabilitated forest lands by census method to collect
data of growth percentage and plant species composition
between fast-growing and long life plant species and
plant health.

3. DATA ANALYSIS

Based on the applied study method, each land
rehabilitation evaluation parameter was classified in a
five-level score ranging from highest rank (5) to the
lowest rank (1) following the degree level of
successfulness.

3.1. Land Arrangement (weighted = 30)

The land arrangement work was scored by
comparing work progress achieved with it's planning
previously set up as if the progress >90% (5), 80-90%
(4), 70-79% (3), 60-69% (2), and if the progress <60%
(1). Scoring for land preparation was based on a
comparison of progress achieved with prior land
preparation planning. As if the progress >90% (5), 80-
90% (4), 70-79% (3), 60-69% (2), and if the progress
<60% (1). Further, scoring for slope stability was very
slight <56% (5), slight 5-10% (4), moderate 11-15% (3),
heavy 16-20% (2), and very heavy >20% (1). Moreover,
for the legume cover crops was scored as if the progress
> 90% (5), 80-90% (4), 70-79% (3), 60-69% (2), as well
as for the progress <60% (1).

3.2. Soil Erosion-Sedimentation and Landslide
Countermeasure (weighted = 20)

Assessment of soil conservation infrastructure was
based on the percentage of the installed unit number
divided by the total number described in the technical
mining and environmental planning. The assessment
was done as if >90% (5), 80-90% (4), 70-79% (3), 60-
69% (2), and if <60% (1). Soil conservation
infrastructure function was also assessed whether
contributing to the soil erosion control and
sedimentation or not. The benefit assessment was
instrumental (5), useful (4), slightly useful (3), less
useful (2) and when it was not useful (1). As general
guidance, some function and benefits of soail
conservation infrastructure are: retaining dam can
control overland flow coming from upstream catchment
as well as increasing surface groundwater in the
downstream; check dam can control overland flow
coming from upstream catchment areas, raising the
surface water of the surrounding land, and the site of a
water supply for surrounding communities; drop
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structure retards overland flow; water channel is capable
of storing channelling overland flow; as well as valley
construction control can prevent the gully erosion
occurrences.

For cover crops planting, the assessment was based
on five categories, namely when the Lcc planting work
>90% (5), 80-90% (4), 70-79% (3), 60-69% (2), as well
as if planting work <60% (1). Subsequently, soil erosion
and sedimentation control assessment were also
classified into five categories if very light erosion <5%
(5), light 6-10% (4), moderate (11-15%), (3), and heavy
16-20% (2), as well as if soil erosion was very heavy
>20% (1).

3.3. Land Revegetation (weighted = 50)

For the assessment of land revegetation (>4 years
old), if the revegetation works >90% (5), 80-90% (4),
70-79% (3), 60-69% (2), as well as if revegetation
works <60% (1). The plant growth percentage score was
based on comparing the number of existing plants with
the number that are supposed to be in the rehabilitated
areas. The score of growth percentage is as if >90% (5),
80-90% (4), 70-79% (3), 60-69% (2), as well as if <60%
(2). The number of plants per hectare set at a planting
distance of 4m x 4m so that the minimum number of
trees per hectare is 625 trees. The score areas if >625
trees/ha (5), 611-612 trees/ha (4), 476-550 trees/ha (3),
400-475 trees/ha (2) and <400 trees/ha (1).

In general, land rehabilitation works always begins
with the fast-growing species planting and enriched
further with long life local species. The diversity of
plant species depends on the function and designation of
rehabilitated areas. Considering the given status of
production forest, the minimum number of long-life
plant species is at least 40% of whole plants and
expected having multi-purpose tree species (MPTS) in
the revegetated areas. The score is classified as if >40%
(5), 30-39 % (4), 20-29% (3), 10-19% (2) as well as if
<10% (1).

Plant growth is differentiated into healthy, less
healthy, and not healthy. Healthy plants grow fresh and
relatively straight, dense crown with standard height,
free of pests and plant diseases. Plants grow healthier
when well maintained as weeding, fertilizing, and
eradicating pests and diseases and weeds. Less healthy
plants abnormally grow or stricken with pests and
diseases, yellow leaves or coloured and sometimes
crooked trunk. Abnormal plant growth is stricken with
pests are kept small. The score was healthy plant > 90%
(5), 80-89% (4), 70-79% (3), 60-69% (2) as well as
<60% (1).

