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Abstract: This study was conducted to analyze the propedfedeposit soil dredged from a reservoir which was
processed for efficient treatment and managemegforB starting this study, the physicochemical prtps and the heavy
metal content of the deposit soil were investigatedollect the fundamental data. In a treatmepieerent proposed to
use the deposit soil, the deposit soli was sepduateording to the particle diameter and only tbkesive soil having a
diameter of 106um or smaller was used for plastic working after imjxit with a cross-linking agent. The dissolution
experiment performed with the plastic worked depssil showed that the dissolution concentratiors wacreased as the
plastic working temperature was increased. Theotliien concentration was drastically decreasea@sfly in the 508C

to 1000C interval of the plastic working temperature. Fue future practical use, red clay was mixed withamic and a
dissolution experiment and an experiment to cateuthe saturated permeation coefficient were pevéor with the
mixture. For the experiments, a module was prepaviéghl the red clay to ceramic ratios of C-1 (5.3 rled clay
+ceramic=10:1), C-2 (5.3 L: red clay), and C-3 818 ceramic, 2.65 L: red clay). Artificial sewag&s injected to the
module in which red clay and ceramic were mixede Tésult showed that the pollutant dissolution emti@ation was
higher when the dissolution time was longer. Thiupent dissolution concentration was in the orde€-1 > C-3 > C-2
with the C-1 as the highest. The saturated perowatoefficient showed a similar tendency with tbétthe pollutant
dissolution concentration. The result showed thatihitial pollutant dissolution concentration wasv in C-2 in which
only pure soil was included. As time passed, tHaufant dissolution concentration of C-1 and C-3wiecreased.
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also discharged during the rainy season. Hencewtter

quality deterioration of the inflowing water systésncaused
by the pollutants flowing into reservoirs from thater basin.
Among the pollutant inflows, the inflow during antall has

a significant effect. Thus, a countermeasure agauosh

pollutant inflow is required [3, 4, 5].

Reservoirs located in farmlands and mountainousnsg
have a long water storage time because the waittalia
effluent is stored for irrigation. Along with theainfall
effluent, pollutants flowed into a reservoir is a@ls
accumulated in the reservoir. An excessive input of
nutrients from the water basin causes water quality
deterioration such as eutrophication of the resef@o7, 8,

9]. However, as most of the pollutants flowed irdo
reservoir are flowed in all at once together whk tnitial
rainfall effluent, it is necessary to study a masragnt
technique to efficient exclude or treat the polhisa

1. Introduction

In Republic of Korea (South Korea), reservoirs istpr
water for living, industry, and agriculture are tiooously
expanded and repaired. Inflow of nutritive saltduded in
domestic and industrial waste water to a resergairses
mass propagation of various planktons or bringsuaibo
eutrophication or increases the possibility of epitication.
Artificial reservoirs are constructed by blockinger flow
for stable water supply and flood control, whichoige of
the factors to deteriorating the water quality loyniing
stagnant waters [1, 2, 3].

As the characteristics of the rainfall in Koreag #mnual
rainfall is concentrated on summer. Therefore, aafr
guantity of pollutants flowing into reservoirs fromon-point
pollutant sources in farmlands and mountainousoregare
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included in the rainfall effluent for water qualitpntrol of
a reservoir [3,10,11].

Bunam Reservoir is an artificial fresh water resarv
constructed for extension of national territoryreglaimed
agricultural land formation, food production incseaand
pastureland development by water resource protecdiod
modernization of agricultural industry and increa$éarm
income by securing of water for living and devetapiof
backyard agricultural land. However, after the @fidhe
reclamation project, untreated pollutants caused they
agricultural and livestock farms and by the land irsthe
Bunam Reservoir water basin are flowed into themesr.
The water quality of the reservoir is graduallyeditrated
as a significant quantity of pollutants is continaly
flowed into the reservoir due to the insufficier@wage

Analysis géiebchemical Properties for Treatment of Dredgeg @it Soil

water on the other three sides. More than 65% eftolteal
area of Nam-myeon is mountainous region. Since the
height of the hills in the mountainous region issl¢han 74

m, most of the hilly area is used as agricultuaaid. As
reclaimed lands have been developed recently, i plae

has been formed. In addition, there is a well dgved
coastal line (Fig. 1).

E 126° 27" 20.58"

treatment in the upstream. In the case of the Buma .

