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1. Environmental and Social Consideration in the Project 
 

It was conceived that the construction to rehabilitate M-dock landfill and the construction of 
small scale landfill in the pilot project might cause negative environmental and social impact.   

These constructions were executed with considerations of environmental and social aspects. 
Mitigation measures such as installation of silt fence into excavation area facing coast, which 
prevented negative impact was adopted.  Accordingly, the construction had been completed without 
causing significant impact to the surrounding environment and people. 

M-dock landfill has been used for several decades without any measures to control pollution 
from buried waste and landfill.  Offensive odor, waste littering, unsanitary conditions due to pest as 
well as flies have caused negative impacts because the landfill was operated as open dumping site. 
Pollution of sea due to leachate from waste was one of environmental impact as well.  It was 
attempted in the rehabilitation works for M-dock landfill to introduce semi-aerobic system and 
sanitary landfill operation to mitigate negative environmental impact which existed before the project. 
After the rehabilitation leachate does not flowing into the sea thanks to the structure which enclose 
waste dumping area.  It was regarded also that the leachate circulation system applied to the landfill 
contributed to avoid impact of leachate to the environment even though Palau’s precipitation is quite a 
lot.  Landscape was considered in designing since the landfill was located close to the places where 
tourists might visit.  As a result, it was evaluated that endeavors in the project had brought about 
much improvement in terms of environmental preservation. It was especially observed that reduction 
of pollution at mangrove forest and its ocean was remarkable.  
 
 
2. Implementation of Mitigation Measures and Evaluation of these Effect 
(1) Project for Improvement of the Existing Landfill, M-dock Landfill 

The rehabilitation works of M-dock Landfill was commenced in January 2006 and completed 
December 2007. Results of monitoring of social and environmental considerations during and after 
the rehabilitation works are illustrated as follows; 
 

Phase Cause of 
Impact Con Ope 

Mitigation Implementation and Evaluation of Mitigation  

Felling of 
mangrove  

B - Design to 
avoid 
deforestation 
of the 
mangrove 
forests 

In the designing, it was decided that the location of the 
dike to shape the boundary of landfill site was set back 
in order to preserve the existed mangrove forest as much 
as possible although it would cause reduction of capacity 
of waste receiving of the landfill. It is illustrated in 
following drawing: the oblique line shows the original 
location and the red line shows the changed dike 
location.  
The layout of designed dike was adjusted to actual 
location of the mangrove confirmed during 
constructions. As a result, almost all mangrove trees 
were left untouched and remained. Approximate 2,500 
m2 of mangrove forests were preserved by setting the 
dike location back to landfill side. Pictures below show 
the situations before and after the construction of 
rehabilitation. 

Note:  
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1. Phase  Con: Construction phase   Ope: Operation phase  
2. Evaluation Criteria  A: Significantly effects    B: Effects  
  C: Effects offset by mitigation or positive effects  D: Does not effect 
 
 

 
Change in the Layout of Dike at Mangrove Side to Preserve Mangrove Forest 

 

Picture 1. Wastes disposed of at the mangrove 
forest before the rehabilitation works 

 

Picture 2. Preserved mangrove forest and 
constructed dike & slope formation 

 
Phase Cause of 

Impact Con Ope 
Mitigation Implementation and Evaluation of Mitigation  

Leachate 
and 
polluted 
run-off 
from 
landfill  

C - Silt fence at 
excavation 
site 

Silt fence was installed to avoid flow out of particles of 
clayish soil to the excavation area facing coasts 
including mangrove forest. Environmental Quality 
Protection Board (EQPB) of the Government of Palau 
cared about the impact of the construction. EQPB 
coordinated with and instructed the project to avoid 
negative environmental impact by the constructions. 
It was recognized that installed silt fence functioned 
effectively to prevent causing pollution of the seawater 
in the neighboring coastal zone.  

Note:  
1. Phase  Con: Construction phase   Ope: Operation phase  
2. Evaluation Criteria  A: Significantly effects    B: Effects  
  C: Effects offset by mitigation or positive effects  D: Does not effect 
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Phase Cause of 

Impact Con Ope 
Mitigation Implementation and Evaluation of Mitigation  

C - Installation 
of the fence 
for  
prevention 
of sediment 

In the civil work at jetty side, a fence was installed to 
prevent sediment from flowing to the road because of 
heavy rain. The conditions of fence installed at the site 
were monitored by EQPB, and it was maintained as 
necessary.  
As a result, the impact to the surrounding area by 
sediment was reduced greatly. 