Referring to the above description, the results of
land rehabilitation assessment follow general criteria as
follow: (1) if the overall outcome of rehabilitation
reached a total score >of 80, rehabilitation works is
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declared to be successful; (2) if the total score between
60-79 expresses less successful, as well as in a total
score <60 is not successful.

Advances in Biological Sciences Research, volume 11

operation, complete - if the ecological state showed a re-
developed food chain of the herbivore-predator-
carnivore-top predator, prospective - if the ecological

condition showed a re-developed food chain but without
the existence of top predator, unbalanced - if the
producer condition were less than initial forest
ecosystem as well as failed - if the producer were less
than initial forest ecosystem without any key species [3,
12, 13] (Table 1 and Table 2).

For the forest ecosystem recovery, this research used
ecological indicators and status as the value of the
ecosystem at different age of post-mining forest land
rehabilitation [6], with a criterion of recover - if the
ecological condition was similar to the prior mining

Table 1. Ecological indicator (consumer/fauna) and ages distribution of post-mining rehabilitated forest land [3]

Year age
No. Fauna Indicator 1-<3 3-<6 6-<9 9-<14 14-<20 20-<27 >27
Score/Value
01. | Herbivore 60 50 40 30 20 10 0
02. | Herbivore + Predator 70 60 50 40 30 20 10
03. | Herbivore + Predator + Carnivore 80 60 50 40 30 20
04. | Herbivore + Predator + Carnivore + Top predator 90 80 70 60 50 40 30
05. | Herbivore + Predator + Carnivore + Top predator 100 90 80 70 60 50 40

. Herbivore = first consumer at ecosystem foodweb, Predator = predator avertebrate/small carnivore, Carnivora= vertebrate except
mammals, Top predator = Top carnivore, carnivore mammals.

Table 2. Status and value of ecosystem at various ages of post-mining rehabilitated forest lands [3]

No Ecosystem status Year age

) y 1-<3 3-<6 6-<9 9-<14 14 - <20 20 - <27 >27
01. | Disabled/Failed/Not Yet 60 50 40 30 20 10 0
02. | Unbalance 70 60 50 40 30 20 10
03. | Prospective 80 60 50 40 30 20
04. | Complete 90 80 70 60 50 40 30
05. Recovered 100 90 80 70 60 50 40

Note: Recovered = ecological condition of rehabilitation area is similar with initial baseline (QS — Community Similarity): 90-100%), Complete
= rehabilitation area shows the existence of a complete food web (QS: 75-90%), Prospective = rehabilitation area indicate the existence of
foodweb but without the presence of top predators (QS: 60-70%) Unbalance = condition of consumer herbivores is less than initial
conditions (QS: 50- 60%), Failed = producer conditions is less than baseline without the presence of key species (QS <50%).

4. RESULTS AND DISCUSSION
4.1. Land Arrangement

4.1.1. Void Backfilling

Backfilling work was done at IPDa-Komodo with
close to >90% (Figure 2) from the plan previously set
up in the area of 5.11 ha. This work is vital in
achieving safe and enabling landscaping phases of
mined-out forest land for complete land rehabilitation
works and ecosystem recovery [14].

Figure 2 Land preparation at Ex-Pit IPDa-Komodo
2010 (5,11 Ha)

4.1.2. Land Preparation

The spacious furnished area was close to the range
between 80-89% of the work plan that has been
previously set up (Figure 3). The result of land
preparation was found that the realization of the land
preparation reached at least 80% of planned areas,
indicating that the landscaping allows the continuation
of land revegetation works.

Figure 3 Rehabilitated land after land preparation
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4.1.3. Slope stability

Landslides movements were not found and
therefore is assessed as very light (<5%) in an area of
6.21 ha, slightly landslide (5-10%) in 10.63 ha, heavy
landslide (15-20%) in 2.24 ha, as well as a very heavy
landslide (>20%) in 5.39 ha (Figure 4). These facts
should be used for similar works in other locations
related to slope stability to prevent the occurrence of
landslide movements [31].