Reservoir water basin, Hyundai Agricultural Assticia
set a limit in the use of fertilizers and pesticid® the
agricultural land in the past. At present, howewve
agricultural land has been divided into individdiatmers
and thus an increased use of fertilizers and pestcfor
growth enhancement is inevitable. When waters frsésh
water reservoir are stagnant and organic matexdald
nutrients are continuously flowed in the reservdhe
reservoir may turn to an eutrophication state asattmount
of pollutants exceeds the self-purification capadits the
problems such the environmental characteristicsthef
water basin, land use status, and

10 years, the water quality of Buman Reservoir il
more deteriorated so that even the current watalitglof
Grade 5 will not be maintained. In addition, thenter of
the tourists visiting the Zone B is increased daethe
changes of the social conditions, leisure time asel, the

increased health concerns. The habitat environnoént
migratory birds is also changing. Such changeshia t
also have &by dredging and treat the sediment which is a pideluct

environment of Buman Reservoir will
significant effect on the water quality. Therefoiig,is
necessary to prepare appropriate methods of impgaoand
maintaining the fresh water quality in order to hastically
and positively counteract such environmental change

2. Studied Area

lack of reservo
management system have been accumulated for mame th

@
N 36° 38° 39.66"

|2Nm._.. il
£mi @

Figure 1. Location of Bunam reservoir (dot: sampling points).

3. Use and Treatment of Sediment
3.1. Overview

It is important to improve the water quality ineservoir

of dredging. Since the fresh water basin of Buman
Reservoir is used for agriculture of rice productidhe
sediment mostly contains organic materials andients,
while it includes little heavy metal. When the dyed
sludge is appropriately processed and reused, &ongeint
of coast for collection, transport, and treatmeraynbe
saved. Therefore, a plan for using the reservaidgs

The studied area belongs to Seosan-si and Taeanfgunshould be positively prepared. In addition, where th

Chungnam. Several low mountains having a sea lefrel sediment including the

100 to 300 m are located in the studied area. Theee
piedmonts and hills but not a large river or a wedhtary
plain. The coastline is a long and complicated daast.
The shore has many extensive tidelands becauseatss
is narrow and the tidal range is large. Many rectad lands
have been formed because of the advantages inmatian

input pollutants is removed,
production of algae due to eutrophication may heretesed,
resulting in improved water quality. In additionhie the
reservoir turns to anaerobic conditions with oxygen
deficiency due to the anaerobic degradation ok#diment
on the bottom of the reservoir, removal of the edit
may turn the reservoir to aerobic conditions sa tine

projects and marine development. Nam-myeon, whictvater quality may be improved. Since it is difficub
accounts for the greatest portion of Taean-gun hie t secure construction materials by dredging of sed,sdue
BunamReservior basin, is a peninsula in the midafle to the recent sand dune protection policy of theisiy of
Taean-gun, which is linked with the land at Taeap-and Environment, dredging of the reservoir sand may hel
Geunheung-myeon of the north and surrounded bwgdhe improve the water quality and secure constructiatenials,
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contributing to the local economic development. &tower, plastic work temperature and the discharge progsktiere
the sediment composed of organic sludge and sagdma investigated by a model test to search the apmtsori
used as an organic fertilizer and an environmeatifily plastic work temperature. The saturated permeation
ground reinforcing material for the foundation warkthe coefficient was evaluated to optimize the soil immment
Buman Reservoir development region. properties of the ceramic pellets.

This study is about appropriate treatment and use o
sediment which is a side product of dredging of Bom 4 Results
Reservoir performed as a part of the water quality
improvement project. In this study, the foundatiord.1. Analysisof Sediment Properties
reinforcing and soil improvement properties of feeliment
were investigated by analyzing the sediment praseend
performing treatment tests for each sediment use.

The analysis of the physicochemical properties haf t
sediment showed that the porosity was high, theroshs
dark gray due to the anaerobic change, and thel svasl
3.2. Methods and Contents that of mud. As the anaerobic change progressegHhof

] o ) the pore water may be lowered and the nutritivés sahd
3.2.1. Studied Positions and Sampling heavy chemicals in the sediment may be dissolved.