Leachate 
and 
polluted 
run-off 
from 
landfill  

- C Covering 
surface with 
clayish soil 
for slope 
protection 

It was observed that the leachate flowed over the surface 
of the road along the landfill and flowed out to the sea 
area before the rehabilitation. To prevent the leakage of 
leachate and scattering of waste from the dumping area, 
a 30cm thick of soil covering was provided at the surface 
of slope formations in the rehabilitation works. Besides, 
hydro-seeding was applied on the covering soil over the 
slopes to prevent soil from being eroded by rain. 
As the effect of soil covering and the construction of 
drainage at end of slope, it was attained that flow out of 
murky water from M-dock landfill had not been seen.  
Pictures below show the conditions of landfill site before 
and after the rehabilitation work at jetty side. 

 

Picture 3. Dumped waste at landfill  
(before the rehabilitation works) 

 

Picture 4. Condition of slope enclosing 
dumping area (after the rehabilitation works) 

Note:  
1. Phase  Con: Construction phase   Ope: Operation phase  
2. Evaluation Criteria  A: Significantly effects    B: Effects  
  C: Effects offset by mitigation or positive effects  D: Does not effect 
 

Phase Cause of 
Impact Con Ope 

Mitigation Implementation and Evaluation of Mitigation  

Leachate 
and 
polluted 
run-off 
from 
landfill  

- C Recirculation 
of leachate 

Structures of recirculation system of leachate, which 
contribute to reduction of pollution by leachate, consist 
of leachate collection pipe, vertical shaft, leachate 
pond, and recirculation pump etc. It was intended that 
stabilization of disposed waste would be enhanced by 
the introduction of semi-aerobic landfill system and 
recirculation of leachate to dumping area.  
It is expected that the leachate flowing into the 
surrounding coastal area will be reduced and quality of 
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Phase Cause of 
Impact Con Ope 

Mitigation Implementation and Evaluation of Mitigation  

seawater will be improved.  
 

 
Picture 5. Constructed leachate pond 

C C Monitoring of 
seawater 
quality 

Continuous seawater monitoring based on "Operation 
and Maintenance Manual for M-dock landfill” is 
recommended to understand condition of function of 
landfill facilities and marine environment. 
Rehabilitation works were designed to shut leakage of 
all leachate from the site. Periodic inspection by 
monitoring of water quality is helpful to confirm the 
effects of the renovation works. 
For understanding of the condition of water quality at 
the surrounding water bodies, survey of seawater 
quality was conducted before the designing of 
rehabilitation work. The result of survey was used to 
develop a rehabilitation plan.  
Pollution at mangrove area was terrible as seen in 
Picture 1 before rehabilitations. After completion of the 
rehabilitation works, people who visit the area noticed 
fingerlings swimming, which got them realize 
improvement. 

- C Monitoring of 
leachate 

It was intended that semi-aerobic system would 
enhance stabilization of the disposed waste. The result 
of monitoring of leachate can be utilized as an indicator 
to check the stabilization progress of disposed waste. It 
also helps to expect the closing time of the landfill site.

Note:  
1. Phase  Con: Construction phase   Ope: Operation phase  
2. Evaluation Criteria  A: Significantly effects    B: Effects  
  C: Effects offset by mitigation or positive effects  D: Does not effect 
 
Mitigations for Unforeseen Environmental Impacts 

Mitigation Implementation Evaluation of Mitigation 
1. Improvement of 

landscape 
Green space and 
tree planting at 
perimeter area  

As for M-dock landfill located beside the jetty where some 
leisure boats are moored, there is a hotel and an aquarium 
in the vicinity, and many citizens and tourists visits this 
area.  
It was one of targets of the rehabilitation work to upgrade 
landscape of the site, which will result in impressing 
people with improvement. The landscape of the landfill site 
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Mitigation Implementation Evaluation of Mitigation 
has been greatly improved through planting trees and 
greening of the area, and hydro-seeding of slope of the 
landfill. 