Figure 4 Slope stability at post-mining forest lands

4.1.4. Topsoils Spreading

The topsoils spreading was found >90% of the plan
assigned from a total area of 2.09 ha, 70-79% on the
site of 2.24 ha, 60-69% on the site of 1.10 ha, as well
as <60% on the area of 8.54 ha. The completed topsoils
spreading works should be seriously considered an
essential reference for similar results at other locations
to support plant growth and development of
Revegetation works at mined-out forest lands.

4.2. Soil Erosion and Sedimentation Control

4.2.1. Soil Erosion-Sedimentation Control

Infrastructure

The number of soil conservation infrastructures was
considered available enough (Figure 5) on the
rehabilitated forest land of 24.47 ha (70-79%) in large.
There was also wooden construction of soil
conservation infrastructure in the form of a wooden
check dam as much as of 2 (two) units (range 80-89%)
on a reclaimed land area of 1.72 ha (OPDb-M2).

Advances in Biological Sciences Research, volume 11
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Figure 5 Overland flow control using retarding
wooden construction

4.2.2. Infrastructure Function

The existing soil conservation infrastructure was
considered available and useful related to surface water
runoff control efforts and prevention and minimization
of soil erosion and sedimentation in the post-mining
rehabilitated forest lands. These conditions were found
at OPDa-M2 (8.54 ha/2011) and OPDb-M2 (1.72
ha/2010).

4.2.3. Land Cover Crops

Cover crops planting was ranging 80-89%,
covering 11.36 Ha. Cover crops in the early stage of
Revegetation are vital to reduce excessive soil erosion
and overland flow [2]. It is also expected to increase
the organic materials supply into the soil to improve
plant nutrients' availability. The condition of planting
crops at OPD-Komodo: 5.39 ha/2010) KO-Komodo
(2.24 ha/2010) OPDa M2 (8.54 ha/2011) as shown in
Figure 6.

Figure 6 Land cover crops after four years of
revegetation works

4.2.4. Soil Erosion Occurrences

The soil erosion occurs in the form of rill erosion
was found in rehabilitated forest land ranging of 6-10%
in an area with coverage of 5.39 ha, whereas the range
of 11-15% at coverage area of 19.08 ha. Is should be
noted that these soil occurrences potentially increase to
be channel or gully erosion. Therefore, soil erosion
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control measure prevention by adding soil erosion
infrastructures must be continuously applied at proper
locations.

4.3. Revegetation

4.3.1. Revegetation Area

Realization of planting works was >90% of 21.65
ha area in large, and there was a ranging of 80-89% in
the area of 2.82 ha. Concerning the land surface
coverage, as much as 80% is considered an initial
condition to support the recovery process of ecosystem
structure and function of post-mining rehabilitated
forest lands [5,9,11]. The more land surface coverage
will invite various wildlife for living and regeneration
within rehabilitated forest lands after coal mining
operation [3,7] (Figure7).

T
T g

Figure 7 Mixed of fast-growing and long life species
after four years

4.3.2. Growth Percentage

The growth percentage was >90% which is
expected to accelerate soil and microclimate recovery
for further supporting plant growth. For this reason,
plant maintenance is needed to retain its plant growth
percentage of which largely determine the growth and
development of revegetation plants.

4.3.3. Planted Plants

The plant's number was >625 plants per hectare in
an area of 24,47 ha with a standard planting distance of
4m x 4m. It is highly expected that this condition will
provide growth space for plant growth, especially long-
life plant species. Enclosure land by vegetation
canopies with undergrowth reduce rainfall energy
collision to the land surface effectively. Thus, the
occurrence probability of soil erosion will be
minimized and improve the physical soil characteristics
and therefore increase infiltration capacity, which will
help reduce the occurrence of excessive overland flow.