To investigate the properties of the surface layefnerefore, the sediment may need to be appropyiatel
sediment of Bunam Reservoir which was the subjetti®  a5teq.

study, nine positions where the water was deep were
selected, including three positions in the upstreagion, 4.1.1. Physicochemical Properties of Sediment
one point in the midstream region, two points ire th The average pH of the Bunam Reservoir sediment
downstream region, and three points near the tideas 7.8 to 8.1, indicating that it is weakly basitws,
embankment. A diver was employed to collect sampfes the possibility that heavy metals included in the
the surface sediment on the reservoir bottom, asnmshn  sediment are dissolved into the water body mayobe |
Fig. 1. The collected samples were refrigerated ankh addition, the average IG of the sediment wagt%3.
transported in plastic containers. With reference to the U.S. EPA sediment classifarat
standards (non pollution<5, middle pollution 5-&rdi
ollution>8), the Bunam Reservoir sediment
|'Eorresponds to hard pollution [12]. The pollutiormasv
more severe in the positions closer to the dowastre

: region. The COD, which is an organic material inaéx
of the collected sediment samples were measureterWageadgiment. was 60 214mg/kg, which corresponds to

content, IG, and T-N were measured by taking a@aan  miqqje pollution according to the standard of thesU
air-dried, homogenized sample. The dissolution rate gpa (non pollution<40,000, middle pollution 40,000-

organic materials and nutritive salts was testedt® gy 000 hard pollution>80,000). When the IG and GOD
standard waste dissolution test method. Accordmghe 1o organic material indices, are minimally appliéite

regulations of process test methods for each acalytem, g nam Reservoir sediment corresponds to middle

a concentration lower than an effective detectefloytion by organic materials [12]. The dissolutio
concentration was dealt with as being undetectable. rate of water pollutants included in the Bunam

For the use and appropriate treatment of the sedime raseryoir sediment was as low as 2.6% for COD, %1.9
the treatment properties of the sediment were aedlyor ¢, T.N and 2.2% for T-P.
each of the uses including a foundation reinforemagerial Nutri’tive salts such as nitrogen and phosphorous

and a soil improvement material. With respect ® ke as may be dissolved from sediment depending on the
a foundation reinforcing material, the sediment was.vironmental conditions and thereby  cause

properly mixed with a solidifier which is fit to ¢hlocal eutrophication and abnormal algae propagation. The
environment and processed at an appropriate mbatg,  gadiment T-N and T-P converted into dry weight (kag/
and then the dissolution properties were analyzgdab ,qre 3,414.6mg/kg and 1,143.4 mg/kg, respectively.
dissolution experiment and a model test. In additi®  \yit reference to the standards of Canada whereethe
investigate the foundation reinforcing properti@s,test 4o standards for nitrogen and phosphorous (T-N: LE

specimen was prepared for each mixing condition thed 550, SEL 4,800, T-P: LEL 600, SEL 2,000), the Bunam
uniaxial compressive strength of the test specim@s pgegervoir sediment may be adversely affected by
measured. With respect to the use as a soil impteMé iirogen and phosphorous and has already been
material, the SO.I| composmon was f|rstly investigd polluted by nitrogen and phosphorous [13].

because the studied region was a reclaimed areaugdful Heavy metals included in sediment are important in

ingredients included in the sediment were iderdifiey o\ 4yating sediment because they are directly amade
separating the sediment according to the partizie §he  ith |iving organisms. Table 2 shows the analyticsults

sediment was processed into ceramic pellets foih €ag¢ heayy metals included in the sediment. Due taviie
plastic work temperature. The dissolution propsréieeach . atal accumulation in the sediment caused by thk salt

3.2.2. Method of Analyzing Sediment

To analyze the properties of the sediment, the p
ignition loss (IG), chemical oxygen demand (COtat
nitrogen (T-N), total phosphorous (T-P), and heastals
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concentration and the salt dissolution, the heawtam standards, the Bunam Reservoir sediment corresponus
concentration was higher at the positions closeth® heavy metal pollution.
downstream region. With reference to the U.S. EPA

Table 1. Physiochemical properties of sediment.