 
Picture 6. Improved Landscape 
（Slope formation at jetty and hotel side） 

[Construction of 

 measure 

n works of 

w water level was wet, so there were no 

dike at mangrove 
side] 
- No
was required 

No measure was required while constructio
dikes at mangrove side included the excavation of 
accumulated waste. For, excavated waste at the mangrove 
side did not cause odor troubles because of a long lapse of 
time after the disposal of waste and proceeding 
stabilization.  
Also, waste belo
worries of generation of dust, scattering of waste. 

2. Measures for 

st, 

[Installation of 

 pipes] 
 

n 

ring and 

es, at 

impacts to the 
neighbors due to 
construction 
such as du
waste scattering 
and odor  

leachate 
collection
- Small dike at
perimeter area  
- Excavation i
wet conditions  

It was evaluated that impacts of dust, waste scatte
odor due to construction for installation of leachate pipe 
was decreased as a result of mitigation measures.  
Small dike was developed, before instillation of pip
the top of slope enclosing the dumping area to prevent 
waste scattering, dust and noise. Then, in case moving 
fresh waste was required, such works were executed after 
rain to make use of the wet condition of waste.  

3. Considerations ・ Stakeholder 
 

 
tion 

n 

ing to 

 

sletters, 

-dock 

nstruction was amended paying attention to 

nducted by 

d 

enment 
s 

to residents in
the vicinity  

 meeting in
2006 

・ Direct
explana
to residents 

・ Change i
the order of 
construction 
work 
accord
request of 
residents  

・ Distribution
of 
new
pamphlets 

Before and during the construction of M
rehabilitation works, stakeholder meetings were held twice 
to explain construction itself, purpose and expected effects 
of the rehabilitation to local residents. At these 
opportunities people’s perception and opinion were 
understood.  
The order of co
opinion of residents that the construction of slope 
formation at jetty side should be prioritized.  
Direct explanation to the residents was also co
visiting the houses of the residents, where the contract 
term, schedule, scope of work was explained. It was trie
at the same time to encourage their understanding and 
cooperation for the project. General solid waste 
management, pamphlets for environment enlight
and newsletters prepared in the project were distributed a
well.  The improving the landscape of M-dock landfill 
was one of considerations to residents.   
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(2) The pilot Project in Ngarchelong State 
 

A p helong State located in the north end of Babaldaob 
Island. Old dumping site before development of new landfill under the project was operated as open 
dump

segregation at generation sources to reduce amount of final disposal  
gation at 

sourc

ng State conducted the study as the project executer. The construction of new landfill was 
imple

ilot project was implemented in Ngarc

ing site.  It was problem of old site that causing environmental impact caused by the buried 
waste without any treatment. The pilot project was a endeavor to solve such problem and improve 
solid waste management in small state.  The components of the pilot project consist of the following 
two aspects:  

・Sanitary waste disposal in state including physical and operational improvements  
・Waste 
About ninety households in the State were targeted in instruction for waste segre
e.  
EIA study was required in Palau for construction and operation of new landfill site. 

Ngarchelo
mented from November 2007 untill February 2008.  Environmental and social considerations 

implemented by Palau side were illustrated in the following table. 
 

Phase Cause of Mitigation Implementati
mpact Con Ope 

on and Evaluation of Mitigation  
I

M
water during 

on 

C Fence to prevent 
water flow out  

Ins  
sediment during construction especially after rain 

urky 

excavati

 - tallation of fence to prevent flow out of soil and

was effective.   

Leachate 
from landfill 

- C 
enclosing e.  All leachate was lead to 
-Embankment 

dumping area  
-Leachate 
collection system

The landfill was designed to control leachate 
generated from wast
leachate treatment facilities without flowing out to 
the neighboring area. Collected leachate was 
controlled to discharge after sedimentation and 
simple filtration with rocks. 

Erosion of 
slope of 

- C 
for slope -off of soil to the 

embankment 

-Hydro-seeding 

protection  

Hydro-seeding applied to the slope has prevented 
erosion of slope and run
surrounding area.  

Change o
landscape 

f - C 
 Ngarchelong State planted 

n 

-Hydro-seeding 
-Tree planting

Green of hydro-seeding has grown up and make 
landscape. Besides, 
trees at the landfill to develop better conditio
of landscape.  