Advances in Biological Sciences Research, volume 11

4.3.4. Plant Composition

The composition of longlife local plant species was
>40% at area of 18,99 ha, 30-39% of 5,11 ha, and
<10% at 0,37 ha. This result provides that the
composition of local longlife species types reach a
minimum composition percentage. Learning from the
past, this composition assures that local longlife plant
species will survive in line with the recovery of the
structure and ecosystem function, leading to ecosystem
recovery stages.

4.3.5. Plant health

Overall, plants grow healthier with close to
percentage >90% is a good indication because only
healthy plants will be able to survive and become the
benchmark of the success of land revegetation at post-
mining forest land [22,23]. However, it should be
supported with the standard management, especially
maintenance which is seriously needed to maintain
plant health conditions after Revegetation works.

The results assessment of land rehabilitated forest
land must be seen in the integrated perspective and not
partially related to post-mining forest lands [10].
Therefore, efforts of land arrangement (backfilling,
land preparation, slope stability, topsoils spreading),
soil erosion and sedimentation control (number of
physical infrastructure and extensive benefits, cover
crops, soil erosion occurrences), and land revegetation
(arranged lands, plant growth percentage, plant species
composition, plant health) are a complementary
indicator in nature.
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Tabel 3. Evaluation and result of rehabilitated mined-out forest land at IPKKH concession of PT Santan Batubara

Planting block OPD-

Komodo IPDa-Komodo KO-Komodo OPDb-M2 OPDa-M2 OPDc-M2 OPDd-M2
Criteria (5.39 ha) (5.11 ha) (2.24 ha) (1.72 ha) (8.54 ha) (0.37 ha) (1.10 ha)
1. Land preparation (20) 9,33 16,00 13,33 17,33 13,33 18,67 14,67
a. Void backfilling - 5 - - - - -
b. Rehabilitated area 5 5 5 4 5 5 4
c. Slope sTability 1 5 2 4 4 4 5
d. Topsoils spreading 1 1 3 5 1 5 2
2 ?gé;eros'on'”d'mem control 22,50 24,00 24,00 22,50 22,50 24,00 22,50
a. Infrastucture 3 3 3 4 3 3 3
b. Function and benefit 4 4 4 4 4 4 4
c. Land cover crops 5 5 5 4 4 5 4
d. Soil erosion occurences 3 4 4 4 4 4 4
3. Revegetation (50) 50,00 48,00 50,00 48,00 50,00 42,00 48,00
a. Planting area 5 5 5 4 5 5 4
b. Growth percentage 5 5 5 5 5 5 5
c. Planted plants 5 5 5 5 5 5 5
d. Plant composition 5 4 5 5 5 1 5
e. Plant health 5 5 5 5 5 5 5
Total score 81,83 88,00 87,33 91,50 85,83 84,67 85,17
Tabel 4. Processes, mechanism, and ecosystem recovery indicator within forest ecosystem recovery [3]
Parameter Until Year-1 Until Year-2 Until Year-3 Until Year-4
. . - - Insectivore/Frugivore/ . ;
1. Avifauna Insegnvore, many Insectlvore/Frug|vor_e/Nectar|vore/ Nectarivore/Predator, the Seve_ral species starting
species Predator, many species . dominant
number of species decreases
. . Herbivore/Carnivore/ ;
2. Mammals Herbivore, fewer species Herplvo_re/Carr]lvore, the number of Omnivore, the number of G T € EPEHEs
species increasing . does not change
species does not change
3. Amphiby_ An insectivore, fewer Insectivore/Carnivore, the number Insectivore/Carnivore, the W57 @ EE S
and Reptile species of species increasing number of species does not does not

change/increasing change/increasing

4. Butterfly and Herbivore/Insectivore

Herbivore/Insectivore, the number

Herbivore/Insectivore, the G TIIET € SREEEs

dragonfly many species of species increasing number of species increasing ?:;Z;;;Zhangd
5. Beetle Herbivore, fewer species  The number of species increasing Increasing Not change

The assessment results of rehabilitated minedout
forest land is outlined in Table 3. As of the score: OPD
Komodo 2010 (5.39 ha) = 81.83; IPDa-Komodo 2010
(5.11 ha) = 88.0; KO-Komodo 2010 (2.24 ha) = 87.3;
OPDb-M2 2011 (1,72 ha) = 89.3; OPDa-M2 2010 (8.54
ha) = 85.8 and OPDc-M2 2011 (0,37 ha) = 84.7; OPDd-
M2 2011 (1.10 ha) = 85.2; with total score of 602.1 and
86.0 average. This means that land rehabilitation of
minedout forests land can be declared successful (>80).