Moisture(%) pH 1.G(%) COD(mg/kg) T-N(mg/kg) T-P(mg/kg)
Tide embankment 85.1 7.0 12.1 58,028 3,155.2 1,147.7
Downstream 85.2 7.8 16.6 57,149 3,448.7 792.6
Midstream 85.8 7.9 13.0 66,155 3,724.1 1,691.7
Upstream 87.2 7.8 11.9 59,525 3,330.5 941.4
Average 85.83 7.63 13.40 60,214.25 3,414.63 1,143.35

Table 2. Heavy metal content of sediments.
Cd(mg/kg) Pb(mg/kg) Cu(mg/kg) Zn(mg/kg) Cr(mg/kg) Mn(mg/kg)

Tide embankment 3.3 6.9 27.5 132.5 54.8 720.0
Downstream 2.9 10.8 23.1 98.7 44.8 696.7
Midstream 35 1.7 23.1 149.6 63.7 1,570.0
Upstream 34 6.5 25.2 121.2 60.2 567.8
Average 3.28 6.48 24.73 125.50 55.88 888.63

) ) 4.1.3. Sediment Ceramic Plastic Properties

4.1.2. Granularity Separation Process Among the separated ingredients, the clay was mixed

The collected samples had bad smell and colofi 5 cross-linking agent and formulated by usiag
Comparison of the sample properties showed that thg iangular mold and applying constant pressuree Th
sediment partlclg size was small, and .the ratisaofd to 5 mulated clay was dried at room temperature fog day
sludge was 8:2 in the downstream region. In thereé@® 54 ynderwent plastic work into a pellet shapes@arch
and .mldstream regions, the sediment particle sizs Wy, the plastic work temperature appropriate foe thay
medium, and the ratio of sand to sludge was S:3h& 5ing 4 small particle size, the plastic work wasformed
process of removing sand and moisture at a constaffihe electric furnace temperature of 300°C ar@Gor
temperature (60), about 50% of the sludge was removed, o nour. It is usually anticipated that the ptastiork
and clay was produced, indicating that organic W&l o perature for clay is low but sintering was netfprmed
were evaporated during the process. The sepamainod y he sintering at the temperatures. As it wasred
was applied to the sediment to classify the saimetwo  nat the many Sipparticles were included in the plastic

groups with respect to the particle size of 186 The  coramic (at least more than 70%), additional ptastrk
sediment having a particle size of 106 or larger (sand a5 performed at the temperature of about 1000°C to

and silt) is useful as a general aggregate orm@ar€ing  1500°C. However, a higher plastic work temperatoeans
material in construction industry. The sedimentih@va 4t more cost should be invested to the recyciiogl

particle size of 106m or smaller (clay) may be potentially cost). To solve the problem, the plastic work terapee

used as a pellgt type matrix or .reinforcing materiamay be decreased by adding another agent or by
Therefore, in this study, the sediment was separatgnensifying the initial plastic work by increasinthe
through the granularity separation process into snd, oyrysion  pressure. However, since a secondary
and clay. The silt and sand may be reused as @t o ironmental problem may arise due to the semarati
materials, while the clay may be a matrix or a SOilyethod and an extruder is not readily available,rttethod
improvement material in the forms of mud pack dtgpe of increasing the compressive pressure may be srgplat
present. Then, even though the production may be
decreased, the plastic work temperature may becdsed

by reducing the pellet diameter and decreasingothrécle

size to 200um or lower (by reducing the portion of SiO
with which it is difficult to perform the plastic avk).

4.2. Dissolution Test

4.2.1. Evaluation of Dissolution at Each Plastic Work
Temperature

The dissolution of COD, T-N, T-P, and heavy metals
from the proposed ceramic soil improvement matewias
evaluated at each plastic work temperature. Tochefmr
the optimum plastic work temperature at which the
processed ceramic soil improvement material mayshe
least pollutant dissolution rate, the dissolutioralaation

s T
Sample>250um

250um>Sample>106um

Separation Sample

Figure 2. Separation process of sedimentation.
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was performed by a method similar to the standamdtev
dissolution test method according to the officiahste
process testing method.

Figure 3. Ceramic plastic state of plastic temperature by sediment.

The ceramic soil improvement material preparedaahe
plastic work temperature was pulverized in
pretreatment process into particles having a diamet 5
mm or less. Hydrochloric acid (HCI) was added tstitied
water to adjust the pH to 5.8 to 6.3. The solvemt the
ceramic material were mixed at a ratio of 10:1 dnel
mixture was shaken with a horizontal reciprocalkehan
the amplitude of 4 to 5 cm for six hours. Then, sbéd and
the liquid were separated by using a micro glassrffilter
and the supernatant was taken to analyze the C@Nd, T
and T-P. When plastic worked ceramic is used asila s

improvement material or reclaimed, the ceramic may

discharge heavy metals or hazardous substancesdiege
on the changes of the surrounding circumstancess,Ta
heavy metal dissolution test was performed to [otettie
quantity and time of heavy metal dissolution frohe t
plastic worked ceramic.