Note:  
1. Phase  Con: Construction phase   

tion Criteria  A: Significantly effects   B: Effects  
 positive effe effect 

. Environmental Monitoring Plan of the Operation Manual for M-dock landfill 

Operation Manual of the M-dock landfill was prepared in the project. Environmental 
 regular inspection as shown in 

Attac

, Bureau of Public Works, Ministry of Resources and Development (BPW-MoRD), 
will s

While EQPB has conducted their regular monitoring of seawater quality according to their 
grees to continue their regular monitoring 

Ope: Operation phase  
 2. Evalua

  C: Effects offset by mitigation or cts  D: Does not 
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(1) Environmental Monitoring Plan of M-Dock Landfill  

monitoring shown in the operation manual is discussed as a
hment-1.  
It was agreed between Palau side and JICA expert team that the organization responsible for 

landfill operation
tart monitoring together with EQPB based on the plan shown in Attachment-1.  

 
(2) Coordination with Regular Monitoring by EQPB 

regulation, their effort is evaluated to some extent. EQPB a
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and to

ement in Palau.  
 

. Result of Water Quality Analysis around M-Dock Landfill 

 survey for M-dock landfill 
habilitation was conducted once before constructions. The analysis was conducted in Japan due to 

lack o

 The 
result

. Responsibility of Environmental Monitoring and Necessary Actions 

 for appropriate 
aintenance and operation of M-dock landfill.  In the case that figure of some parameters show 

impro

lth 
 

 

 provide their data for the purpose of landfill management.  
Apart from it, the parameters of water quality that EQPB can analyze are not considered enough. 

It is recommended to improve its capacity for environmental manag
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In the technical cooperation project, comprehensive water quality
re

f laboratory capable for analysis for necessary parameters such as heavy metals.  
BPW-MoRD has implemented regular inspection of landfill facilities according to the operation 

manual. As described above, EQPB has been responsible for regular environmental monitoring. 
 of regular monitoring conducted by EQPB is given in Attachment-2.   
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It is expected that results of environmental monitoring will be utilized
m

per values, the following organizations and authorities will discuss and coordinate for necessary 
actions to solve and improve the environment.  

・ BPE-MoRD  
・ EQPB 
・ Ministry of Hea
・ Koror State Government
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Attachment-1 

Attachment-1: Plan of Environmental Monitoring at M-dock landfill 
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Attachment-2 

Attachment-2: Results of Monitoring of Sea Water Quality conducted by 
EQPB 
 
Note: Locations of sampling of seawater are same as shown in the map in Attachment-1 
Landfill 1
Date 5/16/06 6/29/06 7/27/06 8/24/06 9/12/06 10/26/06 11/20/06 12/7/06 1/24/07
Temperature (degree C) No data 30.1 29.1 28.9 29.5 30.8 30.2 29.4 28.7
pH (-) No data 8.1 8.2 8.1 8 8.4 8.3 8.3 8.3
Fecal coliform (-/100mL) No data 120 4 70 >200 0 80 62 4
Turbidity (NTU) No data 1.3 2.05 1.43 6.01 1.22 2.26 2.16 1
DO (mg/L) No data 4.6 4.8 5.1 5 5.1 4.2 5.1 No data
Salinity (mg/L) No data 30.9 32.6 33.2 33.1 33.4 33.2 32.9 33.2

Date 4/18/07 5/22/07 7/3/07 8/28/07 9/13/07 10/25/07 11/14/07 12/14/07 1/9/08 2/7/08
Temperature (degree C) 30 31.7 30.3 30.4 29.8 30.7 30.2 30.5 29.7 29.2
pH (-) 8.1 8.1 8.2 7.9 8.1 8.3 7.9 8.0 8.0 8.1
Fecal coliform (-/100mL) 0 1 38 42 3 4 96 0 0 0
Turbidity (NTU) 2.98 2.41 2.4 1.2 3.5 2.4 4.3 2.3 2.8 1.8
DO (mg/L) 7.3 7.8 no data 3.9 no data no data 6.3 6.3 5.3 4.7
Salinity (mg/L) 34.4 34.3 34.4 32 33.8 32.8 29.0 34.1 33.8 34.4

Date 3/26/08 4/8/08 5/27/08 6/24/08
Temperature (degree C) 29.6 30.0 no data 30.1
pH (-) 8 8 no data 8.1
Fecal coliform (-/100mL) 0 0 0 0
Turbidity (NTU) 1.3 1.4 1.5 1.8
DO (mg/L) 8.9 10.6 no data 5.6
Salinity (mg/L) 33.1 32.5 no data 35.7