In a natural ecosystem, the term of food chains is
widely known as the relationship between the existence
of vegetation as a food producer for the most part plant-
eater (herbivore), while the presence of herbivores is as
the provider of food for the meat-eaters (carnivore), a
lot of omnivorous and certainly some kind of predator
[3,26,28]. A lot of food chains will form food webs. The
critical question is how much of the food chain and food
webs already formed after a heavy forest ecosystem
disturbance due to mining operation until it's
rehabilitation works? Build a food chain alone is very
valuable because of concerns some life. In other words,
the land rehabilitation of post-mining forest land already
gives the appropriate contribution to support many types
of life surrounding. Post mining rehabilitation of forest
lands should be viewed together with another natural

surrounding forest ecosystem as the benchmark forest
ecosystem recovery [10] (Table 4).

The general thinking in the construction of forest
land ecosystem recovery after mining operation, the
outline of the interaction between the main elements in
the ecosystem that concerns the stability of the abiotic
component elements (rock/soil, water, air) and energy
inputs coming from sunlight will stimulate plant growth.
Plants as an independent element (producer) is a source
of energy and minerals to consumer (wildlife, micro,
meso or macro) [26, 27, 29]. Plants and animals
simultaneously contribute to the energy source for the
decomposer (micro-organisms), including mesofauna.
Interactions ~ complexity  between  plant-animal-
decomposer and inorganic elements (soil, water and air)
is often called foodwebs that became an ecological
indicator of an ecosystem, both at the climax recovery
stage.

The score of ecosystem characteristics involving the
formation of re-developing forest ecosystems food webs
based on the existence of predator-herbivore-carnivore
and still without top predator shows value and status the
land rehabilitation of forest land was 70 (3-<6 years
age), means that the recovery of ecosystems with
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prospective status (herbivore - predator - carnivore) of
recovery level. This ecosystem status indicates that the
processes and recovery stage of forest ecosystems has
been running in the direction of the expected track,
leading to the pre-mining operation's initial condition.

4. CONCLUSION

Rehabilitation works with good progress were
backfilling of ex-pit mining (>90%), land preparation
(80%), soil conservation infrastructures, cover crops
coverage (>80%), soil erosion occurrence (<15%), land
revegetation (>80%), plant growth percentage (>90%),
number of plant per-hectare (>625), and plant healthy
(>90%). Conversely, rehabilitation works that still need
improvement were slope stability (very heavy landslide
movement >20%), topsoils spreading (<60%), soil
erosion and sedimentation control measures (<80%),
and land revegetation (<10%). The dominant plant
species found in rehabilitated forest land are Falcataria
mollucana, Gmelina arborea, Cassia siamea, Samanea
saman, Accacia auriculiformis, Shorea sp., Euderoxylon
zwageri, Neolamarckia cadamba, Alstonia scholaris,
Arthocarpus integra, Nephelium lappaceum, Durio zibethinus,
Arthocarpus sp., Macaranga tanarius, Duabanga moluccana.
Rehabilitated land dominated by fast-growing species
plant should be enriched with various longlife plant,
especially dipterocarp species, as a critical flagship of
tropical rain/humid forest in East Kalimantan.

Based on the setup criteria of the land arrangement
after mining operation, soil erosion-sedimentation
control measure, as well as land revegetation, the total
score granted to PT Santan Batubara of IPPKH 24.47 ha
was 86.0 (eighty-six point zero) and can be declared
being successful (>80). The score of ecosystem related
to foodweb recovery based on incoming herbivores -
predators - carnivores without top predators was
assessed to be 70 (seventy points zero), indicating that
the prospective status of ecosystem recovery. The
situation shows that the processes and stage of forest
ecosystem recovery have been in the expected direction
toward pre-mining exploitation.
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