During the heavy metal dissolution test, the pH weyst

the

31

metal dissolution satisfies the hazardous substaantent
standard for the specific waste, it is presumed tha
heavy metals are completely solidified. Howeverwas
reported by Hattori that plastic work of a hazaslewaste
solidify the Cu, Zn, and Cr with the main clay iadients
such as Sig) CaO, and N#& without any discharge of the
metals to the atmosphere, making the heavy metals b
included in the samples. However, it was reportealt t
specific wastes containing materials having a lailifg
point, such as Cd and Pb, cause air pollution dutire
plastic work. Hence, it is necessary to appropsiatecat
materials which are volatile at a low temperature.

1000
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——T-N
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Figure 4. Comparison between plastic temperature and pollutant
concentration (COD, T-N, T-P)
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in the range from 6.5 to 7.0 for each plastic worksigure 5. Comparison between plastic temperature and heavy metal

temperature because oxygen is combined to hydroégen
produce water as an oxidized salt of a crystallinedvy
metal is ionized in a weakly acidic solution, aswh in the

following chemical formula:
MO+ nH+ — M+ + 0.5 nHO (€8]

wherein MO denotes a heavy metal oxide salt.
The pollutant and heavy metal dissolution propsrta¢

each plastic work temperature were compared. As tlbq

plastic work temperature was increased, the dissolu
concentration was decreased. The dissolution caoratem
was drastically decreased in the temperature rdraye
500C to 1,100C.

When the heavy metal content of the sediment beafme
plastic work is compared with the heavy metal digsmn
after the plastic work, the dissolution is belowe #pecific
waste classification standard according to
environmental pollution process test method of \tteste
Management Act of Korea. Since the quantity of lyeav

th

concentration (Cu, Cd)

4.2.2. Discharge Evaluation by Model Experiment

In this study, an experiment using a model was
performed by preparing ceramic pellets containitay c
ingredients at an appropriate plastic work timeest long-
term application appropriateness for future
commercialization. Through the model experiment,
discharge properties such as discharge quantitiytamot
scharge rate, and permeability over time werduated.
Table 3 shows the discharge evaluation conditionstte
model experiment. In the model experiment, the dasi
conditions included a gravel layer and a silt layEne
varied conditions included C-1 (mixture of clay and
ceramic), C-2 (clay), and C-3 (clay and cerami@vah in
Table 3. The soil used in this evaluation includgdvel,
sand, and clay. The experimental samples were tikem

§he Bunam Reservoir reclaimed land and the neadnsa
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Table 3. Condition of the leaching assessment.

Condition Condition
Inflow velocity 19 ml/min Outflow time 10 hrs
gravel layer(2.65L),
\olume 14.13 L Sample silt layer (2.65L)
COD 50mg/L, T-N 20mg/L, C-1 (5.3L: red clay +ceramic=10:1)
Influent water T-P 5mg/L Changing condition C-2 (5.3L: red clay)
(artificial sewage) C-3 (2.65L: ceramic, 2.65L: red clay)

elapsed, and the pollutant discharge concentratias in
the order of C-1 > C-3 > C-2. The result might leeduse
the pollutants were deposited in the pores of thieand
the ceramic and thus the pollutants were not digetha
The C-2 reactor including only pure soil showedow |
initial  discharge concentration, but the discharge
concentration of the C-1 and C-3 reactors becamerl@as
time elapsed. The pollutant concentration wastle libwer
in the C-1 reactor in which a mixture of clay aretamic
was put than in the C-3 reactor in which clay aetamic
Figure 6. Apparatus used in the assessment of leaching properties. formed layers without mixing.

4.2.3. Calculation of Discharge over Time »
In the model experiment, the soil absorptivity wax

good in the C-2 reactor and thus the experiment was

stopped at the elapsed time of seven hours. Fondhe

three hours, 2.3 L was further discharged from @&

reactor. Except the C-2 reactor, the sewage infladter

the seven hours of the elapsed time was not digetlaFig.