Landfill 2
Date 5/16/06 6/29/06 7/27/06 8/24/06 9/12/06 10/26/06 11/20/06 12/7/06 1/24/07
Temperature (degree C) 30.4 30.4 29.1 28.9 29.9 29.9 30.3 No data 28.8
pH (-) 8.2 8.1 8.2 8.2 8.2 8.4 8.3 No data 8.3
Fecal coliform (-/100mL) 84 136 18 60 36 0 4 No data 2
Turbidity (NTU) 1.26 1.5 1.06 0.81 1.06 0.61 0.9 No data 0.8
DO (mg/L) 4.6 4.5 5.1 5.3 5.9 5.3 4.6 No data No data
Salinity (mg/L) 33.2 32.1 32.7 33.4 33.1 33.4 33.2 No data 33.4

Date 4/18/07 5/22/07 7/3/07 8/28/07 9/13/07 10/25/07 11/14/07 12/14/07 1/9/08 2/7/08
Temperature (degree C) 29.9 30.7 30.3 30.2 29.9 30.6 30.6 30.1 29.7 28.9
pH (-) 8 8.2 8.2 7.9 8.0 8.3 8.0 8.1 8.1 8.1
Fecal coliform (-/100mL) 4 0 2 32 1 6 2 0 0 0
Turbidity (NTU) 1.07 0.89 1.2 2.4 1.4 1.6 1 1.2 1.8 1.0
DO (mg/L) 6.8 7.9 no data 3.9 no data no data 6.1 6.2 5.8 5.2
Salinity (mg/L) 33.4 34.7 34.5 32.4 33.4 33.0 34.1 34.2 33.7 34.4

Date 3/26/08 4/8/08 5/27/08 6/24/08
Temperature (degree C) 29.3 no data no data 30
pH (-) 8.1 no data no data 8.1
Fecal coliform (-/100mL) 0 no data 0 0
Turbidity (NTU) 1.1 no data 1.9 1.6
DO (mg/L) 9 no data no data 5.3
Salinity (mg/L) 33.2 no data no data 34.2

.6
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Attachment-2 

 
Landfill 3
Date 5/16/06 6/29/06 7/27/06 8/24/06 9/12/06 10/26/06 11/20/06 12/7/06 1/24/07
Temperature (degree C) 30.7 30.1 29.4 29 30 30.7 30.2 29.8 29
pH (-) 8.2 8.1 8.1 8.3 8.1 8.4 8.3 8.3 8.3
Fecal coliform (-/100mL) 7200 >200 >400 28 26 0 26 2 4
Turbidity (NTU) 1.38 3.6 2.15 1.08 1.26 1.22 1.29 1.85 1
DO (mg/L) 4.8 4.3 5.1 5.3 6.5 5.1 3.8 5.1 No data
Salinity (mg/L) 33.2 29 32.7 33.4 33.1 33.4 33.2 33.4 33.4

Date 4/18/07 5/22/07 7/3/07 8/28/07 9/13/07 10/25/07 11/14/07 12/14/07 1/9/08 2/7/08
Temperature (degree C) 29.7 30.4 30.2 29.8 29.9 30.5 30.2 29.9 28.6 29.0
pH (-) 8.1 8.2 8.3 7.9 8.0 8.3 8.0 8.0 7.9 8.1
Fecal coliform (-/100mL) 0 1 0 54 2 0 22 2 0 41
Turbidity (NTU) 1.16 0.87 1.4 1.6 1.5 1.9 0.9 1.1 2.3 1.7
DO (mg/L) 6.5 no data 3.2 no data no data 6.5 6.1 4.7 5.1
Salinity (mg/L) 34.3 34.7 34.5 31.9 34.2 33.1 34.0 34.2 34.4 34.3

Date 3/26/08 4/8/08 5/27/08 6/24/08
Temperature (degree C) 29.2 29.8 no data 29.7
pH (-) 8 8 no data 8
Fecal coliform (-/100mL) 0 0 10 0
Turbidity (NTU) 1.4 0.9 1.8 1.5
DO (mg/L) 3.5 10.2 no data 6.3
Salinity (mg/L) 33.5 32.5 no data 36.2

Attachment-2 (2/2) 
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