7 shows the discharge patterns of the three reastere

‘
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The discharge was in the order of C-1 > C-3 > C-2, asped Tme()
indicating that the discharge was faster in thé fesimed Figure 8. Changesin COD by elapsed time.
by mixing clay and ceramic than in the soil pregavath
clay and ceramic without mixing them together. Euod 10 =
absorptivity was the lowest in the C-2 reactor Ik only 100 | [ 0-C1 G2 —e—03
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Figure 7. Changesin outflow by elapsed time.
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4.2.4. Calculation of Pollutant Discharge Rate over Time 0T

After three hours of elapsed time when the disahargs
constant, 100 ml of the discharged water was tdkeam
each reactor in one hour interval to analyze théujamts
(COD, T-N, T-P, and heavy metals). To investigdte t
heavy metal discharge properties, an artificial asgavwas 0.00
prepared by dissolving 2.1g Cdsénd CuS@5H,0 in 1
L of distilled water and passed through each readtoe
pollutant discharge concentration was decreasetinas Figure 10. Changesin T-P by elapsed time.
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4.3. Soil Improvement Properties
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Fig 13. Saturated hydraulic conductivityby elapsed time.

5. Conclusions

In Bunam Reservoir, a considerable amount of seutimse

accumulated on the bottom due to the deposition and

sedimentation. Since the studied area was a restalamd
lower than the sea level, foundation work of a ttgwaent
zone will take much cost including much constructimst.
Since it is difficult to secure construction maddsi by
dredging of sea sand, dredging of the reservoid samd
using the sediment may help to improve the watedityu
and secure construction materials. In this studs,

experiment was performed for the case where thensed is
solidified and used as a foundation reinforcingarat and
for the case where the sediment undergoes cerdasticp
working and is used as a soil improvement matevidien

the sediment is used as a foundation reinforcingerriad,

To evaluate actual soil improvement using optimizedtheavy metal dissolution should be verified sinces th

ceramic soil improvement materials, a model appareias

physicochemical properties of the sediment mayhaaged.

used. The pollutant discharge rate and the diseharg The dredged sediment was classified as sand,asitt,
clay. The sand and silt may be used as a congructi

guantity were analyzed to review the environmefeatfoy
the secondary pollution.
coefficient, and lawn grass quality/leaf color warealyzed
to review the role of soil improvement materials.

4.3.1. Saturated Permeation Coefficient

The saturated permeation coefficient of a soil dvictv a
plant may grow is generally from fGo 10* cm/sec. The
soil properties obtained by the test were compared the
result showed that the saturated permeation caaffiof
each reactor was a little higher than the nornmeattpyrowth
range. However, the saturated permeation coeffigérhe
mixed soil reactor was higher than that of the psod
reactor, which may be because compaction of theawepl
mixed soil makes soil consolidation slower than tifgpure
soil and thus decreases the permeability variation.

The saturated permeability coefficient of the satienl
soil was calculated by Darcy’s law:

Qr

= 2
% At H @

where in Q denote flow rate, L sample length, Assro
sectional area, t measurement time, ahtddifferential head.

working and be used as a soil improvement mateFiae
prepared samples included three types: C-1 (5&d.ctay
+ceramic=10:1), C-2 (5.3L: red clay), and C-3 (265
ceramic, 2.65L: red clay).
concentration was decreased as time elapsed, and
pollutant discharge concentration was in the oafeZ-1 >

The saturated permeatiomaterial, while the clay may undergo ceramic ptasti

The pollutant discharge

th

C-3 > C-2. Since the detected amount of a heavyalmet

included in the discharged water was little, intiog that
almost no heavy metal included in the sample pezpay
adding the sediment was discharged, heavy metzhalige
by acid rain will be negligible. A discharge testasv
performed for the case where the ceramic soil inmgmeent
material is used and the test result showed that
discharge concentration was decreased as thecplastk
temperature was increased. If dredging is performete
Bunam Reservoir, the deteriorated water qualitytiod
reservoir may be improved and the dredged sedimeiyt
be used as a construction material or a soil imgmant
material. The sediment containing organic sludge sand
may be used for the foundation construction workhe
Bunam Reservoir development zone as organic fegtilor

th
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an environment-friendly material for foundationnfeircing,
which will eventually contribute to the local ecaonic
development.
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